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INTRODUCTION

Mathematical word problems can be defined as descrip-
tions of circumstances involving one or more prob-
lems that can be solved by performing appropriate 

mathematical operations on given numerical informa-
tion (Verschaffel et al.,  2010, 2020). As word problems 
are often presented in everyday contexts, they repre-
sent the interaction between mathematics and real life 
(Moleko, 2021). Solving word problems involves multiple 
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Abstract
This randomised controlled trial experimental study compared the effectiveness 
of using two different types of visualisation –  self- constructed visualisation (SCV) 
and passively received visualisation (PRV) –  to help children with attention- deficit/
hyperactivity disorder (ADHD) solve mathematical word problems. While SCV 
refers to drawings that children create to help solve given word problems, PRV 
refers to pre- made images that accompany word problems. Twenty children with 
ADHD in Kuwait, aged nine to 11 years, were randomly assigned to either the SCV 
or PRV group, where they were taught to use either SCV or PRV to solve word 
problems across 20 daily one- to- one sessions. The results showed that regardless 
of the visualisation type, children's word problem- solving ability significantly 
improved. Children with ADHD should thus be encouraged to use visualisation to 
help make the word problem- solving process more accessible to them.

K E Y W O R D S
attention- deficit/hyperactivity disorder (ADHD), constructionism, passively received visualisation 
(PRV), self- constructed visualisation (SCV), visualisation

Key points

• The findings showed that both types of visualisation –  self- constructed visuali-
sation (SCV) and passively received visualisation (PRV) –  can help children with 
ADHD learn how to solve word problems in mathematics, despite the difficul-
ties experienced by these children in processing textual information.

• The study also found that children's performance following SCV was signifi-
cantly better than their pre- test performance, and they maintained this level of 
performance for a further month following SCV. This suggests that SCV has 
long- lasting benefits. PRV did not appear to show long- lasting benefits.

• Teachers should be made aware of the benefits of using visualisation with chil-
dren who have special needs or learning disabilities, giving the technique more 
attention as part of their overall pedagogy.
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mathematical thinking processes, for example, under-
standing, planning, calculations and verification (Csíkos 
& Szitányi, 2019). Such processes present specific chal-
lenges to children who have difficulty concentrating, or 
who cannot plan their actions easily, as in the case of 
children with attention- deficit/hyperactivity disorder 
(ADHD). Moreover, children with ADHD also tend to 
exhibit reading difficulties (Kofler et al., 2018). This can 
be problematic for them, as word problems demand a 
fairly high degree of reading comprehension (Csíkos & 
Szitányi, 2019), and Trakulphadetkrai et al. (2020) have 
shown that limited reading comprehension and poor 
vocabulary knowledge can increase difficulties encoun-
tered by children when solving word problems.

Considering these challenges, the current study sets 
out to ascertain the effectiveness of using visualisation 
as a tool for helping children with ADHD solve word 
problems. The rationale for this study's focus on visual-
isation is that it could help make solving word problems 
more accessible to children with language- processing 
difficulties while keeping them focused on their task. 
Specifically, the study sets out to compare the effective-
ness of two types of visualisation, that is, self- constructed 
visualisation (SCV) and passively received visualisation 
(PRV). While the former is taken to refer to children’ own 
drawings that they create to assist them in solving word 
problems, the latter refers to ready- made images that ac-
company word problems. As solving word problems is 
a common mathematical task (Csíkos & Szitányi, 2019), 
it is thus imperative that we ensure that we have a good 
understanding of how children with ADHD can be best 
supported when engaging in this type of mathematical 
task.

The following sections will now expand on the concep-
tualisations of ADHD, mathematics learning challenges 
for children with ADHD and the role of visualisation as 
a mathematics learning tool.

