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SUMMARY

In this paper, a broad analysis is presented of the main types of learning difficulties encountered by students in science

education and causes underlying them.

Teachers and educationists make frequent use of the
terms ‘learning problems’ and ‘learming difficulties’,
but no generally accepted definition exists of their pre-
cise meaning. Yet, it seems to me that without some
clarification of these terms it is hardly possible to begin
to identify such difficulties, let alone talk meaningfully
about their nature and about how they can be overcome
or remedied.
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It is possible, of course, to apply the term ‘learning
difficulty’ to any situation where a student fails to
understand a relatively easy concept or notion that we
wish him or her to acquire as the result of some instruc-
tional intervention. Such description of ‘learning diffi-
culty’ is of little practical value, though: it is too general
and all-embracing and, in addition, docs not even hint at
the possible causes of such difficulties. Let me, there-
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fore, propose a somewhat narrower definition:

“A learning difficulty may be said to exist in any situa-
tion where a student fails to grasp a concept or idea as the
result of one or more of the following factors:

i. The nature of the ideas/knowledge system aiready
possessed by the student, or the inadequacy of such
knowledge in relation to the concept to be acquired.

1i. The demand and complexity of a learning task in
terms of information processing, compared with the
student’s information-handling capacity.

iii. Communication problems arising from language use,
e.g., in relation to technical terms or to general terms
with context-specific specialized meanings, or the com-
plexity of sentence structure and syntax used by the
teacher {compared with the student’s own language
capacity).

iv. A mismatch between instructional approaches used
by the teacher and the student’s preferred learning mode
{(learning style).”

No claim is made for this definition to be comprehen-
sive, and there may well be other points that could and
should be added to it. What the definition does attempt,
however, is todraw attention to a range of causes of learning
difficulties which can possibly be remedied through
appropriate pedagogical interventions or curricular stra-
tegies.

It ought to be acknowledged at this stage that a student’s
failure to learn what we wish him or her to learn, cannot
always be attributed to ‘learning difficulties’ in the sense
of the above definition. Other reasons may also prevail
and be responsible for students’ failure to learn, e.g.,
lack of interest, an inadequacy of effort or 2 lack of
attention. Practising teachers are well aware of the
importance of these factors—indeed, they frequently invoke
them in order to ‘explain’ lack of performance and
low achievement on their students’ part. Despite their
obvious impact on students’ learning, I view these fac-
tors as relating to what Gagné (1965} has described as
“preconditions for learning”, rather than to the learning
process itself. For this reason, I have excluded them
from my list of causes of learming difficulties.

The division of students’ learning difficulties and their
underlying causes into the above four areas is, to some
extent, a matter of convenience and expediency. It
reflects the fact that these categories correspond fo fairly
well-established areas of rescarch. This is not to say that
the areas should be viewed as relatively independent of
one another. On the contrary, there are definite links
between them.

Both the first and the second area indicated above may
be said to relate to the learners’ knowledge and memory
structure, but each does so in a different way, Whereas
the first is concerned with the nature of the knowledge
held by learners in what, in terms of an information-
processing model, is generally referred to as their ‘long-
term memory’ (LTM), the second area focuses on stu-

120

dents’ ‘short-term memory' {STM), sometimes also re-
ferred to as ‘working memory’.

When considering inadequacies in working memory as
a source of learning difficulties, the focus is not on the
structure of ideas held by students in their memory, but
on the capacity of students to hold and manipulate
different pieces of information simultaneously. Con-
siderable experimental evidence exists now to suggest
that people differ with respect to the number of items of
information on which they can operate in tasks requiring
the transformation of information (learning tasks inva-
riably require this). Thercefore, any *mismatch’ between
the complexity of a learning task (when seen in terms of
the number of information items to be handled) and a
student’s information-handling capacity must be seen as
a potential source of learning difficulties.

