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What do we know about how people learn? How do young people’s motivations 
and emotions influence their learning? What does research show to be the benefits 
of group work, formative assessments, technology applications, or project-based 
learning and when are they most effective? How is learning affected by family 
background? These are among the questions addressed for the OECD by leading 
researchers from North America and Europe. This book brings together the lessons 
of research on both the nature of learning and different educational applications, 
and it summarises these as seven key concluding principles.

Among the contributors are Brigid Barron, Monique Boekaerts, Erik de Corte,  
Linda Darling-Hammond, Kurt Fischer, Andrew Furco, Richard Mayer,  
Lauren Resnick, Barbara Schneider, Robert Slavin, James Spillane, Elsbeth Stern 
and Dylan Wiliam. 

The Nature of Learning: Using Research to Inspire Practice is essential reading for 
all those interested in knowing what research has to say about how to optimise 
learning in classrooms, schools and other settings. It aims, first and foremost, to 
inform practice and educational reform. It will be of particular interest to teachers, 
education leaders, teacher educators, advisors and decision makers, as well as the 
research community. 
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Foreword

There is intense interest today in the nature of learning and creating the 
environments for it to flourish. Global drivers are pushing all countries to 
give priority to generating high levels of knowledge and skills with attention 
increasingly to more demanding forms of “21st  century competences”. The 
corollary concern is that traditional educational approaches are not adequately 
delivering on such demanding agendas. There have been major strides in 
measuring learning outcomes – of which our own PISA surveys are a prime 
example – which turns the spotlight onto how those outcomes can actually be 
changed. Meanwhile, despite high levels of educational investment (including 
in educational technology) and extensive educational reforms in our different 
countries, we know how difficult it is to make an impact on the “black box” 
of teaching and learning.

At OECD, we have developed an impressive battery of studies and 
surveys to address these different priorities. The PISA surveys are now 
prominently established on the world scene since the first survey took place a 
decade ago, with the initial results from the latest 2009 wave of student meas-
urement covering 65 countries becoming available at the end of this year. The 
recent Teaching and Learning International Survey (TALIS) gathered data 
from over 70 000 teachers and school principals in lower secondary education 
in 23 countries to provide a detailed international picture on the conditions of 
teaching and learning, with main results published in 2009 and further work 
planned. Our Centre for Effective Learning Environments (CELE) looks at 
these questions from the perspective of the facilities and buildings for learn-
ing to ask what designs and facilities management are appropriate for the 21st 
century.

The OECD Centre for Educational Research and Innovation (CERI) 
is making its own very important contribution through wide-ranging 
analysis of learning and innovation, including by the “Innovative Learning 
Environments” project (ILE) which has produced this volume. CERI com-
bines the forward-looking study of innovation with research-informed analy-
sis to bring the different options for policy and practice into sharper relief. 
In recent years, CERI has worked intensively on a number of related key 
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themes: how countries can make innovation more system-wide and sustain-
able, the nature of 21st century skills, how technologies can be used to reshape 
learning environments and the characteristics of “new millennium learners”, 
exemplary formative assessment practices in schools and for low-skill adults, 
neuro-science and learning. CERI organised a major conference in Paris in 
May 2008 on all these themes to celebrate its 40th anniversary – “Learning in 
the 21st Century: Research, Innovation and Policy”.

This book is a milestone in ILE work to follow the first project publica-
tion (Innovating to Learn, Learning to Innovate) in 2008. As the title The 
Nature of Learning: Using Research to Inspire Practice suggests, it aims to 
inform educational policy and practice via evidence-based reflection on how 
learning environments should be designed. Leading educational researchers 
and learning specialists were invited to review relevant research findings on 
a particular slice of the overall picture and to present their key implications 
in an understandable, accessible way. We are delighted that such eminent 
contributors from North America and Europe have agreed to take part. It is 
a most impressive line-up of authors providing very high quality chapters.

These chapters range over both the current understanding of the nature 
of learning and different educational applications. They cover the develop-
ment of how learning has come to be understood, and key insights from the 
cognitive, emotional and biological perspectives. They look at approaches 
using, and evidence about, group work, technology, formative feedback and 
project-based learning, as well as what takes place beyond school settings in 
families and communities. They consider not only directions to follow but 
also how change might best be implemented. The volume concludes with a 
synthesis of the main findings, drawing all into seven key concluding princi-
ples and discussing their implications. We see it as invaluable reading for all 
those interested in knowing what research has to say about how to optimise 
learning for young people which we hope will inspire changes in practice.

This volume has been designed and edited by Hanna Dumont, of the 
University of Tübingen Germany, David Istance of the CERI Secretariat, and 
Francisco Benavides, formerly of CERI. It greatly benefited from seminar 
discussions in 2009 in Weimar in Germany (May), Oslo in Norway (August/
September) and at the CERI Governing Board meeting in Paris (November).

Barbara Ischinger

Director, Directorate for Education

OECD
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Executive summary

Why such interest in learning?

Over recent years, learning has moved increasingly centre stage for a range 
of powerful reasons that resonate politically as well as educationally across many 
countries, as outlined by Dumont and Istance (Chapter 1). These define the aims 
of this important volume from the work on Innovative Learning Environments 
produced by OECD’s Centre for Educational Research and Innovation (CERI).

OECD societies and economies have experienced a profound transfor-
mation from reliance on an industrial to a knowledge base. Global drivers 
increasingly bring to the fore what some call “21st century competences”. The 
quantity and quality of learning thus become central, with the accompanying 
concern that traditional educational approaches are insufficient.

Similar factors help to explain the strong focus on measuring learning 
outcomes (including the Programme for International Student Assessment 
[PISA]) over the past couple of decades, which in turn generates still greater 
attention on learning. To move beyond the diagnosis of achievement levels 
and shortcomings to desirable change then needs a deeper understanding of 
how people learn most effectively.

The rapid development and ubiquity of ICT are re-setting the bounda-
ries of educational possibilities. Yet, significant investments in digital 
resources have not revolutionised learning environments; to understand how 
they might requires attention to the nature of learning.

The sense of reaching the limits of educational reform invites a fresh 
focus on learning itself: education has been reformed and reformed again in 
most OECD countries, leading many to wonder whether we need new ways 
to influence the very interface of learning and teaching.

The research base on learning has grown enormously but many researchers 
observe how inadequately schools tend to exemplify the conclusions of the learning 
sciences. At the same time, far too much research on learning is disconnected from 
the realities of educational practice and policy making. Can the bridges be made to 
inform practice by this growing evidence base?



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

14 – Executive summary

The coverage of The Nature of Learning

This volume aims to help build the bridges, “using research to inspire prac-
tice”. Leading researchers from Europe and North America were invited to take 
different perspectives on learning, summarising large bodies of research and 
identifying their significance for the design of learning environments, in such 
a way as to be relevant to educational leaders and policy makers.

The early chapters address the nature of learning, including through the 
cognitive, emotional and biological perspectives. The contributions that follow 
review approaches and evidence for different types of application: formative 
assessment, co-operative and inquiry-based forms of learning, technology-based 
applications – as well as learning beyond classroom environments in com-
munities and families. The penultimate chapter considers strategies to refocus 
educational organisations with their in-built resistance to innovation and change.

The chapters do not offer exhaustive coverage of all the relevant research 
findings but together they provide a powerful knowledge base for the design 
of learning environments for the 21st century. As summarised by De Corte 
(Chapter 2), many scholars now agree on the key importance for organisations 
and policy to develop in learners “adaptive expertise” or “adaptive competence”, 
i.e. the ability to apply meaningfully-learned knowledge and skills flexibly and 
creatively in different situations.

Transversal conclusions on learning

The transversal conclusions, recasting the evidence reviewed in the dif-
ferent chapters more holistically, are synthesised by Istance and Dumont in 
the final chapter together with discussion of the challenge posed by their 
implementation. The conclusions are presented below with a small selection 
of the key arguments made by the different authors.

The learning environment recognises the learners as its core participants, 
encourages their active engagement and develops in them an understand-
ing of their own activity as learners.

The learning environment recognises that the learners in them are the 
core participants. A learning environment oriented around the centrality 
of learning encourages students to become “self-regulated learners”. This 
means developing the “meta-cognitive skills” for learners to monitor, evalu-
ate and optimise their acquisition and use of knowledge (De Corte, Chapter 2; 
Schneider and Stern, Chapter 3). It also means to be able to regulate one’s 
emotions and motivations during the learning process (Boekaerts, Chapter 4; 
Hinton and Fischer, Chapter 5).
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Wiliam (Chapter 6) notes that many have called for a shift in the role of 
the teacher from the “sage on the stage” to the “guide on the side.” He warns 
against this characterisation if it is interpreted as relieving the teacher, indi-
vidually and collectively, of responsibility for the learning that takes place.

Resnick, Spillane, Goldman and Rangel (Chapter 12) identify as critical 
the gap between the “technical core” (i.e. classroom teaching) and the formal 
organisation in which it is located and the wider policy environment, a gap 
which reduces learning effectiveness and innovative capacity.

The learning environment is founded on the social nature of learning and 
actively encourages well-organised co-operative learning.

“Effective learning is not purely a ‘solo’ activity but essentially a ‘dis-
tributed’ one: individual knowledge construction occurs throughout proc-
esses of interaction, negotiation and co-operation” (De Corte, Chapter  2). 
Neuroscience shows that the human brain is primed for interaction (Hinton 
and Fischer, Chapter 5). However valuable that self-study and personal dis-
covery may be, learning depends on interacting with others.

There are robust measured effects of co-operative forms of classroom learn-
ing when it is done properly as described by Slavin (Chapter 7). Despite this, such 
approaches still remain on the margins of much school activity. The ability to 
co-operate and learn together should be fostered as a “21st century competence”, 
quite apart from its demonstrated impact on measured learning outcomes.

The learning professionals within the learning environment are highly 
attuned to the learners’ motivations and the key role of emotions in 
achievement.

The emotional and cognitive dimensions of learning are inextricably entwined. 
It is therefore important to understand not just learners’ cognitive development but 
their motivations and emotional characteristics as well. Yet, attention to learner 
beliefs and motivations is much further away from standard educational thinking 
than goals framed in terms of cognitive development (Boekaerts, Chapter 4).

Being highly attuned to learners’ motivations and the key role of emo-
tions is not an exhortation to be “nice” – misplaced encouragement will 
anyway do more harm than good – but is first and foremost about making 
learning more effective, not more enjoyable.

Powerful reasons for the success of many approaches using technology 
(Mayer, Chapter 8), co-operative learning (Slavin, Chapter 7), inquiry-based 
learning (Barron and Darling-Hammond, Chapter  9) and service learning 
(Furco, Chapter 10) lie in their capacity to motivate and engage learners.
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The learning environment is acutely sensitive to the individual differ-
ences among the learners in it, including their prior knowledge.

Students differ in many ways fundamental to learning: prior knowledge, 
ability, conceptions of learning, learning styles and strategies, interest, moti-
vation, self-efficacy beliefs and emotion, as well in socio-environmental 
terms such as linguistic, cultural and social background. A fundamental 
challenge is to manage such differences, while at the same time ensuring that 
young people learn together within a shared education and culture.

Prior knowledge is one of the most important resources on which to build 
current learning as well as one of the most marked individual difference 
among learners: “…perhaps the single most important individual differences 
dimension concerns the prior knowledge of the learner” (Mayer, Chapter 8). 
Understanding these differences is an integral element of understanding the 
strengths and limitations of individuals and groups of learners, as well as the 
motivations that so shape the learning process.

“Families serve as the major conduit by which young children acquire 
fundamental cognitive and social skills” (Schneider, Keesler and Morlock, 
Chapter  11), meaning that prior knowledge is critically dependent on the 
family and background sources of learning and not only what the school or 
learning environment has sought to impart.

The learning environment devises programmes that demand hard work 
and challenge from all without excessive overload.

That learning environments are more effective when they are sensitive 
to individual differences stems also from the findings stressed by several 
authors that each learner needs to be sufficiently challenged to reach just 
above their existing level and capacity. The corollary is that no-one should 
be allowed to coast for any significant amounts of time on work that does not 
stretch them.

Learning environments should demand hard work and effort from all 
involved. But the findings reported in this volume also show that overload 
and de-motivating regimes based on excessive pressure do not work because 
they do not make for effective learning. For Schneider and Stern (Chapter 3), 
a fundamental cornerstone is that “learning is constrained by capacity limi-
tations of the human information-processing architecture” (also stressed by 
Mayer, Chapter 8).



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

Executive summary – 17

The learning environment operates with clarity of expectations and deploys 
assessment strategies consistent with these expectations; there is strong 
emphasis on formative feedback to support learning.

Assessment is critical for learning. “The nature of assessments defines 
the cognitive demands of the work students are asked to undertake” (Barron 
and Darling-Hammond, Chapter 9). It provides “the bridge between teaching 
and learning” (Wiliam, Chapter 6). When assessment is authentic and in line 
with educational goals it is a powerful tool in support of learning; otherwise 
it can be a serious distraction.

Formative assessment is a central feature of the learning environment of 
the 21st century. Learners need substantial, regular and meaningful feedback; 
teachers need it in order to understand who is learning and how to orchestrate 
the learning process.

The research shows strong links between formative assessment practices 
and successful student learning. Such approaches need to be integrated into 
classroom practice to have such benefits (Wiliam, Chapter 6).

The learning environment strongly promotes “horizontal connectedness” 
across areas of knowledge and subjects as well as to the community and 
the wider world.

Complex knowledge structures are built up by organising more basic 
pieces of knowledge in a hierarchical way; discrete objects of learning 
need to be integrated into larger frameworks, understandings and concepts. 
(Schneider and Stern, Chapter 3).

The connectedness that comes through developing the larger frameworks 
so that knowledge can be transferred and used across different contexts and 
to address unfamiliar problems is one of the defining features of the 21st cen-
tury competences. Learners are often poor at transferring understanding of 
the same idea or relationship in one domain to another.

Meaningful real-life problems have a key role to play in bolstering the 
relevance of the learning being undertaken, supporting both engagement 
and motivation. Inquiry- and community-based approaches to learning offer 
extensive examples of how this can be done (Barron and Darling-Hammond, 
Chapter 9; Furco, Chapter 10). An effective learning environment will at the 
least not be at odds with the influences and expectations from home; better 
still, it will work in tandem with them (Schneider, Keesler and Morlock, 
Chapter 11).
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A demanding educational agenda

The force and relevance of these transversal conclusions or “principles” 
do not reside in each one taken in isolation from the others. Instead, they pro-
vide a demanding framework and all should be present in a learning environ-
ment for it to be judged truly effective. The educational agenda they define 
may be characterised as:

•	 Learner-centred: the environment needs to be highly focused on 
learning as the principal activity, not as an alternative to the critical 
role of teachers and learning professionals but dependent on them.

•	 Structured and well-designed: to be “learner-centred” requires 
careful design and high levels of professionalism. This still leaves 
ample room for inquiry and autonomous learning.

•	 Profoundly personalised: the learning environment is acutely 
sensitive to individual and group differences in background, prior 
knowledge, motivation and abilities, and offers tailored and detailed 
feedback.

•	 Inclusive: sensitivity to individual and group differences, including 
of the weakest learners, defines an educational agenda that is funda-
mentally inclusive.

•	 Social: The principles assume that learning is effective when it takes 
place in group settings, when learners collaborate as an explicit 
part of the learning environment and when there is a connection to 
community.

The final discussion of the volume addresses the challenge of imple-
mentation. While many suggestions for change relate to teacher skills and 
professional development, the implications extend deeply into the “routines” 
of schools (Resnick, Spillane, Goldman and Rangel, Chapter 12), raising the 
importance but also the difficulty of sustained innovation.
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Chapter 1 
 

Analysing and designing learning environments for 
the 21st century

Hanna Dumont and David Istance
University of Tübingen Germany and OECD, Paris

Hanna Dumont and David Istance set out the reasons why, over recent years, learning 
has moved increasingly centre stage politically. These include the nature of knowledge 
economies and societies, the demands of 21st century competences, the ubiquity of ICT, 
frustration with the lack of success of repeated education reforms and the burgeoning 
learning research base. They call for harnessing knowledge about learning and applying 
it more systematically to education. The chapter argues why these developments call for a 
particular focus on innovative “micro” arrangements – “learning environments” – which 
are conceptualised in this OECD work at a level between individual learners and con-
ventional educational parameters. The chapter locates the book as seeking to address the 
“great disconnect” (as it has been called) between research, on the one hand, and policy 
and practice, on the other.
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Introduction

Over recent years, learning has moved increasingly centre stage politi-
cally for a range of powerful reasons. This volume – which is both a col-
lection of research reviews and an analysis of the implications of learning 
science research for educational design – is closely defined by these changes. 
This chapter elaborates on these contemporary developments that set the 
stage for the chapters to follow. These developments call for harnessing 
knowledge about learning and applying it more systematically to education. 
The chapter elaborates why these developments argue for a particular focus 
on the “micro” level of learning environments and why this needs to be 
forward-looking with a strong focus on innovation.

Learning moves centre stage

Key developments that we have summarised with the phrase “learning 
moves centre stage” can be grouped into five important currents of change. 
These are described briefly below and then core themes are elaborated in 
more detail.

Our societies and economies have experienced a profound transfor-
mation from reliance on an industrial to a knowledge base. Global drivers 
increasingly bring to the fore what some call “21st century competences” – 
including deep understanding, flexibility and the capacity to make creative 
connections, a range of so-called “soft skills” including good team-working. 
The quantity and quality of learning thus become central, with the accompa-
nying concern that traditional educational approaches are insufficient.

There has been a strong focus and advance in measuring learning 
outcomes, including through the OECD’s own PISA surveys, which in turn 
generates still greater public and political attention on learning. But there is 
no consensus about which outcomes matter most, and educational debates 
have swirled around opposing poles – between talk of “basics” and demand-
ing “21st century skills”, between “standards” and citizenship. Moreover, to 
move from charting levels, patterns and shortcomings in learning outcomes 
to making desirable change happen requires a major step including through 
posing the question: “how can we foster effective learning and what inspiring 
models exist from which others might learn?”

Education has been reformed and reformed again – the sense of reach-
ing the limits of educational reform invites a fresh focus on learning 
itself. Reforms tend to rely particularly on manipulation of the institutional 
variables most amenable to policy influence or most in the public eye. Often, 
educational policy is driven by short-term considerations which, however 
unavoidable, are unlikely to form a convincing basis for profound change in 
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educational practice. This leads many to wonder whether we need new ways 
to influence the very interface of learning and teachings rather than to treat 
it as a “black box”.

The rapid development and ubiquity of ICT, and its importance espe-
cially in the lives of young people, are re-setting the boundaries of educa-
tional possibilities and augmenting the role of non-formal learning. There 
is widespread disappointment, however, that heavy investments in comput-
ers and digital connections have not revolutionised learning environments 
whether because the investments have focused too much on technology and 
not enough on enhancing learning opportunities, or because critical thresh-
olds of ICT use for education have not been reached.

The research base on learning grows but, rather than guiding change, 
learning scientists lament that too many schools do not exemplify their con-
clusions. At the same time, far too much research on learning is disconnected 
from the realities of educational practice and policy making. There is, as it 
has been called, a “great disconnect”.

The global knowledge society
One of the most fundamental of the changes of recent decades in 

OECD countries in particular is their transformation from an industrial to 
a knowledge base. Knowledge is now a central driving force for economic 
activity, and the prosperity of individuals, companies and nations depends 
increasingly on human and intellectual capital. Innovation is becoming the 
dominant driving force in our economy and society (Florida, 2001; OECD, 
2004; Brown, Lauder and Ashton, 2008). Education and learning systems, for 
which knowledge is their core business, are clearly right at the heart of such 
a mega-trend.

We are living in a “global village”. Through the process of globalisation, 
economies are closely linked to each other and the recent crisis has only 
emphasised just how inter-dependent are the prospects of different countries 
and populations. A different set of economies has emerged to claim their 
place in the front ranks, notably but not only China and India. The relocation 
of industrial activities to countries with lower labour costs brings its own 
challenges for “re-skilling” and learning in those from which activities are 
being lost.

There have come important shifts of population, bringing together cul-
turally different beliefs, views and habits in life. Globalisation is manifest in 
international travel and contact with cultures and people from other coun-
tries. All this raises profound questions about how well education is preparing 
students for openness to others, cultural diversity and providing equality of 
educational opportunity for all its citizens (OECD, 2010a).
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The shift to the global knowledge economy has been driven inter alia 
by the advances in science and technology, in particular in information and 
communication technologies. The widespread dissemination and use of the 
Internet and other advanced forms of media touches our everyday lives in 
manifold ways. Some may stress the liberating potential this represents as 
the barriers of time and distance are lowered; others draw attention instead to 
the information overload and the international digital divides that they bring. 
Education and learning are caught right in the middle of these very diverse 
developments, being driven to accommodate rapid change and overload but 
also to provide the bedrock foundations with which to cope with such change.

We are facing major challenges of sustainability. In part this is about the 
environment and ecology which are fundamentally related to individuals’ 
values and habits and to wider corporate and political cultures. In part, this 
is the issue of the sustainability of OECD societies in which birth rates are 
low and populations are ageing, and of welfare societies and pension systems 
forged under the markedly different conditions of the post-WWII 20th cen-
tury. There is also the issue of the sustainability of any society in which a 
shared sense of cohesion, equity and solidarity is needed when individualism 
becomes so dominant (OECD, 2008a). Learning values and attitudes, not just 
knowledge in a narrower sense, is fundamental but such learning is notori-
ously difficult to organise into an educational project, still more to teach.

As knowledge has become so fundamental then so has learning – how 
and how well that knowledge is acquired become uppermost. But attention 
to even this rapid summary of some of the major developments confronting 
early 21st century societies emphasises that the trends themselves and the 
knowledge, values and attitudes to be learned are complex and multi-faceted.

Laying foundations for lifelong learning
These powerful economic and social drivers, and the concern that initial 

formal education by itself is inadequate to respond to them, have underpinned 
the emergence of the broader concept of “lifelong learning” (e.g. OEC D, 
1996). This concept recognises that learning is not exclusive to the early years 
but continues throughout the lifespan; it acknowledges that learning takes 
place not only in schools and universities, but in many different formal, non 
formal and informal learning environments.

Different rationales can be forwarded for lifelong learning (Istance et al., 
2002). For some commentators, the economic and instrumental arguments 
have excessively dominated the political discourse and they remind us that 
lifelong learning should equally recognise “that each individual has a learn-
ing potential” (Longworth and Davis, 1996, p. 21) and is “an essential ingre-
dient to the growth and development of the human person” (Jarvis, 2009). In 
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this spirit, thorough-going lifelong learning should not only be viewed as a 
means to a dynamic economy, but also for effective community and social 
engagement, participatory democracy and for living fulfilling and meaning-
ful lives.

The broad sweep of lifelong learning notwithstanding, the extent and 
quality of initial schooling during the formative years are crucial for learning 
later in life (Gorard, 2009; Hargreaves, 2003). The knowledge, skills, values 
and attitudes acquired during this early life-stage provide the foundation for 
the lifelong learning habit. Therefore, schools are pivotal organisations of the 
learning society yet their contribution in laying the foundation for lifelong 
learning has tended to be neglected. An important reason for this is because 
so much educational discourse is already dominated by a schools focus that 
lifelong learning proponents have been eager to concentrate instead on what 
takes place at later ages and stages. But, the paradoxical result is to strip 
the concept of its cradle-to-grave ambition by equating it implicitly with 
extended tertiary education and training (OECD, 2005).

What does laying the foundation for lifelong learning mean? One key 
measure of the success of schools in achieving this is the extent to which they 
equip young people both with a meaningful knowledge base and with the 21st 
century competences outlined next.

21st century competences
The major trends in societies and economies sketched above have focused 

attention increasingly on the demanding kinds of learning that may be sum-
marised as “21st century skills or competences”. These give content to the 
focus on “outcomes” that too often has not been sufficiently concerned with 
the question of which outcomes to prioritise. Higher-order thinking skills are 
increasingly integral to the workplace of today and tomorrow. We need to 
learn to generate, process and sort complex information; to think systemati-
cally and critically; to take decisions weighing different forms of evidence; to 
ask meaningful questions about different subjects; to be adaptable and flex-
ible to new information; to be creative; and to be able to identify and solve 
real-world problems (Bransford et al., 2000; Darling-Hammond, Barron, 
Pearson, Schoenfeld and Elizabeth, 2008; Fullan, Hill and Crevola, 2006; 
Green, 2002; OECD, 2008b).

Young people should ideally acquire a deep understanding of complex 
concepts and gain media literacy and the ability to use advanced information 
technologies (Sawyer, 2008; Darling-Hammond et al., 2008; MacDonald, 
2005). Teamwork, social and communication skills are integral to work 
and social life in the knowledge society. Students should develop into self-
directed, lifelong learners, especially when education needs to prepare 
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students “for jobs that do not yet exist, to use technologies that have not yet 
been invented, and to solve problems that we don’t even know are problems 
yet” (Darling-Hammond et al., 2008).

This does not mean that in future all will be moving into intellectual or 
technical occupations. The complex knowledge society has led in general to 
“up-skilling” but it has not evaporated the need for manual or service occupa-
tions and the creative fields are likely to be important sources of employment 
in the future. Young people may expect to operate in very diverse profes-
sional situations, including manual and artistic fields.

To draw attention to the skills used in contemporary and future work-
places is not to privilege only the economic demands over the competences 
called for to be effective in communities, social and personal life: the 21st 
century competences are relevant to all these domains. So, as expressed by 
de Corte (this volume), a core goal of education should be the acquisition of 
“adaptive competence, i.e. the ability to apply meaningfully learned knowl-
edge and skills flexibly and creatively in a variety of contexts and situations”.

Given their central role in the learning society, how are today’s schools 
facing up to these 21st century demands? Practice varies widely, of course, 
within and across different OECD systems. We can say nevertheless that the 
pedagogic model underlying too many schools is still aimed at preparing stu-
dents for the industrial economy, sometimes dubbed “instructionism” What 
goes on in many classrooms and schools is very different from the activities 
that are at the heart of knowledge-based enterprises in the knowledge economy. 
The implicit “mind-as-container metaphor” (Bereiter, 2002, p. 20) of schools 
does not reflect the productive, creative side of working with knowledge. This 
raises profound questions about whether the learning models and environments 
in the core of schooling are equipping students with the skills that are key to 
knowledge-based 21st century societies. Our report aims to clarify how learning 
might be organised so that they achieve this more effectively.

New Millennium Learners
The rapid development and ubiquity of ICT are changing the nature of 

socialisation, connecting to others, as well as augmenting the role of non-
formal learning. More and more children and young people in OECD socie-
ties grow up with ready availability to Internet connections, mobile phones 
and videogame consoles. It has become typical for teenagers to connect to 
the Internet on a daily basis at home: as many as 95% or more 15-year-olds 
do so in the Nordic countries, the Netherlands, England and Austria (OECD, 
2010b). They are so connected on average for two hours a day, mostly 
engaged in social interactions and the consumption of digital content but 
sometimes on school-related tasks.
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The identities of young “new millennium learners” (the title of the relevant 
OECD project) are shaped by their interactions with other young people in an 
enlarged digital landscape of opportunities. This is also about how they learn: 
access to digital media is changing the way learners acquire information and 
elaborate knowledge. Indeed, young people’s use of digital media is consistent 
with forms of learning that are well-aligned with the 21st century competences 
discussed above and with established principles of learning. It tends to be 
highly social, involves a good deal of experimentation and “tinkering”, and 
encourages the production and sharing of knowledge; digital media facilitate 
learning that is more about interaction and participation rather than the pas-
sive consumption of information or knowledge (Ananiadou and Claro, 2009).

Understanding how young people learn, play and socialise outside the 
classroom may thus prove to be a useful inspiration for educational innova-
tion. Digital media have the potential to transform learning environments 
permitting intensive networking and access anywhere and at anytime, thus 
helping to solder connections in the fragmented worlds and experiences of 
young people in school and outside. Technology can help empower learners 
to become active in shaping their own learning environments.

How far such potential and forms of learning carry over into explicitly 
educational activities at present is altogether another question. Traditional 
learning environments tend to be “low-tech” and in many schools there is not 
the intensity of technology use to reap its benefits. There needs to be a critical 
threshold of technology use attained or surpassed before measurable gains in 
educational results become visible, as recently charted using PISA evidence 
(OECD, 2010b). Today’s estimated use of technology in compulsory educa-
tion in the European Union countries, averaged across schools in general 
as opposed to innovative and technology-rich learning environments, falls 
far short of such threshold levels at less than one hour per week (Empirica, 
2007). This pales compared with the 14 hours or so weekly connection aver-
age at home mentioned above. And, as Mayer also reminds us (this volume), 
the presence of technology itself is no guarantee that its particular benefits 
will be exploited for learning.

The limits of educational reform
In recent decades, there have been many educational reforms in OECD 

and other countries, implemented with the view of improving school quality 
and raising achievement, especially among the low-achievers. These reforms 
have included, among other things: major teacher training programmes, pro-
vision and use of new technologies, curriculum changes and system restruc-
turing to give more autonomy to schools. Significant amounts of resources 
have been allocated to facilities and equipment, reducing class size and 
improving teacher qualifications.
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Reforms are constantly impacting on the surface structures and institu-
tional parameters of schools but it is far harder to reshape the core activities 
and dynamics of learning in the classroom. There is a tendency to focus on 
variables that are visible and relatively easy to change, resources permit-
ting: it is altogether simpler, if expensive, to reduce class size and raise 
the numbers of computers in schools than it is, for instance, sustainably to 
improve teachers’ capacities to respond to individual student differences. But 
approaches to improving educational quality via resourcing tend to be very 
indirect and succeed only to the extent that they change teaching and learning 
in classrooms and other settings.

Fullan and colleagues (2006) argue that “very few policy makers, or 
practitioners for that matter, really understand what quality means on a daily 
basis”. Bereiter (2002) calls the disengagement from the core activity of 
instruction the “fundamental malady” of school reform. It is far from obvi-
ous, however, what instruments of policy would realise the difficult balance 
of understanding the classroom in all its richness while extending profes-
sional autonomy.

All this adds up to a daunting challenge, and not one that will be addressed 
at all adequately if it is assumed to be just a matter of policy makers becoming 
more enlightened. It calls for much greater transparency of what takes place 
in organised learning in countless settings, done in a way that is supportive of 
professionalism rather than intrusive or divisive. Such an opening of classroom 
doors (and windows and walls) to sympathetic scrutiny would by itself be a 
major shift of practice, and one that many within education would find dis-
comfiting. It is to recognise that some of the primary sources of influence that 
policy reform can exercise will be through the powerful but largely intangible 
factors of shaping school cultures and climates: not only are these notoriously 
difficult to influence but they scarcely add up to a media-friendly policy pro-
gramme defined around a small number of succinct punchy messages.

Hence, the reform challenge calls for a refocusing on the nature of learn-
ing and the means to best promote it but the mechanisms to do so are often 
far-removed from the realities of contemporary educational systems and poli-
tics. It will also need to bring researchers and practitioners squarely into the 
picture, rather than assume that these matters are primarily for educational 
policy makers to sort out for themselves. This in turn raises profound issues 
of knowledge management, which typically is seriously under-developed in 
education (OECD, 2000; OECD, 2004), and of addressing the “great discon-
nect” (Berliner, 2008) between educational research, on the one hand, and 
policy and practice, on the other.
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Burgeoning research on learning – an evidence base for policy and 
practice?

Empirical evidence about how the mind works, how the brain develops, 
how interests form, how people differ, and, most importantly, how people 
learn has expanded tremendously over recent decades (Olson, 2003; Sawyer, 
2006). Many different fields are now contributing to the understanding of 
learning and instruction: cognitive science, educational psychology, com-
puter science, anthropology, sociology, information studies, neurosciences, 
education, design studies and instructional design (Sawyer 2008). A powerful 
knowledge base on how people learn has been accumulated and “the story we 
can now tell about learning is far richer than ever before” (Bransford et al., 
2000, p. 3). De Corte (this volume) also charts how this research has increas-
ingly shifted from artificial laboratory exercises and situations to real-life 
classroom activity and hence to become much more relevant for education.

With the burgeoning of research has come the claim that practice and 
indeed educational policy can become genuinely “evidence-based” (OECD, 
2007). This science of learning “underscores the importance of rethinking 
what is taught, how it is taught, and how learning is assessed” (Bransford 
et al., 2000) and can guide the design of new and more powerful learning 
environments (De Corte, 2000). Raudenbush (2008) even goes so far as to 
conclude that “knowledge about the impact of instruction supplies a scientific 
basis for policy concerning resources. The study of classroom instruction 
therefore plays a role in educational policy that is similar to the study of clini-
cal practice in health policy.”

This optimistic claim for the potency and significance of the knowledge 
base contrasts markedly with the viewpoints described in the previous sec-
tion lamenting the widespread lack of understanding of what goes on in 
classrooms – at the least it suggests that the terrain is unfavourable for the 
research messages to take root. We can question whether, from the research 
side, a common distrust of policy makers is the attitude most likely to con-
vince them to sit up and take notice. Indeed, if the expectation is that it is up 
to others to digest the lessons of the learning sciences rather than to engage 
in genuine dialogue and educational design, the enterprise of shaping policy 
and practice is likely to fail.

In part, the problem stems from the sheer impenetrability of so much 
research, written by researchers for researchers and often only for the sub-set 
of those sharing a particular specialised interest. As well as inaccessibil-
ity, therefore, the fragmentation of the knowledge base is another barrier to 
be crossed: if those working within the learning sciences fail to make the 
bridges between the different sub-disciplines and specialisms it is scarcely 
surprising if others are unable to do so. Hence, there is the need for a major 
endeavour if the value of the knowledge base is to start to be realised: to 
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synthesise and make accessible and relevant an often fragmented and difficult 
knowledge base. The dissemination of research results in an accessible and 
easily understood manner through reviews can mediate the communication 
of research evidence to policy makers and practitioners (Harlen and Crick, 
2004) and there exist good examples of this worthwhile enterprise (e.g. APA 
Work Group of the Board of Educational Affairs, 1997; Bransford et al., 
2000; Vosniadou, 2001). Our book makes its own contribution to this cause.

Yet, the hopes that this might open the way to the widespread adoption 
of the conclusions from the learning sciences may still be overly optimistic, 
quite apart from whether the political will and conditions are there to do so. 
A fundamental problem lies in the contemporary understanding of learning, 
as outlined by de Corte in the next chapter, as essentially “contextualised”. To 
the extent that the nature and outcomes of learning depend critically on con-
text, it raises questions about the very enterprise of developing generalised 
conclusions for widespread adoption.

A second fundamental problem is the one outlined by Resnick and her 
colleagues in Chapter 12. Learning scientists know a lot about the nature of 
learning and instruction but tend to know less about the organisations and 
cultures in which these routinely play out. It follows that their explicit or 
implicit agendas for influencing change tend to fall short. If this insufficiency 
is to be overcome, the insights from different branches of organisational and 
sociological research need to be absorbed, addressing directly the beliefs of 
teachers and the contexts in which they work. In other words, understanding 
how individuals learn is not a sufficient basis for designing the environments 
in which they might learn better – this requires attention at the least to the 
other half of the equation, the environments themselves.

Why learning environments?

The different factors moving learning “centre stage” underpin the 
approach taken by the Innovative Learning Environments (ILE) project, to 
which this volume contributes. They argue for a powerful focus on learning 
itself and for integrating the “micro” level strongly into the frame rather than 
to treat the teaching/learning interface as a “black box” as so much educa-
tional policy thinking tends to do.

The term “micro level” itself is imprecise and depends on whether educa-
tion and learning are being looked at through a telescope or under a micro-
scope. “The classroom” and “the classroom level” offer summary short-hand 
terms that suggest organised learning activities involving groupings larger 
than the single learner. But, they automatically turn attention away from the 
learning located in workshops or the sports field, at a distance, and in com-
munities and a variety of non-formal settings, even if this is not the intention. 
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They may be misleading if they suggest that we are only interested in what 
takes place within a particular institutional and/or physical unit as educa-
tion is currently organised, not by learning in different configurations and 
contexts. The “classroom level” may be acceptable simplification for many 
purposes, but not when the very diversity of learning settings and approaches 
is at issue.

We refer instead to “learning environments”. This is inside the “black 
box” but is more aggregated than the individual or particular learning epi-
sodes taken in isolation from the learning context – “environment” – in which 
learners and lessons are located. A “learning environment” thus understood 
is crucially focused on the dynamics and interactions between four dimen-
sions – the learner (who?), teachers and other learning professionals (with 
whom?), content (learning what?) and facilities and technologies (where? 
with what?). Such dynamics and interactions include the different pedagogi-
cal approaches and learning activities in the learning week or term or year. 
Time is thus fundamental as any sets of relationships or mix of activities only 
make sense in how they unfold over time, not as snapshots. Assessment is 
integral both through the way that assessment objectives shape content and 
through the role it plays in the interactions and dynamics of teaching and 
learning. This is a more holistic understanding of “environment” than when 
it denotes – as it commonly does – the physical or technological settings of 
learning (though facilities and technological infrastructure certainly contrib-
ute to it; see e.g. Manninen et al., 2007).

This conceptualisation builds on the insight into the nature of learning 
outlined by de Corte in the next chapter: that learning should be understood 
as “contextualised”. The immediate context for any particular learning epi-
sode is precisely the” learning environment” as we understand it. Social, 
family and community influences – the core subject matter in Chapters 10 
and 11 – are included in this framework especially through the learner dimen-
sion: this refers not only to learner numbers and demographic profiles (age, 
gender etc.) but to their social backgrounds, attitudes, family environments 
and so forth. This conceptualisation also accords with the insights developed 
by Resnick and her colleagues in Chapter  12 as mentioned above: much 
learning research is limited through underemphasis on the organisational and 
cultural routines in which learning is taking place.

The ILE project is primarily interested among all learning environments 
in those that are aimed at young people – at least in part – and are innovative 
in approach. We have deliberately avoided referring to them as “innovative 
schools” as what interests us are the ways that learning is organised and 
configured not the institutions themselves and not all such environments will 
be found in schools per se (though many will be). The focus on innovation 
stems from the starting point of this chapter – the powerful reasons moving 
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learning centre stage call for new approaches and configurations, not a return 
to the comfort zone of the tried and tested. Meeting the principles of learning 
effectiveness as developed in this report and synthesised in Chapter 13 will 
require significant change from established practice in the majority of educa-
tional settings available for young people in most of our systems.

The aims of this book

The aim of this book is to provide our own contribution to bridging the 
“great disconnect” between research on student learning, on the one hand, and 
the worlds of policy and practice, on the other. Obviously, the latter cover a 
wide range – from the classroom teacher or school leader to the adviser, admin-
istrator or politician – with different roles and needs. Such range notwithstand-
ing, the strong focus in the following chapters on marshalling the evidence 
from the learning sciences and what it says about the design of learning envi-
ronments should offer insights that are relevant to all of them in different ways.

Leading educational researchers and learning specialists were each asked 
to review research findings from different countries from a particular perspec-
tive with the target audience of policy makers and practitioners explicitly in 
mind. The chapters cover both theoretical reviews about the nature of learn-
ing (cognitive science, motivation and emotions, neuroscience etc.) through 
more educational perspectives (inquiry-based and co-operative approaches, 
formative assessment, technology applications), through to evidence regarding 
learning in the non-formal settings of communities and families. The penulti-
mate chapter reflects on implementing innovation, while our own final chapter 
seeks to draw all these diverse threads together into new synthesis.

Although ambitious in scope and rich in detail, neither we nor the chap-
ter authors claim to offer anything like exhaustive coverage of the relevant 
research findings on learning. There are research traditions and corners of 
the world that are not well represented, still more so as this volume has delib-
erately eschewed the “handbook” approach that has been followed far more 
effectively by leading researchers themselves (e.g.  Bransford et al., 2000; 
Sawyer, 2006).

It instead profits from its OECD origins in three distinct ways. First, 
being produced by the OECD it is naturally international in scope. Second, 
the position of OECD as an inter-governmental organisation producing analy-
ses and absorbing research means that the reform and policy agendas always 
provide the larger framework in ways that is not automatically the case in 
the research community. And third, as part of a larger project (Innovative 
Learning Environments), as well as connecting up to parallel work on inno-
vation, this volume is helping to inform endeavours to innovate in OECD 
education systems rather than standing alone as a state-of-the-art review.
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The report is based on the belief that the transformation of our schools 
into learning environments for the 21st century should be informed by the 
available evidence. Such evidence is not itself a sufficient basis to redesign 
schools and school policy but it does provide powerful messages about what 
encourages learning and what inhibits it. In an era of such enthusiasm for 
“evidence-based” policies (OECD, 2007) it is only appropriate that these 
insights should be brought to bear to inform and influence change. Thus, the 
aim of the book is to inform educational policy and practice and to help shape 
the reform agenda appropriate for the 21st century.



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

32 – 1. Analysing and designing learning environments for the 21st century

References

Ananiadou, K. and M. Claro (2009), “21st Century Skills and Competences 
for New Millennium Learners in OECD Countries”, OECD Publishing, 
Paris; EDU Working Paper No. 41.

APA Work Group of the Board of Educational Affairs (1997), Learner-
centred Psychological Principles: A Framework for School Reform and 
Redesign, American Psychological Association, Washington, DC.

Bereiter, C. (2002), Education and Mind in the Knowledge Age, Lawrence 
Erlbaum, Mahwah, N.J.

Berliner, D.C. (2008), “Research, Policy, and Practice: the Great Discon
nect” in S.D. Lapan and M.T. Quartaroli (eds.), Research Essentials: 
An Introduction to Designs and Practices, Jossey-Bass, Hoboken, N.J., 
pp. 295-325.

Bransford, J.D., A.L. Brown and R.R. Cocking (eds.) (2000), How People 
Learn: Brain, Mind, Experience, and School, National Academy Press, 
Washington, DC.

Brown, P., H. Lauder and D. Ashton (2008), “Education, Globalisation and 
the Future of the Knowledge Economy”, European Educational Research 
Journal, Vol. 7, No.2, pp. 131-156.

Corte, E. de (2000), “Marrying Theory Building and the Improvement of 
School Practice: A Permanent Challenge for Instructional Psychology”, 
Learning and Instruction, Vol. 10, No. 3, pp. 249-266.

Darling-Hammond, L., B. Barron, D.P. Pearson, A.H. Schoenfeld, E.K. 
Stage, T.D. Zimmerman, G.N. Cervetti and J.L. Tilson (2008), Powerful 
Learning: What We Know about Teaching for Understanding, Wiley.

Empirica (2007), Benchmarking Access and Use of ICT in European Schools 
2006 – Results from Headteacher and Classroom Teacher Surveys in 27 
European Countries, European Commission, Brussels.

Florida, R. (2001), The Rise of the Creative Class: And How It’s Transforming 
Work, Leisure, Community and Everyday Life, Basic Books, New York, NY.



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

1. Analysing and designing learning environments for the 21st century – 33

Fullan, M., P. Hill and C. Crevola (2006), Breakthrough, SAGE, London.

Gorard, S. (2009), “The Potential Lifelong Impact of Schooling”, in P. Jarvis 
(ed.), The Routledge International Handbook of Lifelong Learning (pp. 
91-101), London: Routledge.

Green, A. (2002), “The Many Faces of Lifelong Learning: Recent Education 
Policy Trends in Europe”, Journal of Education Policy, Vol. 17, No. 6, 
pp. 611-626.

Hargreaves, A. (2003), Teaching in the Knowledge Society: Education in the 
Age of Insecurity, Teacher’s College Press, New York.

Harlen, W. and R.D. Crick (2004), “Opportunities and Challenges of Using 
Systematic Reviews of Research for Evidence-Based Policy in Education”, 
Evaluation and Research in Education, Vol. 18, No. 1-2, pp. 54-71.

Istance, D.H., H.G. Schuetze and T. Schuller (2002), International Perspectives 
on Lifelong Learning: from Recurrent Education to the Knowledge 
Society, Open University Press, Buckingham UK.

Jarvis, P. (ed.) (2009), The Routledge International Handbook of Lifelong 
Learning, Routledge, London.

Longworth, N. and W.K. Davis (1996), Lifelong Learning: New Vision, 
New Implications, New Roles for People, Organisations, Nations and 
Communities in the 21st Century, Kogan Page, London.

MacDonald, G. (2005), “Schools for a Knowledge Economy”, Policy Futures 
in Education, 3(1), pp. 38-49.

Manninen, J., A. Burman, A. Koivunen, E. Kuittinen, S. Luukanne, S. Passi, 
H. Särkkä (2007), Environments that Support Learning: An Introduction 
to the Learning Environments Approach, Finnish National Board of 
Education, Helsinki.

OECD (1996), Lifelong Learning for All, OECD Publishing, Paris.

OECD (2000), Knowledge Management in the Learning Society, OECD 
Publishing, Paris.

OECD (2004), Innovation in the Knowledge Economy: Implications for 
Education and Learning, OECD Publishing, Paris.

OECD (2005), “How Well Do Schools Contribute to Lifelong Learning?”, 
Education Policy Analysis 2004 Edition, Chapter 3, OECD Publishing, 
Paris.

OECD (2007), Evidence in Education: Linking Research and Policy, OECD 
Publishing, Paris.



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

34 – 1. Analysing and designing learning environments for the 21st century

OECD (2008a), Trends Shaping Education, OECD Publishing, Paris.

OECD (2008b), Innovating to Learn, Learning to Innovate, OECD 
Publishing, Paris.

OECD (2010a), Educating Teachers for Diversity: Meeting the Challenge, 
OECD Publishing, Paris.

OECD (2010b), Are the New Millennium Learners Making the Grade? 
Technology Use and Educational Performance in PISA 2006, OECD 
Publishing, Paris.

Olson, D.R. (2003), Psychological Theory and Educational Reform: 
How School Remakes Mind and Society, Cambridge University Press, 
Cambridge.

Raudenbush, S.W. (2008), “Advancing Educational Policy by Advancing 
Research on Instruction”, American Educational Research Journal, 
Vol. 45, No. 1, pp. 206-230.

Sawyer, R.K. (2006), The Cambridge Handbook of the Learning Sciences, 
Cambridge: Cambridge University Press, London.

Sawyer, R.K. (2008), “Optimising Learning: Implications of Learning 
Sciences Research”, in OECD (2008b), pp.45-65.

Vosniadou, S. (2001), How Children Learn, The International Academy of 
Education (IAE) and the International Bureau of Education (UNESCO).



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

2. Historical developments in the understanding of learning – 35

 

Chapter 2 
 

Historical developments in the understanding of learning

Erik de Corte
University of Leuven

Erik de Corte describes a progression in which earlier behaviourism gave way increas-
ingly to cognitive psychology with learning understood as information processing rather 
than as responding to stimuli. More active concepts of learning took hold (“constructiv-
ism”), and with “social constructivism” the terrain is not restricted to what takes place 
within individual minds but as the interaction between learners and their contextual 
situation. There has been a parallel move for research to shift from artificial exercises/
situations to real-life learning in classrooms and hence to become much more relevant 
for education. The current understanding of learning, aimed at promoting 21st century or 
“adaptive” competence, is characterised as “CSSC learning”: “constructive” as learners 
actively construct their knowledge and skills; “self-regulated” with people actively using 
strategies to learn; “situated” and best understood in context rather than abstracted from 
environment; and “collaborative” not a solo activity.
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Introduction

The interest in learning and how to influence it have been around 
throughout history. Already in ancient Greece, Socrates (fifth century B.C.) 
and in Rome Seneca (first century A.D.) wrote about the nature of learning. 
At the dawn of the modern era, Juan Luis Vives (1492-1540) and Comenius 
(1592‑1671) formulated influential ideas about learning and teaching (see 
e.g. Berliner, 2006). In the less distant past, Johann Friedrich Herbart (1776-
1841) and his followers can be considered as the precursors of the scientific 
study of learning and teaching. They stressed, for instance, the important 
role in learning of prior knowledge consisting of mental states or ideas 
(Vorstellungen); new ideas are learned by relating them to already existing 
mental states by a process of “apperception” (see e.g. Bigge, 1971).

The scientific study of learning began in earnest, however, at the 
beginning of the 20th century. The first section of this chapter presents an 
overview of the major concepts and theories of learning over that century 
in the Western world: behaviourism, Gestalt psychology and the Würzburg 
School of Denkpsychologie, cognitive psychology, constructivism and socio-
constructivism.

The scientific study of learning encouraged high expectations concern-
ing its potential to improve educational practice. However, as argued in the 
next section, throughout the 20th century the relationship between research 
and practice has instead been an awkward and not very productive one. The 
chapter continues with a review of the dominant current perspective on learn-
ing in educational settings that can guide the design of innovative learning 
environments, including as illustration an example for mathematical problem-
solving in an upper primary school. I conclude with some final comments 
and implications of the review for policy.

Major concepts of learning throughout the 20th century

Behaviourism
The behaviourist understanding of learning originated in the United 

States in the early 1900s, where it came to dominate during the first part of 
the 20th century. The basic idea of the behaviourist perspective is that learn-
ing consists of a change in behaviour based on the acquisition, strengthen-
ing and application of associations between stimuli from the environment 
(e.g. the presentation of “3 + 3”) and observable responses of the individual 
(the answer “6”), so-called “S–R bonds” or connections. This view underlies 
a family of behaviourist learning theories that vary especially in the mecha-
nisms seen to be influential in determining the S-R bonds. For education, the 
two most important behaviourists were Thorndike and Skinner.
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Thorndike’s variant of behaviourism dominated the early decades of 
the 20th century and is usually called “connectionism”. For Thorndike, 
the connections between stimuli and responses are controlled by different 
laws of learning, the most important being the “law of effect”: a response 
to a stimulus is strengthened or reinforced when it is followed by a positive 
rewarding effect, and this occurs automatically without the intervention of 
any conscious activity. For example: “How much is 16 + 9?” Pete answers: 
“25”. Reinforcement by the teacher: “That is correct, Pete”. The second major 
law – S‑R connections become stronger by exercise and repetition – is the 
“law of exercise”. It is not hard to see the direct connection between this view 
of learning and the so-called “drill-and-practice” programmes. In this era, 
Thorndike had a substantial impact on education, especially with his 1922 
book The Psychology of Arithmetic.

Skinner (1953) developed his variant of behaviourism known as “operant 
conditioning” towards the middle of the century. In contrast to Thorndike, 
Skinner distinguished between behaviour elicited by external stimuli and 
operant behaviour initiated by the individual (for instance, spontaneously 
assuming the right body position to perform a correct serve in tennis). 
Rewarding (the coach says “excellent”) the correct parts (the right body posi-
tion) of the more complex behaviour taken as a whole (performing a correct 
serve), reinforces it and makes it more likely to recur. Reinforcers thus con-
trol the occurrence of the desired partial behaviours and this is called “oper-
ant conditioning”.

Skinner argued that his operant conditioning was immediately applicable 
to classroom learning even though it was based on experiments with pigeons 
and other animals. Learning is considered as the stepwise or successive 
approximation of the intended complex behaviour such as the correct serve 
in tennis. It is guided by reinforcement of appropriate contributing but par-
tial behaviour produced by the individual or elicited by different situational 
arrangements organised by the teacher to facilitate their appearance. The 
best-known application of Skinner’s theory to education is in “programmed 
instruction”, in which the correct sequence of the partial behaviours to be 
learned is determined by detailed task analysis.

Gestalt psychology and the Würzburg School of “Denkpyschologie”
The European counterparts of the behaviourist theories in the first part 

of the 20th century were Gestalt psychology and the Würzburg School of the 
psychology of thinking. Both schools strongly disagreed with psychology 
as the science of behaviour, a view which they considered too mechanistic. 
Although behaviourism was quite well known in Europe, it never became as 
dominant as in the United States.
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The key idea of Gestalt psychology is expressed in the German word 
Gestalt which means a “configuration” – an organised whole as opposed to 
a collection of parts. Exponents such as Wertheimer and Köhler argued that 
human behaviour cannot be fully understood by the behaviourist approach 
of breaking it down into its constituent parts. On the contrary, it has to be 
studied as a whole (Bigge, 1971). The mind interprets sensory data according 
to organising principles whereby humans perceive whole forms – “gestalts” 
– rather than atomistic perceptions (De Corte, Greer and Verschaffel, 1996): 
the spontaneously-observed whole (e.g. Rembrandt’s painting Night Watch) 
comes first and is afterwards gradually given structure. The whole is more 
than the composite parts. For learning and thinking, the major contribution 
of Gestalt psychology is their study of insight: learning consists of gain-
ing insight, discovering a structure, and hence of acquiring understanding. 
Insightful learning occurs as the sudden solution to a problem. But because 
the Gestalt approach to learning remained rather global, it had little to say 
about instruction (Knoers, 1996).

The Würzburg School led by Külpe, focused on the study of thinking, 
especially problem solving. A basic idea of the Würzburgers was that a prob-
lem-solving process is guided by a determining tendency, i.e.  the thinking 
process is goal-oriented and controlled by the task (Aufgabe). Building on this 
idea, Selz (1913) studied thinking processes and discovered that good think-
ing depends on using appropriate solution methods, and that there are specific 
methods for solving particular problems (see also Frijda and De Groot, 1981).

Cognitive psychology
An important development in American psychology was initiated in the 

late 1950s and has become known as the “cognitive revolution”; this resulted 
in the shift from behaviourism to cognitive psychology (Gardner, 1985). 
People are no longer conceived as collections of responses towards external 
stimuli but essentially as information processors. One reason for this shift 
was growing dissatisfaction in psychology with the ability of behaviouristic 
theories to explain complex mental phenomena. But also, according to Simon 
(1979) who was a pioneer of cognitive psychology, this development was 
strongly influenced by the ideas of Würzburg and Gestalt psychology, and 
by the emergence of the computer as an information-processing device that 
became a metaphor for the human mind.

The so-called “information-processing” approach became increasingly 
dominant in instructional psychology in the 1970s and, in contrast to behav-
iourism, strongly influenced European research. Instead of being satisfied 
with studying externally-observable behaviour, the aim was to analyse and 
understand the internal mental processes and the knowledge structures that 
underlie human behaviour. So, the interest for education is, for instance, in 



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

2. Historical developments in the understanding of learning – 39

grasping the strategies involved in competent mathematical problem-solving 
or unravelling the conceptual structure of a students’ knowledge of the 
French Revolution.

This new perspective was accompanied by a fundamentally different 
understanding of the nature of human cognition, namely a shift from an 
atomistic toward a Gestalt view. This considered the organisation of knowl-
edge as the central characteristic of cognition (Greeno, Collins and Resnick, 
1996). The behaviouristic, response-strengthening metaphor of learning 
was replaced by the knowledge-acquisition metaphor (Mayer, 1996; see also 
Sfard, 1998). Learning is seen as the acquisition of knowledge: the learner 
is an information-processor who absorbs information, performs cognitive 
operations on it and stores it in memory. Accordingly, lecturing and reading 
textbooks are the preferred methods of instruction; at its most extreme, the 
learner is the passive recipient of knowledge seen as a commodity dispensed 
by the teacher (Mayer, 1996; Sfard, 1998).

Constructivism
To unravel internal mental processes and knowledge structures in their 

studies of human learning and thinking, cognitive psychologists had to 
administer more complex assignments than the simple laboratory tasks used 
by the behaviourists. Out of this research work emerged the idea during the 
1970s and 1980s that learners are not passive recipients of information; rather, 
they actively construct their knowledge and skills through interaction with 
the environment and through reorganisation of their own mental structures. 
As argued by Resnick (1989): “Learning occurs not by recording information 
but by interpreting it” (p. 2). Learners are thus seen as sense-makers. Stated 
differently, the knowledge-acquisition metaphor had to be replaced by the 
knowledge-construction metaphor (Mayer, 1996). For instance, De Corte 
and Verschaffel (1987) found evidence supporting this constructive view of 
children’s learning even in the simple domain of solving one-step addition 
and subtraction word problems. Indeed, they observed in first-graders a large 
variety of solution strategies, many of them not taught in school – in other 
words, they were constructed by the children themselves. For example, to 
solve the problem “Pete had some apples; he gave 5 apples to Ann and now 
he still has 7 apples; how many apples did he have initially?” a number of 
children estimated the size of the initial amount and checked their guess by 
reducing it by 5 to see if there were 7 elements left, a kind of trial-and-error 
approach that they invented themselves. The accumulating evidence in favour 
of the constructive nature of learning was also in line with and supported by 
the earlier work of influential scholars like Piaget (1955) (see Annex) and 
Bruner (1961) (see Annex).



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

40 – 2. Historical developments in the understanding of learning

There are many different versions of constructivism (Phillips, 1995; 
Steffe and Gale, 1995). One of the distinctions relevant for education is 
between radical and moderate constructivism. Radical constructivists claim 
that all knowledge is purely an idiosyncratic cognitive construction and not 
at all the reflection of a reality “out there”. For moderate (or realist) construc-
tivists, learners arrive at cognitive structures that eventually correspond to 
external realities in the environment, and this construction process can be 
mediated by instruction. But common to all constructivist perspectives is the 
learner-centred approach whereby the teacher becomes a cognitive guide of 
student learning instead of a knowledge transmitter.

Socio-constructivism
In the late 20th century, the constructivist understanding of learning was 

further amended by the emergence of the “situated cognition and learning” 
perspective that stresses the important role of context, especially social inter-
action (Brown, Collins and Duguid, 1989; Greeno, 1989). Strongly influenced 
by the landmark work of Vygotsky (see Annex) (1978), but also by anthro-
pological and ethnographic research (e.g. R ogoff and Lave, 1984; Nunes, 
Schliemann and Carraher, 1993), the information-processing constructivist 
approach to cognition and learning came in for increasing criticism. The 
major objection was that it considers cognition and learning as processes 
taking place encapsulated within the mind, with knowledge as something 
self-sufficient and independent of the situations in which it unfolds. In the 
new paradigm, cognition and learning are conceived of as interactive activi-
ties between the individual and a situation, and knowledge is understood as 
situated, “being in part a product of the activity, context, and culture in which 
it is developed and used” (Brown et al., 1989, p. 32).

Cognition is thus considered as a relation involving an interactive agent 
in a context, rather than as an activity in an individual’s mind (Greeno, 1989). 
This led to new metaphors for learning as “participation” (Sfard, 1998) and 
“social negotiation” (Mayer, 1996). One of many examples that illustrate 
this situated nature of cognition comes from the work of Lave, Murthaugh 
and de la Rocha (1984); they studied recruits to a Weight Watchers dieting 
programme carrying out shopping and planning and preparing diet meals. A 
major outcome of the study was the virtually error-free mathematics problem-
solving observed in dieting shoppers in the supermarket whereas they made 
frequent errors with parallel problems using paper- and-pencil methods in a 
formal test situation.
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The evolving concept of learning
During the 20th century the concept of learning has thus undergone 

important developments. For behaviourists, it was conceived of as response-
strengthening through reinforcements. The advent of cognitive psychology 
brought fundamental change by putting the focus on the central role of 
information processing which led to the view of learning as the acquisition 
of knowledge in rather passive ways. With the focus on the active role of 
the learner as a sense-maker came a new metaphor for learning as “knowl-
edge construction”. Near the end of the century this constructivist view was 
amended by highlighting the important role of the situation in which cogni-
tion and learning occur and the socio-constructivist understanding of learning 
is seen as “participation” or “social negotiation”. The latter constitutes the 
current dominant view of learning. In this approach the psychological proc-
esses evolving in the learner, on the one hand, and the social and situational 
aspects impacting learning, on the other hand, are considered to be reflexively 
related, with neither having priority over the other (Cobb and Yackel, 1998). 
This distinguishes the socio-constructivist standpoint from the socio-cultural 
approach that accords precedence to the social and cultural processes.

Theories of learning and educational practice: an awkward relationship

The major aim of education is to promote student learning. Therefore, with 
the emergence of the scientific study of learning, expectations grew that this 
would yield principles and guidelines to improve classroom practice and learning 
materials. We can now examine whether and to what degree the different con-
cepts of learning reviewed in the previous section have met these expectations.

De Corte, Verschaffel and Masui (2004) have argued that what has been 
called an “educational learning theory” (Bereiter, 1990) should involve the 
following four components:

1.	 Aspects of competence that need to be acquired.

2.	 The learning processes required to pursue and attain competence.

3.	 Principles and guidelines to initiate and support those learning 
processes.

4.	 Assessment methods for monitoring and improving learning processes.

A condition for any learning theory to be potentially relevant for classroom 
practice, therefore, is that it should address those components. Thorndike’s 
connectionism as well as Skinner’s operant conditioning met to a large degree 
such requirements: they provided a coherent theory with methods for specifying 
aspects of competence to be learned, a theory of how such learning takes place 
and methods and conditions for instruction and intervention (Resnick, 1983).
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Nevertheless, these behaviourist theories failed to influence educational 
practices in any substantial way. A large body of research was carried out 
under both approaches, but mainly in controlled laboratory situations using 
non-academic, often artificial and even meaningless learning tasks and mate-
rials (such as nonsense words or syllables). Consequently, there was a large 
gap between the tasks and situations covered by the research, on the one hand, 
and the complex realities of classrooms, on the other. Neither connectionism 
nor operant conditioning had anything substantial to offer, for instance, about 
teaching and learning deep conceptual knowledge or thinking and reasoning 
skills. As observed by Berliner (2006) about connectionism: “Thorndike’s con-
tributions were both monumental and misleading. While he brought rigour to 
educational research and gained a respected place for educational psychology 
in the colleges of education of the last century, he led us to irrelevance as well.”