CONCE PTU A LI  SAT IONS OF A DH D

ADHD is widely considered to be a hereditary disorder, 
affecting around 5.29% to 7.1% of schoolchildren world-
wide (Evans et al., 2018; Neudecker et al., 2019; Young & 
Smith, 2017). It is characterised by three key behavioural 
characteristics, namely, inattention, hyperactivity and 
impulsivity (Evans et al.,  2018; Neudecker et al.,  2019; 
Young & Smith, 2017). According to Schultz  (2011), al-
though ADHD is perceived to be similar to attention 
deficit disorder (ADD), the absence of hyperactivity in 
ADD implies that ADHD sufferers have other special 
needs, due to the impulsive nature that can accompany 
their inattentiveness.

There are differing views on what causes ADHD. 
For some, ADHD is a neurodevelopmental disorder 
caused by disparities in the development of the brain's 
anatomy, adversely affecting the mental development 

of those affected, including their ability to organise 
and focus (Arnold et al.,  2020; Bozinovic et al.,  2021; 
Visser et al.,  2020). However, recent studies, such as 
Michaud's  (2021), are unable to determine conclusively 
that ADHD learning difficulties shown in some children 
are, in fact, caused by neurodevelopmental disorders. 
Furthermore, Smith  (2017, p. 767) criticises the preva-
lent perspective that ADHD is a universal phenomenon 
found in all human populations across time and place, 
and argues –  based on his analysis of ADHD's emergence 
in Canada, the UK, Scandinavia, China and India –  for 
a reconceptualisation of ADHD as a social construct, 
that is, ‘a product of local historical, cultural and polit-
ical factors’. His view echoes that of Hamed et al. (2015, 
p. 2), who highlight that people:

from different cultural and ethnical back-
grounds may have different views and per-
ceptions of behavioural norms and when to 
consider behaviour inappropriate or indica-
tive of a clinical disorder such as ADHD.

This sociological perspective on ADHD, therefore, 
highlights the issue with using widely adopted ADHD 
diagnostic tools, such as the American Psychiatric 
Association's Diagnostic and statistical manual of mental 
disorders, fifth edition (DSM- 5; APA, 2013) and the World 
Health Organisation's International classification of dis-
eases, tenth edition (ICD- 10; WHO,  1992), which are to 
some extent based on subjective behavioural assessment.

CH A LLENGES FOR CH ILDREN 
W ITH A DH D W H EN SOLVING 
WORD PROBLEMS

Word problems are frequently used as a distinct genre of 
mathematical task (Csíkos & Szitányi, 2019). They allow 
children to apply the mathematical knowledge that they 
learn in the formal classroom setting to meaningful eve-
ryday contexts (Pongsakdi et al.,  2019). This is crucial 
in mathematics learning, as it helps children to contex-
tualise abstract mathematical concepts in contexts that 
are relevant and meaningful to them. However, as noted 
in the introductory section, it can be argued that chil-
dren with ADHD may find solving word problems more 
challenging than children without ADHD for two key 
reasons; namely, the complexity involved in maintaining 
focus while engaging in multiple mathematical thinking 
processes; and in reading and understanding the textual 
information presented in word problems.

Concerning the first challenge, solving word prob-
lems involves multiple mathematical thinking processes, 
for example, understanding, planning, calculation 
and verification (Csíkos & Szitányi,  2019). Such pro-
cesses can present specific problems for children who 
have difficulty concentrating or who cannot plan their 
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actions easily, as in the case of children with ADHD. 
To a large extent, these challenges are caused by the fact 
that children with ADHD have poorer working mem-
ory than their typically developing peers (Alloway & 
Cockcroft, 2014). Drawing from Miyake and Shah (1999), 
Trakulphadetkrai et al.  (2020, p. 477) define working 
memory as ‘the mental space that is involved in the 
controlling, regulating, and maintaining of relevant in-
formation needed to achieve complex cognitive tasks’. 
Thus, having poor working memory can limit one's men-
tal ability to engage in the various thinking processes 
required to solve word problems.

