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Research justification

The highly infectious and deadly coronavirus disease 2019 (COVID-19)
pandemic has accelerated the adoption of computer-assisted instruction
(CAIl) and computer-based instruction (CBI). This book’s research is on online
pedagogical approaches devised by teacher educators and researchers to
circumvent face-to-face (f2f) curriculum delivery, which increases the disease
infection rate. This book reports on case studies by teacher educators and
researchers on teaching their student-teachers with technology in a way that
advanced not only communication but also the cognitive growth of students
in relation to disciplinary knowledge.

The value of this book is that it reports on pedagogical innovations in using
digital technologies in teacher education. These are to be shared by other
scholars and specialists in pedagogy. The challenge is that presently, many
educators are uncertain about how to productively use digital technologies in
teaching, learning and assessment. This is the plight - the gap that this book
aims to bridge. Before COVID-19, f2f instruction was predominantly used as
the main mode of teaching and learning, which suddenly became untenable.
Educators had to learn how to use electronic platforms, video conferencing
rooms, apps and social media for teaching purposes. This is the subject of this
book’s research.

The effective use of technology in teaching and learning is a problem that
many educators face every day. They are confronted with the problem of how
they can optimise teaching and learning with digital technology if they are to
continue to be relevant and sustain the education project. This book engages
that problem with respect to teacher education. It shares sub-Saharan scholars’
experiences in designing and implementing information and communication
technology-based instruction at a time when it was not possible to have
normal lectures as a result of the COVID-19 pandemic lockdowns. Sharing this
research with other scholars is imperative to move the theory and practice of
CAl and CBI forward for the benefit of learning. The authors of the chapters
in this book have conducted research at 11 universities in South Africa and
Nigeria. This ensures that this book draws from the wide-ranging experiences
of scholars from different backgrounds. The rich discussions that emerged
from this research enable academics to learn from others’ innovative moments
that occurred as a result of the COVID-19 pandemic pressure. Researchers
have an opportunity to learn from this book how to deal with the tantalising
teaching and learning problem of our time: how can the use of digital
technology transform teaching and learning in general and teacher education
in particular?

The scholarly contributions in this book are varied. They cover theoretical
nuances for information and communication technology use in education,
considerations for the use of computers in the classroom, pedagogical
thinking and pedagogical integration of ICTs in education, affordances
of iPads in visible teaching and learning, supporting student cognition in



languages, Mathematics, Science and Engineering, Graphics and Design with
ICTs. The use of software applications such as GeoGebra and Microsoft Excel
in teaching and learning Mathematics is researched, among others.

The scholars in this book used both conceptual and empirical methodologies,
mostly in qualitative set-ups. | declare that no work in this book is plagiarised.
| also declare that the production of knowledge in this book is original and that
the book represents scholarly discourse on the use of digital technology in
teacher education. The recommendations in this book can be used in blended
learning beyond the COVID-19 era, as curriculum delivery methods are bound
to change.

Judah P. Makonye, Division of Mathematics Education, Faculty of Humanities,
University of the Witwatersrand, Johannesburg, South Africa.

Nokulunga S. Ndlovu, Department of Educational Information and
Engineering Technology, Faculty of Humanities, School of Education,
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Chapter 1

Computers in the classroom:
What informs what we teach
the teachers?

lan Moll

Centre for Researching Education and Labour,

Faculty of Humanities, University of the Witwatersrand,
Johannesburg, South Africa

B Abstract’

This chapter explores what student-teachers need to know about learning in
e-learning. It adopts a history-of-ideas approach in examining the five most
influential psychological theories of learning - behaviourism, cognitivism,
constructivism, socioculturalism and embodied cognition theory - that have
implications for educational technology. The chapter suggests that five big
ideas, one from each of these theories, might be synthesised to assist
teachers in using computer technology in their classrooms. It argues that
this is the most productive way to prepare students in a teacher education
programme for the pedagogic integration of information and communication
technologies (ICTs).

1. This chapter is a revised version of Moll (2012). It has been updated, developed and expanded here with the
kind permission of Macmillan South Africa.

How to cite: Moll, | 2022, ‘Computers in the classroom: What informs what we teach the teachers?’, in JP
Makonye & NS Ndlovu (eds.), /nnovations in online teaching and learning: Case studies of teacher educators
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Computers in the classroom: What informs what we teach the teachers?

B Introduction

In any pedagogical terrain, teacher educators are faced with a bewildering
array of ‘theories of learning’. These usually have particular implications for
teaching, and when e-learning is added into the mix, we often fall back on
‘choosing’ whichever learning ‘paradigm’ makes the most sense to us, and we
advise the emerging teachers whom we are teaching to do likewise. In this
chapter, | recognise that there are different perspectives in e-learning theory,
the most influential of which are set out in Figure 1.1.

However, | take a rather different view to that of ‘paradigm’ theory.
This chapter suggests that this sequence of learning theories presents a
roughly accurate, accumulating history of ideas rather than a series of mutually
exclusive approaches. Subsequent theories both refute certain aspects of
previous theories and incorporate important insights from them in the ongoing
refinement of our knowledge of learning and teaching. In particular, | suggest
that important insights taken forward from theory to theory are crucial in
understanding the pedagogic integration of ICTs in the classroom.

It is widely recognised that, in the current coronavirus disease 2019
(COVID-19) context, the rapid transition to emergency remote teaching (ERT)
tends merely to digitise rather than transform courses (Crawford 2021; Le
Grange 2020). The often repeated claim that the COVID-19 pandemic has
accelerated and demonstrated the possibilities and reach of polysynchronous
online learning does not allay concern about its creeping technicism. As Sean-
Michael Morris (2020) points out, ‘the pandemic has not been learning design’s
finest hour’ - the mass movement into online teaching spaces by teacher
educators with little history in digital learning amplifies its technicism and
stifles its critical pedagogical possibilities. We need to look to theories of
learning and pedagogy to understand what we are doing more than ever
before.

In Figure 1.2, a history of learning theories and their implications for the
pedagogic integration of ICTs is presented in this historical narrative.

Behaviourism Cognitivism Constructivism Socioculturalism Embodiment

Source: Author’s own work.
FIGURE 1.1: Different perspectives in e-learning.