In contrast to behaviourism, Gestalt psychology and the Würzburg School 
made interesting contributions to better understanding the thinking skills that 
education should foster in students, as illustrated by the work of Wertheimer 
(1945) on productive thinking or the studies of Selz (1913) on problem solving. 
Selz, for instance, focused on unravelling methods that are suitable and effi-
cient for solving particular problems. Once such methods have been uncovered, 
they can be learned by individuals and teachers can and should help students 
to acquire such solution methods. But this promising idea has not led to much 
evaluative research and implementation. This observation applies generally to 
the application of Gestalt psychology and the Würzburg School to education: 
major components of an educational learning theory (namely, aspects of com-
petence, effective learning processes, guidelines to support those processes and 
assessment methods) are largely missing or at best very sketchy, and this holds 
especially for the learning to facilitate the acquisition of thinking skills and for 
the intervention methods to initiate and support such learning (Resnick, 1983).

There are parallels with the early days of cognitive psychology in the 
United States. While in the behaviouristic era the study of learning was promi-
nent in psychological research, the focus shifted with the advent of cognitive 
psychology. The information-processing approach aimed at understanding the 
internal processes and knowledge structures underlying human competence 
and to do this it was necessary to confront people with sufficiently complex 
tasks so as to elicit the intended information-processing activities. As a conse-
quence, the tasks and problems used in research became more similar to those 
involved in the subject-matter domains of school curricula (Resnick, 1983). 
But, due to the primary interest in unpacking mental processes and knowledge 
structures, the study of the learning needed to acquire competence was pushed 
into the background (Glaser and Bassok, 1989).

Towards the end of the 20th century, however, this situation began to 
change. First, with the substantial progress that was made in the 1970s and 
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1980s in understanding knowledge structures, skills and the processes underly-
ing expert performance, there re-emerged an interest in the learning processes 
required to acquire such competence, and consequently in the instructional 
arrangements that can support this acquisition. Second, the rise of the socio-
constructivist perspective that stresses the importance of context and especially 
social interaction, stimulated interest in studying learning in the complex real-
ity of classrooms (Greeno et al., 1996).

In line with these developments, research on learning in education has 
thus undergone tremendous changes over the past two decades. With the focus 
on learning and teaching tasks in real classrooms, using a variety of quan-
titative as well as qualitative research methods, this work has much greater 
relevance for education compared with behaviourist studies. Indeed, it has 
substantially contributed to our understanding of student learning in the dif-
ferent subject-matter domains of the school curriculum, as well as of the teach-
ing methods that facilitate productive learning. This is well illustrated and 
documented in the two volumes of the Handbook of Educational Psychology 
that were published in 1996 (Berliner and Calfee) and 2006 (Alexander and 
Winne), as well as in the Cambridge Handbook of the Learning Sciences 
(Sawyer, 2006). For instance, research on mathematics learning has yielded 
a great deal of insight into the knowledge and skills involved in successful 
problem-solving and into students’ difficulties with mathematical problems. 
This work has resulted in guidelines for designing innovative learning envi-
ronments for problem solving and for the development of assessment instru-
ments for monitoring learning and teaching (De Corte and Verschaffel, 2006).

These positive developments notwithstanding, complaints about what 
Berliner (2008) has recently called “the great disconnect” between research 
and practice are still the order of the day. Leading researchers are themselves 
very well aware of this situation. For instance, in her 1994 Presidential Address 
to the Annual Meeting of the American Educational Research Association, the 
late Ann Brown argued: “Enormous advances have been made in this century 
in our understanding of learning and development. School practices in the main 
have not changed to reflect these advances.” (1994, p.4; see also Weinert and De 
Corte, 1996). And very recently Berliner (2008) stated: “Toward the end of the 
20th century, learning in real-world contexts began to be studied more earnestly 
(Greeno, Collins and Resnick, 1996), but, sadly, such research still appears not 
to be affecting practice very much.” (p. 306)

Consistent with these assertions, in our own research we have recently 
observed that the new insights about learning and teaching mathematical 
problem-solving are not easily implemented in classroom practice, even 
when they have been translated into a reform-based textbook (Depaepe, De 
Corte and Verschaffel, 2007). This should not be considered as a failing on 
the practitioner side to adapt to and apply our research; bridging the research/



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

44 – 2. Historical developments in the understanding of learning

practice gap will require all stakeholders in the school system – researchers, 
policy makers and practitioners – to work on this as a joint endeavour (see 
also De Corte, 2000).

What are the causes of this enduring awkward relationship between 
research and practice? Berliner (2008) provides an enlightening analysis of 
the “great disconnect”. Looking over the history of education, the general 
understanding of what constitutes the act of teaching is relatively fixed and 
stable, making it difficult to change teaching behaviour. Classrooms are 
diverse and complex settings, making it unlikely that research findings can 
be translated into teaching “recipes” that fit all classrooms and are generally 
applicable in practice. William James, one of the founders of educational psy-
chology, already remarked in 1899 that psychology is a science while teach-
ing is an art and that sciences do not generate arts directly out of themselves. 
As argued much more recently by Eisner (1994), teaching is an art in the 
sense that it is not dominated by prescriptions and routines, but is influenced 
and guided by qualities and contingencies that are unanticipated and unfold 
during the course of action.

But although good teaching is an art in the sense described by Eisner, 
this does not prevent a well-grounded theory of learning from being relevant 
for educational practice (National Research Council, 2005). It can provide 
teachers with a useful framework for analysis of and reflection on the cur-
riculum, textbooks and other materials, and their own practice. While even 
a good theory cannot yield concrete prescriptions for classroom application, 
its principles can be used flexibly and creatively by teachers as guidelines 
in planning and performing their educational practice, taking into account 
the specific characteristics of their student population and classroom setting.

Bridging the gap between theory/research on learning and educational 
practice constitutes a major joint challenge for educational researchers and 
professionals, but also for policy makers who can help create the conditions 
to reduce this “great disconnect”. This is an important issue and I discuss it 
further in the final section of this chapter.

Current understandings of learning

Bransford et al. (2006) distinguish between three major strands in research 
on learning:

•	 Implicit learning and the brain.

•	 Informal learning.

•	 Designs for formal learning and beyond.
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In implicit learning, information is acquired effortlessly and some-
times without someone being aware of having acquired it – language learn-
ing in young children is a good example. Informal learning takes place in 
homes, playgrounds, museums, among peers and in other settings “where 
a designed and planned educational agenda is not authoritatively sustained 
over time” (Bransford et al., 2006, p. 216). Examples include the everyday 
learning in non-Western cultures that lack formal schooling as documented 
in ethnographic studies (e.g. Luria, 1976), but also in the informal learning of 
mathematics in Western cultures, for instance, as illustrated by the study of 
the shopping and cooking activities of dieters referred to above (Lave et al., 
1984). Designs for formal learning and beyond corresponds largely with 
learning from teaching in educational settings. According to Bransford et al., 
this strand involves “the use of knowledge about learning to create designs for 
formal learning and beyond (where ‘beyond’ includes ideas for school redesign 
and connections to informal learning activities) and to study the effects of 
these designs to further inform theoretical development.” (2006, p. 221)

It follows from this perspective on formal learning that: (1) systemising 
and advancing knowledge about learning is crucial (the main focus of this 
section); (2) design-based research (see Annex) is an appropriate avenue 
for advancing this knowledge; and (3) it is important to stimulate synergies 
between formal and informal learning.

On the latter point, according to the U.S. National Research Council 
(2000), students spend only 21% of their waking time in school, against 79% 
in non-school activities where informal learning is taking place in interaction 
with adults, peers and multiple sources of stimuli and information. Formal 
schooling is thus far from the only opportunity for and source of learning in 
our modern society in which ICT and media have become so ubiquitous and 
influential. No wonder that the motivation of youngsters for school learning 
has to compete with the seduction to engage in other activities that are often 
perceived as more interesting. Therefore, it is critically important to enhance 
cross-fertilisation between formal innovative learning environments and stu-
dents’ informal learning. One way of doing this is by linking new informa-
tion to students’ prior formal as well as informal knowledge.

Adaptive competence as the ultimate goal of education and learning
Many scholars in the field of education now agree that the ultimate goal 

of learning and instruction in different subjects consists in acquiring “adap-
tive expertise” (Hatano and Inagaki, 1986; see also Bransford et al., 2006) or 
“adaptive competence”, i.e. the ability to apply meaningfully-learned knowl-
edge and skills flexibly and creatively in different situations. This is opposed 
to “routine expertise”, i.e. being able to complete typical school tasks quickly 
and accurately but without understanding.
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Building adaptive competence in a domain requires the acquisition of 
several cognitive, affective and motivational components (De Corte, 2007; 
De Corte, Verschaffel and Masui, 2004):

1.	 A well-organised and flexibly accessible domain-specific knowl-
edge base involving the facts, symbols, concepts and rules that con-
stitute the contents of a subject-matter field.

2.	 Heuristics methods, i.e. search strategies for problem analysis and 
transformation (e.g. decomposing a problem into sub-goals, making 
a graphic representation of a problem) which do not guarantee but 
significantly increase the probability of finding the correct solution 
through a systematic approach to the task.

3.	 Meta-knowledge involving, on the one hand, knowledge about one’s 
cognitive functioning or “meta-cognitive knowledge” (e.g. believing 
that one’s cognitive potential can be developed through learning and 
effort); and, on the other hand, knowledge about one’s motivation and 
emotions that can be actively used to improve learning (e.g. becom-
ing aware of one’s fear of failure in mathematics).

4.	 Self-regulatory skills, regulating one’s cognitive processes/activi-
ties (“meta-cognitive skills” or “cognitive self-regulation”; e.g. plan-
ning and monitoring one’s problem-solving processes); and skills 
regulating one’s volitional processes/activities (“motivational self-
regulation”, e.g. maintaining attention and motivation to solve a given 
problem).

5.	 Positive beliefs about oneself as a learner in general and in a particu-
lar subject, about the classroom or other context in which learning 
take place, and about the more specific content within the domain.

Prioritising adaptive competence does not mean that routine expertise 
becomes unimportant: it is obvious that mastering certain skills routinely 
(e.g. basic arithmetic, spelling, technical skills) is crucial to efficient functioning 
in all kinds of different situations. If certain aspects of solving a complex prob-
lem can be performed more or less mechanically, it creates room to focus on the 
higher-order cognitive activities that are needed to reach the solution. People can 
also learn to use their routine competences more efficiently with passing years.

But adaptive competence is so important because it goes beyond that – 
it “…involves the willingness and ability to change core competencies and 
continually expand the breadth and depth of one’s expertise” (Bransford et 
al., 2006, p. 223). It is fundamental, indeed necessary, to acquiring the ability 
to transfer one’s knowledge and skills to new learning tasks and contexts (De 
Corte, 2007; Hatano and Oura, 2003). It follows that adaptive competence is 
central to lifelong learning.
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Considering adaptive competence as such a key goal has important impli-
cations for the learning processes to best acquire it. The traditional dominant 
form of school learning has been teacher-directed or – as termed by Simons, 
van der Linden and Duffy (2000b) – “guided learning” – “a trainer or teacher 
takes all the relevant decisions and the learner can and should follow him or her. 
He decides about the goals of learning, the learning strategies, the way to meas-
ure outcomes and he takes care of feedback, judgments, and rewards”. (p. 4)

As an important component of adaptive competence consists of skills 
in self-regulating one’s own learning and thinking, it is obvious that such 
teacher-directed or guided learning is certainly not the only appropriate way 
to achieve it. Simons et al. distinguish in addition two other ways of learning, 
namely “experiential” and “action learning”. Experiential learning is not con-
trolled by the teacher and has no pre-determined objectives. What is learned 
is determined by the context, the learner’s motivation, others with whom the 
learner in contact, discoveries made, etc. What is acquired is a by-product of 
the activities in which one is involved. Action learning is not a by-product 
but, unlike guided learning, the learner plays a much more active role in 
determining the objectives of the learning and it is largely self-organised and 
self-planned.

In line with Simons et al. (2000b), I argue that novel classroom practices 
and cultures are needed to create the conditions for a substantial shift from 
guided learning towards action and experiential learning, resulting in a bal-
anced, integrated use of these three ways of learning in order to support the 
progressive acquisition of adaptive competence. Such a balance should allow 
for structure and guidance by the teacher where and when needed and it 
should create space for substantial self-regulated and self-determined student 
learning. It should also leave open opportunities for what Eisner (1994) has 
called “expressive outcomes”, i.e. unanticipated results from incidental learn-
ing in a variety of situations such as a museum, a forest, etc.

School learning needs to be more ambitious than was traditionally the case 
in taking on additional objectives: it should be active/constructive, cumulative, 
self-regulated, goal-directed, situated, collaborative, and permit individually 
different processes of meaning construction and knowledge building (De 
Corte, 1995; 2007). This takes into account Shuell’s (1988) view of good learn-
ing (see also Mayer, 2001; National Research Council, 2000).

Simons et al. (2000b) identify an even more extended list: the shift 
towards action learning, on the one hand, requires more active, more cumu-
lative, more constructive, more goal-directed, more diagnostic and more 
reflective learning; the shift towards experiential learning, on the other hand, 
requires more discovery-oriented, more contextual, more problem-oriented, 
more case-based, more social and more intrinsically-motivated learning. In 
a booklet in the “Educational Practices Series” of the International Academy 
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of Education entitled How Children Learn, Vosniadou (2001) summarised 
the empirical evidence which supports most of these characteristics. She 
presents the research findings as underlying twelve “principles of learning” 
and argues their relevance for educational practice: (1) active involvement; (2) 
social participation; (3) meaningful activities; (4) relating new information 
to prior knowledge; (5) being strategic; (6) engaging in self-regulation and 
being reflective; (7) restructuring prior knowledge; (8) aiming towards under-
standing rather than memorisation; (9) helping students learn to transfer; (10) 
taking time to practice; (11) developmental and individual differences; and 
(12) creating motivated learners.

Effective learning: constructive, self-regulated, situated and 
collaborative (CSSC learning)

It is not possible to review here all the features and principles to guide 
and support students in acquiring adaptive competence, and I focus on the 
four key characteristics, namely that learning is constructive, self-regulated, 
situated and collaborative. The four vignettes in Box 2.1 describe concrete 
examples illustrating them.

Box 2.1. Four vignettes illustrating characteristics of 
effective learning

Vignette 1

Solution of a simple subtraction by a primary school pupil: 543-175 = 432. How 
did this pupil arrive at making this incorrect subtraction?

Vignette 2

Someone buys from a 12-year-old street vendor in Recife, Brazil, 10 coconuts at 
35 cruzeiros a piece. The boy figures out quickly and accurately the price in the 
following way: “3 nuts is 105; 3 more makes 210; … I have to add 4. That makes 
… 315 … It is 350 cruzeiros.”

When the boy had to solve traditional textbook problems in school, he did much 
less well than while doing his business on the street. In the class he did not use 
the procedures that he applied so readily on the street, but he tried to apply the 
formal algorithms learned in school which he did not master very well (From 
Nunes, Schliemann and Carraher, 1993)
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Vignette 3

To foster fifth-graders’ competence in reading comprehension a teacher decides 
– in line with the new standards for language teaching – to teach four reading 
strategies: activating prior knowledge, clarifying difficult words, making a 
schematic representation of the text, and formulating the main idea of the text. 
The teacher’s aim is not only that the pupils can execute these strategies but 
also that they will themselves be able to regulate their use, i.e.  that they will 
autonomously and spontaneously apply the strategies whenever appropriate.

In the initial stage of learning a strategy, the teacher models extensively in front 
of the class how the strategy works and how it has to be applied. Thereafter, 
the strategy is practised in a discussion format with the whole class using short 
texts. In this stage, strategy use is still mainly regulated by the teacher through 
asking questions such as “Are there any difficult words in the text?” but the 
learners have to execute the strategies themselves.

In the next phase, the learners – split into small groups of three to four pupils 
– are given the opportunity to apply the strategies under the guidance of the 
teacher. This takes place in the form of dialogues during which the members in 
each group take turns in leading the discussion: the learners take responsibility 
not only for executing but also for regulating the strategies. The teacher remains 
available to give support and help as far as necessary, but focuses on stimulating 
discussion and reflection about strategy use.

Vignette 4

In connection with the events in Kosovo a project focusing on studying the 
situation in the Balkans was set up in a class of 25 students of the third year of 
secondary school. One pupil in the class had an ethnic Albanian background 
with parents who had emigrated a few years before from Kosovo to Belgium.

The class was divided into five “research groups” of five pupils. Each group studied 
the Balkans from a different perspective: (i)  political, (ii)  social, (iii)  economic, 
(iv) cultural and (v) religious.

When the research groups were ready with their study work after several lesson 
times, the class was reorganised into “learning groups”. In each learning group 
there was a representative of the different research groups. By combining and 
discussing their knowledge about the five perspectives in each learning group, 
all pupils were now learning about the global situation and problems of the 
Balkans.

Box 2.1. Four vignettes illustrating characteristics of 
effective learning  (continued)
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Learning is constructive
The constructivist view of learning has nowadays become more or less 

common ground among educational psychologists (see e.g. P hillips, 2000; 
Simons et al., 2000a; Steffe and Gale, 1995). But, what does this mean 
exactly? There is strong evidence now that learning is in some sense always 
constructive, even in environments with a predominantly guided learning 
approach. This is convincingly demonstrated by the research showing the 
occurrence of misconceptions (such as “multiplication makes bigger”) and 
defective procedural skills (as illustrated in Vignette 1) among students in 
traditional mathematics classrooms. As expressed pithily by Hatano: “it is 
very unlikely that students have acquired them by being taught” (1996, p. 201).

What is essential in the constructivist perspective is the mindful and effort-
ful involvement of students in the processes of knowledge and skills acquisi-
tion in interaction with the environment. This is illustrated nicely by the rather 
cumbersome but accurate calculation procedure invented by the Brazilian street 
vendor in Vignette 2, and also by the solution strategy of first graders for one-
step word problems mentioned in the earlier short description of constructivism.

There are, however, many versions of constructivism in the literature 
spanning a wide variety of theoretical and epistemological perspectives, as 
described by Phillips (1995) in his article The good, the bad, and the ugly: 
The many faces of constructivism. This characterisation still holds true today, 
so that at present we cannot yet claim to have a fully-fledged, research-based 
constructivist learning theory. The present state of the art thus calls for 
continued theoretical and empirical research to give a deeper understanding 
and a more fine-grained analysis of constructive learning processes that pro-
mote the acquisition of worthwhile knowledge, cognitive and self-regulation 
skills, and the affective components of adaptive competence. We need more 
research into the role and nature of teaching to foster such learning.

Learning is self-regulated
Constructive learning, being about the process rather than the product, 

is also “self-regulated”. This captures the fact that “individuals are meta-
cognitively, motivationally and behaviourally active participants in their own 
learning process” (Zimmerman, 1994, p. 3). Although research on self-reg-
ulation in education began only about 25 years ago, a substantial amount of 
empirical and theoretical work has already been carried out with interesting 
results (for a detailed overview see Boekaerts, Pintrich and Zeidner, 2000; 
see also National Research Council, 2000; National Research Council, 2005; 
Simons et al., 2000a).

First, we now know the major characteristics of self-regulated learners: 
they manage study time well, set higher immediate learning targets than 
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others which they monitor more frequently and accurately, they set a higher 
standard before they are satisfied, with more self-efficacy and persistence 
despite obstacles. Second, self-regulation correlates strongly with academic 
achievement, and this has been found in different subject areas (Zimmerman 
and Risemberg, 1997). Third, recent meta-analyses of teaching experiments 
show convincingly that self-regulation can be enhanced through appropriate 
guidance among primary and secondary school students in the way illustrated 
in Vignette 3 in Box 2.1 (Dignath and Büttner, 2008; Dignath, Buettner and 
Langfeldt, 2008; see also Boekaerts et al., 2000). Important recent research by 
Anderson (2008) shows that the learning and achievement of disadvantaged 
students can be improved significantly by teaching self-regulatory skills.

There is still need for continued research in order to gain a better under-
standing of the key processes involved in effective self-regulation in school 
learning, tracing the development of students’ regulatory skills, and unravel-
ling how and under what classroom conditions students become self-regu-
lated learners. That is, there is much still to be understood about how students 
learn to manage and monitor their own capacities of knowledge-building and 
skill acquisition and about how to enhance the transition from external regu-
lation (by a teacher) to self-regulation.

Learning is situated or contextual
It is also widely held in the educational research community that con-

structive and self-regulated learning occurs and should preferably be studied 
in context, i.e.  in relation to the social, contextual and cultural environ-
ment in which these processes are embedded (for a thorough overview see 
Kirschner and Whitson, 1997; see also National Research Council, 2000; 
National Research Council, 2005). In the late 1980s, the importance of con-
text came into focus with the situated cognition and learning paradigm. This, 
as described above, emerged in reaction to the view of learning and thinking 
as highly individual and involving purely cognitive processes occurring in 
the head, and resulting in the construction of encapsulated mental represen-
tations (Brown et al., 1989). The situated view rightly stresses that learning 
is enacted essentially in interaction with, and especially through participa-
tion in, the social and cultural context (see also Bruner, 1996; Greeno et al., 
1996). This is also well illustrated in Vignette 2 by the calculation procedures 
invented by the Brazilian street vendor in the real-world context of his busi-
ness. In mathematics, the situational perspective has stimulated the move-
ment toward more authentic and realistic mathematics education (De Corte 
et al., 1996).

The “situated cognition” perspective has nevertheless also come in for 
criticism. It has been criticised for being only “a ‘loosely coupled’ school of 
thought” (Gruber, Law, Mandl and Renkl, 1995), for making inaccurate and 
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exaggerated claims from which inappropriate educational lessons might be 
drawn (Anderson, Reder and Simon, 1996) and for downgrading or at least 
not appropriately addressing the role of knowledge in learning (Vosniadou, 
2005; Vosniadou and Vamvakoussi, 2006). There is therefore a need for 
further theoretical inquiry and empirical research to better integrate the 
positive aspects of both cognitive psychology and situativity theory (see also 
Vosniadou, 1996).

Learning is collaborative
The collaborative nature of learning is closely related to the situated 

perspective that stresses the social character of learning. Effective learning 
is not a purely solo activity but essentially a distributed one, involving the 
individual student, others in the learning environment and the resources, 
technologies and tools that are available (Salomon, 1993). The understanding 
of learning as a social process is also central to socio-constructivism, and 
despite the almost idiosyncratic processes of knowledge building, it means 
that individuals nevertheless acquire shared concepts and skills (Ernest, 
1996). Some consider social interaction essential, for instance, for mathemat-
ics learning as individual knowledge construction occurs through interaction, 
negotiation and co-operation (see Wood, Cobb and Yackel, 1991).

The available literature provides substantial evidence supporting the 
positive effects of collaborative learning on academic achievement (Slavin, 
this volume; see also Lehtinen, 2003; Salomon, 1993; van der Linden, Erkens, 
Schmidt and Renshaw, 2000). It suggests that a shift toward more social 
interaction in classrooms would represent a worthwhile move away from the 
traditional emphasis on individual learning. It is important to avoid going too 
far to the opposite extreme, however: the value for learning of collaboration 
and interaction does not at all exclude that students develop new knowledge 
individually. Distributed and individual cognitions interact during produc-
tive learning (Salomon and Perkins, 1998; see also Sfard, 1998), and there 
remain numerous unanswered questions relating to collaborative learning 
in small groups (Webb and Palincsar, 1996). For instance, we need a better 
understanding of the ways in which small-group activities influence students’ 
learning and thinking, of the role of individual differences on group work 
and of the mechanisms at work during group processes (van der Linden et 
al., 2000).

In addition to the four main characteristics of the CSSC conception of 
learning, two other aspects can be mentioned briefly: learning is cumulative 
and individually different. That it is cumulative is implied in it being con-
structive – students develop and build new knowledge and skills on the basis 
of what they already know and can do. Ausubel argued already in 1968 that 
the most important single factor influencing learning is the learner’s prior 
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knowledge. That claim has been vindicated by the studies showing that prior 
knowledge explains between 30 and 60% of the variance in learning results 
(Dochy, 1996). The importance of prior knowledge clearly also underscores 
the value of linking formal to informal learning.

Learning is also individually different, which means that its processes 
and outcomes vary among students on a variety of pertinent variables. Prior 
knowledge is one of these variables, but so are ability, students’ conceptions 
of learning, learning styles and strategies, their interest, motivation, self-
efficacy beliefs and emotions. Encouraging and sustaining effective learning 
therefore means that school should provide as much as possible adaptive 
education (Glaser, 1977) to take account of these differences.

Meeting criticism of constructivist approaches
The understanding of learning described above is broadly the socio-

constructivist view, albeit combining and integrating the acquisition and the 
participation, i.e.  the individual and social aspects of learning. However, 
although the available literature provides fairly good support for CSSC 
learning (more extensive overviews can be found in Bransford et al., 2006; 
National Research Council, 2000; 2005), the constructivist perspective has 
also come in for criticism. Kirschner, Sweller and Clark (2006) argue that 
approaches based on constructivism rely excessively on discovery learn-
ing and provide minimal guidance to students, ignoring the structure of 
human cognitive architecture and resulting in cognitive overload of working 
memory. These authors plea for a return to direct instruction.

The critics are correct in concluding that pure discovery does not yield 
the best learning gains as has been shown by Mayer (2004) in an overview of 
the literature of the past fifty years. But, they mistakenly equate constructive 
learning with discovery learning. Learning as an active and constructive proc-
ess does not at all imply that students’ construction of their knowledge and skills 
should not be guided and mediated through appropriate modelling, coaching 
and scaffolding by teachers, peers and educational media (Collins, Brown and 
Newman, 1989). Indeed, Mayer’s extensive review (2004) shows that guided 
discovery learning leads to better learning outcomes than direct instruction. He 
concludes that:

A powerful innovative learning environment is characterised by a 
good balance between discovery and personal exploration, on the one 
hand, and systematic instruction and guidance, on the other hand, 
while being sensitive to individual differences in abilities, needs, and 
motivations among learners.

The balance between external regulation by the teacher and self-reg-
ulation by the learner will vary during the student’s learning history 
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– as competence increases the share of self-regulation can also grow 
and explicit instructional support correspondingly fall. Following 
these principles for the design of learning environments will at the 
same time prevent cognitive overload and induce so-called “germane 
cognitive load” that facilitates effective learning. (Schmidt, Loyens, 
van Gog and Paas, 2007)

Box 2.2 presents a brief overview of a learning environment at the class-
room level that embeds this CSSC learning concept.

Box 2.2. A CSSC classroom learning environment for 
mathematics problem‑solving in a primary school

Goal of the project: design and evaluation of an innovative learning environment to foster 
CSSC learning processes for adaptive competence in mathematics among fifth graders. 
The “CLIA model” (Competence; Learning; Intervention; Assessment) (see De Corte et al., 
2004) was used as the guiding framework. This project was to design a learning environment 
(LE) in close collaboration with four participating teachers covering a series of 20 lessons 
to be taught by those teachers over a four-month period (Competence: the LE focused on the 
acquisition by students of a self-regulation strategy for solving maths problems. It consisted 
of five stages: i) build a mental representation of the problem; ii) decide how to solve it; iii) 
execute the necessary calculations; iv) interpret the outcome and formulate an answer; v) 
evaluate the solution. A set of eight heuristic strategies (including draw a picture; distinguish 
relevant from irrelevant data) was embedded in the strategy.

Learning and intervention: to elicit and support CSSC learning processes in all pupils, the 
learning environment was designed with the following three basic features embodying the 
CSSC view of learning.

1.	 A set of carefully-designed situated, complex and open problems was used that differ 
substantially from traditional textbook tasks as illustrated by the following example.

The teacher told the children about a plan for a school trip to Efteling, a well-known 
amusement park in the Netherlands; were that to turn out to be too expensive, one of 
the other amusement parks might be an alternative. Each group of four pupils received 
copies of folders with entrance prices for the different parks. The lists mentioned 
distinct prices depending on the period of the year, the age of the visitors and the kind 
of party (individuals, families, groups). In addition, each group received a copy of a fax 
from a local bus company addressed to the school principal giving information about 
the prices for buses.

The first task of the groups was to check whether it was possible to make the school 
trip to the Efteling given that the maximum price per child was limited to 12.50 euro. 
After finding out that this was not possible, the groups received a second task: they had 
to find out which of the other parks could be visited.
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2.	 A learning community was created through the application of a varied set of activating 
and interactive instructional techniques, especially small-group work and whole-class 
discussion. Throughout the lessons the teacher encouraged students to reflect on the 
cognitive and self-regulation activities involved in the five-stage strategy of skilled 
problem-solving. These instructional supports were gradually faded out as students 
became more competent and self-regulated in their problem-solving activities.

3.	 A novel classroom culture was created through the new social norms about learning 
and teaching problem-solving, such as: discussing about what counts as a good 
response (e.g. often an estimation is a better answer to a problem than an exact number); 
reconsidering the role of the teacher and the students in the mathematics classroom 
(e.g. the class as a whole, under the guidance of the teacher, will decide which of the 
generated solutions by the small groups is the optimal one after evaluation of the pros 
and cons of the alternatives).

Assessment: students’ progress toward the goals of the learning environment was assessed 
summatively using a variety of instruments. Formative assessment was substantially built in, 
resulting in diagnostic feedback facilitating informed decision-making about further learning 
and teaching. This was obtained as a result of discussions and reflection on articulated 
problem-solving strategies in small groups and in the whole class.

Results:

The LE had a significant and stable positive effect on students’ competence in solving maths 
problems.

In parallel to these improved results was a substantial increase in the spontaneous use of the 
heuristic strategies taught.

Results on a standardized achievement test covering the entire math curriculum showed a 
significant transfer effect to other parts of the curriculum such as geometry and measurement

The low-ability students, and not only those with high and medium ability, also benefited 
significantly from this LE.

A new CSSC-oriented learning environment, combining a set of complex and realistic 
problems with highly interactive teaching methods and a new classroom culture, can thus 
significantly boost students’ competency in solving mathematical problems.

(For a detailed report of the study see Verschaffel, De Corte, Lasure, Van Vaerenbergh, Bogaerts 
and Ratinckx, 1999)

Box 2.2. A CSSC classroom learning environment for 
mathematics problem‑solving in a primary school (continued)
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Concluding remarks and implications for policy

The CSSC learning concept is nowadays well supported by research 
evidence. It can, as illustrated by the study summarised in Box 2.2, be imple-
mented as the framework for the design of innovative learning environments 
at all levels of the educational system, and for classrooms as well as for whole 
schools. This positive conclusion should not lead to complacency among 
scholars in the field of learning and teaching. It should rather stimulate and 
challenge the research community to continue its endeavours as even the brief 
review contained in this chapter reveals the many complex issues remaining 
to be studied and clarified, the marked progress notwithstanding. The aim 
should be to elaborate a more thorough explanatory theory of the learning 
processes that facilitate and enhance the acquisition of adaptive competence.

In view of implementation of the CSSC concept, it is interesting to ask 
whether teachers’ and students’ ideas and beliefs about learning converge 
with this approach. Taking as a starting point De Corte’s (1995) concept of 
effective learning as a constructive, cumulative, self-regulated, goal-oriented, 
situated and collaborative process of knowledge and meaning building, Berry 
and Salhberg (1996) developed an instrument to measure and analyse ideas 
about learning of 15-year-old students in five schools in England and Finland. 
A major conclusion of the study was that most students adhere to the knowl-
edge transmission model that is difficult to fit with the CSSC concept. They 
conclude: “…our pupils’ ideas of learning and schooling reflect the static and 
closed practices of the school” (p. 33).

Berry and Sahlberg add that this conclusion is mirrored by similar find-
ings from other studies for teachers and adult students. So, we should be 
concerned that students’ and teachers’ beliefs about learning can be a seri-
ous obstacle for the implementation of CSSC learning approaches, the more 
because, as already mentioned, of the deeply entrenched stability of teaching 
behaviour (Berliner, 2008). Changing beliefs constitutes in itself a major 
challenge.

Reducing the “great disconnect” and addressing the awkward relation-
ship between learning research, on the one hand, and educational practices, 
on the other, with the sustained implementation of innovative CSSC learn-
ing environments confronts education professionals, leaders and policy 
makers with major challenges. First, curricula and textbooks would need 
to be revised or re-designed. Challenging though this is it is certainly not 
enough – integrating new ideas in textbooks does not guarantee that they 
will appropriately be used in practice (Depaepe et al., 2007). Indeed, research 
shows that teachers interpret the new ideas through their past experiences 
(Remillard, 2005) and their often traditional beliefs about learning and teach-
ing. This easily results in absorption of the innovating ideas into the existing 
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traditional classroom practices. Moreover, as argued by the Cognition and 
Technology Group at Vanderbilt (1997), the changes implied for teachers are 
“much too complex to be communicated succinctly in a workshop and then 
enacted in isolation once the teachers returned to their schools” (p. 116).

There is therefore strong need for intensive professional learning and 
development of school leaders and teachers, aiming at the “high fidelity” 
application of innovative learning environments and materials, while focus-
ing on changing predominant perceptions and beliefs about learning. Such 
changes in teachers can be facilitated by an iterative process in which their 
current views are challenged by being confronted with successful alternative 
practices (Timperley, 2008; see also National Research Council, 2000).

Finally, the sustainable implementation of the CSSC learning concept 
requires that it is appropriately communicated to and supported by the 
broader community around the school (Stokes, Sato, McLaughlin and Talbert, 
1997). This is necessary to avoid what Dewey called already in 1916 “the 
isolation of the school” but it is of the utmost importance if we are to foster 
synergies between formal learning in the classroom and informal learning 
outside the school (National Research Council, 2000).
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Annex

The Swiss epistemologist and psychologist Jean Piaget (1896-1980) pro-
posed one of the most influential theories of cognitive development based on 
his observations of and interviews with children solving intellectual tasks. 
According to his theory cognitive development has four stages that all people 
pass through in the same order: sensorimotor (birth to age 2), preoperational 
(ages 2 to 7), concrete operational (ages 7 to 11) and formal operational (ages 
11 to 14). Of special importance in the context of this chapter is Piaget’s rec-
ognition that children’s knowledge is not a mere copy of the external reality; 
on the contrary, children build their knowledge themselves through action on 
physical, social and conceptual objects (de Ribeaupierre and Rieben, 1996).

Jerome Bruner (1915– ) is one of the most influential American educa-
tional psychologists of the 20th century. He was very instrumental in the move 
in the USA from behaviourism to cognitive psychology. Influenced by Piaget, 
he distinguished three modes of thinking: enactive, iconic and symbolic. In 
contrast to Piaget he did not link each mode to a specific period in children’s 
development, but considered each mode as present and accessible throughout, 
but dominant during a developmental stage. His view of knowledge as a con-
structed entity and his advocacy of discovery learning have contributed to the 
emergence of constructivism. Later on he became more and more influenced 
by Vygotsky’s cultural-historical perspective on development resulting in 
the viewpoint that the full development of the mind’s potential requires the 
participation in social and cultural activities (Bruner, 1996).

Lev Vygotsky (1896-1934) was a Russian psychologist, a contemporary 
of Piaget but who died far too prematurely at the age of 38. Since his cultural-
historical (also called “socio-historical”) theory became known in the USA and 
Europe in the 1970s, he has been very influential in Western developmental and 
educational psychology. The focus of his work was the development of higher 
psychological processes such as thinking, reasoning and problem-solving. His 
basic idea is that cognitive development can be understood only in terms of the 
historical and cultural contexts and settings that children experience and par-
ticipate in. In contrast to Piaget, he thus attributes an important role in cognitive 
development to the social environment of the child, especially through face-to-
face interactions and language (Vygotsky, 1978).
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In contrast to experiments that aim to describe how learning occurs under 
given conditions of instruction, design-based research focuses on designing, 
implementing and evaluating new instructional interventions. Design-based 
research aims at contributing to the innovation of school practices and so goes 
beyond merely developing and testing particular interventions. This approach 
seeks to contribute to theory-building about learning from instruction and 
the design of learning environments based on theoretical notions of what the 
optimal course of a learning process should be to attain a certain educational 
objective. In a recursive cycle of analysis and theory reformulation, examina-
tion of learning activities and student outcomes either support the initial theo-
retical notions or are used to revise them (De Corte, Verschaffel and Depaepe, 
in press; The Design-Based Research Collective, 2003).
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Chapter 3 
 

The cognitive perspective on learning: ten cornerstone findings

Michael Schneider and Elsbeth Stern
ETH Zurich, Institute for Behavioural Research

Michael Schneider and Elsbeth Stern place knowledge acquisition at the very heart of the 
learning process, albeit that the quality of the knowledge is as necessary as the quantity 
and that “knowledge” should be understood much more broadly than (but including) 
knowing facts. They summarise the cognitive perspective through ten “cornerstones”. 
Learning: i)  is essentially carried out by the learner; ii)  should take prior knowledge 
importantly into account; iii)  requires the integration of knowledge structures; iv) bal-
ances the acquisition of concepts, skills and meta-cognitive competence; v) builds complex 
knowledge structures by hierarchically organising more basic pieces of knowledge; vi) can 
valuably use structures in the external world for organising knowledge structures in the 
mind; vii)  is constrained by the capacity limitations of human information-processing; 
viii)  results from a dynamic interplay of emotion, motivation and cognition; ix)  should 
develop transferable knowledge structures; x) requires time and effort.
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The cognitive perspective on learning – an introduction

Imagine the following scenario:

An experienced teacher explains to a class of ten motivated and intel-
ligent elementary school children that the earth is a sphere moving 
through space. The teacher uses simple, precise and convincing word-
ing. (S)he explains the similarities and differences between the earth, 
its moon and the sun. A week later the students are asked to draw a 
picture of the earth and they produce a number of wrong depictions, 
including a spherical but hollow earth with people living on the 
bottom of the inside. Why did the teaching not work as expected?

This situation, loosely based on a study conducted by Vosniadou and 
Brewer (1992), illustrates that many factors that must interact optimally for 
learning to occur and even then successful learning is not guaranteed. Even 
with many positive educational factors being present – experienced teachers, 
small class sizes, motivated students – learning did not improve as these fac-
tors did not lead ultimately to the successful acquisition of new knowledge. In 
this chapter, we will use this example and others to illustrate how teaching and 
learning can be better understood and improved by implementing the findings 
of cognitive science. After elaborating the key assumptions of the cognitive 
perspective, the chapter presents ten cornerstone findings and conclusions.

Rationale and assumptions underpinning the cognitive perspective
The cognitive perspective on learning is based on the assumption that 

knowledge acquisition lies at the very heart of learning. Once children 
acquire new information in learning environments, they are supposed to use 
that information in completely different situations later in life. This is only 
possible if they have understood it correctly and stored it in a well-organised 
manner in their long-term memory.

Cognitive research on learning has the goal of uncovering the mechanisms 
underlying knowledge acquisition and storage. Many of these mechanisms can 
be understood as transformation of information, similar to how a computer 
transforms data by means of algorithms. Therefore, information-processing 
theories have always been and are still central to cognitive research on learn-
ing. Researchers use laboratory experiments and computer simulations of 
dynamic information-processing models to advance this line of research.

Over the years, however, researchers have broadened their scope and 
gained insights into how interactions with the social and physical environ-
ment shape our knowledge structures. Socially-shared symbol systems such 
as languages, pictograms and diagrams are important prerequisites for learn-
ing. Computers and the Internet, for instance, are providing new settings for 
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the exchange of information. Researchers also started to recognise the active 
role students play in learning: how students acquire knowledge depends on 
their goals in life, their more specific learning goals, their learning strategies, 
their confidence in themselves as problem-solvers and other similar factors.

Due to the broad scope of modern-day cognitive science it is ubiquitous 
in research on learning. When browsing through leading journals that pub-
lish advances in research on learning, such as the Journal of Educational 
Psychology or the Journal of the Learning Sciences, it is hard to find any 
study free of ideas or methods originating in cognitive science. Consequently, 
the cognitive perspective on learning does not compete with other perspec-
tives (for example, the biological perspective or motivational psychology), but 
instead overlaps with them – usually with huge gains for both sides.

A paradigm shift: from the amount of knowledge to the structure of 
knowledge

Researchers, teachers, policy makers, parents and students for long 
judged the success of learning in terms of how much knowledge a student had 
acquired. In contrast, modern-day cognitive science assumes that the quality 
of knowledge is at least as important as its quantity (Linn, 2006; de Corte, 
this volume), because knowledge is multi-faceted. There is knowledge about 
abstract concepts, about how efficiently to solve routine problems, knowledge 
about how to master complex and dynamic problem situations, knowledge 
about learning strategies, knowledge about how to regulate one’s own emo-
tions and so forth. All these facets interact in contributing to a person’s com-
petence. These facets (also called “pieces of knowledge”; diSessa, 1988) can 
differ in their functional characteristics. They can be isolated or inter-related, 
context-bound or context-general, abstract or concrete, implicit or conscious, 
inert or accessible to different degrees. When knowledge is structured in det-
rimental ways, the person can have a high amount of knowledge in a domain 
but may still not be able to apply it to solve relevant real-life problems.

It is commonplace when someone refers to “knowledge” that they mean 
only knowledge of facts. In that view, knowledge is something that has to 
be acquired in addition to other favourable learning outcomes such as con-
ceptual understanding, skills, adaptive competence, or literacy in a domain. 
In contrast, modern-day cognitive science shows that even these complex 
competences arise from well-organised underlying knowledge structures 
(e.g. Baroody and Dowker, 2003; Taatgen, 2005). In this chapter as well as 
in cognitive science in general, therefore, the term “knowledge” is used as a 
generic term referring to the cognitive bases of many kinds of competence. 
While some of these competences are brittle and limited (e.g. some memo-
rised facts), others are broad, flexible and adaptive – depending on the cogni-
tive organisation of the underlying knowledge.



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

72 – 3. The cognitive perspective on learning: ten cornerstone findings

Ten cornerstone findings from cognitive research on learning

Because cognitive research on learning spans different disciplines and is 
methodologically diverse, it is impossible to give a comprehensive review of 
its outcomes here. Instead, we will present ten cornerstone results from cog-
nitive research, which are relevant to all who try to understand and improve 
learning. The ten points illustrate well the questions typically asked in cogni-
tive research on learning. Each point also highlights a different aspect of how 
learners can build up well-organised knowledge structures.

1. Learning is an activity carried out by the learner
Teachers cannot put their hands into the heads of their students and insert 

new pieces of knowledge. The knowledge a person has can only be directly 
accessed by this person. As a consequence, learners have to create new 
knowledge structures by themselves.

Although this seems obvious, the implications are profound. It means 
that the student is the most important person in the classroom. The teacher 
typically knows more than the student, has more resources to hand, is more 
experienced, prepares the classes, provides materials, implements teaching 
methods, etc. This can give the impression that it is the activity of the teacher 
that fully determines what students learn and, indeed, teachers’ actions influ-
ence the quality of instruction to a high degree. However, learning – the main 
goal of learning environments – takes place in the heads of the students and 
requires the students to be mentally active. Our introductory example illus-
trated this: the teacher provided the students with scientifically correct and 
comprehensive information but what the students stored in their memories 
was quite different from what the teacher said in class.

As a consequence, teachers need not only good pedagogical knowledge 
about teaching methods and good content knowledge about the topics they 
teach but they also need pedagogical content knowledge, that is, an aware-
ness of how students construct knowledge in a content domain (Schulman, 
1987). Pedagogical content knowledge comprises insights into the difficulties 
students often have in a domain and how these difficulties can be overcome. 
Teachers with good pedagogical content knowledge employ teaching methods 
not as ends to themselves, but as the means to stimulate their students’ idi-
osyncratic knowledge construction processes. Consequently, future teachers 
should be trained to use teaching methods flexibly and to adapt them to the 
needs of their students as well as to the requirements of the content area.
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2. Optimal learning takes prior knowledge into account
Teachers can only help their students when they know the students’ 

knowledge during the teaching. People generally try to make sense of new 
information by linking it to their prior knowledge. Thus, what students 
already know substantially influences their subsequent learning processes.

In the example given in the chapter introduction, the teacher did not 
account for the students’ prior knowledge. Elementary school children have 
experienced many times that the ground they stand on is flat and that things 
put on the underside of a sphere fall down. When a teacher tells children 
that the earth they live on is a sphere, this conflicts with their prior knowl-
edge. When the children try to combine the new information with their prior 
knowledge, they come up with completely new conceptions of the shape of 
the earth. Teaching that explicitly addresses children’s prior knowledge and 
shows how it relates to the new knowledge can avoid these problems.

Making sense of new information by interpreting it in the light of prior 
knowledge is not limited to elementary school children. It is a fundamental 
characteristic of all human thinking. Even newborns have some rudimen-
tary and implicit knowledge. This so-called “core knowledge” gives babies 
intuitions about the basic properties of our world and helps them to struc-
ture the flood of perceptions they encounter every day. Other studies with 
adolescents and adults have found domain-specific prior knowledge to be 
one of the most important determinants of subsequent learning (Schneider, 
Grabner and Paetsch, in press). Prior knowledge in a domain is usually an 
even better predictor of future competence in that domain than intelligence 
(Stern, 2001). The importance of prior knowledge is not limited to specific 
content domains. Even learning in formal domains, for instance, mathematics 
or chess, depends heavily on prior knowledge (Grabner, Stern and Neubauer, 
2007; Vosniadou and Verschaffel, 2004). Studies have found interactions 
between students’ prior knowledge and learning processes in various aca-
demic disciplines, including physics, astronomy, biology, evolution, medicine 
and history (Vosniadou, 2008).

Students’ prior knowledge stems from various formal and informal con-
texts including everyday-life observations, hobbies, media, friends, parents 
and school instruction. Students have different parents, use different media 
and have different interests. Therefore, even students in the same class can 
possess vastly different prior knowledge. This requires teachers to adapt their 
instruction not only to the competence level of their classes but also to the 
individual prior knowledge of their students. Since this knowledge changes 
during instruction, teachers must continuously assess and diagnose children’s 
knowledge during class. This approach differs substantially from the tradi-
tional practice of first teaching a topic and only then assessing children’s 
knowledge in a final test (Pellegrino, Chudowsky and Glaser, 2001).
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Recently, educational researchers have developed a number of tools and 
techniques for assessing students’ knowledge during on-going instruction 
(so-called “formative assessment”; e.g. Angelo and Cross, 1993; Wiliam, this 
volume). All teachers should have a working knowledge of the diagnostic 
methods appropriate for their subject and age group. It is also important to 
view the mistakes students make as signs of on-going knowledge construc-
tion and use them to diagnose these processes (Stigler and Hiebert, 1999).

3. Learning requires the integration of knowledge structures
The fact that students’ knowledge stems from a wide variety of sources 

gives rise to another issue: learners often fail to see the abstract relations 
between pieces of knowledge acquired in superficially different situations 
(diSessa, 1988). For example, when children hear that the earth is a sphere 
but do not understand how this relates to their prior knowledge, they might 
simply assume that two earths exist – the flat ground they stand on and a 
spherical earth flying through the sky above them (Vosniadou and Brewer, 
1992). This phenomenon has been observed in other age groups and content 
areas, too. When children already hold incorrect conceptions in a domain and 
the correct concept is taught to them without linking it to their prior knowl-
edge, the children can simultaneously hold incorrect and correct concepts 
without even noticing the contradiction. The child will activate one of the 
two concepts depending on the nature of a situation (e.g. conversations with 
friends in everyday life vs. tests in school) (Taber, 2001).

A weaker form of this phenomenon can be observed when a person 
holds several correct pieces of knowledge without seeing how they relate at 
an abstract level. For example, making clothes dirty and then washing them 
puts them back to their original state. The task 5 + 3 – 3 can be solved with-
out computation by simply stating 5 as the answer. Taking three cookies out 
of a jar and putting three other cookies into it later, brings back the original 
number of cookies. From b – b = 0 follows a + b – b = a. Most adults can see 
easily how these different statements relate to each other – they all describe 
an inverse relation between two operations. However, empirical research 
shows that children often do not see this (Schneider and Stern, 2009). Dirty 
cloths, numerical computations, cookies and algebraic equations – they each 
belong to different domains of learners’ lives and thus, commonly, to differ-
ent domains of their thinking.

Teachers should remember that the same content domain can look highly 
relational and well-organised from their point of view but, at the same time, 
fragmented and chaotic from their students’ point of view. Helping students 
gradually to adopt the perspective of experts by successively linking more 
and more pieces of knowledge in the students’ minds is a major aim of teach-
ing (Linn, 2006). All instructional practices focusing on abstract relations are 
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helpful for achieving this goal. For example, diagrams can help to visualise 
connections between concepts; students often discover abstract relations by 
comparing similarities and differences between superficially different exam-
ples of the same abstract idea.

Integration of knowledge across subjects can be fostered by projects in 
which students discuss the same phenomenon (e.g.  the shape of the earth) 
from the perspectives of different subjects (mathematics, physics, geogra-
phy, history). Equally, perhaps even more, important is for teachers to point 
their students toward the multitude of small links that exist between subjects 
during class. Proportional reasoning (i.e. one variable as the quotient of two 
other variables), the use of symbol systems (e.g. diagrams or formulas), the 
usefulness and limits of computers, the interpretation of empirical data, dif-
ferences between scientific reasoning and everyday thinking, how to contrib-
ute productively to a discussion – these are just some examples of the many 
topics that are relevant to many subjects and that can be used to integrate 
knowledge structures across subject boundaries. Finally, good communica-
tion about lesson content between the different teachers who participate in the 
students’ educational programme is a precondition for knowledge integration 
across subjects.

4. Optimally, learning balances the acquisition of concepts, skills 
and meta-cognitive competence

An important aspect of integrating students’ knowledge structures 
is helping them to link their concepts and their procedures. Concepts are 
abstract and general statements about principles in a domain. For example, 
students with good conceptual knowledge in algebra understand that a + b 
equals b + a (i.e. the “principle of commutativity”). Students with good con-
ceptual knowledge in physics understand that density is mass per unit volume 
and what implications this has, for example, for whether objects float or sink 
in liquids. Procedures differ from concepts in that they are rules specifying 
how to solve problems. They are like recipes in that they specify the concrete 
steps that have to be executed in order to reach a goal. Good procedures can, 
for example, enable students efficiently to solve a quadratic equation or to 
construct a toy ship which will actually float on water.

In the past, philosophers and educators debated the relative importance of 
concepts and procedures (Star, 2005). Some argued that only procedures help 
to solve the problems we encounter in everyday life; that practising efficient 
use of procedures is thus the most important learning activity while abstract 
concepts are of little help. Others responded that such routine expertise is 
too limited and brittle for solving the complex and dynamic problems of real 
life, claiming that education should focus primarily on teaching concepts; the 
assumption being that a person who fully understands the concepts behind 
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a problem can easily construct a solution when necessary. Today, there is 
widespread agreement that concepts and procedures are both important parts 
of competence (Siegler, 2003). Well-practiced procedures help students to 
solve routine problems efficiently and with minimal cognitive resources. The 
resources becoming available can then be used instead to solve newer and 
more complex problems on the basis of a deeper conceptual understanding.

It is not enough, however, for students to have just concepts and proce-
dures. Students also need to see how concepts and procedures relate to each 
other (Baroody, 2003; Rittle-Johnson, Siegler and Alibali, 2001). For exam-
ple, building a toy ship from household materials can improve one’s concepts 
about buoyancy force and how buoyancy relates to object density, because the 
practical problem offers many opportunities for testing the implications of the 
concepts and to connect abstract ideas to concrete experiences. On the other 
hand, the acquisition of abstract concepts helps learners to understand why 
their procedures work, under what conditions they function, and how they 
can be adapted to new problem types. The teacher in our introductory exam-
ple had a difficult task because the shape of the earth is a content area with 
many concepts but only a few procedures that could help students explore and 
experience the concrete meanings of these concepts. One possible solution in 
such cases is the use of physical models, for example, a globe.

The mutual reinforcement of concepts and procedures can be strength-
ened further by helping learners to reflect on their knowledge acquisition 
processes. This is usually labelled meta-cognition, that is, cognition about 
one’s own cognition (Hartman, 2001). Meta-cognition helps students actively 
to monitor, evaluate, and optimise their acquisition and use of knowledge. 
Without meta-cognition, students do not notice inconsistencies in their 
knowledge base. On the other hand, meta-cognition is not an end in itself but 
serves as a means to knowledge acquisition. Thus, meta-cognition and knowl-
edge acquisition in concrete content domains are inseparably intertwined and 
cannot be taught or learned independently of each other.

5. Learning optimally builds up complex knowledge structures by 
organising more basic pieces of knowledge in a hierarchical way

Different people all with high competence in a domain can have very 
different knowledge structures, depending on their individual preferences 
and their learning histories. One characteristic is nevertheless common 
to the knowledge of all competent persons: it is structured in hierarchical 
ways. This is true for perception, language processing, abstract concepts and 
problem-solving procedures.

Tihs sencente mkeas snese to you, eevn thgoh the lretets are sclrabmed 
up, because people do not encode letters independently of each other. Instead, 



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

3. The cognitive perspective on learning: ten cornerstone findings – 77

people use hierarchic memory representations with letters at the basic level 
and words at a higher level. Thus, knowledge about letters helps to identify 
words and knowledge about words helps to identify letters. By means of this 
mutual support, intact knowledge on one level can help to correct wrong or 
incomplete information on the other level.

The same applies to taxonomic knowledge (Murphy and Lassaline, 1997) 
and more complex concepts (Chi, Slotta and Leeuw, 1994). Imagine a person 
without any background knowledge about the American Goldfinch. When 
this person is told that the Goldfinch is a bird, (s)he immediately knows many 
things about it. Birds lay eggs, so the Goldfinch lays eggs. Birds belong to 
the super-ordinate category “animal”, and animals breathe, so the Goldfinch 
breathes. Birds are animals that are distinct from mammals, so the Goldfinch 
does not feed milk to its young.

The hierarchical organisation of knowledge is also important for pro-
cedures. For example, planning a house is a complex problem consisting of 
many sub-problems. Novices with little prior knowledge can quickly get lost 
in this complexity. In contrast, experts will break the big problem down into 
a series of smaller and more manageable sub-problems (e.g.  first planning 
the position and shape of the outer walls, and then planning the inner walls 
on each floor). In a next step, experts will break these problems down into 
even smaller and manageable sub-problems (e.g. first planning the staircase 
and the bathrooms and then fitting in the other planned rooms) and so forth. 
The result is a large number of small and easy-to-solve problems. In the lit-
erature, this process is also referred to as “task (or goal) decomposition”. A 
large number of empirical studies and computer simulations demonstrate the 
ubiquity and power of this problem-solving approach (e.g. Ritter, Anderson, 
Koedinger and Corbett, 2007).

6. Optimally, learning can utilise structures in the external world 
for organising knowledge structures in the mind

Teachers are supposed to make sure that students acquire rich, well-
balanced, well-organised knowledge structures and yet they cannot put these 
knowledge structures directly into their students’ heads. So, what can teach-
ers do? The answer is that they can provide optimal learning opportunities 
by preparing well-structured learning environments (Vosniadou, Ioannides, 
Dimitrakopoulou and Papademetriou, 2001). This strategy works because 
structured information in the learners’ social and physical environment will 
help them to structure information in their minds. There are many ways to 
provide structures on many different levels in learning environments. Some 
examples are the temporal organisation of a curriculum, the order of ideas or 
tasks introduced to the students in a lesson, the outline of a book, the infor-
mal social structures of groups of students working together, the design of 
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work sheets, technical terms, formulas, diagrams, and specific formulations 
in the teacher’s language. We will take a closer look at some of the most 
important examples in this section.

Teachers can only prepare structured learning environments to the degree 
they are aware of the structure of the content area they are teaching in, the 
structure of students’ prior knowledge, and the knowledge structures the 
learners are supposed to build up during the teaching. This is often hampered 
by the fact that curricula are formulated as a list or table specifying what con-
tent is to be taught at what grade level. This could result in teachers thinking 
linearly and simply in terms of sequences of contents or teaching methods. 
While this may be correct so far as it goes, it has to be completed with a 
second perspective: teachers must be aware of the hierarchical structure of 
the knowledge they are trying to communicate (see Point 5).

Language is one of the most powerful tools for providing structure 
in a learning environment. Grammatical constructions can emphasise the 
relations between concepts and procedures (Gentner and Loewenstein, 
2002; Loewenstein and Gentner, 2005). By carefully choosing their words, 
teachers can emphasise that two pieces of knowledge conflict with each 
other (e.g. “… whereas…”), that one idea explains or justifies another idea 
(e.g. “… therefore…”), that two variables form a proportion (e.g. “… per…”) 
and so on. The use of labels for groups of objects can emphasise commonali-
ties of the objects within each group and differences between objects not in 
the same group (Lupyan, Rakison and McClelland, 2007). For example, in 
everyday life, people often speak of the “sun and the stars in the sky”. This 
might cause children to think that the sun is basically different from stars. By 
labelling the sun a “star”, a teacher can help children integrate their knowl-
edge about stars and about the sun.

A second function of language is the structuring of classroom discourse. 
Discussion between students is important because it helps them to exchange 
ideas and learn about the existence of different perspectives and opinions. 
This helps teachers to assess their students’ knowledge. It is important to 
keep in mind, however, that the discourse serves a clear purpose within a 
lesson. By asking good questions, and opposing, re-phrasing, or summarising 
students’ statements, teachers can structure a discussion; they can make sure 
that it is not an aimless collection of different statements but a goal-directed 
social construction of new insights (Hardy, Jonen, Möller and Stern, 2006).

Structuring time well also provides structure. A semester, a topic within 
a semester, a lesson within a topic – all need to be structured effectively with 
an orienting and motivating introduction, a main part and a consolidating 
summary. This sounds easy, but it means that teachers have to use a con-
siderable amount of their time planning ahead, because it is not enough for 
them just to prepare one script and stick to it. Teachers can only react to the 
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unfolding social interactions in their classrooms when they improvise to some 
degree while simultaneously providing structure and guidance. This requires 
teachers to anticipate the potential reactions of their students and prepare 
appropriate responses.

Technical equipment can be a great help for structuring learning envi-
ronments (Winn, 2002). PowerPoint presentations, movies, audio recordings, 
experiments, computer programmes, and interactive internet pages provide 
structure by stimulating some thinking processes while preventing others. 
An important rationale is that even the best technical equipment can never 
replace but only complement teachers and face-to-face interactions in class 
(Koedinger and Corbett, 2006).

Technical equipment is a tool used by a teacher to stimulate specific 
learning activities. Thus, technology is not generally good or bad for teach-
ing. It is unproductive when it is used as a means in itself. It is productive 
when it is used skilfully as a tool for fostering students’ construction of 
specific knowledge structures (cf. Mayer, this volume). For example, replac-
ing a teacher monologue about the earth as a sphere by Internet pages with 
the same content is of little help. Using an interactive computer animation 
showing the earth from different perspectives, on the other hand, can help 
students to understand that the same earth looks very different when you 
are standing on it from when you see it from a point in space thousands of 
kilometres away.

Finally, providing structure in learning environments implies that teacher 
and learners must be aware of the learning goals (Borich, 2006). Whether 
students are practising routine tasks, working on a cross-subject project, or 
seeing a movie, they will learn little unless the teacher uses learning goals to 
focus the students’ attention on the relevant aspects of these complex situa-
tions. Students need to understand the reasons behind their learning activities.

It took mankind several  thousand years until it discovered some of the 
contents taught in middle schools today, for example, the laws of classical 
mechanics, the Cartesian coordinate system, or the mechanisms of photo-
synthesis. These ideas were not developed by average people but usually by 
a genius, often after years of intense research. Normal learners cannot be 
expected to acquire many of these concepts through incidental or informal 
learning, for example, during visits to a museum or to a factory, participation 
in a community project, or during their various hobbies. Instead, they need 
structured and professionally-designed learning opportunities that carefully 
guide their knowledge construction. Informal learning settings can still be 
helpful for acquiring self-regulatory competence, optimising motivation, prac-
tising the application of knowledge etc. From a cognitive point of view, how-
ever, informal learning experiences can only complement but never replace 
more formal – more structured – settings for learning.
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7. Learning is constrained by capacity limitations of the human 
information-processing architecture

The architecture of human cognition has some basic properties rel-
evant for the design of optimally structured learning materials (Sweller, 
Merrienboer and Paas, 1998). These properties include working memory, 
where information is actively processed, and long-term memory, where 
information is stored. Working memory has a limited capacity, and informa-
tion stored in working memory is quickly lost when it is not updated within 
seconds. In contrast, long-term memory has an almost unlimited capacity 
and can retain information for days or even years. New information can only 
enter long-term memory through working memory. However, not all infor-
mation is transferred from working memory to long-term memory because 
new information is filtered. The more meaningful, more important, or more 
frequently-recurring the information, the more likely it is to be transferred 
from working memory to long-term memory. Teachers can make information 
more meaningful and more important to students by linking it to their prior 
knowledge and by using appealing examples that demonstrate the usefulness 
for solving real-life problems.