Concerning the second challenge, as word problems 
are textual in nature, it requires children to be able to 
read and understand textual information efficiently. 
This argument is supported by Trakulphadetkrai 
et al.'s  (2020) findings, which conclude that children's 
ability to solve word problems can be predicted by their 
language ability and reading comprehension skills. It 
can thus be quite challenging for children with ADHD 
to solve word problems as they also experience reading 
difficulties, at least in part, due to their poor working 
memory (Kofler et al., 2018).

Given the aforementioned challenges, and given that 
solving word problems is a common mathematics teach-
ing and learning tool, being able to support children 
with ADHD to solve word problems successfully is thus 
crucial. The current study will now argue that using vi-
sualisation can help to address these specific mathemat-
ics learning challenges as experienced by children with 
ADHD.

VISUA LISATION AS A 
M ATH EM ATICS LEARN ING TOOL

Visualisation is crucial to mathematics learning as 
it can support the mathematical thinking process 
(Arcavi,  2003). Bruner  (1966) proposed three modes 
of representation to aid learning: the enactive mode 
(learning through actions and concrete objects), the 
iconic mode (learning through visual aids) and the sym-
bolic mode (learning through symbols and languages). 
According to Bruner (1966, p. 49):

it may be possible to by- pass the first two 
stages. But one does so with risk that the 
learner may not possess the imagery to fall 
back on when his symbolic transformation 
fails to achieve a goal in problem solving.

Representing mathematics situations visually can give 
meaning to and help solve word problems (Bruter,  2013; 
Hanna & Villiers,  2012). In addition, visualisation can 
assist with recall because images are generally eas-
ier to remember than abstract concepts (Bruter,  2013; 
Schäfer, 2021). Moreover, visualisation can help improve 

children's mathematical understanding by enhancing 
their cognitive ability through the development of men-
tal images (Bruner, 1966; Giaquinto, 2011; Schäfer, 2021; 
Skemp, 1989).

However, some scholars are critical of the use of visual-
isation to support mathematics learning. Tversky (2010), 
for example, argues that images can be confusing for 
children if they cannot comprehend the meaning of a 
given image. Likewise, Gates  (2018) adds that it is not 
always easy to discern what some given images are sup-
posed to represent. Thus, the clarity of the images is crit-
ical, or else they will be useless.

Passively received visualisation (PRV) and  
self- constructed visualisation (SCV)

The current study focuses on two types of visualisation: 
passively received visualisation (PRV) and self- constructed 
visualisation (SCV), which were coined by the study's 
authors.

Passively received visualisation (PRV)

In the context of the current study, PRV is taken to refer 
to ready- made images that accompany word problems. 
For example, a ready- made image that could accom-
pany the word problem: ‘Hamad went to the theme park. 
Hamad played four games and for each game, he won 
two prizes. How many prizes did Hamad win altogether?’ 
could be an image of four groups of two toys. Using such 
images may be considered as a means of teaching and 
learning through visualisation, which helps make unfa-
miliar material more familiar for children (Taber, 2018). 
In addition, images can make complex conceptual or 
abstract knowledge available to children by providing a 
clear picture of the concepts and removing the confusion 
(Dongwi & Schäfer, 2019; Taber, 2018). Many research-
ers affirm that visual images (that is, PRV in the case of 
the current study) can positively influence mathematics 
learning and change children's attitudes towards math-
ematical concepts (Arcavi,  2003; Bjuland,  2007; Gal & 
Linchevski, 2010). These researchers have found that the 
use of these visual images in teaching and learning en-
vironments can complement the teaching of any mathe-
matical concept and enhance higher thinking in problem 
solving.

Using images to teach and learn mathematics can have 
its limitations. As previously mentioned, Gates (2018) ar-
gues that it is not always easy to work out what images 
are supposed to represent. Furthermore, Ozdamli and 
Ozdal (2018), for example, found that teachers do not al-
ways want to use visual representations of mathematical 
concepts, because it can be time- consuming for them to 
find or create these visual representations and it adds to 
their workload.
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Self- constructed visualisation (SCV)

In the context of this study, SCV is taken to mean im-
ages that children construct themselves to assist them 
in solving word problems. As noted in the previous sec-
tion, the idea here is that such visualisation renders the 
processing of textual information more accessible to 
children.