Socioculturalism

Behaviourism —3 Cognitivism — Constructivism <

Embodiment

Source: Author’s own work.
FIGURE 1.2: A history of learning theories.
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My argument is that this understanding of the progressive history of ideas in
the psychology of learning presents the teacher educator with a much more
educative way of developing the teaching skills of their students, not least in
the integration of ICTs into their lessons. | suggest that this approach provides
a sequence or learning pathway along which to introduce education students
to the pedagogic integration of ICTs. This strategy is particularly generative,
whether it be in a focused, in-depth course on e-learning itself or in a school
subject-related course, like ICT integration into the pedagogy of Biology,
History or Mathematics.

Therefore, | approach the different theories of learning as an account of the
following historical development of ideas:

* By the middle of the last century, behaviourism was the dominant idea
about learning. It had ‘won’ the nature-nurture debate in psychology by its
emphasis on external reinforcement as the cause of new, learned behaviours.

e |t was soon challenged by cognitivism, which brought the human brain and
mind back into the picture. These theories place emphasis on thinking, as
well as neurological possibilities and constraints in learning.

* Then along came constructivism, which accused both behaviourism and
cognitivism of too passive a view of learning. Constructivists emphasise
the active construction of knowledge by learners, via both biological and
social mechanismes.

* More recently, sociocultural learning theory (including connectivism, a
variant focused on e-learning) went beyond constructivism. It argues that
learning should be considered a social rather than an individual process.

« Embodied cognition theory, also recently, went beyond constructivism but
in a different way. It construes human learning as a bodily relationship with
the world, as the actions of ‘feeling beings who think’.

Each theory engaged in this chapter is, or was, progressive for its time in its
implications for educational practice. Although we cannot ‘read’ a prescription
for teaching from a theory of learning, each suggests a move away from what
we think of as traditional teaching: ‘chalk-and-talk’ methodology. This refers
to the teacher who mostly stands in front of the class lecturing, expecting that
learners will learn simply by being told something. Alternatively, they write
things up on the board or display them on Microsoft PowerPoint slides,
believing that by copying and replicating them, learners will come to new
understandings. However, we now know that we do not learn by being to/d
something. Nor do we acquire knowledge by memorising something by rote.

B Behaviourism

In the psychology of learning, the first half of the 20th century was about the
search for a science of human behaviour. Psychologists looked to the natural
sciences for a model of how they could predict and control the behaviour of
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human beings. Laboratory experiments were considered to be the place to
establish laws of behaviour. Learning theory was driven by the idea that if we
could predict and control the behaviour of children in the classroom, we would
be able to improve school performance.

Behaviourism was the dominant theory of learning at this time. It is built on
the idea that a/l the behaviours that we produce are caused by environmental
stimuli. The learning performances of a child in a classroom, for example, are
controlled by the stimulus conditions of the learning environment that we set
up there. This idea of a scientific law of learning can be represented as seen in
Figure 1.3.

S is the stimulus and R is the resultant behaviour or response. Note here is
that there is no interest in the mind, thoughts, feelings or anything that might
be considered to be inside the learner. This is deliberate. Behaviourists think
that it is not really possible to observe or measure these things. Therefore,
they cannot be part of the science of behaviour. Some behaviourists even
refer to thoughts and feelings as ‘ghosts in a machine’ - we might believe in
them, but they do not really exist! From a strict behaviourist perspective, a
theory of learning needs not consider internal states of mind. Rather, it needs
to be functional - it must help us to take control of learning and produce
optimum performances in our learners. As the most famous behaviourist, B.F.
Skinner (1974), puts it:

[T1he most important objection to inner states is not so much that they do not
exist, but that they are not relevant in a functional analysis of behaviour. [...] Many
supposed inner causes of behavior, such as attitudes, opinions, traits of character,
and philosophies, remain almost entirely inferential [...] no evidence of the inner
causes is available except the behavior attributed to them. (p. 159)

This is why commentators refer to behaviourism as a ‘black box’ theory
(Hamlyn 1990). For behaviourism, the mind is like a black box (Figure 1.4). We
do not need to bother ourselves with it to produce an effective theory of
learning for the classroom.

Skinner gives us two important concepts to take forward in understanding
learning with ICTs: reinforcement and the shaping of behaviour. He finds, in his
laboratory work with rats and pigeons, that the most important stimulus for

S —R

Source: Author’s own work.
FIGURE 1.3: The form of a scientific law of learning in behaviourism.

S—».—»R

Source: Author’s own work.
FIGURE 1.4: Behaviourism styled as a ‘black box’ theory.
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learning is not the one that comes before the response (the ‘eliciting’ stimulus)
but the one that follows the response (the ‘reinforcing’ stimulus). When a
response is followed by a reward, then it will increase in both strength and
frequency. Likewise, if a response is followed by an unpleasant stimulus, then
it will decrease in frequency. We all know this latter strategy well - punishment -
because it was such a strong part of our homes and schools.

Skinner recognises that punishment can work to control behaviour. But he
reaches the obvious conclusion: it cannot do much to help us build up new
responses in the behaviour of the learner. He insists that positive reinforcement
is the most effective way to produce desired performances on the part of
learners in the classroom. As teachers, our main job is to set up learning
environments in which we manage reinforcement effectively. We integrate
ICTs pedagogically with this purpose in mind.

Theclassroom learning that we want to produce using positive reinforcement
is complex. Normally, it is not possible to produce desired performance with a
once-off reinforcement. Rather, we need to identify an existing behaviour that
approximates the ‘target’ behaviour. Then, we employ reinforcement gradually
to change it in small steps towards that outcome. For example, if we want to
train a pigeon to rotate three times in a clockwise direction, we might manage
positive reinforcement in the following way:

reinforce a simple turn to the right

reinforce a series of much more pronounced turns to the right
reinforce a 180° turn to the right

reinforce a full 360° turn

reinforce two full 360° turns

reinforce three full 360° turns.

OUAWN =

And there you have it. This repeated reinforcement of small steps towards a
more complex behaviour is called ‘shaping’. In the procedure mentioned, we
put in place a strong tendency in the pigeon to turn around and around. It will
continue to do so as long as it is reinforced for this behaviour.

Shaping has hugely influenced educational design and computer-based
education. In any classroom, we can see this idea at work. Teachers often
define a series of responses towards a final outcome and then reward these
progressively in a lesson or unit of work. There are two important principles
here: (1) at the beginning of a lesson, we must assess established behaviours
to determine where instruction should start and what the first step should be;
and (2) we then define a series of behavioural steps towards the final outcome,
each of which represents a more complex level of performance. We emphasise
mastery of this sequence of responses in the instructional process.