The third area suggested above covers a range of issues
that may be summarized under the label ‘Janguage and
communication’". This is a widely researched area,
particularly in relation to the exploration of students’
understanding of technical and non-technical words in
science. Prominent among these studies in the English-
speaking context are those by Gardner (1972) in Austra-
lia and by Cassels and Jehnstone (1977} in Britain. Inthe
Spanish context, the work of Llopis and colleagues at
Valencia is noteworthy.

The particular aspects of ‘language and communication’
which cause or may contribute to learning difficulties in
science, are too numerous to be listed here. Let me
merely indicate that they extend beyond students’
understanding of the meaning of words. Factors such as
the complexity of teachers’ speech and/or textual mate-
rials for use by students are probably no less important
in this context, cspecially when one recognizes that
‘complexity’ is amulti-faceted concept. Otherlanguage-
related aspects of considerable interest in science edu-
cation include the use of metaphors and the terms and
analogies used in the description of abstract notions and
concepts.

The fourth and final area embraced by the above defini-
tion of learning difficulties concerns the relationship
between teaching style (as exemplified by the instruc-
tional approach adopted by a teacher or recommended
for the implementation of a curriculumy) and learning style
(which may be thought of as representing a student’s
‘natural’ or preferred mode of attending to a learning
task). Frequent reference has been made in the literature
to the desirability of matching teaching styles to stu-
dents’ leamning. Research evidence in support of this
notion is, however, rather scant.

Compared with the first three areas proposed above, the
fourth is rather less well defined conceptually and must,
hence, be more speculative in terms of its practical
exploration. Notions such as teaching style and learning
style are exceedingly complex. Except for some rela-
tively coarse attempts, we still lack a good operational
identification and characterization of teaching styles.
{Eggleston and co-workers, in 1976, arrived at three
broad ‘types’ of science teacher, each characterized by
its own teaching style.}
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The task of conceptualizing and identifying genuine
learning styles is no less difficult. Hofstein and Kempa
(1985), following a suggestion by Adar (1969), made a
limited attempt in this direction in relation to science
learning. This was based on the premise that students’
learning styles are reflected in their preferences for, or
dislike of, particular instructional procedures. Recently,
Kempa and Martin (1989} have explored this area
empirically. {See also Kempa and Martin Diaz 1990
a, b.)

The four arcas suggested here differ considerably in
terms of the amount of attention that has been given to
them by science education researchers. The first area, in
particular, has been the subject of considerably more
rescarch than any of the other arcas. Hence, our insight
-as science educators and teachers—into the relationship
between students’ learning (and problem-solving) diffi-
culties and their long-term memory is now fairly well
developed.

In relation to the other areas, our knowledge base is
somewhat weaker, {This is especially true for the fourth
area mentioned, which concerns the matching of teach-
ing approaches and learning styles.) This means that the
extent to which research findings in these areas ars
translatable into guidelines and suggestions for curricu-
lar actions is limited. Even if such guidelines arz
developed, they may have to be viewed with some
caution, as far as their validity and generalizability are
concerned. However, this does not make these areas
less important than the first one, What it does mean is
that in future increased attention needs to be given by
science teachers and researchers to these areas also.

EXPLORING THE IMPLICATIONS OF RE-
SEARCH INTO LEARNING DIFFICULTIES
-THE ROLE OF MODELS OF LEARNING/
TEACHING

The major idea underlying the whole area of learning
difficulties, at least in relation to the causal categories
discussed in the preceding section, is that of ‘mismatch’,
By this I mean that learning difficulties do not exist in
vacuo, but appear only in situations where teaching
intentions and interventions are not adequately matched
to the lcarner’s intellectual capabilities or cognitive
functioning. The actual nature of the mismatch can, of
course, vary considerably {as has already been explained
in the previous section), but generally mismatch is at-
tributable to some ‘deficiency’ in the learner’s knowledge
structure or his/her verbal repertoire, etc.