Due to its limited capacity, working memory is a bottleneck for the trans-
fer of knowledge to long-term memory. Even though learners build up a com-
plex web of knowledge in their long-term memory, their working memory 
can only hold up to about seven pieces of information at a time (Miller, 1956). 
Therefore, taking up information from the environment and integrating it 
with prior knowledge already in long-term memory requires a series of many 
small steps carried out in working memory (Anderson and Schunn, 2000).

Teachers can aid this process by reducing unnecessary working memory 
load (see Mayer, this volume). Structuring information hierarchically helps, 
because it enables learners to hold a super-ordinate piece of knowledge in 
working memory instead of its many subordinate components. For example, 
someone who tries to remember the number 01202009 has to hold 8 digits 
in working memory. Others might be able to subsume the number under the 
super-ordinate label “date of Obama’s inauguration as president of the United 
States”. They can remember all the digits by storing this one label in working 
memory. Thus, structuring knowledge hierarchically, or “chunking” as it is 
often called, can help overcome working memory limitations.

Unnecessary working memory load can further be reduced (cf. Mayer and 
Moreno, 2003) if pieces of information that can only be understood together are 
presented together. For example, a coordinate system with several line graphs 
is easier to understand if each graph is labelled directly rather than if this same 
information is given in a key under the coordinate system. In the latter case, 
learners have to jump back and forth between the coordinate system and the 
key. This creates an unnecessary working memory load. For the same reason, 
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when a formula with many new symbols is presented in a book, the symbols 
should be explained directly next to the formula and not somewhere else. When 
a text explains a complex figure, it can help to present the text in auditory form, 
so the learners can look at the figure while listening to the text instead of jump-
ing back and forth between a printed figure and a written text.

Another way to reduce unnecessary working memory load is to keep 
learning materials as simple as possible. For example, when a quantitative 
function can be visualised in a two-dimensional graph, it should not be 
presented in a three-dimensional figure just because the latter looks more 
impressive. Likewise, computer-presented slides should not contain any more 
cartoons, cross-fading effects, or animation than necessary to grab the atten-
tion of the audience. The same applies to language: the simpler the language 
used to explain complex relations, the better and faster students will under-
stand such concepts.

When students are learning to solve new problems with multiple steps 
(e.g. equation systems), their working memory quickly reaches its maximum 
capacity. This is because the students must not only execute the concrete 
steps necessary to solve the problem but they must also find the abstract 
principle that underlies the problem solution. In this case, working memory 
load can be reduced by worked-out examples. By studying solutions instead 
of generating them, students can focus solely on the big idea behind the solu-
tion and not worry about carrying out the concrete solution steps at the same 
time (Renkl, 2005).

8. Learning results from a dynamic interplay of emotion, motivation 
and cognition

At the beginning of cognitive science research, many researchers imag-
ined human cognition to be similar to information processing by a computer. 
As a consequence, little attention was paid to the emotional and motivational 
aspects of human cognition. Since the 1960s, however, things have changed 
considerably. Motivation and emotion are now recognised as important deter-
minants of thinking and learning.

Many laypersons and teachers, and maybe even some researchers, tend 
to see motivation as the motor that drives learning. When the motor is run-
ning, learning takes place; when the motor stands still, no learning occurs. 
Empirical research shows that there are at least three things wrong with this 
picture. First, motivation gradually and dynamically changes: it is not either 
“on” or “off”. Second, while motivation drives cognitive learning processes, 
it also results from cognitive processes such as learning and reasoning about 
one’s own competence. Third, the picture creates a false dichotomy between 
cognition and motivation. The two concepts have to be broken up into their 
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constituents to understand how they influence each other. Students’ learning 
goals and goals in life, their thoughts about their own competence, and their 
attributions of academic success or failure on various potential causes, and 
their interests and hobbies all contribute to the complex interplay of cognition 
and motivation.

For this reason, good learning environments do not treat motivation as a 
motor that simply has to be started up in order for knowledge acquisition to 
take place. Instead, they treat knowledge acquisition and motivation as multi-
faceted and dynamically interacting systems that can strengthen or weaken 
each other in a multitude of ways.

9. Optimal learning builds up transferrable knowledge structures
Even when students are motivated and build up sophisticated knowledge 

structures, this does not necessarily mean they acquire competence that is 
useful for their lives. There are many more concepts and procedures that are 
relevant for life than can be taught in school. Teachers do not know for sure 
which pieces of knowledge will be relevant for their students later in life 
because life is so diverse and unpredictable. Two potential approaches for 
solving this problem are discussed in the scientific literature – the training of 
domain-general competences and fostering knowledge transfer.

The training of domain-general competences (e.g.  intelligence, working 
memory capacity, or brain efficiency) is based on the idea that these com-
petences help to solve a very wide range of problems independently of their 
domain. It follows that if time is set aside from other subjects in school and 
used for the training of domain-general competences, students might gain 
competence that is not restricted to specific content areas. This idea appeals to 
many because it seems to be an efficient way of acquiring competence – prac-
tising a single competence and then being able to solve a limitless number of 
problems. Decades of intense research have shown, however, that this hope is 
not realistic. Domain-general competences, such as intelligence, are extremely 
difficult and costly to train. They can be increased only within narrow limits, 
and the increases are usually not stable over time. Even more importantly, 
domain-general competences do not help to solve a problem when a person 
lacks knowledge about the problem at hand and its solution. The highest intel-
ligence, largest working memory capacity, or the most efficient brain cannot 
help to solve a problem if the person has no meaningful knowledge to process.

A related misconception is that formal training, for example, learning 
Latin or mental exercises with more or less randomly chosen content (com-
monly called “brain jogging”), makes subsequent learning in all content 
domains more efficient. According to the empirical research so far, this is not 
the case. Even though the brain is plastic, it cannot be trained with just any 
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exercise as if it was a muscle (Stanford Center on Longevity and Max Planck 
Institute for Human Development, 2009; Chi, Glaser and Farr, 1988). For all 
of these reasons, teaching domain-general competences at the expense of con-
crete content knowledge is an ineffective instructional approach (Stern, 2001).

A more effective alternative for broadening competences is to teach 
concrete content knowledge in ways that aid subsequent transfer to new situ-
ations, problem-types and content domains. This flexible kind of expertise, 
however, does not develop on its own. Practitioners and researchers alike are 
often surprised at how frequently learners who have competently mastered 
one problem are then unable to solve basically the same problem when only 
small aspects of its presentation change (e.g. the wording or the illustrative 
context) (Greeno and The Middle School Mathematics Through Applications 
Project Group, 1998). Yet, the ability to apply knowledge flexibly and adap-
tively to new situations is one of the most important characteristics of the 
human mind (Barnett and Ceci, 2002).

Teachers should do all they can to help learners use this potential to its 
fullest extent (Bereiter, 1997). One important precondition for transfer is that 
students must focus on the common deep-structure underlying two problem 
situations rather than on their superficial differences. Only then will they 
apply the knowledge acquired in one situation to solve a problem in another. 
This can be accomplished by pointing out to students that two problem solu-
tions require similar actions (Chen, 1999); by using diagrams to visualise 
the deep-structures of different problems (Novick and Hmelo, 1994; Stern, 
Aprea and Ebner, 2003); by fostering comparisons between examples that 
highlight their structural similarities or differences (Rittle-Johnson and Star, 
2007); and by the careful use of analogies between phenomena arising in dif-
ferent domains (Gentner, Loewenstein and Thomson, 2003). People are less 
likely to transfer isolated pieces of knowledge than they are to transfer parts 
of well-integrated hierarchical knowledge structures (Wagner, 2006). The 
more connections a learner sees between the educational world of learning 
environments and the outside world, the easier the transfer will be.

Teachers should thus make use of meaningful real-life problems when-
ever possible (Roth, van Eijck and Hsu, 2008; The Cognition and Technology 
Group at Vanderbilt, 1992). In addition, parents, museums, media, computer 
learning programmes etc. can foster knowledge transfer by illustrating to 
learners the relevance of scientific concepts and approaches in the context 
of everyday life (Renkl, 2001; Barron and Darling-Hammond, this volume).
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10. Learning requires time and effort
Building up complex knowledge structures requires hard work over long 

periods of time for both students and teachers. Consequently, time and effort 
invested in practising problem-solving and extending one’s knowledge base 
are among the most important factors influencing the success of learning 
(Ericsson, Krampe and Tesch-Römer, 1993).

Some self-proclaimed experts claim that students could become compe-
tent without investing serious time and effort if only the teaching was more 
fun, more brain-adequate, more computer-based, or if it occurred earlier in 
life. None of these claims is justified by the results of empirical research. 
These features can assist learning to some degree if they are used in the right 
amount and at the right times. However, none of them can substitute for the 
acquisition of complex knowledge structures nor even guarantee that knowl-
edge acquisition would actually occur. To the extent that they do stimulate 
learning, it is still as time-consuming and difficult to achieve as learning 
processes generally are (cf. Anderson and Schunn, 2000). Learning can and 
should be fun, but the type of fun that it is to climb a mountain – not the fun 
of sitting at the top and enjoying the view.

Conclusions

Only certain areas of cognitive science investigate learning processes. 
Since it is impossible to summarise all the findings from cognitive science 
or even just from cognitive research on learning in a single book chapter, 
we present ten cornerstone findings from cognitive research on learning to 
illustrate typical questions, approaches and outcomes in this field. The ten 
points focus on knowledge acquisition, because cognitive research shows that 
well-structured knowledge underlies more complex competences including 
conceptual understanding, efficient skills and adaptive expertise. Learners 
lacking such knowledge are unable to take advantage of the multitude of 
social, ecological, technological, cultural, economical, medical and political 
resources that surround them.

The ten points described in this chapter have direct implications for the 
design of effective learning environments. Since they are derived from gen-
eral principles of how the human mind works, they can be applied to all age 
groups, school forms and subjects. Good learning environments: stimulate 
learners to be mentally active; address prior knowledge; integrate fragmented 
pieces of knowledge into hierarchical knowledge structures; balance con-
cepts, skills and meta-cognitive competence; provide expedient structures 
in the environment that help learners to develop well-organised knowledge 
structures; and present information adequately for efficient processing in the 
human mind given its inherent limitations for processing (such as limited 
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working memory capacity). Good learning environments foster transfer 
between content domains as well as between the learning situation and eve-
ryday life. They do not try to circumvent the hard work that learning entails. 
Instead, they maximise motivation by making sure that the content to be 
learned is meaningful for the students, by clarifying the goals of their lessons, 
by emphasising the relevance for life outside of the learning environment, and 
by sensitivity to their students’ interests, goals and self-perceptions.
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Monique Boekaerts posits that the role of emotions and motivations has been seriously 
neglected in the design of learning arrangements and teacher professional development. 
She summarises knowledge about the key role of emotions and motivations around a small 
number of principles. Students are more motivated to engage in learning when: they feel 
competent to do what is expected of them and perceive stable links between actions and 
achievement; they value the subject and have a clear sense of purpose; they experience 
positive emotions towards learning activities and, contrariwise, turn away from learn-
ing when they experience negative emotions; and when they perceive the environment as 
favourable for learning. Students free up cognitive resources when they are able to influ-
ence the intensity, duration and expression of their emotions, and are more persistent in 
learning when they can manage their resources and deal with obstacles efficiently.
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Introduction

Motivation and emotion are essential to education because – together 
– they ensure that students acquire new knowledge and skills in a meaning-
ful way. If all classroom activities were interesting and fun, students would 
engage in them naturally. But students face many tasks that they do not like or 
in which they are not interested or do not feel competent. Teachers thus need 
to be aware of how to adapt the curriculum and their teaching so that students 
find the classroom activities more interesting, purposeful and enjoyable, and 
feel more competent to do them. Students become more effective learners 
when they understand how their learning and motivation systems work and 
how they can boost their own motivation, whatever the teacher might do.

Most theories of learning and instruction may acknowledge but do not 
integrate motivational constructs, treating them as largely given to the learn-
ing situation. Competence models mainly focus on the domain-specific 
knowledge that students need to acquire, and the cognitive and meta-cognitive 
processes that they need to access in order to become strategic learners. 
However, not all students acquire knowledge in the same way and they differ 
in the value they attach to new knowledge and newly-acquired strategies. This 
means that the models commonly used to design teaching and learning do not 
capture all of the complexity that students bring to their learning. Unless the 
students’ cognitions and emotions about learning are adequately factored in, 
these models do not represent well the dynamics of the learning process.

In this chapter, I review the research that has investigated the wide 
spectrum of motivational and affective processes involved, and discuss theo-
retical insights and empirical studies shedding light on how the motivation 
system works. There is, however, no all-encompassing motivation theory that 
explains why students are or are not motivated for school learning. Instead, 
we have a limited set of mini-theories that together provide insight into how 
students’ perceptions, cognitions, emotions and commitments energise the 
learning process, which I summarise as a set of “principles”. Recent in-class 
studies have helped to clarify how students’ engagement is associated with 
specific classroom features, teaching and evaluation practices.

The effect of motivational beliefs and emotions on learning

The following example illustrates well how emotions and motivations 
form an integral part of learning:

Julie failed her math exam and has to re-sit it. She is motivated to 
work hard during the week running up to it. Her idea is to review all 
the exercises they did in class. She has divided the year’s work into 
7 units and plans to do one unit a day. After two days of hard work, 
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Julie has already covered three units. She feels proud and relaxed, 
and decides to take the day off to go swimming. But, the fourth and 
fifth units are much more difficult and at the end of Day 4 she feels 
tired and disappointed because she has only partially covered the 
fourth unit. She decides to have an early start the next day, in which 
to finish the fourth unit by lunch time and cover most of the fifth 
unit before bed. If she can accomplish that there is still hope that she 
can cover all the material before the exam. Julie works mindfully all 
morning and does not allow herself any breaks. She is relieved that 
she understands the material well and can solve most of the problems, 
yet she realises that her progress is slow. At the end of Day 5, Julie 
starts feeling anxious because she realises that hard work may not be 
enough. On Day 6, Julie has problems concentrating; she keeps imag-
ining her mother’s face if she would fail the exam. She is not sure that 
she understands all the problems well enough to solve similar ones 
in the exam. By the end of Day 6, Julie has barely finished the fifth 
unit. She has been plagued by ruminating thoughts and anticipatory 
shame. After lunch, she is aware of how hot it is in her room and how 
tired and unhappy she feels. Julie feels out of control: she cannot 
cover all the material in time due to bad planning. She is certain that 
she will fail the exam.

In this example, Julie has a clear and concrete goal – to prepare well for 
the exam. During preparation, she experiences positive and negative emo-
tions. She appraises the situation based on prior knowledge and her beliefs 
about what she can or cannot do in a week – her “meta-cognitive and moti-
vational beliefs”. For example, she thought that she could cover one unit per 
day, anticipating a steady rate of progress. Her progress was initially faster 
than that and she experienced positive emotions (pride, joy, feeling relaxed) 
and adjusted her plan: she began coasting. Likewise, when she first experi-
enced negative emotions (disappointment), she interpreted it as slow progress 
and adjusted her action plan by speeding up and taking no breaks. Julie’s 
cognitions and emotions thus work in concert to determine her actions. She 
observed that her strategy change had resulted in progress but relief turned 
to worry when she realised that she could not attain her goal. Ruminating 
thoughts competed for limited processing capacity in her working memory 
which slowed her down and introduced errors into her work (Pekrun, Frenzel, 
Goetz and Perry, 2007).

Emotions signal that a deviation in either direction from a predetermined 
standard has been detected, and this signal needs to be interpreted for change 
to occur (Carver, 2003). Students use these moment-to-moment variations 
in goal-related emotions, as well as the distance still to be covered to reach 
the goal, to select and modify the strategies needed to reach it. Students’ 
motivational beliefs act as a favourable or unfavourable internal context for 
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learning. Researchers have examined how new knowledge and skills are 
acquired based on how students observe and interact with their teachers and 
peers; social-cognitive theories provide constructs to describe students’ moti-
vational beliefs based on their previous experiences and how they are affected 
by the social and educational context.

Motivational beliefs are cognitions about the self in a domain (for example 
learning mathematics): they refer to the knowledge and opinions that students 
have about how their motivation system functions in different subjects and 
about the effect of different teaching practices on their motivation. All this is 
also called “meta-motivation”. Students use their motivational beliefs to give 
meaning to learning tasks and situations and to their social and educational 
context. Many different types of motivational beliefs have been identified. 
There are the beliefs students hold about their own capability to do something 
(self-efficacy), that certain actions will lead to success and others to failure 
(outcome expectations), about the purpose of a learning activity (goal orien-
tation), about how interesting or boring activities are (value judgments), and 
perceived causes of success and failure (attributions).

Motivational beliefs can be positive or negative. They are based on direct 
experiences in the domain (say, mathematics), but also on observations of 
how others perform and on what teachers, parents and peers have had to 
say. Motivational beliefs are important because they determine the choices 
students make as well as how much effort they will invest and how long they 
will persist in the face of difficulties.

Emotions signal to the learner that action is needed
“Emotion” refers to a wide range of affective processes, including feel-

ings, moods, affects and well-being. Traditionally, the term has been reserved 
for the six primary emotions: joy, sadness, anger, fear, surprise and disgust. 
Many educational psychologists would also include “secondary emotions”, 
such as envy, hope, sympathy, gratitude, regret, pride, disappointment, relief, 
hopelessness, shame, guilt, embarrassment and jealousy. Frijda (1986) argues 
that emotions have two major functions. First, they give high priority warn-
ing signals that interrupt ongoing activities and inform us that we are facing 
a highly valuable or threatening situation. This produces an increased level 
of arousal, alerting us that something needs our immediate attention. The 
second important function is to prepare us to react swiftly in response. The 
increased level of arousal coincides with a secretion of hormones into the 
bloodstream, producing physical changes and providing the physiological and 
motivational energy to allow us to take action. We can observe in ourselves 
many of these changes, such as the heart beating faster, breathing becoming 
shallower, or our hands feeling clammy.
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As we saw with Julie, students detect changes in the levels of arousal and 
act accordingly. Some cues have the same effect in all students, for example, 
speaking in public increases the level of arousal while a long wait in silence 
decreases it. It is not the increased or decreased level of arousal itself that influ-
ences the learning outcomes, but the way that students interpret it. Those who 
interpret increased levels of arousal before an exam with negative emotions 
(anxiety, worry) will be more impeded in their exam performance than students 
who positively label it as a challenge. Some of these emotions, such as anger, 
relief and joy, are short-lived and have little significance for further learning. 
Other emotions, such as shame and hopelessness, have enduring relevance to 
classroom learning because they are tagged to a learning situation and will be 
activated when a student is confronted with similar tasks in the future.

Emotions have diagnostic value for the teacher because they reveal under-
lying cognitions, commitments and concerns. Teachers need to be aware of 
their students’ motivational beliefs and be sensitive to their emotions as this 
information can inform the design of the learning process. Their own behav-
iour and their teaching and evaluation practices trigger specific emotions and 
motivational beliefs in the students, which in turn affect the quality of the 
learning which takes place.

Motivational beliefs and regulation strategies are integral to 
self-regulation

Faced by a new learning task, students first observe specific features of 
the task and its educational context. Second, they activate domain-specific 
knowledge and relevant meta-cognitive strategies. Third, they activate – the 
key point here – motivational beliefs and regulation strategies. Integrated 
models of motivation and learning, such as “dual processing self-regulation”, 
consider motivation as a key aspect of self-regulated learning (Boekaerts, 
2006; Boekaerts and Niemivirta, 2000): students orient themselves to new 
learning situations using all three sources of information, not just the first two. 
All this information is brought into working memory to determine: i) how stu-
dents perceive and appraise a specific learning assignment; ii) their commit-
ment to tackling it; and iii) how they regulate their motivation during learning.

Appraisals – task-specific motivational beliefs – play a central role in self-reg-
ulation. One of their key functions is to assign meaning and purpose to the learn-
ing activity: how relevant, boring or interesting it is; what outcome is expected; 
why one needs to do it; whether one feels effective or not; what causes success and 
failure. An equally important function is to direct activities in the self-regulation 
system, either towards expanding personal resources (extending knowledge, 
or improving learning strategy or competence) or to set bounds on well-being 
(e.g. feeling safe, secure, satisfied). Motivational beliefs thus influence willing-
ness to engage in learning activities, even without students being aware of them.
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Students’ appraisals of the learning task and hence their commitment to 
it may change midstream, as we saw with Julie. Obstacles or distractions may 
come along while working on it. Changing internal and external conditions 
may thus alter the appraisals and trigger negative emotions with the result 
that the learner is no longer committed to the task in question (Boekaerts and 
Niemivirta, 2000). Although students may continue on the task “on automatic 
pilot”, they have re-directed attention to their emotions (e.g. Julie’s ruminating 
thoughts) or to unfavourable features of the learning environment (she noticed 
how uncomfortable was the room). At such a point, students need to use emo-
tion regulation strategies to reduce their level of arousal (Key Principle 6, see 
below) and to volitional strategies to sustain their motivation (Key Principle 
7). Students without these strategies need help from the teacher (external regu-
lation) or their peers (co-regulation) to re-direct them in the learning.

Key motivation principles

This section presents eight “key principles” which underpin motivational 
beliefs (Principles 1-5), motivation regulation strategies (Principles 6-7), and 
the learning environment (Principle 8), together with some discussion of their 
implications for teaching.

Key Principle 1: Students are more motivated when they feel 
competent to do what is expected of them

Numerous studies have reported that students who think that they have 
what it takes to do specific tasks in a domain (high self-efficacy) will choose 
more challenging problems, invest more effort, persist longer, and will enrol 
in courses that are not obligatory (Pintrich and Schunk, 1996; Schunk and 
Pajares, 2004; Wigfield and Eccles, 2002). High self-belief and efficacy and 
expectations of success are positively and consistently linked to positive 
outcomes, such as higher recall of learned material, better strategy use, and 
higher grades in native language learning and mathematics. These beliefs can 
predict grades even better than prior grades do.

Wigfield and Eccles (2002) found that students’ sense of competence 
becomes more differentiated and generally declines as they advance through 
primary school: older children more often compare themselves with peers and 
become more accustomed to grading and evaluation procedures. Successful 
students use this information to enhance their sense of self-efficacy and 
expectations and may simultaneously increase the value attached to learning 
tasks, while the motivational beliefs of unsuccessful students decline without 
them realising why.
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Students with judgments which are well calibrated, i.e. in line with actual 
performance, are much more effective at self-regulated learning (Winne and 
Jamieson-Noel, 2002). They possess more accurate information about how 
to monitor their performance and they know how to (re)direct their learn-
ing to improve achievement. Poorly calibrated students either over-estimate 
or under-estimate their performance (Schunk and Pajares, 2004). The latter 
feel uncertain and tend uncritically to adopt other people’s viewpoints and 
solutions (Efklides, 2006). These students may also be reluctant to try, thus 
delaying skill acquisition. By contrast, students who are overconfident may 
be highly motivated and show resolve to find a solution but they are also 
inclined to coast. When these students fail unexpectedly they are disap-
pointed and may turn against the learning activity.

Bandura (1997) suggests that self-efficacy judgments which slightly 
exceed actual performance are beneficial for learning: these motivational 
beliefs raise effort and persistence without too many disappointments, while 
repeated failure despite high self-efficacy judgments leads to decreased effort 
and abandonment. Schunk and Pajares (2009) advise teachers against hasty 
encouragements of “give it a try” or telling students that success will come if 
they just invest effort. Unwarranted encouragement makes students overcon-
fident without the necessary skills to back up their high self-efficacy. Several 
studies have shown that the way that teachers organise classroom practices 
influences their students’ sense of efficacy and their outcome expectations, 
either in a supportive or in an inhibitory way (e.g. Nolen, 2007). Brophy (2001) 
argues that teachers should keep constantly current their expectations of what 
their students – alone or with the help of others – are capable of achieving by 
monitoring their progress closely. Teacher expectations tend to shape what 
students come to expect from themselves, and should be communicated to the 
students up front, positively yet realistically. Students’ self-efficacy beliefs 
and expectations can be enhanced through live or symbolic modelling, catch-
phrases, and by encouragement to self-instruction.

Key Principle 2: Students are more motivated to engage in learning 
when they perceive stable links between specific actions and 
achievement

Some students think that the teacher is in control of learning outcomes, 
others believe they are in control and can specify what to do to achieve well. 
Evidence shows that students expect to do well on tasks that they have done 
well on in the past. Weiner (1986) suggests, however, that it is not actual suc-
cess or failure that has an effect on future performance. Rather, the causes as 
understood by students about what lies behind their success or failure shape 
their motivational beliefs and, in this way, student expectations about future per-
formance. Weiner argues that a poor performance on, say, a science test is seen 



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

98 – 4. The crucial role of motivation and emotion in classroom learning

by students and teachers alike as due to specific causes such as limited capacity 
in science, low invested effort, a difficult test, or simply bad luck. He found that 
attributing failure to low ability may have a devastating effect on students’ self-
concept, with them not feeling in control and discouraged from further effort.

Seligman (1975) coined the term for this stable attribution pattern “learned 
helplessness”, reflecting students’ beliefs that they have low ability and that 
whatever they do will not make a difference. By contrast, when students 
attribute a poor performance to low effort or to having used the wrong strat-
egy (variable, internal attribution) they do not feel out of control. Such an attri-
bution protects them from negative emotions (Key Principle 5) and negative 
reactions from the teacher and classmates – because low effort or using the 
wrong strategies are considered controllable.

Zimmerman and Kitsantas (1997) show that attributing failure to having 
used the wrong strategies is beneficial for motivation: students who had delib-
erately planned and used a specific strategy for problem solving were more 
likely to attribute their poor results to the strategy than to low ability. This helps 
them to sustain a sense of efficacy despite poor results. Students who attribute 
their results to the strategy chosen tend to persist until all the strategies they 
have available have been tried. By contrast, several studies have shown that 
students do not invest effort in preparing for exams when they do not perceive 
stable links between their strategies and the expected outcome (Boekaerts, 
2006). In our example, Julie had high self-efficacy and expectations at the start 
of the week but while her efficacy remained high her outcome expectation 
changed when she observed that what she was doing was not bearing fruit. 
She attributed her problems to bad planning (strategy failure), leaving her self-
efficacy in place but prompting her to modify her planning next time.

Teachers need to ensure that students attribute results in a healthy way 
that fosters motivation, including after poor performance. Students need to 
know beforehand what the desired outcomes are and which strategies they 
will use. On completion, they need to reflect on the adequacy of the strategies 
they have used. Students need to perceive the learning outcomes as contin-
gent on the use of specific cognitive and meta-cognitive strategies. They need 
to perceive stable links between their own actions (such as re-reading a text, 
highlighting the main ideas and paraphrasing the message) and their achieve-
ment so as to attribute the results to the strategy used.

Key Principle 3: Students are more motivated to engage in learning 
when they value the subject and have a clear sense of purpose

Students are not likely to initiate activities and maintain effort if the 
perceived value of the task is minimal. The anticipated pleasure and pride in 
accomplishing a task energises them. Wigfield and Eccles (2002) conclude 
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that the importance, interest and relevance students attach to a domain are 
the best predictors of whether they will persist, whether they select chal-
lenging or easy tasks and whether they will enrol in courses in that subject. 
Competency beliefs are the best predictors of a student’s actual achievement. 
Dweck (1986) has argued that students develop short cuts for assigning mean-
ing to learning tasks: they tend to adopt either “mastery” or “performance” 
goal orientations. Students with a performance orientation want to demon-
strate their ability for the task, to obtain a high grade and out-perform others. 
By contrast, students with a mastery orientation engage in learning in order 
to understand the new material and increase their competence. The perceived 
purpose is fundamentally different in the two cases.

Numerous studies have shown that mastery orientation is associated with 
interest and is beneficial for learning (deep learning strategies). Initially, stud-
ies argued against the performance goal orientation because it depends on 
two unfavourable motivational beliefs: first, that one needs high ability to be 
successful and second that success should be demonstrated with little effort. 
Ames (1992) argues that such beliefs create anxiety when someone is faced 
with complex or ambiguous tasks – students hide errors as they view them 
as a sign of low ability and they do not ask for feedback. They believe that 
others will think they are less competent than they pretend they are. It leads to 
behaviour such as making less effort, refusing help, procrastination and task 
avoidance. Mastery orientation is instead based on favourable motivational 
beliefs, such as faith that effort leads to success and confidence in the benefits 
of feedback, scaffolding and help. Such constructive beliefs trigger positive 
emotions and prompt students to solicit feedback and help in order to improve.

More recent studies have revisited these conclusions by distinguishing 
between “performance approach” (wanting to demonstrate ability) and “per-
formance avoidance” (wanting to hide incompetence). Harackiewicz, Barron, 
Pintrich, Elliot and Thrash (2002) show that only performance avoidance goals 
are detrimental for learning. Performance approach goals – together with 
mastery goals – actually lead to better cognitive engagement and achievement 
than either goal orientation by itself.

Teachers can promote either a mastery or performance orientation (Ames, 
1984). When they give competitive instructions, emphasise grades and draw 
students’ attention to the difficulty of the task, most students tend to adopt 
a performance orientation and view the purpose as having to demonstrate 
their ability. Ryan and Sapp (2005) warn against a strong emphasis on evalu-
ation procedures, competition, and high-stakes testing because these tend to 
reward only those students who have high ability and want to demonstrate 
it. Even these achievement-oriented students may be at risk of negative side-
effects, because they are being encouraged to display superficial learning, to 
depend on extrinsic motivation, and are rewarded for avoidance. By contrast, 
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teachers, who give non-competitive instructions, linking learning tasks to 
students’ interests and personal goals, develop mastery-oriented students 
(Nolen (2007). These students understand the role of effort and monitor their 
performance for lack of comprehension. They ask the teacher to scaffold their 
performance, when appropriate.

Key Principle 4: Students are more motivated to engage in learning 
when they experience positive emotions towards learning activities

Different learning histories shape students’ emotions towards academic 
work. Positive and negative emotions become integrated into specific mental 
representations. Positive emotions prime encoded information in long-term 
memory to signal that one is doing well, leading to a positive mood state and 
favourable judgments of one’s own performance (Bower, 1991). Positive emo-
tions serve to signal fulfilment of one’s psychological needs – need for com-
petence, autonomy and social relatedness – encouraging active, constructive 
engagement (Ryan and Deci, 2000). Positive feelings also signal that one has 
sufficient personal resources to deal with a particular situation and this coin-
cides with openness for change and playful activities (Aspinwall and Taylor, 
1997). Positive emotions energise students because they direct attention 
towards relevant cues in the task and the learning environment to create an 
optimal internal environment for learning, self-regulation and achievement.

The positive emotions of pleasure and pride that things go well experi-
enced during a challenging math or writing task create “task attraction” and 
“task satisfaction” (sometimes called “situational interest”) which encourage 
students to seek similar learning tasks. Similarly, the feelings of pride and 
self-respect which comes with effortful accomplishment – “intrinsic motiva-
tion” – are valued more highly than getting tangible reward. Unfortunately, 
pride and satisfaction are not experienced on every occasion of successful 
accomplishment. According to Weiner (2007), the success must be self-attrib-
uted and this involves recall of prior successes or comparisons with a social 
norm. He maintains that students will experience positive emotions when 
they attribute success to stable, internal causes (e.g. capacity and persistence) 
and failure to variable, external causes (e.g. bad luck, being tired, not get-
ting enough time or help). Such patterns of attribution diminish the negative 
emotions when the student performs poorly. Instead, (s)he will show social 
emotions (disappointment, anger) directed at what is seen to have caused the 
failure, e.g. “the teacher did not allow us enough time to finish the task”. This 
is a healthy attribution style because it allows students to encode the learning 
task into a positive set of associations: a positive self-concept is established 
and favourable reactions will be triggered on comparable future occasions.

Unjustified positive emotions may be considered misplaced by others. 
For example, students resent it when someone shows pride for getting good 
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grades after copying somebody else’s work; they think that relief or being 
thankful would be more appropriate. Positive emotions which are triggered 
by the task or its context may evaporate quickly, but they may also develop 
into personal interest under the right circumstances. Personal interest devel-
ops from stimulated situational interest being sustained over time, with the 
educational context allowing an elaborate understanding of the course content 
to develop. Personal interest is thus like intrinsic motivation for a school sub-
ject. Intrinsically motivated students report that positive feelings are triggered 
automatically when they engage in tasks in that school subject, provided that 
they can work with some autonomy (see Key Principle 8). A meta-analysis by 
Cameron and Pierce (1994) showed that giving extrinsic rewards for some-
thing which students would have done anyway decreased intrinsic motiva-
tion, with a detrimental effect on creativity, invested effort and performance.

Key Principle 5: Students direct their attention away from learning 
when they experience negative emotions

Performance anxiety is the best known negative emotion in relation to 
learning, but shame, boredom, anger, disappointment and hopelessness are 
others. Negative emotions produce ruminating thoughts (recall Julie’s exam-
ple) that inhibit performance. Negative emotions prime encoded informa-
tion in long-term memory and signal to the student that something is wrong 
(Bower, 1991). This triggers a negative mood and unfavourable judgments 
of the task and one’s performance of it. Negative emotions may also indicate 
that the learner’s psychological needs for competence, autonomy and social 
relatedness are frustrated.

As children move up the school system, they become increasingly aware 
of their own needs. At the same time, they realise the limits of their ability to 
do school tasks relative to their peers, so affecting their self-worth. Weiner 
(1986, 2007) and Covington (1992) have described the devastating effect that 
students’ reactions to failure may have on their self-worth, especially those 
who ascribe failure to stable, internal causes (“I am not capable of doing 
that”). This will activate negative emotions and unfavourable motivational 
beliefs next time – low expectations and self-efficacy and performance avoid-
ance – and reinforce negative learning experiences.

Common advice to teachers seeking to break the vicious circle is to 
programme a series of success experiences. But, when these students enjoy 
unexpected success they do not experience the usual positive emotions but 
instead feel relieved that it did not go wrong and are grateful to the teacher, 
peers, or even to favourable circumstances that they thought caused the 
success. Their way of attributing cause does not allow them to establish a 
positive view, even when they enjoy success. As such, these students will 
continue to encode learning activities in a negative way.
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These students also consider effort as a threat to their self-esteem. Most 
students lose face when they fail despite having tried, because they think 
that others will perceive it as a sign of low ability (Covington and Omelich, 
1979). To avoid the demoralising feeling, they use ego-protective, inhibiting 
behaviours. Shame and personal dissatisfaction are greatest when students 
have studied hard for a test and failed anyhow, and least when they fail but 
have made little effort. This research suggests that shame and dissatisfaction 
are reduced considerably by acceptable excuses for why they had not tried 
hard (e.g. having been taught by a temporary teacher).

Teachers need to break the vicious circle by providing learning tasks that 
are slightly above the students’ current level of competence and giving non-
threatening feedback. Dweck (1986) advised teachers to avoid reference to their 
students’ intelligence, social comparisons, and personal criticism but to invite 
them to assess their own performance and to push them to listen carefully to 
the teacher’s feedback. Teachers should emphasise that mistakes are inherent 
to learning and that one can learn a lot from them (Brown, 1994). They should 
encourage students to reflect on their own and other studentś  strengths and take 
pleasure in accomplishments that needed effort. When failure occurs, teachers 
should use responses such as: “You gave it a good try but it did not work. Do you 
have any idea why?” or “Could you think of another way to do this next time?” 
Less successful students should be given the chance to answer these questions. 
Wiebe Berry (2006) advised teachers not to over-help their students and to make 
sure that they are part of the discussion. Such students also need to be placed 
in the role of help providers, because peers interpret getting help without also 
providing it as a sign that they have nothing of value to contribute.

Key Principle 6: Students free up cognitive resources for learning 
when they are able to influence the intensity, duration and expression 
of their emotions

Students experience many stressful situations in the classroom that can 
harm their self-concept and elicit negative emotions and produce ruminat-
ing thoughts that interfere with information processing (Key Principle  5). 
Students need to remove these internal road blocks and re-direct their atten-
tion to the learning task. They should either express their emotions or turn 
down the level and duration of arousal caused by these emotional triggers. 
At times, it is beneficial to express one’s emotions so that others can take 
account of one’s feelings (such as showing disappointment or irritation if 
someone takes credit for something they did not do). At other times, it is 
essential to temper one’s emotions because they hinder the learning process. 
Not all students are able to control their emotions swiftly to continue with 
the task in hand, yet they may realise that how they regulate their emotions 
influences learning and social interaction in the classroom.
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“Emotion regulation strategies” (also called “coping” or “affect regula-
tion strategies”) refer to the capacity to use one’s emotions as a source of 
energy and to modify them when they interfere with the pursuit of goals. 
Such strategies may take the form of reappraising the relevance of the task 
that caused the negative feeling, emotion suppression, anxiety or danger 
control, relaxation and distraction. Gross and John (2002) argue that emotion 
regulation can be preventive or remedial. Students may reflect on emotion 
regulation strategies before the negative emotions are triggered, e.g. antici-
pated shame due to feeling incompetent may be prevented by pre-arranging 
support from a more advanced peer in case one’s own strategies would 
fail. Students may also try to reduce the impact of the emotion by forcing 
themselves to stay calm, holding a conversation with oneself, deliberate 
distraction (e.g. go and sit somewhere else), or avoidance. An effective way 
may be re-appraisal of the situation (“Is it really so bad that I cannot solve 
this problem? Yesterday, I did seven of them.”). Re-appraisal is beneficial 
by being positively associated with self-efficacy, positive mood and sharing 
emotions, and negatively associated with neuroticism (Gross and John, 2002). 
Since re-appraisal occurs early in the episode, it does not require continuous 
monitoring and hence does not overload the student’s processing capacity. 
Suppression of emotion comes at a cost, however, as it is associated with 
feelings of loss of control and depression. It reduces cognitive resources for 
ongoing and upcoming activities because it requires continuous monitoring 
during the emotion episode.

The types of emotion regulation strategies that students bring to the class-
room are affected by parental modelling and coaching, as well as by the social 
support parents provide. Students who experience many negative emotions 
and find it difficult to regulate them need support from the teacher and their 
peers. These students will benefit if their teachers model effective emotion 
regulation strategies and scaffold their development. This is a new area of 
research and only a few studies have demonstrated the benefits for achieve-
ment of training in emotion regulation strategies (e.g. Punmongkol, 2009).

Key Principle 7: Students are more persistent in learning when they 
can manage their resources and deal with obstacles efficiently

Normally, the curriculum and the teacher specify what needs to be 
learned and in what time frame. Students are expected to make sense of the 
learning tasks and complete them in the time allotted, soliciting feedback and 
help when needed. As seen, motivational beliefs influence the way students 
assign meaning and purpose to their learning and they provide information 
on how students can enhance and sustain motivation. Ideally, students should 
orient themselves to a learning task before they start with it, so that they can 
determine its purpose and the outcomes to be reached. Establishing a clear 
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and concrete learning goal helps students to select appropriate strategies and 
to assess how much time and effort will be needed. However, things may turn 
out differently than expected. Students may re-appraise the activity as more 
difficult, boring, or time-consuming than anticipated (recall Julie). They may 
meet with unexpected obstacles and distractions. Hence, they need “motiva-
tion regulation strategies” (also called “volitional strategies”). These remind 
students why it is important to complete the task and help to protect their 
willingness to learn, particularly when the work is difficult.

Students may be aware that different volitional strategies exist and they 
may use them occasionally. Examples are anticipating rewards for comple-
tion and the negative consequences of giving up, self-talk (thoughts about the 
purpose of finishing the task), interest enhancement, removing distractions 
that reduce the likelihood of completion (environmental control) and good 
work habits.

Students often detect too late that their learning is problematic and this 
because they lack the necessary volitional strategies. People often confuse 
good intention or commitment with their ability to translate it into action 
(Gollwitzer, 1999). Gollwitzer proposes that people should combine imple-
mentation intentions with specific volitional strategies (“when I come home 
from school, I will go to my room and start my homework immediately”). 
Such implementation intentions (when-where plans) encourage students to 
initiate good work habits via specific environmental cues. Gollwitzer found 
that when students formulated specific implementation intentions, it facili-
tated both the detection of obstacles and the ability to address them. The ini-
tiation of the plan is immediate and efficient, and protects the student from 
unwanted negative emotions once obstacles arise.

Less successful students need the help of teachers to accomplish long-
term goals. These students benefit from training in good work habits and 
from sharing effective volitional strategies with their peers. Students of all 
ages benefit when their teachers model good work habits and scaffold the 
development of motivation regulation (Corno, 2004). Students like to share 
and build up information about the best use of personal resources and how 
to deal with obstacles and distractions. Observational learning is beneficial: 
students have been found to be more motivated to acquire new skills after 
observing a model succeed after struggling with road blocks than after 
watching a flawless performance (Zimmerman and Kitsantas, 2002). They 
appreciated realistic models who recognised the obstacles they had encoun-
tered, described what they had done to tackle the problem, and where they 
still needed scaffolding from an expert performer.
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Key Principle 8: Students are more motivated to engage in learning 
and use motivation regulation strategies when they perceive the 
environment as favourable for learning

Students learn in social and classroom contexts which interact with their 
personal characteristics, motivational beliefs and personal strategies. Students 
observe teachers demonstrating a new skill, and they listen to teacher ques-
tions and feedback as well as to reprimands and appreciative statements. 
They participate in learning activities with others and observe their successes 
and failures. In sum, students come to understand and integrate learning 
strategies through observing and participating in social learning activities. 
Their appraisal of the task and its context are co-constructed in the specific 
educational and social context (Perry, Turner and Meyer, 2006).

Different educational situations provide different levels of structural, 
motivational, social and emotional support. The tasks that teachers select 
and the learning environment in which they are located motivate students 
differently. Aspects of the learning task – novelty, diversity, authenticity, 
relevance, fantasy – may or may not capture student interest. The way that 
teachers structure learning and design the social environment may or may 
not be favourable to maintaining interest. I have already referred to aspects of 
the learning environment that enhance a performance goal orientation (Key 
Principle 3), instructional practices detrimental to learning (Key Principles 
2 and 5), and environments that meet psychological needs (Key Principle 4).

Students learn best when teachers cater to individual preferences but it 
is difficult to take account of all these preferences. Some students like col-
laborative work more than individual seatwork, but only if the conditions 
are right. Some feel frustrated when the teacher tells them exactly what to 
do while others feel threatened when they have to direct their own learn-
ing. There are marked individual differences in student preferences for the 
type and intensity of structural, motivational, social and emotional support, 
making it impossible to specify the most engaging tasks and environments 
for each and every student.

Recent in-class studies (e.g. Nolen, 2007; Perry, Turner and Meyer, 2006) 
suggest that tasks are engaging when teachers and students can manipu-
late them to suit their current teaching and learning needs. This dynamic 
approach is based on how students learn effectively. What it implies is that, 
at any moment, both students and teachers know who regulates the learning 
process, whether the teacher (external regulation), the learners (self-regula-
tion), or jointly (co-regulation).

Teachers should check whether their students are responsive to instruc-
tions and can detect from them who should assume the primary respon-
sibility for different aspects of the learning. Lack of understanding of the 
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interdependence that the teacher had in mind for a particular activity causes 
frustration. Students may feel that the learning activities do not increase their 
competence, that they are not given sufficient latitude or are obliged to work 
on tasks that have low authenticity, variety, novelty and relevance (Ryan and 
Deci, 2000). They may find that the tasks are too difficult to do alone but 
resent the help needed to succeed. Over-helped students who are shut out 
of discussion display resistance, using strategies such as withdrawal, being 
silly, or refusing to cooperate (Nolen, 2007). These strategies come at a cost: 
they confirm that the student has a problem, which may bring peer rejection 
and teacher sanctions, while reducing the student’s opportunities for skill 
development.

In-class observations have shown that primary school children are able 
to co-regulate and self-regulate their learning when given complex, mean-
ingful writing tasks that address multiple goals and lead to varied writing 
products over extended periods (Nolen, 2007; Perry, 1998). Complex writing 
assignments allow students more ways to satisfy their needs and preferences 
compared with tasks that steered them to predetermined written outcomes. 
Teachers who encourage their students to plan their own writing and who 
scaffold the monitoring and evaluation process, have students who report 
feeling more in control of their writing and more motivated to express their 
ideas. Even low-achieving students display fewer negative emotions and react 
more favourably to corrective and constructive feedback; they use fewer self-
handicapping strategies than low-achieving students in classrooms where all 
students worked on the same tasks.

It is important that teachers select a range of learning activities from 
which students can chose the ones that they think will work for them. 
Teachers should encourage students to self-regulate their learning, providing 
as much constructive feedback as needed. They should emphasise students’ 
strengths rather than their weaknesses and encourage them to learn from and 
with each other. Asking students to share meaningful products and discuss 
efficient and less efficient strategies in a non-threatening way creates interest, 
opportunities to improve strategy use, and builds a community of learners 
(Brown, 1994).

Implications for policy

Motivation research has direct implications for the design of effective 
learning environments. Teachers need to understand how cognitive and 
motivation systems work and how they interact. The eight key principles 
presented exemplify how favourable cognitions and positive emotions act 
together to energise students. The principles also demonstrate how negative 
emotions and unhealthy attributions can inhibit learning and demoralise. 
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Students will not take the risk of losing face and accept responsibility for 
learning if their teachers have not created a foundation of trust. Teachers need 
to be aware that motivational messages are embedded in their own discourse, 
their selection of learning tasks, and in their teaching practices. Students pick 
up these unintended messages, and appraise the climate as either favourable 
or unfavourable for learning.

I began this chapter by stating that theories of learning and instruction 
have mostly failed to represent the dynamics of the learning process, by treat-
ing motivation as largely an unrelated matter. Unfortunately, such theories 
are still being studied in teacher education programmes. There is an urgent 
need for a wind of change. Teachers need to factor in the motivational beliefs 
and concomitant emotions that students bring to bear on their learning and 
– even more importantly – to use this information to determine the zones 
of cognitive and motivational competence that are just above the students’ 
current levels. The cognitive and motivational needs of students change as 
their expertise in different fields develops, and optimal learning conditions 
therefore also change.

It is essential that experts in cognition, motivation, teaching and learn-
ing work together to design programmes that inform teachers on how the 
cognitive and motivation systems work together during the learning process 
which then lead to hands-on training units to implement these insights. Such 
courses and training programmes should: (1) make teachers aware of the 
motivational beliefs that students bring to bear on learning, and (2) of the 
positive and negative emotions that affect learning. The programmes should 
also guide teachers (3) on how to recognise and take account of these beliefs 
and emotions, and (4) on how they can help students to deal with counter-
productive beliefs and emotions. Teachers need to be trained in how they can 
(5) model and scaffold good work habits and other volitional and emotion 
regulation strategies, so that their students can deal with internal and external 
road blocks themselves.
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Chapter 5 
 

Learning from the developmental and biological perspective

Christina Hinton and Kurt W. Fischer
Harvard Graduate School of Education

Christina Hinton and Kurt Fischer consider first how genetics and experience interact to 
guide development, and how learning experiences literally shape the physical structure 
of the brain. They stress how cognition and emotion work in tandem. The chapter reviews 
research on how the brain acquires core academic abilities, including language, literacy 
and mathematics, and discuss atypical development of these abilities. The brain is biologi-
cally primed to acquire language, while the capacity for literacy, on the other hand, is built 
over time with cumulative neural modifications and varies depending on the language in 
question. Similarly, different instruction shapes the neural circuitry underlying mathemati-
cal abilities. Neuro-scientific research has underpinned key findings regarding learning, 
such as the extent of individual differences and the essential social nature of human 
learning, which means that learning environments should incorporate multiple means of 
representation, assessment and engagement.
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Introduction

How do nature and nurture interact to guide brain development? How 
does the brain translate learning experiences into neurological signals? Why 
do children and adolescents often struggle with emotional regulation? Why 
do children seem to master the accent of a foreign language virtually effort-
lessly? How does the brain support reading? Are children’s brains ready to 
begin mathematics instruction in primary school? What is the neurological 
basis of empathy, and what is its role in learning? The emerging field of 
mind, brain and education is beginning to answer these kinds of questions. 
With recent technological and methodological breakthroughs, such as brain 
imaging technologies and innovative cognitive methods for mapping learning 
pathways, this new field is poised to make a major contribution to our under-
standing of learning (Hinton, Miyamoto and della Chiesa, 2008; Fischer et 
al., 2007; OECD, 2007).

This chapter provides an overview of principles emerging from this field 
and considers their educational implications. It first explains how genetics 
and experience interact to guide development, how learning experiences liter-
ally shape the physical structure of the brain, and how cognition and emotion 
work in tandem. It then reviews recent mind, brain and education research on 
how the brain acquires core academic abilities, including language, literacy 
and mathematics. Finally, it considers the central role of social interaction 
and cultural context in how people use their brains to learn, and concludes by 
considering implications for learning environments.

Research in mind, brain and education

The field of mind, brain and education, also referred to as “educational 
neuroscience”, is comprised of many disciplines, including neuroscience, cog-
nitive science and education (Fischer et al., 2007; OECD, 2007). Educational 
research has accumulated an extensive knowledge base, and research from 
the field of mind, brain and education can complement this work. Education 
research often links policies and practices with learning outcomes. Research 
in mind, brain and education allows us to uncover key causal mechanisms 
underlying these relationships. For example, education research established 
that policies and practices that delay exposure to a second language until after 
adolescence often result in significant deficits in the processing of grammar 
and the sounds of words (Fledge and Fletcher, 1992). Neuroscience provides 
a causal explanation for this finding, revealing that children learn differently 
depending on the maturity of their brains. When they are young, they learn 
best through talking with others in the language being learned. When they 
become adolescent or adult, they learn better when instruction includes a 



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

5. Learning from the developmental and biological perspective – 115

focus on the rules of the language (grammar, sound, discussion)* (Neville 
and Bruer, 2001). By connecting work across disciplines, the field of mind, 
brain and education can shed light on how and why certain policies and prac-
tices may lead to more or less favourable outcomes.

Working across disciplines nevertheless brings new challenges as well 
as new opportunities (della Chiesa, Christoph and Hinton, 2009). Biology, 
cognitive science and education each have deeply-rooted disciplinary cultures 
with field-specific language and methods, which make it difficult for experts 
in the different fields to collaborate. There is a lack of consensus about the 
meaning of even fundamental terms, such as “learning” and methodological 
tools of measurement are not yet aligned across fields. Scientists working 
in laboratories are unplugged from the world of educational policies, school 
cultures and student differences. As a result, they often carry out research 
with limited practical relevance (OECD, 2007).

On the other side, educators – a term used throughout this chapter very 
broadly to refer to all adults who are involved in helping children and ado-
lescents learn – are often unable accurately to determine the educational 
implications of scientific results (Goswami, 2006; Pickering and Howard-
Jones, 2007). Moreover, statements of ideas in neuro-scientific language and 
the deployment of brain images make educators more likely to believe such 
statements and can lead some commercial and political organisations to pro-
mote their ideas about learning as “brain-based” even when there is no robust 
neuroscience to support their claims (McCabe and Castel, 2008). Without 
a background understanding of biology and cognitive science, educational 
policy makers and practitioners are sometimes unable to distinguish these 
“neuro-myths” from sound neuroscience (OECD, 2007).

We should therefore be cautious when considering educational implica-
tions of brain research (Bruer, 1997). Researchers, policy makers and practi-
tioners should collaborate to steer researchers toward relevant areas and help 
policy makers and practitioners to identify the educational implications of 
scientific findings. Continued progress therefore requires the creation of an 
infrastructure that supports this type of collaboration (Hinton and Fischer, 
2008; Fischer, 2009; Shonkoff and Phillips, 2000). As the field develops, 
research in mind, brain and education can play a key role in designing effec-
tive education policies and practices.

*Though it is easier for people to use their brain to master the grammar of a 
language early in life, it is still possible to learn the grammar of a language in 
adulthood. In addition, some other aspects of language are learned more easily 
by adults (Snow and Hoefnagel-Hohle, 1978).
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Nature meets nurture

Why do some students whiz through algebra, while others struggle? How 
does a young student become a talented musician? Why do some students work 
hard and persist in the face of adversity? Why do some shy children grow up to 
be outgoing adults? The answer to these types of questions is not a simple one. 
Development involves a complex interplay of nature and nurture, with genetics 
and experience working hand-in-hand (Hinton, Miyamoto and della Chiesa, 
2008). For example, a genetic predisposition for shyness may be counterbal-
anced by socialisation in gregarious culture. Similarly, a genetic predisposition 
for perfect pitch may become a singing talent because of a mother’s encourage-
ment, a teacher’s guidance and the child’s passion for performance. Throughout 
life, genetics and experience interact to shape development.

Genetics provide a plan for the brain’s basic organisation. Just as an architect 
supplies a blueprint that lays out a plan for building a house, genetics provide a 
plan for the basic connectivity patterns within and among brain networks. These 
connectivity patterns define genetic predispositions for later development, which 
are realised to a greater or lesser extent in response to the environment. In the 
same way that a carpenter adjusts a house as it is being built, the environment 
shapes the architecture of the brain. The first few years of life bring rapid prolif-
eration, with 700 new connections forming every second (Shonkoff and Phillips, 
2000). Connections are then reduced through a process called “pruning” as the 
brain is sculpted to fit the needs of its environment. Lower-level circuits, such as 
those for sensory capacities like vision and hearing, are shaped earliest. Higher-
level networks, such as those supporting cognitive functions, then follow.

How people use their brains to learn

The brain networks involved in learning can be broadly classified into 
the “recognition”, “strategic” and “affective” networks (Figure 5.1) (Rose and 
Meyer, 2000). The recognition network, which includes sensory areas such as 
the visual cortex, receives information from the environment and transforms 
it into knowledge. It identifies and categorises what children see, hear, or read. 
The strategic network, which includes the prefrontal cortex, is used for plan-
ning and coordinating goal-oriented actions. Finally, the affective network 
encompasses areas of the limbic system, such as the amygdala. It is involved 
in emotional dimensions of learning such as interest, motivation and stress. 
When faced with a learning task, such as reading a Shakespearean sonnet, all 
of these networks work together to guide the learning process – the recogni-
tion network identifies letters, words and Shakespeare’s tone; the strategic 
network focuses attention on the goal of understanding the text and monitors 
progress toward that goal; and the affective network manages the motivation 
to continue reading.
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Figure 5.1. Broad classification of brain networks involved in learning
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These networks are made up of specialised nerve cells called neurons 
and supporting glial cells. Learning experiences are translated into electrical 
and chemical signals that gradually modify connections between neurons 
(Kaczmarek, 1997). Each neuron has three distinguishable parts: dendrites, 
a cell body and an axon (Figure  5.2). Dendrites receive chemical signals 
from other cells in response to experience. They then relay signals to the cell 
body, which contains the nucleus with DNA and is the main site of protein 
synthesis (which is crucial for converting short-term memory into long-term 
memory). If the signal is above a certain threshold, it triggers an electrical 
signal called an action potential. The action potential then travels along the 
axon, a long process covered by a fatty myelin sheath which surrounds and 
insulates axons, and increases the speed at which messages can be sent. 
When it reaches the end of the axon, it prompts the release of chemical sig-
nals to the dendrites of other cells. A neuron that is sending information is 
termed a “presynaptic neuron” and a neuron that is receiving information is 
termed a “postsynaptic neuron”. There is a small space called the “synaptic 
cleft” between the axon of a presynaptic neuron and the dendrites of a post-
synaptic neuron.

Figure 5.2. The connection between two neurons
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Changes in synaptic connections are modified by learning experiences 
following the “use it or lose it” rule. Figure 5.2 is simplified in that, in reality, 
the axon terminals of many presynaptic neurons converge on the dendrites 
of each postsynaptic neuron. Presynaptic inputs may be strengthening or 
inhibiting; those that are the most active relative to other inputs on that post-
synaptic neuron are strengthened, while those that are relatively less active 
are weakened (and can eventually be eliminated). This strengthening and 
weakening raises or lowers the threshold at which an action potential will fire 
in the presynaptic cell. The initial facilitation or inhibition of the connection 
is temporary, and thought to underlie short-term memory. However, repeated 
activity, or lack of it, eventually leads to long-term changes in synaptic con-
nections that are mediated by protein synthesis; these robust changes appear 
to underlie long-term memory (Squire and Kandel, 1999).

Over time, these alterations in cellular connectivity aggregate to produce 
significant changes in the configuration of the recognition, strategic and affec-
tive networks (Buonomano, Merzenich, 1998). For example, as a child learns 
to play the violin, neuronal connections are gradually tuned which, over time, 
manifests itself in changes in cortical organisation. As he or she practises, the 
neuronal connections underlying finger dexterity in the hand are active which 
further strengthens these connections. In fact, the cortical area representing 
the fingers of the left hand is larger in violinists than in non-musicians (Ebert 
et al., 1995). Similarly, the neuronal connections needed for processing musi-
cal notes are reinforced through practising the violin and the cortical area 
representing musical tones is larger in violinists than non-musicians (Pantev et 
al., 1998). Over time, brain networks gradually reorganise to reflect learning 
experiences, and this reorganisation influences future learning.

The main message of all of this research for educators is that the brain is 
powerfully shaped by experience. This fact is good news because it means 
that a good educational experience can dramatically improve children and 
adolescents’ brain development. However, it also underscores a great respon-
sibility for society since it means that a bad educational experience can 
threaten the physical integrity of children and adolescents’ brains.

Emotion and cognition are inextricably linked in the brain

Emotional experiences are also built into the architecture of the devel-
oping brain. In fact, emotion and cognition operate seamlessly in the brain 
(Barrett, 2006; Barrett et al., 2005; Damasio, 1994, 2003). The brain is organ-
ised into assemblies of neurons with specialised properties and functions. A 
stimulus elicits a network response of various assemblies to produce a learning 
experience. Particular components of this experience can usefully be labelled 
cognitive or emotional, but the distinction between the two is theoretical since 
they are integrated and inseparable in the brain.
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Emotion and cognition work together to guide learning processes (Hinton, 
Miyamoto and della Chiesa, 2008; Fischer and Bidell, 2006). Children and ado-
lescents have emotionally charged goals, and cognitively appraise the degree 
to which a situation is hindering or promoting attainment of those goals, which 
leads to emotional reactions. For example, consider the following scenario. A 
teacher returns an exam face-down onto the desk of Francisco, a high school 
student. He flips the paper over to reveal an F staring back at him. Francisco 
recruits cortical structures to appraise the situation cognitively: this grade will 
thwart his goals to do well in the class, please his mother and convince her that 
he deserves an iPhone for his upcoming birthday. As he realises this, his limbic 
system structures, including the amygdala,** launch an emotional response, 
and he begins to experience negative emotions (MacLean, 1952). These nega-
tive emotions can disrupt learning processes in the brain (OECD, 2007).

We can learn to cognitively regulate emotional reactions, however, which 
can serve as an effective coping mechanism. Neuro-scientific research shows 
that emotional regulation can reduce negative emotion, which is reflected in 
both decreased amydala activation and a more positive subjective emotional 
experience (Ochsner et al., 2004). Effective emotional regulation strategies 
include reinterpretation and depersonalisation. Reinterpretation involves 
reframing a situation in a more positive way while depersonalisation involves 
considering a situation objectively rather than taking it personally. Consider 
how this kind of emotional regulation could be helpful for Francisco in the 
example above. He could cognitively regulate his emotional reaction: reinter-
preting his test grade as only a small contribution to his final grade, and 
depersonalising his failure by characterising the exam as difficult for every-
one. These regulatory strategies are reflected in both an increase in activity 
in the cortical areas implicated in cognitive control and in an attenuated amy-
gdala response. This regulation cools the emotional reaction, allowing him to 
concentrate in class despite the emotional setback. Emotional regulation skills 
can help children and adolescents to learn more effectively.