Thus, from behaviourism, we arrive at the idea of programmed instruction,
also known as mastery learning (Twyman 2020). Historically, this is probably the
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most prominent single theory on e-learning. Behaviourism is, in these terms, still
massively influential in education today (Molenda 2018; Root & Rehfeldt 2021). Its
advocates tend to sidestep the question of ‘inner states’ and concentrate on the
proven ability of behaviour modification techniques to influence learning and
bring about desired educational objectives (Kitchener 1974).

The need for programmed instruction leads Skinner (1968) to advocate the
use of a teaching machine:

[T1he device makes it possible to present carefully designed material in which
one problem can depend upon the answer to the preceding problem and where,
therefore, the most efficient progress to an eventually complex repertoire can be
made. (p. 24)

From a behaviourist perspective, the teacher has a particular role to play in a
classroom as a manager of reinforcement procedures. But they cannot do this
on their own (Skinner 1968):

These requirements [of programmed instruction] are not excessive, but they are
probably incompatible with the current realities of the classroom. [...] An organism
is affected by subtle details of contingencies which are beyond the capacity of the
human organism to arrange. Mechanical and electrical devices must be used. [...]
The simple fact is that, as a mere reinforcing mechanism, the teacher is out of date.
(pp. 21-22; [author’s added emphasis])

So the general behaviourist claim is that, without a teaching machine (in today’s
terms, a computerin the classroom), a teacher is incapable of delivering education
effectively (Keenan, Presti & Dillenburger 2020; Watters 2011). In the terrain of
e-learning, one indicator of this strong contemporary influence is the emergence
of ‘machine behaviourism’ in online course design, ‘in which “correct” forms of
performance and conduct have already been decided, and learners are
increasingly “nudged towards predefined modes of participation and behaviour”
by programmed instruction” (Knox, Williamson & Bayne 2019:41-42).

One final point to highlight about behaviourism is the strong view of
learner-centred education that it brought to the fore.? Skinner’s view was that
only a machine could manage classroom reinforcement in such a way that
each particular learner could proceed through learning materials at their own
pace, governed by their own interests. Inevitably, if the teacher does not
employ programmed learning materials carried on a computer platform, the
needs of each learner will be subjugated to those of the whole group.
The teacher will lose sight of the needs of the individual learner, which is what
happens in traditional classrooms. The integration of ICTs into our pedagogy
helps us to strengthen the principle of learner-centred programme delivery.

2. It often claimed, not least in South African rhetoric about new curricula, that behaviourism is antagonistic to
learner-centred education. Nothing could be further from the truth. Historically, behaviourists were among the
first theorists to argue for individually-paced learning. Reading Skinner’s writings on education, one is struck by
his consistent search for systems of classroom delivery and management that will ensure that the needs of the
individual learner are given primacy, rather than being subjugated to those of the group as a whole.
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B Cognitivism

By the 1960s, psychologists had become disillusioned with behaviourism.
Learning theory shifted from behavioural to cognitive models of learning. The
‘cognitive revolution’ of this period may be seen as one in which information
processing in the mind replaced the notion that the mind is a ‘black box’ (see
Figure 1.5). Psychologists became interested in cognitive processes such as
thinking, problem-solving, language, concept formation, attention and
memory. Cognitivism conceives learning as thinking. The implications of this
shift for education are profound. Teaching and learning no longer concern
themselves only with observable learner performance brought about by us
manipulating stimuli. Now, it emphasises mental processing (Ertmer & Newby
2013:57). In classrooms, cognitive scientists focus on how information is
received, organised, stored and retrieved by the mind in the learning process.

Cognitivism as a learning theory seeks to go inside the ‘black box’
(Hamlyn 1990). While stimuli and responses play a part in learning, the
really important thing is the way our minds make connections between
them (Figure 1.5). If we do not understand the way the mind works, then we
cannot understand learning.

A watershed in the demise of behaviourism was Noam Chomsky’s (1959)
critical review of Skinner’s Verbal Behavior. He pointed out that the only way
we can know for sure what links a specific S and a specific R in any S-R
connection is to know exactly what is in the mind of the learner. How else, he
asks, can Skinner know which S to look at for which R? In order for an S-R
connection to be established, it requires a strong idea of a mind that actively
links stimuli and responses to each other.

Chomsky is an innatist. He thinks that the essential, generative processes of
learning, such as attention, memory and language, are to be found in innate
structures of the brain. We are born with them. To use the recent terminology
of cognitive science, such learning processes are hard-wired. In education, we
need to take into account the hard-wired processes of learning that make it
possible to do certain things in the classroom and not others.

To understand classroom learning, we need to understand attention and
memory. Cognitive science models how information is relayed from our sense
receptors to the brain and how it is processed and stored in the brain.
Memorisation has the following three facets (Atkinson & Shiffrin 1968), as
portrayed in Figure 1.6:

S— mind —R

Source: Author’s own work.
FIGURE 1.5: Cognitivism goes inside the ‘black box’.
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* Sensory memory: This is ‘sensory attention’, in which we are alerted to and
notice incoming information. Sensory memory is large in scope: there are
many things that our senses are aware of at any moment in time. But it is
fleeting, its moments less than half a second in duration, and only some are
drawn into working memory.

* Long-term memory: This is the storage capability that our brains have.
Brain processes encode or organise and exercise control over information.
Once we have processed information, it is stored in our brains and can last
a lifetime. Long-term memory is huge, seemingly limitless, and organised in
complex networks of information. Because our memories are encoded into
long-term storage in this way, we can draw them into working memory
(recall them) as we need to when we think and learn.

*  Working memory: This is the thoughts, or units of information, that we can
consciously hold in mind at any point in time. Working memory is
neurologically limited in its capacity (Miller 1956) - it can hold ‘seven plus-
or-minus two’ units of information in mind at any given moment.? It is time-
limited, typically lasting for only 20 to 30 seconds. Despite these limits,
working memory is where school learning happens. Working memory
selectively draws in encoded information from sensory memory and
recruits encoded information from long-term memory in order to make
thinking possible. Thinking and learning is thus understood to be the
conscious processing of information drawn simultaneously from both prior
knowledge (long-term memory) and experience (sensory memory).