From a theoretical perspective, any attempt to remedy or
reduce a learning difficulty must address itself to the
negation of the underlying mismatch or deficiency, by
means of appropriate interventions, In principle, such
interventions can take two forms, viz.,

— the provision of supplementary instruction designed to
fill knowledge gaps and/or widen the meanings tha:
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students associate with particular notions and concepts;

— the modification of instructional approaches either to
avoid or by-pass the particular causes of a learning
difficulty, or to provide the learner with experiences that
enable him/her to resolve the difficulty.

1t is probably not unreasonable to assume that a teacher
or curriculum developer, in adopting a particular mode
of intervention, does so in the expectation that it is
‘appropriate’ to a perceived learning difficulty, i.e., that
it will remove or resolve the latter. The only exception
here would occur if an amelioration strategy were chos-
en entirely on a trial-and-error basis. Ignoring this
exception, we may claim that interventions chosen by
teachers to overcome particular learning difficulties
reflect their assumptions not only about the causes of the
difficulties, but also about the methods suitable for
resolving them. Such assumptions are essentially the
result of ‘model constructs’ of learning and teaching,
irrespective of whether these are held on an individual
basis or whether they enjoy consensus status.

It follows from the foregoing that the conception of
learning and teaching held by a teacher or a curriculum
developer is likely to be a major determinant of the
strategy chosen by him/her for the negation or reduction
of learning difficuolties. For this reason, some considera-
tion has to be given to the role of models of teaching/
learning in developing strategies for remedying learning
difficulties.

For a lecarning theory to be potentially useful as a basis
for the choice of pedagogical interventions for overcom-
ing learning difficulties, it has to fulfil two essential
requirements:

i. Ttmustincorporate characteristics that relate or address
themselves to the causes of learning difficulties, and

iI. it must invoke or postulate some mechanism where-
by knowledge change, etc., is brought about.

In relation to the first of these points, the observation has
to be made that no single learning theory thatis currently
available, is capable of accounting adequately for the
whole spectrum of causes of learning difficulties, Therefore,
several learning theories have to be called upon if we are
to deal with different types of learning difficulty, This
is not a serious drawback, provided that the different
theories complement, rather than contradict, one an-
other,

The second requirement specified above should be largely
self-explanatory. It is based on the recognition that non-
mechanistic learning theories are usually ‘descriptive’
in nature and so have little value as foundations for
making decisions about the choice of pedagogical inter-
ventions and strategies {cf. Kempa 1983).

Most of the theoretical positions that underlie, or are
implicit in, researches into students’ learning difficul-
ties and/or attempts to remedy them may be associated
with two major perspectives. These are the constructivist
perspective of learning and the information-processing
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perspective, respectively. Following Osborne (1985),
the distinction between these perspectives is best expre-
ssed in terms of their respective concemns:

“A central feature of the constructivist tradition con-
cerns knowledge: the concepts, meanings, unders-
tandings...and inteflectual skiils stored by an individual
in memory”...
tradition is morc concerned with the problem-solving

capacity of the human mind and with the thinking pro- :

cesses that occur when problems are tackled.”

This distinction is useful in that it points to the constructivist

perspective as the model appropriate for the consideration
of learning difficulties which arise from inadequacies in
the learner’s knowledge structure, t.¢., his/her long-term
memeory. Incontrast, the information-processing perspective
has obvious relevance to learning problems which stem
from difficulties in information-handling and
transformation, which relate 1o the leamner’s working
memory.

The language area (which forms the third of the four
arcas identified in our definition) can also be linked to
the constructivist model, provided that language is re-
garded as a means of learning, rather than just as a
communication system. The former viewpoint has found
increasing acceptance in recent years. To quote Solo-
mon {1987):

*The construction of meaning through language... does
more than extend and refine the vocabulary--it builds up
the very picture of reality just as powerfully as does the
sum of sensory perceptions and experiences.”

Summarizing the discussion in this section so far, we
may claim that the constructivist theory of learning and
the information-processing model, between them, form
areasonable theoretical basis for the interpretation of the
first three areas of learning difficultics identified in the
preceding section. Moreover, it is possible to derive
from these theoretical models a series of pedagogical
principles for avoiding and/or remedying learning diffi-
culties.