Children are not very skilled at emotional regulation, and these skills 
need to be developed throughout childhood and adolescence: children up to 
age 12 years have been found to be virtually unable to reduce negative affect, 
and adolescents (aged 13-17 years) demonstrated only half the regulatory con-
trol of adults (Gabrieli, 2004). These differences likely have a neurobiological 
basis. One study examined the neurobiological response in children and ado-
lescents (ages 9 to 17) to perception of fearful facial expressions, a common 
emotion-evoking laboratory stimulus (Killgore et al., 2001). Neuro-imaging 

**The limbic system is made up of many deep brain structures – including the 
amygdala, hippocampus, septum and basal ganglia – that are involved in emo-
tion, memory and certain aspects of movement. The amygdala is a deep brain 
structure that is involved in emotions and memory.
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revealed a relative decrease in amygdala-to-cortical activation with the 
development of the young person. This can be interpreted as a progressive 
increase in the cognitive regulation of emotion. Another study investigated 
differences in attention-mediated processing of emotional stimuli between 
children and young people aged 9 to 17 years and adults (Monk et al., 2003). 
Participants were asked to perform a task requiring attention while viewing 
emotional stimuli. This manipulation resulted in greater cortical activation in 
adults than children, representing a stronger goal-directed response in adults 
as compared with the raw stimulus-driven response in children. Emotional 
regulation skills need to be developed gradually as the person matures.

Since neuroscience confirms that the emotional and cognitive dimensions 
of learning are inextricably entwined, the long-standing ideological debate 
as to whether learning institutions should be involved in learners’ emotional 
development becomes irrelevant – if learning institutions are responsible for 
cognitive development, they are automatically involved in emotional develop-
ment as well (Hinton, Miyamoto and della Chiesa, 2008). Therefore, educa-
tors should guide the development of emotional regulation skills just as they 
guide the development of meta-cognitive skills.

Language and literacy

The brain is biologically primed to acquire language, but the capacity 
for literacy is built over time through cumulative neural modifications. As 
expressed by Pinker (1995), “Children are wired for sound, but print is an 
optional accessory that must be painstakingly bolted on.” There are brain 
structures that are designed and shaped by evolution for language, including 
Broca’s area and Wernike’s area (OECD, 2007). Literacy is built “on top of” 
these language areas as children grain experience with print.

The brain structures dedicated to language acquisition are differentially 
receptive to experience across the lifespan. There are periods when certain 
structures most readily acquire experience-dependent changes. There is a 
developmental sensitivity for learning the grammar and accent of a language: 
in general, the earlier a language is learned, the more efficiently the brain can 
master its grammar and accent (Neville and Bruer, 2001). Exposing the brain 
to a foreign language in early childhood leads grammar to be processed by 
the left hemisphere as in a native speaker, while delaying exposure until ado-
lescence leads to less efficient processing (OECD, 2007). Similarly, there is a 
sensitive period for learning the accent of a language such that the brain can 
acquire an accent most effectively before adolescence (OECD, 2007). These 
sensitivities mean that early language learning is most efficient and effective. 
However, it is certainly possible to learn a foreign language at any age.
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Recent neuroscience research has made important strides in identifying 
brain networks involved in reading. Though neuroscientists are just begin-
ning to study reading at the level of whole sentences, they have made signifi-
cant progress in understanding of reading at the level of the word. The “dual 
route theory” provides a comprehensive framework for describing how the 
brain processes reading at the level of a word (Jobard, Crivello and Tzourio-
Maxoyer, 2003); this is true for English at least since the research supporting 
this theory has been conducted primarily with English speakers and cannot 
be automatically extended to learning to read in other languages. As you 
look at the words on this page, this stimulus is first processed by the primary 
visual cortex, which is part of the recognition network in the brain (it is in 
the region of the occipital cortex where most visual information first arrives). 
The dual route theory posits that after that initial recognition processing 
then follows one of two complementary pathways. One pathway involves an 
intermediate step of converting letters/words into sounds, bringing in Broca’s 
area, located in the frontal lobe of the left hemisphere involved in the produc-
tion of speech. The other pathway consists of a direct transfer of letters/word 
to meaning and involves the “visual word form area” (VWFA).

This research suggests that in reading both phonological processing 
and direct processing of meaning play key roles in the brain. This informs 
the classic debate between phonetics and “whole language” text immersion 
techniques for reading instruction. The dual importance of both of these 
processes in the brain suggests that a balanced approach to literacy instruc-
tion that incorporates both the development of phonetic skills and “whole lan-
guage” learning may be most effective, for English native speakers at least.

However, the neural circuitry underlying reading is not entirely the same 
across different languages. Language brain structures, such as Broca’s area 
and Wernicke’s area, play an important role in reading across languages. 
However, reading in different languages brings in distinct brain areas that 
support the particular skills for that language. Reading in languages with 
relatively simple orthography – in which the letter-to-sound correspondence is 
close – involves partially distinct neural circuitry. An example is Italian, which 
relies less on the direct route for accessing meaning than reading in languages 
with complex orthographies, such as English such that the visual word form 
area (VWFA) is less critical for Italian speakers than English native-speakers 
(Paulesu et al., 2001). This difference likely arises because Italian speakers 
can rely more heavily on phonological processing when reading since the 
letter-to-sound correspondence is more consistent in Italian than English. 
Learning to read in Italian actually builds different neural circuitry than in 
English, such that Italian speakers recruit different neural circuitry even when 
reading in English. Since the circuitry underpinning reading differs across 
languages with different orthographic structures, the most effective balance of 
phonetics and “whole language” instruction varies across different languages.
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The way literacy develops in the brain seems to be influenced by the 
forms of words in a language as well. Brain imaging studies reveal that 
Chinese native speakers engage areas of the brain associated with spatial 
information processing, which come into play because of the spatial represen-
tation of Chinese ideograms (Tan et al., 2003). Again, these areas are involved 
even when Chinese native speakers read in English, indicating that the brain 
circuitry involved reading develops in a different way in Chinese than in 
English native speakers. Together, this research shows that there are many 
ways for literacy to develop in the brain, and the most appropriate reading 
instruction will vary depending on particular properties of a certain language.

Some children and adolescents struggle to learn to read with traditional 
instructional techniques because of a biologically based language impairment 
called dyslexia. Dyslexia is variable and multifaceted, but commonly involves 
difficulties in phonological processing (Lyon, Shaywitz and Shaywitz, 2003). 
Neuroscientists are making great strides in identifying atypical cortical fea-
tures underpinning dyslexia, enabling researchers to design targeted inter-
ventions so that children with dyslexia are able to learn to read. Neuroscience 
research on language and literacy is rapidly accumulating, and a biological 
perspective on these skills should be taken into account in the design of edu-
cation policies and practices.

Mathematics

Mathematics in the brain is analogous to language and literacy in that 
the brain is biologically primed to have a basic number sense, but formal 
mathematic abilities are built over time through experience. Babies are born 
with a number sense that is used as a perceptual tool to interpret the world 
numerically. Children and adolescents build on this understanding as they 
learn about mathematics.

Babies are born with several quantitative abilities (Wynn, 1998). They have 
a concept of “one”, “two” and “three”, and can precisely discriminate these 
quantities from one another and from larger quantities. Babies can also approxi-
mately discriminate among larger numbers. There is evidence that they can 
even perform simple mathematical operations (Wynn, 1992). When one object 
is placed behind a screen followed by a second object, they expect to see two 
objects when the screen is removed, suggesting that they know that one plus one 
should equal two. This basic quantitative sense most likely resides in the parietal 
lobe (OECD, 2007).

The parietal circuit is also involved in the representation of space, and 
number and space seem to be intertwined (Dehaene, 1997). Young children 
often conceptualise number as spatially oriented before being formally 
introduced to numbers and there appears to be a biological predisposition to 
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associate number with space. Therefore, teaching tools such as the number 
line and concrete spatial manipulatives (i.e. blocks, rods, board games, meas-
uring tools, etc.) can reinforce and solidify children’s intuitive mathematical 
understandings. Indeed, mathematics instruction that connects number with 
space can be very successful: in experiments in one programme using the 
number line and variety of concrete manipulatives that link number and 
space propelled children who were lagging behind their peers to the top of 
their class after forty 20-minute sessions (Griffin, Case and Siegler,1994).

Since the brain areas that support formal mathematics are built through 
experience, different instruction actually shapes the neural circuitry underlying 
mathematical abilities. For example, when children learn by drill, by memoris-
ing an association between a specific result and two operands, it is encoded in 
a different neural location than when they learn by strategy, which consists of 
applying a sequence of arithmetic operations (Delazer et al, 2005). Therefore, 
though two children may both answer that 10 plus 10 equals 20, if one child 
has memorised this fact while the other is applying the strategy of double-digit 
addition, the children are engaging distinct neural circuitry in each case.

Some children have serious difficulties with mathematics. Two of the most 
common difficulties are dyscalculia and math anxiety. Dyscalculia is the math-
ematical analogue of dyslexia. It is caused by a biologically based impairment of 
the early basic number sense, but scientists are only beginning to investigate its 
neural underpinnings (Landerl, Bevan and Butterworth, 2004). Maths anxiety is 
characterised by an acute fear of mathematics which disrupts cognitive strategies 
and working memory (Ashcraft, 2002). Further research is needed on the under-
lying causes of dyscalculia and maths anxiety to develop targeted interventions.

People use their brains differently, following different learning pathways

Educators have long known that new knowledge is built in different ways 
based on previous learning, and neuroscientists recognise this as a funda-
mental principle of how the brain learns (OECD, 2007; Schwartz and Fischer, 
2003; Tobin and Tippins, 1993). Teachers understand that when they read 
Cinderella to their class, each child actively constructs a different understand-
ing of it as they relate it to past experience. For one child, Cinderella’s fairy 
godmother may elicit warm feelings based on her relationship with her own 
godmother, while for another child the fairy godmother may stir up memories 
of a magic show he once saw. As each child listens to the story, his or her 
brain processes it in a different way based on previous experience.

As children learn, this new information shapes the brain which then 
biases it to process future information in certain ways. Reading provides an 
illustration of this principle. As a child learns to read in a certain language, 
the neural circuitry supporting literacy is tuned to experience with that 
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language, and this biases the brain to use that neural circuitry for future read-
ing. For example, as a child learns to read in English, he or she develops the 
neural circuitry described in the “dual route theory”, with both the indirect 
pathway involving Broca’s area (which converts letters/words into sounds and 
then into meaning), and the direct pathway converting letters/words directly 
into meaning involving the VWFA. By contrast, as a child learns to read in 
Italian, he or she develops neural circuitry for reading that relies primarily 
on the indirect pathway. If both of these individuals are later given a text to 
read in English (assuming the Italian native speaker learns English later in 
life), their brains process the text differently: the English native speaker will 
process the words using both pathways and engaging Broca’s area and the 
VWFA area, while the Italian native speaker will processes the words relying 
primarily on the indirect pathway including Broca’s area.

As the example of reading illustrates, children and adolescents develop dif-
ferent underlying brain structures for a given academic ability. In other words, 
they follow different learning pathways. Educators can therefore facilitate 
learning by using multiple means of representation, assessment and engage-
ment to accommodate a wide range of individual differences (Rose and Meyer, 
2002). Information can be presented in many ways to give children and adoles-
cents various “ways in” to understanding a core concept (Gardner, 1983). For 
example, when children are learning about fractions, they could bake a cake 
with measuring cups, create a store and practise making change with money or 
build a birdhouse taking measurements of its component pieces. Such varied 
activities encourage children to construct personal meaning of partial numbers, 
which will help many of them better to understand fractions.

Children and adolescents’ learning can also be guided by multiple means 
of assessment. Traditional summative assessments, such as grades, diplomas 
and certificates, can be aligned with formative assessment (OECD, 2005). 
Formative assessment involves frequent assessment of progress with a variety 
of assessment techniques, including portfolios, logbooks and rubrics, which 
are used to shape both learning and teaching. Formative assessment allows 
educators to guide learning throughout the process and tailor their instruction 
to meet individual needs (see Wiliam, this volume).

As a component of formative assessment, educators can empower children 
and adolescents to guide their own learning by developing the meta-cognitive 
skills of “learning how to learn” (Schoenfeld, 1987). Since formative assessment 
emphasises the process of learning, it encourages children and adolescents to 
develop meta-cognitive skills about various components of the learning process. 
Meta-cognitive skills include defining goals, assessing progress and appropri-
ately adjusting learning strategies. Teaching learners meta-cognitive skills is 
a powerful tool for meeting a wide range of individual differences because it 
allows them to be self-directed learners who can guide their own progress.
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Using multiples means of engagement can also help to accommodate 
individual differences. What motivates children and adolescents can be as 
varied as their learning needs, and learning environments should provide 
experiences that tap into many different interests. For example, when teach-
ing about measurement, this could be related to science (“how do scientists 
measure light waves?”), fashion (“how do dressmakers take measurements 
when making a dress?”), mathematics (“how many feet of yarn do we need to 
cut four strings 7-inches each?”), cooking (“what is the conversion between 
teaspoons and cups?”) and so forth. Relating a core concept to multiple topics 
can help motivate children and adolescents with a wide range of interests.

People use their brains to learn through social interaction in a cultural 
context

Children and adolescents learn in a social context, and the human brain 
is primed for social interaction. The brain is tuned to experience empathy, 
which intimately connects us to others’ experiences. Neurons in the brain – 
called “mirror neurons” – fire to simulate others’ experiences (Dobbs, 2006). 
When a child sees his or her mother build a tower of blocks, some of the same 
neurons in the child’s brain fire as when the child builds a tower of blocks 
himself or herself. Similarly, when a teacher sees an adolescent cry, some of 
the same neurons in the teacher’s brain fire as when the teacher cries himself 
or herself. These mirror neurons are thought to be the neurological basis for 
empathy, and serve both bonding and learning.

Mirror neurons biologically prime children and adolescents to attune to 
others and bond with them, which sustains interactions with adults and peers 
that support learning. Adults and more-expert peers provide scaffolding that 
enables children and adolescents to grapple with advanced knowledge, which 
leads to richer and more rapid learning than would be possible through indi-
vidual exploration (Vygotsky, 1978). For example, as a child struggles to under-
stand why a wooden block floats in water despite its large size, the parent can 
guide the child towards understanding by strategically suggesting other objects 
to test. The bond between the parent and child facilitates this interaction, with 
the child attuning to the parent and trusting the suggestions. These types of 
social interactions are fundamental to learning – environments that promote 
positive relationships and a sense of community promote learning.

As children and adolescents interact with members of their family, school 
and community, they are socialised into society, and internalise many of 
its beliefs and values. These cultural beliefs and values are developed over 
many generations. Generation after generation, societies build meaning – a 
process called “cumulative cultural evolution” (Tomasello, 1999). This sea 
of meaning makes up the cultural context in which children and adolescents 
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learn (Smagorinsky, 2001). The brain’s plasticity allows these bits of cultural 
meaning to be integrated into the biology of children and adolescents; as 
they grow and learn in a society, their brains are shaped by these culturally-
situated experiences.

The brain therefore develops “on the shoulders of” the meanings created 
by previous generations. Children and adolescents carve up bits of meaning 
with tools created by society and piece them together to construct under-
standings. Languages, for example, have culturally constrained properties 
that reflect the values of a society and influence how its youth construct 
meaning. It is important for children and adolescents to learn about this proc-
ess and become aware of their cultural biases. Cross-cultural studies can help 
children and adolescents understand various perspectives in their own society 
and develop an appreciation for other cultures and ways of life. This cultural 
sensitivity is crucial in an increasingly globalised world.

Implications for the design of learning environments

Mind, brain and education research should be integrated with knowledge 
from other fields to create effective learning environments. Principles emerg-
ing from this new field have important implications for the design of learning 
environments (Hinton, Miyamoto and della Chiesa, 2008). Hence, the main 
conclusions from the chapter are recast in terms of these implications.

Focus on the learning environment
Nature and nurture continuously interact to shape brain development. 

Though certain genetic predispositions exist, the environment powerfully 
influences how the brain develops. It is therefore often possible and desir-
able to shift policy from a focus on treating the individual toward a focus on 
restructuring the environment.

Recognise the importance of emotions
Since neuroscience confirms that the emotional and cognitive dimensions 

of learning are inextricably entwined, the long-standing debate as to whether 
learning institutions should be involved in learners’ emotional development is 
no longer relevant – if institutions are responsible for cognitive development, 
they are inherently involved in emotional development as well and should 
promote emotional regulation skills.
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Consider sensitive periods for language learning
The earlier that foreign language instruction begins, the more efficiently 

and effectively the brain is able to learn its accent and grammar. Beginning 
foreign language instruction in early learning environments therefore gives 
children a biological advantage for learning certain aspects of that language.

Inform reading instruction with neuroscience findings
The dual importance of phonological and direct semantic processing 

in the brain during reading suggests that a balanced approach to literacy 
instruction may be most effective for “non-shallow” (with weaker letter-to-
sound correspondence) alphabetic languages such as English. However, the 
optimal approach will vary according to the language in question. Learning 
environments should be informed by information about literacy in the brain. 
Teachers should be trained to recognise indicators of dyslexia because early 
dyslexia interventions prevent children from suffering in school for years 
before they are diagnosed and helped.

Inform mathematics instruction with neuroscience findings
It would be useful to inform the design of learning environments with 

information about mathematics and the brain. Learning environments can be 
structured to build on young children’s biological inclination to understand 
the world numerically and their informal knowledge base to facilitate their 
understanding of formal mathematics. For example, learning environments 
can incorporate instructional methods that connect number and space since 
these capacities are closely linked in the brain.

Incorporate multiple means of representation, assessment and 
engagement

Learning environments should be flexible and capable of meeting a wide 
range of individual differences. The brain is dynamic and academic abilities 
can be built through many different learning pathways. This suggests that 
learning environments should incorporate multiple means of representation, 
assessment, and engagement to meet the various learning needs and inter-
ests of children and adolescents. Learning environments should incorporate 
formative assessment, which can powerfully guide the development of abili-
ties, and they should support the development of meta-cognitive skills.
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Build strong learning communities
Learning is a social endeavour, positive relationships facilitate learning, 

and so learning environments should be community-oriented. The brain is 
primed to relate to others and learn from them. Adults and knowledgeable 
peers can provide scaffolding that enables children and adolescents to grap-
ple with advanced knowledge, leading to richer and more rapid learning than 
would be possible through individual exploration.

Create culturally-sensitive learning environments
Learning environments should be culturally sensitive. Societies build 

meaning generation after generation, and each new generation learns in this 
cultural context. Learning environments should ensure that children and 
adolescents are aware that their beliefs and practices are powerfully shaped 
by culture. Cultural awareness promotes cross-cultural understanding and 
appreciation for other ways of life, which is ever more important in an 
increasingly globalised world.

Continually adapt learning environments to incorporate new knowledge
As the field of mind, brain and education continues to develop, learning 

environments should be informed by this new research, to be considered 
along with findings from other fields and in light of cultural context.
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Chapter 6 
 

The role of formative assessment in 
effective learning environments

Dylan Wiliam
Institute of Education, University of London

Dylan Wiliam describes assessment as the bridge between teaching and learning. The con-
cept of “ formative assessment” emerged with recognition of the importance of feedback 
and application of navigational metaphors about staying on course through corrective 
steering. There is substantial evidence, reviewed here, on how feedback improves learning 
but most studies suffer from weak conceptualisation and neglect of longer-term impacts. 
The definition here emphasises the role of assessment in improving the quality of instruc-
tional decisions. It can be seen as entailing five “key strategies”:

1.	Clarifying, sharing and understanding learning intentions and criteria for success.

2.	Engineering classroom activities that elicit evidence of learning.

3.	Providing feedback that moves learners forward.

4.	Activating students as instructional resources for one another.

5.	Activating students as owners of their own learning.

Formative assessment is proposed as a process of capitalising on, “moments of contingency” 
for the purpose of regulating learning processes.
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Introduction

Assessment plays a number of roles in modern societies, including the 
certification of student achievement and holding educational institutions to 
account. Over the past approximately 40 years, however, there has also been 
increasing interest in the role it can play in supporting learning, often called 
“formative assessment” or “assessment for learning”. This chapter presents a 
brief overview of how the concept of formative assessment has developed in 
recent years; in particular, how the central idea has expanded from an original 
focus on feedback to a wider perspective on classroom practice. It presents 
evidence on the impact of formative assessment on learning and discusses 
definitional issues. It concludes with discussion on how formative assessment 
relates to instructional design through the “regulation” of learning processes.

Why assessment is central to learning

If what students will learn as the result of a particular sequence of activi-
ties were predictable, designing learning would be simple. Provided that we 
ascertain that students possess the correct prerequisites for a particular learning 
sequence, we could be sure that they all would have learned what was intended 
after engaging in the specified activities. However, as Denvir and Brown found 
(1986a; 1986b), even when teachers design high quality learning activities aimed 
at particular skills, and even when they take into account the student’s prior 
knowledge, what is learned can often be quite different from the intended goal.

Yet, in most classrooms across the world, evidence about the success 
of learning activities is typically collected only at the end of the learning 
sequence. It is as if the crew of an aircraft on a long journey concentrated 
only on following the optimal course from their starting point to their desti-
nation, and paid no attention to whether they were, in fact, on course. As all 
pilots know, this is an unreliable strategy. This is why, in addition to plotting 
a careful course, aircrew also take readings of their position as they are head-
ing towards their destination and make adjustments as conditions dictate.

In a similar vein over 40 years ago, Benjamin Bloom suggested that in 
addition to assessment used at the end of a learning process to establish what 
had been learned, assessment could also be used “to provide feedback and cor-
rectives at each stage in the teaching-learning process” (Bloom, 1969 p. 48). He 
also noted that, while such assessments “may be graded and used as part of the 
judging and classificatory function”, it is much more effective “if it is separated 
from the grading process and used primarily as an aid to teaching” (p. 48).

David Ausubel stated many years ago: “If I could reduce all of educational 
psychology to one principle, I would say this: the most important single factor 
influencing learning is what the learner already knows. Ascertain this and 
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teach him accordingly” (Ausubel, 1968 p. iv). Assessment is central to effec-
tive learning, therefore, because even if learners start in roughly the same 
place with respect to a particular piece of learning, they will very quickly be 
at different places due to the differences in what they have learned.

This is the fundamental idea explored in this chapter: the design of learn-
ing environments needs to take account of the fact that learning is unpredict-
able so that assessment has a key role to play by relating the instructional 
activities that teachers plan to the consequent increase in learner capabilities. 
In other words, assessment functions as the bridge between teaching and 
learning. The aim of this chapter is to provide a clear theoretical basis for the 
ways in which assessment can support learning, to show how the different 
formulations of the notion of formative assessment proposed over the last 40 
years can be encompassed within a broader over-arching framework, and to 
use that framework to understand research in related areas.

Formative assessment as feedback

Course correction in navigation as discussed above is an example of a 
“feedback” system, developed originally in the field of systems engineering 
(see Wiener, 1948). Wiener noted that sometimes the effect of the “feedback 
loop” is to drive the system further in the direction it is already going, such 
as population growth with plentiful food and no predators or inflationary 
price/wage spirals in economics. Such feedback is called “positive feedback” 
because the effect of the feedback and the tendency of the system operate in the 
same direction. In other situations, the effect of the feedback is to oppose the 
tendency, restoring stability by returning the system to a steady state, as with 
population growth when food supply is limited or the familiar room thermostat. 
This is called “negative feedback” by engineers since its effect is in the oppo-
site direction to the tendency of the system. In engineering, positive feedback is 
unhelpful because it means instability leading either to explosive growth or col-
lapse. In contrast, negative feedback helps to restore the system to a stable state.

The metaphor of “feedback” is widespread in education but it is important 
to note that there are significant differences between the usage of the term in 
engineering and in education. First, to qualify as feedback for an engineer, 
the system must be able to use the information to affect its performance: 
“Feedback is information about the gap between the actual level and the refer-
ence level of a system parameter which is used to alter the gap in some way.” 
(Ramaprasad, 1983, p. 4) In contrast, in education the term “feedback” is often 
used to describe any information given back to a learner about their perform-
ance, irrespective of whether that information has the capacity to alter the 
gap (Sadler, 1989). In other words, if we use the term as an engineer would, 
feedback is not just information given to students about their performance. It 
must direct their future actions in productive ways.
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Second, not only the term “feedback” but the qualifiers “positive” and 
“negative” are also applied in somewhat different ways. In engineering, they 
refer to the effect of the feedback in relation to the tendency of the system. In 
education, the terms tend to be used instead as value judgments on the effects 
of the feedback. Feedback that suggests that the learner is on the right track, 
so reinforcing the learning, would be described as “positive” both by educators 
and engineers. However, consider the situation in which a student received 
critical evaluations, made less effort, got even worse evaluations and made even 
less effort, ultimately disengaging from learning altogether. To an educator, this 
is an example of negative feedback but to an engineer this is positive feedback, 
since it drives the system (student) in the direction it is already heading.

Third, and perhaps most importantly, we want in education to encourage the 
development of autonomy in learning – for students to be able to develop their 
own skills of self-regulation of learning so that their need for feedback dimin-
ishes. In contrast, no-one would criticise a room thermostat because the furnace 
had not yet learned when to decide for itself when to turn itself on and off.

While these may appear to be semantic distinctions, in fact they go to the 
heart of the problems encountered in the design of effective feedback systems 
in education. Crooks (1988) reviewed over two hundred studies of the impact 
of classroom evaluation practices on students and concluded that the power of 
assessments to guide learning was not being realised because the summative 
function of assessment – providing grades and other measures of how much 
had been learned – is dominant.

Evidence on the impact of feedback
Studies have found that feedback can substantially improve educational 

outcomes but we should be aware of certain caveats by way of introduction. 
The results of many studies are given in terms of a “standardised effect size” 
[“effect size” for short: this following Cohen (1988) is the difference in per-
formance between two groups (e.g. those given and those not given feedback) 
divided by a measure of the spread of scores in the population (the standard 
deviation)]. While the standardised effect size has undoubted advantages over 
reporting the level of statistical significance attained in experimental compar-
isons (Harlow, Mulaik and Steiger, 1997), it nevertheless suffers from limita-
tions as a metric with which to compare findings from different experimental 
studies. In particular, where the range of outcomes is restricted (e.g. studies 
on specific sub-populations such as students with special educational needs), 
the effect size is inflated because the divisor in the calculation is smaller 
(Black and Wiliam, 1998a). Second, measures of educational outcomes differ 
greatly in their sensitivity to the effects of education and whether the meas-
ure relates directly to what students have been learning or is more remote, as 
with many national tests and examinations (Wiliam, 2008). This means that 
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it is difficult to give hard-and-fast rules about how to interpret effect sizes. 
Nevertheless, as a general guide, at least on standardised measures of educa-
tional achievement, effect sizes of around 0.4, which are typical in studies of 
feedback, indicate an increase of at least 50% in the rate of learning. In other 
words, students were learning in 8 months what other students were taking a 
year to learn. These are therefore rather substantial increases in educational 
productivity, especially if they can be scaled across an entire national system.

A more general caveat is that evaluations are used in schools for a multi-
plicity of purposes and comparisons are misleading when evaluations are com-
pared in terms of functions for which they were not designed (e.g. Natriello, 
1987). For example, finding that differentiated feedback has more impact on 
directing future student learning than on grades may show nothing more than 
that systems generally do more effectively those things they are designed to 
do than those things they are not designed to do.

Such limitations notwithstanding, the first substantial finding is that 
just being assessed regularly can have a significant impact on learning. For 
instance, students who took at least one test over a 15-week period scored 0.5 
standard deviations higher than those who did not, and more frequent testing 
was associated with higher levels of achievement, although testing more fre-
quently than once every two weeks conferred no additional benefit (Bangert 
Drowns, Kulik, Kulik and Morgan, 1991). The quality of feedback and how 
it is used, however, are much more important than its frequency. A review 
of 40 research reports on the effects of feedback in “test-like” events (such 
as questions embedded in programmed learning materials or review tests at 
the end of a block of teaching) found that the way feedback was provided and 
the kind of feedback given were both critical (Bangert-Drowns et al., 1991). 
Where students could look ahead and “peek” at the answers before they had 
attempted the questions, they learned less than when studies controlled for this 
“pre-search availability” (effect size: 0.26). More importantly, when feedback 
is given through the details of the correct answer, students learn more than 
when they are just told whether their answer is correct or not (effect size: 0.58).

Feedback can also be useful to teachers. Fuchs and Fuchs (1986) conducted 
a meta-analysis of 21 different reports on the use of the feedback to and by 
teachers, with frequencies of between 2 and 5 times per week. The mean effect 
size on achievement between experimental and control groups was 0.70 standard 
deviations. In about half the studies reviewed, teachers set rules about reviews 
of the data and actions to follow and in these cases the mean effect size was 
significantly higher at 0.92; when actions were left to teachers’ judgments the 
effect size was only 0.42. In those studies in which teachers produced graphs of 
the progress of individual children as a guide and stimulus to action, the effect 
was larger (mean effect size: 0.70) than in those where this was not done (mean 
effect size: 0.26).
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These findings appear to be affected by the kind of learning being con-
sidered. Dempster (1991) found that many of the available research studies 
measured achievement in terms of content knowledge and low-level skills so 
that it is not clear that such findings would necessarily generalize to higher-
order thinking. In a subsequent paper, Dempster (1992) argued that while the 
benefits of integrating assessment with instruction are clear, and there is an 
emerging consensus in the research for the conditions for effective assess-
ment – frequent testing soon after instruction, cumulating demand, with 
feedback soon after testing – assessment is neglected in teacher education and 
current practices in schools are far from these ideals.

A review by Elshout-Mohr (1994), published originally in Dutch and 
reviewing many studies not available in English, suggested that for more 
complex tasks, knowledge of correct answers is less useful than it is for 
simple tasks. Learning is not just a matter of correcting what is wrong but 
of developing new capabilities and this requires feedback more as dialogue 
rather than simply giving correct answers. This requires the learner to 
become active in managing the process.

Much of this work had focused on the effects of feedback in schools. In 
1996, Kluger and DeNisi published a review of the effects of feedback in 
schools, colleges and workplaces.1 Across all the studies, the average effect 
size for the feedback is 0.41 standard deviations, but the effects vary consid-
erably across the different studies. Most notably in 50 out of the 131 studies 
(38%) feedback actually lowered average performance.

As part of a broader research programme on the development of intelli-
gent tutoring environments, Shute (2008) examined research on feedback to 
students.2 This review identified major gaps in the literature and, as might be 
expected, concluded that there was no simple answer to the question, “What 
feedback works?”. But, it also endorsed the findings of earlier reviews on the 
size of the effects that could be expected from feedback (standardized effect 
sizes in the range 0.4 to 0.8 standard deviations).

Some pointers regarding effective feedback
In seeking to understand why feedback may sometimes lower perform-

ance, Kluger and DeNisi (1996) looked for “moderators” of feedback effects. 
They found that feedback was least effective when it focused attention on the 
self, more effective when it focused on the task in hand, and most effective 
when it focused on the details of the task and involved goal-setting.

However, even the limited benefits of feedback identified by Kluger and 
DeNisi might sometimes be counter-productive. They pointed out that feedback 
might make the learner work harder, which is presumably beneficial, but it 
might also lead the learner to channel her or his efforts in a particular direction, 
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to modify or reject the goal, or to ignore the feedback entirely. Even when 
feedback produced a positive impact on learning, this might be by emphasis-
ing instrumental goals and inhibiting deep learning. In their conclusion, they 
suggested that it is more important to examine the processes induced by the 
feedback rather than whether feedback in general improves performance.

Shute (2008) offers a number of “preliminary guidelines” for the design 
of effective feedback, both in relation to enhancing learning and in terms of 
timing.

Feedback should focus on the specific features of the task, and provide 
suggestions on how to improve, rather than focus on the learner; it should 
focus on the “what, how and why” of a problem rather than simply indicating 
to students whether they were correct or not; elaborated feedback should be 
presented in manageable units and, echoing Einstein’s famous dictum, should 
be “as simple as possible but no simpler.” However, feedback should not be so 
detailed and specific that it “scaffolds” the learning to such an extent that the 
students do not need to think for themselves. Feedback is also more effective 
when from a trusted source (whether human or computer).

The optimum timing of feedback appears to depend strongly on the kind 
of learning being undertaken: immediate feedback appears to be most helpful 
for procedural learning or when the task is well beyond the learner’s capability 
at the beginning of the learning, while delayed feedback appears to be more 
appropriate for tasks well within the learner’s capability or when transfer to 
other contexts is sought.

The recent review by Hattie and Timperley (2007) defines the purpose of 
feedback as reducing discrepancies between current understandings or per-
formance and a desired goal (as proposed by Ramaprasad, 1983). Building on 
the work of Deci and Ryan (1994) and Kluger and DeNisi (1996), their model 
posits that students can reduce the discrepancy either by employing more 
effective strategies or increasing effort, on the one hand, or by abandoning, 
blurring or lowering the goals they have set for themselves, on the other. 
Teachers can reduce the discrepancy by changing the difficulty or specificity 
of the goals or by providing more support to the students. Their model speci-
fies three kinds of questions that feedback is designed to answer (Where am 
I going? How am I going? Where next?), and each feedback question operates 
at four levels: feedback about the task (FT), feedback about the processing 
of the task (FP), feedback about self-regulation (FR), and feedback about the 
self as a person (FS). They demonstrate that FS is the least effective form of 
feedback; FR and FP “are powerful in terms of deep processing and mastery 
of tasks”; FT is powerful when the feedback is used either to improve strategy 
processing, or for enhancing self-regulation (although these conditions are 
rarely met in practice).
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Formative assessment as part of teaching

The studies summarised above show that some form of feedback to learn-
ers in the course of their learning has positive effects on learning, but that 
such effects cannot be taken for granted. The effects depend not just on the 
quality of the feedback but on the learning milieu in which it is provided, the 
orientations and motivations of the learner, and a range of other contextual 
factors (Boekaerts, this volume). For this reason, when Paul Black and I 
sought to update the reviews of Natriello and Crooks, we deliberately took a 
broad view of the field. (We noted that the reviews by Natriello and Crooks 
had cited 91 and 241 references respectively, and yet only 9 references were 
common to both papers, and neither cited the review by Fuchs and Fuchs.) 
Rather than relying on electronic search methods, we consulted each issue of 
76 of the journals considered most likely to contain relevant research between 
1987 and 1997. Our review (Black and Wiliam, 1998a), based on 250 studies, 
found that effective use of classroom assessment yielded improvements in 
student achievement between 0.4 and 0.7 standard deviations, albeit noting 
the already-mentioned problems with the interpretation of effect sizes.

Black and Wiliam presented a number of “examples in evidence” – the 
meta-analysis by Fuchs and Fuchs and seven classroom-based studies – that 
illustrate features of effective formative assessment. Perhaps the most impor-
tant one is that, to be effective, formative assessment has to be integrated into 
classroom practice, requiring a fundamental re-organisation of classroom 
operations:

It is hard to see how any innovation in formative assessment can 
be treated as a marginal change in classroom work. All such work 
involves some degree of feedback between those taught and the 
teacher, and this is entailed in the quality of their interactions which 
is at the heart of pedagogy. (Black and Wiliam, 1998a, p. 16)

We also noted that for assessment to function formatively, the feedback 
information has to be used, and thus the differential treatments that are 
incorporated in response to the feedback are at the heart of effective learn-
ing. Moreover, for these differentiated treatments to be selected appropriately, 
teachers need adequate models of how students might react to, and make use 
of, the feedback. As Perrenoud (1998) observes in his commentary on the 
Black and Wiliam paper, “…the feedback given to pupils in class is like so 
many bottles thrown into the sea. No one can be sure that the message they 
contain will one day find a receiver.”

In order to address this, we examined the student perspective, the role of 
teachers, and some of the systems for the organisation of teaching in which 
formative assessment is a major component. In drawing out implications for 
the policy and practice of formative assessment, we concluded:
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There does not emerge, from this present review, any one optimum 
model on which … policy might be based. What does emerge is a 
set of guiding principles, with the general caveat that the changes in 
classroom practice that are needed are central rather than marginal, 
and have to be incorporated by each teacher into his or her practice 
in his or her own way …. That is to say, reform in this dimension will 
inevitably take a long time and need continuing support from both 
practitioners and researchers. (p. 62)

Most of the work reviewed by Natriello, Crooks, Kulik and his col-
leagues, and Black and Wiliam focused on school-age students (i.e. up to the 
age of 18). Nyquist (2003) examined studies of feedback with college-age 
learners. He reviewed approximately 3000 studies of the effects of feedback, 
of which 86 met the criteria that they:

•	 Involved experimental manipulation of a characteristic relevant to 
feedback.

•	 Used a sample of college-age learners.

•	 Measured academic performance.

•	 Provided sufficient quantitative information for an effect size to be 
calculated.

From the 86 studies it was possible to derive 185 effect sizes. After a number 
of technical adjustments (limiting extreme values to 2 standard deviations from 
the mean effect, and correcting for small sample bias across the studies), the 
analysis yielded a mean effect size of 0.40 standard deviations – almost identi-
cal to that found by Kluger and DeNisi. This mean effect reduced slightly to 
0.35 (SE = 0.17) once adjustments were made (weighting the effects so that the 
contribution to the mean effect was proportional to their reliability), although the 
effects themselves were highly variable (ranging from -0.6 to 1.6 SDs).

To investigate “moderators” of effect, Nyquist developed the following 
typology of different kinds of formative assessment:

•	 Weaker feedback only: students are given only the knowledge of their 
own score or grade; often described as “knowledge of results”.

•	 Feedback only: students are given their own score or grade, together 
with either clear goals to work towards or feedback on the correct 
answers to the questions they attempted; often described as “knowl-
edge of correct results”.

•	 Weak formative assessment: students are given information about 
the correct results, together with some explanation.
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•	 Moderate formative assessment: students are given information 
about the correct results, some explanation, and some specific sugges-
tions for improvement.

•	 Strong formative assessment: students are given information about 
the correct results, some explanation, and specific activities to under-
take in order to improve.

The average standardized effect size for each type of intervention is given 
in Table 6.1.

Nyquist’s results echo the findings of Bangert-Drowns et al. discussed 
above. Just giving students feedback about current achievement produces 
relatively little benefit, but where feedback engages students in mindful activ-
ity, the effects on learning can be profound.

The research reviews conducted by Natriello (1987), Crooks (1988), 
Bangert-Drowns et al. (1991), and Black and Wiliam (1998a) underline that 
not all kinds of feedback to students about their work are equally effec-
tive. As a further example, Meisels, Atkins-Burnett, Xue, Bickel and Son 
(2003) explored the impact of the Work Sample System (WSS) – a system of 
curriculum-embedded performance assessments – and the achievement of 
WSS students was significantly and substantially higher in reading, but in 
mathematics there was no significant difference. The details of the system 
in use, how it is implemented, and the nature of the feedback provided to 
students appear to be crucial variables, with small changes often producing 
large impacts on effectiveness.

Though many of the studies included in the reviews focus on older stu-
dents, attitudes to learning are shaped by the feedback they receive from a 
very early age. In a year-long study of eight kindergarten and first grade 

Table 6.1. Effect sizes for different kinds of feedback intervention

N Effect
Weaker feedback only 31 0.14
Feedback only 48 0.36
Weaker formative assessment 49 0.26
Moderate formative assessment 41 0.39
Strong formative assessment 16 0.56
Total 185

Source: Nyquist, 2003. The figures are corrected values provided in a personal 
communication and not the same as given in the original thesis.
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classrooms in six schools in England, Tunstall and Gipps (1996a; 1996b) 
identified a range of roles played by feedback. Like Torrance and Pryor 
(1998), they found that much of the feedback given by teachers to students 
focused on socialisation: “I’m only helping people who are sitting down with 
their hands up” (p. 395). Beyond this socialisation role, they identified four 
types of feedback on academic work.

The first two types are essentially evaluative in form. The first covers 
feedback that rewards or punishes the students for their work (e.g. students 
being allowed to leave for lunch early when they had done good work, or 
threatened with not being allowed to leave for lunch if they hadn’t completed 
assigned tasks). The second type of feedback is also evaluative, but indicates 
the teacher’s level of approval (e.g.  “I’m very pleased with you” vs. “I’m 
very disappointed in you today”). The two other types of feedback identi-
fied by Tunstall and Gipps are termed “descriptive”. The third focuses on the 
adequacy of the work in terms of the teacher’s criteria for success, ranging 
from the extent to which the work already satisfies the criteria at one end 
(e.g.  “This is extremely well explained”) to the steps the student needs to 
take to improve (e.g. “I want you to go over all of them and write your equals 
sign in each one”). The fourth kind of feedback emphasises process, with the 
teacher playing the role of facilitator rather than evaluator. As Tunstall and 
Gipps (1996a) explain, teachers engaging in this kind of feedback “conveyed 
a sense of work in progress, heightening awareness of what was being under-
taken and reflecting on it” (p. 399).

Most of the research reviewed above was published in English. In order to 
provide a more comprehensive overview of research in this area, the OECD 
study of formative assessment (Looney, 2005) commissioned reviews of 
relevant research published in French (Allal and Lopez, 2005) and German 
(Köller, 2005).

Allal and Lopez report that research in France and French-speaking parts 
of Belgium, Canada and Switzerland, has focused much more on theoretical 
than empirical work, with very few controlled empirical studies. They sug-
gest that the most important finding of their review of over 100 studies of the 
previous thirty years is that the studies of assessment practices in French-
speaking classrooms have utilized an “enlarged conception of formative 
assessment” along the lines adopted by Black and Wiliam. Allal and Lopez 
argue that central to feedback within the Anglophone tradition (as exempli-
fied by Bloom), is “remediation,” which they summarise as “feedback + cor-
rection”. In contrast, within much of the research undertaken in francophone 
countries, the central concept is “regulation”, summarised as “feedback + 
adaptation” (p. 245).3

Allal and Lopez identify four major developments in this French-language 
research literature. In the first, which they term “focus on instrumentation”, 
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the emphasis was on the development of assessment tools such as banks of 
diagnostic items and adaptive testing systems. In the second (“search for theo-
retical frameworks”), the emphasis shifted to a “search for theories that can 
offer conceptual orientation for conducting assessment”. The third develop-
ment – “studies of existing assessment practices in their contexts” – provides 
a grounding for the search for theoretical frameworks by articulating it with 
the study of how formative assessment is practised in real classrooms. The 
fourth, and most recent, development has been “development of active student 
involvement in assessment” which has examined student self-assessment, 
peer-assessment, and the joint construction of assessment by students and 
teachers together.

The notion of formative assessment as being central to the regulation 
of learning processes has been adopted by some Anglophone researchers 
(see, for example, Wiliam, 2007), and the broadening of the understanding 
of formative assessment was noted by Brookhart (2007). Her review of the 
literature on “formative classroom assessment” charted the development of 
the concept of formative assessment as a series of nested formulations (p. 44):

•	 Information about the learning process.

•	 Information about the learning process that teachers can use for 
instructional decisions.

•	 Information about the learning process that teachers can use for instruc-
tional decisions and students can use in improving their performance.

•	 Information about the learning process that teachers can use for 
instructional decisions and students can use in improving their per-
formance in ways that motivate them.

In general, however, there appear to be few links between the strong 
theoretical work in the francophone tradition and the empirical work under-
taken particularly in the United States. Allal and Lopez conclude that the 
French-language work on formative assessment is in need of considerably 
more empirical grounding. (p.256)

The review of German-language literature by Köller (2005) began with 
an approach similar to that adopted by Black and Wiliam, with searches of 
on-line databases supplemented by scrutiny of all issues of the six most rel-
evant German-language journals from 1980 to 2003. Köller noted that while 
there were many developments related to formative assessment reported in 
academic journals, there was little evaluation of the outcomes of formative 
assessment practices for students, although there were confirmations of some 
findings in the Anglophone literature. He reports the work of Meyer who, like 
Kluger and DeNisi, found that praise can sometimes have a negative impact 
on learning, while criticism, even blame, can sometimes be helpful. Another 
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important strand of work mentioned by Köller concerns differences between 
teachers’ uses of “reference norms.” A number of studies, notably those by 
Rheinberg, have shown that students learn more when taught by teachers 
who judge a student’s performance against his or her previous performance 
(individual reference norm) rather than teachers who compare students with 
others in the class (social reference norm).

Theoretical syntheses: formative assessment and assessment for learning

Over the last dozen or so years, a number of definitions of the term 
“formative assessment” have been proposed. Black and Wiliam (1998a) 
defined formative assessment “as encompassing all those activities under-
taken by teachers, and/or by their students, which provide information to be 
used as feedback to modify the teaching and learning activities in which they 
are engaged” (p. 7). Cowie and Bell (1999) adopted a slightly more restric-
tive definition by limiting the term to assessment conducted and acted upon 
while learning was taking place by defining formative assessment as “the 
process used by teachers and students to recognise and respond to student 
learning in order to enhance that learning, during the learning” (p. 32, 
my emphasis). The requirement that the assessment be conducted during 
learning was also embraced by Shepard, Hammerness, Darling-Hammond, 
Rust, Snowden, Gordon, Gutierez and Pacheco (2005) in defining formative 
assessment as “assessment carried out during the instructional process for the 
purpose of improving teaching or learning” (p. 275).

The OECD review of formative assessment practices across eight 
national and provincial systems also emphasised the principle that the assess-
ment should take place during instruction: “Formative assessment refers to 
frequent, interactive assessments of students’ progress and understanding to 
identify learning needs and adjust teaching appropriately” (Looney, 2005, 
p. 21). In similar vein, Kahl (2005) wrote: “A formative assessment is a tool 
that teachers use to measure student grasp of specific topics and skills they 
are teaching. It’s a ‘midstream’ tool to identify specific student misconcep-
tions and mistakes while the material is being taught” (p. 11).

Broadfoot, Daugherty, Gardner, Gipps, Harlen, James and Stobart (1999) 
argue that using assessment to improve learning depends on five key factors: 
1) the provision of effective feedback to pupils; 2) the active involvement 
of pupils in their own learning; 3) adjusting teaching to take account of the 
results of assessment; 4) a recognition of the profound influence assessment 
has on the motivation and self-esteem of pupils, both of which are crucial 
influences on learning; and 5) the need for pupils to be able to assess them-
selves and understand how to improve. They suggest that the term “formative 
assessment” is unhelpful to describe such uses of assessment because “the 
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term ‘formative’ itself is open to a variety of interpretations and often means 
no more than that assessment is carried out frequently and is planned at the 
same time as teaching” (p. 7). Instead, they suggest the term “assessment for 
learning”, as proposed originally by James (1992).

Black, Harrison, Lee, Marshall and Wiliam (2004) suggest keeping both 
terms in that “assessment for learning” refers to any assessment for which the 
first priority in its design and practice is to serve the purpose of promoting stu-
dents’ learning, and that this “becomes ‘formative assessment’ when the evidence 
is actually used to adapt the teaching work to meet learning needs” (p. 10).

Taking this into account, I propose the following definition based on 
Black and Wiliam (2009), which subsumes and extends previous defini-
tions: “An assessment functions formatively to the extent that evidence about 
student achievement is elicited, interpreted, and used by teachers, learners, 
or their peers, to make decisions about the next steps in instruction that are 
likely to be better, or better founded, than the decisions they would have 
taken in the absence of that evidence.”

Several features of this definition are worth noting:

•	 It is based on the function served by the information yielded by the 
assessment, rather than a property of the assessment itself.

•	 The assessment can be carried out by the teacher, the learner, or her 
peers.

•	 The focus of the definition is on decisions regarding next steps in 
instruction, rather than intentions or outcomes.

•	 The definition is probabilistic.

•	 The assessment need not change the direction of instruction (it 
might merely confirm that the planned subsequent actions were 
appropriate).

Any assessment that provides evidence that has the potential to improve 
instructional decision-making by teachers, learners, or their peers can there-
fore be formative. Suppose a class has taken a test that assesses the ability to 
find the largest or smallest fraction in a given set. The raw scores achieved by 
students would provide a “monitoring assessment”, indicating which students 
might benefit from additional instruction or explanation. If, in addition, the 
teacher noticed that many students gaining low scores were more successful 
in examples that involved unitary fractions (those with 1 as the numerator) 
than with more complex fractions, this would provide a “diagnostic assess-
ment”, providing specific information about sources of difficulty. The teacher 
would then be able to focus additional instruction on non-unitary fractions. If 
the teacher can see from the responses that many students are operating with 
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a strategy that the smallest fraction is the one with the largest denominator, 
and the largest fraction is the one with the smallest denominator – a strategy 
that works with unitary fractions (Vinner, 1997) – then this provides informa-
tion for the teacher that is “instructionally tractable”. Such assessments and 
interpretations of them not only signal the problem (monitoring) and locate 
it (diagnosing), but they also situate the problem within a theory of action 
that suggests measures to be taken to improve learning. The best formative 
assessments are prospective rather than retrospective, therefore, in that they 
identify recipes for future action.

Any assessment is potentially formative, therefore, since any assessment 
can support decisions that would not have been possible, or would not be 
made so well, without the assessment information. However, this does not 
mean that all formative uses of assessment information are equally effec-
tive. By definition, assessments giving diagnostic insights are likely to lead 
to better decisions about teaching than those that simply monitor student 
achievement, and those that yield insights that are instructionally tractable 
are, in all likelihood, better still.

One of the differences between assessments that monitor, those that 
diagnose, and those that provide insights that are instructionally tractable is 
the specificity of the information yielded: to be instructionally tractable, the 
assessment needs to provide more information than simply whether learning 
is taking place or, if it is not, what specifically is not being learned: it must 
also incorporate theories of curriculum and of learning. This is because the 
focus is on “what next?” and this implies a clear notion of a learning pro-
gression – a description of the “knowledge, skills, understandings, attitudes 
or values that students develop in an area of learning, in the order in which 
they typically develop them” (Forster and Masters, 2004, p.65). Instructional 
tractability also entails a theory of learning because, before a decision can 
be made about what evidence to elicit, it is necessary to know not just what 
comes next in learning, but also what kinds of difficulties learners have in 
making those next steps. The links between formative assessment and theo-
ries of learning are examined in greater detail in Black and Wiliam (2005), 
Brookhart (2007), Wiliam (2007), and Black and Wiliam (2009).

Cycle lengths for formative assessment
In the example of the fractions test discussed above, the action taken 

by the teacher follows quickly from generating the evidence about student 
achievement. In general, however, the definition of formative assessment pro-
posed above allows for cycles of elicitation, interpretation and action of any 
length, provided the information is used to inform decisions about teaching, 
which decisions are likely to be better than those made in the absence of that 
evidence. The length of the formative assessment cycle should also be attuned 
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to the capacity of the system to respond to the evidence generated – there is 
little point in generating information on a daily basis if the decisions that the 
evidence is to inform are taken only monthly (Wiliam and Thompson, 2007).

Not all examples consistent with this definition would be considered as 
formative assessment under some of the other definitions discussed above. 
For example, Cowie and Bell (1999), Looney (2005), Shepard (2007) and 
Kahl (2005) would all probably resist using the term “formative” for assess-
ment that seems remote from its collection. The research literature reviewed 
above indeed confirms that formative assessment that is less remote is more 
likely to increase learning and by a greater amount. However, as I have else-
where noted (Wiliam, 2009), it seems odd to reserve the term “formative” 
only for assessments that make a significant difference to student outcomes. 
Rather, it makes more sense to this author to describe assessment as “forma-
tive” when it forms the direction of future learning but to acknowledge that 
there are different cycle-lengths involved, as shown in Table 6.2.

Formative assessment: key instructional processes

In order to understand what kinds of formative assessments are likely to 
be most effective, it is necessary to go beyond the functional definition of 
formative assessment and look in more detail at the underlying processes. 
The “systems” metaphor adopted by Ramaprasad (1983), which provides the 
basis for the definition of assessment for learning adopted by the Assessment 
Reform Group (Broadfoot et al., 2002), draws attention to three key instruc-
tional processes in terms of establishing:

1.	 Where the learners are in their learning.

2.	 Where they are going.

3.	 What needs to be done to get them there.

Table 6.2. Cycle lengths for formative assessment

Type Focus Length

Long-cycle Across marking periods, quarters, 
semesters, years

4 weeks to 1 year

Medium-cycle Within and between instructional units 1 to 4 weeks

Short-cycle Within and between lessons Day by day: 24 to 48 hours 
Minute by minute: 5 seconds to 2 hours

Source: Wiliam and Thompson (2007).
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While many approaches to formative assessment emphasise the role of 
the teacher, the definition adopted here acknowledges the roles that the learn-
ers themselves and their peers have to play. Crossing the process dimension 
(where learners are in their learning, where they are going, how to get there) 
with that of the agent in the instructional process (teacher, peer, learner) pro-
duces a matrix of nine cells. However, while some of the nine cells generated 
in this way make sense on their own, it also makes sense to look at other cells 
in combination. For example, if we consider the role of students in establish-
ing where they are in their learning, and how to reach their desired goal, this 
can be presented as a process of “activating students as owners of their own 
learning”, which subsumes a range of important aspects of learning, such 
as meta-cognition (see Schneider and Stern, this volume). In the same way, 
the role of peers in establishing where students are in their learning and how 
they can reach their desired goal, can be presented as “activating students as 
instructional resources for one another” (see Barron and Darling-Hammond, 
this volume). Finally, the three cells involving “where the learner is going” 
can be presented as “clarifying, sharing, and understanding learning inten-
tions and criteria for success”. The result is that the nine cells can be col-
lapsed into the five “classroom strategies” of formative assessment marked 
1-5 in Table 6.3. Details of the research base for each of these five strategies 
can be found in Wiliam (2007), and details of how teachers have imple-
mented these strategies in their own classrooms can be found in Leahy, Lyon, 
Thompson and Wiliam (2005).

Table 6.3. Classroom strategies for formative assessment

Where the learner is going Where the learner is right now How to get there

Teacher Clarifying learning intentions and 
sharing and criteria for success (1)

Engineering effective 
classroom discussions, 

activities and tasks that elicit 
evidence of learning (2)

 
Providing feedback that 

moves learners forward (3)

Peer Understanding and sharing learning 
intentions and criteria for success (1)

Activating students as instructional 
resources for one another (4)

Learner Understanding learning intentions 
and criteria for success (1)

Activating students as the owners of their own learning (5)

Source: Leahy, Lyon, Thompson and Wiliam, 2005.



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

152 – 6. The role of formative assessment in effective learning environments

Formative assessment and the regulation of learning processes

In the remainder of this chapter, I discuss how the approach to forma-
tive assessment outlined here can be integrated into a larger perspective on 
instructional design through a focus on the regulation of learning processes 
(Perrenoud, 1991; 1998).

Within such a framework, the actions of the teacher, the learners, and 
the context of the classroom can be evaluated with respect to how well the 
intended learning proceeds towards the intended goal. As Schneider and Stern 
(this volume) point out, teachers do not create learning; only learners can do 
this and so many have called for a shift in the role of the teacher from the 
“sage on the stage” to the “guide on the side.” The danger with such a charac-
terisation is that it is often interpreted as relieving the teacher of responsibility 
for ensuring that learning takes place. What I propose here is that the teacher 
be regarded as responsible for “engineering” a learning environment, both in 
its design and its operation.

An effective learning environment creates student engagement and is 
well-regulated. As a growing body of research on cognitive development 
shows, the level of engagement in cognitively challenging environments 
influences not only achievement, but also IQ itself (Dickens and Flynn, 
2001; Mercer, Dawes, Wegerif and Sams, 2004). As well as creating engage-
ment, effective learning environments need to be designed so that, as far 
as possible, they afford or scaffold the learning that is intended (“proac-
tive regulation”). If the intended learning is not occurring, then this should 
become apparent so that appropriate adjustments may be made (“interactive 
regulation”). Finally, it is also possible for teachers to engage in “retroactive 
regulation”; for example, when a teacher realises that a particular instruc-
tional sequence might be improved for one group of students as a result of 
experiences with other groups of students.

Proactive regulation is achieved “upstream” of the lesson itself (i.e. before 
the lesson begins). The regulation can be unmediated as when, for example, a 
teacher “does not intervene in person, but puts in place a ‘meta-cognitive cul-
ture’, mutual forms of teaching and the organisation of regulation of learning 
processes run by technologies or incorporated into classroom organisation and 
management” (Perrenoud, 1998, p. 100). For example, a teacher’s decision to 
use realistic contexts in mathematics can provide a source of regulation since 
students will be able to evaluate how reasonable are their answers. When a 
teacher develops in the students the skills of consulting and productively sup-
porting each other, this too is an example of proactive regulation.

At other times, particularly when it is hard to predict how students will 
respond to instructional activities, it may be more appropriate to regulate 
learning interactively – for example, by creating questions, prompts or 
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activities that evoke responses from the students that the teacher can use 
to determine the progress of the learning and, if necessary, to make adjust-
ments. Often, these questions or prompts will be open-ended, requiring 
higher-order thinking – indeed such questions are essential to creating learn-
ing environments that foster student engagement. But closed questions have 
a role here, too. “Is calculus exact or approximate?”, “What is the pH of 10 
molar NaOH?”, or, “Would your mass be the same on the moon?” are all 
closed questions with a single correct answer, but are valuable because they 
frequently reveal student conceptions that are different from those intended 
by the teacher (many students believe that calculus is approximate, that a pH 
cannot be greater than 14, and that one’s mass depends on gravity like one’s 
weight does).

“Upstream” planning of good questions like those above therefore creates 
the possibility that the learning activities “downstream” may change course 
in light of the students’ responses. These “moments of contingency” – points 
in the instructional sequence when the instruction can proceed in different 
directions according to the responses of the students – are at the heart of the 
regulation of learning. Indeed, Black and Wiliam (2009) propose that forma-
tive assessment is, in essence, concerned with “the creation of, and capitali-
sation upon, ‘moments of contingency’ in instruction for the purpose of the 
regulation of learning processes” (p. 6). A theory of formative assessment 
is therefore much narrower than an overall theory of teaching and learning, 
although it links in significant ways to other aspects of teaching and learning, 
since how teachers, learners, and their peers create and capitalise on these 
moments of contingency entails considerations of instructional design, cur-
riculum, pedagogy, psychology and epistemology.

Summary

This chapter has traced a number of significant strands in the develop-
ment of the concept of formative assessment, although the account is of 
necessity highly selective. The earliest uses of the term drew heavily on the 
idea of feedback and on navigational metaphors, focusing on feedback as a 
corrective measure to restore learning to its intended trajectory. Over the 
last hundred years, literally thousands of studies have sought to determine 
what kinds of feedback interventions improve learning, and by how much, 
but these studies are of limited value due to weak conceptualisation of the 
feedback intervention itself, of the kinds of learning under study, and a fail-
ure to consider long-term impacts. Over the last twenty years, there has been 
considerable interest in the use of formative assessment not in isolation but as 
an integral feature of high-quality educational practice in classroom settings, 
and a number of definitions have been proposed.
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In this chapter, a definition of formative assessment has been presented 
emphasising the role of assessment in improving the quality of instructional 
decisions, which subsumes previous definitions of “formative assessment”. 
Consequences of this definition have been drawn out; specifically, it is sug-
gested that formative assessment can usefully be thought of as entailing five 
key strategies:

1.	 Clarifying, sharing and understanding learning intentions and crite-
ria for success.

2.	 Engineering effective classroom discussions, activities and tasks that 
elicit evidence of learning.

3.	 Providing feedback that moves learners forward.

4.	 Activating students as instructional resources for one another.

5.	 Activating students as the owners of their own learning.

Finally, it is suggested that formative assessment is concerned with the 
creation of, and capitalisation upon, “moments of contingency” in instruction 
with a view to regulating learning processes, which allows a clear demarca-
tion between formative assessment and other aspects of instructional design 
and pedagogy.

Notes

1.	 They began by identifying approximately 3 000 potentially relevant research 
studies, and excluded all those with fewer than 10 participants, where there 
was not a comparison group of some kind, and those with too few details for 
effect sizes to be computed. They were left with just 131 publications, reporting 
607 effect sizes and involving 23 663 observations of 12 652 participants.

2.	F rom an initial screening involving on-line databases which generated 180 relevant 
studies, a total of 141 publications met the inclusion criteria (103 journal articles, 24 
books and book chapters, 10 conference proceedings and 4 research reports).

3.	 The French word régulation has a much more specific meaning than the English 
word “regulation”. There are two ways to translate the word “regulation” into 
French – règlement and régulation. The former of these is used in the sense of 
“rules and regulations,” while the latter is used in the sense of adjustment in the 
way that a thermostat “regulates” the temperature of a room.
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Chapter 7 
 

Co-operative learning: what makes group-work work?

Robert E. Slavin
University of York and Johns Hopkins University

Robert Slavin reviews the substantial body of studies of co-operative learning in schools, 
in particular those using control groups being taught with more traditional methods. There 
are two main categories – “Structured Team Learning” and “Informal Group Learning 
Methods” – each reviewed and illustrated. As regards affective outcomes, co-operative 
learning overwhelmingly shows beneficial results. For achievement outcomes, positive 
results depend heavily on two key factors. One is the presence of group goals (the learner 
groups are working towards a goal or to gain reward or recognition), the other is indi-
vidual accountability (the success of the group depends on the individual learning of every 
member). The chapter presents alternative perspectives to explain the benefits of co-oper-
ative learning – whether it acts via motivations, social cohesion, cognitive development, or 
“cognitive elaboration”. Despite the very robust evidence base of positive outcomes, co-
operative learning “remains at the edge of school policy” and is often poorly implemented.
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Introduction

There was once a time when it was taken for granted that a quiet class 
was a learning class, when principals walked down the hall expecting to be 
able to hear a pin drop. In more recent times, however, teachers are more 
likely to encourage students to interact with each other in co-operative learn-
ing groups. Yet having students work in groups can be enormously beneficial 
or it can be of little value. How can teachers make best use of this powerful 
tool?