The process through which information is received and memorised is hard-
wired. The brain links new information to already stored information in
increasingly complex ways. It ‘chunks’ it together and stores it (Abadzi
2006:161-162). There is a vast amount of research suggesting that classroom
teaching should be based on this bottom-line information processing model
(Clark & Mayer 2007). In the wake of the rise of the brain sciences in the

working
memory

!

long-term
memory

S (attention) —» —» R (action)

Source: Author’s own work.
FIGURE 1.6: The memory processes in learning.

3. Related research has sometimes indicated that working memory might hold five to nine units of information,
or only two to four, when it comes to the ‘chunking’ of complex knowledge, at any one time. However, the key
point remains the same: working memory is very limited in scope and in time.
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1990s - ‘the decade of the brain’ - cognitivism is now prominent in education.
Its key concepts, working memory and cognitive load, remain the
contemporary focus of this theory (Buchner, Buntins & Kerres 2022; Van
Merriénboer & Kirschner 2018).

Perhaps the most fundamental implication for teaching drawn from
cognitivism is the theory of the cognitive overload of working memory. There
are three types of cognitive load (Sweller 2010, 2020):

* Intrinsic cognitive load: The amount of information presented to a learner
and the connections between different elements within it. If this is too
complex, then cognitive overload occurs. A teacher avoids such overload
by presenting information gradually and in small steps.

- Extraneous cognitive load: Irrelevant, distracting information not focused
on the central ideas of the learning session. Teachers overcome this by
focusing on essential, meaningful information only. Extraneous cognitive
load also occurs when too many communication channels are employed to
convey information at any one moment - this has crucial implications for
e-learning.

* Germane cognitive load: This refers to essential information related to the
learning task. This is what you want to emphasise as a teacher in such a
way that it builds complexity and depth. Ideas and skills are always
embedded in a complex web of other ideas and skills. Information that has
been stored inlong-term memory in a connected, meaningful and organised
way is often much easier to retrieve. The central principle for lesson planning
is ‘the next concept to be learned in class [...] must fit at least one of the
categories in students’ minds and be connected to a high-level concept in
the network. But the fit must be very precise and appropriate to the context’
(Abadzi 2006:170).

Other things that teachers can do to maximise germane cognitive load are
(Ertmer & Newby 2013):

1. use cues and examples to help learners connect new information with
previously learned material

2. use ‘worked examples’ to achieve deliberate focus on learning tasks from
moment to moment

3. teach learners advanced organisers - thinking techniques to organise new
information - analogies, hierarchical relationships, matrices, et cetera
(Ausubel 1960)

4. teach cognitive strategies such as outlining, summarising and synthesising
to help learners structure and sequence information

Cognitivists naturally go to computers to think about learning. In cognitive
science, there is a close relationship between thinking about cognition and
thinking about computers. In the Second World War (WW!II), machines were
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invented that could crack codes - these were the first computers. They
seemed to be capable of some kind of ‘thinking’. In psychology, this revived
interest in the internal processes of cognition in opposition to behaviourism.
Learning theorists now look closely at the way that computers process
information to build models about how human learning takes place. The
transfer of information from outside and the way it is processed and stored
in the brain seem to be very similar to the way that a computer functions. In
education, a new idea about minds and machines developed - artificial
intelligence (Al). If the computer can simulate the workings of the brain,
then we can integrate computer programmes judiciously into our pedagogy
to exercise the mind directly.

Consequently, cognitivists encourage the use of ICTs by teachers to
consolidate new information and develop thinking skills. The role of the
teacheris toinstruct learners in thinking procedures, and designed computer
software can be a great help to them in carrying out this role. Salisbury
(1990) discusses two kinds of programmes on which cognitivists are
particularly keen: (1) drill-and-practise programmes designed to consolidate
knowledge, for example, software that enables learners to practise basic
literacy skills, mathematical operations, spelling or grammar and (2) thinking
skills programmes that aim to develop the strategic thinking processes that
underlie all learning. Available programmes cover learners’ skills in
metacognition, inference from context, decontextualisation, information
synthesis, etc.

It should be clear that cognitivism carries within it a significant notion of
learner-centred instruction. Learning tasks must be presented to the learner
in a way that they can access and understand them. Learners need to be
supported in developing the thinking strategies that will allow them to gain
such access. The requirement here is multifaceted. A cognitivist perspective
on pedagogic integration looks to ICTs to provide a rich network of
programmed resources for teachers to carry out the necessary instructional
and support activities in the classroom.

B Constructivism

Constructivism shares with cognitivism an interest in cognitive processes. It
also stresses the need to understand these if we are to understand learning
and teaching. Both reject behaviourism because of its denial of the mind.
However, constructivism has a major disagreement with cognitivism. It does
not think that the processes of learning are innate; rather, it insists that the
knowledge and understanding of individual learners are constructed over
time as they act on their environments and engage in social activities. Learning
consists of the coordination of actions that are internalised in mental structures
or operations (Richardson 2019).
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The core idea of constructivism is well captured in this view of education put
forward by Jean Piaget. He sees research on learning as divided into three
distinct tendencies (Piaget 1969):

The first [...] regards all knowledge as being externally acquired, as originating from
experience or verbal or audio-visual presentations, delivered by adults. The second
is characterised by a surprising return to innate factors and internal maturation [...]
in this case, education becomes in the first instance the exercising of a ‘reason’
already formed at birth. The third tendency, which is decidedly our own, [...] is of a
constructivist nature, that is to say, it is characterised neither by a notion of external
preformation (empiricism) nor of internal preformation (innate ideas), but rather by
a notion of the continuous elaboration of successive structures. (pp. 13-14; [author’s
translation and added emphasis])

The argumentis straightforward. Behaviourism (with other kinds of empiricism)
is static and bad theory; innatism is static and bad theory; good theory needs
the idea of an interactive mechanism which constructs new understandings
out of both existing knowledge and experience. Piaget’s attack is on
‘oreformation’, whether from outside or inside. He rejects the idea that when
children learn, they passively receive knowledge.

