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Introduction

We live 1n a visual world. Television, movies, photographs and pictures are all-
pervasive, surrounding us every day with images clamouring for our attention. In
order to make sense of our world, we assign a level of importance to each image we
see depending on how relevant it is to our current situation and the image 1s then
either taken 1nto account, stored in our memories or ignored completely. As we grow
older, the ability to gain meaning from these images develops, so that when, as
children, we begin to read, the ability to read images becomes part of our repertoire of
cues used in deciphering the patterns and meaning of words. In primary schools,
children have to deal with a whole new range of 1mages, many of which are found 1n
the textbooks they encounter. In mathematics textbooks these images can be
extensive, involving graphs and tables, representations of numbers and calculations
but also in recent times 1llustrations have become more extensive in their role as
motivators and decorators of the page. There appears to be a popular belief that when
teaching mathematics, illustrations make the task easier and/or more attractive and
that for children who find mathematics ditficult, illustrations take on an even greater
role in eliciting meaning for the pupil (Santos-Bernard, 1997). However, there is very
little research investigating the pedagogical role of illustrations in school
mathematics: neither the psychology of cognition and learning nor mathematics

education research has paid much attention to this topic.

My interest in this topic arose not from reading through literature but rather through

observing the children in my classroom when it became clear than children do not

’/ - e o S o -,.‘_1':4‘.1?'-:',1" . o
7 — * always interpret text in the way we

would expect. In this example from a

child in my class ‘show your working

had no mathematical meaning but rather

she drew pictures of people working (a

nurse and a fireman, a later picture

showed an ambulance).




In 2000, schools had been sent copies of Mathematical challenges for able pupils in
Key Stages 1 and 2 (2000), a book that contains puzzles and problems for children
from Year 1to Year 6. In my class of Year 3 and 4 children I had taken one of the
puzzles from the Year 1 and 2 section as an introduction to this type of problem
solving exercise. In this puzzle, Pete the Pirate has sixteen gold bars divided into four
piles, each of a different number. The task was to make all the piles the same height
in just two moves. The number of bars was not recorded in the text and I observed
children pointedly counting the number of gold bars illustrated in the picture. In this
case the 1llustration played a vital role in the understanding of the mathematical

problem it posed, not only by giving the number of gold bars, but also the way they

were distributed into their individual piles.

The children then tackled a puzzle from the Year 3 and 4 section entitled “Queen
Esmerelda’s Coins”. There were aspects to this puzzle that were very similar to the
Pete the Pirate question in that four piles of gold needed to be reorganised. In this
case though, gold coins were used but the numbers 1n each pile were to be allocated
according to the instructions in the text, not as in the picture. The text indicated that
there was a total of twenty coins 1n use, yet the illustration showed far more (one pile
alone had nineteen coins with a possible total of fifty-six coins across the four piles
illustrated). On observing the children attempting to solve this problem, I noted a
substantial number began by using the same technique they had used with the Pete the
Pirate question in that they commenced by counting the coins in the illustration and
used the number obtained to calculate the result. In this case the illustration, rather
than containing essential information, was unhelpful and misleading and immediately
led to difficulties in solving the problem whilst also de-motivating the children as they

struggled to find a way in which to provide a solution.

As a result of these observations I became more aware of another difficulty children
appeared to experience with mathematics questions involving problem solving. In
most mathematics textbooks the illustrations appeared to play a fundamental role in

the child’s success or failure because in some situations, illustrations acted as an aid

to the children and in others they caused unnecessary difficulties. The link between
confidence and competence is an important one and if the use of confusing

illustrations has a negative impact upon a child’s confidence then their vision of



themselves as competent problem solvers may well be harmed. Harries and
Sutherland, (2000:65) cited work conducted by Tall, (1996) which suggested that
children who find mathematics questions hard are actually carrying out a more
difficult kind of mathematics than those who find them easy. He found a clear
tendency for low attaining pupils to rely more on primitive mathematical objects and
primary processes, for example, counting on to solve addition problems, or repeated

addition to solve problems which could be more effectively solved using

multiplication.

Contemporary mathematics textbooks use illustrations extensively but what effect do

they have upon children’s mathematical success? If as Tall implies, children who
have greater difficulty with mathematics find themselves using more complicated
calculation methods, for instance repeated addition rather than multiplication, to solve
a problem, do illustrations aid or hinder? This is especially important as these are the
self same children who are likely to encounter more illustrations than their more
competent peers. It seems then that 1t was important to research this area in order to

find out just what effect text book illustrations had on children’s mathematical

problem solving.

In order to investigate whether this really was an issue worth researching, I conducted
a small trial within my own school using children from Key Stage 2. Chapter 1
details the process of this trial from the conception and choice of methods to the
collection and analysis of the data. It also highlights changes that needed to be made
to the research design before the main investigation was carried out. Since the results
of the trial indicated that there was indeed an enquiry worth pursuing, the rest of
thesis details the research process that followed from this initial investigation.
Chapter 2 reports the subsequent literature review I undertook. This forms the

background to my main study, highlighting current and past research in related areas

and concludes with the identification of the research questions.

Chapter 3 explains the methodology of the research project including the design of the

research materials, the ethical considerations of carrying out research in schools and

the recruitment of suitable school partners. The thesis then branches into two separate

directions. Chapter 4 details an investigation into the most common forms of



mathematical textbooks used in primary classrooms and examines the two most
popular in more detail with particular emphasis on their use of illustrations. Chapter 5
details the main investigation using examples from the Mathematical Challenges for
Able Pupils in Key Stages 1 and 2 modified to allow comparison of different
illustration types. As well as analysing the effects of the different illustration types, 1t

focuses upon the effect of reading age upon mathematical performance.

Finally, Chapter 6 brings together the results of the various strands of the research
project in order both to answer the original research questions and also to draw

conclusions about the role of illustrations in mathematical textbooks. This section
discusses the implications of the research findings in a wider context and provides

ideas about how the research may be developed in the future.



Chapter 1 - Report from Trial of Non-Routine Maths
Problems

1.1 - Introduction

In this chapter I discuss the pilot work I carried out, noting the main points which
would inform the main study. The object of the trial was to establish an answer to
two points. Point 1 related to the way pupils use 1llustrations when solving
mathematical problems. Point 2 was to establish the practicalities of conducting such
a piece of research whilst working full-time. At the time I was working 1n a small
rural primary school as a full-time class teacher of a mixed Year 3, Year 4 class. I
had been told I would have support from the school to conduct such a project but it
needed to fit in with the requirements of the school. Subsidiary points to be
considered were whether the National Numeracy Strategy book on which the research
was based was a reasonable choice of resource and the robustness of my classification

system of illustrations in test items.

1.2 - Context of the Study

[ decided to focus on the mathematics problems found in the National Numeracy
Strategy book, Mathematical challenges for able pupils in Key Stages 1 and 2 (2000)
as 1t had formed the basis of my initial observation in class (as detailed in the
introduction) and was a recent publication that will have been sent to all English state
schools. This book is a supplement to the National Numeracy Strategy and was
expected to be used by all schools participating in the National Numeracy Strategy.
Ours was one such school, so the materials found in the book could be expected to be
used across state schools in England. The results then, would be potentially

applicable to other schools using the same materials.