As has already been stated, in relation to the fourth area
of learning difficulties (i.e., that concerned with the
mismatch between learning styles and instructional styles)
our theoretical understanding is less well developed. So
is, in consequence, our ability to articulate pedagogicat
strategics whercby this type of mismatch can be avoided
or reduced. The reason for this situation lies largely in
the complexity of the learning/tcaching process. Al-
though numerous researches have explored specific as-
peets of learningfteaching interactions, information de-
rived from them is still too fragmented to allow us to
make helistic pronouncements about the instructional
process.

Nevertheless, some theoretical positions can be arrived
at which, although far from comprehensive, may be vsed
as a start to a closcr matching of teaching and learning
styles, Kempa and Martin’s (1989, 19904, 1990b) study
of the relationship between students’ motivational pat-
terns (which manifest themselves in preferences for
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[whereas] “the information-processing:

different learning modes) and instructional strategies in
science education, forms an example of this,

SOME EXAMPLES AND APPLICATIONS

"In the discussion so far, the emphasis has been on the

clarification of the concept of ‘learning difficulties in
science’ and on the establishment of some theoretical
framework within which such learning difficulties can
be understood, interpreted and possibly remedied. My
intention now is to illustrate some of the aspects mentioned
above by reference to some actual examples and resear-
¢h findings. Having so strongly focused on the role of
long-term memeory and working memory as key factors
in causing learning difficulties, I propose to pay particular
attention to these two aspects, to the exclusion of the
others.

It may be helpful at this juncture to reflect briefly on the
respective functions of the two memories in learning
and/or problem-solving. Figure 1 helps to illustrate these
in a schematic form. We may think of the long-term
memory as a vastknowledge store from which information
is drawn and to which information is added from timne to
time. The working memory in this representation may
be likened to the central processing unit of a computer
system: it is here where the information derived from the
long-term memory and from outside is brought together
in mental operations and transformations. The results of
these processes must inevitably reflect (i) the natore of
the information held in the learner’s long-term memory
and {ii) the capacity of his/her working memory -which
cbviously links to the points previously made.

Figure 1

Schematic representation of information-processing model.
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1. Long-term memory structure and science learning

The literature abounds with reports on the views and
ideas on scientific phenomena, held by pupils and stu-
dents before and after instruction. The last few years in
particular have seen a proliferation of studies in this
arca. As aresult, we have now available a good deal of
information about many of the ideas and misconceptions
held by pupils and students about scientific phenomena
and events [see, e.g., Driver and Erickson (1983) and
Gilbert and Watts (1983)).

ENSENANZA DE LAS CIENCIAS, 1991, 9 ()
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Let me give here just one example of findings about
students’ understanding of scientific phenomena, in order
to explore the relationship between long-term memory
structure and science learning. The example is taken
from the Children’s Learning in Science project {CLIS
1987), recently conducted in England. The project set
out to identify in a systematic way the ideas held by
secondary school students about a range of scientific
themes and to explore ways of remedying any
misconceptions.

One of the themes investigated concerned the relation-
ship between the behaviour of gases and their particle
nature. Students’ understanding of this was examined
by questions such as this:

“After many experiments, scientists now think that
— all things are made of small particles

— these particles move in all directions

— temperature affects the speed they move

— they exert forces on each other,

Use any of these ideas to explain the following: A
football is pumped hard during the day when it is warm:,
In the evening when the temperature falls, the football
does not feel so hard.”

To illustrate the range of notions held by students about
this phenomenon, let me give a few of the actual answers
received.

Answer a:

“When it is warm, the air particles in the football are
moving around fast and are spread out. However, when
the football becomes cooler, the air particles slow down
and come nearer to each other, i.e., the air contracts,
Therefore there is less pressure on the ball...”

Answer b:

“When the weather is warm, the particles inside the ball
have expanded so that the ball will hold ne more air... In
the evening when the weather is not so hot, the particles
shrink so they no longer fill the space in the ball...”