Piaget explains that learning occurs through the developmental process by
which we seek a state of equilibrium between our previous knowledge and
new things we encounter in the world (Piaget 1968):

Knowledge of an object does not consist of having a static mental copy of the

object but of effecting transformations on it and reaching some understanding

of the mechanisms of these transformations. [...] The fundamental relation is not
one of simple association but of assimilation and accommodation; the knower
assimilates objects to the structures of his actions (or of his operations), and at
the same time he accommodates these structures (by differentiating them) to the
unforeseen aspects of the reality which he encounters. (pp. 140-141)

We understand new things by internalising the consequences of our own
actions as we seek a balance between the known and the unknown. Piaget’s
notion of equilibration conceives learning as the acquisition ofanunderstanding
of one’s own intellectual operations - ‘intelligence organises the world by
organising itself’ (Piaget 1975:355-356).

By the 1980s, Piaget’s theory had come under severe criticism, mainly directed
at the idea that his theory of stages of cognitive development should prescribe
and proscribe curriculum for children. This led to a shift of attention away from
these ‘figurative’ aspects of his theory to the ‘operative’ aspects, in what came to
be known as Piaget’s ‘new theory’ (Acredolo 1997; Amin & Valsiner 2004; Beilin
& Fireman 1999). Contemporary Piagetian studies are firmly focused on the hard
core of equilibration (Burman 2021; Winstanley 2021), not least in relation to the
pedagogic integration of ICTs (Erneling 2010; Kaplan 2018).

The second major figure in the history of constructivism is Lev Vygotsky,
who rejects behaviourism because it pretends that ‘learning is development’.



Computers in the classroom: What informs what we teach the teachers?

Herejectsinnatism because it equates maturation with development: ‘maturation
is viewed as a precondition of learning but never the result of it’ (Vygotsky
1978:79-81). For him, an interaction between existing knowledge and experience
explains learning as the construction of new knowledge (Vygotsky 1978):
[/Internal developmental processes [...] operate only when the child is interacting
with people in his environment. [...] properly organised learning results in mental

development and sets in motion a variety of developmental processes that would
be impossible apart from learning. (pp. 90-91)

He therefore has much the same view of behaviourism and innatism as Piaget.

Vygotsky was interested in the way that human beings learn in social
relationships with other people. This led him to investigate the importance of
learning in schools or other educational institutions for our overall development
as human beings in contemporary society. Learners develop new forms of
understanding by internalising the knowledge that is initially constructed in
joint social activity with the teacher (Vygotsky [1931b] 1998):

[T1he child at first masters a purely external operation and transfers it into the

sphere of his own behaviour in the form in which it is developed among people.

He just unites in one person the two parts of the operation that were earlier divided

between him and the adults around him. [...] the initial stage in the development

of any higher function is the stage of the external operation accomplished through
external means. Then, gradually, to the extent that it grows into the general structure
of his thinking, it loses its external character and is transferred from outside inward

and begins to operate mainly through internal means. (p. 104)

Vygotsky ([1934] 1987) emphasises how language provides the tools
(‘internally directed signs’) on the basis of which learning takes place. The
process of internalisation is based on the acquisition of cultural means of
signification, which ‘is initially a means of socialising and only later becomes a
means of behaviour of the individual’ (Vygotsky [1931a] 1997:103). He gives us
insights into how spoken language allows teachers to mediate new forms of
understanding to learners. For him, what is mediated are the symbolic systems
of a culture or signs. Learning is the process in which these are internalised by
the learner in the course of social activity. These pivotal constructivist concepts
were formulated by Vygotsky in the 1930s and translated into the anglophone
academic world in the 1960s and 1970s. They remain the core of contemporary
Vygotskian studies (Falikman 2021; Gredler 2012; Miller 2011).

Piaget gives us insight into how individual action makes learning. Vygotsky
provides insight into how this always happens in social activity. But the most
important idea is common to both of them: no longer are children to be thought
of as passive recipients of knowledge but rather as active constructors of their
own knowledge in interaction with the world and society around them. They act
on the world, and they learn from the consequences of those actions, which are
internalised to become the forms of theirindividual cognition. New understandings
are not simply given to children when they learn. For learners to be said to
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construct knowledge means both that they develop their own novel ways of
knowing and that they acquire existing human knowledge (language, cultural
wisdom, technical skills, school disciplines, etc.) as their systems of knowing.

Thus, constructivism works with the idea of activity-based learning. When
we design learning environments according to these principles, we seek to
create a sequence of learning tasks in which learners are required to engage
in unfamiliar activities. They need to reflect upon those activities with support
and ultimately internalise new understandings on the basis of those reflections.
Piaget (1972) puts the principle of active methods in education thus:

[T]o understand is to discover, or reconstruct by rediscovery, and such conditions
must be complied with if in the future individuals are to be formed who are capable
of production and creativity and not simply repetition. (p. 20)

This is the strong idea that constructivism has taken into the way we should
integrate ICTs in the classroom. Often, we hear constructivists suggesting that
the use of drill-and-practise software undermines the goal of active learning.
Instead, they place emphasis on learning technologies for the classroom that
enhance ‘interactivity’. Examples of these include computer games, multimedia
learning packages, hypermedia and virtual reality environments.

There is wide consensus (Hof 2020; Laurillard 2012:105; Lu et al. 2022;
Watters 2011:259-260) that the best way to understand the influence of
constructivism on the use of ICTs in education is to examine the work of Papert
(1980). Although Papert later styled the ‘ultimately political’ process of
constructing computational cultures in the curriculum as ‘constructionism’, he
cautioned against ‘simple catchy versions of the idea, [...] for example, thinking
of it as “learning-by-making,” that lose touch with its essentially Piagetian
epistemological and psychological elements (Harel & Papert 1991:1-2; Moll
2002:8ff; Papert 1980:5; 156 et passim).

Papert (1970:161) suggests that most uses of ICTs in education are
tantamount to ‘inventing new gadgets to teach the same old stuff in a thinly
disguised version of the same old way’. He criticises three ‘traditional’
applications of computers in schools, which he tracks back to behaviourist
roots:

 The computer as an automated teacher: Learning is viewed as a process
of responding correctly to questions about ‘a fixed body of discrete facts’
and the attainment of strictly specified, predetermined behavioural
objectives (Papert 1979:74-76).

* The computer as a simulated world: There is only an illusion of freedom for
the learner to discover knowledge for themselves, as this is constrained by
the predefined boundaries of a computer programme (Papert 1979:76-77).