The questions in the National Numeracy Strategy book are divided into three sections,
each section covering two year groups; Years 1 and 2, Years 3 and 4, and Years 5 and
6. As the title of the book indicated, “Mathematical challenges for able pupils in Key
Stages 1 and 2” the questions were aimed at more able pupils. The book states that

pupils using this material “may need to draw on a range of skills to solve problems.
These include: working systematically, sorting and classifying information,

reasoning, predicting and testing hypotheses, and evaluating the solutions” (DFEE



2000:9). My view as a teacher is that these are skills that all children possess, not just
able children. It is also my view that assuming that certain questions are only
appropriate for particular year groups is limiting. To my mind, the 1ssue appears to be
one of using the resource to provide differentiated learning material rather than
allowing the designated year groupings identified in the text to dictate access to the

material.
Although a child may be familiar with the concept involved with a particular problem,

it could be argued that the skills required in order to solve these problems are higher

order skills.

Progression of

Recall (the most
basic level whereby
facts or procedures
are applied but with
no understanding of

about the addition of 2-digit numbers.

Skill %
Development h
g A child may progress along the axis of
Synthesis (the 3 mathematical concept development but
ability to fully A may not necessarily have progressed far
understand and adapt P along the axis of skill development.
the concept to S 7 For example - a child may be able to
differing k recall the facts associated with the
circumstances) i é addition of single digits but have no
Application (the t understanding of what they are doing
ability to apply the D o but are already learning to add 2-digit
concept in new and i n numbers (learning with no
less straight forward 3’ U understanding). Another child may well
circumstances) b q be able to understand and apply their
Understanding m e knowledge of single digit addition to a
(the ability to !él. % range of situations, so has progressed
understand the ideas a further up the skills axis but like the
beh; 3 other child is just beginning to learn
chind the concept) é
:

why the fact or
procedure 1s used)

Progression in Concept Development

Development of Mathematical Concept.
For example; with the concept of addition, a child may
begin by adding single digits then progressing to 2-digit
numbers, 3-digit numbers, decimals, fractions and so
forth.



These higher order skills of Application and Synthesis may be applied to a range of

problems from those using simple mathematical concepts to more advanced ones.

Whether the mathematical concept involved is multiplication or number bonds to ten,
it should be a teacher aspiration that children are not only able to recall the numerical
facts but that this knowledge 1s used in a range of circumstances. The problems found
in the textbook require the children to use the skills of application and synthesis. The
earlier sections of the book use simpler mathematical concepts which all children
should be able to access, enabling them to apply their developing application and

synthesis skills in a less mathematically complex environment.

Bearing this in mind, I decided to select questions taken from all three sections,
Years 1 and 2, Years 3 and 4, and Years 5 and 6, with the assumption that all the
children from the sample would be able to attempt at least some of the questions, the
premise being that Year 3 and 4 pupils should be able to attempt those questions
designed for Years 1 and 2 as well as those designed for their own age group.
Similarly the Year 5 and 6 pupils should be able to access questions designed for the

younger children as well as those designed for their most able peers.

1.3 - Classification of the lllustrations

As detailed 1n the introduction, I had observed pupils attempting these questions in the
classroom and these observations indicated that there were at least two types of
1llustrations to be considered. The first type was where information pertinent to the
question was to be found solely in the illustration. This I called “Essential”. The
second occurred where the illustration merely provided decoration and did not include
any information pertinent to the actual mathematical problem to be solved. This I

called “Decorative”. Using this rudimentary analysis of the illustrations in the book 1t

was clear that another category of illustration was required in addition to that of
“Decorative” and “Essential”. This further category involved those illustrations

which reflected accurately in pictures an aspect of the text which related solely to the
mathematical problem. This I chose to call “Related”. In conclusion, based upon my

observation and interpretation I devised three categories of illustration. 1. “Essential”,
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2. “Related™ and 3. “Decorative™ and the questions were classified into these three
categories dependent on the role of the illustration within the particular question. This

classification focused upon the relationship between the mathematical problem found

in the text and the i1llustration.

To summarise:

1. An Essential 1llustration was one that contained some or all of the information
required to solve the problem and this information could only be found 1n the
1llustration and not in any of the text.

73 A Related illustration was one that reinforced or supported necessary
information stated in the text. Both the text and the 1llustration contained the
same 1nformation.

3, A Decorative illustration contained no information pertinent to the problem

and merely served to make the page look more interesting.

These initial descriptive classifications were based on my professional observations in
the classroom. Later I will show that an interpretive approach resulted in the

requirement for an additional category. The following illustrate examples of each

category.

Essential Snakes and ladders

This illustration was classified as essential
because there is no other way of knowing the
position of the snakes or ladders except by the
illustration. The text alone provides

insufficient data.

Your counterison 9.

Youroll a1l to 6 dice.
After two moves you land on 16.

Find all the different ways you can do it.

Now think of other questions you could ask.

12



Related

The illustration was categorised as related
because the picture reinforces information
pertinent to the question. In this case the
‘aliens’ show either four or nine spots

depending whether they are Zids or Zods. TP
Zods have 9 spots.

Altogether some Zids and Zods have 48 spots.
How many Zids are there?
How many Zods?

What if Zids have 5 spots, Zods have 7 spots,
and there are 140 spots altogether?

Find as many solutions as you can.

Decorative Gob-st

. ~ST0p
This is an example of a decorative - G @
. : . . Jad . l
illustration. The picture shows children T4 c::::m Sp— "

buying sweets in a shop. There 1s no clear

45 =
\ i . ﬁ'
. 3

indication in the picture of the cost of the E ;

sweet being purchased. The illustration

merely sets a scene which doesn’t provide

any reinforcement of the information Sl S 25 st

1gn] : ich coins did she use?
significant to the mathematical problem. it ke s

There are 5 different ways to do it.
Find as many as you can.

What if the gob-stopper cost 7p?
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1.4 - Nature of the Pilot Study

The trial involved a group of Key Stage 2 pupils in my own school, none of which

were on the Special Needs Register. The composition of the group is shown in Table

Year Grour emale otal

Year 3
Year 4
Year S
Year 6
Total

b | N~
o
[
L g”,
r--t--r—tn—-.q
NIRNO|O

N |~ W

Table 1 Trial sample numbers by Sex and Year group

A series of booklets was created, each containing the same thirteen questions, six
problems from the Year 1and 2 section (two essential illustrations, two related, and
two decorative), three from Year 3 and 4 (one from each illustration category) and
four from the Year 5 and 6 section (one related, one essential and two decorative

illustrations) . This distribution of questions is illustrated in Table 2:

Essential Related Decorative Totals

Year/
Question type
]l and 2

3 and 4

Sand 6

Totals 13

IIIII
IIIII

Table 2 Proportion of question types from each year group

The questions were arranged 1nto a booklet grouped into three illustrative types,

essential, related and decorative. Within each illustrative type, questions were
arranged in order of difficulty starting with those designated suitable for Years 1 and
2, followed by those for Years 3 and 4 and finally those for Years 5 and 6. Three

different coloured booklets were produced (green, red and blue). Each colour booklet

had the illustrative types in a different order. So, for example, the Green booklet had
all the Decorative questions first, starting with questions for Years 1 and 2, then 3 and

4 and finally Years 5 and 6. The Related questions came next, again ordered by year

=
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from 1 to 6 and finally the Essential questions, once more ordered by year in the

previous manner. Table 3 makes this clearer.