Answer ¢

*When it is warm, the particles in the air {inside the ball}
are moving all over and so make it hard... But in the
evening, when the temperature drops, the particles stop
moving about...”

These student’s answers, which are typical of a wide
range of answers recetved, reveal certain noteworthy
characteristics. Answer « is clearly acceptable in the
scientific sense. Itbrings out the link between temperature
and the speed at which the particles in the air move,
which is the essential feature of a correct interpretation
of the phenomenon.

Answers b and ¢, in contrast to answer a, express distingt
miscenceptions. The first of these, appearing in b, is that
the particles themselves undergo a change in size as the
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temperature of the air changes (‘the particles expand’,
‘the particles shrink’). The second, shown in ¢, stipu-
lates that the particles are not necessarily in continnous
motion (they “stop” on ceoling).

Misconceptions like the foregoing (and there are many
others in evidence in other areas of science) are readily
attributable to ‘inadequacies’ in students’ long-term
memeory structure, as already hinted at earlier, In the
case of the first misconception, the student evidently
made an incorrect connection between the macroscopic
properties of a bulk of matter and the microscopic
particles of which matter is composed. (Another exam-
ple of this, frequently encountered in science teaching, is
students’ assumption that the atoms of a metal such as
copper or gold, have the same colour as the metal itself.)

The second misconception likewise can be interpreted in
terms of inappropriate links between knowledge items in
the learner’s memory structure. The two knowledge
items involved here are that

a. the reduction in temperature causes a slowdown of
the particles, and

b. aslowdownin the speed of an object results ultimate-
ly in the loss of any movement.

The latter is, of course, a common everyday experience
associated with, for example, the braking action of a car,

The kinds of link between knowledge elements in a
student’s memory structure that we are stipulating here,
must, in the first instance, be regarded as hypothetical
constructs, The questions arise whether such memory
structures may actually be unfolded and, if so, whether
they give any clues about students’ learning difficulties.

Some of our own work at the University of Keele has
sought to answer these questions. Using a technique
called word-association testing, we have explored stu-
dents’ knowledge structures in relation to selected areas
of chemistry and presented these in the form of ‘cogni-
tive maps’. Comparing the cognitive maps of students of
different ability in the areas covered by the maps has
enabled us to shed some light on the influence of stu-
dents” knowledge structure on their learning and pro-
blem-solving behaviour. .

In their simplest form, cognitive maps show graphically
the links and associations among different related con-
cepts and notions, as they exist in a student’s mind, It is
not necessary for the nature of the links to be made
explicit, as leng as one can reasonably interpret the
cognitive maps. Let me illustrate this by two examples
which relate to the concept areas ‘acid’ and ‘electroly-
sis’, respectively. In each case, we contrast the cognitive
maps of students who, in problem-solving tasks relating
to the two concept areas, had been successful and unsuc-
cessful, respectively. The cognitive maps representa-
tions are given in figures 2 and 3.

Considering figure 2 first, it is seen that the main differ-
ence between the two cognitive maps lies in the absence
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Figura 2

“Average” cognitive maps for the concept ACID, for (2) good and
(b) poor problem-solvers.
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from that for the ‘poor’ problem-solvers of a set of
concepts/notions which may be said to be ‘abstract’ in
nature. In all other details, the maps appear identical.

What we may conclude from these maps, is that students
who, inrelation to matters concerning ‘acids’, turn out to
be poor problem-solvers, lack particular knowledge elements
that are usually regarded as important: in this case, the
‘absent’ concepts are the proton, or hydrogenion (Kempa
and Nicholls 1983).

Figure 3 which is based on experimental work by Slim-
ming (1984), is significantly more complex in that it
deals with abroader subject area (electrolysis). Comparing
the two representations, it is noted that the knowledge
elements found in the two maps are approximately the
same. However, the representations differ substantially
in the nature and extent of the Links between concepts
and knowledge elements. Figure 3(a) shows links and
associations which, to the experienced science/chemistry
teacher, appear logical and justifiable. Figure 3(b), in
contrast, contains fewer connections (the cognitive map
is more fragmented) and quite a few of these are illogical,
from a scientific point of view.