Co-operative learning has been suggested as the solution for wide array 
of educational problems. It is often cited as a means of emphasising think-
ing skills and increasing higher-order learning; as an alternative to ability 
grouping, remediation, or special education; as a means of improving race 
relations; and as a way to prepare students for an increasingly collaborative 
work force. How many of these claims are justified? What effects do the vari-
ous collaborative learning methods have on student achievement and other 
outcomes? Which forms of co-operative learning are most effective, and what 
components must be in place for co-operative learning to work?

To answer these questions, this chapter reviews the findings of studies of 
co-operative learning in elementary and secondary schools that have com-
pared co-operative learning with control groups studying the same objectives 
but taught using traditional methods.

Co-operative learning methods

There are many quite different forms of co-operative learning, but all 
of them involve having students work in small groups or teams to help one 
another learn academic material. Co-operative learning usually supplements 
the teacher’s instruction by giving students an opportunity to discuss infor-
mation or practise skills originally presented by the teacher. Sometimes co-
operative methods require students to find or discover information on their 
own. Co-operative learning has been used and investigated in every subject 
at all grade levels.

Co-operative learning methods fall into two main categories. One set – 
“Structured Team Learning” – involves rewards to teams based on the learn-
ing progress of their members, and they are also characterised by individual 
accountability, which means that team success depends on individual learn-
ing, not group products. A second set – “Informal Group Learning Methods” 
– covers methods more focused on social dynamics, projects, and discussion 
than on mastery of well-specified content.
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Structured team learning methods

Student Team Learning
Student Team Learning (STL) techniques were developed and researched 

at Johns Hopkins University in the United States. More than half of all 
experimental studies of practical co-operative learning methods involve STL 
methods. All co-operative learning methods share the idea that students work 
together and are responsible for one another’s learning as well as their own. 
STL also emphasises the use of team goals and collective definitions of suc-
cess, which can only be achieved if all members of the team learn the objec-
tives being taught. That is, in Student Team Learning the important thing is 
not to do something together but to learn something as a team.

Three concepts are central to all Student Team Learning methods: team 
rewards, individual accountability and equal opportunities for success. 
In classes using STL, teams earn certificates or other team rewards if they 
achieve above a designated criterion. “Individual accountability” means that 
the team’s success depends on the individual learning of all team members. 
This focuses team activity on explaining concepts to one another and making 
sure that everyone on the team is ready for a quiz or other assessment that 
they will be taking without teammate help. With equal opportunities for suc-
cess, students contribute to their teams by improving over their past perform-
ances, so that high, average and low achievers are equally challenged to do 
their best and the contributions of all team members are valued.

The findings of these experimental studies indicate that team rewards 
and individual accountability are essential elements for enhancing basic skills 
achievement (Slavin, 1995, 2009). It is not enough simply to tell students to 
work together. They must have a reason to take one another’s achievement 
seriously. Further, if students are rewarded for doing better than they have 
in the past, they will be more motivated to achieve than if they are rewarded 
based on their performance in comparison to others – rewards for improve-
ment make success neither too difficult nor too easy for students to achieve.

Four principal Student Learning methods have been extensively devel-
oped and researched. Two are general co-operative learning methods adapt-
able to most subjects and grade levels: Student Team-Achievement Divisions 
(STAD) and Teams-Games-Tournament (TGT). The remaining two are com-
prehensive curriculums designed for use in particular subjects at particular 
grade levels: Team Assisted Individualisation (TAI) for mathematics in years 
3-6 and Co-operative Integrated Reading and Composition (CIRC) for read-
ing and writing instruction in years 3-5.
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Student Teams-Achievement Divisions (STAD)
In STAD (Slavin, 1994), students are assigned to four-member learning 

teams which are mixed in performance level, sex and ethnicity. The teacher 
presents a lesson, and the students work within their teams to make sure 
that all team members have mastered the lesson. Finally, all students take 
individual quizzes on the material, at which time they are not allowed to help 
one another.

Students’ quiz scores are compared to their own past averages, and 
points are awarded based on the degree to which students can meet or exceed 
their own earlier performances. These points are then summed to form team 
scores, and teams that meet certain criteria earn certificates or other rewards. 
The whole cycle of activities, from teacher presentation to team practice to 
quiz, usually takes three to five class periods.

STAD had been used in a wide variety of subjects, from mathematics to 
language arts and social studies. It has been used from grade 2 through col-
lege. STAD is most appropriate for teaching well-defined objectives, such as 
mathematical computations and applications, language usage and mechan-
ics, geography and map skills, and science facts and concepts. Typically, it 
is a co-operative learning programme in which students work in 4-member 
heterogeneous teams to help each other master academic content and teach-
ers follow a schedule of teaching, team work and individual assessment. The 
teams receive certificates and other recognition based on the average scores 
of all team members on weekly quizzes. This team recognition and individual 
accountability are held by Slavin (1995) and others to be essential for positive 
effects of co-operative learning.

Numerous studies of STAD have found positive effects of the programme 
on traditional learning outcomes in mathematics, language arts, science and 
other subjects (Slavin, 1995; Mevarech, 1985, 1991; Slavin and Karweit, 
1984; Barbato, 2000; Reid, 1992). For example, Slavin and Karweit (1984) 
carried out a large, year-long randomised evaluation of STAD in Math 9 
classes in Philadelphia. These were classes for students not felt to be ready 
for Algebra I , and were therefore the lowest-achieving students. Overall, 
76% of students were African American, 19% were White, and 6% were 
Hispanic. Forty-four classes in 26 junior and senior high schools were ran-
domly assigned within schools to one of four conditions: STAD, STAD plus 
Mastery Learning, Mastery Learning, or control. All classes, including the 
control group, used the same books, materials and schedule of instruction, 
but the control group did not use teams or mastery learning. In the Mastery 
Learning conditions, students took formative tests each week, students who 
did not achieve at least an 80% score received corrective instruction, and then 
students took summative tests.
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The four groups were very similar at the start. Shortened versions of the 
standardised Comprehensive Test of Basic Skills (CTBS) in mathematics 
served as a pre- and post-test, and the purpose was to identify the effect size* 
of those being taught using the co-operative methods (using 2  x  2 nested 
analyses of covariance). There was a significant advantage noted for the 
STAD groups (Effect Size =  +0.21, p<.03), in other words, their post-test 
levels were about a fifth of a standard deviation ahead of the control group, 
and these gains were similar for high, average and low-achieving students 
as measured by their pre-test scores. The gain was slightly larger for those 
who had had the teams methods combined with Mastery Learning (the effect 
size compared to the control group was +0.24), while that for STAD with-
out Mastery Learning was +0.18. There was no significant main effect for 
Mastery Learning by itself.

Teams-Games-Tournament (TGT)
Teams-Games-Tournament uses the same teacher presentations and team-

work as in STAD, but replaces the quizzes with weekly tournaments (Slavin, 
1994). In these, students compete with members of other teams to contribute 
points to their team score. Students compete at three-person “tournament 
tables” against others with a similar past record in mathematics. A proce-
dure changes table assignments to keep the competition fair. The winner at 
each tournament table brings the same number of points to his or her team, 
regardless of which table it is; this means that low achievers (competing with 
other low achievers) and high achievers (competing with other high achievers) 
have equal opportunity for success. As in STAD, high performing teams earn 
certificates or other forms of team rewards. TGT is appropriate for the same 
types of objectives as STAD. Studies of TGT have found positive effects on 
achievement in math, science and language arts (Slavin, 1995).

Team Assisted Individualisation (TAI)
Team Assisted Individualisation (TAI; Slavin et al. 1986) shares with 

STAD and TGT the use of the four-member mixed-ability learning teams 
and certificates for high-performing teams. But where STAD and TGT use a 
single pace of instruction for the class, TAI combines co-operative learning 
with individualised instruction. Also, where STAD and TGT apply to most 
subjects at grade levels, TAI is specifically designed to teach mathematics to 
students in grades 3-6 or older students not ready for a full algebra course.

*An effect size (ES) is the proportion of a standard deviation by which experi-
mental groups exceed control groups, after adjusting for any pre-test differences.
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In TAI, students enter an individualised sequence according to a place-
ment test and then proceed at their own rates. In general, team members work 
on different units. Teammates check each others’ work against answer sheets 
and help one another with any problems. Final unit tests are taken without 
teammate help and are scored by student monitors. Each week, teachers total 
the number of units completed by all team members and give certificates 
or other team rewards to teams that exceed a criterion score based on the 
number of final tests passed, with extra points for perfect papers and com-
pleted homework.

Because students take responsibility for checking each others’ work and 
managing the flow of materials, the teacher can spend most of the class time 
presenting lessons to small groups of students drawn from the various teams 
who are working at the same point in the mathematics sequence. For example, 
the teacher might call up a decimals group, present a lesson, and then send 
the students back to their teams to work on problems. The teacher might then 
call up the fractions group, and so on. Several large evaluations of TAI have 
shown positive effects on mathematics achievement in the upper-elementary 
grades (e.g. Slavin and Karweit, 1985; Stevens and Slavin, 1995).

Co-operative Integrated Reading and Composition (CIRC)
A comprehensive programme for teaching reading and writing in the 

upper elementary grades is called Co-operative Integrated Reading and 
Composition (CIRC) (Stevens et al. 1987). In CIRC, teachers use read-
ing texts and reading groups, much as in traditional reading programmes. 
However, all students are assigned to teams composed of two pairs from 
two different reading groups. While the teacher is working with one read-
ing group, the paired students in the other groups are working on a series 
of engaging activities, including reading to one another, making predic-
tions about how narrative stories will come out, summarising stories to one 
another, writing responses to stories, and practising spelling, decoding and 
vocabulary. Students work as a team to master “main idea” and other com-
prehension skills. During language arts periods, students engage in writing 
drafts, revising and editing one another’s work and finalising the team books.

In most CIRC activities, students follow a sequence of teacher instruc-
tion, team practice, team pre-assessments and quizzes so that they do not 
take the quiz until their teammates have determined that they are ready. 
Certificates are given to teams based on the average performance of all team 
members on all the reading and writing activities.

Research on CIRC and similar approaches has found positive effects on 
measures of reading performance in upper-elementary and middle schools 
(Stevens and Slavin, 1995a, 1995b; Stevens, Madden, Slavin and Farnish, 
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1987; Stevens and Durkin, 1992). CIRC has been adopted as the upper-ele-
mentary and middle school component of the Success for All comprehensive 
reform models and is currently disseminated under the name Reading Wings 
by the Success for All Foundation (see Slavin and Madden, 2009).

An example of the positive evaluations can be found in Stevens et al. 
(1987, Study 2). They evaluated CIRC over a 6-month period in a middle 
class suburb of Baltimore, with 450 3rd and 4th graders, of whom about a fifth 
(22%) were minority and 18% disadvantaged as indicated by entitlement to 
free or reduced-price lunches. CIRC was used in 9 classes in 4 schools, and 
there were 13 control classes in 5 schools matched on California Achievement 
Test (CAT) reading scores and demographics. Using the CAT measures to 
identify the impact of the different types of teaching showed the clear posi-
tive gains for the CIRC students (effect sizes were +0.35 (p<.002) for Reading 
Comprehension, +0.11 (p<.04) for Reading Vocabulary, and +0.23 (p<.01) for 
CAT Total). On standards of oral reading (using individually-administered 
Durrell Oral Reading Tests for six randomly-selected students in each class), 
the CIRC students scored substantially higher than the control groups, aver-
aging ES = +0.54 across five measures (p<.02). Combining the effects found 
using the California Achievement Test with those for oral reading using 
Durrell gave a mean effect size of +0.45.

Even larger impacts were measured for special needs students. Separate 
analyses for students in special education found CAT effect sizes of +0.99 
for Reading Comprehension and +0.90 for Reading Vocabulary; analy-
ses for remedial reading students found effect sizes of +0.40 for Reading 
Comprehension and +0.26 for Reading Vocabulary.

Peer-Assisted Learning Strategies (PALS)
Peer Assisted Learning Strategies (PALS) is a learning approach in 

which pairs of children take turns as teacher and learner. The children are 
taught simple strategies for helping each other, and are rewarded based on 
the learning of both members of the pair. Research on PALS in elementary 
and middle school mathematics and reading has found positive effects of this 
approach on student achievement outcomes (e.g. Mathes and Babyak, 2001; 
Fuchs, Fuchs and Karns, 2001; Calhoon et al., 2006; Fuchs, Fuchs, Kazden 
and Allen, 1999, Calhoon, 2005).

For example, Fuchs, Fuchs, Kazdan and Allen (1999) evaluated PALS in 
a 21-week study in Grades 2-3. Two forms of PALS were evaluated. In PALS, 
students worked 35 minutes 3 times a week in pairs, alternating roles as 
teacher and learner. They engaged in partner reading, summarisation, identi-
fication of main ideas, and predictions. Teachers of 16 classes were randomly 
assigned to PALS or control classes. They designated one low, one average, 
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and one high-achieving student, and only these students were assessed (even 
though all children in each class participated in the treatments). Students 
were pre- and post-tested on the Reading Comprehension subtest of the 
Standard Diagnostic Reading Test (SDRT). The results were very positive for 
the students using PALS compared with the others, at nearly three-quarters 
of a standard deviation in front (ES = +0.72). Positive learning effects of a 
similar programme called Classwide Peer Tutoring (Greenwood, Delquardi 
and Hall, 1989) have also been found. Two Belgian studies (Van Keer and 
Verhenge, 2005, 2008) also found positive effects for same-age tutoring.

IMPROVE
IMPROVE (Mevarech, 1985) is an Israeli mathematics programme that 

uses co-operative learning strategies similar to those used in STAD but also 
emphasises teaching of meta-cognitive skills and regular assessments of 
mastery of key concepts and re-teaching of skills missed by many students. 
Studies of IMPROVE have found positive effects on the mathematics achieve-
ment of elementary and middle school students in Israel (Mevarech and 
Kramarski, 1997; Kramarski, Mevarech and Lieberman, 2001). For example, 
Mevarech and Kramarski (1997, Study 1) evaluated this approach in four 
Israeli junior high schools at seventh grade over one semester with matched 
controls using the same books and objectives. The experimental classes 
were selected from among those taught by teachers with experience teach-
ing IMPROVE, and matched control classes were selected as well. Students 
were given pre- and post-tests certified by the Israeli superintendent of 
mathematics as fair to all groups. Pre-test scores were similar across groups. 
The results significantly favoured the IMPROVE classes on scales assessing 
introduction to algebra (ES = +0.54) as well as mathematical reasoning (ES 
= +0.68), for an average effect size of +0.61. That is, the achievements of 
those students following the co-operative methods exceeded the others by 
over three-fifths of a standard deviation, and these positive impacts were 
similar whether the students were low, average, or high achievers.

Informal group learning methods

Jigsaw
Jigsaw was originally designed by Elliot Aronson and his colleagues 

(1978). In Aronson’s Jigsaw method, students are assigned to six-member teams 
to work on academic material that has been broken down into sections (for 
example, a biography might be divided into early life, first accomplishments, 
major setbacks, later life and impact on history). Each team member reads his 
or her section. Members of different teams who have studied the same sections 
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then meet in “expert groups” to discuss their sections, after which the students 
return to their teams and take turns teaching their teammates about what they 
have learnt with the others sharing the same section material.

Since the only way students can learn material other than their own is to 
listen carefully to their teammates, they are motivated to support and show 
interest in one another’s work. Slavin (1994) developed a modification of 
Jigsaw at Johns Hopkins University and then incorporated it in the Student 
Team Learning programme. In this method, called Jigsaw II, students work 
in four-or five-member teams as in TGT and STAD. Instead of each student 
being assigned a particular section of text, all students read a common narra-
tive, such as a book chapter, a short story, or a biography but each student also 
receives a topic – such as “climate” in a unit on France – on which to become 
an expert. Students with the same topics meet in expert groups to discuss them, 
after which they return to their teams to teach what they have learned to their 
teammates. Then students take individual quizzes, which result in team scores 
based on the STAD improvement assessment system. Teams that meet preset 
standards earn certificates. Jigsaw is primarily used in social studies and other 
subjects where learning from text is important (Mattingly and Van Sickle, 
1991).

Learning Together
David Johnson and Roger Johnson at the University of Minnesota devel-

oped the Learning Together models of co-operative learning (Johnson and 
Johnson, 1999). These involve students working on assignment sheets in four- 
or five-member heterogeneous groups. The groups hand in a single sheet 
and receive praise and rewards based on the group product. Their methods 
emphasise team-building activities before students begin working together 
and regular discussions within groups about how well they are collaborating.

Group Investigation
Group Investigation, developed by Shlomo Sharan and Yael Sharan (1992) 

at the University of Tel-Aviv, is a general classroom organisation plan in 
which students work co-operatively in small groups with inquiry, group 
discussion, and shared planning and project realisation. In this method, stu-
dents form their own two- to six-member groups. After choosing sub-topics 
from a unit being studied by the entire class, the groups further break their 
sub-topics into individual tasks and carry out the activities necessary to 
prepare group reports. Each group then makes a presentation or display to 
communicate its findings to the entire class. A study in Israel by Sharan and 
Shachar (1988) found positive effects of Group Investigation on achievement 
in language and literature.
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What makes co-operative learning work?

Co-operative learning methods are among the most extensively evalu-
ated alternatives to traditional instruction in use today. Use of co-operative 
learning almost always improves affective outcomes. Students love to work in 
groups and they feel more successful and like subjects taught co-operatively. 
They have more friends of different ethnic groups and are more accepting 
of others different from themselves (see Slavin, 1995). Regarding achieve-
ment, however, outcomes depend a great deal on how co-operative learning 
is used. In general, two elements must be present if co-operative learning is 
to be effective: group goals and individual accountability (Slavin 1995, 
2009; Rohrbeck et al., 2003; Webb, 2008). That is, groups must be working 
to achieve some goal or to earn rewards or recognition, and the success of the 
group must depend on the individual learning of every group member.

Why are group goals and individual accountability so important? To 
understand this, consider the alternatives. In some forms of co-operative 
learning, students work together to complete a single worksheet or to solve a 
problem together. In such methods, there is little reason for more able students 
to take time to explain what is going on to their less able group-mates or to ask 
their opinions. When the group task is to do something, rather than to learn 
something, the participation of less able students may be seen as interference 
rather than help. It may be easier in this circumstance for students to give each 
other answers than to explain concepts or skills to one another.

In contrast, when the group’s task is to ensure that every group member 
learns something, it is in the interests of every group member to spend time 
explaining concepts to his or her group-mates. Studies of student behaviour 
within co-operative groups have consistently found that the students who gain 
most from co-operative work are those who give and receive elaborated explana-
tions (Webb, 1985, 2008); in fact, giving and receiving answers without explana-
tions were negatively related to achievement gain in these studies. Group goals 
and individual accountability motivate students to give explanations and to take 
one another’s learning seriously, instead of simply giving answers.

A review of 99 studies of co-operative learning of durations of at least four 
weeks in elementary and secondary schools compared the achievement gains 
of the co-operative approaches with control group learning. Of sixty-four stud-
ies of co-operative learning methods that provided group rewards based on the 
sum of members’ individual learning (categorised here as Structured Team 
Learning Methods), fifty (78%) found significantly positive effects on achieve-
ment, and none found negative effects (Slavin, 1995). The median effect size 
for the studies from which effect sizes could be computed was +.32 (i.e. nearly 
one-third of a standard deviation separated co-operative learning and control 
treatments). In contrast, studies of informal group learning methods which used 
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group goals based on a single product from the work or provided no rewards, 
found few positive effects, with a median effect size of only +.07. Comparisons 
of alternative treatments within the same studies found similar patterns: group 
goals based on the sum of individual learning performances were a neces-
sary ingredient to the instructional effectiveness of the co-operative models 
(e.g. Chapman, 2001; Fantuzzo, Polite and Grayson, 1990; Fantuzzo, Riggio, 
Connelly and Dimeff, 1989; Huber, Bogatzki and Winter, 1982).

Co-operative learning methods generally work equally well for all types 
of students. While occasional studies find particular advantages for high or 
low achievers, boys or girls, the great majority find equal benefits for all 
types of students. Teachers or parents sometimes worry that co-operative 
learning will hold back the high-achievers. The research provides no support 
for this claim: high achievers gain from co-operative learning (relative to 
high achievers in traditional classes) as much as do low and average achiev-
ers (Slavin, 1995).

Theoretical perspectives on co-operative learning
While there is a general consensus among researchers about the positive 

effects of co-operative learning on student achievement, there remains a con-
troversy about why and how they affect achievement and, most importantly, 
under what conditions they have these effects. Different groups of researchers 
investigating co-operative learning effects on achievement begin with differ-
ent assumptions and conclude by explaining the effects of in terms that are 
substantially unrelated or conflicting. In earlier work, Slavin (1995, 2009; 
Slavin, Hurley and Chamberlain, 2001) identified motivationalist, social 
cohesion, cognitive-developmental and cognitive-elaboration as the four 
major theoretical perspectives held by different researchers on the achieve-
ment effects of co-operative learning.

The motivationalist perspective presumes that task motivation has the 
greatest impact on the learning process, and that the other processes (such 
as planning and helping) are driven by individuals’ motivated self interest. 
Motivationalist scholars focus especially on the reward or goal structure 
under which students operate. By contrast, the social cohesion perspective 
(also called “social interdependence theory”) suggests that the effects of co-
operative learning are largely dependent on the cohesiveness of the group. In 
this perspective, students help each other to learn because they care about the 
group and its members and come to derive the benefits of self-identity from 
group membership (Johnson and Johnson, 1989; 1999; Hogg, 1987).

The two cognitive perspectives focus on the interactions among groups 
of students, holding that these interactions themselves lead to better learning 
and thus better achievement. The cognitive developmentalists attribute these 
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effects to processes outlined by scholars such as Piaget and Vygotsky. The 
cognitive elaboration perspective instead asserts that learners must engage 
in some manner of cognitive restructuring (elaboration) of new materials in 
order to learn them; co-operative learning is seen to facilitate that process.

Slavin et al. (2003) have proposed a theoretical model intended to 
acknowledge the contributions of each of the major theoretical perspectives 
and the likely role that each plays in co-operative learning processes. They 
explore conditions under which each may operate, and suggest research and 
development needed to advance co-operative learning scholarship so that 
educational practice may truly benefit the lessons of thirty years of research.

The different perspectives on co-operative learning may be seen as com-
plementary, not as exclusive alternatives. For example, motivational theorists 
would not argue that the cognitive theories are unnecessary but instead assert 
that motivation drives cognitive process, which in turn produces learning. 
They would argue that it is unlikely that over the long haul students would 
engage in the kind of elaborated explanations found by Webb (1989, 2008) to 
be essential to profiting from co-operative activity, without a goal structure 
designed to enhance motivation. Similarly, social cohesion theorists might 
identify the utility of extrinsic incentives to lie in their contribution to group 
cohesiveness, caring and pro-social norms among group members, which in 
turn affects cognitive processes.

A model of how co-operative learning might improve learning, adapted 
from Slavin (1995), is shown in Figure 7.1, depicting the main components 
of group learning interaction and representing the functional relationships 
among the different theoretical approaches.

Figure 7.1. Different factors that influence the effectiveness of co-operative learning
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This diagram of the interdependent relationships among the components 
begins with a focus on group goals or incentives based on the individual 
learning of all group members. It assumes that motivation to learn and to 
encourage and help others to do so activates co-operative behaviours that 
will result in learning. This includes both task motivation and motivation to 
interact in the group. In this model, motivation to succeed leads directly to 
learning, and it also drives the behaviour and attitudes that foster group cohe-
sion, which in turn facilitates the types of group interactions – peer model-
ling, equilibration and cognitive elaboration – that yield enhanced learning 
and academic achievement.

Co-operative learning in learning environments for the 21st century

Learning environments for the 21st century must be ones in which stu-
dents are actively engaged with learning tasks and with each other. Today, 
teachers are in competition with television, computer games, and all sorts of 
engaging technology, and the expectation that children will learn passively 
is becoming increasingly unrealistic. Co-operative learning offers a proven, 
practical means of creating exciting social and engaging classroom environ-
ments to help students to master traditional skills and knowledge as well as 
develop the creative and interactive skills needed in today’s economy and 
society. Co-operative learning itself is being reshaped for the 21st century, 
particularly in partnership with developments in technology.

Co-operative learning has established itself as a practical alternative to 
traditional teaching, and has proven its effectiveness in hundreds of studies 
throughout the world. Surveys find that a substantial proportion of teachers 
claim to use it regularly (e.g. Puma, Jones, Rock and Fernandez, 1993). Yet 
observational studies (e.g. A ntil, Jenkins, Wayne and Vadasy, 1998) find 
that most use of co-operative learning is informal, and does not incorporate 
the group goals and individual accountability that research has identified 
to be essential. Clearly, co-operative learning can be a powerful strategy 
for increasing student achievement, but fulfilling this potential depends on 
the provision of professional development for teachers that is focused on the 
approaches most likely to make a difference.

Training in effective forms of co-operative learning is readily available, 
such as from the Success for All Foundation in the United States and the 
United Kingdom (www.successforall.org), as well as the US-based Peer-
Assisted Learning Strategies (www.peerassistedlearningstrategies.net) and 
Kagan Publishing and Professional Development (www.kaganonline.com). 
Training should include not only workshops, but also follow-up into teachers’ 
classes by knowledgeable coaches, who can give feedback, do demonstrations 
and provide support.
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In comparison with schooling practices that are often supported by gov-
ernments – such as tutoring, technology use and school restructuring – co-
operative learning is relatively inexpensive and easily adopted. Yet, thirty 
years after much of the foundational research was completed, it remains at the 
edge of school policy. This does not have to remain the case: as governments 
come to support the larger concept of evidence-based reform, the strong evi-
dence base for co-operative learning may lead to a greater focus on this set of 
approaches at the core of instructional practice. In the learning environments 
of the 21st century, co-operative learning should play a central role.
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Chapter 8 
 

Learning with technology

Richard E. Mayer
University of California, Santa Barbara

Richard Mayer argues that few of the many strong claims made for the transformative 
potential of new technologies have been convincingly tested against research evidence. 
A major reason is that too often a “technology-centred”, as opposed to a “learning-
centred”, approach is followed. A convincing theory of how people learn with technology 
can be based on three important principles: “dual channels” (people process sound and 
visual images separately), “limited capacity” (people can only process a small amount 
of sound or image at a time), and “active processing” (meaningful learning depends on 
engagement in appropriate cognitive processing). These are explained and applied to 
argue that effective instruction with technology helps cognitive processing in learners 
without overloading their cognitive system; this can be achieved by reducing extraneous 
processing, managing essential processing, and fostering generative processing. How 
this can be done applying different techniques and principles, together with supportive 
evidence, are presented in detail.
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Introduction: learning with technology

Consider the following examples of learning situations: a student is inter-
ested in how the digestive system works so she goes to her laptop, clicks on 
an entry entitled “The Digestive System” in a multimedia encyclopaedia, and 
receives a 90-second narrated animation on how the human digestive system 
works. A second student goes to a government health agency site and clicks on 
an article about digestion, which contains five frames of text and illustrations. 
Finally, a third student finds a digestion game that involves moving around 
within a virtual world of the digestive system. These are all examples of learn-
ing with technology – situations in which learners use technology (such as a 
computer-based multimedia lesson or simulation game) in order to learn.

Many strong claims are made for the potential of new technologies to 
transform education and training around the world, but few of the claims 
have been substantiated by research evidence or even tested in rigorous sci-
entific research (Lowe and Schnotz, 2008; Mayer, 2009; O’Neil and Perez, 
2003, 2006; PyllikZillig, Bodvarsson and Bruning, 2005; Reiser and Dempsy, 
2007; Rouet, Levonen and Biardeau, 2001; Spector et al., 2008). For example, 
predictions include that education will be improved by providing students 
with access to hand-held devices (such as PDAs) or virtual reality game 
environments, by converting face-to-face instruction to online venues, or 
even by providing access to inexpensive laptops for all children in developing 
countries. The goal of this chapter is to explore what research tells us about 
how people learn with technology (the science of learning) and how to use 
technology to help people learn (the science of instruction).

Topics in learning with technology
Learning with technology refers to situations in which someone uses 

technology with the goal of promoting learning. Current interest in learn-
ing with technology reflects what Lowyck (2008, p. xiii) calls “a common 
impulse to (try to) use available technology for schooling purposes.” The 
most common learning technologies of today involve computers and informa-
tion technology:

Karl Benz’s invention of an automobile with a built-in internal com-
bustion engine in 1885 caused a world-wide revolution, not only in 
the technology field but also in all segments of human life … The 
rise of personal computers and network facilities in the second half 
of the 20th century eventually … revolutionised information develop-
ment and exchange. In contrast to the gas-fuelled engine, information 
and communication technologies suggest a sensitivity toward lifelong 
learning issues. (Lowyck, 2008, p. xiii)
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In particular, the Internet has become an important venue for online 
courses from schools, training for jobs and informal learning – all of which 
are forms of eLearning (Clark and Kwinn, 2007; Clark and Mayer, 2008; 
O’Neil, 2005). eLearning refers to instruction delivered on a computer.

What are some currently promising forms of learning with technology? 
Graesser and colleagues (Graesser, Chipman, and King, 2008; Graesser and 
King, 2008) suggest ten genres of technology-based learning environments:

1.	 Computer-based training: lessons, tests and feedback that are presented 
on a computer screen, usually in a mastery format in which the learner 
goes on to the next section after passing a test on the current section.

2.	 Multimedia: instruction that consists of pictures (such as illustrations, 
photos, animation, or video) and words (such as printed or spoken text).

3.	 Interactive simulation: simulations over which the learner has some 
control, such as being able to slow down an animation or set input 
parameters and observe what happens.

4.	 Hypertext and hypermedia: instructional material consisting of click-
able links, such as used in web pages.

5.	 Intelligent tutoring systems: instructional systems that track the 
knowledge of the learner and adjust what is presented accordingly.

6.	 Inquiry-based information retrieval: such as using Google for web 
searches.

7.	 Animated pedagogical agents: on-screen characters who help guide 
the learner through a computer-based lesson.

8.	 Virtual environments with agents: visually realistic environments that 
simulate interactions with real people, often using natural language.

9.	 Serious games: games that are intended to serve an instructional 
function.

10.	 Computer-supported collaborative learning: in which groups of learn-
ers work together on a common task by communicating via computers.

Similarly, The Cambridge Handbook of Multimedia Learning (Mayer, 2005) 
examines conventional computer-based presentations as well as five advanced 
computer-based learning settings that have received research attention: animated 
pedagogical agents (corresponding to 7 above); virtual reality (corresponding to 
8 above); games, simulations and microworlds (including 3 and 9 above); hyper-
media (corresponding to 4 above); and e‑Courses (including 1, 2 and 5 above). In 
this chapter, I focus on basic concepts and exemplary research that are relevant 
to a broad range of technology-based learning environments.
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Two approaches to learning with technology
Table  8.1 summarises the important distinction between technology-

centred and learner-centred approaches to learning with technology. In the 
technology-centred approach, the focus is on using technology in education 
through providing access to cutting-edge technology. The main problem 
with the technology-centred approach is that during the 20th century it has 
produced several major cycles of big promises, some implementation in 
schools… and failure.

In the 1920s, for example, the cutting-edge educational technology of the 
day was motion pictures. At that time, Thomas Edison predicted that “the 
motion picture is destined to revolutionise our educational system” and “books 
will soon to obsolete in our schools” (Cuban, 1986, p. 9-11). Yet classroom use 
of film remains rare. In the 1930s and 1940s, the cutting-edge educational 
technology was radio, which promoters touted as a means to “bring the world 
to the classroom” yielding the prediction that “a portable radio receiver will 
be as common in the classroom as the blackboard” (Cuban, 1986, p. 19). In 
spite of valiant efforts to develop “schools of the air”, radio was never widely 
accepted in education. Next, in the 1950s educational television was promoted 
as an educational technology that would revolutionise education, but it was 
never widely used in schools (Cuban, 1986). In the 1960s, computer-based pro-
grammed instruction was offered as the technology that would revolutionise 
education, but again, despite large-scale development efforts such as PLATO 
and TICCIT, programmed instruction did not have much impact (Cuban, 1986; 
2001). During the late 20th century, information technology was spotlighted 
as a cutting-edge educational technology that would cause major changes in 
education, but Cuban (2001, p. 195) concludes: “The introduction of informa-
tion technologies into schools over the past two decades has achieved neither 
the transformation of teaching and learning nor the productivity gains that 
a coalition of corporate executives, public officials, parents, academics, and 
educators have sought.”

Table 8.1. The distinction between technology-centred and learner-centred 
approaches to learning with technology

Approach Focus Role of technology Goal

Technology-centred What technology 
can do

Provide access to 
instruction

Use technology for teaching

Learner-centred How the human 
mind works

Aid human 
learning

Adapt technology to promote 
learning
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Writing in 1990, Saettler’s (1990/2004) vision of the cutting-edge educa-
tional technologies of the future included instructional television, computer-
assisted instruction, interactive multimedia systems and intelligent tutoring 
systems, but he noted that none had yet produced a major breakthrough in 
improving education. What is wrong with the technology-centred approach? 
The answer is that it fails to take the learner into account, and assumes that 
learners and teachers will adapt to the requirements of the new technology 
rather than the new technology adapt to the needs of learners and teachers 
(Norman, 1993).

In contrast, in taking a learner-centred approach, we begin with a focus 
on how people learn and view technology as an aid to human learning. It fol-
lows that technology should be adapted to fit the needs of learners and teach-
ers – an approach that often is lacking when we solely seek to provide access 
to new technologies for learners. As we explore ways to incorporate computer 
and information technology in 21st century education, it is worthwhile to con-
sider Saettler’s (1990/2004, p. 538) observation: “The most frequent failing of 
technological futurists is to predict the future with little or no reference to the 
past.” In short, most of yesterday’s optimistic predictions about the impact of 
educational technology have failed to materialise. Given this disappointing 
history, I take a learner-centred approach to learning with technology.

Science of learning: how people learn with technology

In order to use technology effectively in education, it is worthwhile to 
ground educational practice with an understanding of how people learn. In 
this section, I explore what the science of learning contributes to understand-
ing how learning with technology works.

What is the science of learning?
The science of learning is the scientific study of how people learn. Much 

educational practice involving learning with technology is based on the 
opinions of experts or on what is considered to be best practice. Rather than 
basing a theory of learning on opinions or fads, the science of learning is 
based on research evidence.

What is learning?
Learning is a long-lasting change in the learner’s knowledge attributable 

to the learner’s experience. This definition has three parts: (a) learning is a 
long-lasting change in a learner, (b) what is changed is the learner’s knowl-
edge, and (c) the cause of the change is something that the learner experiences.
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Knowledge is at the centre of learning. Cognitive and educational sci-
entists (Anderson et al., 2001; Mayer, 2008) have identified five kinds of 
knowledge required for proficiency in most educational domains:

•	 Facts: statements about the characteristics or states of things, such as 
“the earth is the third planet from the sun”.

•	 Concepts: categories, models, schemas, or principles, such as “in the 
number 23, the 2 represents the number of tens”.

•	 Procedures: step-by-step processes that generate output, such as 
knowing the procedure for 22 x 115 = ___.

•	 Strategies: general methods, such as “break a problem into smaller parts”.

•	 Beliefs: cognitions about one’s learning, such as “I am not good in 
statistics”.

Perhaps the single most important individual differences dimension 
concerns the prior knowledge of the learner: Kalyuga (2005) has shown that 
effective instructional methods for low-knowledge learners may be ineffec-
tive or even detrimental for high-knowledge learners.

What is learning with technology?
Learning with technology involves learning situations in which the 

instructional experience is created with the aid of a physical device, such as a 
computer or the Internet. At some level almost all learning involves technol-
ogy. For example, in a traditional lecture, an instructor may use chalk and 
a chalkboard, thereby employing an old but reliable technology. Similarly, 
a textbook constitutes a form of technology albeit one with a 500-year old 
history. In this chapter, I focus mainly on learning with computer-based 
technology. An important feature of computer-based technology, and possible 
advantage if used appropriately, is that it allows for the presentation of mul-
timedia instructional messages (Mayer, 2001, 2009) – that is, instructional 
messages consisting of words (such as spoken or printed words) and pictures 
(such as animation, video, illustrations, or photos). Computer-based technol-
ogy also allows for levels of interactivity, computational power, graphic ren-
dering and information retrieval that may not otherwise be feasible.

How does learning work?
During the past 100 years, psychologists and educators have developed 

three visions of how learning works, which I refer to as three “metaphors of 
learning” (Mayer, 2001, 2009; see also de Corte, this volume). As shown in 
the top portion of Table 8.2, the response-strengthening view, which devel-
oped in the first half of the 20th century, is based on the idea that learning 
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involves the strengthening and weakening of associations. When a response 
is rewarded, its association with the situation is strengthened and when a 
response is punished that association is weakened. Technology can be used 
to solicit responses from a learner and to administer subsequent reward or 
punishment, such as in drill-and-practice teaching machines. For example, 
“2 + 5 = ___” appears on the screen, the learner enters “7” as a response, and 
clapping hands appear on the screen as a reward.

As shown in the middle portion of Table 8.2, the information acquisi-
tion view, which developed in the mid-20th century, is based on the idea 
that learning involves adding information to the learner’s memory. When a 
teacher presents information, the learner stores the information in memory. 
The corresponding role of technology is to deliver information to the learner, 
such as with a multimedia encyclopaedia or a Power Point presentation.

As shown in the bottom row of Table 8.2, the knowledge construction view, 
which became popular in the later decades of the 20th century, is based on the 
idea that learning occurs when the learner builds a cognitive representation 
of the presented material based on his or her learning experience. The learner 
is a sense-maker who tries to make sense of the presented material while the 
teacher is a cognitive guide who helps guide the learner’s cognitive processing 
during learning. The role of technology in this case is not only to present infor-
mation but also to help guide the learner’s cognitive processing during learning.

Although all three views of learning have had strong impacts on the 
development of educational technology, I focus on the knowledge con-
struction view in this chapter because I am most interested in promoting 
meaningful learning. In the cognitive revolution, as Saettler notes in his com-
prehensive history of educational technology: “the learner becomes an active 
participant in the process of acquiring and using knowledge” (1990/2004, 

Table 8.2. Three metaphors of how learning works

Metaphor Learner Teacher Role of technology

Response-strengthening Passive recipient 
of rewards and 
punishments

Dispenser of 
rewards and 
punishments

Solicit response, provide 
feedback

Information acquisition Passive recipient 
of information

Dispenser of 
information

Provide access to information

Knowledge construction Active sense 
maker and 
knowledge builder

Cognitive guide Guide learner’s cognitive 
processing during learning
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p. 15). The concept of active learning has important implications for learning 
with technology, as described in the following sections.

How does learning with technology work?
In developing a theory of how people learn with technology, I focus on 

three important principles from research in cognitive science:

•	 Dual channels: people have separate channels for processing verbal 
and visual material (Paivio, 1986, 2007).

•	 Limited capacity: people can process only small amounts of mate-
rial in each channel at any one time (Baddeley, 1999; Sweller, 1999).

•	 Active processing: meaningful learning occurs when learners engage 
in appropriate cognitive processing during learning, such as attending to 
relevant material, organising it into a coherent representation, and inte-
grating it with relevant prior knowledge (Mayer, 2008; Wittrock, 1989).

These three principles are consistent with the cognitive theory of multimedia 
learning shown in Figure 8.1 (Mayer, 2001, 2009). This is an information-process-
ing model relevant to learning with technology. The information-processing 
system in Figure 8.1 consists of three kinds of memory stores:

•	 Sensory memory: holds all incoming visual information in visual 
form for a short time (in “visual sensory memory”) and all incoming 
sounds in auditory form for a short time (“auditory sensory memory”).

•	 Working memory: holds a limited number of selected words and 
images for further processing.

•	 Long-term memory: unlimited storehouse of knowledge.

As shown on the left side of Figure 8.1, pictorial material and printed words 
enter the learner’s cognitive system through the eyes and are held briefly in visual 
sensory memory whereas spoken words enter the learner’s cognitive system 
through his or her ears and are held briefly in auditory sensory memory. If the 
learner attends to the incoming visual material some can be transferred to work-
ing memory for further processing as indicated by the selecting images arrow, 
and if the learner attends to the incoming auditory material some can be trans-
ferred to working memory for further processing as represented by the selecting 
words arrow. Visually-presented words can be converted and moved to the verbal 
channel in working memory, hence the arrow “from image to sound” in working 
memory in Figure 8.1. The organising images arrow represents how learners can 
construct a pictorial model by mentally organising the images into a coherent 
representation and similarly, as indicated by the organising words arrow, learners 
can construct a verbal model by mentally organising the words into a coherent 
representation. Finally, learners can make connections between the verbal and 
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pictorial models and with relevant knowledge from long-term memory, as shown 
by the integrating arrows. Table 8.3 summarises the three kinds of active cogni-
tive processing required for meaningful learning using multimedia technology 
– selecting, organising and integrating.

Science of instruction: how to help people learn with technology

In this section, I explore what the science of instruction contributes to 
understanding how to help people learn with technology.

What is the science of instruction?
The science of instruction is the scientific study of how to cause cognitive 

changes in learners. A central goal of instructional science is the development 
of evidence-based principles for how to design instruction that is effective for 

Figure 8.1. Cognitive theory of multimedia learning
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Table 8.3. Cognitive processes required for active learning with technology

Process Description Location

Selecting Paying attention to relevant words and 
pictures

Transfer information from sensory 
memory to working memory

Organizing Organizing selected words and pictures 
into coherent mental representations

Manipulate information in working 
memory

Integrating Connecting verbal and pictorial 
representations with each other and with 
prior knowledge

Transfer knowledge from long term 
memory to working memory
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particular kinds of learners and particular kinds of instructional objectives. 
Consistent with the science of instruction, evidence-based practice refers to 
instructional practices that are grounded in empirical research.

What is instruction?
“Instruction” is the manipulation of the learner’s environment by the 

instructor(s) in order to foster learning. It thus involves: (1) manipulating what 
the learner experiences, and (2) intention to cause learning. An “instructional 
method” refers to a technique that is intended to foster learning – such as 
modelling how to solve example problems (“worked example method”) or 
asking students to solve problems on their own (“discovery method”). An 
instructional objective is a statement that specifies the cognitive change 
intended for the learner, such as being able to add and subtract single-digit 
signed numbers. In short, an instructional objective describes what we want 
the learner to know.

The effectiveness of instruction is generally measured by retention tests 
– in which the learner should recall or recognise what was presented – and 
by transfer tests – in which the learner is asked to solve problems that involve 
using the information in new ways. Table 8.4 lists three kinds of learning 
outcomes: no learning, which is reflected in poor retention and poor transfer 
performance; rote learning, characterised by good retention but poor transfer 
performance; and meaningful learning, in which both retention and transfer 
performance are good. My interest in this chapter is on promoting meaning-
ful learning so I focus on transfer tests.

What is instruction with technology?
Instruction with technology involves using technology – such as com-

puter and information technology – to support instruction. It covers both 
instructional media – the physical devices used to deliver the instruction 
– and instructional methods – the way that the material is presented to the 
learner. As shown in Table 8.5, media research focuses on which instructional 
medium is best for accomplishing a particular objective for a particular kind 

Table 8.4. Three kinds of learning outcomes

Learning outcome Cognitive description Retention test score Transfer test score

No learning No knowledge Poor Poor

Rote learning Fragmented knowledge Good Poor

Meaningful learning Integrated knowledge Good Good
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of learner, such as, “Are computers more effective than textbooks for teach-
ing arithmetic to beginners?” In contrast, research on instructional methods 
focuses on how best to present material to learners (Mayer, 2008).

Although there is a long history of media research (Saettler, 1990/2004), 
media scholars have come to the conclusion that further media research is 
not productive (Clark, 2001). The main problem for media research is that 
learning is caused by the instructional method rather than the instructional 
medium. It is possible to design ineffective or effective approaches using 
either books or computers. For example, Moreno and Mayer (2002) have 
shown that the same instructional methods are effective across different 
instructional media, such as a desktop simulation or an immersive virtual 
reality simulation. To focus on instructional media becomes important when 
a certain medium affords an instructional method that might not be feasible 
using a different medium. In short, although instructional media may be 
the most salient aspect of learning with technology, it is the instructional 
method that causes learning.

How does instruction with technology work?
Table 8.6 summarises three demands on the learner’s cognitive capacity 

during learning: extraneous processing, essential processing and genera-
tive processing. Extraneous processing – which Sweller (1999) refers to as 
“extraneous cognitive load” – is cognitive processing during learning which 
does not support the instructional objective and is caused by poor layout or 
extraneous material in the lesson. For example, when text is on one page but 
the corresponding graphic is on another page, the need to scan back and forth 
creates extraneous processing. Thus, the first goal of instructional design 
with technology is to reduce extraneous processing by keeping the learn-
ing setting as simple as possible.

Essential processing (which Sweller, 1999, refers to as “intrinsic cognitive 
load”) is cognitive processing during learning aimed at mentally representing 

Table 8.5. The distinction between media and method in 
learning with technology

Type of research Research focus Research question Example

Media research Focus on physical 
devices

Which instructional 
medium is most effective?

Are computers more 
effective than books?

Method research Focus on instructional 
methods

Which instructional 
method is most effective?

Is discovery more 
effective than direct 
instruction?
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the essential material and is caused by the inherent complexity of the mate-
rial. Thus, the second goal of instructional design with technology is to 
manage essential processing.

Generative processing (which Sweller, 1999, calls “germane cognitive 
load”) is cognitive processing aimed at mentally organising the material and 
integrating it with other relevant knowledge. For example, a fast-paced nar-
rated animation on how lightning storms develop consists of many inter-related 
events that may overload the learner’s cognitive system. Even when the learner 
has sufficient cognitive capacity, she or he may not exert effort to make sense 
of this material, perhaps being simply not interested. Thus, the third goal of 
instructional design with technology is to foster generative processing.

The central challenge of instruction with technology is to support the 
learner’s active cognitive processing during learning (essential and generative 
processing) without overloading the learner’s cognitive capacity.

To sum up, with this model of cognitive load, we can derive three main 
goals of instruction with technology: a) reduce extraneous processing, b) 
manage essential processing, and c) foster generative processing.

Principles of instructional design for learning with technology

Consider what happens when someone learns from an on online narrated 
animation, a multimedia presentation, or an instructional computer game. This 
section summarises twelve research-based principles for designing instruc-
tion in learning environments such as these. Each principle is based on a set 
of experimental comparisons (Mayer, 2009) in which one group of learners 

Table 8.6. How does instruction with technology work?
Three demands on the learner’s cognitive capacity during instruction

Type of 
processing Description

Learning 
processes

Extraneous Cognitive processing that does not support the objective of 
the lesson; caused by poor instructional design

None

Essential Basic cognitive processing is required to represent mentally 
the presented material; caused by the inherent complexity 
of the material

Selecting

Generative Deep cognitive processing required to make sense of the 
presented material; caused by learner’s motivation to make 
an effort to learn

Organising and 
integrating



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

8. Learning with technology – 191

received a lesson that was based on the design principle (treatment group) and 
another group received an identical lesson except that it was not based on the 
design principle (control group). We computed an effect size (d) by subtracting 
the mean transfer test score of the control group from the mean transfer score of 
the treatment group, and dividing the difference by the pooled standard devia-
tion. Following Cohen (1988), an effect size of +0.8 is large, +0.5 is medium, 
and +0.2 or less is small, so I am particularly interested in design principles that 
generate large effect sizes (i.e. effect sizes equal to or greater than 0.8).

Techniques to reduce extraneous processing
A major obstacle to learning with technology occurs when the amount 

of cognitive processing required for learning exceeds the learner’s cognitive 
capacity. In particular, when the instructional message is poorly designed or 
contains extraneous material, the learner has to engage in extraneous process-
ing, which may leave insufficient cognitive capacity for the essential and 
generative processing really needed for learning. For example, a lesson on how 
digestion works may include some anecdotes about sword swallowing or medi-
cal devices that must be swallowed – which constitute interesting but extrane-
ous material. Table 8.7 lists five techniques for reducing extraneous processing: 
the “coherence principle”, the “signalling principle”, the “redundancy princi-
ple”, the “spatial contiguity principle”, and the “temporal contiguity principle”.

The “coherence principle” is illustrated by comparing learning from 
a lesson that contains extraneous material – such as interesting anecdotes, 
attention-grabbing photos, background music, or computational details – 
versus from a lesson that contains only the essential words and pictures. As 
can be seen in the first line of Table 8.7, in 13 out of 14 experimental com-
parisons involving lessons on lightning, brakes and ocean waves, students 

Table 8.7. Five evidence-based and theoretically-grounded principles for 
reducing extraneous processing

Principle Definition
Effect 
size

Number 
of tests

Coherence Reduce extraneous material. 0.97 13 of 14

Signalling Highlight essential material. 0.52 6 of 6

Redundancy Do not add on-screen text to narrated animation. 0.72 5 of 5

Spatial contiguity Place printed words next to corresponding graphics. 1.12 5 of 5

Temporal contiguity Present corresponding narration and animation at the 
same time.

1.31 8 of 8
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performed better on transfer tests when extraneous material was removed 
from the lesson, yielding a large median effect size. When extraneous mate-
rial cannot be deleted from a lesson, an alternative – using the “signalling 
principle” – is to highlight the essential material such as by using outlines, 
headings and bold font. As can be seen in the second line of Table 8.7, in six 
out of six experimental comparisons involving airplane lift, lightning and 
biology, students performed better on transfer tests when essential material 
was highlighted (signalled) rather than not signalled, yielding a medium 
effect size.

The remaining lines in Table 8.7 show that students performed better on 
transfer tests when they received animation and narration rather than anima-
tion, narration, but also on-screen text that duplicates the existing informa-
tion (“redundancy principle”); when explanatory text was printed next to 
the corresponding part of the graphic rather than as a caption or on another 
page (“spatial contiguity principle”); and when corresponding narration and 
animation were presented simultaneously rather than separated in time (“tem-
poral contiguity principle”).

In short, an important instructional goal is to reduce the need to engage 
in extraneous processing during learning, thereby allowing the learner to use 
his or her cognitive capacity for essential and generative processing needed 
for meaningful learning.

Techniques that manage essential processing
Even if we could eliminate extraneous processing, another potential 

obstacle to learning with technology occurs when the amount of cognitive 
processing required for essential processing exceeds the learner’s cognitive 
capacity. This situation (“essential overload”) can occur when the to-be-
learned material is complex and the learner lacks sufficient prior knowledge 
to organise it. In this case, as the material is essential it cannot be eliminated 
as with the extraneous examples, but rather the learner needs guidance in 
how to manage the essential processing that is required for mentally repre-
senting this complex material. Table 8.8 lists three techniques for managing 
essential processing: the “segmenting principle”, the “pre-training principle” 
and the “modality principle”.

The “segmenting principle” can be understood by comparing learning 
from a lesson that contains a narrated animation as a single continuous pres-
entation (the control group) with one where it is broken down into segments 
that are presented under learned control (segmented group), as shown in the 
top row of Table 8.8. In 3 out of 3 experimental comparisons involving les-
sons on lightning and electric motors, students performed better on transfer 
tests when narrated animations were segmented, with a large effect size.
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When essential material cannot be segmented in a lesson, an alternative 
is to provide the learner with pre-training in the names and characteristics of 
the main concepts or components in the lesson – which I call the “pre-train-
ing principle”. As reported in the second line of the table, in five out of five 
experimental comparisons involving brakes, pumps and geology, pre-trained 
students performed better on transfer tests than did non-pre-trained students, 
also yielding a large effect size.

Finally, the visual channel can become overloaded with essential process-
ing when a fast-paced animation is presented along with concurrent on-screen 
captions. The “modality principle” calls for presenting words as narration 
so some essential processing is off-loaded from the visual channel onto the 
verbal channel (the third line of Table  8.8). In 17 out of 17 experimental 
comparisons involving lightning, brakes, pumps, electrical motors, biology, 
ecology and aircraft, students performed better on transfer tests when they 
learned from animation with narration rather than having to read on-screen 
text at the same time as following the animation and on-screen text. This 
also yielded a large effect size. In short, an important instructional goal is to 
guide the learner’s processing of essential processing in ways that minimise 
demands on cognitive capacity.

Techniques for fostering generative processing
The foregoing techniques are intended to ensure that the cognitive process-

ing required for meaningful learning does not overload the learner’s cognitive 
capacity. However, even when cognitive capacity is available, learners may not 
be motivated to exert the effort to engage in the “generative processing” neces-
sary for deep learning. Thus, a third challenge of instructional designers is to 
encourage learners to engage in generative processing. Table 8.9 lists two tech-
niques intended to foster generative processing: the “multimedia principle” and 
the “personalisation principle”. The “multimedia principle” is based on the idea 
that people learn more deeply when they are encouraged to build connections 
between words and pictures (such as corresponding animation and narration). 

Table 8.8. Three evidence-based and theoretically-grounded principles for 
managing essential processing

Principle Definition Effect size Number of tests

Segmenting Present animation in learner-paced segments 0.98 3 of 3

Pre-training Provide pre-training in the name, location and 
characteristics of key components

0.85 5 of 5

Modality Present words as spoken text rather than printed text 1.02 17 of 17
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As shown in the first line of Table 8.9, in 11 out of 11 experimental compari-
sons, students performed better on transfer tests when they received both words 
and pictures than when they received words alone, yielding a large effect size.

The “personalisation principle” is based on the idea that people try harder 
to make sense out of instructional messages when they feel a social companion-
ship with the speaker, such as when the speaker adopts a conversational style 
including use of “I” and “you.” As reported in the second line of Table 8.9, in 
11 out of 11 experimental comparisons involving lightning, botany, lungs and 
engineering, students performed better on transfer tests when the speaker used 
a conversational style rather than a more formal style; this also yielded a large 
effect size. Other techniques offer potential for motivating learners to process 
the presented material more deeply – for example, instructional games (O’Neil 
and Perez, 2008) and animated pedagogical agents (Moreno, 2005) – but more 
research is needed on how to promote deep processing in learners.

Other issues which have received some research attention concern the 
role of animation (Lowe and Schnotz, 2008), interactivity (Betracourt, 2005), 
collaboration (Jonassen, Lee, Yang and Laffey, 2005), worked-out examples 
(Renkl, 2005), discovery (de Jong, 2005) and motivation (Moreno and Mayer, 
2007).

Summary

Learning with technology includes learning from an online encyclopae-
dia, a multimedia presentation, or a computer game. Common topics include 
computer-based instruction, multimedia, interactive simulation, hypermedia, 
intelligent tutoring systems, inquiry-based information retrieval, games, com-
puter-supported collaborative learning, animated pedagogical agents, virtual 
reality, and e‑courses. Technology-centred approaches focus on providing 
access to technology in education, whereas learner-centred approaches adapt 
technology to serve as a cognitive tool for learners.

Table 8.9. Two evidence-based and theoretically-grounded principles 
for fostering generative processing

Principle Definition Effect size Number of tests

Multimedia Present words and pictures rather than 
words alone.

1.39 11 of 11

Personalisation Present words in conversational style 
rather than formal style.

1.11 11 of 11
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How do students learn? Meaningful learning occurs when learners engage 
in appropriate cognitive processing during learning – including selecting 
relevant information from the presented material, organising the incoming 
information into a coherent mental representation, and integrating the incom-
ing information with existing knowledge. This processing takes place in the 
learner’s working memory, which is limited in capacity and has separate chan-
nels for processing verbal and pictorial information. Learning is a long-lasting 
change in a person’s knowledge attributable to experience.

How can we help students learn with technology? Effective instruction 
with technology seeks to help the learner engage in appropriate cognitive 
processing during learning without overloading her or his cognitive system. 
This overarching goal can be achieved by reducing extraneous process-
ing, managing essential processing and fostering generative processing. 
Instruction is the manipulation of the learner’s environment in order to pro-
mote learning. Learning with technology is caused by instructional methods 
not by instructional media.

Effective instructional techniques for reducing extraneous processing 
accord with one or another of a set of alternative principles: these include 
principles relating to coherence, signalling, redundancy, spatial contiguity 
and temporal contiguity. Effective instructional techniques for managing 
essential processing include the “segmenting”, “pre-training” and “modality” 
principles. Effective instructional techniques for fostering generative process-
ing include the “multimedia” and “personalisation” principles.
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Chapter 9 
 

Prospects and challenges for inquiry-based approaches 
to learning

Brigid Barron and Linda Darling-Hammond
Stanford University School of Education

Brigid Barron and Linda Darling-Hammond summarise three, often overlapping, families of 
inquiry-based learning: “project-based”, “problem-based” and “learning through design”. 
A first key conclusion of their review of research evidence is that students learn more 
deeply when they can apply classroom-gathered knowledge to real-world problems; 
inquiry-based approaches are important ways to nurture communication, collaboration, 
creativity and deep thinking. Second, inquiry-based learning depends on the application of 
well-designed assessments, both to define the learning tasks and to evaluate what has been 
learned. Third, however, the success of inquiry approaches tends to be highly dependent 
on the knowledge and skills of those implementing them. If these approaches are poorly 
understood and mistaken for being unstructured, their benefits are substantially reduced 
compared with when they are implemented by those appreciating the need for extensive 
scaffolding and constant assessment to inform their direction.
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The need for inquiry-based learning to support 21st century skills

Enthusiasm for educational approaches that connect knowledge to its appli-
cations has been on the upswing since the 1980s. Recommendations from a wide 
array of organisations have emphasised the need to support 21st century skills 
through learning that supports inquiry, application, production and problem-
solving. Nearly two decades ago, the SCANS Report (Secretary’s Commission 
on Achieving Necessary Skills, 1991) suggested that for today’s students to 
be prepared for tomorrow’s workplace they need learning environments that 
allow them to explore real-life situations and consequential problems. These 
arguments have been echoed in scholarly research (e.g.  Levy and Murnane, 
2004), national commission reports (e.g. NCTM, 1989; NRC, 1996) and policy 
proposals (e.g. NCREL, 2003; Partnership for 21st Century Skills, 2004), urging 
instructional reforms to help students gain vital media literacies, critical think-
ing skills, systems thinking, and interpersonal and self-directional skills that 
allow them to manage projects and competently find resources and use tools.

In order for these capacities to be nurtured, the reports argue, students 
must be given opportunities to develop them in the context of complex, mean-
ingful projects that require sustained engagement, collaboration, research, 
management of resources, and development of an ambitious performance 
or product. The rationale for these recommendations has come in part from 
research demonstrating that students do not routinely develop the ability 
to analyse, think critically, write and speak effectively, or solve complex 
problems from working on more constrained tasks that emphasise memorisa-
tion and call only for responses that demonstrate recall or the application of 
simple algorithms. In addition, there is a growing body of research indicating 
that students learn more deeply and perform better on complex tasks when 
they have had the opportunity to engage in more “authentic” learning.

A set of studies has found positive effects on student learning of instruc-
tion, curriculum and assessment practices that requires students to construct 
and organise knowledge, consider alternatives, apply disciplinary processes 
to content central to the discipline (e.g. use of scientific inquiry, historical 
research, literary analysis, or the writing process) and communicate effec-
tively to audiences beyond the classroom and school (Newmann, 1996). 
For example, a study of more than 2 100 students in 23 restructured schools 
found significantly higher achievement on intellectually challenging perform-
ance tasks for students who experienced this kind of “authentic pedagogy” 
(Newmann, Marks and Gamoran, 1996). The use of these practices predicted 
student performance more strongly than any other variable, including student 
background factors and prior achievement.

While this kind of research is promising, the chequered history of efforts 
to implement “learning by doing” makes clear the need for greater knowledge 
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about how successfully to manage problem- and project-based approaches in 
the classroom (Barron, et al., 1998). The teaching suggested by these descrip-
tions is not straightforward and requires knowledge of the characteristics of 
successful strategies and highly skilled teachers to implement them. In this 
chapter, we focus on both the design and implementation of inquiry-based 
curriculum that engages children in extended constructive work, often in 
collaborative groups, and subsequently demands a good deal of self-regulated 
inquiry. The research we review spans the K-12 years, college and graduate 
education and can be found across core disciplines and in interdisciplinary 
programmes of study. Research on the implementation and efficacy of these 
approaches for learning is yielding two major conclusions:

1.	 Small group inquiry approaches can be extremely powerful for learn-
ing. To be effective, they need to be guided by thoughtful curriculum 
with clearly defined learning goals, well designed scaffolds, ongo-
ing assessment and rich informational resources. Opportunities for 
professional development that include a focus on assessing student 
work increase the likelihood that teachers will develop expertise in 
implementing these approaches.