Colour/Order First Second Third
Decorative Related Essential

Decorative

Related

Red Related Essential

| Blue Essential Decorative

Table 3 Order of question types within a booklet

The ordering of questions was carried out in an attempt to minimise the risk of
children copying, although as all the questions were identical and the booklets could
not be completed in one lesson, there was the risk that the children could have
discussed the questions outside of the classroom. Each child was provided with a

booklet of a particular colour and the children worked independently on the booklet
over the course of several days. As I wanted the children to tackle as many of the
problems as possible with as little pressure as possible I decided that this exploratory

work would not be done under test conditions.

1.5 - Key issues arising from the pilot study

The focus of the pilot was to 1dentify potential differences in the way children used

the illustrations when solving mathematical problems. Some of the key issues that

arose when I analysed the information from the pilot study were:

1. Whether questions are unambiguous or are capable of a simple and a more

complex solution at the same time in light of the illustration.

2. The difterences in methods used by pupils when solving problems (using
mathematics alone - mathematically or by using a diagram in conjunction with
mathematical understanding - visually)

3. The conflict between the mathematical requirements of the question and the
real world as represented by the illustration. Some children merely try to work
out what the question requires in terms of mathematics and others take the

illustration more literally, using their understanding of the subject of the

illustration in other contexts to help them solve the problem.
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4. If the mathematics appears more challenging, the role of the illustration
becomes more important in finding a solution. To some children the
1llustration itself may provide an answer that seems a plausible solution to the
problem.

5. A combination of the text and the illustration weaves a story into which

children appear to be drawn. In mathematical problem solving it may be that

for some children they are unable to disassociate themselves from the story.

Rather than consider the results of every question the children encountered I shall

focus upon examples from the three different categories which indicated an issue

worthy of further research.

Essential Illustration

For those questions where [ had considered the illustration to be essential, the children
overwhelmingly showed evidence of having used the illustration to solve the problem.
Table 4 shows that in the Gold Bars question it is clear that the illustration was used
to establish how many gold bars Pete had and how these were arranged. Children had
realised that there were four piles at the start and that they could make either two or

four piles as their solution to the problem.

&old bars

Pete is a pirate,
His gold bars are in piles.

s s A e e R e The solution as given in the book is.

7 60ld bars

Move two bars from pile 1 to pile 3.
Move one bar from pile 4 to pile 2.

He made just two moves.
How did he do it?

16



Year Group 4 piles of 4 2 piles of 8 Incorrect No answer
solution given
Year 3 2 7 1 0
Year 4 6 0 4 0
Year S 3 6
Year 6 6 1

Table 4 Gold Bars Solutions

According to the official answer book, the only possible answer is 4 piles of 4. In the
question it asks that all the piles be made the same height, whilst simultaneously
assuming that the four piles should be retained. However a problem arose thatin a
number of cases the pupils had not realised the inherent assumption of conserving the
numbers of piles and had posited a different solution, indicating that two equal piles
could also be obtained in two moves (2 piles of 8). I deemed this to be a reasonable

response and recorded it as a correct solution.

Table 4 shows that the children in Years 3 and 5 overwhelmingly gave the 2 piles of 8
solution in comparison to years 4 and 6 which gave the 4 piles of 4 solution. Due to
the seating arrangements in the two classrooms it would be extremely unlikely that
the children copied from each other as Years 3 and 4 were mixed together in one
room and Years 5 and 6 in another. Given the small numbers of pupils involved it
would not be possible to find an unequivocal explanation for this result. However, one
possible explanation could be that some children would count all the bars and find it
easier to divide 16 by 2 rather than dividing 16 by 4. Since this simpler approach
(dividing 16 by 2) provides a solution which fits in with the requirements of the
question, some children would assume that it was the correct answer, particularly as
the requirement to conserve the number of piles of bars is assumed rather than made

explicit in the question wording (issue 1).

Part of the question required the children to explain ‘How did he (Pete) do it?* Those
children who provided an explanation (and not all did) did so using two distinct

methods, a written explanation explaining the moves (e.g. take 1 from the pile with 5
and put it on the pile with 3 then take 2 from the pile with 6 and put them on the pile

with 2) or the explanation was given as a calculation (issue 2). For those who
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provided a calculation, their explanation had to be inferred. For example, 6-2=4,
2+2=4, 5-1=4, 3+1=4. Table 5 shows that the majority of children were able to
provide an explanation in one of these two ways. As the children in one class were
older that the children in the other class, it might be that the older children have a
greater facility with language so were more linguistically able and inclined to give

their explanation in words rather than pictures.

mdlcated calculatlon onl mdlcated
-——-_
 Year6 | 7 {2 0 3
 Tota | 25 | 13 | 6

Table 5 Gold Bars Explanation Given

Mode of Picture Use

As the information within the picture is essential, it was presumed that all the children
would have used the picture to find out the number of gold bars. If they had not been
able to deduce this from the picture they would not have been able to attempt the
question. However, children ditfered in their representations of the problem. This
analysis relates to children indicating via labels or arrows how the picture was used to

calculate or explain their solution (issue 2).

Own drawing of piles No Total in
Grourg used evidence nilot
| 4x4 [2x8 |Incorrect| 4x4 |2x8 |Imcorrect| |

Year3 | 2 | 1] 0 | 0
mn-

Table 6 Gold Bars Picture Use

Table 6 shows that all the children in Year 3 relied heavily upon a pictorial
representation (either the illustration provided or their own drawing) to calculate the

answer compared with children in the other age groups.
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Related Illustration

Roly Poly was classified as Related because it reinforced the use of a six sided dice.

Pupils in school may well be familiar with a variety of dice, some of which have more

or fewer sides than the conventional six sided one illustrated.

Roly poly

The dots on opposite faces of a dice add up to 7.

1. Imagine rolling one dice.

The score is the total number
of dots you can see.

You score 17.
Which number is face down?
How did you work out your answer?

2. Imagine rolling two dice.
The dice do not touch each other.

The score is the total number of dots you can see.
Which numbers are face down to score 30?

The children appeared to have more difficulty with this problem as the number of
children that asked “what do you do?’ rose significantly for this question. Part of the
confusion arises because the dice in the illustration is not a solution to the problem.
On the single dice pictured the dots you could ‘see’ add up to 18. This may be a
reason why, as Table 7 shows, so many used the information that the opposite faces
total 7 to work out the number shown on the dice in the 1llustration (1ssue 4). Of
course the picture only shows three sides of the dice but the question states “The score
1s the total number of dots you can see” and assumes that the pupil is able to mentally
“walk around” the dice and see the sides that are not illustrated. This raises 1ssues as
to from whose viewpoint the question is being asked and requires a degree of spatial

awareness that may have confused the children.
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Year Group Answer calculated ‘Don’t Left blank

using only faces understand’
shown on the

illustrated dice

—

Year 3 | 6 0 3
Year 4 7 0 |
Year 5 4 2 6
Year 6 0 1 3 8
Total 17 5 18

Table 7 Roly poly Number of incorrect answers which related to the illustrated dice

Summarising, the 1ssues that arose in the pilot study seem to show that children
approach these problems in a number of different ways, and because they are still
learning about handling problems such as these they may pay more attention to areas
of the question that are actually merely peripheral. In discussions that took place with
the children who attempted these problems it became clear that some children became

more absorbed by the characters within the 1llustration and that this may have diverted

their focus from the mathematics within the question (issue 5).