We should, of course, not be surprised to find that the
cognitive structures, as they exist in students’ long-term
memories, have considerable influence on the way in
which students can grasp or make sense of new information
and ideas. Thus, a direct connection emerges between
cognitive structure (long-term memory structure) and
learning difficulties.

Our own findings and those of other researchers lead to
the conclusion that long-term memory related learning
difficulties are usually attributable to one or more of the
following factors:

— The absence of knowledge elements from a student’s
memory structure.
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Figura 3

Cegnitive maps for the concept Eletroiysis. The top map applies to a
good problem-solver, whilst the bottom map is that of a poor
preblem-solver.
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- The existence, in the student’s memory structure, of
wrong or inappropriate links and relationships between
knowledge elements.

- The absence of essential links between knowledge
elements in the student’s memory structure.

- The presence of false or irrelevant knowledge ele-
ments in the student’s memory structure.

Each of these ‘deficiencies’ is illustrated by the cogni-
tive maps presented here. These maps deal with relative-
ly small areas of subject matter. For more complex
fields, more extensive maps could probably be construc-
ted, but their increasing complexity would make them
more difficult to present graphically and to interpret.

I have not so far referred to learning problems that arise
from pupils and students holding scientific notions that
are in conflict with those accepted by scientists. These
are often referred to in the literature as alternative frame-
works, children’s science or commonsense science, etc.
Essentially, these are covered by the present discussion
also: alternative frameworks may be viewed as the result
of students holding knowledge structures, that are different
from those of the scientist.

The types of deficiency in (long-term) memory structure
provide at least a partial explanation of the learning
difficulties that we frequently detect our students to
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have. The recognition and diagnosis of these defi-
ciencies also provides a natural starting point for the
design of teaching strategies by means of which students’
learning difficulties can be reduced or overcome,

One such teaching strategy is that developed and used by
the ‘Children’s Learning in Science project’ (CLIS)
mentioned earlier (Needham and Hill 1987). It is based
on the constructivist model of learning and incorporates
features previously suggested by authors such as Nuss-
baum and Novick (1982) and Novak and Gowin (1985).
Table 1 outlines the main characteristics of this teaching
approach. As can be seen, great emphasis is placed on

i. the provision of opportunity for pupils to become
aware of the ideas which they hold prior to being taught
(Elicitation of Ideas);

il. the medification, extension or replacement of such
ideas, if found inadequate, by new ones (Restructuring
of Ideas).

The teaching sequence implicit in table 1 has been fairly
successfully applied by the CLIS team in several areas of
science teaching.

Table I

Teaching sequence proposed and used by the CLIS project (cf,
WNeedham and Hill 1987).

PHaSE PURPOSE
L ORIENTATION

HETHNDS

Asowae pierost aod ser the Praciwcal activitien, rea}

soxo, probiems to sohee, teacher
demnitrzions, o ctip,
videos, TEMAMRIpEE Cultingh

L ELICITATION SF To eaabie popls 10 woacher w0 | Pracucal scuivitkes or small
IDEAS bocome weare Of prior kem grovp disonsion, folkrmed by
reporting heck

114, ARESTRUCTURMNG

To craate ap rwareoom of s
OF IDEAS il

Mermal e viewpoinr — e
scicatific omn — (0:

& moddy

b enend, or

o teplace with B more saenufic
icw.