2.	 Assessment design is a critical issue for revealing the benefits of 
inquiry approaches for group efforts and individual learning as well 
as for promoting the success of learning. Specifically, if one only 
looks at traditional learning outcomes, inquiry-based and traditional 
methods of instruction appear to yield similar results. Benefits for 
inquiry learning are found when the assessments require application 
of knowledge and measure quality of reasoning. Consequently, we 
also take up a discussion of “performance assessment” and its role in 
both supporting and evaluating meaningful learning.

An historical perspective on inquiry-based learning

The family of approaches that can be described as “inquiry-based” 
includes project-based learning, design-based learning and problem-based 
learning. Projects, proposed as a means for making schooling more useful 
and readily applied to the world, first became popular in the early part of the 
century in the United States. The term “project” represented a broad class of 
learning experiences. For example, in early works one sees the label applied to 
activities as diverse as making a dress, watching a spider spin a web, or writ-
ing a letter. The key idea behind such projects was that learning was strength-
ened when “whole heartedness of purpose was present” (Kilpatrick, 1918).

Enthusiasm and belief in the efficacy of such approaches for school-aged 
children has waxed and waned, as project-based learning has been rejected 
as too unstructured during several eras of “back to the basics” backlash, or 
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as policymakers have assumed that applied projects are only needed for voca-
tional training. Critics of the progressive movement argued that discovery 
learning approaches led to “doing for the sake of doing” rather than doing for 
the sake of learning. There is a growing consensus that authentic problems 
and projects afford unique opportunities for learning but that authenticity in 
and of itself does not guarantee learning (Barron, et al., 1998; Thomas, 2000).

It is critical how these complex approaches are implemented. For exam-
ple, in the curricular reforms of the post-Sputnik years, initiatives using 
inquiry-based approaches (typically called “discovery learning” or project 
learning) were found in a number of studies to produce comparable achieve-
ment on basic skills tests while contributing more to students’ problem-solv-
ing abilities, curiosity, creativity, independence and positive feelings about 
school (Horwitz, 1979; Peterson, 1979; McKeachie and Kulik, 1975; Soar, 
1977; Dunkin and Biddle, 1974; Glass et al., 1977; Good and Brophy, 1986; 
Resnick, 1987). This kind of meaning-oriented teaching – once thought to 
be appropriate only for selected high-achieving students – proved to be more 
effective than rote teaching for students across a wide spectrum of initial 
achievement levels, family income, and cultural and linguistic backgrounds 
(Garcia, 1993; Knapp, 1995; Braddock and McPartland, 1993).

However, new curriculum initiatives focused on inquiry using com-
plex instructional strategies were found more often to promote significant 
increases in learning gains among students taught by the early adopters 
– teachers who were extensively involved in design and piloting of the cur-
riculum and who were given strong professional development. These effects 
were not always sustained as curriculum reforms were “scaled up” and used 
by teachers who did not have the same degree of understanding or skill in 
implementation.

At the present time, there is still controversy over whether open-ended 
approaches are effective and efficient for developing students’ basic knowl-
edge of a domain. And implementation issues continue to be a concern of 
both practitioners and researchers. Classroom research indicates that well-
designed, carefully thought-out materials and connected classroom practices 
are needed to capitalise on inquiry-based approaches. Without careful plan-
ning, students may miss opportunities to connect their project work with key 
concepts underlying a discipline (Petrosino, 1998).

In recent years, the research base on inquiry approaches has grown to 
include both comparative studies and more descriptive classroom investiga-
tions of teaching and learning processes. There is a growing consensus on 
the importance of a number of design principles that characterise successful 
inquiry-based learning environments and that can be used by teachers as they 
embark on developing or enacting new curricula.
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Research evaluations of inquiry-based learning

We summarise below the relevant research base on the different approaches 
to inquiry-based learning.

Project-based learning
Project-based learning (PBL) involves the completion of complex tasks 

that typically result in a realistic product, event, or presentation to an audi-
ence. Thomas (2000) defines productive project-based learning as 1) central 
to the curriculum, 2) organised around driving questions that lead students 
to encounters central concepts or principles of a discipline, 3)  focused on 
a constructive investigation that involves inquiry and knowledge building, 
4) student-driven, in that students are responsible for making choices and for 
designing and managing their work, and 5) authentic, by posing problems that 
occur in the real world and that people care about.

Generally, research on the benefits of project-based learning concludes 
that students who engage in this approach experience gains in factual learn-
ing that are equivalent or superior to those who engage in traditional forms 
of instruction (Thomas, 2000). The goals of PBL are broader, however. The 
approach aims to enable students to transfer their learning more powerfully 
to new kinds of situations and problems and to use knowledge more profi-
ciently in performance situations.

There is a number of studies demonstrating these kinds of outcomes in both 
short- and long-term learning situations. As noted, however, the goals of PBL are 
broader than simply the development of content knowledge. This approach aims 
to take learning one step further by enabling students to transfer their learning 
to new kinds of situations and problems and to use knowledge more proficiently 
in performance situations. Some examples help to illustrate this point.

Shepherd (1998) studied the results of a unit in which a group of fourth 
and fifth graders completed a nine-week project to define and find solutions 
related to housing shortages in several countries. In comparison to the con-
trol group, the students engaged in project-based learning demonstrated a 
significant increase in scores on a critical-thinking test, as well as increased 
confidence in their learning.

A more ambitious, longitudinal comparative study by Boaler (1997, 1998) 
followed students over three years in two British schools that were compa-
rable with respect to students’ prior achievement and socio-economic status, 
but that used either a traditional curriculum or a project-based curriculum. 
The traditional school featured teacher-directed whole class instruction 
organised around texts, workbooks and frequent tests in tracked classrooms. 
Instruction in the other school used open-ended projects in heterogeneous 
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classrooms. Using a pre- and post-test design, the study found that although 
students had comparable learning gains when tested on basic mathemat-
ics procedures, those who had participated in the project-based curriculum 
did better on conceptual problems presented in the national examination. 
Significantly more students in the project-based school passed the exam in 
year three of the study than those in the traditional school. Boaler noted that, 
although students in the traditional school “thought that mathematical success 
rested on being able to remember and use rules,” the PBL students had devel-
oped a more flexible, useful kind of mathematical knowledge that engaged 
them in “exploration and thought” (Boaler, 1997, p. 63).

A third study, designed to assess the impact of the development of mul-
timedia projects on student learning, showed similar gains. In this example, 
researchers created a performance task in which students participating in 
the Challenge 2000 Multimedia Project and a comparison group developed 
a brochure informing school officials about problems faced by homeless 
students (Penuel, Means and Simkins, 2000). The students in the multime-
dia programme earned higher scores than the comparison group on content 
mastery, sensitivity to audience and coherent design. They performed equally 
well on standardised test scores of basic skills.

Many other studies have recorded student and teacher reports of posi-
tive changes in motivation, attitudes toward learning and skills as a result 
of participating in PBL, including work habits, critical thinking skills and 
problem-solving abilities (e.g. Bartscher, Gould and Nutter, 1995; Peck, Peck, 
Sentz and Zasa, 1998). Some have found that some students who do less well 
in traditional instructional settings excel when they have the opportunity to 
work in a PBL context which better matches their learning style or prefer-
ence for collaboration and activity type (e.g.  Boaler, 1997; Rosenfeld and 
Rosenfeld, 1998). One interesting study observed four PBL classrooms in 
the fall and spring of a school year, finding much larger increases in five 
critical thinking behaviours (synthesising, forecasting, producing, evaluating 
and reflecting) and five social participation behaviours (working together, 
initiating, managing, inter-group awareness and inter-group initiating) for 
initially low-achieving students over the course of the year than for initially 
high-achieving students (Horan, Lavaroni and Beldon, 1996).

Problem-based learning
Problem-based learning approaches represent a close cousin of project-

based learning, and are often configured as a specific type of project that 
aims to teach problem definition and solution strategies. In problem-based 
learning, students work in small groups to investigate meaningful problems, 
identify what they need to learn in order to solve a problem, and generate 
strategies for solution (Barrows, 1996; Hmelo-Silver, 2004). The problems 
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are realistic and ill-structured, meaning that they are not perfectly formulated 
textbook problems but rather are like those in the real world with multiple 
solutions and methods for reaching them. In addition, research that has 
sought to establish the characteristics of “good” problems suggests that they 
should resonate with students’ experiences, promote argumentation, provide 
opportunities for feedback, and allow repeated exposure to concepts.

Much work on this approach has been associated with medical education. For 
example, student physicians are presented with a patient profile, including a set of 
symptoms and a history, and the small group’s task is to generate possible diag-
nosis and a plan to differentiate possible causes by conducting research and pur-
suing diagnostic tests. The instructor typically plays a coaching role, helping to 
facilitate the group’s progress though a set of activities that involve understanding 
the problem scenario, identifying relevant facts, generating hypotheses, collecting 
information (e.g. interviewing the patient, ordering tests), identifying knowledge 
deficiencies, learning from external resources, applying knowledge and evaluat-
ing progress. The steps in the cycle may be revisited as work progresses (e.g. new 
knowledge deficiencies may be noticed at any point and more research might be 
carried out). Meta-analyses of studies of medical students have found that across 
studies, students who are enrolled in problem-based curricula score higher on 
items that measure clinical problem-solving and actual ratings of clinical per-
formance (Vernon and Blake, 1992; Albanese and Mitchell, 1993).

Similar problem- or case-based approaches have been used in business, law 
and teacher education to help students learn to analyse complex, multi-faceted 
situations and develop knowledge to guide decision-making (e.g. Lundeberg, 
Levin and Harrington, 1999; Savery and Duffy, 1995; Williams, 1992). In all 
problem-based approaches, students take an active role in knowledge construc-
tion. The teacher plays an active role in making thinking visible, guides group 
process and participation, and asks questions to solicit reflections. The goal is 
to model good reasoning strategies and support the students to take on these 
roles themselves. At the same time teachers also provide instruction in more 
traditional ways such as providing lectures and explanation which are crafted 
and timed to support inquiry.

Studies of the efficacy of problem-based learning suggest that, like other 
project-based approaches, it is comparable, though not always superior, to more 
traditional instruction in facilitating factual learning, but it is better in supporting 
flexible problem-solving, application of knowledge and hypothesis generation 
(for a meta-analysis, see Dochy et al., 2003). Additional quasi-experimental stud-
ies have demonstrated more accurate hypothesis generation and more coherent 
explanations for students who participated in problem-based experiences (Hmelo, 
1998a, 1998b; Schmidt et al., 1996), greater ability to support claims with well-
reasoned arguments (Stepien et al., 1993), and larger gains in conceptual under-
standing in science (Williams, Hemstreet, Liu and Smith, 1998).
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Learning through design
A third genre of instructional approaches has grown out of the idea that 

children learn deeply when they are asked to design and create an artefact 
that requires the understanding and application of knowledge. It is believed 
that design-based projects have several features that make them ideal for the 
development of technical and subject matter knowledge (Newstetter, 2000). 
For example, design activity supports revisions and iterative activity as 
projects require cycles of defining à creating à assessing à redesigning. 
The complexity of the work often dictates the need for collaboration and dis-
tributed expertise. Finally, a variety of valued cognitive tasks are employed 
such as setting constraints, generating ideas, prototyping, and planning 
through “storyboarding” or other representational practices. These are all 
critical 21st century skills.

Design-based approaches can be found in science, technology, art, engineer-
ing and architecture. Non-school based projects organised around contests such 
as the FIRST robotics competitions (www.usfirst.org) or the Thinkquest com-
petition (www.thinkquest.org) also stress design using technological tools and 
collaborative project work. For example, Thinkquest is an international competi-
tion in which teams of students from 9- to 19-years-old come together to build 
websites designed for youth about an educational topic. Teams of three to six are 
mentored by a teacher who provides general guidance throughout the several 
months of the design process but leaves the specific creative and technical work 
to the students. Teams receive and offer feedback during a peer review of the 
initial submissions and then they use this information to revise their work. To 
date, more than 30 000 students have participated and there are currently more 
than 5 500 sites available in the on-line library (www.thinkquest.org/library/). 
Topics range from art, astronomy, and programming to issues like foster care or 
the use of humour for mental health – almost anything is fair game.

Despite the wide range of applications of learning through design, much 
of the research-based curriculum development and assessment has taken 
place in the domain of science (Harel, 1991; Kafai, 1995; Kafai and Ching, 
2001; Lehrer and Romberg, 1996; Penner, Giles, Leher and Schauble, 1997). 
For example, a group from University of Michigan has been developing an 
approach called Design-based Science (Fortus et  al., 2004), and a group 
from TERC (2000) developed a Science by Design series including four high 
school units focused on constructing gloves, boats, greenhouses and cata-
pults. A separate group from the Georgia Institute of Technology has been 
developing an approach they call Learning by Design,™ also used in science 
(Kolodner, 1997; Puntambeckar and Kolodner, 2005).

Within the relatively small body of research that uses control group 
designs, the research on learning reported by Kolodner and colleagues 
(2003) shows large consistent differences between the Learning by Design™ 
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classes and their comparisons. Their measures assess groups’ abilities to 
complete performance tasks before and after instruction. Each task has 
three parts: first, students design an experiment that would provide a fair 
test; second, they run an experiment and collect data (the design is specified 
by the researchers); third, they analyse the data and use it to make recom-
mendations. The researchers also score group interaction from videotaped 
records on seven dimensions: negotiation during collaboration; distribution 
of the work; attempted use of prior knowledge; adequacy of prior knowledge; 
science talk; science practice; and self-monitoring. They report that the 
Learning by Design students consistently outperform non-LBD students on 
collaborative interaction and aspects of meta-cognition (e.g. self monitoring).

The importance of assessment in inquiry-based approaches

As the discussion above suggests, collaborative and inquiry-approaches 
to learning require that we consider classroom activities, curriculum, and 
assessment as a system in which each interdependent aspect is important 
for providing an environment that will promote robust learning. Indeed, our 
ability to assess – both formatively and summatively – has enormous impli-
cations for what we teach, and how effectively. At least three elements of 
assessment are especially important for meaningful learning of the kind we 
have been describing:

•	 The design of intellectually ambitious performance assessments 
that define the tasks students will undertake in ways that allow them 
to learn and apply the desired concepts and skills in authentic and 
disciplined ways.

•	 The creation of guidance for students’ efforts in the form of evalua-
tion tools such as assignment guidelines and rubrics that define what 
constitutes good work (and effective collaboration).

•	 The frequent use of formative assessments to guide feedback to 
students and teachers’ instructional decisions throughout the process.

The nature of assessments defines the cognitive demands of the work 
students are asked to undertake. Research suggests that thoughtfully struc-
tured performance assessments can support improvements in the quality of 
teaching, and that inquiry-based learning demands such assessments both 
to define the task and to properly evaluate what has been learned. Some 
studies have also found that teachers who are involved in scoring perform-
ance assessments with other colleagues and discussing their students’ work 
find the experience has helped them change their practice to become more 
problem-oriented and more diagnostic (e.g. Darling-Hammond and Ancess, 
1994; Goldberg and Rosewell, 2000; Murnane and Levy, 1996).
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There are many ways in which authentic assessments contribute to learn-
ing. For example, exhibitions, projects and portfolios provide occasions for 
review and revision toward a polished performance. These opportunities 
help students examine how they learn and how they can perform better. 
Students are often expected to present their work to an audience – groups of 
faculty, visitors, parents, other students – to ensure that their apparent mas-
tery is genuine. Presentations of work also signal to students that their work 
is important enough to be a source of public learning and celebration, and 
provide opportunities for others in the learning community to see, appreci-
ate and learn from student work. Performances create living representations 
of school goals and standards so that they remain vital and energising, and 
develop important life skills. As Ann Brown (1994) observed:

Audiences demand coherence, push for high levels of understanding, 
require satisfactory explanations, request clarification of obscure 
points… There are deadlines, discipline, and most important, reflec-
tion on performance. We have cycles of planning, preparing, practic-
ing, and teaching others. Deadlines and performance demand the 
setting of priorities – what is important to know?

Planning, setting priorities, organising individual and group efforts, 
exerting discipline, thinking through how to communicate effectively with an 
audience, understanding ideas well enough to answer the questions of others 
– all of these are tasks people engage in outside of school in their life and 
work. Good performance tasks are complex intellectual, physical and social 
challenges. They stretch students’ thinking and planning abilities while also 
allowing student aptitudes and interests to serve as a springboard for develop-
ing competence.

In addition to designing tasks that are intellectually powerful, teachers 
need to provide guidance to students about the quality of work and interac-
tions they are aiming for. The benefits of clear criteria given in advance have 
been documented by many studies (e.g. Barron et al., 1998). For example, 
Cohen and her colleagues tested the idea that clear evaluation criteria could 
improve student learning by improving the nature of the conversation (Cohen 
et  al., 2002). They found that the introduction of evaluation criteria led 
groups to spend more time discussing content, discussing the assignment and 
evaluating their products than groups who were not given criteria. They also 
found that individual learning scores were significantly correlated with the 
amount of evaluative and task-focused talk.

The criteria used to assess performances should be multidimensional, 
representing the various aspects of a task rather than a single grade, and 
openly expressed to students and others in the learning community, rather 
than kept secret in the tradition of content-based examinations (Wiggins, 
1989). For example, a research report might be evaluated for its use of 
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evidence, accuracy of information, evaluation of competing viewpoints, 
development of a clear argument, and attention to conventions of writing. 
When work is repeatedly assessed, the criteria guide teaching and learning 
and students become producers and self-evaluators while teachers become 
coaches. A major goal is to help students develop the capacity to assess their 
own work against standards, to revise, modify, and redirect their energies, 
taking initiative to promote their own progress. This is an aspect of self-
directed work and self-motivated improvement required of competent people 
in many settings, including a growing number of workplaces.

Use of performance tasks is also important so that we can adequately 
assess the benefits of problem and project-based approaches for learning 
and application of knowledge. For example, Bransford and Schwartz (1999) 
and Schwartz and Martin (2004) have carried out research demonstrating 
that the outcomes of different instructional conditions might look similar on 
“sequestered problem-solving tasks” but look very different on assessments 
that gauge students’ “preparation for future learning”. The preparation for 
future learning tasks asked students to read new material that was composed 
to include opportunities to learn. On this kind of task they found that students 
who had been in a learning condition where they were first asked to invent a 
solution to a problem, were more likely to learn from the new material than 
students who had been given traditional instruction consisting of explana-
tions, examples, and practice.

Finally, formative assessment is a critical element in learning generally, 
and is especially important in the context of long-term collaborative work. 
Formative assessment is designed to provide feedback to students that they 
can then use to revise their understanding and their work. It is also used to 
inform teaching so it can be adapted to meet students’ needs. The benefits of 
formative assessment for learning have been documented in a classic review 
article (Black and Wiliam, 1998a, 1998b) which documented that substantial 
learning gains result from providing students with frequent feedback about 
their learning, especially when that feedback takes the form of specific com-
ments that can guide students’ ongoing efforts.

A theme in the literature on formative assessment is that feedback seems 
to be more productive to the extent that it is focused on student process rather 
than product, and keyed on the quality of the work (task-involving) rather 
than quality of the worker (ego-involving), for example providing comments 
rather than grades for students to consider (Butler, 1988; Deci and Ryan, 
1985; Schunk, 1996a, 1996b). Shepard (2000) suggests that the focus on proc-
ess and task allows students to see cognitive prowess not as a fixed individual 
trait, but as a dynamic state that is primarily a function of the level of effort 
in the task at hand (see also, Black and Wiliam, 1998a, 1998b). This can sup-
port their motivation as they sustain confidence in their own ability to learn.
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There is a set of related practices of importance in the activities we have 
described, including the integration of assessment and instruction, the sys-
tematic use of iterative cycles of reflection and action, and ongoing opportu-
nity for students to improve their work – which is grounded in a conception 
of learning as developmental and the belief that all students will learn from 
experience and feedback, rather than being constrained by innate ability.

While formative assessment may be introduced as part of a change in 
classroom pedagogy, it may also create fundamental changes in teachers’ 
abilities to teach effectively. As Darling-Hammond, Ancess and Falk (1995) 
observed in a study of the use of performance assessments in five schools 
to drive high-quality learning: “as [teachers] use assessment and learning 
dynamically, they increase their capacity to derive deeper understanding 
of their students’ responses; this then serves to structure increased learning 
opportunities”.

Supporting collaboration within inquiry approaches

Much of the work involving inquiry-based learning involves students 
working in pairs or groups to solve a problem, complete a project, or design 
and build an artefact. Co-operative small-group learning, which Cohen 
(1994b) defines as “students working together in a group small enough that 
everyone can participate on a collective task that has been clearly assigned,” 
has been the subject of hundreds of studies and several meta-analyses (Cohen, 
Kulik and Kulik, 1982; Cook, Scruggs, Mastropieri and Castro, 1985; Hartley, 
1977; Johnson, Maruyama, Johnson, Nelson and Skon, 1981; Rohrbeck, 
Ginsburg-Block, Fantuzzo and Miller, 2003). Overall, these analyses come to 
the same conclusion: there are significant learning benefits for students who 
work together on learning activities (Johnson and Johnson, 1981, 1989).

Co-operative group work benefits students in social and behavioural areas 
as well, including improvement in student self-concept, social interaction, time 
on task and positive feelings toward peers (Cohen et al., 1982; Cook et al., 1985; 
Hartley, 1977; Ginsburg-Block, Rohrbeck and Fantuzzo, 2006; Johnson and 
Johnson, 1999). Ginsburg-Block and colleagues (2006) focused on the rela-
tionship between academic and non-academic measures. They found that both 
social and self-concept measures were related to academic outcomes. Larger 
effects were found for classroom interventions that used same-gender group-
ing, interdependent group rewards, structured student roles, and individualised 
evaluation procedures. They also found that low-income students benefited 
more than those from high-income backgrounds and that urban students bene-
fited more than those from suburban areas. Racial and ethnic minority students 
benefited even more from co-operative group work than non-minority students, 
a finding repeated over several decades (see Slavin and Oickle, 1981).
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Nevertheless, effective co-operative learning can also be complex 
to implement. The classroom teacher plays a critical role in establishing 
and modelling practices of productive learning conversations. Aspects 
of the larger classroom learning environment shape small group interac-
tions. Observing a group’s interactions can provide a substantial amount of 
information about the degree to which the work is productive, as well as an 
opportunity for formative feedback and the provision of support for aligning 
understandings and goals among group members. Computer-based tools can 
also be useful in establishing ways of working and supporting productive 
collaborative exchanges. One of the best and most documented examples is 
the Computer-Supported Intentional Learning project (CSILE; Scardamalia, 
Bereiter and Lamon, 1994) that includes a knowledge-gathering and improve-
ment tool to support inquiry and knowledge-building discourse. Beyond any 
specific tool or technique, a particularly important role for the teacher is to 
establish, model and encourage norms of interaction that reflect good inquiry 
practices (Engle and Conant, 2002).

A great deal of work has been done to specify the kinds of tasks, account-
ability structures and roles that help students to collaborate well (Aronson 
et  al., 1978). In Johnson and Johnson’s summary (1999b) of 40 years of 
research on co-operative learning, they identify five “basic elements” of 
co-operation that have emerged as important across different models and 
approaches: positive interdependence, individual accountability, structures 
that promote face-to-face interaction, social skills and group processing.

A range of activity structures has been developed to support group work, 
from co-operative-learning approaches where students are simply asked 
to help each other complete individually-assigned traditional problem sets 
to approaches where students are expected to define projects collectively 
and generate a single product that reflects the continued work of the entire 
group. Many approaches fall between these two extremes. Some approaches 
assign children in the group to management roles (e.g. Cohen, 1994a, 1994b), 
conversational roles (O’Donnell, 2006; King, 1990), or intellectual roles 
(Palincsar and Herrenkohl, 1999, 2002; Cornelius and Herrenkohl, 2004; 
White and Frederiksen, 2005).

When designing co-operative group work, teachers should pay careful 
attention to various aspects of the work process and to the interaction among 
students (Barron, 2000; 2003). For example, Slavin (1991) argues: “it is not 
enough to simply tell students to work together. They must have a reason to 
take one another’s achievement seriously.” He developed a model that focuses 
on external motivators that reside outside the group, such as rewards and 
individual accountability established by the teacher. His meta-analysis found 
that group tasks with structures promoting individual accountability produce 
stronger learning outcomes (Slavin, 1996).



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

212 – 9. Prospects and challenges for inquiry-based approaches to learning

Cohen’s review of research (1994b) on productive small groups focuses 
on internal group interaction around the task. She and her colleagues devel-
oped Complex Instruction, one of the best-known and well-researched 
approaches to co-operative small-group learning. Complex Instruction uses 
carefully designed activities that require diverse talents and interdependence 
among group members. Teachers are encouraged to pay attention to unequal 
participation among group members, which often results from status differ-
ences among peers, and are given strategies that allow them to bolster the 
status of infrequent contributors (Cohen and Lotan, 1997). In addition, roles 
are assigned to support equal participation, such as recorder, reporter, mate-
rials manager, resource manager, communication facilitator and harmoniser. 
A major component of the approach is development of “group-worthy tasks” 
that are both sufficiently open-ended and multi-faceted that they require 
and benefit from the participation of every member of the group. Tasks that 
require a variety of skills – such as research, analysis, visual representation 
and writing – are well suited to this approach.

There is strong evidence supporting the success of Complex Instruction 
strategies in promoting student academic achievement (Cohen et al., 1994; 
Cohen, 1994a, 1994b; Cohen and Lotan, 1995; Cohen et al., 1999, 2002). In 
recent studies, evidence of this success has been extended to the learning 
gains of new English language learners (Lotan, 2008; Bunch, Abram, Lotan 
and Valdés, 2001).

Challenges of inquiry approaches to learning

Many challenges have been identified with the management of the 
approaches just reviewed, as the pedagogies required to implement them are 
much more complex than the direct transmission of knowledge to students via 
textbooks or lectures. In fact, inquiry approaches to learning have frequently 
been found to be highly dependent on the knowledge and skills of teachers 
involved (Good and Brophy, 1986). When these approaches are poorly under-
stood, teachers often think of inquiry or other student-centred approaches as 
“unstructured,” rather than appreciating that they require extensive scaffold-
ing and constant assessment and redirection as they unfold.

Research on these approaches signals a number of specific challenges 
that emerge when students lack prior experiences or modelling regarding 
particular aspects of the learning process. Regarding disciplinary understand-
ing, students can have difficulty generating meaningful questions or evaluat-
ing their questions to understand if they are warranted by the content of the 
investigation (Krajcik et al., 1998), and they may lack background knowl-
edge needed to make sense of the inquiry (Edelson, Gordon and Pea, 1999). 
Regarding general academic skills, students may have difficulty developing 
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logical arguments and evidence to support their claims (Krajcik et al., 1998). 
Regarding management of tasks, students often have difficulty figuring out 
how to work together, managing their time and the complexity of the work, 
and sustaining motivation in the face of difficulties or confusion (Achilles 
and Hoover, 1996; Edelson, Gordon and Pea, 1999).

Teachers may also encounter challenges as they try to juggle the time 
needed for extended inquiry. They need to learn new approaches to classroom 
management, design and support inquiries that illuminate key subject matter 
concepts, balance students’ needs for direct information with their opportuni-
ties to inquire, scaffold the learning of many individual students (providing 
enough, but not too much, modelling and feedback for each one), facilitate 
the learning of multiple groups, and develop and use assessments to guide the 
learning process (Blumenfeld et al., 1991; Marx et al., 1994, 1997; Rosenfeld 
et al., 1998). Without supports to learn these complex skills, teachers may 
be unable to use inquiry approaches to best advantage, engaging students in 
“doing” but not necessarily in disciplined learning that has a high degree of 
transfer.

How can teachers support productive inquiry?

Successful inquiry-based approaches require planning and well thought 
out approaches to collaboration, classroom interaction and assessment. 
Classroom research (Barron et  al, 1998; Gertzman and Kolodner, 1996; 
Puntambeckar and Kolodner, 2005) has shown that simply providing students 
with rich resources and an interesting problem (e.g. design a household robot 
with arthropod features) are not enough. Students need help understanding 
the problem, applying science knowledge, evaluating their designs, explain-
ing failures and engaging in revision. Students often neglect to use informa-
tional resources unless explicitly prompted. Several research groups have 
offered design principles that can help guide curriculum efforts (Barron et al., 
1998; Engle and Conant, 2002; Puntambekar and Kolodner, 2005). Below we 
summarise the primary design principles from these groups.

Projects must be well designed with well-defined learning goals 
guiding the nature of activities.

Subject matter can be problematised by encouraging students to define 
problems and treat claims and explanatory accounts, even those offered by 
“experts,” as needing evidence. The teacher should encourage students to 
question all sources. Rather than ignoring differences across sources, the 
teacher can draw attention to them and encourage them to look for converg-
ing sources.
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Resources can scaffold both teachers and student learning
Resources such as models, public forums, tools, books, films or fieldtrips 

can support inquiry and discussion. Access to experts and a variety of infor-
mational resources are key in allowing students to find a broad range of 
topics, contradictions and perspectives. Discrepancies across sources can 
be important for driving debates but also for developing students’ reasoning 
and sophistication in using different types of evidence. Another important 
resource is time. Students must be given plenty of time to investigate ques-
tions, carry out designs and share the group’s current thinking and disagree-
ments with one another and with the teacher.

Teachers must develop participation structures and classroom norms 
that encourage accountability, use of evidence and a collaborative 
stance

Students can be given authority to address disciplinary problems by per-
sonally identifying them with claims, explanations, or designs in ways that 
encourage them to be authors and producers of knowledge. The teacher can 
communicate an enthusiasm for debate and productive conflict. Public per-
formances like presentations can encourage the ability to adopt a particular 
perspective as well as attention to quality. Students should be encouraged to 
address others’ viewpoints even if they disagree. Disciplinary norms, such 
as paying attention to evidence and citing sources, should be modelled and 
nurtured. The teacher can encourage the students to incorporate a wide range 
of sources into their research. Students can also constantly be made aware of 
the requirement that they help their group members learn.

Well-designed formative assessment and opportunities for revision 
support learning and well designed summative assessments can be 
useful learning experiences

Formative opportunities for reflection on collaborative processes and 
work progress should be built in to help students self-assess and revise their 
course of action if needed. It is important to find a balance between having 
students work on design activities and reflecting on what they are learning, 
so that they can guide their progress. Incorporating reflective activities is 
important to encourage understanding. The criteria used for summative 
assessment should be multidimensional, representing the various aspects of 
a task rather than a single grade, and openly expressed to students and others 
in the learning community, rather than kept secret in the tradition of content-
based examinations.
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Summary and conclusions

The current conversation about 21st century skills calls for classroom and 
other learning environments that, in addition to including the core subjects 
of schooling, encourage students to develop new media literacies, critical 
and systems thinking, interpersonal and self directional skills. This chapter 
has presented classroom approaches that support sustained inquiry and col-
laborative work. Such approaches are critical for preparing students for future 
learning. Three main conclusions may be drawn from our review.

1.	 Students learn more deeply when they can apply classroom knowl-
edge to real-world problems. Inquiry and design-based approaches 
are an important way to nurture communication, collaboration, crea-
tivity and deep thinking. Attention to the processes, as well as the 
content, of learning is beneficial.

2.	 Inquiry approaches to learning are challenging to implement. They 
are highly dependent on the knowledge and skills of the teachers 
engaged in trying to implement them. When these approaches are 
poorly understood, teachers often think of them as “unstructured,” 
rather than appreciating that they require extensive scaffolding and 
constant assessment and redirection as they unfold. Teachers need 
time and a community to support their capacity to organise sus-
tained project work. It takes significant pedagogical sophistication to 
manage extended projects in classrooms so as to maintain a focus on 
“doing with understanding” rather than “doing for the sake of doing”. 
Fortunately there is a wealth of examples and articulated design prin-
ciples that can help teachers to do these things.

3.	 Assessment strategies must be designed to support both formative 
and summative evaluation. The nature of assessments defines the 
cognitive demands of the work students are asked to undertake. 
Research suggests that thoughtfully-structured performance assess-
ments can support improvements in the quality of teaching, and that 
inquiry-based learning demands such assessments, both to define the 
task and to evaluate properly what has been learned.

As the international community explores strategies to prepare students 
for an increasingly complex and interconnected world, inquiry and design 
approaches to learning provide a well researched approach that has the 
potential to transform important aspects of teaching and learning. Students 
develop critical collaborative and academic skills, and teachers are given 
opportunities to deepen their repertoire for nurturing 21st century learn-
ers. International collaboration among researchers and educators can only 
strengthen the possibilities for imagining and enacting transformative peda-
gogies that support deep engagement and learning for all.
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Chapter 10 
 

The community as a resource for learning:  
an analysis of academic service-learning in primary and 

secondary education

Andrew Furco
University of Minnesota

Andrew Furco’s chapter reviews “academic service learning”: i.e. experiential learning 
that takes place in the community as an integral part of the curriculum. These approaches 
are arousing substantial international interest and embrace pedagogies of engagement; 
pedagogies of empowerment; national service programmes; values education initia-
tives; citizenship education programmes; and community resource programmes. They lie 
between community service and volunteer work, at the service end of the spectrum, and 
field education and internships, at the learning end. Different forms of service learn-
ing are of value in themselves as good education. They also positively influence cogni-
tive achievements in ways discussed in other chapters of this volume, such as by giving 
opportunities for authentic learning, engaging students actively, fostering co-operation 
and collaboration, meeting individual interests, empowering learners and extending hori-
zons beyond comfort zones. However, the evidence base on associated outcomes and on 
what works best and why reveals some emerging, positive findings but remains seriously 
under-developed.
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The rising tide of service-learning

In western Argentina, a group of students, age 12, is exploring the 
history of their land as part of the history curriculum. The area in 
which they live is dry and barren. The local residents, mostly part 
of the Huarpe Indian people, live in poverty and suffer from a lack 
of abundant food and water. In studying the history of their land, the 
students come to learn that their Indian ancestors were farmers who 
lived on fertile land that grew corn and other crops. The students 
decide to explore why today their land is so dry and barren. In their 
investigation, they come to learn that 25 years earlier, the local water 
was diverted to a nearby region to irrigate the vineyards of some 
newly established wineries. Seeking to make their land fertile again, 
the students develop a plan to reclaim their water. They ultimately 
make a successful case to the provincial government to re-divert 
some of the water back to their province. The students design and 
construct an aqueduct which carries the water back to their commu-
nity. They also bring direct water access to local residents who have 
had to rely on collecting water from the town’s common watering 
well. The students plant various vegetables and establish an education 
program designed to advance residents’ capacity to cultivate nutri-
tious and saleable grains and vegetables.

The students in this example participated in an educational experience 
known as academic service-learning. At its most basic level, academic serv-
ice-learning is an experiential learning pedagogy in which education is deliv-
ered by engaging students in community service that is integrated with the 
learning objectives of core academic curricula. Academic service-learning 
is premised on providing students with contextualised learning experiences 
that are based on authentic, real-time situations in their communities. Using 
the community as a resource for learning, the primary goal of academic 
service-learning is to enhance students’ understanding of the broader value 
and utility of academic lessons within the traditional disciplines (e.g. science, 
mathematics, social studies, language arts and fine arts), all while engaging 
young people in social activities through which they derive and implement 
solutions to important community issues (Scheckley and Keeton, 1997). 
Ideally, the community service the students perform helps them learn better 
how the academic concepts taught in the classroom can be applied to situa-
tions in their everyday lives. In this regard, academic service-learning seeks 
simultaneously to enhance students’ academic achievement and their civic 
development (Eyler and Giles, 1999; Tapia, 2007).

Today, service-learning is one of the fastest growing educational initiatives 
in contemporary primary, secondary and post-secondary education. Substantial 
national service-learning initiatives are now part of the education systems of 
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Argentina, Singapore and the United States, and are emerging in many OECD 
and non-OECD countries, including Australia, Canada, Chile, Columbia, 
Germany, Ireland, Italy, Japan, Mexico, South Africa, Spain and the United 
Kingdom. While a world-wide, comprehensive assessment of school-sponsored 
service-learning initiatives is not available, evidence of its rising tide in educa-
tional settings is suggested by the growing body of publications, conferences 
and international networks devoted to advancing the practice and study of 
service-learning in primary, secondary and tertiary education.

The extant literature and other materials suggest that academic service-
learning experiences can be generated from curriculum in any discipline 
and involve students at all educational levels (Cairn and Kielsmeier, 1991; 
Spring, Grimm and Dietz, 2008). The literature also reveals that the com-
munity service activities in which students are engaged tackle a broad range 
of societal issues, including those concerning the environment, health, public 
safety, human needs, literacy and multiculturalism (Tapia, 2008). While these 
community service activities typically focus on local issues, they can also 
be national or global in scope. In implementing service-learning activities, 
students can address a societal issue either through direct service (e.g. serv-
ing food at a homeless shelter) or indirect service (e.g. producing a research 
report that provides recommendations to the homeless shelter for improving 
its food distribution). Regardless of the type or focus of the service activity, 
academic service-learning is designed to help students apply their academic 
content knowledge to act on authentic and often complex societal issues.

Although service-learning resembles other forms of community-based 
learning approaches, such as internships, field studies, or volunteerism, it 
is distinguished from these programmes by placing equal emphasis on both 
community service and academic learning, as well as its intention to benefit 
both the provider and recipient of the service (See Figure 10.1).

Academic service-learning also resembles the popular educational 
practice of project-based learning (see Barron and Darling-Hammond, 
this volume), a pedagogy that actively engages students in learning aca-
demic knowledge through the development of individual or group projects. 
However, as distinct from many such activities, academic service-learning 
learning projects are purposefully community-focused and community-
based, are usually conducted in partnership with members of the community, 
and, most importantly, are designed with a community need in mind. In 
essence, like a textbook or laboratory, the community becomes a resource for 
learning whereby the environs outside school offer students authentic learn-
ing opportunities to use their academic knowledge and skills to construct 
and implement solutions to real-life social problems in the local community 
or broader society.
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In addition to academic service-learning, other less academically inten-
sive forms of service-learning have emerged in recent years. These forms, 
sometimes referred to as co-curricular service-learning, are typically 
practised outside the formal academic curriculum (e.g. in school-sponsored 
after-school programmes) or in non-formal educational settings (e.g. boys and 
girls clubs, Boy Scouts of America). While co-curricular service-learning 
also contains an organising curriculum with intentional learning objectives, 
this curriculum tends to emphasise non-academic goals, such as developing 
participants’ personal leadership development, social development, diversity 
awareness and the like.

The essence of the pedagogy

The emphasis on community service and its use of the community as a 
resource for academic study intentionally shifts the role that students play in 
the learning process: they become producers rather than recipients of knowl-
edge, active rather than passive learners, and providers rather than recipients 
of assistance (Cairn and Kielsmeier, 1991). Unlike most other experiential 
learning approaches, academic service-learning places students in situations 
where they focus less on utilising resources for their own gain and more on 
acting as a resource for the benefit of others. Service-learning creates an 
educational atmosphere whereby learners confront real-life issues through 
community-engaged experiences that call on them to develop meaningful, 
academically-relevant actions that have real consequences for the community 
and themselves. Therefore, the true value of academic service-learning lies 

Figure 10.1. Service-learning compared to other forms of 
experiential learning
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in its capacity to include and incorporate several effective teaching practices 
which enhance learning and promote positive youth development (Eccles 
and Gootman, 2002). As exemplified by the case of the Argentinian students 
in the introduction, service-learning combines several important building 
blocks that create the conditions for quality teaching and optimal learning 
(see Figure 10.2).

Each of these blocks has been found, through independent research stud-
ies to enhance student learning and engagement in school.

Opportunities for authentic learning
In academic service-learning, students are confronted with real-life 

issues: the problem-solving is not about pre-fabricated questions at the end 
of a textbook chapter or hypothetical scenarios. Rather, the students are chal-
lenged to study real problems in real time for real people. In the case of the 
service-learning students in Argentina, the students explored an actual event 
and its consequences on the community in which they live. The students’ 
work focused on identifying the best strategy to address an authentic prob-
lem that would have actual consequences for the people in their community. 
Authentic learning experiences help students create meaning and context in 
ways that can enhance their cognitive and emotional investment in the learn-
ing process (Slavkin, 2004).

Engaging students actively
Academic service-learning blends traditional classroom learning with 

hands-on application of academic content to real-life situations in the commu-
nity. Like most experiential learning strategies, service-learning is inherently 

Figure 10.2. Quality teaching elements present in service-learning
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a student-centred pedagogy that conceives learning as a process in which 
students engage rather than as a set of products or outcomes that students 
have to produce (Kolb, 1984). The learning occurs in the journey students 
take to arrive at their intended outcomes (e.g. pass an examination, complete 
a research paper). For example, the quest to discover why their land was so 
barren today when it was fertile some years before put the students in the 
Argentine classroom on a learning journey in which they led the process of 
exploration and problem-solving. These students were active participants in 
the learning and their actions and ideas drove the curriculum. Moving students 
from being passive to active learners has been found to increase their invest-
ment in the learning tasks, raise their intrinsic motivation, and enhance their 
sense of ability to see the task through (Deci, 1984; Prince, 2004).

A constructivist approach
Through academic service-learning, students are asked to derive strate-

gies that address messy and knotty societal issues through collaborative work 
with peers and adults in the community. Rather than focusing on finding 
the right answer, service-learning experiences engage students in exploring 
various options, perspectives and viable strategies. It also requires them to 
construct and implement the strategy (or strategies) that they believe will be 
most effective. As the students in Argentina sought to reclaim the water for 
their community, they considered and explored various approaches by con-
sulting with peers and adults, and ultimately they built consensus on which 
approach would work best. Overall, service-learning relies on a constructiv-
ist philosophy of education which suggests that students internalise learning 
more fully when instruction is delivered through an active, discovery-focused 
process (Fosnot, 1996).

Forging co-operation, partnerships and collaboration
Learning is as much a social enterprise as it is a cognitive one. Many aca-

demic service-learning projects are built on co-operative group work whereby 
students learn to navigate and negotiate with peers and others as they develop 
and implement their community service plans. Co-operative and collaborative 
approaches to learning can enhance student engagement, and strengthen bonds 
among students from diverse backgrounds (Slavin, 1986; Erickson, 1990; 
Scheckley and Keeton, 1997; Johnson and Johnson, 2006). The concept of 
solidaridad, a central feature of the academic service-learning programmes in 
Argentina, is built on this collaborative approach to service and community-
building. Young people join forces in challenging, transformational experi-
ences that engender strong bonds and often produce long-lasting relationships 
(Tapia, 2007). As the students in the history class constructed the aqueducts, 
they worked with professionals and other adults who assisted and guided them 
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throughout the process. This partnership played an important role in keeping 
the students committed as they felt their work was being validated by adult 
members of the community. Service-learning encourages students to work 
in partnership with community agency representatives who, as co-educators, 
often become important mentors to the students. Engagement with these and 
other adult role models can promote healthy adolescent development and 
young people’s overall success in school (Eccles and Gootman, 2002).

Meeting individual needs and interests
Academic service-learning is centred on engaging students in community 

service projects that matter to them. High quality service-learning experiences 
tap students’ individual talents and abilities in ways that allow all of them to 
make a contribution to the issue(s) at hand regardless of age, ability, or ambi-
tion. The history students embarked on their learning journey because they 
were curious about the state of their land. The work mattered to them person-
ally, and consequently they invested themselves fully in the learning process. 
Highly personalised curricula have been found to increase students’ time on 
task and overall engagement with learning (Jaros and Deakin-Crick, 2007).

Empowering learners
Student voice in academic service-learning is considered to be an important 

part of the pedagogy. Service-learners need to work out plans of action and are 
given the responsibility to decide how those actions will be enacted. Putting 
students in charge of the activities can help them to hone their decision-making 
skills, learn how to take responsibility for successes and failures, and build self-
confidence and leadership capacities (Clark, 1988). Adolescents in particular 
need a lot of experience exercising these skills before they can apply them fully 
and efficiently. The students in Argentina were in charge of the project, and thus 
felt ownership and took responsibility for it. The work provided opportunities 
for them to develop the skills of analysis, development, planning, implementa-
tion, and evaluation that promote higher-order thinking. Community-based 
learning experiences like service-learning, in which students play a role in the 
programme design and implementation, can engage students in exercising these 
important and necessary skills (Eccles and Gootman, 2002).

Moving out of the comfort zone
In service-learning, students often are asked to venture into unfamiliar ter-

ritory and interact with populations and in communities with which they may 
be unfamiliar. In these new environments, students are encouraged to reassess 
their assumptions and preconceived notions about issues and populations. The 
history students in Argentina had to confront officials in the nearby province to 
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present their case for reclaiming the water. The students in this service-learning 
experience had to muster the courage to venture to a new location, make their 
case to sceptical adults, and then assume the responsibility for following 
through on a commitment on which many hopes rested. Boundary-crossing 
activities that challenge young people cognitively, physically, and emotionally 
to move out of their comfort zones have been shown to enhance the develop-
ment of expert cognition (Engestrom, Engestrom and Merja, 1995).

It is the combination of these pedagogical factors that characterises the 
essence of service-learning. Each factor has the potential to enhance stu-
dent learning and promote healthy youth development. Academic service-
learning can help to create a favourable learning environment for students 
and mitigate some of the student disaffection that many schools are facing. 
Through engagement in the community, students can begin to see how the 
content they are learning in the classroom has meaning and relevance to their 
lives outside school. Academic service-learning can also offer students new 
vistas onto communities and issues with which they may be unfamiliar. For 
many students, their worlds are circumscribed within the social networks 
and physical spaces with which they are most accustomed and comfortable. 
Service-learning can provide opportunities for students to venture into new 
communities and social circles to address issues to which they have not been 
previously exposed. Thus, by using the community as a resource for learning, 
academic service-learning extends the education of students beyond the con-
fines of the school building while keeping learning anchored in the academic 
subject areas that all young people should master.

With academic service-learning, teachers should be prepared to give up 
some control over their classrooms as they empower their students to play an 
active role in the learning process. Teachers need also to take time to develop 
relationships with community agency representatives who will be important 
partners in the service-learning enterprise. These community agency repre-
sentatives will often serve as co-educators, supervising and guiding students 
through various service and learning tasks, as well as assisting with assess-
ments of student learning and development. For academic service-learning 
to be effective, teachers must see the classroom activities and the community 
service projects as inextricably linked. What students learn in the classroom 
prepares them to do high quality service in the community. In turn, the serv-
ice activities that students conduct in the community help them gain a better 
understanding of the academic content to be learned in class.

As an instructional strategy, therefore, academic service-learning should 
be applied at opportune points in the curriculum when community-based 
experiences can add value to learning, development and overall educational 
experiences. Much of how service-learning is implemented depends ultimately 
on the cultural norms and educational structures present within the systems in 
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question. As service-learning becomes more prevalent in more countries, its 
character will evolve as national educational priorities and cultural contexts 
shape the ways in which it is applied in primary and secondary education.

The impacts of service-learning on students

Overall, the research on academic service-learning suggests that it can 
enhance students’ academic, civic, personal, social, ethical and career develop-
ment. In practice, academic service-learning has certain special features that 
are not offered through other active learning strategies. However, the extant 
research suggests that, by and large, these positive impacts may not be quali-
tatively different than those offered by other experientially-based pedagogies.

The first (English-language) research studies of service-learning pub-
lished in the early 1980s were stimulated by the emergence of such practice 
within primary, secondary and higher education. Most such research has been 
and continues to be conducted in the United States, driven by the presence of 
research centres, funding and professional networks supporting the study of 
academic service-learning. The research agenda was originally focused on 
exploring service-learning’s impact on participating students (or service-learn-
ers). Over the years, the agenda has gradually expanded to explore the impact 
on participating teachers, schools and communities, as well as factors that 
promote high quality service-learning practice and programme sustainability.

Most of the studies assessing the impacts on students have focused mostly 
on service-learning practice in tertiary or higher education, with more than 
250 published studies now available. In contrast, there are fewer than 70 
published service-learning impact studies on students enrolled in primary 
and secondary schools. (This review includes only those studies that have 
appeared in English-language publications.) Generally, however, the impacts 
reported from studies of higher education service-learning are parallel to those 
observed in studies conducted in primary and secondary school settings.

Over the years, sceptics and proponents alike have raised questions 
about the rigour and overall quality of service-learning research (Furco and 
Billig, 2002; Bailis and Melchior, 2003; Ziegert and McGoldrick, 2004; Reeb, 
2006). For the most part, the body of research has not followed a logical line 
of inquiry. Rather, it can be best characterised as a mass of disparate stud-
ies which are not well-connected with each other or with previous research. 
Calls for more and better research that meets the standards of scientific 
inquiry have prompted the development of several research agendas, which 
have helped to build cogency in the conclusions of different investigations 
and have led to some important advances in the field (Giles and Eyler, 1998; 
Billig and Furco, 2002; Service-Learning in Teacher Education International 
Research Affinity Group, 2006).
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Compared with the early studies in the field, today’s investigations tend to 
employ more rigorous designs, make clearer ties to related research and prior 
service-learning studies, use more valid and reliable instruments, and employ 
more advanced and sophisticated analyses. Much more needs to be done, how-
ever, to raise the quality and quantity of service-learning research. Of the 67 
published student impact studies based in primary and secondary education, 
fewer than half employed an experimental or quasi-experimental design with 
the others being outcome assessments in non-experimental conditions, analy-
ses of existing data, or assessments from secondary data sources (e.g. teach-
ers’ reports of student outcomes). In many cases, the quality of the study is 
difficult to ascertain due to the lack of detail about the conceptual framework, 
research design, instrumentation and/or methodology. Such limitations not-
withstanding and while more research is needed to confirm conclusions about 
the impacts of service-learning, the available evidence is allowing the picture 
of the potential impact on students to begin to come into focus.

Given that the practice of service-learning is built on classroom-based 
academic activities and civic-oriented community service, much of the 
research has focused on assessing impact on students’ academic and civic 
development. The research summary presented below is based on a review of 
55 investigations, most of which were conducted in primary and secondary 
schools.* As academic service-learning tends to be applied broadly as both 
an educational initiative and a community service programme in the United 
States, the primary outcomes from these studies are likely to have some rel-
evance and generalisability to service-learning practices in other countries.

Academic Achievement and Educational Success
Much of the research on student impacts has centred on investigating the 

ways in which service-learning advances students’ academic achievement 
and overall educational success. Akujobi and Simmons (1997), Klute and 
Billig (2002) and Kraft and Wheeler (2003) all found significantly higher 
improvements in reading and language arts among service-learning par-
ticipants when compared to a comparable group of students not engaged in 
service-learning. In other quasi-experimental studies, researchers have noted 
similar positive academic impacts from service-learning participation in the 
areas of mathematics (Melchior, 1998; Melchior and Bailis, 2002; Davila and 
Mora, 2007), science (Klute and Billig; 2002; Davila and Mora, 2007) and 

* The primary sources for 12 of the 67 studies cited in the service-learning 
literature were not accessible; the findings for these studies are not included in 
this research summary. The author wishes to acknowledge the contributions of 
Dr. Susan Root and Ms. Lisa Burton for their assistance in identifying and locat-
ing studies for this review.
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social studies (Meyer, Billig and Hofschire, 2004; Davila and Mora, 2007). 
However, while the overall effect is statistically significant in all of these 
cases, the size of the effects has been generally small.

More robust outcomes have been found, however, in other areas of students’ 
academic development. Several studies have revealed that, when compared 
with comparable students not engaged in such programmes, service-learning 
students maintain higher levels of motivation for learning (Conrad and Hedin, 
1981; Melchior, 1995; Melchior, 1998; Scales et al., 2000; Furco, 2002b; Hecht, 
2002; Brown, Kim and Pinhas, 2005; Scales et al., 2006), have improved student 
attendance (Follman and Muldoon, 1997; Melchior, 1998; Scales et al., 2006), 
and have fewer disciplinary problems in the classroom (Calabrese and Schumer, 
1986). Other studies reveal that service-learners maintain a stronger pursuit 
of good grades compared with students non-participants (Scales et al., 2000; 
Ammon et al., 2002), and have larger improvements in their academic marks and 
grade point averages (Laird and Black, 1999). Participants in these programmes 
have also reported learning more in service-learning classes than their other 
classes at school (Weiler et al., 1998).

Beyond the classroom, several studies have found that students who par-
ticipate in service-learning show stronger interest and engagement in school 
than comparable non-participating students (Melchior, 1995; Melchior, 1998), 
and are less likely to drop out of school (Bridgeland, Dilulio and Morison, 
2006). In addition, students reported having a deeper commitment and con-
nectedness to school work (Scales et al., 2000; Scales et al., 2006) because 
of their participation in service-learning. According to Scales et al. (2000), 
the number of hours of service-learning (31 hours or more), along with the 
amount and type of reflection and motivation to engage in community serv-
ice and service-learning, predicted this outcome.

Although the research to date suggests that service-learning can have 
positive effects on a variety of academic areas, more research is needed to 
draw firmer conclusions. More experimental studies that include high quality 
service-learning programmes should produce additional insights into the var-
ious ways students learn and develop through such programmes. Moreover, 
we need trans-national studies conducted within and across different national 
contexts are needed to understand better how the local culture and social atti-
tudes toward community involvement shape the service-learning experience 
and its impact on students.

Civic and citizenship development
Perhaps more than any other experiential or community-engaged learning 

pedagogy, academic service-learning has a strong civic dimension at its core. 
Its emphasis on community service establishes an inherent civic dimension that 
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promotes social responsibility and citizenship among participants. Findings 
from the handful of civic-focused research studies available suggest that par-
ticipating in academic service-learning and related community-based learning 
experiences can enhance: students’ political knowledge and efficacy (Hamilton 
and Zeldin, 1987); political engagement (Morgan and Streb, 2001); self-efficacy 
for volunteering (Hamilton and Fenzel, 1988); attitudes towards government 
(Hamilton and Zeldin, 1987); participation in civic issues (Kahne and Sporte, 
2008); likelihood to vote in the future (Hart, Donnelly, Youniss and Atkins, 
2007); and likelihood to volunteer in the future (Hamilton and Fenzel, 1988).

Hart et al. (2007) assessed different types and levels of community service 
participation (“voluntary”, “required”, “mixed” and “no service”) and found 
that all forms of community service were associated with elevated levels of 
voting. Their analyses revealed that while the frequency of community service 
in secondary school predicted future community service and engagement, the 
form this took (voluntary, required, mixed) did not. Voluntary community serv-
ice in secondary school did predict future community involvement but mixed 
and required community service did not.

These results support those of a previous study which found that young 
adults who were required to participate in community service activities 
during their university studies were less likely to participate in community 
service five years after graduating than students who had participated vol-
untarily during their time at university (Stukas, Snyder and Clary, 1999). 
However, whether requiring community service or service-learning promotes 
positive civic (and academic) development remains to be seen. As some schol-
ars have suggested, it is the overall quality and meaningful character of the 
experience that matters most (Billig, Root and Jesse, 2005). When students 
perceive service-learning as simply another school assignment to be com-
pleted, it can promote negative feelings for both the participating students and 
the members of the community (Covitt, 2002b).

Findings from in the Citizenship Education Longitudinal Study (CELS) 
– a national study of England’s required citizenship education programme 
for secondary school students – are relevant to these issues (Benton, Cleaver, 
Featherstone, Kerr, Lopes and Whitby, 2008). Here, the citizenship educa-
tion curriculum has sought to engage students in community-based activi-
ties, including service-learning, to develop their civic capacities and skills 
(Annette, 2000). As the only large-scale, longitudinal, national study on 
student citizenship development (and one of the few non-U.S. studies on youth 
service), Benton et al. (2008) measured the extent to which students’ civic atti-
tudes changed over a five-year period. The findings reveal that over time, stu-
dents came to feel less attached to their communities, saw fewer opportunities 
to participate actively in lessons, were less trusting of authority figures and 
felt less empowered (Benton et al., 2008). The researchers report that despite 



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

10. The community as a resource for learning – 239

participating in the citizenship education curriculum, students maintain a 
narrow conception of civic engagement, focusing mostly on participation 
activities that require low levels of time (e.g. voting); there is no evidence that 
students have embraced broader notions of civic participation (e.g. volunteer-
ing or community service) that require more substantial commitments.

Programme quality has become an issue receiving some attention in 
recent studies. Not all service-learning is equal, and there are some elements 
that are fundamental to high quality service-learning practice. These ele-
ments include: sufficient duration and intensity of the experience, strong links 
between the service activities and the academic curriculum, collaborative and 
mutually beneficial partnerships with community members, meaningful serv-
ice activities, student voice and choice, and ongoing reflection and analysis of 
the experience (Billig and Weah, 2008).

The importance of programme quality in service-learning was further 
addressed in a study by Billig, Root and Jesse (2005). The researchers used 
a battery of civic-focused measures that measure students’ knowledge about 
government institutions and leaders, capacity to perform civic skills such as 
election campaigning, sense of belonging to the community, level of partici-
pation to meet community needs, feelings of making a difference and assum-
ing adult roles, and current and future engagement in political discourse and 
activities. The researchers found that civic outcomes were generally more 
positive among students engaged in service-learning experiences of longer 
duration and whose teachers were more experienced with service-learning 
implementation. Students who participated in direct service (e.g.  visiting 
seniors or tutoring) reported feeling more engaged with the community than 
did students participating in indirect service (e.g. fundraising). These find-
ings support the results of an earlier study (Morgan and Streb, 2001) which 
found that service-learning is more likely to enhance self-concept, political 
engagement, and attitudes towards the elderly and the disabled when the 
experience contains a greater number of quality practice elements (e.g. serv-
ice-learners perceive that they have real responsibilities, challenging tasks, 
as well as opportunities to plan the projects and make important decisions).

Other student outcomes
In addition to the academic and civic outcomes of academic service-

learning, researchers have also explored various moral, vocational, personal, 
and social development outcomes. The findings from research in these areas 
suggest that service-learning as an instructional strategy can enhance the 
goals of other educational programmes, including values education, health 
promotion projects, drug abuse prevention initiatives, and youth leadership 
development activities. This research has helped to promote a broader range 
of service-learning forms beyond the core academic curriculum.
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Several studies have found service-learning to be an effective instruc-
tional strategy for developing students’ leadership capacity (Ladewig and 
Thomas, 1987; Weiler et al., 1998; Boyd, 2001). In a study by Boyd (2001), 
students demonstrated significant increases in their capacity to make deci-
sions and to engage in successful group work, based on a Leadership Life 
Skills Inventory. Boyd attributes these positive results to the principles of 
the community action programme, which involves students in assessing the 
needs of the community, planning the projects, practising decision-making 
and problem-solving, communicating with different audiences, and working 
in teams.

A number of recent studies have examined the relationship between 
service-learning and values development (Furco, Middaugh, Goss, Darche, 
Hwang and Tabernik, 2004; Berkowitz and Bier, 2005; Lovat and Toomey, 
2007; Billig, Jesse, Brodersen and Grimley, 2008). Much of this research has 
grown out of concerns among proponents of values education that current 
approaches do not provide enough opportunities for students to practice in 
authentic settings the value traits they learn about from character education 
curricula (Lovat and Toomey, 2007). As Lovat and Toomey (2007) sug-
gest, values education outcomes improve when the curriculum is tied to 
quality teaching practices, which include authentic, experiential learning 
opportunities.

Where national values education programmes are in operation, such as 
Australia and the United States, service-learning is being used to enhance the 
delivery of the values education curriculum. For example, Billig et al. (2008) 
assessed pre-post changes in values development among middle and second-
ary school students over a three-year period. The researchers compared the 
development of caring, altruism, citizenship, civic responsibility, persist-
ence and respect (for self and others) between a group of students engaged 
in a character education curriculum that included service-learning activities 
and a group of students whose character education curriculum lacked this 
additional element. Their results support prior research findings that sug-
gest that as young people mature, there is a gradual but steady diminution 
of values attainment (Furco et al., 2004). Billig et al. (2008) found that over 
time, the students who participated in service-learning character education 
programmes had significantly less of a drop in value attainment than the stu-
dents who did not. This suggests that service-learning helps students to retain 
their value (or character) assets as they mature.

Other research studies have found that service-learning and related com-
munity-engagement programmes can have positive impacts on students’ self 
esteem (Yates and Youniss, 1996; Johnson and Notah, 1999; Martin, Neal, 
Kielsmeier and Crossley, 2006); sexual behaviour (Kirby, 2001; O’Donnell et 
al., 2002); substance use (Tebes, et al., 2007); preparation for the workforce 
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(Yamauchi, Billig, Meyer and Hofschire, 2006); transitions to adulthood 
(Martin, Neal, Kielsmeier and Crossley, 2006); and preparation for higher 
education (Furco, 2002a). In most of these investigations unfortunately the 
researchers did not extend the discussion beyond the classrooms or commu-
nities that were studied and their generalisability is limited. And, because 
few of the studies have yet to be replicated, strong assertions about service-
learning’s impacts in these areas cannot be made at this time.