Decorative Illustration

In the Gobstopper question the Gob-sto

_ | PP -

1llustration 1s classified as decorative %0’
g Jade bought a gob-stopper.

because there 1s no information in the It cost 6p. =

1llustration that is essential or supports
information from the text. In the first
part of the question the children are
asked to find as many of the five
different solutions as possible. In the

second part no indication of the number She paid for it exactly.

of solutions 1s given. Which coins did she use?

_ There are 5 different ways to do it.
In the second part of the question the Find as many as you can.

children appeared to have worked What if the gob-stopper cost 7p?
towards the number of solutions that

they gave in the preceding part. In the
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pilot study, only twelve children of the forty-four attempted this part and each found
five solutions. Two of the children commented that the second part was ’too hard’.
For those whose answers were incorrect, their error related to a reversal of digits or

they incorporated invalid coinage to their answers (3p, 4p coins). In this case, it would

appear that the children were not carrying out a “reality check”.

1.6 - Focus for further study

Those questions which in the book were aimed at Years 5 and 6 were very poorly
attempted. None of the children in Years 3 and 4 attempted these questions even
though they were unaware of their origin. Only two or three children from Years 5 or
6 gave correct solutions for any one question from this section and for one particular
question none of the children achieved a correct solution. This indicated that only

questions from the first two sections of the book (Year 1 and 2, Year 3 and 4) would

be of use. Finding opportunities for discussing with pupils how they approached

these problems was easy within my own class of Year 3 and 4 pupils but it proved
more difficult with children in the Year 5 and 6 class. This practical aspect indicated
that it would be more realistic in the main study to focus upon children in my own
class. In the pilot study, children were drawn from all of Key Stage two because 1
wanted to sample as many pupils as possible. It soon became clear however, that
having a range of year groups would introduce another variable that could make

analysis of the data more complex, therefore I felt that it was best to focus upon one

particular year group for the main study.

I found that both Year groups (Years 3 and 4) were affected by illustrations, at times
In a positive way, at others negatively. Those in Year 3 seemed to be more affected
perhaps because their comprehension skills are not as advanced, causing them greater
problematical issues as they moved up the higher order skills of mathematical
problem solving. Idecided to focus on one particular year group (Year 3). This
would give me a group in which to trial any activities (Year 4) and also provide a
safeguard in that if the project went beyond the academic year the Year 3 pupils

would remain in my class whilst I would lose access to the current Year 4.
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The choice of problems was important to the study because I needed problems that
were widely applicable within State Primary Schools. The booklet is available to all
English state schools being part of the National Numeracy Strategy which has been
imposed by the government upon English State schools. The illustrations themselves

appeared suitable for adaptation and were readily classified.

On a descriptive level the classifications were fine, however because of the way some
children interpreted the illustrations, especially those that were classified as “Related”™
an ambiguity arose. Some children showed that they used a “Related™ illustration as if
it were “Essential”. For instance, in the Roly Poly question, some children totalled up
the faces they could see in the illustration, rather than using the illustration as a guide.

My classification of the illustrations was clearly based on their content and their

relationship to the problem in the text. These classifications were based on a
descriptive model because it was impossible to predict how the pupils would interpret
the problems. A descriptive classification system can be rigorously applied, as

opposed to an interpretive system.

Although prior to the pilot study the three classifications appeared adequate, for the
main study [ felt that two more categories needed to be considered. These I called

“Negative Decorative™ and “No Illustration”.

Negative Decorative

In Some ;;R 1 29 .. r » 2 o s
elated” and “Decorative Queen Esmerelda’'s coins

problems an element in the illustration that '%
Queen Esmerelda had 20 gold coins.

was related to the question was drawn in She put them in four piles.

excess. There were far more of the items in

-

the picture than in the text. In this case, the

_',.lq_

1llustration could not be considered as purely
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i
-

“Decorative” because it did show an element
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relevant to the mathematical task, albeit in an

exaggerated manner. [ therefore created an ® The first pile had four more coins than the second.
it : . " : ® The second pile had one less coin than the third.
additional classification called “negative ® The fourth pile had twice as many coins as the

decorative™ to cover this eventuality. For

How many gold coins did Esmerelda put in each pile?
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example in Queen Esmerelda’s Coins, the illustration reaffirms the notion of coins
being organised into four separate piles as identified in the text. However, there are
far more coins shown than the twenty coins stipulated in the text. Some children
counted the coins in the illustration in order to obtain a solution to the problem. This
had a negative effect upon their ability to calculate the answer, hence the term

“Negative Decorative”.

No IHustration

Logically, in order to investigate whether an 1llustration has an effect on the answer to
a question, the question should be also presented with no illustration at all. This final

category, where there is no accompanying illustration I called “No Illustration”.

1.7 - Summary

The pilot investigation which employed my initial 3-fold classification of items raised
a number of key issues associated with the way children went about finding solutions
to mathematical problems that involved illustrations. It showed that there was a need
to expand my classification of the types of illustrations found in mathematics
textbooks. In order to investigate them further I added the two categories “Negative
Decorative” and “No Illustration”. It also highlighted some practical problems of
carrying out the investigation within school where I had a full teaching commitment.
It served to focus the study on those areas that appeared to be problematical for pupils

and led to the creation of a system for classifying problems that would aid the wider

investigation. The issues identified from the pilot will form the focus of the literature

review in the next chapter.
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Chapter 2 - Literature Review

2.1 - Introduction

Problem solving in mathematics is a large area of study and within that, word
problems such as those used in the trial detailed in Chapter 1 are one particular facet.
The results from the trial indicated that children’s interpretation of mathematics
problems may be affected by the use of illustrations in different ways and that a

number of key issues arose. These were 1dentified as follows:

1. Whether questions are unambiguous or are capable of a simple and a more
complex solution at the same time in light of the illustration.

2. The differences in methods used by pupils when solving problems (using
maths alone - mathematically or by using a diagram in conjunction with
mathematical understanding - visually)

3. The conflict between the mathematical requirements of the question and the
real world as represented by the illustration. Some children merely try to work
out what the question requires in terms of mathematics and others take the
illustration more literally, using their understanding of the subject of the
1llustration in other contexts to help them solve the problem.

4, If the mathematics appears more challenging, the role of the illustration
becomes more important in finding a solution. To some children the
illustration itself may provide an answer that seems a plausible solution to the
problem.

5. A combination of the text and the illustration weaves a story into which
children appear to be drawn. In mathematical problem solving it may be that

for some children they are unable to disassociate themselves from the story.

This chapter examines the available literature for evidence as to whether these issues

were previously documented in other, similar situations. I was also interested in how
the results of the trial related to the concept of learning and cognitive styles.
Although criticised strongly in the academic press, for example by Coffield et al

(2004), use of learning styles is still considered to be “best practice” among Ofsted
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inspectors and LEA advisors. Similarly, as a professional teacher I was interested in
whether the differences in approach I had seen were as much to do with reading
ability as with mathematical ability, particularly as by definition, word problems are
mediated through reading. As a result of these considerations I decided to focus on

five areas. These are;

Problem Solving in Mathematics - this section reflects on some of the vast amount
of work that has been conducted in the area of problem solving in general and word
problems in particular. Because the topic 1s so vast [ have chosen to focus upon pupil

approaches to question interpretation and non-routine problems.