L Clerifiestios and Rocogalee sllermave sien Ll Small group diseassion and
#uchan ¢rithatly rmine own, reparting back

& Exposurt (o wnifa Tt vihdity of cxistiag iiom Teacher demonsuraiton. popik
ko Srperiments, wolishorts,

Y. Conaurgction of now Modily, extend or replace Dlscussion, reading, reacher
idens CRRINE idean mnpoL

4 Ewaluatkn

Test s alidiry of newty comuransd | Praciical work, projalt wor,
iz, CIpCrimentation, tezcher
demanstratan

IV, APPLICATION GF Reinfareement of conytrucid Peryonal writing, practicel

ICEAS deas in familiar and acneed IRy, prodlems solvie g, projec
SRR work
V. REVIEW Awnwrenei of change of den Ferwonal writing, group

and familiprization witlk leamiog { docussion perzonal diares,
prodess 10 allow the pupils ts reviewing work posiery,
refllect upoa the aneas (o which
ihcif 1eas have changed

ENSENANZA DE LAS CIENCIAS, 1991, 9 (2)

2. Working memory capacity and learning
difficulties

In the introductory section of this paper, attention was
drawn to the central role played in learning processes by
the short-term or working memory {cf. figure 1), We
may interpret ‘“working memory’ as that part of a person’s
intellectual functioning in which information from ex-
ternal events and from one’s long-term memory is brought
together and processed.

Itis well established through psychological research that
the capacity of our working memory 1s rather limited.
For example, according to Miller’s studies in the 1950s
(Miller 1956), most pcople can hold only about 742
information units in their short-term (working) memory.
Breadbent (1975) even suggests that Miller’s figure is
too high; but more important in the present context than
a debate of whether the average figure is 7 or less are the
following findings from educational research:

~The working memory capacity is different from person
to person.

— For a particular person, the working memory capacity
appears fairly constant.

— The number of information units with which a person
can work simultaneously, tends to fall within the range
X=4wX="17

These findings are largely due to the Canadian psycho-
logist Pascual-Leone (1972).

The immediate consequence of the foregoing points
must be that, if a learning task makes excessive demands
on a student's working memory, learning difficultics
will ensue. We may postulate the following:

If the number of information units required for alearning
(or problem-solving) task is in excess of the learner’s
working memory capacity, the task cannot be solved.

Johnstone and co-workers, in a scries of recent investi-
gations, have provided considerable evidence in support
of this postulate. In one of their investigations (Johns-
tone and El-Banna 1986), they attempted to establish a
relation between

i. the working memory capacity of students,

ii. the theoretical complexity of a range of chemical
problems, measured in terms of the information units
required for their selution, and

iii. the proportion of students who were successful in
solving these problems.

The resuit of the study which was carried out on 471
upper secondary and university students, are summar-
ized in figure 4. Tt is seen that the success rate in the
problem-solving situations strongly decreases as soon as
the number of the information units involved in the
problems exceeds the working memory capacity of the
students.
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Figure 4
Rexulls obtaingd by Inhnstone and FI1-Bunno (19863
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What is true for problem-solving tasks must, of course,
be equally true for learning tasks. Hence, it is evident
that learning difficulties are attributable not only to
deficiencies in students’ long-term memory structure,
but also to limitations in their short-term or working
memaory capacity.

White (1988) gives a simple, but instructive example of
this with reference to the statement “Concentrated sul-
phuric acid is a powerful dehydrating agent”. He sug-
gests that a relatively inexperienced student would pro-
bably perceive this statement as comprising a large
number of information elements, e.g.,

(Concentrated) {sulphuric) (acid) (is a) (powerful}
(de) (hydrating) (agent).

An experienced teacher, by comparison, may perceive
the same statement in a far less fragmented way, e.g.,

(Concentrated sulphuric acid) (is a) (powerful)
{dehydrating agent).
Thus, what to the inexperienced learner appears as a
conglomerate of seven or eight separate information
units, is seen by the expert as a set of four such units.
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The process of bringing together elements of informa-
tion inte groups or parcels is generally referred to as
‘chunking’. Itis through the process of chunking that we
reduce for ourselves the complexity of the information
that reaches us. As White {1988) remarks:

“Size and therefore number of chunks perceived in a
situation is one of the big differences between the
knowledgeable person (expert, teacher, adult) and the
ignorant {beginner, student, child). Almost paradoxically,
an expert inhabits a simpler world than a beginner
because the expert breaks it into a smaller number of
meaningful units.”