 The computer as a toy: Restrictive computer languages that allow only the
‘transmission of specific programming commands at specified times in the
learning process’ (Papert 1979:77-79).
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Against this, Papert develops what he terms ‘a grander vision’ of computers in
education: ‘In teaching the computer how to think, children embark on an
exploration about how they themselves think’ (Papert 1980:19).

Practically, he developed the LOGO programming language in the 1980s to
facilitate the active construction by children of their mathematical knowledge.
LOGO employs a microworld to enable children to learn Mathematics ‘naturally
andwithoutconsciousteaching’.Unlikeprogramsthatsimulate preprogrammed
and limited domains of cognitive activity, LOGO does not try to simulate an
event or specific activity. Rather, it sets up a ‘conceptual system’ in geometry.
Papert suggests that the logical structure of the programming language will
encourage the construction of complex logical reasoning on the part of users
of the microworld.

The device used in LOGO is a ‘turtle’ that the learners can command to walk
around and leave a track. The idea is that they identify themselves with the
turtle, plan and write commands about how it should move in two-dimensional
(2D) space, and thus they actively ‘do’ geometry. The tracks that are produced
are active constructions in which mental representations are translated into
written mathematical commands. Then, they are tested against the geometric
representations that are produced onscreen, as illustrated in Figure 1.7.

forward 100 —>

right 90
forward 100

to square
forward 100
right 90
forward 100
right 90
forward 100
right 90
forward 100

A

end

square

repeat 4 times

square

end

Source: Adapted from Stenseth (2002:para. 10).
FIGURE 1.7: ‘Programming the Turtle’ in LOGO.
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Papert (1980) also recognises the importance of the social construction of
mathematical understanding. In the LOGO microworld:
[M]athematics is a real activity that can be shared by novices and experts. The

activity is so varied, so discovery-rich, that even on the first day of programming,
the student may do something that is new and exciting to the teacher. (p. 79)

For a long time, LOGO has been regarded as an exemplary computer-
enabled learning programme that embodies constructivist principles
(Kahn & Winters 2021). Its key design feature is that it allows the learner to
programme the actions of the computer world and not vice versa. In a
number of ways, these constructivist ideas about the way that ICTs should
be integrated into education prefigured the conception of interactive
engagement with computer worlds that are now starting to be taken for
granted with the advent of Web 3.0 educational technologies. To integrate
ICTs into pedagogy is to employ the representational and other knowledge-
related affordances of computers to present useful problems to children and
to provide and guide them with means to actively engage these problems.

So individual action in the context of social activity is important for
constructivism. But this does not mean that the teacher is unimportant. As
Piaget (1972) puts it, in his idea of the teacher as a facilitator:

[S]uccess [does not] depend on leaving the students entirely free to work or play

as they will. It is obvious that the teacher as organiser remains indispensable in

order to create the situations and construct the initial devices which present useful

problems to the child. Secondly, he is needed to provide counter-examples that
compel reflection and reconsideration of over-hasty solutions. (p. 16)

And Papert echoes the idea of the teacher as a mediator that we arrive at
from Vygotsky: ‘the LOGO teacher will answer questions, provide help if asked,
and sometimes sit down next to a student and say, “let me show you
something” (Papert 1980:179). A constructivist teacher will employ computer-
enabled learning programmes in her classroom to promote the conditions
necessary for active learning to occur.

Thus, constructivism places the learner at the heart of learning. While the
notion of learner-centredness is often mistakenly equated only with
constructivism, the theory certainly does have a compelling account of an
active, engaged learner at the centre of the learning process. The fundamental
premises of constructivism are that the individual learner actively builds new
understandings. Meaningful information and skills relevant to a learning task
emerge within these built constructs rather than from the external environment
or the acquired biological properties of the brain (Bruner 1990).

B Socioculturalism

In the 1990s, a ‘second cognitive revolution’ occurred (Harré 1992). The
impetus for this shift has been described as an ‘all-out effort to establish
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meaning as the central concept of psychology - not stimuli and responses,
not overtly observable behaviour, not biological drives and their transformation
but meaning’ (Bruner 1990:2; [author’s added emphasis]). The important
thing to understand about this ‘revolution’ is that it shifted the study of
learning away from the idea that it is something that an individual does to the
idea that it is, in the first place, a social phenomenon located in cultural
practices and relationships between people. It drew a great deal from Vygotsky,
particularly his idea that learning is socially constructed (Tzuriel 2021).

However, Vygotsky believed that we should emphasise that social processes
are internalised to become the forms of cognition of the individual person.
Strong advocates of sociocultural theory have dispensed with the need for an
individual, psychological account of learning. In this sense, the theorists of the
‘second cognitive revolution’ have moved beyond constructivism in their
attempts to understand learning. Wertsch (1991, 1993), for example, suggests
that we should use the term mastery rather than internalisation to describe
learning. He thinks that phrases like ‘internalising a skill’, ‘internalising a
concept’ or ‘internalising a structure’ reduce the sociocultural locus of
cognition to a property of an isolated individual. In a direct criticism of
Vygotsky, he asks, ‘What is lost by speaking of mastering a skill, concept or
structure? [...] The only thing we lose is an implicit commitment to an unwanted
set of [individualist] assumptions’ (Wertsch 1993:169).

In opposing the notion of the mind as an internal centre of cognition,
socioculturalism of course also opposes cognitivist assumptions about
learning. As Hutchins (2006) puts it:

[Clognitive science made a fundamental category error when it mistook the
properties of a person in interaction with a social and material world for the
cognitive properties of whatever is inside the person. (p. 1)

Contemporary socioculturalism is sustained in this denial of internal mental
processes (Ferreira 2020; Veresov 2020).

Three important ideas that go with this sociocultural approach to learning
are the related concepts of collaboration, distributed cognition and situated
cognition. Collaborative learning is construed as a process of growing up and
participating in a community (Sfard 1998). It takes place through social
interaction, negotiation and shared practices of meaning-making in joint
problem-solving activities. Socioculturalism emphasises and seeks to model
the knowledge practices and discourses in any community on the
understanding that the locus of learning is in those practices. A broad family
of theories can be considered to fit under this description. Some that we often
hear mentioned in relation to collaborative learning are:

* Learning organisation theory, which conceives of an organisation as the
entity that learns collaboratively rather than adopting the more modest
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constructivist position that an organisation provides the social and cultural
conditions within which individual learning takes place (Senge 1998).

e The theory of communities of practice, which seeks to describe the
collaborative, social learning processes among people who participate
together in a shared profession, occupation, craft or interest group (Wenger
1998).