Classification of Pictorial Representations - this section explores the work of
previous researchers and how the differing illustration types have been classified.

This has had an impact on my decisions as to how the illustrations used in this

research are classified.

Illustrations and the Reading Process - all the children in this study were at an age
when learning to read was still a skill they were trying to master. Some were further
along the journey than others but pictures and illustrations still formed a major part of
their normal reading material. For others, illustrations will have been used as an aid
to help them to decode words. Mathematical questions require the children to have a
reasonable understanding of how text and pictures provide clues as to what the

mathematics question 1s about.

Illustrations in Textbooks - over the past few decades, illustrations in textbooks
have become more prolific and apparently sophisticated. This section considers the

possible impact this has had upon children’s learning.

Cognitive and Learning Styles - all the mathematical problems investigated in this
research involved a mixture of text and visual images which required interpretation.

Cognitive and learning styles concerns the way individuals respond best to these

forms of information.
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2.2 - The nature of problem solving in mathematics

In the United States of America, the National Council of Teachers of Mathematics
reaffirmed the call from employers and educators and argued that problem solving
should become ‘the focus’ of mathematics in school (Lubienski, 2000). It has been
argued by many that through problem-solving experiences children learn to think
strategically while learning mathematical content. As Reed (1999) points out, the
basic skills for solving word problems are more complex than they first appear. Skills
are needed 1n understanding the text, determining temporal and special relations,
eliminating irrelevant information, identifying the unknown variable, selecting the
correct arithmetic operations, and determining what to equate in an equation.
Consequently, children need to be taught problem solving, communicating, and

reasoning and this needs to be practised enough to prevent a mental overload.

The Qualifications and Curriculum Authonity (QCA) give explicit guidance to
teachers of Key stages 1 and 2 that;

“Children will need to be taught:

To select and apply strategies to solve problems in different contexts, checking

their results;
To organise their work, using correct language, symbols and notation;

To reason logically, look for patterns, make deductions and explain them.”
(QCA, 2002:6)

Although there are a number of different categorisations of mathematical problems

(standard, non-standard, real-world, puzzles), the common theme revolves around the

degree of mathematical and non-mathematical considerations that need to be applied.

This can be summarised by Cooper and Harries’ model.

1: problems intended to 2: Problems intended to 3: Problems intended to

require no extra- require particular extra- require general extra-
mathematical mathematical mathematical
considerations. considerations. considerations.

Increasing degree of intended realism in required answer.

Diagram 1 Cooper and Harries’ model of link between realism and mathematical considerations
(Cooper and Harries, 2003:453)
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Teaching pupils to solve problems of this type may be carried out in a number of

different ways. Boaler, (1998) conducted ethnographic three year case studies in two
schools following students from Year 9 to Year 11. In one school, children followed
a traditional approach to problem solving, using standard textbook questions. In
another school, problem solving was taught using an open-ended and practical
format. Students who followed the traditional approach developed a procedural
knowledge that was of limited use to them in unfamiliar situations. Students who
learned mathematics in an open, project based environment developed a conceptual
understanding that provided them with advantages in a range of assessments and
situations. Boaler was working with the premise that students are unable to use
school-learned methods and rules because they do not fully understand them.
However, the work indicated that standard textbook questions encouraged the
development of procedural knowledge that is of limited use in non-school situations
but if students were given open-ended, practical, and investigative work that required
them to make their own decisions, plan their own routes through tasks, choose
methods, and apply their mathematical knowledge, the students would benefit in a
number of ways. In conclusion it was stated that the “traditional textbook approach
that emphasizes computation, rules, and procedures at the expense of depth of
understanding, is disadvantageous to students, primarily because it encourages
learning that is inflexible, school-bound and of limited use.” (Boaler, 1998:60).
Because the type of questions the pupils encountered in this study were non-routine
and had an open-ended format some children may not have had the ability to select an
appropriate route through the task in order to find a solution. Some may have looked

to illustrations to provide them with cues towards establishing an answer.

Heuvel-Panhuizen, (1999) working in the Netherlands, redesigned mathematics
assessment questions with the intention of allowing students to emphasise what they
could do rather than what they couldn’t. When answering problems, prominence was

given to the workings of the children rather than solely to the correct answer. Her

team constructed the test to be easy to administer and “tried to avoid tests with
extensive oral or written instructions that would result in overemphasizing listening
or reading comprehension rather than an understanding of mathematics. For this

reason, we have looked for tasks that require no additional information beyond the

minimum of instruction needed to get the intent across. Little text is used, rather,
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pictures that are self explanatory and related to meaningful situations convey the
problem to be solved” (Heuvel-Panhuizen, 1999:132). The context for the problems
was deemed to be important in that it allowed students to quickly grasp the purpose of
the problem, little text meant the student did not have to wrestle with text and the
picture provided a motivational element by being ‘pleasant and inviting’. Students
were considered to be inspired by the context and elicit their own strategies to solve
the problem. On occasions the accompanying drawing was used directly. An

example of a question type is that involving a polar bear.

Accompanying instructions are given
verbally “A polar bear weighs 500
kilograms. How many children
together weigh as much as one polar
bear?”” (Heuvel-Panhuizen, 1999:134).
The problem gives no indication of
the kind of procedure the children are
expected to use, although long

division is the intended focus and the

children are expected to assume an

average weight of a child.

The accompanying examples of children’s work show that each child selected one
particular weight within the range 25 to 35 kilograms, then used a form of repeated
addition to reach a concluding answer. Heuvel-Panhuizen, notes that the “quality of
this Polar bear problem lies in the fact that 1t makes the mathematization by the

students visible and gives clues for how to guide them in the reinvention of it”

(Heuvel-Panhuizen, 1999:138).

[ feel that there are a number of issues with this problem that need consideration.
Heuvel-Panhuizen places emphasis on the importance of context, yet a polar bear

appears out of context in the Netherlands based problem, let alone the real life
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situation of comparing the weight of such a creature to a certain number of children.
Comparing the weight of a polar bear with the weight of a number of children is not
really a “meaningful situation” (Heuvel-Panhuizen’s words) but rather an example of
a mathematical problem using objects that may be readily identified. The answers
given by the children show that by using repeated addition, they took the mathematics
out of context making it solely a mathematical problem. This is indicated by the fact
that all the children used the same weight in their additions although the actual
weight varied in each case. Indeed if the children had interpreted the question as
reality, each child may have varied the weight of the children in their addition. Of
course, 1f a child had used a variety of weights it would have negated the objective of
assessing children’s long division skills. It would appear that the only real difference
between this and other mathematical problems is that children had to select the weight
to use. The children have played by the classroom rules and expectations of
performance, rather than genuine engagement with the possible range of relevant data.
Unless they were familiar with this type of problem, it may have caused undue
anxiety for some children. It has been suggested that mathematics anxiety threatens
both performance and participation in mathematics and may be a fairly widespread
phenomenon that begins at an early age. The use of procedures and rules which are
clearer and easier to cope with than concepts in abstract situations provide students
with the emotional security by providing something to help solve the problem rather
than having to create one’s own solution. Kyriacou noted that although much of
school mathematics is embedded 1n real-life contexts, 1t is still taught and used in a
way that uses this context as a means of developing and sustaining the use and
understanding of mathematical operations, rather than how the mathematics was used