Looking to the future

Overall, academic service-learning offers a way to rethink the ways in 
which education is delivered to primary and secondary students. Beyond the 
pedagogical issues, the practice of service-learning also has implications for 
how the curriculum is structured, student outcomes are assessed, teachers 
are trained and schools are managed. For example, the societal issues that 
students address through service-learning are inherently interdisciplinary in 
nature. A project about removing toxins from a polluted stream can require 
students to apply their knowledge and skills in science, mathematics, lan-
guage arts and even history. As in the service-learning class in Argentina, the 
activities not only engaged students in learning history, but also mathematics, 
science, government, language arts and a host of career-related skills. The 
discipline-focused, subject-matter organisation of the curriculum in many 
school systems is often not conducive to facilitating inherently interdiscipli-
nary learning activities. Therefore, even with a growing number of studies 
pointing to positive outcomes from service-learning participation, its practice 
may continue to struggle for academic legitimacy in educational systems 
until they evolve enough to make room for more innovative approaches like 
service-learning.

As academic service-learning comes of age in more countries, more and 
better research will be needed to determine to what extent it offers true value-
added for students as well as for the communities served. As more nations 
adopt such initiatives and/or implement different forms of national service, 
there will likely be demand for cross-national assessment of service-learning. 
A growing number of efforts are underway to expand the global reach of 
service-learning, including international research conferences (e.g. the annual 
conference hosted by the International Association for Research on Service-
Learning and Community Engagement); multi-language websites focused on 
service-learning and community engagement (e.g. www.tufts.edu/talloiresnet-
work); and multi-national networks that support practitioners, such as Centro 
Latinoamericano de Aprendizaje y Servicio Solidario (CLAYSS) in South 
America and the new International Alliance for Academic Service-Learning. 
There are national and international efforts underway to prepare the next 
generation of primary and secondary school teachers with the skills they need 
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to practice academic service-learning effectively. Much of this work is con-
ducted through the International Association for Service-Learning in Teacher 
Education, which hosts an international biennial conference of prospective 
service-learning educators and scholars in teacher education. One of this 
Association’s research projects is the development of a survey to assess the 
status of service-learning in teacher education across the globe (Anderson, 
Furco and Root, 2009).

The future research agenda for service-learning will call for studies 
that employ larger randomly-selected samples, more advanced analyses, 
and longitudinal designs to assess long-term impacts. The agenda should 
include more analysis of the specific programmatic features that have positive 
impacts on different areas of student development. The service-learning field 
could also benefit from targeted analysis of the unique effects of service-
learning compared with related experientially-focused pedagogies that use 
the community as a resource for learning. Lastly, more in-depth international 
assessments and comparisons are needed to assess the true scale and scope 
of service-learning practice across the globe. Academic service-learning is 
likely to continue to gain attention in different educational systems especially 
given the growing evidence of its generally positive outcomes. More rigorous 
and refined investigations will further advance the evidence base and more 
precisely ascertain the true strengths and limitations of service-learning and 
related instructional pedagogies.
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Chapter 11 
 

The effects of family on children’s learning and socialisation

Barbara Schneider, Venessa Keesler and Larissa Morlock
Michigan State University

Barbara Schneider, Venessa Keesler and Larissa Morlock address (a) how families influence 
children’s learning development, (b) what families influence and (c) when this influence 
takes place. Socio-economic status exercises a profound influence on student learning yet 
is not simply deterministic as individual families play a key role, arguably a more impor-
tant one than schools in shaping educational expectations, occupational aspirations and 
academic performance. Research shows how children’s well-being and development are 
influenced by the engagement of both mothers and fathers. Children are more likely to 
learn when they have structured home environments with clear expectations about learning 
but adapted to child-specific needs and personalities. The socialisation received at home 
is critical to the development of ambition and perceived self-efficacy. Engaging in extra-
curricular activities and parental involvement in schooling both show positive results, but 
they are beneficial particularly when they are consistent with the goals and activities of 
the school.
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Introduction

The family is the first and primary social system in which young children 
begin to acquire fundamental cognitive and social skills that shape their moti-
vation and early preparation for the challenges of schooling (Machida, Taylor 
and Kim, 2002). In the beginning stages of child development, parenting 
quality has been commonly measured by maternal supportiveness, sensitivity 
and responsiveness. These characteristics have been shown to be related to 
children’s language skills, problem-solving, early number concept acquisition, 
classification abilities and interpersonal skills (Lugo-Gil and Tamis-LeMonda, 
2008). Through familial relationships, children learn the fundamentals of 
communication, organisational skills and delegation of roles and responsibili-
ties, as well as the family’s educational expectations for their futures (Smith et 
al., 2001). This chapter addresses how families influence children’s learning 
development, what families influence and when this influence takes place.

How families influence their children’s learning development

Parental impacts on learning: genetic factors
To understand how families influence their children’s learning, one must 

consider both the biological and the environmental conditions critical in the 
developmental process. Disentangling some of the direct biological effects 
from those in the environment is a matter that continues to attract research 
from both social and biological sciences. Some researchers with a genetic 
perspective have argued that the relationship between children’s develop-
ment and environmental factors, such as parenting practices, has been over-
estimated in developmental research (Harris, 1995, 1998; Rowe, 1994; Scarr, 
1992). Others take a more encompassing approach, arguing that individual 
differences in cognitive development and psychological dispositions are a 
function of both genetics and socialisation (Bouchard and McGue, 2003).

The case for paying closer attention to genetics is that when it is ignored, 
it limits the types of questions that can be investigated as well as the types 
of explanations that can be provided. Recent neuro-scientific studies exam-
ining the structure and functioning of the brain as it relates to learning and 
memory have focused on functions of the human brain as it interacts with 
the environment (Goswami, 2004). Increasingly, consensus is emerging in 
neuro-scientific research that the brain is malleable to experience throughout 
the lifespan (Baltes, Reuter-Lorenz and Rösler, 2006; Doyon and Benali, 
2005; Geary and Huffman, 2002; Huttenlocher, 2002; Jenkins, Merzenich 
and Recanzone, 1990; OECD, 2007; Thelen and Smith, 1994). For example, 
researchers have shown that severe deprivation of social interaction in early 
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childhood can alter one’s neurochemistry and the production of oxytocin; this 
is a hormone implicated in social behaviour that influences bonding as well 
as protection against stress and pycho-pathology, such as anxiety and depres-
sion (Fries et al., 2005; Heim et al., 2008; Meinlschmidt and Heim, 2007).

These findings from neuroscience are consistent with the social science 
research that has emphasised the dynamic interactive relationship between 
genes and the environment (Maccoby, 2000). Supporting this position, Duyme, 
Dumaret and Tomkiewicz (1999) showed significant influences of both genes 
and the environment in a study of adopted children. Prior to adoption, the IQ 
scores of children who had been abused or neglected as infants were at least 
one standard deviation below the mean (<86). By 13 years of age, those chil-
dren adopted by families with higher socio-economic status (SES) had signifi-
cantly higher IQ scores (average IQ = 98) than those adopted by families with 
lower SES (average IQ = 85). However, they also found hereditary effects: the 
children’s IQ scores at age 13 were significantly correlated with those of their 
biological parents, regardless of the SES of their adoptive family.

This study and several others (Dickens and Flynn, 2001; Kendler and 
Greenspan, 2006; Rutter, 2008; Uher, 2008) highlight the importance of the 
interactive influence of biology and environmental factors on children’s cogni-
tive and social development. Bronfenbrenner and Ceci’s bio-ecological model 
(1994) provides a framework for interpreting the findings of Duyme and col-
leagues, proposing that all people have genetic potential which is actualised 
through interaction with the environment in what they refer to as a “proximal 
process”. Similarly, Rutter (2008) argues that environmental risk and protec-
tive factors can impede or facilitate the realisation of genetic potential.

What seems most important about the links between genes and the 
environment is that humans and the social contexts they inhabit are fluid 
and permeable. The brain makes modifications and the environment mat-
ters. However, the environment appears to matter more for those who are 
economically and socially disadvantaged. Recent research on black and 
white children’s test scores suggest that differences in cognitive perform-
ance among individuals in advantaged environments are influenced more by 
genetic factors, whereas differences in cognitive performance among those 
in less advantaged environments are more closely related to environmental 
conditions (Turkheimer et al., 2003).

Parental impacts on learning: status variables
We now turn to those conditions in the household that have also been 

shown to affect learning. Social science, and educational research specifically, 
have focused on the impact that so-called “status variables” such as socio-
economic background and family structure have on the learning process.
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Socio-economic background
Certain household characteristics have been shown to influence student 

learning profoundly. These characteristics generally include the human, 
financial, and social resources in the family, usually referred to as socio-
economic status (SES). This multidimensional construct is typically meas-
ured with several indicators, including household income, parental education, 
occupation and family structure and relationships of individuals in the house-
hold (Entwisle and Astone, 1994). Social status – one indicator of SES – can 
be understood as the rank on a societal hierarchy that is conferred through 
education, income and social ties, reflecting differential access to, and con-
trol of, desirable resources (Mueller and Parcel, 1981). One’s position on 
this social hierarchy imbues particular values and orientations toward work, 
school, and towards other individuals and social groups. These orientations 
are transmitted to children, often over generations, socialising them into a 
particular set of behaviours and motivations.

Decades of research have shown a strong relationship between SES and 
student achievement. Among the components of SES, the strongest effects are 
found with parental education (e.g. Baker, Riordan and Schaub, 1995; Boyle 
et al., 2007; Zhou, Moen and Tuma, 1998). One of the earliest classic studies 
of SES and its influence was conducted by Blau and Duncan in 1967 in which 
they analysed survey data from over 20 000 participants, finding a direct 
link between parent education and the occupations their children pursued as 
adults. Coleman et al. (1966) and others also showed a significant relation-
ship between family SES and achievement. More recently, results from the 
2004 National Assessment of Educational Progress (NAEP) confirmed that 
students whose parents completed higher levels of education tend to perform 
better academically (Perie, Moran and Lutkus, 2005).

Not only are the effects of SES considerable, they are also enduring. 
Children with lower SES are at increased risk of repeating a grade (Bianchi, 
1984; Byrd and Weitzman, 1994; Dawson, 1991; Entwisle et al., 1988) 
and dropping out of high school (Alexander, Entwisle and Kabbani, 2001; 
Haveman, Wolfe and Spaulding, 1991; Laird, DeBell and Chapman, 2006; 
Rumberger, 1983, 1987). Research has linked both of these educational events 
to subsequent lower levels of educational attainment, less stable employment 
and higher incidences of family disruption (Chen and Kaplan, 2003; Hout, 
1988). The sustaining effects of SES are also evident in post-secondary edu-
cation. In a nationally-representative longitudinal study, Goldrick-Rab (2006) 
found that, even after controlling for the effect of prior achievement, students 
from lower SES backgrounds experienced more interruptions in their college 
education than their higher SES peers.

The relationship between SES and achievement is partly due to educa-
tional expectations, which are higher in families with greater economic and 
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social resources. Sewell and Hauser (1972, 1980) investigated the causal path 
between parental background characteristics and student achievement by 
including in their models students’ educational expectations – that is, what 
degrees the students expected to attain after high school. They showed that 
through interactions with significant others, primarily their parents, students 
develop educational expectations which subsequently affect their achievement.

Today, we continue to view parental educational expectations as part of 
a larger value system, transmitted by parents to their children. Research has 
consistently shown that the educational expectations that parents have for their 
children represent one of key mechanisms through which parents influence 
their children’s schooling careers. As noted by Bourdieu (1984), it is the inter-
action of families and friends that influence children’s patterns of behaviour 
– from the foods they prefer, the style of clothes they wear, to their manner of 
speaking. Culturally transmitted norms and behaviours can have profoundly 
enduring effects and some of this transmission occurs in classrooms between 
students and teachers. In addition to these expectations, parents also hold 
expectations regarding their adolescents’ performance in courses critical for 
post-secondary prospects, such as advanced-level high school mathemat-
ics and science. Frome and Eccles (1998) showed that parents’ expectations 
regarding their children’s mathematics ability had more influence on the chil-
dren’s own perception of their abilities than their grades did.

Family structure
Family structure also plays a role in children’s learning. Children from 

single-parent families are more likely to experience negative developmental 
outcomes (e.g. Park, 2007; Pong, Dronkers and Hampden-Thompson, 2003; 
Pong and Ju, 2000). Family size and parent responsibilities are also likely to 
influence children’s learning and social skills as these factors are associated 
with the amount of time parents have to devote to interactions with their 
children. However, as noted by Weinraub, Horvath and Gringlas (2002), there 
is significant variation among families of different household configura-
tions that may mediate some effects of structure. Duncan, Brooks-Gunn and 
Klebanov (1994) found that while ability scores were higher for children from 
dual-parent households, nearly all of this association could be explained by 
family income and poverty status.

The occupational experiences of parents are also an important factor in 
children’s learning although the effects are less direct than those of parental 
education. Parents’ work characteristics and attitudes can shape adolescents’ 
work values, specifically the characteristics of occupations that adolescents 
see as viable choices for themselves (Galambos and Sears, 1998; Jodl et al., 
2001; Kracke, 2002; Mortimer, 1976; Rathunde, Carroll and Huang, 2000). 
Children can obtain knowledge about their parents’ jobs directly, through 
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conversations, or visiting their places of employment. Recent studies dem-
onstrate a link between parents’ job characteristics and teenagers’ expressed 
preferences to find work like that of their parents when they “grow up” 
(Kalil, Levine and Ziol-Guest, 2005; Weinshenker, 2005). This is the case 
especially regarding fathers: adolescents are less likely to desire the occupa-
tions of their mothers even when they hold high status, well-paying jobs. 
Parents’ jobs can serve as important “laboratories” for children’s developing 
views of the occupational system and their future place within it.

Schools play a less important role than families in shaping educational 
expectations, occupational aspirations and academic performance. This is 
particularly the case for young children, for whom differences in test scores 
among various racial and ethnic groups are strongly related to economic and 
social inequalities in families. These effects are compounded by the environ-
ments in which young people live. Evans, Hout and Mayer (2004) argue that 
children’s views of their family’s income and social standing relative to other 
families in their neighbourhood may exert considerable influence on their 
learning and achievement. When economic inequalities increase, students 
whose families have fewer resources may feel less empowered to do well in 
school and consequently put less effort into their school work.

Parents’ impacts on learning: process variables
Status variables do not fully explain the relationship between family 

background and academic achievement – attention needs to be directed at the 
processes and mechanisms through which parents can strengthen their chil-
dren’s learning. Some of these processes and mechanisms include the ways 
in which parents interact with their children, monitor their children’s behav-
iour, help with homework and engage in discussions about future schooling 
opportunities.

Attachment and responsiveness
Although SES is a major factor in children’s learning, parental actions 

– regardless of the economic and social constraints they face – can make a 
difference in their children’s cognitive and social development. Beginning 
in infancy, the degree of responsiveness and sensitivity of a caregiver to a 
child’s needs influence whether or not that child develops a secure attach-
ment pattern, that is, an enduring connection to another human being 
(Ainsworth et al., 1978; Belsky and Fearon, 2002; Isabella, 1993; Kivijärvi et 
al., 2001). Infants who are securely attached to their caregiver feel comfort-
able exploring their environment because they can rely on their caregiver for 
security. Abusive or neglectful parenting, on the other hand, can lead chil-
dren to develop avoidant or ambivalent attachment patterns. Children with 
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“ambivalent attachment” tend to cling to their caregiver rather than explor-
ing their surroundings independently and exhibit distress when a caregiver 
leaves, unsure of their return. Children with “avoidant attachment” tend to 
show little or no preference for their caregiver over a stranger.

Maternal sensitivity and responsiveness have also been shown to lead 
to positive developmental outcomes for children (Burchinal et al., 1997; 
Ginsburg, 2007; Tamis-LeMonda, Bornstein and Baumwell, 2001). It is not 
only the mothers’ roles that are important; there is accumulating evidence 
that the father-child relationship has an important influence on children’s 
developmental outcomes (Cabrera et al., 2000; Flouri and Buchanan, 2003; 
Lamb, 2004; Tamis-LeMonda and Cabrera, 2002). Increasingly, research is 
demonstrating that children’s emotional regulation, well-being and cognitive 
development are related to the emotional involvement of both mothers and 
fathers and time spent together (Amato and Rivera, 1999; van Wel, Linssen 
and Abma, 2000; Williams and Kelly, 2005).

Parenting styles
Parents have different styles in the ways they interact with their children. 

Researchers have sought to characterise these relationships, often provid-
ing labels for different styles of family decision-making, usually focused on 
monitoring and other social control mechanisms. One commonly-used typol-
ogy distinguishes between “authoritarian”, “permissive” and “authoritative” 
parenting styles (Baumrind, 1966, 1967; Steinberg, 1996). Authoritarian par-
ents are regarded as the most firm with respect to discipline and are viewed 
as exercising several different types of social control, including psychological 
ones, to encourage their children to behave in desired ways. Permissive par-
ents, in contrast, are inclined to be more accepting of different behaviours, 
allowing their adolescent child more freedom in making their own decisions. 
These parents tend not to engage in disciplinary actions and instead focus 
on ensuring that their adolescents are “happy.” Authoritative parents impose 
a disciplinary structure with established rules but these rules are typically 
made with the adolescent’s’ involvement and are constructive and caring 
when executed. These types of parents are likely to encourage their adoles-
cents to exercise autonomy within the limits they provide.

Authoritative parenting has been linked to many positive adolescent 
outcomes including cognitive and social skills and emotional well-being. 
Adolescents whose parents practise more authoritative styles of parenting are 
more likely to have better performance in school, stronger self-esteem, higher 
levels of educational attainment, and decreased instances of delinquency and 
other social problems than others (Lamborn et al., 1991; McBride-Chang and 
Chang, 1998; Steinberg, 2001; Steinberg et al., 1992). In contrast to other 
parenting styles, authoritative parents are more likely to value goal-setting 
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and hard work, and to instil a sense of self-efficacy in their teenage chil-
dren. These parents are more likely to have their children see the connection 
between hard work and academic success. These children are more likely to 
be equipped to face challenging tasks and to work to overcome them since 
they have a greater sense of confidence and understanding that they can 
potentially affect the outcome through perseverance and hard work (Purdie, 
Carroll and Roche, 2004; Steinberg, 1996).

Developing agency
Despite agreement in the literature that certain parenting techniques 

are related to positive outcomes, there is also a body of evidence that sug-
gests that we need to be concerned with how parents understand and com-
prehend their children’s agency, as well as how children understand their 
parents’ agency. In this context, “agency” refers to “the meanings [that 
parents and children] construct of each others’ behaviour, in their capacity 
for strategic action, and in their ability to behave ‘as if’ the other is also an 
agent” (Grusec, Goodnow and Kuczynski, 2000, p. 205). This parent-child 
relationship requires parents to be cognisant of their child’s moods, goals 
and methods, and to adapt accordingly. There is not necessarily a set of 
“preferred behaviours” for parents but instead overarching goals, which are 
then translated into specific interactions with their children. This perspective 
advocates that parents change their methods as a function of the child and the 
situation. Children are viewed as competent to make their own decisions as 
agents regarding their evaluations of fairness and parental intention. Parents 
are expected to develop socialisation goals for their children, choosing when 
the goals are “non-negotiable” and when there is room for partial compliance 
(Grusec, Goodnow and Kuczynski, 2000).

Increased agency among older children can be observed in a shift in 
their thinking to be more centred on independence and sense of self, and an 
increased social importance given to peers relative to parents. Parental influ-
ence during this period shifts away from the school and social life and rests 
more within the home, as shown by declining formal parental participation in 
school activities such as homework (Crosnoe, 2001; Eccles and Harold, 1996). 
During the teenage years, familial influence on learning is located primarily 
in the types of behaviours and activities that are sanctioned by family norms 
and values, with parent involvement taking more the form of supportive edu-
cational activities than those which directly involve parental action.

Agency can be understood through examination of how parents shift agency 
to their children (Lerner and Steinberg, 2004), how parents translate values 
about school to their children (Hektner and Asakawa, 2000; Rathunde, Carroll 
and Huang, 2000; Steinberg, 1996), and how parents equip their children to 
strategise about their educational goals. Schneider and Stevenson (1999) argue 
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that only focusing on parent involvement in schools, discipline and participation 
in extra-curricular participation ignores critical aspects of how parents may 
provide opportunities to shift agency to their adolescents so that teenagers feel 
more entitled and responsible for planning their own futures. Optimal learning 
for adolescents includes a shift of agency, but this should be accompanied by 
sound information and a series of safety nets that ease the transition to adult-
hood. These steps include helping adolescents pursue their own interests, acquir-
ing information regarding post-secondary opportunities, engaging in frequent 
communication about future plans, and making available realistic opportunities 
to learn about careers and the educational requirements to achieve them.

Mediating the influence of peers
A related way in which families are involved in the learning process is 

through the mediating influence of peers. Family environments can either 
serve as a protection against harmful associations with peers and other 
adults or potentially as a risk factor, depending on how the family dynamic 
is structured. Parents can be an especially strong influence in determining 
children’s friendship patterns (Coleman, 1988): they can deter their children 
from forming relationships with peers whom they perceive as problematic by 
learning about their children’s friends and whether they share similar values 
and aspirations (Crosnoe, Erickson and Dornbusch, 2002; de Kemp et al., 
2006; Offer and Schneider, 2007). These actions by parents tend to be effec-
tive only when families are part of whole community who share child-rearing 
ideologies and practices (Furstenberg et al., 1999; Harris, 1995).

Parental involvement in school learning
Parents may be involved in schools during a child’s formative years in 

different ways: by being physically present in the school, attending parent-
teacher conferences and school activities, and volunteering for classroom 
work. Many studies seeking to link these specific parental school-based 
activities with student achievement have found small or non-significant 
effects. However, it is generally viewed that such parent actions, while 
having a minimal effect on performance, help to build a collective sense of 
community in the school that may indirectly affect student educational goals 
(Driessen, Smit and Sleegers, 2005; Schneider and Coleman, 1988; see the 
chapter by Kerbow and Bernhardt). More recent research suggests that parent 
involvement in school is linked to lower rates of dropping out in high school 
and increased on-time high school completion (Anguiano, 2004; Barnard, 
2004). It would seem that while these types of activities do not significantly 
change academic performance at the time, they reinforce subjective messages 
about the importance and value of education which have enduring effects on 
educational attainment.
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Successful collaboration between schools and parents may also enhance 
children’s learning and adjustment when such collaborations involve parents 
undertaking specific actions at home (such as monitoring homework), thus 
supporting school goals. Parent academic involvement is largely about parents 
working with the school on activities and reinforcing values that directly benefit 
their children’s educational outcomes and future success, including commu-
nication between parents and teachers and encouragement of academic work 
in the home (Hill et al. 2004). These factors are commonly associated with 
the academic achievement of elementary school students (Driessen, Smit and 
Sleegers, 2005; Eccles and Harold, 1996; Epstein and Sanders, 2002; Hill et al., 
2004; Kohl et al., 2000; Steinberg et al., 1992). This type of relationship between 
parental involvement in schooling influences children’s academic achievement 
indirectly by increasing their motivation to succeed in school (Hill, Ramirez and 
Dumka, 2003; Young and Friesen, 1990), which is associated with increased 
academic achievement (Abu-Hilal, 2000; Trusty et al., 2000).

Where direct parental involvement appears to matter most is in electing 
to send one’s child to pre-school. Research has shown that children’s partici-
pation in formal pre-school early childhood programmes is linked to higher 
levels of verbal and mathematics achievement, greater success at school, better 
health outcomes, less welfare dependency, and higher employment and earn-
ings than similar children who do not participate in such programmes (Lynch, 
2004; Melhuish et al., 2008; Schweinhart, 2007). The body of evidence on 
formal early childhood education is clear – there are definite and pronounced 
benefits for exposure to high-quality pre-school education, both in terms of 
achievement as well as economic benefits (Cunha and Heckman, 2006; Sylva 
et al., 2007). Using economic models to organise the evidence from studies of 
the Abecedarian Project, the Perry Pre-school Program, the Chicago Child-
Parent Centre Program, and other interventions that target both early child-
hood and later childhood and adolescence, Cunha and Heckman (2006) found 
that “ability gaps in both cognitive and non-cognitive skills across individuals 
and across socio-economic groups open up at early ages” (p. 68) and that “it 
is possible to partially compensate for adverse family environments. Evidence 
from randomised trials conducted on intervention programs targeted at disad-
vantaged children who are followed into adulthood, suggests that it is possible 
to eliminate some of the gaps due to early disadvantage” (p. 69). They also 
found that, “the economic returns to initial investments at early ages are high. 
Early investment in cognitive and non-cognitive skills lowers the cost of later 
investment by making learning at later ages more efficient” (p. 69).

The key policy implication here is that the impact of the family on the 
learning process can and should be supported by well-structured, multi-
faceted formal learning environments, and this is particularly the case for 
less advantaged children. Structured pre-school learning experiences are an 
important factor in helping to negate some of the well-documented negative 
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impacts of growing up in less-resourced families. Attention should be paid 
to helping parents to identify pre-school programmes and services that are 
available and which of these are of quality, and providing them with educa-
tional and health resources to ensure access and success.

What school outcomes do families influence?

The discussion thus far has examined how the influence of parents has 
been measured both in terms of characteristics of the household and parent 
interaction styles and behaviours. We now turn to different school outcomes 
that have been shown to be influenced by parent characteristics and actions.

Cognitive development
Beginning with vocabulary development, children’s learning is highly 

dependent on family influences, with clear differences in vocabulary 
acquisition by family socio-economic status and maternal speech patterns. 
Differences in maternal child-directed speech have been attributed to socio-
economic status and in turn related to differences in language use (Hoff, 
2003; Keown, Woodward and Field, 2001; Zhang et al., 2008). Young chil-
dren in families rich in resources are more likely to have larger vocabularies 
than children in families with fewer resources and these differences tend 
to increase over time. By three years old, the vocabularies of children from 
disadvantaged families are half the size of those whose families are more 
advantaged (Biemiller, 2006; Brooks-Gunn and Markman, 2005; Hart and 
Risley, 1995, 1999). Hart and Risley’s (1995) study included transcriptions of 
parent-child interactions and monthly observations with 42 children, studied 
from the time they first began to say words (approximately one year old) until 
they were three years old. Children born into homes with fewer economic 
resources learn fewer words, have less frequent experiences with words in 
interactions with others, and acquire their vocabulary more slowly.

There is evidence that income is more highly related to cognitive than to 
behavioural outcomes (Duncan et al., 1998; Kohen et al., 2002) or to health 
outcomes (Burgess, Propper and Rigg, 2004; Korenman and Miller, 1997). 
Policies that increase parental income and employment may thus increase 
children’s academic engagement, achievement, as well as educational and 
occupational aspirations (Gennetian et al., 2002; Gennetian and Miller, 2002; 
Huston et al., 2001; Kagitcibasi, Sunar and Bekman, 2001; Morris, Duncan 
and Clark-Kauffman, 2005; Soares and Collares, 2006). Morris et al. (2005) 
examined the effects of seven anti-poverty and welfare programme evalua-
tions, which all employed random assignment to conditions. They found that 
programmes that increased parental employment and income led to signifi-
cant increases in the cognitive performance of pre-school-aged children.
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The mechanisms underlying the relationship between SES and children’s 
development include family instability, social support, the parent-child rela-
tionship, parenting style and the characteristics of the home environment 
(Evans, 2004; McCulloch and Joshi, 2001; Pittman and Chase-Lansdale, 
2001). In families where parents spend more time interacting with their 
children, encouraging them to speak, mimic words and identify objects, the 
children tend to acquire words sooner and more easily than in households 
where there is little communication. Research has shown that when parents 
model vocabulary, speech and logic through their daily interactions with their 
children in “real life” situations they are more likely to learn to speak and 
use words (Berger, 2000; Downey, 2002; National Research Council, 1998; 
Sénéchal and LeFevre, 2002; Weems and Rogers, 2007).

Parents’ attitudes toward reading have a significant impact on children’s 
views of reading and their engagement with the literacy process (Baker, 
Scher and Mackler, 1997; Hewison and Tizard, 2004). Studies conclude that 
parental involvement in reading should include (a) teaching letters, sounds 
and letter-sound relationships to children; (b) sharing conversations with 
children to stimulate vocabulary development; and (c) modelling good habits 
of reading and writing, reading together every day and visiting libraries 
and museums (National Reading Panel, 2000). Reading should be seen by 
children as an enjoyable experience, and for parents this often translates into 
making story time a positive interaction, where children are asked to partici-
pate in the telling of the story. Positive interactions with books help children 
to learn about the pleasure and satisfaction of reading, and such feelings are 
often linked with children’s increased motivation to read (Baker, Serpell and 
Sonnenschein, 1995; McKenna, 1994; Snow and Tabors, 1996; Torr, 2004).

Families can also play an important role in creating an environment that 
promotes early exposure to numeracy skills. One of the major predictors of 
future academic success in school is the acquisition of early math skills – the 
types of numeracy skills that children learn prior to entering kindergarten 
(Duncan et al., 2007; Kaufmann et al., 2005). Neuro-imaging research shows 
strong links between brain activity involving numerical and spatial reasoning 
(Dehaene et al., 1999). These findings provide support for the use of concrete 
representations of abstract mathematical principles when interacting with 
young children including the use of manipulatives such as blocks, rods and 
board games (Case et al., 1996; Zhou et al., 2006). For children to acquire 
numeracy skills, families need to pay particular attention to providing explicit 
tools that aid the development of mathematical knowledge and reasoning.



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

11. The effects of family on children’s learning and socialisation – 263

Non-cognitive development: motivation, engagement and social 
support

Children are more likely to learn when they have structured home envi-
ronments where parents indicate both expectations about learning and adapt 
these expectations given child-specific needs and personality (Downey, 
2002; Maccoby and Martin, 1983; Neuenschwander et al., 2007; Steinberg, 
1996). While these parenting practices generally seem to be associated 
with academic achievement, there are other emotional states emphasised 
by researchers – such as competition, individuality and independence, and 
endurance – that may also be promoted by parents, particularly middle- and 
upper-class parents (Abu-Hilal, 2001; Kohn, 1986; Kusserow, 2004; Lareau, 
2003; Robbins, 2006). For children to learn optimally it may not be enough 
for them to be “cultivated” – they may also need to be encouraged to learn 
to compete with others in healthy ways, pursuing goals even when they are 
difficult, and developing themselves as individuals with distinct personalities 
that operate outside the purview of their parents.

The relationship of parents and their children changes substantially in 
the adolescent years when teenagers begin to assume more independence 
and most parents refrain from directly supervising their activities in- and 
out-of-school. It is during this stage when adolescents are more aware of their 
parent’s actions as well as their motivations and value orientations. Parental 
actions and attitudes are thus reviewed and interpreted by the teenagers, 
creating an environment where they come to react positively or negatively to 
positions and decisions taken by their parents. The “stage-environment fit” 
perspective outlined by Eccles et al. (1993) suggests that it is in the adolescent 
years when it is most important to achieve a good match between the struc-
tures of a given setting (in this case family environment) and the teenager’s 
perceived needs (Eccles et al., 1993, 1997; Goldstein, Davis-Kean and Eccles, 
2005; Gutman and Eccles, 2007).

While much formal subject-based learning takes place in schools, fami-
lies can be instrumental in developing the values and attitudes that encour-
age student engagement, motivation and success with learning. Helping with 
homework is one such modelling behaviour where parents not only reinforce 
lessons and concepts learned in schools (Hoover-Dempsey et al., 2001; Xu 
and Yuan, 2003), but the parents also demonstrate attitudes and behaviours 
associated with success in school (Desforges, 2003; Hoover-Dempsey and 
Sandler, 1995). Given the positive benefits of parental involvement with 
homework, schools should seek to encourage interaction between teachers 
and parents in ways that articulate explicit guidelines on how parents can 
help with homework. Such guidelines can usefully include: (a) finding an 
appropriate place to study; (b) devoting sufficient time to the homework 
task; (c) being available to assist their children with their assignments but not 
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completing them for their children; and (d) conveying messages about the 
value of homework and particularly its relationship to children’s educational 
goals and those of the school.

Parental expectations are a strong force in developing children’s per-
ceived self-efficacy and abilities, which in turn relate to actual academic 
achievement. This becomes particularly relevant in adolescence. Just as 
their parents have expectations about their futures, adolescents also develop 
educational expectations and occupational aspirations but they are not 
always aware of the steps necessary for achieving them. One way to assist 
adolescents in developing a realistic plan for the future is through aligning 
ambitions with educational expectations consistent with the type of work 
they wanted to pursue as adults. In a study of adolescent orientations toward 
work, Schneider and Stevenson (1999) showed that adolescents who had 
aligned ambitions were more likely to achieve their goals following high 
school graduation. Parents can assist the alignment process by introducing 
their adolescent children to people who are employed in jobs similar to those 
the adolescents aspire to, supplying them with information about their col-
lege choices and majors and how such choices can influence career plans, as 
well as by engaging with them in strategic decision-making regarding future 
goals.

Families are an important conveyor of information regarding the labour 
market, providing a forum for discussing the training and preparation neces-
sary for certain jobs, how one goes about obtaining such jobs, and what the 
chances are of finding such employment given the adolescent’s talents and 
skills. Parents need to offer advice on navigating choices and decisions and 
identifying resources: even though they are influential in helping adolescents 
to develop study skills and subject-specific knowledge, a still more critical 
function is transmitting information and strategic planning to their teenage 
children.

One way of developing aligned ambitions is by creating a parent-ado-
lescent dynamic that promotes academic performance yet at the same time 
offers emotional support. Such emotional closeness between parents and ado-
lescents can facilitate the transmission of expectations regarding performance 
and social behaviours (Crosnoe, 2004). One model of the parent dynamic that 
affords both challenge and support has been developed by Csikszentmihalyi, 
Rathunde and Whalen (1993). In families that emphasise challenge, parents 
value teenagers taking responsibility, organising their actions in an adult 
manner, and feeling enabled to face difficult personal situations. Teenagers 
in families high on challenge are more likely to have a sense of goal direction 
and they are more likely to do more homework and recognise homework as a 
means to future growth and success.
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In families that emphasise support, parents value making the adolescent 
feel loved and supported: teenagers in these families report feeling more opti-
mistic and have more positive attitudes toward school. There are families that 
are high on both challenge and support; in these, adolescents report higher 
self-esteem and a greater sense of future goal orientation. Finding a balance 
between challenge and support is critical for creating an environment that 
promotes optimal learning conditions and social development opportunities 
in which adolescents feel empowered, optimistic, motivated and goal-directed 
(Rathunde, Carroll and Huang, 2000).

Adolescents with clear plans for their future spend a significant amount 
of time discussing actions and strategies with their parents to help them 
reach their educational and occupational goals, and do so in an environment 
that is also loving, caring and supportive (Schneider and Stevenson, 1999). 
Adolescents whose parents allow them considerable agency in school-related 
matters yet hold high expectations for them are more likely to engage in strate-
gising behaviours with their families (Jones and Schneider, 2009). Adolescents 
whose parents took time to strategise with them were more likely to have 
higher expectations. Only focusing on high challenge by setting strict bounda-
ries regarding the monitoring of homework and time spent with friends can 
dampen educational expectations and negatively affect emotional well-being.

Conclusion – strengthening home-school relationships

This chapter has focused primarily on the influence that family – not teach-
ers or other school staff – has on children’s learning but of course significant 
amounts of learning take place in formal schooling environments. When par-
ents participate in formal schooling environments, the results are not uniformly 
positive. For example, if parental involvement places teachers and parents in 
opposition to each other, it is difficult to establish trusting relationships placing 
the welfare of the children first. Learning is adversely affected when schools 
lack these trusting relationships (Bryk and Schneider, 2002). This raises the 
question, “how can policies be structured to engage parents in ways that are 
meaningful and supportive of achievement, creating a true partnership?”

It is important to take into account potential barriers to effective home-
school partnerships, such as low parental sense of self-efficacy and resource 
constraints (Hoover-Dempsey and Sandler, 1997). Esler, Godber and 
Christenson (2008) recommend that schools proactively and systematically 
identify families who are not yet involved in their children’s schooling and 
extend to them personalised invitations to become involved. This should occur 
when the child is performing well in school as well as when he or she is strug-
gling, since this sends the message to parents that the school genuinely values 
the child and does not see him or her as an administrative problem.
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When parents are unwilling to engage in the learning process, what should 
the role of schools be? Schools need to function not only as a venue for formal 
academic learning, but also to provide many of the supplementary services 
that are traditionally the province of families. These initiatives include free 
lunch and breakfast programmes, which help to reduce nutritional deficits 
that are also linked to lower concentration levels (Gunderson, 2008). Another 
solution has been to transform schools into community centres through ini-
tiatives such as the 21st Century Community Learning Center Program (U.S. 
Department of Education, 2008). In these instances, schools provide extracur-
ricular structure and stimulation as well as supplementary instruction in read-
ing, and use teachers and volunteers as role models. While these programmes 
play an important role in providing additional services to many children, it is 
nevertheless difficult for schools to replicate the influence of families.

Another way that schools can be involved in providing some of the addi-
tional academic support that children require but may not receive at home 
is through after-school programmes. While these have had varied effects 
(e.g. see James-Burdumy et al., 2005), research suggests that structured aca-
demic instruction, particularly in mathematics, leads to significant academic 
improvement for students who participate (Black et al., 2008; Bray, 2006; 
Ireson, 2004; Rahm and Ash, 2008). Key features of successful after-school 
programmes are a broad range of enrichment opportunities, skill-building and 
mastery activities for academic work, intentional relationship building, strong 
leadership from programme staff, and strong fiscal and administrative support 
from the sponsoring organisation (Birmingham et al., 2005; Fordham, 2004).

Lareau (2003), like other scholars, suggests that participation in extra-
curricular activities helps to develop well-rounded children, particularly when 
starting in the elementary grades and continuing into adolescence, and have 
been shown to be associated with a variety of positive outcomes in later ado-
lescence, including reduced delinquency, reduced absenteeism and reduced 
drug and alcohol use (Derous and Ryan, 2008; Eccles and Barber, 1999; 
Marsh, 1992; Persson, Kerr and Stattin, 2007; Raymore et al., 1999; Werner, 
1993) and increased college matriculation (Schneider, 2003; Swanson, 2002). 
Structured extra-curricular participation often sparks interest and identifies 
talents in such areas as sports, music and the arts, through which children 
can learn firsthand about the need for effort and perseverance. Additionally, 
such activities can reinforce skills such as commitment, co-operation and 
interpersonal relationships. Hence, it is important to support extracurricular 
activities and make them available to children from all income levels, given 
that participation in these activities is often quite costly. Yet, extra-curricular 
activities should not overwhelm the family schedule or replace time for 
families to engage in activities together. Multiple extracurricular activities 
can leave children and parents weary and stressed, with limited family time 
together (Ochs and Shohet, 2006; Schneider, 2003).
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Programmes can also be structured to support and encourage parents to 
take more of an active role in the learning activities of their children. The 
Parents as Teachers Program (Parents as Teachers National Center, 2008) 
recognises parents as the primary teachers of children, and brings resources 
to parents in order to help them to develop into effective parent-teachers. 
Parents who elect to participate in this programme receive social supports 
such as regular personal visits from programme staff, parent group meet-
ings, periodic screening and monitoring of educational and sensory develop-
ment by programme staff, and access to a parent resource centre (National 
Diffusion Network, 1996). Participation in the programme has been linked 
to improved school readiness through better parenting practices, such as 
increased time reading to children, and a greater likelihood that parents enrol 
their children in pre-school programmes (Zigler, Pfannenstiel and Seitz, 
2008). The home visitation component of Parents as Teachers underscores 
the importance of social support for parents as they learn about the activities 
that will best involve themselves and their children in promoting literacy and 
school readiness (Zigler, Pfannenstiel and Seitz, 2008).

Another literacy programme in the U.S. involves paediatricians providing 
books and informational materials to parents during children’s normal check-
ups with their physicians (High et al., 2000). In an evaluative study, families 
in the intervention group received children’s books and educational materi-
als that were developmentally appropriate for their children at their regular 
check-ups. For this group, there was a 40% increase in “child-centred literacy 
orientation” (a measure of a family’s ability and willingness to engage in lit-
eracy-promoting activities with young children), as well as greater frequency 
of parents reading to toddlers and increased vocabulary scores in toddlers. 
These effects were mediated by increased shared reading to toddlers, suggest-
ing that the intervention contributed to increased parent-child reading and 
vocabulary acquisition (High et al., 2000).

While educational policy and funding decisions should obviously sup-
port school-based initiatives, it is also important to support family-based 
programmes, in order to continue to develop and encourage families to func-
tion as a key educational agent for their children. Altering family dynamics 
– particularly in the area of parenting – is difficult and the formal role of 
the government in this area is blurred, but supporting schools alone is not 
enough. For families which are struggling to promote learning, additional 
support is essential.
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Implementing innovation: from visionary models to 
everyday practice

Lauren B. Resnick, James P. Spillane, Pam Goldman and Elizabeth S. Rangel
University of Pittsburgh and Northwestern University

Lauren Resnick, James Spillane, Pam Goldman and Elizabeth Rangel observe the lack of 
impact of the learning sciences on teachers’ practice, identifying the reliance on “telling” 
as professional development and overly individualised perspectives as at cause. They 
also note the in-built conservatism and resistance to innovation of schools and school 
systems, and the gap between classroom practice, on the one hand, and the policies of 
organisations and systems, on the other. The authors argue for much greater attention 
to be given to the sociological understanding of organisations, organisational routines, 
and the role of professional learning communities. To enable change to happen, they 
identify the importance of “kernel routines” for seeding and propagating change focused 
on teaching and learning. Resnick et al. present and discuss two such routines. The first 
develops instructionally-focused leadership teams in schools and the second aims at direct 
improvement of teaching and learning through content-focused professional development.
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Introduction

As evidence and enthusiasm for innovative forms of learning, teaching 
and schooling grow, the difficulties of changing practice in established insti-
tutions and organisations become clearer and more urgent. No-where is the 
challenge of innovation greater than in the education sector, where centuries-
old practices of teaching are embedded in political and organisational struc-
tures which are resistant to new ideas – even in the face of growing evidence 
that traditional ways of working are not “paying off.”

To meet this challenge and to overcome resistance to change, we argue 
in this chapter for serious attention to be given to the school organisation and 
its role for developing school practice. Our focus on organisational develop-
ment does not simply stop with the building of new structures (e.g. formal 
positions, organisational routines). Rather, it is also fundamentally about 
implementing new structures such as the “kernel routines” that contribute to 
changing school practice as discussed in detail in this chapter. These shifts 
in school practice are designed to enable improvement in classroom practice 
i.e. teaching and learning. In this way, we use the fruits of research to craft 
school structures that enable certain social practices and constrain others. We 
present and discuss two such routines, implemented through the Institute for 
Learning at the Learning Research and Development Center, University of 
Pittsburgh, which confirm the promise of this approach.

The challenge of innovation in education

Why is the problem for innovation to take root and be sustained in educa-
tion so marked? Several possibilities may be put forward. Most often cited 
is the fact that education has a relatively weak knowledge base compared 
with other service delivery organisations (especially those of the health pro-
fessions). Although there exist a small number of practices that have been 
research-tested and shown to support student learning and development, most 
policy makers and practitioners are not deeply aware of the research base 
that might support (and sometimes challenge) their actions. Worse, there is 
no established way of incorporating new knowledge into institutional prac-
tices in a way that would improve professional practice and student learning 
outcomes. Education has a relatively undifferentiated set of roles for actors 
within the system, few required protocols systematically to incorporate “best 
practices” for managing school organisation and classroom activities, and 
there is little systematic in how new members are initiated into practice. As 
a result, education tends to be very conservative. By and large, the best way 
to predict which practices will predominate in five to ten years in most coun-
tries is to describe what is going on now.
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Over the past several decades, the beginning of a science of learning and 
instruction has emerged (Anderson, 1983; Glaser, 1984; Glaser and Bassock, 
1989; Resnick, 1987). The science of learning has grown mostly out of psy-
chology and cognitive science, with the core focus on individuals – teachers 
and students. Efforts to put this new scientific knowledge of learning and 
instruction into practice have encountered difficulties associated with the 
organisational, institutional and political environments within which schools 
work. Learning scientists seeking to build a practically useful science of 
instruction have recognised again and again that “context” – the environ-
ment, organisation and general beliefs that surround any particular designed 
intervention in learning – matters a great deal. A few have redirected their 
careers to focus on issues formerly viewed as contextual nuisance (Bryk, 
Gomez Cobb, Stein and Resnick are among the U.S. scholars who have 
prominently emphasised context in their educational research). By and large, 
however, the creators of learning science have left contextual issues to others.

Not only has a focus on context been absent but a conspicuous reliance on 
canonical ways of imparting knowledge still predominates, that is, relying on an 
expert to tell others what they have found. Telling what is known via research 
articles and conference presentations is the method of sharing knowledge at 
which learning scholars are most adept. For the most part, however, presenta-
tions at professional meetings are aimed at “the choir” i.e. other researchers and 
scholars and a few “early adopters” among practitioners. Only through books 
and articles written specifically for practitioners and policymakers – of which 
this book is an example – do researchers engage in activities that are designed 
to make language and concepts accessible to audiences who are not specialists.

In the field of education, future practitioners experience a training proc-
ess in which they read a specified set of texts – sometimes in the original 
scholarly versions, more often in adaptations intended for practitioners – that 
represent a canon of readings on learning and instruction. Most practitioners 
in the field can remember the names and claims of a few major theorists but 
the links between research-based prescriptions and what educators actually 
do in their work are thin. An unannounced visitor to a random school or 
classroom would encounter very little practice that matches the principles 
of learning and instruction being taught in teacher preparation programmes. 
The same goes for principles of educational leadership: the vocabulary of 
distributed leadership, or “professional learning communities”, can be heard 
at professional meetings but is more rarely found in practice.

This limited impact of research on education practice is not for lack of 
sophisticated attempts to improve the communication process. To mention 
just one case, the cognitive research community in the United States has 
worked over the past fifteen years to communicate the most important find-
ings of cognitive science research to policy makers and practitioners. The 
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National Research Council (NRC) Committee on Learning in 1996 produced 
a book entitled How People Learn (Bransford, Brown and Cocking, 1999), 
which quickly became the point of reference for scholars in the U.S. and 
other countries. Within a few months a more accessible version for educators 
appeared (Donovan, Bransford and Pellegrino, 1999). Through workshops 
and meetings with practitioners, the NRC launched a serious effort to carry 
the principles of How People Learn into classroom use. Most recently, a 
new volume has been published which includes detailed examples of how to 
apply the principles in teaching history, science and mathematics (Donovan 
and Bransford, 2005). These are sophisticated attempts by leading cognitive 
researchers to tell education practitioners what the research says and to craft 
the telling so that it relates to practice.

Yet even when they accept new programmes, educators’ attempts to make 
sense of new information may lead them to fit the programmes into their 
existing scripts for instruction. For example, they may teach a math concept 
at greater length than the programme designers intended – so that all children 
seem to master it – and then skip the conceptual revisiting and extension that 
is built into a recommended teaching plan.

Teachers may also have strong beliefs about which students can learn 
what kinds of material and which students are “ready” for investments in 
learning. Beliefs about who can learn what run deep in our schooling sys-
tems and our societies. Despite substantial research showing that ability to 
learn can be acquired (Resnick and Nelson-LeGall, 1997; Greeno, Collins 
and Resnick, 1996), educators in most Western countries continue to believe 
that intelligence and aptitude set limits on learning, and we invest heavily 
in tests to detect that aptitude. The response of many psychologists to belief 
blockages is to try to intervene directly on the belief systems of students and 
teachers, instructing them to attribute success and failure more to their efforts 
than to their abilities (Dweck, 2003). They use group investigation strategies 
in an effort to enhance motivation (Shachar and Fischer, 2004) or focus on 
developing student self-regulated learning (Boekaerts, 2002). An alternative 
or supplementary approach might adjust institutional arrangements – for 
example, basing access to Advanced Placement and other high-level courses 
on students’ willingness to do the work involved rather than on grades and 
aptitude test scores – but not call for any field-created change in practice.

Participatory structures for innovation
Telling can begin the process of delivering knowledge but it can never 

complete it, especially when the new knowledge departs significantly from 
existing understandings. Indeed, telling as a strategy has serious limitations 
because, when faced with new knowledge, human sense-making tends to 
conserve existing understanding. Something more than even sophisticated 
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and audience-friendly reporting is needed; something that fits into what 
is now understood about the role of learning in communities as a crucial 
aspect of how people can change their practices. A powerful possibility and 
one only just beginning to be systematically explored is to develop and sup-
port professional learning communities for working educators.

The movement toward professional learning communities has a set of 
intellectual roots that lies in the discipline of anthropology and its offshoot, 
socio-cultural theory (Cole, Yrjo and Olga, 1997; Lave and Wenger, 1991) or, 
in its variant termed “situated learning” (Greeno, Collins and Resnick, 1996). 
In the 1970s, the work of Vygotsky (1978) was rediscovered and there were 
fruitful collaborations between learning, developmental and instructional 
psychologists with anthropologists. Partly as a result, a new way of thinking 
about learning began to develop (Hutchins, 1995; Resnick, 1987; Resnick, 
Levine and Teasley, 1991; Rogoff, Goodman-Turkanis and Bartlett, 2001). 
The new theories of situated cognition treat learning as not simply a matter 
of individual brains at work acquiring new knowledge or skills, but as per-
sons coming to function effectively in specific, socially-defined situations. 
Cognition is viewed as a social activity, “stretched over” individuals, tasks 
and tools. Mind and motivation, skills and self-concepts are linked in an 
essentially socio-cognitive theory of learning and development.

One application of socio-cultural theory to the broader framework of educa-
tion is “distributed leadership” (Spillane, 2005). A distributed perspective presses 
us to re-think leadership and management in organisations. Rather than focusing 
only on those with formal leadership positions, the distributed perspective allows 
for the possibility that all individuals have a hand in leading and managing, 
whether or not they are formally designated leaders. At the same time, it brings 
the interactional and situational aspects of leadership and management to the 
fore: the ways in which practice unfolds in interactions among leaders and follow-
ers as enabled and constrained by different aspects of their situation.

The concept of distributed leadership has sometimes been misunderstood 
as simply delegating leadership and management functions to individuals 
within an organisation, thus missing the crucial interactive or practice ele-
ment. There are various ways in which distributed leadership can help frame 
ways of building new organisational processes (Spillane, 2005). However, 
there is no simple prescription for developing a high performing leadership 
organisation. For example, there are likely to be optimal numbers of partici-
pants for any particular leadership or management practice. Involving more 
people may result in diminishing returns, but at this time we do not know 
how to establish the parameters for optimal involvement. Further, distribut-
ing leadership beyond those at the top of the organisation is no guarantee for 
building social capital. While distributing leadership can increase opportu-
nities for individuals in the organisation to be networked with one another 
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and potentially with individuals beyond the organisation, whether it will 
build social trust among individuals ultimately depends on the nature of the 
interactions that make up day-to-day practice. Moreover, we cannot design 
practice; we can only design for practice (Spillane and Diamond, 2007). 
Designing for practice necessitates we attend to the organisation.

Strategies for organisational design: sociology and organisational theories

With only rare exceptions (Engeström and Middleton, 1999), socio-
cultural analyses are largely silent on the organisations within which groups 
interact. It is as if the broad societal culture – long the purview of anthropol-
ogy as a discipline – and formal organisational structure is carried by individ-
uals into their group interactions without any institutional or organisational 
mediation. For more help in designing organisations, we have to turn to other 
fields of research rooted in sociology.

Finding powerful solutions to education and learning problems requires 
looking beyond individuals and even beyond the face-to-face social groups that 
individuals participate in. In order to “cash in” on what has been discovered 
about the nature of learning, we will have to examine the organisations within 
which teaching and learning take place, with special attention given to whether 
and how deep shifts in organisational practice might be induced. This means 
joining the growing knowledge about how individuals (and small groups) learn 
with theories of organisational performance and, especially, organisational 
change (Choo, 1998; Mabey and Iles, 1994; Senge, 1994; Sparrow, 1998).

Beginning with Max Weber in the 19th century, sociologists have sought 
to understand how formal organisations work and why they come into being. 
Weber sought to explain how bureaucratic structures (governmental and 
private) were efforts to rationalise and make more efficient the work and 
accountability of large organisations, where personal relationships could 
not sufficiently govern actions (Weber, 1947). Weber’s theories were taken 
up by students and colleagues worldwide; variants of this rationalist theory 
dominated social science thinking about organisations throughout the first 
half of the 20th century. They were used to prescribe organisational designs 
in both public agencies and private businesses. In the United States, bureau-
cratic principles travelled from business into education along with the general 
principles of scientific management that were applied to industrial production 
(Tyack, 1974). In other countries, similar principles of rational management 
entered educational practice through governmental agencies.

For multiple reasons the Weberian rationalist analysis lost favour among soci-
ologists in the 1960s and 1970s. More recently, however, a “new institutionalism” 
theory has developed (Meyer and Rowan, 1977; Powell and DiMaggio, 1991). 
This work tells us that organisations operate within a set of taken-for-granted 
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(institutionalised) beliefs, practices and structures. Organisations mostly conform 
to these constraints, adopting ritualistic forms and structures for the purpose of 
legitimacy that often compete with efficiency; thus enabling survival over time. 
Organisations can also challenge these ritualised practices, becoming more effec-
tive in meeting reform goals but reducing the odds of survival. Indeed, some 
influential commentators suggest that true innovation can rarely happen in an 
established organisation, but instead will require the formation of new breakaway 
institutions (e.g. Christiansen, Horn and Johnson, 2008).

Among the institutionalised practices of public service organisations 
that make innovation difficult, including in education, are professional 
associations which control entry and advancement, labour agreements, 
expectations for transparency and consultation outside the organisation. In 
education, the traditional “decoupling” or “loose coupling” of the technical 
core (i.e.  classroom teaching) from the formal organisation and from the 
policy environment slows innovation down. Of particular note is the way in 
which new instructional initiatives can be treated as experimental field trials, 
allowing the organisational leaders to inject multiple, sometimes conflict-
ing, new programmes and leave for later (often for a new administration) the 
task of deciding whether to continue them and of figuring out how to spread 
them among teachers who were not among the “early adopters.” In this way, 
education organisations can appear progressive while in fact maintaining 
institutionalised practices that prevent new programmes from penetrating the 
technical core (the majority of classrooms) beyond the few experimental sites.

Recent research on reform initiatives suggests that certain forms of insti-
tutional redesign can overcome some of the expected resistance to new prac-
tices (see, for example, Rowan, 2002; Rowan, Correnti, Miller and Camburn, 
2009; Spillane and Burch, 2006). A decade or more of educational reforms 
involving systemic, standards-based curricula and intensified instructional 
guidance for local schools in Britain and the United States shows that policy 
reform focused directly on curriculum and backed by testing and accountabil-
ity can shape, for better and worse, the technical core in schools – although not 
always in precisely the ways intended by the reformers (Firestone Mayrowetz 
and Fairman, 1998; Resnick and Zurawsky, 2005). Variants arise because 
policy implementation is also shaped by the sense-making interpretations 
of educators (Spillane, 2004). In addition, institutionalised norms linked to 
specific subject matter sub-cultures in, for instance, mathematics or history 
contribute to distinct patterns of tight and loose coupling. Some dimensions of 
instruction, such as the topics covered in a mathematics course, respond more 
quickly to policy prescriptions than others, such as the nature of classroom 
discourse or the mathematics representations used in teaching (Spillane and 
Burch, 2006). Recent work suggests that school leaders deploy organisational 
routines in an effort to connect external policy initiatives to classroom teach-
ing and learning (Spillane, Mesler, Croegaert and Sherer, 2007).
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School routines and bounded rationality
Schools function, as do all organisations, through a set of more or less 

interconnecting routines – “repetitive, recognisable patterns of interdepend-
ent actions, involving multiple actors” (Feldman and Pentland, 2003, p. 311). 
These routines are critical for any organisation to function because they pro-
vide stability and continuity over time (Feldman, 2000; Feldman and Pentland, 
2003; March, 1981; March and Simon, 1958; 1993), and they structure action 
in the organisation (Allison, 1971; Gersick and Hackman, 1990). Theorists 
March and Simon argued (1958; 1993) that individuals cannot routinely use 
fully rational decision-making because of inherent limits in information-
processing capacity. Instead, people “satisfice” i.e.  find a workable but not 
necessarily perfect solution rather than attempting continually to optimise. 
Organisations, they maintained, do the same. Groups and individuals in the 
organisation develop routines that constitute the normal ways in which work 
gets done. These routines are not always in the official manuals, but they allow 
members to perform satisfactorily, in the judgment of clients and supervisors 
and for their own self-satisfaction. Such routines often involve adaptation to 
internal and external institutional constraints and may also recruit the power 
of informal “below the radar” work groups, as documented by socio-cognitive 
research (Orr, 1996; Suchman, 1996; Brown and Duguid, 2000; Resnick, Saljo, 
Pontecorvo and Burge, 1997).

Research has documented how formal and informal organisational rou-
tines frame and enable interactions, provide stability across time, and assist 
in socialising new organisational members (Feldman and Pentland, 2003; 
Cohen and Bacdayan, 1994; Sherer and Spillane, in press; Spillane, Mesler, 
Croegaert and Sherer, 2007). Their very pervasiveness and efficiency, how-
ever, together with the fact that they often function without official or explicit 
recognition, can result in routines acting as inhibitors of innovation (Hannan 
and Freeman, 1984). People in organisations often resist disruption of their 
ongoing practice, which is understandable in light of the significant personal 
and group costs that changing established practice entails (Hallet, 2010Marris, 
1974). The more complex the organisation, the more stable the personnel, the 
more demanding the external demands – the more members resist changes in 
routines. Just as existing routines work to stabilise organisations, sometimes 
to the extent of inhibiting much-needed innovation, so too new routines can 
serve as sources of change (Feldman and Pentland, 2003; Sherer and Spillane, 
in press; Spillane, et al., 2007). Responding to a shifting policy environment 
that presses attention to classroom teaching and student learning, school lead-
ers designed and redesigned organisational routines in efforts at re-coupling 
government regulation with classroom teaching (Spillane, et al., 2007).
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Redesigning school practice: “kernel routines” for organisational change

When chosen purposefully and implemented well, new organisational 
routines can function as powerful instruments for transforming school prac-
tice. Resnick and Spillane (2006) used the term “kernel routine” to denote an 
organisational routine that has the potential for transforming school practice 
by “seeding” and “propagating” new forms of practice in schools. The idea 
is to introduce a routine that – because it is highly specified and supported 
by well-defined tools and strategies – can be implemented quickly at a rea-
sonable level of quality under the guidance of the principal or other school 
leader. The routine has to be visibly focused on teaching and learning and 
responsive to established standards of accountability in the school.

Kernel routines serve two core goals. First, they link school management 
functions to classroom practice, thus helping to reverse the loose coupling 
between classroom practice and policy that has hindered progress in educa-
tion. The kernel routine strategy does not simply impose a new process on 
teachers but rather provides sets of structured opportunities for teachers to 
understand and embrace new forms of teaching. Kernel routines work by 
connecting and weaving together other organisational routines in the organi-
sation. Rather than attempting to drive out current practices, the kernel rou-
tine recruits and “re-purposes” the familiar ways of doing things.

This is not a simple process, and it cannot be simply announced by edu-
cation policy makers or managers. For kernel routines eventually to supplant 
less productive existing ones, they must be sufficiently specified, developed 
and scaffolded so as to change the way people work. By “sufficiently speci-
fied” we mean clear articulation of the steps in the routine, the rationale for 
these steps and the requirements of each one. This calls for training proce-
dures and a set of tools and artefacts for performing the routine.

Although initially to be enacted as specified, successful kernel routines 
are not strict scripts that actors in schools are expected to follow indefi-
nitely. To function as a kernel for organisational change, the routine must be 
designed to encourage a process of appropriation (Wenger, 1998), in which 
users adapt the routine to their particular conditions and capabilities. The 
appropriation is accomplished by developing new forms of the routine and 
related routines over time. It is this designed openness to local, even indi-
vidual, variants that makes the routine a kernel for organisational change. 
Hence, although kernel routines have to be well specified and developed to 
ensure implementation at the outset, they must also enable appropriation and 
adaptation if they are to seed and propagate new school practice.

In the first phase of implementation, kernel routines are introduced for 
faithful high-fidelity implementation with their original design. Through 
training and scaffolded performance of the routine, school leaders and then 
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wider groups of classroom teachers learn to perform it in ways consistent 
with its designed intent. The first phase “seeds” by building social, human 
and physical capital. This allows propagation in the second phase, in which 
a release occurs from the performance of the specifics of the original kernel 
routine and allows for the generation and evolution of new routines as well 
as the re-design of existing ones in the school. In order to seed and propagate 
work in schools, a kernel routine must meet the following six criteria:

•	 First, it must be centred on the technical core – teaching and student 
learning.