« Activity theory, which conceives of the mind as distributed across an
activity system (see Figure 1.8) that creates the collaborative possibilities
and constraints for human endeavour (Engestrém 1987).

These theories all share the view that the mind is ‘distributed’ across the body,

cultural artefacts and social relations. To help understand them, we might

consider the following question (Bateson 1972):
Suppose | am a blind man, and | use a stick. | go tap, tap, tap: Where do | start? Is
my mental system bounded at the handle of the stick? Is it bounded by my skin?
Does it start halfway up the stick? Does it start at the tip of the stick? [...] If what
you are trying to explain is a given piece of behaviour, such as the locomotion of
the blind man, then, for this purpose, you will need the street, the stick, the man; the
street, the stick, and so on, round and round. (pp. 458-459)

The notion here is that the ‘mind’ is not an individual thing. Nor can it be
understood to be bounded by the human body; it is not, so to speak, ‘under
the skin’. Rather, the suggestion is that the mind is distributed across all the
different entities that make up any human activity. It is contained in the tools
that we use (e.g. the stick), the culturally-defined space that we live in (e.g. the
pavement) and in the social relationships between people in which knowledge

Instruments
(tools)
Subject Object
Rules Community Division of labour

Source: Engestrom (1987:136).
FIGURE 1.8: Engestrom’s conception of an activity system.
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is constructed. When we focus only on the individual learner, we lose sight of
the fact that we always think by means of cultural symbols, artefacts and
practices. Learning is necessarily embedded in cultural practices. It is, to use
the going theoretical term, situated.

Collaborative learning is the core socioculturalist e-learning principle. The
broad terrain of distributed and situated cognition theory has significantly
influenced our understanding of the learning affordances and potentials of
modern educational technologies. Crook ([1994] 2017) has described five
modes of social collaboration made possible by computers. These show
various learning affordances that the integration of ICTs brings into the
classroom (he devotes a chapter to each one of these in his book):

» Collaborative interactions with computers: The physical presence of ICTs
provides opportunities for critical classroom discussions.

e Collaborative interactions in relation to computers: [[ClJomputers can
become an activity setting in relation to which common knowledge is
effectively negotiated’ (Crook [1994] 2017:118-119).

« Computer-based peer-collaboration: Computers provide a medium for
collaborative work.

» Collaborative interactions at computers: ‘[T]he design of computers [...]
demands a narrow focusing of attention and action. [...] [Their] powerful
graphic capabilities [support] shared reference amongst pupils [...] as they
collaborate’ (Crook [1994] 2017:186).

* Collaborative interactions around and through computers: [A] transient
learning community [...] might collaborate “through the air”’ (Crook [1994]
2017:190).

One reason why collaboration is at the forefront of such ideas about learning
is the ubiquity of the Internet in education with computers. Modern computers
tend to be networked with each other, so they encourage learning activities
that are very much about collaborative interaction. We now live in a world in
which networked, digital technologies - computers, mobile telephones,
television, satellite technology, etc. - have dramatic implications for the way
we think and learn.

Within the broad parameters of socioculturalism, we find connectivism, an
ostensibly new ‘learning theory’ developed by Siemens. It is significant
because it is intimately connected to computer culture and e-learning. The
theory claims to be ‘a learning theory for the digital age’ (Siemens 2005). It
regards learning as distributed across mind, machine and the networked
society - ‘learning is the network’. Connectivism dislikes what it perceives to
be outdated, pre-digital age theories of learning (Siemens 2005):

Behaviorism, cognitivism, and constructivism are the three broad learning theories

most often utilised in the creation of instructional environments. These theories,
however, were developed in a time when learning was not impacted through
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technology. Over the last twenty years, technology has reorganised how we
live, how we communicate, and how we learn. Learning needs and theories that
describe learning principles and processes should be reflective of underlying social
environments. (p. 1)

Like other distributed cognition theories, connectivism locates learning
socially rather than in the individual. The ubiquity of networks of information,
networks of computers and other digital technologies, and networks of people
linked together in unprecedented ways by technology provide the social
context of learning. The theory considers learning to be the development of
‘conversations’ within web-enabled spaces - podcasts, blogs and social media
like Twitter, Facebook and Instagram are conceived as the primary learning
environments of the modern world. To bring education centrally into the space
of learners means that we must integrate the virtual worlds of conversation
and exploration of knowledge enabled by ICTs into the centre of the learning
processes of the school. As Siemens (2009) puts it:

[T]lechnology has enabled our generation to externalise - through video, pictures,

audio, text, and simulation - our ideas. Once externalised, a trail of identity and
conceptual development is left for future consideration and analysis.* (n.p.)

Ironically, like behaviourism, these views suggest the teacher has less and less
of a role to play in learning. Advances in modern digital technology are likely
to lead to computers taking over the primary role of working companion and
teacher for the child (Light & Blaye 1991:215). So the human teacher is
conceived as something like a manager of collaborative learning environments.
Pedagogic integration is not instruction, facilitation or mediation, as the
cognitive theories would have it.

B Embodiment

The recent field of embodied cognition might be conceived as psychology
bringing the situated body back into the picture (Wilson 2002). Its central
claim is that we learn through direct bodily engagement with the world. New
understandings arise in our awareness of our physical, sensing body as the
source of learning. This idea goes back to the phenomenological notion of
being-in-the-world (Merleau-Ponty [1962] 1996):

My body is geared onto the world when my perception presents me with a spectacle
as varied and as clearly articulated as possible, and when my motor intentions, as
they unfold, receive the responses they expect from the world [...] [This is] the basis
of my life, a general setting in which my body can coexist with the world. (p. 250)

Merleau-Ponty’s view is that the human body serves as ‘the context or milieu
of cognitive mechanisms’ (Lakoff & Johnson 1999:xvi). Our body exists

4. There is some sort of ICT hubris in these words. Writing has for thousands of years been the pre-eminent
technology through which we human beings have systematised and externalised our thinking. This has not
ceased to be the case with the advent of digital ICTs. On this, see Wolf (2008).
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primordially before there is thinking or any representation of the world.
Embodied learning involves being attentive to the body, its experiences and
transformations. It is a way of knowing that is ‘grounded in and through our
bodies’ (Lakoff & Johnson 1999:6).