In the real life context to solve meaningful and purposeful problems. (Kyriacou,
2005:180)

In order to investigate methods of problem solving, Kazemi (2002) interviewed ninety
American fourth graders by working on multiple choice questions and juxtaposing

them with similar open-ended problems. The data suggested that when answering

multiple choice questions, students consider the answer choices first and do not
necessarily think through the problem. Moreover, the children drew on their life

experiences when the context of the problem was salient, often ignoring the

parameters of the stated problem.
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Cooper and Dunne, (2000) conducted a large scale project focusing on children from
Year 6 and Year 9 who had taken the statutory end of key stage tests. As well as
collecting quantitative data they also worked closely with individual children as they
revisited the problems that had been in the key stage test. It became clear that social
class had a correlation to children’s success with problem solving. Children from the
service class were especially likely to be successful at problem solving in realistically
contextualised items because they were able to work within the parameters of the
problem and be less influenced by irrelevant realistic factors. Children from the
working class group were more likely to apply inappropriate real-world scenarios to
mathematical problems. It became clear that the validity of items interacts with social

based strategies for a solution.

Others (Kyriacou, 2005, Verschaffel et al, 2000) have also indicated that in real-world
mathematical situations, adults and students do not use school-learned mathematical
methods or procedures. In a school mathematics setting students were more inclined
to follow standard mathematical procedures yet outside of this domain alternative
mathematics was used. This indicates that the choice of mathematical procedure

depended more on their environment or context than on the actual mathematics within

the tasks.

Some of the problems used in this study have been taken from government issued
texts. In 2002, QCA issued guidance to teachers concerning the changes to

assessment in 2003. The paper included exact examples of the type used in this

research.

Activities such as these can be used to help children analyse the structure of
problems in order to plan a route to a solution. Methods of solving a
problem include identifying the information that is relevant and the
mathematics to use, breaking the problem down into smaller steps,

generating and listing data, and sorting and classifying information. (QCA,
2002:7)

Activities such as these can be used to teach children how to interpret
precise mathematical language, symbols, notation and diagrams and use

these to communicate their mathematics. This can be modelled for them in
what you draw and write and the language that you use. (QCA, 2002:9)

Activities such as these can be used to teach children to look for patterns
and relationships or to explain, and later to justify, even quite simple
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results. Help children to explore the mathematical structure of problems
and 1o generalise. (QCA, 2002:11)

As o1 2008, no problems of this type have appeared in the statutory tests. It may be
that in a political situation where the results of statutory test are high stakes for
schools and politicians this type of open ended investigative question is too hazardous
for the simple reason that they would be almost impossible to mark reliably.
Theretore there remains a focus on back-to-basics policies which has a direct threat to
the emergence of a new form of mathematics. The current diet of problem solving
with its attendant problems will remain. “The current regime of stereotyped and/or
artificially realistic questions typical of many school texts and tests is not

encouraging the breadth and depth of thinking that could otherwise be possible”
(Cooper and Harries, 2002:20).

Problem solving is an important element of the mathematics curriculum in developing
a range of strategic thinking skills valued by those both within and outside the
education arena. The common theme of the authors identified (Boaler, Heuvel-
Panhuizen, Kyriacou, Cooper and Dunne) is that within the classroom setting
procedural knowledge is developed rather than investigative mathematical strategies.
Those who play by the rules and ignore the real life parameters were more successful
in the classroom. But as Reed identified, problem solving is a far more complex
process than it first appears and this procedural knowledge developed by children may

be a way in which pupils simplify such a complex problem.

2.3 - Focus on word problems

Within the vast range of problem solving questions, one particular area is that of word
problems. This type of problem encompasses the types of mathematical problems
found in this study. Word problems can be viewed as mathematical exercises where a
mathematical computation is hidden within the text of the problem, and the task of the
pupil is to identify, and subsequently solve the computation in question. This hidden
computation is often set in a real-life situation, usually in an attempt to provide an
authentic context for the problem, possibly in a form that the pupil has previously

experienced, for instance, shopping for sweets or distributing items fairly. Hence

word problems can be seen to represent the interplay between mathematics and reality
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and they give a basic experience in mathematical modelling. “In the metaphorical
construction of learning, problem solving is often construed as the situation in which
mathematical skill and insight are put to real use; when students solve problems, they

apply their knowledge to some real world situations and do not merely perform a set
of abstract exercises that can be solved in an algorithmic manner. Problem solving is

seen as a decisive test of genuine skill and understanding”. (Wyndhamn and Silj5,
1997:361)

In this study children were still developing their problem solving skills and their goal
was to find out the mathematical task within the problem. If they had defined 1t
correctly, the solution could be arrived at by straightforward computation. The type

of word problems children in Year 3 encounter are relatively undemanding, one or

two step problems. A typical one step word problem would be;

Ali picked 70 apples. He gave away 32 apples. How many apples did

he have left?

The one step problem hidden within the text would be 70 - 32 =

An example of a two step word problem would be;

Hannah invites 16 children to her party. ¢ of them arrive by car

and the rest walked. How many children walked?

In this question the answer is calculated in two steps. The first
being, 16 = 4 = x, followed by the second step of 16 - x = to give

the final answer.

Even within these apparently simple word problems, many pupils seem to have

difficulty learning how to choose appropriate number operations and calculation

methods to solve money and real-life problems; in other words, solving word

problems and applying what they know.
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Appleby, (2003) who taught a class of twenty four Year 3 children found that on
observation not one of her pupils was able to correctly show the calculation to given
word problems. There seemed to be little or no understanding as to the purpose and
task required even by the high achievers. The key problem which she identified was
that the class had never been taught how to solve word problems. With the aid of a
colleague she embarked on a series of sessions to develop the children’s skills of
extracting the key vocabulary from the problems and then applying the appropriate
calculation. She reported a marked improvement in their ability to tackle word
problems in that three quarters were subsequently able to show the correct calculation

to a given word problem.

Appleby’s work is in line with gutdance on the teaching of problem solving from
QCA and the National Strategy through training has, from my personal experience,
concentrated upon modelling answers for children. An 1ssue with Appleby’s research
is that at least a third of her class had English as an additional language which clouds
the issue as to whether the children had been unsuccessful prior to this because their
knowledge of the English language had not developed sufficiently or if there is a
fundamental problem with children’s ability to understand the language of word

problems. It may be that these children have reflected Verschaffel et al’s (2000) work

in that when confronted with word problems 1n a typical school setting they solve
word problems in a ‘stereotyped and artificial way without relating them to any real-
life experience” (Verschaffel ef al, 2000:12). Through the focused sessions they have
learnt school mathematics. Appleby’s approach contradicts results from Wyndhamn
and Salj6 “which identifies that explicit training in problem solving was not
particularly efficient in improving the skills of pupils. That is, poor problem solvers
do not become very much better at what they are doing by copying what good
problem solvers seem to be doing”. (Wyndhamn and S&lj6, 1997:363).