The last point in White's statement is insufficiently
appreciated by us in relation to our teaching and our
siudents’ learning. We tend not to be aware of the fact
that our students are incapable of dividing the information
with which we confront them into the kinds of chunks
that we recognize in it. The result is an overload of their
short-term (working) memory and a consequential fail-
ure to learn the full message.

This situation does not simply apply to verbal informa-
tion, but is equally possible in the case of graphical or
diagrammatic information. White (1988) has recently
illustrated this aptly in his book entitled Learning
Science.

The key to helping students overcome learning diffi-
culties arising from the limitations in their working
memory lies in helping them te see information in larger
and, hence, fewer units {or ‘chunks’). I want to propose
three main methods for achieving this:

a. Careful and purposeful structuring of information
given to students, including the learning and problem-
solving tasks set, into information units that arc clearly
recognizable by them. (This may bereferredtoasa ‘pre-
chunking’ operation.}

b. Avoidance in the design of texts, laboratory instruc-
tions, examination questions, etc., of superfluous, un-
necessary information, {Such information contributes
to ‘memory-overload’ and, hence, distracts from the
essential content of the communication.)

¢. Deliberate training of students in ‘chunking’ strat-
egies, through the systematic analysis of information
presented to them and ways in which it can be organized
and arranged. In this way, they should learn to perform
beyond the limits of their own short-term memory
capacity.

There are numerous ways and opportunities in all bran-

ches of science teaching where these methods can be
effectively employed, for the benefit of our students.

CONCLUSION

In this paper, a broad analysis has been presented of the
main types of learning difficulty encountered by stu-
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dents in science education and the causes underlying
them. The general premise was adopted that, by and
large, such learning difficulties are the result of deficien-
cies or of mismatch, The deficiencies may occur in the
knowledge structure held by students in their long-term
memory, or in their information-handling capability
whichis due to limitations in short-term memory capacity.
Mismatch may occur when teaching strategies used by
teachers are in conflict with students” natural learning
styles or their preferences for certain instructional pro-
cedures.

The detailed discussion has centred on the nature of
memory-related learning difficulties. In this, reference
was made to the use of cognitive mapping as a means of

NOTE

(1) Since "language and communication” issues in science
education ultimately concern the meaning acquired by stu-
dents through the use of words and sentences, it can be arguad
that such meanings are dependent on students’ knowledge
structure. On this basis, "language and communication™ would
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RESUMEN

Este articule presenta un amplic andlisis de los principales tipos de dificultad en el aprendizaje de las ciencias y de
las causas que subyacen.

El trabajo comienza con un intento de clarificacién de la expresién «dificultades de aprendizajes a la luz de las
recientes investigaciones en diddctica de las ciencias. Se sefialan asi, sin &nimo exhaustivo, cuatro causas fundamen-
tales de dificultad:

~ L.a natvraleza del sistema de ideas/conocimientos que el estudiantes ya posee

—Lacomplejidad de latarea de aprendizaje, en términos de procesamiente de informacién, comparada con la capacidad
del estudiante para manejar elementos de informacién

— Los problemas de comunicacién derivados del uso del lenguaje

— EI desajuste entre ¢l modelo de ensefianza utilizado por el profesor y el estilo de aprendizaje preferide por el
estudiante.

Tras describir con algin detenimiento dichos factores, el segundo apartade se centra en el papel de los modelos de
enseiianzafaprendizaje, poniendo de relieve que la mayoria de las investigaciones realizadas en torno a las dificultades
de aprendizaje de las ciencias se enmarcan en el modelo constructivista y en el de procesamiento de informacidn,

En el dltimo apartado se describen, a titulo de ejemplo, algunas dificultades asociadas, respectivamente, al sistema de
ideas que el alumno ya posee ¥ a su capacidad para manejar informacién, desarrollando propuestas para su deteccion
y tratamiento.
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