One interesting route back into this phenomenology is through the
psychiatric writing of Frantz Fanon, who suggested that the experience of
colonial domination by colonised people was often internalised by them as
their own state of being-in-the-world. As he put it, ‘it is the outcome of a
double process [...] primarily, economic [...] subsequently, the internalisation -
or, better, the epidermalisation - of this inferiority’ (Fanon 1967:11).

One can see the affinity here with Piaget and Vygotsky on internalisation,
discussed earlier. For Piaget, learning takes place when learners internalise
the consequences of their actions as the transformed structures of their own
thought. For Vygotsky, learning is the internalisation of the structure of what
is originally a social relationship of mediation between a teacher and a learner
to become the learner’s own thinking. The notion of internalisation into the
body of thinking and action is an important aspect of embodied learning
theory.

My view is that bringing together Piaget and Vygotsky (as constructivists)
with embodied cognition theory resolves a dilemma in learning theory. The
radical parts of constructivism are the emphasis on action on the world as the
source of knowledge andtheideaoflearningasthe psychologicalinternalisation
of those actions. The dilemma that Piaget and Vygotsky never seemed to
resolve is internalisation into what? Fanon’s theory of epidermalisation
provides the answer - internalisation into the body or embodiment. So the
idea that there is continuity between constructivism and embodied cognition
theory lies in a synthesis of Piaget, Vygotsky and Fanon.

Embodied cognition theorists challenge the cognitivist conception of
cognition as disembodied mental representations. They suggest that learning
is adaptive behaviour rather than abstract information processing (Heras-
Escribano 2019; Thompson 2007). So learning should be understood as the
emergence of increasingly complex cognitive processes from ‘continuous
sensorimotor interactions involving the brain, body and environment’
(Thompson 2007:10).

An important dimension to this understanding of embodiment is provided
by Damasio’s (2000, 2006) work on the relationship between cognition and
affect in learning. As human beings (like any other animal), we are engaged
with the world as bodies situated materially in it. This engagement is always
emotional - its core is a set of actions and reactions that have been deeply
coded into us by our evolution over millions of years, sometimes known as the
‘four Fs’ (feeding, fighting, fleeing and mating). However, as a highly evolved
species, we experience this engagement cognitively, in what we call ‘feelings’.
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Feelings are images of our emotions in our thinking. Furthermore, we build
elaborate cognitive constructions on top of our feelings and thus deliberately
regulate them for various purposes (primitive animals cannot do this - they
simply act emotionally). Thompson (2007:11) sums up this movement beyond
cognitivism succinctly: ‘the central metaphor for [the embodied cognition]
approach is the mind as embodied dynamic system in the world rather than
the mind as neural network in the head’.

It follows that embodied cognition theory continues to place emphasis on
the situatedness of most learning in the social and cultural environment.
The mind is situated in tool usage, in artefacts, in spoken language, in society
and in culture. However, to say that it is situated in the social environment is
not to say that it /s social (Wilson 2002). Mind is embodied and situated, in the
sense that both the body and surrounding environment play an essential role
in explaining learning (Heras-Escribano 2019). Embodiment is a necessary
condition for psychological activity, and so this theory moves against the
denial of internalisation associated with socioculturalism (Damasio 2006;
Johnson 1989; Wilson 2002). Embodied learning theorists do not think that
the mind is constituted in elements that exist outside of the human being
(Wilson 2002). It is not distributed across the brain, the body and tools,
artefacts, texts, culture, et cetera and neither is learning. It is distributed within
the body; it is indeed ‘under the skin’ or epidermalised.

Macedonia (2019) describes traditional teaching, in which ‘ school learners
sit, watch, listen, and write’, as the false separation of mind and body - both
behaviourism and cognitivism rely conceptually on this dualism. Macedonia
presents embodied learning as a pedagogical practice that reunites body and
mind. As teachers, we use our bodies to convey knowledge to our students
(see Johnson’s 1989 ‘language of practice’ metaphor). To teach is to elaborate
cognitive knowledge on top of these bodily representations. The conscious
use of modelling, gestures and embodied simulations are good examples of
this. There is also a myriad of nonconscious movements, gestures and facial
expressions that we constantly employ as we teach. Reciprocally, students
also use their bodies to enact new learning by imitating® the teacher’s
representations; so, on one level of communication between them, teaching is
visceral. Learners (including teachers learning about their own teaching)
construct and elaborate on new understandings (i.e. reinvent or, in rare cases,
invent knowledge) on the basis of their bodily representations of the world.

Embodied learning is realised in formal learning by means of ‘haptic
technology’. Examples include gesture-based computing and augmented

5. ‘Imitation’ in learning is often thought about, unhelpfully, as something like the replication or mirroring of
a teacher’s words or actions. In the terms of embodied cognition, however, it refers to action on the part
of a learner to reconstruct the lived experience of another individual, or in bodily terms, to reactivate the
sensorimotor circuits associated with a learning object (Soylu et al. 2014:3).
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reality displays (Fugate, Macrine & Cipriano 2019:283). Lindgren et al. (2016)
show how computer-enabled, whole-body simulations of concepts like
gravity and planetary motion produce greater engagement and positive
attitudes towards science. Macedonia and Knésche (2001) show that adding
metaphorical gestures to words in video and audio presentations enhances
semantics. The use of avatars in digital learning spaces to enable perspective-
taking is also a significant embodiment of learning. Soylu et al. (2014) look
back to Papert’s LOGO as pioneering work in this area. Specifically, embodied
learning is evident when a child moves a cursor to ‘think like a turtle’ to
program a computer. Papert (1980) himself describes this activity as body
syntonic because it entails movement in real physical space to draw shapes
on the computer screen. There is increasing contemporary interest in
instructional avatars based on embodied learning theory (Cook et al. 2016;
ed. Schroeder 2002).

Notice how the embodied cognition theory also works with a clear notion
of learner-centred pedagogy. Education is about building the elaborate
cognitive constructions of human knowledge and culture but always on the
basis of emotions that drive the internalisation of this knowledge. ‘Embodiment’
emphasises that our emerging complex mind, much more than emotion, is
nevertheless seated in our emotions.

B Conclusion

The five theoretical perspectives discussed have contrasting emphases in
considering the pedagogic affordances of ICTs in education (see Table 1.1).
They start in different places, and in the end they emphasise radically
opposed