Theretore, providing approaches to problem solving to poor problem solvers is not
necessarily an appropriate approach. They also need to develop their own model and

1deas on how to formulate a plan when problem solving. Children are also more likely
to use the arithmetic operation with which they feel most competent and/or one that
has recently been discussed in the classroom (Reed, 1999). In looking at problem

solving, Fairclough, (2002) considered the mathematical skills required for each
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problem in parallel with the skills and procedures attributed to solving any type of
problem. Her experience indicated that children develop many problem solving

strategies through “training rather than teaching” (Fairclough, 2002:98).

Other authors would tend to agree. For instance, Pape suggests that:

“Novice problem solvers begin ineffectual solution paths, based
predominantly on problem exploration, and continue without monitoring

their progress. In comparison, expert problem solvers read and analyze the
problem but then move toward a solution using various other cognitive
processes such as planning, implementing and verifying, altering their
behaviour based on judgements of progress. For expert problem solvers,
developing a mental representation for a problem is an ongoing process
involving many transformative behaviours™ (Pape, 2004:191)

This clearly links with the view of strategic thinking referring to the development of
a repertoire of mental and written calculation strategies, and informed decision

making about their use. It may be that the children in Appleby’s study became trained
to follow rules and use symbols without reflecting on, or analysing, what these rules
and symbols mean in the specific context in which they are used. The general
outcome may be that pupils solve certain kinds of standard problems satisfactorily,
but are unable to apply their knowledge when encountering new kinds of problems. If
we consider the development of mathematical problem solving as the acquiring of a
series of underlying skills moving from a recall level to that of application and

synthesis, some problems may require a higher level of underlying skills than the

pupil currently exhibits.

Understanding Application

Diagram 2 Progress of mathematical skills in problem solving.

When comparing the amount and kind of variability of word problems presented in
Soviet and American textbooks, Stigler ef al, (1986) found that solving a word

problem may be quite different when the problem is unfamiliar than when the

problem has become familiar. When the problem format is familiar, the child may
simply use cues 1n the problem text to retrieve the appropriate problem scheme from

memory. Soviet textbooks were seen to have greater variety and amount of word
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problems than found in the American textbooks. Soviet children appeared to more
successful at solving a range of word problems than those from America. The
deduction was that the frequency with which children are exposed to problems of
different types would relate to the ease with which problems are solved. (Stigler et al,
1986:155) The difficulty with this view is how much children are applying and
synthesising and how much is recall of training. In relation to textbooks he
hypothesised that “textbook makers probably are motivated to give teachers materials
that will not be too difficult to teach; hence they over represent the easy problem
types in their texts....children are asked to solve easier and easier problems, which in
turn makes the difficult problems even more difficult and thus less likely to appear in
the elementary mathematics textbooks” (Stigler et al, 1986:169). This does appear
rather over-exaggerated, but it might explain the rather limited range of variety and

formulaic word problems that children tend to encounter in their textbooks.

Hegarty et al, (1995) looked at two groups of college students, one group consisted of
those who were described as unsuccessful problem solvers and another group of
successful problem solvers. Their research focused upon eye fixation data and
concluded that “unsuccessful problem solvers devote a higher percentage of their
fixations to numbers and relational terms when they reread part of the problem, as
compared with successful problem solvers. Overall, the unsuccessful problem solvers
looked back at parts of the problem more than did successful problem solvers, thus
suggesting that they are struggling to figure out how to solve the problem” (Hegarty
et al, 1995:29). The unsuccessful solvers begun by selecting numbers and keywords
from the problem and based their solution plan on these, they also spent their
additional effort mainly in re-examining numbers. The successful problem solvers
begun by trying to construct a mental model of the situation being described in the
problem and plan their solution on the basis of this model and where re-examination
of the problem was required they focused on informative words. The interpretation of

the evidence was that problem comprehension processes play an important role in the

solution of arithmetic word problems. It would appear that the successful problem
solvers were able to focus on the words that inform the student what needs to done,

?

such as “less than”, “how many”. These are the words that provide the cues to what

needs to be done with the numbers, something unsuccessful problem solvers seem
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unable to comprehend. Therefore accurate comprehension of the text is vital to

chances of success.

The word problems the children encountered in this study did not follow the standard
type of word problem they would normally encounter, hence I have termed them non-
routine. Rather than being straight-forward problems in simple contexts (routine
problems) they require attention to both the text and usually the illustration and the
addition of some common knowledge of the world in order to make sense of them.
What makes them non-routine is that the children will need to decontextualise the text
and 1llustration to find their meaning and subsequently recontextualise them in the

form of an appropriate calculation (or calculations) in order to solve the problem.

2.4 - Issues related to the solving of word problems

The subject of this research is to look at the effect of illustrations in mathematics and
a substantial part of the study looks at their role in word problems. This section

explores those elements that have been identified through the pilot study that appear

to have an influence upon children’s use of illustrations.

2.4.1 - Pictorial representations and their classifications

In the pilot I classified the illustrations based upon their relationship to the text.
Those 1llustrations that provided information necessary to the problem that was not
identified in the text I classified as “Essential”. Illustrations which reflected an aspect
of the problem that was necessary to the calculation I classified as “Related” and
those whose 1llustration reflected the scene only were classified as “Decorative”. At
the conclusion of the trial it appeared this classification based only on three types of
1llustration may have been too simplistic and that other classes of illustration were
necessary. In this section I explore the literature to see how other researchers have
classified 1llustrations in order to ascertain whether and how my classification might

be improved.

Levis and Lentz, (1982) classified illustrations into two main types: representational
and non-representational. Representational illustrations are those that show what

something looks like. Non-representational illustrations are diagrammatic

illustrations used to represent data, such as graphs, maps, diagrams. These two types
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have also been catalogued as being realistic or schematic. Since all the illustrations
used 1n this study would be representational this method of classification is too broad

a term to be used in the study.

Duchastel and Waller (1979) classified illustrations into seven different types,
namely:

¢

** Descriptive: which shows what an object looks like

Expressive: those that imply an emotive response in the reader
Constructional: technical drawings that provide assembly instruction
Functional: diagrams that illustrate a process or organisational hierarchy
Logical-mathematical: depictions of mathematical concepts such as graphs
Algorithmic diagrams: such as flow charts

Data display: such as pie charts and histograms
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Duchastel and Waller’s classification system contains many elements that are
inappropriate for the mathematical problems on which I was focussing. These
problems do not use flow charts, pie charts or graphs, so a great deal of the
sophistication of this approach is lost on my study. Where there are similarities to my
system “descriptive” for instance, the definition is too broad for my purposes and is
not precise enough to cover the illustrations I was categorising. Similarly, the

“expresstve” type is interesting and it is quite likely that the characters illustrated in

the problems I was using would elicit an emotional response from the children.
Whether this would have any effect on their ability to find the mathematical problem

within the question is not nearly as clear.

When investigating the role illustrations play in school science, Stylianidou, (2002)
identified those images relevant to their investigation by classifying them in a rather

complicated manner.

@ Images requiring interpretation of the roles of elements representing both real-
world and schematic or symbolic entities (R/S)

® Images whose interpretation requires certain elements to be given importance or
be highlighted, often in relation to textual/graphical features which make them
salient, or do not make them salient (SEL)

® Images containing elements that require appropriate readings of symbols, and
that contain examples of synonymy, homonymy and/or polysemy of symbols
(SIM)

® Documents with images requiring verbal elements included within the image or
used as captions (VE)

® Documents containing more than one image requiring interpretation of
relationships between different images (INT)
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€ Images that make important use of compositional structures requiring the
reading of special distributions and different representational structures (CS)

Stylianidou’s model contains ideas that would be useful in the development of a
system of classifying pictures, but 1s too complex for use in my study. It would be

more appropriate for extremely content-rich illustrations and especially if there were

subtle nuances to be drawn from such images. However, the dimensions within this

system do not correspond with the dimensions within my own system.