•	 Second, it must be anchored both in the official curriculum of the 
district and the enacted curriculum of the classroom – what is actu-
ally delivered to students.

•	 Third, it must build common understanding about teaching and 
learning among district and school staff members.

•	 Fourth, it must build trust and mutual access among school staff 
members.

•	 Fifth, it must provide routes by which new knowledge can enter the 
school’s community of practice.

•	 Sixth, it must be open to transformation over time without loss of its 
core designed elements.

We will describe two kernel routines developed by the Institute for 
Learning at the Learning Research and Development Center, University of 
Pittsburgh that meet these criteria. The first, The Learning Walk® routine, 
aims at developing an instructionally-focused leadership team within a 
school. The second, the “Pedagogy and Content Routine”, focuses on direct 
improvement of teaching and learning through content-focused professional 
development within core school subjects.

“Learning Walks” as kernel routines for educational change
Imagine a group of school staff visiting classrooms in their own build-

ing. Their classroom visits are part of an initiative adopted to transform the 
school based on The Learning Walk® routine (LWR). A team composed of 
the principal, a coach and three teachers enters a fourth-grade classroom. 
This kind of visit is by now so routine that it evokes only a nod from the 
teacher. Students continue their work without interruption. A read-aloud of 
The Upside Down Boy by Juan Felipe Herrera (2006) is in progress. Students 
are discussing the main character in the book, an immigrant who feels 
“upside down” because he doesn’t understand or speak English yet and is 
confused about school routines such as recess and lunchtime in the cafeteria. 
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The students (with teacher guidance) discuss the symbolism of borders in 
this book and identify those that they want to traverse in their own lives. 
On the wall is a large chart listing four books by Herrera and across the top 
are written schema categories for an author study: what the books are about, 
range of genres, elements of style and craft, and significance of the author 
in the world of literature. A visitor notices samples of student writing from 
another unit posted on the wall, with written feedback from the teacher and 
a criteria chart for good writing posted next to the work. A second visitor 
concentrates on the teacher’s talk, trying to understand whether the teacher is 
reading this book to the class for the first time or whether this is a re-reading 
with the intent of comparing it to other texts by this author. A third visitor 
examines students’ writing in reader response journals. The last two visitors 
talk with students and ask questions such as, “What are you learning today?” 
“What are you working on?” or “How will you know if your work is good?” 
After ten minutes, the team moves to the hall where they briefly describe 
their observations and raise questions about what they observed. After a few 
minutes, they move to another classroom and repeat the process.

At the end of the day, the team meets with the teachers whose classrooms 
were observed. The team describes what they observed and the questions that 
emerged during hallway conversations. The classroom teachers make com-
ments, take notes and raise additional questions. The literacy coach wonders 
what might be heard from students if they were internalising the schema for 
an author study. Teachers talk about the schema categories on the wall chart 
and ask if there was evidence in student journals of themes the author writes 
about or references to web resources about the author by others. One of the 
participants (a “walker”) notes that several students in the classroom could 
name barriers that they or their families had encountered similar to those in 
The Upside Down Boy. The coach presses walkers to articulate the question 
asked by the teacher to elicit this discussion. Hearing the exchange a teacher 
says, “I’m going to try that” and another teacher agrees. But the second 
teacher wonders how students will transfer what they learn from talking 
about these complex ideas to writing about them. A lively discussion follows 
and both teachers ask the coach to help them to plan an arc of lessons with 
writing assignments on authors they are studying. The group then plans the 
date and focus of the next round of learning walks, which will occur a couple 
of weeks ahead, with three of the teachers who were observed this time being 
the observers.

Figure 12.1 summarises the routine. It consists of the eight components 
shown in Column 2 that are intended to be practised in a continuous cycle of 
observation and professional learning.
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Focusing
The LWR leader or team uses the “classroom instruction and learning 

observation” tool to specify an instruction and learning focus for its class-
room observations. They plan the classrooms to be visited and who will 
be participants. The focus is based on current professional learning of the 
classroom teachers to be visited. Often, this professional learning has been 
planned in response to observations from a previous LWR visit.

Consultation
Once the focus for the walk has been set, the leader informs teachers who 

will be visited of its date and focus and asks for their guidance on what to 
observe within the chosen focus.

Orientation of walkers
Immediately before the walk, participants receive updated information 

about the focus of the walk, including relevant data and materials provided 
by the teachers to be visited. At this step, walkers plan questions they might 
ask students that they believe will yield information pertinent to the focus.

Classroom visit
The LWR school visit consists of three to five classroom visits, typically 

for about ten minutes each. Different walkers make different observations, 
individually or in pairs. These include talking with students, examining 
classroom artefacts on the walls or boards or in student notebooks or portfo-
lios, listening to teacher-student interactions and listening to student-student 
interactions.

Hall Talk
After each classroom visit, the walkers have a brief conversation in the 

hall. The purpose is to check the accuracy of observations and ensure that 
all participants are adhering to the focus and the frame for that particular 
walk. In addition to piecing together the evidence, walkers help each other to 
understand what they have observed.
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Debrief
After all visits are completed and in preparation for discussing The 

Learning Walk® observations with the teachers whose rooms were visited, 
walkers meet to consolidate their observations and questions, looking for 
patterns across classrooms.

Conversation with teachers
Walkers discuss their observations and questions with teachers. They 

discuss possible next steps in professional learning and may consider a focus 
for a subsequent LWR school visit.

Teachers’ planning
Teachers who have been visited discuss plans for their next step in col-

laborative learning. The principals, a coach and/or a lead teacher are included 
in these planning sessions.

As a kernel, the LWR routine is designed to be implemented initially with 
the specific sequence of steps taught, but also to generate new routines and 
transform existing ones in the school (see Figure 12.1, Column 3).

Curriculum-based teacher development: the Pedagogy and Content 
Routine

Another of the Pittsburgh kernel routines – the Pedagogy and Content 
Routine (PCR) (see Figure 12.2) – focuses on direct improvement of teach-
ing and learning through content-based professional development within 
school subjects (McConachie and Petrosky, 2010). Designed as a direct route 
to implementation of innovative instruction, the Pedagogy and Content rou-
tine is a highly participatory training routine for teachers and coaches that 
is specific to the demanding programmes they are expected to teach. Like 
the Learning Walk® routine, it begins by engaging teachers in a tightly 
constructed routine consisting of a specific set of training practices. The 
training routine is expected, through the kernelling process, to produce new 
local school and classroom practices that are “propagated” from the training 
routine, but not direct copies of it.

Training and practice of the Content and Pedagogy routine occur sepa-
rately within each content area but if this routine is introduced in several 
curricula, there can be “cross seeding” and the development of a larger insti-
tutional change within a school or clusters of schools. Teachers, coaches and 
lead teachers experience the following sequence.



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

300 – 12. Implementing innovation:  from visionary models to everyday practice

Model lesson
The keystone component of the PCR is a set of content-specific units and 

model lessons. Each unit or set of individual lessons is designed to support 
the teaching of important concepts in a discipline. Units are thoughtfully 
designed to provide a coherent arc of lessons with subject matter, disciplinary 
thinking and reasoning skills and disciplinary pedagogy.

The lessons are academically rigorous, engaging and accessible to stu-
dents, and include systematic supports for students who are not fluent in 
academic English. Importantly, the lessons include assessments on facts and 
on the conceptual frameworks that connect them (McConachie and Petrosky, 
2010).

Educators engage as learners
Because a primary purpose of these units is to support the kinds of 

changes in teacher practice that support student learning and that educators 
may never have experienced themselves as students, educators engage as 
learners in a carefully chosen selection of one or more lessons from the unit 
and experience the classroom practice that will be expected when they teach 
the model lessons.

Deconstruct teaching and learning
The facilitator helps teachers step back and analyse the content, the dis-

ciplinary reasoning required, and the pedagogy and the architecture of the 
lesson. They discuss what it would take for them to teach the lesson to their 
students, including: what the lesson assumes the learner knows ahead of 
time, whether their students know this, and, if not, how they can provide the 
background knowledge without watering down the lesson.

Teach with colleagues observing
Lead teachers or coaches provide teachers with a second model by teach-

ing students and using the model lesson as their guide. Coaches and lead 
teachers invite their principals and teachers to observe and take notes on the 
process and on student responses. All then debrief the content, pedagogy 
and architecture of the lesson, and student responses for a second time. The 
same routine is followed again as teachers teach the units to students in their 
classes.
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Analyse pedagogy and content
Collaborative analysis of the pedagogy and content of a lesson or unit, 

usually led by the coach or lead teacher, is the core of the work of the pro-
fessional learning community. It is what helps them individually and as a 
community continually to refine their practice. Common language, common 
professional development and common experience in classroom practice 
focus the work of the community.

Modify and adapt
As teachers teach model units and deepen their understanding of the 

units’ content, pedagogy and architecture, of their teaching, and of their 
students’ learning (or lack of it), they build the capacity to understand the 
modifications that will improve teaching and learning, not just in these les-
sons but throughout their curriculum.

A research team headed by Joan Talbert of Stanford University evaluated 
the PCR in six urban high schools in Austin, Texas. The evaluation report 
(Talbert and David, 2008) suggests that the PCR provides an effective vehi-
cle for developing teacher collaboration centred on instruction, as well as for 
increasing the academic rigour of teaching and learning. A similar study in 
Los Angeles yielded similar results (David and Greene, 2007), as did a study 
of a related Pittsburgh kernel routine (Content Focused Coaching) in Austin 
elementary schools (Matsumura, Garnier and Resnick, 2008).

Both The Learning Walk® routine and the Pedagogy and Content rou-
tine, meet the six criteria for a kernel routine elaborated above. First, they are 
centred on the technical core of teaching and learning – the Learning Walk® 
routine on observation and refinement, PCR on adoption and adaptation of 
model units and lessons. Second, both are anchored in the official curricu-
lum of the school and the enacted curriculum of the classroom. Third, they 
both use research-based principles of learning (Resnick and Hall, 2003) and 
principles of disciplinary literacy (McConachie and Petrosky, 2010), and they 
use content-specific observation guides or research-based model lessons and 
units. All this creates understanding of teaching and learning among par-
ticipants. Fourth, both routines build trust and mutual access among staff. 
Carefully-designed practices in each allow for predictability when enacting 
the new routine and provide safe venues for educators to try out and observe 
new practices. Fifth, both provide routes by which new knowledge can enter a 
school’s community of practice through training, observation and discussion. 
Sixth, both facilitate tailoring by school staff and are open to transformation 
over time, the “kernelling” aspect of both routines which is discussed in the 
next section.
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School practice and kernelling
Kernel routines generate new school practices (Column 3 in Figures 12.1 

and 12.2) that build the human, social and leadership capacity that are the 
seeds for new social practices in schools. These kernel routines generate 
social practices and other school routines that contribute to the creation 
of strong learning communities and to teachers’ knowledge base, profes-
sionalism, as well as their ability and motivation to act on what they learn 
(McLaughlin and Talbert, 2006). They do this by structuring the interactions 
among staff (i.e. practice) and the norms.

Kernel routines can generate and grow other school routines such as 
instructional planning, studying student work, designing lessons, analysing 
data, critiquing lessons and extending classroom observations. These other 
routines contribute to the knowledge base of teachers and leaders and their 
ability to act on what they learn. When teachers work together to explore 
concrete connections between practice and outcomes, they create a setting 
in which discussion and reflection on data results in new understanding and 
motivation for change  (McLaughlin and Talbert, 2006). Through practice 
and exposure to expert personnel, leaders and teachers improve their ability 
to critique and design lessons, thus becoming more expert in the different 
capabilities associated with effective teaching.

Structure of practice
Organisational routines can structure or influence the interactions among 

staff – who talks to whom, how frequently they talk and what they talk 
about – and in this way change practice (Spillane, et al., 2007; Spillane and 
Diamond, 2007). The component sub-routines of the LWR and PCR provide 
school staffs with focused opportunities to interact with colleagues more 
frequently about instruction and student learning. The architecture of these 
two kernel routines helps to ensure that these interactions remain focused on 
teaching and learning. These interactions can increasingly span grade levels 
to include teachers in different grades (in order to build sequential and verti-
cal alignment). These interactions can involve school leaders and individuals 
beyond the immediate school organisation so that school staff can learn from 
successful implementers in other schools and build equity of opportunity and 
inter-school coherence. As a result, the strength of ties among staff increases 
over time and tie span changes in important ways. The strength and span 
of ties are important for innovation in organisations. Research suggests 
that strong ties are necessary for the transfer of tacit, complex and sensitive 
knowledge (Uzzi, 1997; Reagans and McEvily, 2003), which are the kinds of 
knowledge often critical for improving classroom teaching. Strong ties also 
support joint problem-solving among organisational members (Uzzi, 1997).



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

12. Implementing innovation:  from visionary models to everyday practice – 303

Recent research has examined the extent to which social capital* influ-
ences reform implementation (e.g. Frank, Zhao and Borman, 2004) and how 
access to reform “expertise” within social networks influences teachers’ 
instructional practices (Penuel, Frank and Krause, 2006). With respect to 
tie span, interactions that span “multiple knowledge pools” (Reagans and 
McEvily, 2003, p 242) reaching beyond their immediate grade level, or even 
school, allow staff to access new information about instruction and avoids 
“group think”. One recent study of 88 urban schools in the U.S., for example, 
concludes that a school’s internal and external ties (social capital), predict stu-
dent achievement (Leana and Pil, 2006). A recent study of 47 Dutch elemen-
tary schools suggests that the more dense the work and personal advice ties 
among teachers the greater a schools’ innovative capacity (Moolenaar, Daly, 
Sleegers, in press).

Norms
Implementation of both kernel routines leads, by design, to improvements 

in norms of trust, collective responsibility for student learning, collaboration 
and openness of innovation among school staff. This takes place through 
agreements to schedule and support collaborative school-based study and 
through the joint enterprise of studying the subject matter routines.

These norms are recognised characteristics of strong professional com-
munities (e.g. Newmann, Marks and Gamoran, 1996; Kruse, Louis and Bryk, 
1995; Talbert and McLaughlin, 1999), and are consistent with the communi-
ties of practice developed through the Pedagogy and Content routine (David 
and Greene, 2007; Talbert and David, 2008). Researchers have examined 
variation in the degree to which teachers feel collectively responsible for stu-
dent learning; have a shared commitment toward high academic standards; 
trust their leader and one another; are open to innovation; and are reflective 
about their own practice. Many of these factors within a school have been 
correlated with higher teacher satisfaction and retention, higher student 

*“Social capital” refers to those resources for action that inhere in the relations 
or interactions among people – the opportunities that some people have, and that 
organisations can create, for acquiring knowledge and other resources through 
interactions with others (original formulations include Becker, 1964 and Coleman, 
1988). It refers to social ties and trustful relationships (Adler and Kwon, 2002; 
Nahapiet and Ghoshal, 1998). Some have begun to document the links between 
social capital (e.g.  groups of teachers professionally engaged with one another 
within a school) and the forms of knowledge-based constructivism that cognitive 
and socio-cognitive instructional theory recommends (e.g. Bryk and Schneider, 
2002; Frank, Zho, and Borman, 2004; Gamoran, Anderson, Quiroz, Secada, 
Williams and Ashmann, 2003; McLaughlin and Talbert, 2001; Newman, 1996).
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engagement, student commitment to learning and higher student achievement 
(Bryk and Schneider, 2005; Newmann and Wehlage, 1995; Louis and Marks, 
1998; Talbert and McLaughlin, 1999; Leana and Pil, 2006). The professional 
community in which teachers work influences how they teach. High levels of 
social capital among teachers in a school or department are associated with 
improved classroom practices and the achievement levels of students (Leana 
and Pil, 2006).

Leading and managing the technical core
Implementation of kernel routines generates positive shifts in leadership 

and management practice. It promotes a view of leadership that goes beyond 
the school principal to include other formally designated leaders as well as 
individuals with no formal designation. It focuses on the practice of leading 
and managing, develops that practice in situ, and, most important, focuses it 
on classroom instruction. School leadership and management become focused 
on instruction and on planning for its improvement. The LWR itself provides a 
structure and guidance for such improvements in leadership and management 
practice. Routines such as PCR that are more directly focused on instruction 
serve to support improved leadership and management practice by providing 
school leaders with a focus within the cyclical routine of school practice. Kernel 
routines reflect those instructional leadership and management practices asso-
ciated with facilitating change and improvement in student achievement (Gates, 
Ross and Brewer, 2000, Leithwood, Louis, Anderson and Wahlstrom, 2004; 
Purkey and Smith, 1983; Elmore, 2006; Leithwood and Riehl, 2003).

Summary conclusions

The education bazaar has no shortage of ideas, some good and some even 
well-tested, about how to improve student learning yet we do not see wide-
spread use of these well-tested ideas. One reaction to this limited adoption of 
research findings in education is to call for further research and, usually, for 
research of the same kind about how people learn specific subject matters. 
Most of those who do this research pay very limited attention to the social sit-
uation in which these ideas might be eventually taken up – classrooms, schools 
and school systems. As several generations of implementation research makes 
clear – these organisational arrangements matter to whether instructional ideas 
get noticed, adopted, adapted and implemented for some period of time.

We have argued that the problem goes beyond the need for more detailed 
research on learning. We need to understand the social and organisational 
factors that inhibit the implementation of new and effective practices. In 
fact, we have argued what most learning scholars call “context” ought to be a 
much more central focus of research and of implementation.
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When we study context, we come up against the need to understand 
organisations and this leads directly to the sociology of organisations. A first 
look makes one pessimistic about change because organisations are power-
ful in maintaining themselves by adopting ritualistic forms and structures 
for the purpose of legitimacy that often compete with efficiency. On the 
whole, organisations keep doing what they have been doing even when what 
they have been doing is not working. So what resources for organisational 
change exist short of walking away from existing organisations? Clues 
about how to address this lie within these same theories about how organi-
sations work. It is through routines that organisations live. By introducing  
new routines that propel change, we can position organisations for more 
success.

We call those new routines with the capacity to change school practice 
“kernel routines”. These combine high specificity with openness. At the 
outset, they require step-by-step fidelity in uptake. At the same time, training 
is designed to invite subsequent building of next-generation routines.

The notion of kernels comes from biology. Think about how a farmer sets 
aside some kernels from this year’s crop of corn to seed next year’s. When 
that time comes, the farmer prepares the soil, plants the kernels, and again 
gets the same broad category of plant – corn – but it will not be identical. 
Biology processes produce varieties in order to maintain genetic health. The 
farmer may work deliberately to create new varieties to accommodate chang-
ing goals such as greater yields or to confront changing circumstances such 
as persistent drought.

In the same kind of healthy process, kernel routines are re-used and re-
planted for each cycle of school work. The next cycle will be recognisable 
but not identical. Or, with deliberate intervention, the next cycle may result 
in a hybrid. Either way, the kernel routine is built on a biological model of 
continuity and transformation. Kernel routines such as The Learning Walk® 
routine and the Pedagogy and Content routine offer a promising approach to 
forging a working link between visionary models of educational practice and 
the practice itself, and between researchers and practitioners. Kernel routines 
have the potential to connect research and practice in dynamic ways. They 
provide educators with structured professional training building human, 
social, and leadership capacity but deliberately encourage them then to 
appropriate and transform the routines to meet the needs of their own school 
communities.

The development and transfer of knowledge is at the core of the educa-
tional research and development enterprise. We have argued for serious atten-
tion to the school organisation for developing school practice. In other words, 
our focus on organisation development does not simply stop with the building 
of new structures (e.g. formal positions, organisational routines). Rather, it is 
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also fundamentally about implementing new structures (e.g. kernel routines) 
that contribute to changing school practice. These shifts in school practice are 
designed to enable improvement in classroom practice – teaching and learn-
ing. In this way, we use the fruits of research to craft school structures that 
enable certain social practices and constrain others.
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Chapter 13 
 

Future directions for learning environments in the 21st century

David Istance and Hanna Dumont
OECD and University of Tuebingen, Germany

David Istance and Hanna Dumont summarise the key conclusions that emerge from the 
different chapters taken together. Learning research strongly suggests that an effective 
learning environment is one that:

•	 Makes learning central, encourages engagement, and in which learners come to 
understand themselves as learners.

•	 Is where learning is social and often collaborative.

•	 Is highly attuned to learners’ motivations and the importance of emotions.

•	 Is acutely sensitive to individual differences including in prior knowledge.

•	 Is demanding for each learner but without excessive overload

•	 Uses assessments consistent with its aims, with strong emphasis on formative feedback.

•	 Promotes horizontal connectedness across activities and subjects, in- and out-of-school.

The chapter presents the educational agenda – learner-centred, structured, personalised, 
social and inclusive – consistent with these conclusions, before discussing some of the 
tricky issues related to implementation.
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Introduction

This volume has presented a wealth of findings and discussion about 
learning. In this final chapter, we summarise a selection of the key conclu-
sions about optimising learning* particularly with practitioners and decision 
makers in mind. Without such summary transversal conclusions or “prin-
ciples”, this rich vein of knowledge risks to remain fragmented and hard to 
apply by those looking for clear directions for practice from the research. 
We then show how the learning sciences give particular substance and inter-
pretation to familiar terms on the educational agenda. We finally but briefly 
broach the tough issues of implementation, both through the priorities sug-
gested by the authors and through discussion of making change happen.

Key transversal conclusions

The hundreds of studies reviewed in the preceding chapters were con-
ducted under many different terms and conditions and have analysed the 
nature of learning in a very wide range of different contexts. While the fact 
that learning always is “contextualised” (De Corte) may inherently limit the 
comparability of the studies reviewed, when particular findings are repeated 
time and again they become the more compelling, despite the diversity of 
learners and settings. We interpret the situational nature of learning less 
as ruling out any generalisation about the dynamics of learning because of 
the infinite number of different contexts – though this does mean that no 
generalisation will ever fit perfectly – but as underlining the fundamental 
importance of the social, cultural and educational contexts in which learning 
develops and plays out.

The focus on learning environments, in preference to summary conclu-
sions about different facets of individuals’ learning, responds directly to 
this contextual reality. We suggest that a good deal of the research needs 
to be interpreted and “translated” into a more holistic perspective as this is 
precisely the one relevant for many practitioners and decision makers. Their 
guiding questions are less of the sort “how can I improve this particular 
aspect of learning of this particular individual?” and more “how can we 
organise matters to optimise conditions for learning for all those for whom 
we are responsible?”. Answering the first question may provide invaluable 
information for addressing the second, but they are not identical.

* For the most part, this discussion is based on the different preceding chapters, 
indicating a particular chapter by the author’s name – e.g.  (De Corte) or “De 
Corte notes…” – rather than as a conventional reference. Naturally, where addi-
tional references have been added they are cited in the normal fashion with a 
publication year and are included in the bibliography at the end.
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In fact, despite acknowledgement of the importance of learning contexts 
or environments, many working in the learning sciences have tended to focus 
on individual students or teachers and have left contextual issues to others 
(Resnick, Spillane, Goldman and Rangel). Resnick and her colleagues see a 
corollary regarding change: as well as seeking change via the skills and capa-
bilities of individual professionals, they place great store by the development 
and support of “professional learning communities for working educators”.

The conclusions presented below have recast the evidence reviewed in 
this volume into this more holistic perspective. In our view, this renders them 
immediately more relevant for shaping the nature of learning and education. 
More inter-disciplinary research within the holistic perspective, that com-
bines the micro understanding of the “black box” with the study of learning 
environments in all their cultural and social richness, will serve to flesh out 
these broad conclusions.

Core “principles” for designing learning environments

The learning environment recognises the learners as its core participants, 
encourages their active engagement and develops in them an understand-
ing of their own activity as learners.

The learning environment recognises that the learners in them are the core 
participants, because knowledge is always actively constructed by the learner. 
“[Learning is] the mindful and effortful involvement of students in the proc-
ess of knowledge and skill acquisition in interaction with the environment” 
(De Corte); for Schneider and Stern, students are the central players as ulti-
mately the learning takes place in their heads. This is further confirmed by 
neuro-science showing that the brain is not a passive recipient of stimuli and 
information but actively constructs and interprets (Hinton and Fischer).

Recognising this central characteristic of construction implies that it is 
important actively to engage the individual in the learning; at least as impor-
tant, engagement is needed by all in the environment not just by the quickest 
or most motivated. Making learning more active is a key rationale for dif-
ferent approaches as described in this volume, whether this be co-operative 
learning where the young people collaborate to advance their knowledge 
(Slavin), inquiry-based learning (Barron and Darling-Hammond), or as serv-
ice learning (Furco). And as Wiliam summarises from extensive research on 
the benefits of feedback, just giving students feedback about current achieve-
ment produces relatively little benefit, but where feedback engages students 
in mindful activity, the effects on learning can be profound.
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A learning environment oriented around the centrality of the activity 
of learning pays particular attention to fostering a keen and well-developed 
sense of what is being done when learning is engaged – i.e. it encourages stu-
dents to become “self-regulated learners”. This means developing the “meta-
cognitive skills” to monitor, evaluate and optimise their acquisition and use 
of knowledge (Schneider and Stern). It also means to be able to regulate one’s 
emotions and motivations during the learning process; for instance, using 
one’s emotions as a source of energy or to maintain attention and motivation 
in the face of taxing problems (Boekaerts; De Corte).

Self-regulated learners “manage study time well, set higher specific and 
proximal goals, monitor more frequently and accurately, set a higher standard 
for satisfaction, are more self-efficacious, and persist despite obstacles” (De 
Corte). “Self-regulation” is not a separate set of learning skills from knowl-
edge acquisition but an integral part of it.

When learning is recognised as the core activity in the learning environ-
ment, the gap between what goes on at the “technical core” (the classroom 
or wherever is the teaching/learning interface) and the priorities of the 
organisation in which it is located is significantly reduced. Resnick, Spillane, 
Goldman and Rangel identify such gaps (“decoupling” or “loose coupling” as 
they term it) as a critical factor explaining why change is often so difficult in 
education and why innovations and reforms are not sustained.

The learning environment is founded on the social nature of learning and 
actively encourages well-organised co-operative learning.

“Effective learning is not purely a ‘solo’ activity but essentially a ‘distrib-
uted’ one: individual knowledge construction occurs throughout processes of 
interaction, negotiation, and co-operation” (De Corte). Neuroscience has also 
shown that the human brain is primed for interaction (Hinton and Fischer). 
Interaction and co-operation do not just mean face-to-face interaction but will 
nowadays often involve learners working together at a distance in co-opera-
tive projects using the possibilities opened up by ICT and digital resources.

Co-operative group work, appropriately organised and structured, can 
be enormously beneficial for achievement as well as for behavioural and 
affective outcomes (Slavin; Barron and Darling-Hammond). Slavin notes, 
however, that too many teachers regard co-operative methods as essentially 
unstructured, a misunderstanding which helps to explain why good co-
operative learning approaches remain on the margins of much school activity 
despite the robust evidence base in their favour.

Wiliam proposes “activating students as instructional resources for one 
another” as one of the five key strategies that define formative assessment, 
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which has been demonstrated to be integral to good teaching. The positive 
impact of co-operation in strengthening bonds among students from diverse 
backgrounds is also one of the arguments in favour of service learning in the 
community (Furco).

The ability to co-operate is a valuable outcome in its own right and 
needs to be fostered, quite apart from its impact on measured outcomes. 
Co-operation features prominently in the 21st century competences we 
discussed in Chapter 1 and referred to by other of the authors (e.g. Barron 
and Darling-Hammond). When co-operation takes the form of, say, collec-
tive problem-solving or project work it mirrors the situations that the young 
person will meet throughout his or her life. If school learning is dominated 
entirely by individuals working “with their hands round their copy” they will 
be poorly prepared for contemporary economic and social life. This is par-
ticularly challenging for assessment regimes as they need both to recognise 
and report individual achievement and to promote rather than impede positive 
learning and innovation (Looney, 2009).

The importance of co-operative learning, however, does not downgrade 
autonomous work, personal research and self-study. These have key roles to 
play especially as individuals approach and reach the teenage years. One ben-
efit of adopting the learning environments perspective is to bring to the fore 
how effective learning will involve different pedagogies and modes of study 
over the course of the learning day, week, or month, not depend on a single 
approach. Hence, the well-researched benefits of collaborative learning are 
perfectly compatible with the need for individual study as each has its place.

The learning professionals within the learning environment are highly 
attuned to the learners’ motivations and the key role of emotions in 
achievement.

Learning results from a dynamic interplay of emotion, motivation and cog-
nition. The emotional and cognitive dimensions of learning are inextricably 
entwined (Boekaerts; Hinton and Fischer; Schneider and Stern). It is there-
fore important to understand not just learners’ cognitive development but 
their motivations and emotional characteristics as well. One of the five key 
components for developing deep understanding and “adaptive competence” 
for De Corte is positive beliefs about oneself as a learner in general and in a 
particular subject, and other components include self-regulatory skills and meta-
knowledge regarding one’s motivations as well as one’s cognitive processes.

Yet, this interplay is much easier to acknowledge in theory than it is truly 
to absorb and act upon; attention to learner beliefs and motivations is much 
further away from standard educational thinking, even in teacher education, 
than goals framed in terms of cognitive development (Boekaerts).
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Teachers need to be aware of students’ motivational beliefs and emotional 
responses to guide the learning process and students need to become attuned 
to their own emotions and motivations if they are to become effective, self-
regulated learners (Boekaerts). Being “highly attuned to learners’ motiva-
tions and the key role of emotions in achievement” is not an exhortation to be 
“nice” for the sake of it and indeed misplaced encouragement will do more 
harm than good. Schneider and Stern address the common idea that learning 
should be fun by drawing a comparison with climbing a mountain: the fun of 
learning is like a testing ascent to the summit, not sitting up at the top with a 
digital camera taking snapshots of the view. So, attention to motivations – by 
all involved in learning, including students – is about making learning first 
and foremost more effective, not more enjoyable. At the same time, if learners 
do not get satisfaction [experience “positive emotions” (Boekaerts)] from the 
challenge it will ultimately have a detrimental effect on their performance.

Powerful reasons for the success of many approaches using technology 
(Mayer), co-operative learning (Slavin), inquiry-based learning (Barron and 
Darling-Hammond) and service learning (Furco) reside in their capacity to 
motivate and engage learners. That is, the child or young person is motivated 
to learn because the mode of learning using technology is appealing, or 
because the process and content are meaningful – as in many inquiry-based 
or community-based approaches – or because the learner is stimulated by 
contact with others outside the conventional educational community. Such 
examples show that the choice need not be between approaches that are stim-
ulating and interesting, on the one hand, and those which result in measured 
learning gains, on the other, but instead of deploying meaningful, stimulating 
approaches precisely to promote learning.

The learning environment is acutely sensitive to the individual differences 
among the learners in it, including their prior knowledge.

Students differ in many ways fundamental to learning: prior knowledge, abil-
ity, conceptions of learning, learning styles and strategies, interest, motiva-
tion, self-efficacy beliefs and emotion, as well in socio-environmental terms 
such as linguistic, cultural and social background. Hence, a fundamental 
challenge for learning environments is to cope with fundamental individual 
differences, while at the same time ensuring that young people learn together 
within frameworks of a shared education and culture. There is a constant and 
complex interaction between inherited capacity and experience in shaping 
learning (Hinton and Fischer; Schneider, Keesler and Morlock). Neuroscience 
confirms that people follow different learning pathways and it is increasingly 
able to chart how this is mirrored in the brain.
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A fundamental characteristic of all human thinking is that people try to 
make sense of new information by linking it to what they already know and 
can do (De Corte; Schneider and Stern). Contrariwise, learners unable to 
make such connections will be seriously handicapped in addressing a new 
and challenging learning task. Prior knowledge thus substantially influences 
the learning process. It is one of the most important resources on which to 
build current learning as well as one of the most marked individual differ-
ences among learners (Mayer).

Such knowledge is built up from different sources and experiences, 
formal and informal – everyday life observations, hobbies, media, friends, 
parents and previous school experiences (Schneider and Stern). Schneider, 
Keesler and Morlock emphasise the importance of family in shaping edu-
cational expectations, occupational aspirations and academic performance.

Hence, understanding the different backgrounds and starting points that 
young people bring with them to the learning environment is an integral ele-
ment of understanding the strengths and limitations of individuals and groups 
of learners, as well as the motivations and aspirations that so shape the learn-
ing process. Learning environments should thus be able to adapt activities 
and pacing to reflect these individual differences and preferences in ways 
that are sustainable both for individual learners and for the work of the group 
as a whole (Boekaerts, De Corte). Connecting very strongly with the prior 
knowledge of the learners thus makes the learning more meaningful and it 
serves to construct bridges between formal and informal learning.

The learning environment devises programmes that demand hard work 
and challenge from all without excessive overload.

That learning environments are more effective when they are sensitive to 
individual differences stems also from the findings stressed by several 
authors that each needs to be sufficiently challenged to reach just above their 
existing level and capacity. The corollary is that no-one should be allowed to 
coast for any significant amounts of time on work that does not stretch them.

For Schneider and Stern, one of their fundamental cornerstones is that 
“learning is constrained by capacity limitations of the human information-
processing architecture”. Similarly, Mayer makes central to his chapter on 
learning through technology the notion of “limited capacity” (people can 
process only small amounts of material at any one time), and the need to 
attend to the distinction between each person’s limited working memory 
regarding learning at any one time and the unlimited storehouse of long-term 
memory.
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Boekaerts identifies as her first “key principle” that students are more 
motivated when they feel competent to do what is expected of them – hence, 
expectations do not wildly exceed perceptions of capability – and that stu-
dents with “well-calibrated” judgments (i.e. in line with actual performance) 
are much more effective at regulating their learning. She also reports how, 
ideally, self-efficacy judgments should slightly exceed actual performance, 
raising effort and persistence without too many disappointments – repeated 
failure despite high self-efficacy judgments decreases persistence.

Slavin reports how evaluations show that co-operative learning methods 
tend to work equally well for all types of students. This counters the concern 
of some teachers or parents that such approaches will hold back high-achievers 
whereas the research suggests that high-achievers gain from co-operative learn-
ing (relative to high achievers in traditional classes) as much as do low and aver-
age achievers. This is partly because the effective group methods push learners 
of all abilities; it is partly that the high-achieving students learn through support-
ing the learning of their weaker classmates. Well-designed group methods can 
thus be an important way of realising this principle of stretching each learner.

Hence, the learning environment should demand hard work and effort from 
all involved, pushing them constantly to excel. But the findings reported in this 
volume also underscore the need to avoid overload and de-motivating regimes 
based on grind, fear and excessive pressure, not just for humanistic reasons but 
because these are not consistent with either the cognitive or the motivational 
evidence on what constitutes effective learning. Both this principle and the pre-
ceding one argue for “personalised” learning environments as they will need 
to cater both for substantial individual differences and be able to stretch each 
learner just beyond what they would normally think themselves capable of.

The learning environment operates with clarity of expectations and deploys 
assessment strategies consistent with these expectations; there is strong 
emphasis on formative feedback to support learning.

The learning environment should clearly state what is expected, so that stu-
dents know what they are doing and fit discrete learning activities into larger 
frameworks. If learners don’t know what they are doing and why they are 
doing it, their learning will at best be haphazard and they will not become 
self-regulated learners.

More generally, assessment strategies have enormous implications for 
what is taught, and how effectively. Barron and Darling-Hammond express 
it as: “the nature of assessments defines the cognitive demands of the work 
students are asked to undertake”. Wiliam similarly places assessment to the 
fore as “the bridge between teaching and learning”, especially given the dif-
ferent capabilities and speeds of the learners.
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Therefore, performance assessments should be authentic and intellectu-
ally ambitious and based on multidimensional criteria. The assessment strate-
gies need to be consistent with the learning objectives and be appropriate for 
the learners involved. Assessment can be very positive for learning when it 
is well designed. Inappropriate assessments, however, including those that 
inordinately favour only a very narrow range of outcomes or that do not serve 
to progress the learning (the key element of Wiliam’s definition of “formative 
assessment”), can have a corresponding negative influence.

Formative assessment is a central feature of the learning environment of 
the 21st century (Wiliam; Barron and Darling-Hammond; Schneider and Stern; 
Hinton and Fischer). Learners need substantial, regular and meaningful feed-
back that they can use to revise their understanding and their work. This kind 
of feedback supports students’ motivation and helps them to sustain confidence 
in their own ability to learn. Formative assessment has to be integrated into 
classroom practice in order to be effective: the on-going assessment of students’ 
learning should be used constantly to shape organisation and practice in the 
learning environment and to adapt instruction to student’s needs (Wiliam).

The learning environment strongly promotes “horizontal connectedness” 
across areas of knowledge and subjects as well as to the community and 
the wider world..

A key feature of learning is that complex knowledge structures are built up 
by organising more basic pieces of knowledge in a hierarchical way. Another 
of the “cornerstone” findings outlined by Schneider and Stern is that opti-
mal learning builds up transferable knowledge structures – that is, discrete 
objects of learning are integrated into larger frameworks, understandings 
and concepts so that that learning can be transferred to new situations. In 
other words, an effective learning environment strongly promotes “horizontal 
connectedness”.

Such connectedness – the ability to develop the larger frameworks and 
then to transfer and use knowledge across different contexts, including to 
address unfamiliar problems – is one of the defining features of the 21st com-
petences that excite so much interest in contemporary educational discourse. 
But evidence shows that often students are unable to transfer understand-
ing of the same idea or relationship in one domain to another, and even that 
changes in the illustrative examples of the same maths problem can make a 
marked difference to getting it right. What from a teacher’s viewpoint might 
be obviously related will often be highly fragmented and chaotic from their 
students’ point of view (Schneider and Stern). Helping students gradually to 
become more expert by successively linking more and more pieces of knowl-
edge in the students’ minds is thus a major aim of teaching.
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The horizontal connections extend well beyond the learning environment 
itself as it is important for learners to see connections between the learning 
that goes on in formal learning environments and the wider environment 
and society as this helps to create meaning (De Corte; Furco). Students learn 
more deeply through “authentic learning” (Barron and Darling-Hammond). 
Thus, meaningful real-life problems have a key role to play in bolstering the 
relevance of the learning being undertaken: inquiry-based and service learn-
ing offer extensive examples of how this can be done.

Students only spend a minority part of their time in formal learning set-
tings: interactions with parents, peers and media provide a raft of other oppor-
tunities and sources for learning. “[It is of] the utmost importance to look for 
and enhance cross-fertilisation between formal learning environments and 
students’ informal learning” (De Corte). The most important influence and 
setting, especially in the younger years, is the family. “Families serve as the 
major conduit by which young children acquire fundamental cognitive and 
social skills.” (Schneider, Keesler and Morlock) An effective learning environ-
ment will at the least not be at odds with the influences and expectations from 
home; better still, it will work in tandem with them.

A demanding educational agenda

It might be tempting to respond to the above conclusions and “principles” 
that they offer little that is new. In that the chapters have reviewed decades of 
research there is inevitably familiarity with many of the findings and propos-
als taken individually. Their force and relevance do not lie in each one taken 
in isolation from the others, however, nor whether they are formulated in an 
unfamiliar way. Instead, they derive from what they add up to taken as a whole.

We can go further to assert that all the principles should be present in a 
learning environment for it to be judged truly effective. Cast in this light, 
the agenda defined by these principles is in fact a demanding one and scarcely 
typical of many schools and classrooms. The conclusions and principles are 
highly flexible in the sense that they will not be realised in the same way 
in different learning environments nor in the same learning environment at 
different times; they are compatible with different educational models and 
approaches. However, if one of them is absent – robust formative feedback 
evaporates, or the awareness of the motivational drivers disappears, or the 
learners cease to learn together, or wider relevance or transfer is lost, or many 
learners disengage for extended periods – then effectiveness will not be main-
tained via greater emphasis on one of the other principles. They are all needed.

To be relevant to educational leaders and wider publics, the directions 
proposed by the learning sciences and synthesised above can usefully be 
translated into more familiar educational terms.
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Learner-centred environments but with teachers in a central role
The principles identified through the chapters of this volume and pre-

sented in the previous section can be characterised as “learner-centred”: an 
effective learning environment needs to be highly focused on learning as the 
principal activity. This is not as an alternative to the critical role of teachers 
and other learning professionals and indeed those responsible for implement-
ing these principles will need high levels of professionalism and commitment. 
The focus of this strand of OECD work on learning environments is precisely 
to emphasise that learning is not something that takes place just “inside indi-
viduals” but is about their structured interactions with the content, with the 
learning professionals, and with the resources, facilities and technologies. 
The key players for designing and orchestrating learning environments are 
the teaching professionals and those in leadership positions.

For instance, Barron and Darling-Hammond note the demands of inquiry-
based approaches: “it takes significant pedagogical sophistication to manage 
extended projects in classrooms so as to maintain a focus on ‘doing with 
understanding’ rather than ‘doing for the sake of doing’”. For Mayer, the dis-
tinction between the disappointing technology-centred approaches and the 
promising learner-centred technology approaches is in the way that the tech-
nology is adapted to the needs of learners – an altogether more sophisticated 
and demanding enterprise than simply generating access to computers and 
other digital resources. Wiliam discusses the importance of “regulating” class-
room activity, not in terms of adherence to rules but as creating and adjusting 
conditions conducive to learning. He notes that many have called for a shift in 
the role of the teacher from the “sage on the stage” to the “guide on the side.” 
The danger with such a characterisation is when it is interpreted as relieving 
the teacher of responsibility for ensuring that learning takes place: he sees the 
teacher instead as responsible for “engineering” a learning environment, both 
in its design and its operation.

Hence, it is quite misleading to contrast or oppose “learner-centred” with 
recognition of the work and professionalism of teachers. It is in contrast with 
“teacher-centred” when this means to dilute the core mission of engaging 
students in learning.

Structured and professionally-designed learning environments
These principles also imply an agenda of learning through structured 

and professionally-designed learning environments. They allow for inquiry 
and autonomous learning and with differing degrees of non-formal compo-
nents, but they are not predicated on simply leaving learners to discover their 
own interests, tasks and talents in unstructured, unguided or unsupervised 
ways. The different chapters report the benefits both of teacher-initiated and 
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autonomous learning, but these are neither accidental nor unstructured. The 
conclusions reached by Barron and Darling-Hammond, Slavin and Mayer as 
referred to above point in the same direction.

Hence, the conclusions emerging from the learning sciences reject an 
image of learning environments as primarily hoping that young people will 
discover interests and knowledge on their own, still more as something done 
as a solitary activity, even though all these should be possible. Learning 
professionals bring “value-added” with their expertise and the appropriate 
design and engineering of learning situations. In any event, young people 
often do not bring the requisite motivation with them for unguided discovery 
to work as the core approach (Boekaerts; Schneider, Keesler and Morlock). 
De Corte refers to an earlier Mayer study (2004) on the measured learning 
benefits of guided discovery ahead of both direct instruction and unguided 
discovery methods.

The focus on learning environments as patterned mixes of different 
learning activities that take place in context over time facilitates the insight 
that the learners need to experience a range not a single method or pedagogy. 
This insight can be overlooked when the unit of analysis is the single class-
room or learning episode. In a well-designed environment, there may well be 
plenty of occasion for direct instruction as one of the range of methods for 
introducing and pacing content, to be used in combination with other, less 
directed approaches. Hence, this holistic focus invites the question of what 
mixes of approaches are most effective and innovative for particular aims 
and groups of learners, not whether any one of them is definitively superior 
to the rest.

Personalised learning environments
The above principles are fundamentally about personalisation (OECD, 

2006). The term “personalisation” and approaches associated with it have 
their advocates and detractors, and it risks being just another “isation” with-
out substantive content. The conclusions and evidence of the learning sci-
ences as reviewed in this volume, however, give a particular endorsement of 
personalisation. We have described learning environments ideally organised 
so that they are highly sensitive to what the different learners within them 
already know and can do, and they actively build on this sensitivity and 
knowledge, i.e. they are highly adapted to individual differences. They give 
tailored and detailed feedback and they both challenge the quick learners 
and support those facing difficulties. This describes in effect a profoundly 
personalised learning environment, not as a uniform presence or as a par-
ticular pedagogical or curriculum approach but instead imbuing the learning 
environment in manifold ways.
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If a learning environment makes the activity of learning central and is to 
reflect the rich diversity of individual differences, it needs to be information-
rich especially for the learning professionals working within it. This raises 
the importance of knowledge management and the use of information tech-
nologies, not only to stimulate learning but to manage information about 
learners (OECD, 2000; 2004). The more personalised becomes the learning 
environment, the greater this potential application.

Social and inclusive
Some take issue with “personalisation” when it is assumed to suggest 

either the solitary individual learning in isolation or choosing a curriculum 
for himself or herself from a smorgasbord menu on offer. In contrast, the 
principles outlined above are social – they stress that learning is effective 
when it takes place in group settings, when learners collaborate as an explicit 
part of the learning environment, and when there is a connection to com-
munity. Indeed, as we have seen, well-designed group methods can be an 
important way of stretching each learner.

Moreover, the principles have inclusion at their heart. Put negatively, a 
learning environment that is not motivating and does not engage most of its 
learners, does not give personalised and systematic feedback to all and espe-
cially those who are struggling, and that does not engage all learners in work 
leading to higher-order competence – i.e. is not profoundly inclusive – cannot 
be described as meeting the core conclusions and “principles” outlined in this 
chapter.

In summary, this educational agenda may be characterised as: i) learner-
centred but with a central role for teachers; ii) with structured and profession-
ally-designed learning environments albeit giving ample room for inquiry 
and autonomous learning; iii) personalised in being sensitive to individual 
differences including through different pacing and tailored feedback; iv) 
fundamentally inclusive and social in nature.

Outcomes
The different chapters in this volume report a wealth of analyses and 

meta-analyses showing the positive, as well as the sometimes negative, 
effects of different practices and arrangements. It cannot be assumed, how-
ever, that desired outcomes are agreed by all. It is important to ask what kinds 
of learning effects and outcomes are most valuable – a study demonstrating 
improved short-term capacity to recall nonsense words is clearly not worthy 
of the same attention by practitioners as one showing promise in promoting 
the sustained mastery of complex conceptual material.
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The authors in different ways acknowledge how the demands of the 
“knowledge society” inform the underlying learning goals, cutting across their 
different perspectives and recommendations. The importance of establishing 
the foundations for lifelong competence and capacity to learn is repeatedly 
underscored, whether defined as “adaptive competence” or “meaningful learn-
ing” or “deep learning” or “generative processing” – all of which are under-
stood to enable critical thinking, flexible problem-solving, and the transfer 
of skills and use of knowledge acquired in one situation to address problems 
arising in new situations. It calls for the capacity to grasp the parallels between 
superficially different problems or routines or pieces of knowledge – something 
which even learners that seem to have mastered an area often find difficult.

At the same time, developing adaptive competence should not be under-
stood as something at odds with learning routines; mastery of content and 
routines indeed facilitates it. “Well-practiced procedures help students to 
solve routine problems efficiently and with minimal cognitive resources. 
These resources can then be used to solve newer and complex problems on 
the basis of deeper conceptual understanding” (Schneider and Stern). This 
is especially true for those students who experience difficulties developing 
higher-order thinking skills.

In addition to “adaptive competence”, we noted above that the ability to 
co-operate is a valuable outcome in its own right and needs to be fostered, 
quite apart from its impact on measured achievement outcomes. We might 
observe the same thing about creativity, or willingness to take risks, or 
indeed the capacity for diligent persistence. These are not simply capacities 
and attitudes to promote as a route to higher test scores – though they may 
certainly be that too – but are important in their own right.

If an excessively narrow understanding of effects or outcomes is used, 
however, it will define an impoverished educational agenda. There is a common 
temptation to favour any approach associated with higher measurable scores, 
but if an alternative raises scores and improves motivation, interest, problem-
solving ability and creativity this is essential information to know. Assessment 
design is thus a critical issue for revealing the benefits of different approaches to 
learning, as well as for promoting learning. As Barron and Darling-Hammond 
argue in their chapter, if one only looks at traditional learning outcomes, 
inquiry-based and traditional methods of instruction appear to yield similar 
results. The benefits for inquiry learning are found when the assessments 
require application of knowledge and measure quality of reasoning.

While many of these “softer” and long-term outcomes will by their 
nature be difficult to measure, we should not hide behind the difficulty of 
measurement to avoid evaluation. If new and innovative approaches deserve 
closer attention, it is only natural that the supportive evidence should be mar-
shalled or gathered, so far as this is possible.
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The challenge of implementation

The obvious question posed by any review of research that has sought 
to identify promising ways forward is: “but how do we get there?” We begin 
with the variety of proposals contained within the preceding chapters. The 
chapter that most explicitly addresses implementation is that by Resnick, 
Spillane, Goldman and Rangel as they take as their subject the challenge of 
moving from visionary isolated cases of innovation to widespread routine 
practice. We conclude the chapter with some observations of our own and 
from related OECD work about the thorny issue of implementation.

Identified priorities for change
The ideas for change emerging from the above chapters do not add up 

to a single or elaborated set of reform proposals: this was neither part of the 
authors’ brief nor would they necessarily agree on reform priorities even if it 
had been. The ideas for change formulated in sharpest relief revolve around 
teacher professional development.

De Corte argues for intensive teacher and leadership professional devel-
opment aiming at “high fidelity” applications of innovative learning environ-
ments, supported by initiatives to change teacher (and student) beliefs about 
learning. Boekaerts calls for wide-ranging review of teacher education pro-
grammes to ensure that teachers arrive at more comprehensive understandings 
of how cognition, motivation, teaching and learning work together, together 
with training in applications that put such understanding into practice. The 
chapters on demanding applications – co-operative learning (Slavin), inquiry-
based approaches (Barron and Darling-Hammond), formative assessment 
(Wiliam; Barron and Darling-Hammond) and service learning (Furco) – all 
stress the high levels of professional demands they make, arguing equally for 
intensive teacher professional development.

For Slavin, new professional knowledge needs to be adopted and applied 
in a sustained way in different learning environments, so that teacher educa-
tion programmes can usefully be supplemented through follow-up such as 
knowledgeable coaches giving feedback, demonstrations and providing sup-
port to teachers. Barron and Darling-Hammond suggest in their chapter that 
appropriate resources can help to scaffold both teacher and student learning 
using such means as models, public forums, tools, books, films and fieldtrips. 
Hence, a broad understanding of professional development is needed. And as 
Wiliam points out, it is natural that the teacher should be identified first in 
the front line of change as this is where the responsibility for “engineering” 
the teaching-learning interface ultimately lies.
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However, in our view it is far from clear that the complexity and profun-
dity of change implied by the transversal conclusions will be realised simply 
through a new teacher skills set, still less that this can be effected through 
appropriate teacher education programmes. There clearly is a major project 
of teacher learning to address but while this may be a necessary condition of 
widespread change, it is far from sufficient.

The authors themselves are not only concerned with teacher education 
as the mechanism of change. Other suggestions contained in the chapters 
revolve around different means of creating stronger links between the learn-
ing environments of schools and the wider community beyond. An important 
part of this relates to the links between schools, families and households.

Hinton and Fischer, for instance, argue to enhance the community ori-
entation of learning environments to make more explicit the links between 
formal learning and the wider world beyond schools; Furco similarly pro-
poses different forms of service learning as a means of widening the hori-
zons and relevance of learning. Schneider, Keesler and Morlock advocate 
giving direct support to families as key loci of learning, particularly the 
less advantaged, rather than leaving the responsibility entirely to the school, 
albeit that this can and should be supported by well-structured, multi-faceted 
formal learning environments. They suggest – in line with the personalisa-
tion agenda identified earlier in the chapter – that there is need to personalise 
relationships with learners’ families as well as with the learners themselves. 
At a more general level, De Corte proposes to foster communication with 
the wider community so as to elicit the support of stakeholders who may 
well hold traditional goals and expectations and hence impede change. This 
assumes, of course, that the learning environment itself is persuaded about, 
and well advanced on, a “non-traditional” course.

The third set of suggestions made by the chapter authors recognises that 
this is not a realistic assumption in many cases. De Corte himself identifies 
student and teacher beliefs about learning as a serious obstacle for the imple-
mentation of the kinds of learning approaches outlined earlier, the more because 
of the deeply entrenched stability of teaching behaviour. As he puts it “…
changing beliefs constitutes in itself a major challenge”. This clearly goes much 
deeper than teacher knowledge or expertise that might be addressed through 
appropriate teacher education courses. Such beliefs have their source both in 
the wider culture of social expectations and in the cultures and “grammars” 
(e.g. Tyack and Tobin, 1994) of schools with deeply-entrenched structures and 
routines. Resnick, Spillane, Goldman and Rangel similarly locate deep-seated 
teacher beliefs as fundamental, and they analyse these within the organisa-
tional structures – “routines” – which are particularly powerful in education 
and in schools in particular.
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A good illustration of the challenge of altering well-established “gram-
mars” or “routines” is offered by Robert Slavin regarding co-operative learn-
ing. The evidence base on the beneficial effects of cooperative learning is 
robust, it features in many teacher education programmes, and student teach-
ers and practising professionals largely endorse its value, yet still it remains 
on the margins of practice. Despite thirty years of experimentation and 
evaluative research showing positive results and widespread endorsement, 
co-operative learning still belongs in the category “innovation” having not 
managed to break into the routines and arrangements of many schools and 
classrooms. Much the same could be observed about inquiry-based learning 
and formative assessment. If these approaches which enjoy a strong meas-
ure of support from research evidence about their benefits struggle to make 
headway, the challenge facing innovations that are not so widely accepted is 
indeed imposing.

Resnick, Spillane, Goldman and Rangel succinctly summarise the limited 
impact of the aspects of teacher education most closely related to the subject 
of this volume to find their way through into everyday practice later on:

Most practitioners in the field can remember the names and claims 
of a few major theorists but the links between research-based pre-
scriptions and what educators actually do in their work are thin. 
An unannounced visitor to a random school or classroom would 
encounter very little practice that matches the principles of learning 
and instruction being taught in teacher preparation programmes. The 
same goes for principles of educational leadership: the vocabulary of 
distributed leadership, or “professional learning communities,” can 
be heard at professional meetings but is more rarely found in practice.

While part of the problem might be ineffective teacher education, the 
causes are much more deep-seated within the routines and cultures of educa-
tional institutions. This is not specific to education; as expressed by Resnick 
and her colleagues it is about organisational behaviour in general: “The more 
complex the organisation, the more stable the personnel, the more demanding 
the external demands – the more members resist changes in routines”.

Making change happen
The issue of introducing change into longstanding, highly structured 

“mass” school systems, and the organisations operating within them, enjoys 
an enormous literature and is a subject well beyond this volume. We can offer 
no more than some concluding thoughts, based both on this study and related 
OECD work.

One approach to change lies in developing organisational strategies such 
as those described by Resnick, Spillane, Goldman and Rangel as “kernel 
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routines”. A first phase builds social, human and physical capital that allows 
for the propagation of “kernelling” in the second phase, which is more gener-
alised and promotes the generation and evolution of new routines as well as 
the re-design of existing ones in the school. The authors describe the condi-
tions and prerequisites for this to work. These, and strategies like them that 
combine deep understanding of learning and of the organisational routines 
that can allow them to flourish, are an integral part of positively disrupting 
the powerful forces maintaining the status quo. They call for innovative 
forms of leadership (OECD, 2008a) and a strong focus on professional col-
laboration and communities of practice.

The reference to “physical capital” raises the design dimension often over-
looked in the more general literature on educational innovation.** Flexible, 
adaptable spaces facilitate the introduction of new approaches by learning 
professionals working individually or collectively, while unsuitable ones 
impede their adoption except among the most highly motivated groups of 
teachers and learners. Formative assessment and co-operative and project-
based learning are all facilitated in flexible spaces designed to accommodate 
them. For technology to make a decisive impact requires that thresholds of 
equipment and use are reached (see OECD, 2010a), with its implications for 
the design and flexibility of facilities (even if, as Mayer forcefully reminds 
us, access to technology itself is far from sufficient for good learning). The 
implications of more thorough-going versions of service-learning (Furco) 
alter the demands on and use of conventional facilities.

In addressing the aim of systemising innovation, a key role is to be played 
by improving knowledge management (OECD 2009a; 2009b). This character-
istic of education systems has been identified as typically weak in education 
systems and in schools in particular (OECD 2000). They are conventionally 
poor at using the four key “pumps of innovation” – research knowledge, 
networking, modular restructuring, technological advance (OECD 2004). 
Increasingly, these different sources of dynamic change are being better 
understood and addressed, whether through networking (e.g. OECD, 2003), 
or knowledge brokerage, making research knowledge accessible to practition-
ers in diverse forms (OECD, 2007), while there is longstanding analysis of 
technology in education [most recently at OECD in work on digital resources 
(OECD 2009a) and technology use in schools (OECD, 2010a)].

Improving knowledge management arrangements in this context is 
especially about providing the structures, mechanisms and incentives so as 
to move away from individual teachers continually having to “rediscover 

**It has long been the focus of OECD work through its section formerly known 
as the Programme on Educational Building (PEB) and more recently renamed as 
the “Centre for Effective Learning Environments” (CELE).
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the wheel” for themselves but instead being well informed about already-
implemented innovative practices and their strengths and weaknesses. The 
dual innovation challenge is to create more systemic innovation in education 
systems, on the one hand, and ensure that the competences underpinning 
innovation in the wider society and economy are more systematically devel-
oped through education, on the other (OECD 2010b). Why this is so relevant 
to the issues discussed in this volume, and the directions for change summa-
rised in this chapter, is that they call for a fundamental innovation drive in 
most education systems.

This is not about simply encouraging innovation for its own sake – “let-
ting a thousand flowers bloom” – but of fostering it in order to realise as the 
norm the demanding principles we have elaborated above. The “routines” 
described by Resnick, Spillane, Goldman and Rangel as a means of seed-
ing and propagating innovation (using powerful biological metaphors), are 
distinctive in being so strongly focused on the nature of learning itself, as 
opposed to some other aspect of organisational functioning further removed 
from the learners and learning.

Much has been done to address the knowledge management weaknesses in 
education over recent years. It brings the discussion back to the often tenuous 
links between research on learning, on the one hand, and practice and policy, 
on the other, which is where this volume began (the “great disconnect” as 
referred to De Corte, citing Berliner [2008]). There remains much to be done to 
bring the three worlds together. Far too often, research is addressing problems 
or is produced in formats and language which cannot be applied by those work-
ing in education. But equally, in a world where increasingly policy and practice 
are meant to be “evidence-informed” (even if to be “evidence-based” may be 
largely out of reach given education’s sheer complexity), there is need to take 
much more seriously the evidence on the nature of learning as covered in this 
volume. It should be used to help redesign learning environments and to inform 
policy programmes aimed at raising educational quality and equity.

Several of the authors suggest, more or less directly, that structures and 
practices that inhibit the possibility to take time to learn deeply, or inhibit 
inter-disciplinary practice, or discourage inquiry- and community-based 
approaches, need to be re-examined. This applies especially to the core areas 
of curriculum and assessment. We have focused much on assessment prac-
tices and policies ourselves in the opening chapter and in this one: assessment 
in particular provides the key signposts – to learners, teachers and parents – 
about what is valued and what is peripheral in education. If on balance assess-
ment favours traditional approaches to learning, rather than fostering 21st 
century competences, it should not be surprising that learning environments 
resembling the conclusions introducing this chapter remain the exception 
rather than the rule (see e.g. Looney, 2009).



The Nature of Learning: Using Research to Inspire Practice © OECD 2010

336 – 13. Future directions for learning environments in the 21st century

Therefore, while it is understandable that agendas for change regarding 
schools as learning organisations begin with teacher knowledge and skills 
and focus on teacher education and professional development, ensuring 
consistent and forward-looking assessment systems may well be at least as 
important to effect change. The more general policy role lies in the diffuse 
but essential one of framing and supporting positive climates, influencing 
positive general cultures within schools and in the wider society.

We conclude with a general concern about the demands required by the 
concluding principles of this volume, based on extensive learning science 
research. Many of the directions for change as suggested by the authors call for 
high levels of expertise and professionalism. The flexible use of well-resourced 
learning spaces assumes a level of investment that is out of reach in many cor-
ners of the world. Does this mean that such directions represent a privileged 
and unrealistic luxury? Clearly, ample resources well-spent can make a real 
difference to what learning environments can do. But education systems are 
already highly expensive and we believe that many of the proposals contained 
in this volume call for the re-direction of existing resources rather than the 
creation of significant new ones. The first “Innovative Learning Environments” 
publication (OECD, 2008b) showed what can be done with often low financial 
investments in poor communities given appropriate creativity and motivation 
(in that case in Mexico). Given the right stimulus and momentum, the conclu-
sions outlined in this volume show the way for designing and sustaining learn-
ing environments for the 21st century.
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