Another classification system is that of Reid, (1990) who classifies illustrations into

three main functions:

% Remuneration: they act as a stimulant for someone to purchase the
book thereby giving the publisher a financial reward
%«* Perceptual: this is sub-divided into a number of categories;
attracts attention to the picture,
directs attention to a specific part
motivates giving an incentive to look further at the book.
* Cognitive: sub-divided into:
reiteration, further exposure to text
representational, make concepts more concrete
organisational, integrating parts of the text
interpretation, make text more comprehensible
transformation, presenting information in a new way
pedagogic, designed to help the ‘less able’

&

Again, this system does not fit in with the dimensions in my study, being more

aligned with categorising the way that the student interacts with the question.

Santos-Bernard, (1997) focused upon two types of illustration; the cosmetic and the
relevant. The cosmetic related to those illustrations that showed what something
looked like but contained no information necessary to accomplish a task. This would
relate to my classification of “Decorative”. Her relevant illustrations showed how
something looked but also contained information pertinent to the mathematical
problem and were intended to be used as a direct source of information in order to

accomplish a task. This category appears to cover those I have identified as

“Essential” and “Related” but I believe there is a distinction between the two.

For the purpose of this study, classification of illustrations will involve those that are
representational in that the illustrations represent a form of reality relevant to the text.

Equally it could be said that the illustrations are descriptive because they show what
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something looks like. Additionally, the cartoon nature of the illustrations encourages
an emotive response from the reader giving them an expressive quality. Although
others’ classifications may be of value given other research foci, they do not pick out
the dimensions relevant to my research focus. Principally, my representational
1llustrations may be classified by their related and cosmetic function (Santos-
Bernard’s work) but this classification remains rather rudimentary. There are some
Illustrations that are essential to the understanding of the problem and other purely
cosmetic 1llustrations which are definitely misleading if they are taken into account
when formulating a solution. I shall delay a further breakdown of these categories

until the methodology chapter.

2.5 - Pictorial representations and the reading process

Both the Iiterature review on word problems and the pilot study have indicated that
comprehension of the problem is essential if children are to construct a schemata
appropriate to the question and execute it successfully. The majority of mathematical
problems that children encounter involve the reading process. The predominance of
problems the children encounter in this study involve the decoding and
comprehension of text. As ateacher and observer of others I know that pictures are
used extensively by children when reading. For example, if a child is unable to
decode a word they will typically use the illustration to help identify the word. If a
noun is required the children will use the first letter of the word to see if there is an
object in the illustration which begins with that letter. In discussing the text,
reference will be made to the 1llustration. This section examines the role illustrations

play in the development of children’s decoding and understanding of text.

Children of ages seven and eight are still learning and refining their reading skills and
most texts the children encounter contain illustrations or pictures. Reading is a
complex process that involves word recognition, or the decoding of marks on the

page, and comprehension, the construction of meaning from words and sentences.
The skilled reader decodes in a highly automatic and efficient way and constructs a

mental representation of what the text is about. (Newton, 1995).
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Reading 1s an internal process and understanding the development of reading skills
with the accompanying construction of meaning has been the central feature of

reading researchers for several decades, a time that has seen children’s literature
undergoing tremendous changes. “Numerous contemporary picture books no longer

contain simple relationships between images and written text. Some illustrations are
closely aligned with the written text, providing symmetrical information, while others

enhance or contradict the meaning of the written text”. (Serafini, 2005:61)

This vogue for highly illustrated and colourful textbooks is the current milieu in

which children are learning and developing their reading skills.

It 1s now acknowledged that picture books can have multiple meanings and multiple
discourses and that the reading of images is one aspect of visual literacy that is
required in an increasingly technological age (Walsh, 2003). Reading of pictures 1s a
different process from reading words. Work conducted by Arizpe and Styles, (2003)
identified that the reading of pictures is an equally complex act of reading as the
reading of words, and that pictures can evoke different levels of responses. In
contemporary society, children are increasingly presented with materials that are not
linear, for example web pages, multi-media advertisements, music videos, and
informational texts. In order to be successful, readers need to learn to navigate these
and critically evaluate the information presented (Serafini, 2005). The implication

here is that children are having to learn to read pictures as much as words and to gain

a working understanding of both media sources.

The actual act of reading involves the use of sensory material, in general this will be
what we see “through the eyes” or, and information we already know that is stored in
our minds “behind the eyes”. Smith, (2004) illustrates this process in the following

diagram.

Visual information

Nonvisual information
Reading

Diagram 3 Two sources of information in reading (Smith, 2004:74)
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This indicates that if children are unable to comprehend meaning using information
from thetr stored knowledge they become more reliant on the visual source.
However, if within the visual text the words have been of little help, then the visual
images (or illustrations) accompanying the text will become the predominant route to
comprehension. As cited above, learning to read images is also a process that has to

be mastered.

Most children and adults would recognise this image as a dog. It

may not be a well drawn illustration of a dog but it is clearly a

drawing of a dog, but you would not confuse it with an actual

dog. However, if I was to say that this is a drawing of my dog

Pip, as words describe both reality and depictions of reality, the
S

\

generic drawing now becomes a specific drawing of a /
particular dog. The picture may more closely resemble /
another dog (say Taff) but it is still a drawing of Pip. The illustrz=c= starts to

develop substance, becoming a specific character which could be placed into any
number of settings. The character develops even greater substance depending on the
context. For example, if Pip is pictured in a kennel it 1s more believable than if Pip is
pictured inside a diving suit. As they develop, children learn to read the relationship

between pictures and what they depict (Serafini, 2005).

Kress, (1997) contends that the reading of images involves quite a different process

to the reading of words. Images involve the arrangement and display of elements that
are salient. Yet as Newton, (1995) identifies ‘pictures can make complex information

accessible, serve to verify or shape mental models, make prior knowledge available,

and motivate the reader” (Newton, 1995:128). This has direct relevance to the type

of llustrations used in this study. Using as an example, in one of the mathematics

problems mentioned previously, Queen Esmerelda’s Coins, (page 22) we can examine
this idea more closely. The illustration shows a lady with a crown on her head. The

crown would be a visual symbol that the lady is either a queen or a princess.
However, the text specifically names the character as Queen Esmerelda. The image

then becomes one of a specific, rather than a generic, individual. To add further

41



substance to the image, the background infers an appropriate setting; a room in a
castle with a soldier in medieval dress standing guard as she is busy dividing up her
coins into different piles. The image is defining a particular reality, albeit one where
the queen’s cat wears a crown! Children are being lured into believing that the image
portrays a particular reality. The problem in this example is that the image conflicts
with the text in depicting more than the twenty stated coins. A dichotomy results in
that within the image in Queen Esmerelda’s Coins, some of it is true and some is
false. This means that the children have to have the sophistication to accept certain
clements of the image as true, but not others. This could be difficult for those who are

relying on the picture for clues as to the nature of the mathematical problem.
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