In essence, the concept of SCV is linked to the act of 
drawing, which can be defined as constructing an image 
or an external visual representation of information, so 
as to make it easier to grasp the information (Carney & 
Levin, 2002; Van Meter et al., 2006). A research gap ex-
ists in the use of drawing for teaching, especially among 
children with ADHD, for whom poor working memory 
appears to be a major challenge (Clark et al., 2007; Young 
et al., 2007). The few empirical studies that provide some 
evidence that drawing can be used to improve working 
memory via visual sensory parts of the brain include 
Meade's (2019) study of 210 undergraduate students at a 
university in Canada, which found that the use of draw-
ing to represent given words is more effective than just 
writing out those words in helping the participants to 
recall the words later. Although Meade's study involved 
participants who are older than those in the current 
study, and despite the study's focus on recall of informa-
tion, it can still be argued that using drawing (and hence 
SCV in the context of this study) to represent the words 
(and hence the mathematical situations) in given word 
problems has the potential to make the word problem- 
solving process more accessible.

However, the process of drawing is not without issues. 
Leutner et al. (2009), for example, argue that the process 
of drawing can lead to high cognitive load; that is, learn-
ers can be overwhelmed by the amount of information 
to be simultaneously processed (Paas et al., 2004). This 
could help explain Yaoukap et al.'s (2019) argument that 
some children may find it difficult to engage in the pro-
cess of drawing.

In summary, SCV and PRV represent two similar 
–  and yet different –  approaches to solving word prob-
lems. Specifically, while both approaches are visual 
in nature, the PRV approach relies on children using 
ready- made visualisations or images that accompany 
given word problems to help them solve the problems. 
The SCV approach, on the other hand, relies on chil-
dren constructing their own visualisation or images 
themselves to represent mathematical situations in given 
word problems as a strategy to solve the problems. It can 
thus be argued that children using the SCV approach 
engage in the mathematical problem- solving process 
much more actively than their PRV- using counterparts 
who just passively rely on the visualisations or images 
that are presented to them as part of the word prob-
lems. Specifically, to be able to represent any given word 
problems visually, children using SCV would first have 
to ensure that they actually understand the problems 

and what is being asked. Then they would have to de-
cide, for example, which type of visualisation would best 
represent the mathematical situations found in the given 
problems; for instance, whether to use pictorial repre-
sentation, which is essentially a drawing that represents 
the objects as closely as possible (for example, drawing 
two apples to represent two apples that are described in 
a given word problem), or the more abstract kind (for 
example, drawing two rectangular bars or two dots to 
represent the two apples). Moreover, children using SCV 
would then have to ensure the accuracy of the numeri-
cal information as represented in their drawings. These 
areas of consideration represent the additional cognitive 
steps that children would have to go through when using 
the SCV approach to solve mathematical word problems, 
while their PRV- using counterparts arguably do not have 
to go through these additional cognitive steps.

There is also a theory that may help explain why the 
SCV approach could be more effective than the PRV 
approach, and this theory will be discussed in the next 
section.

CONSTRUCTION ISM AS TH E 
STU DY'S U N DERPIN N ING TH EORY

The current study's underpinning theory is construction-
ism, which offers a nuanced divergence from construc-
tivism (Halpenny & Pettersen, 2014). Constructivism, of 
which Piaget was a pioneer, is a psychological learning 
theory, which essentially maintains that learners con-
struct their own knowledge and understanding based on 
their experiences of the world, while internalising their 
ideas (Halpenny & Pettersen, 2014). In constructionism, 
the emphasis is on externalisation: the cognitive process 
whereby learners externalise their current understand-
ing by creating a ‘public artefact’ that can be examined 
and probed by others (Papert, 1993). In the current study, 
such public artefacts take the form of SCV, where the 
children project their understanding of given word prob-
lems by creating images. These images, from the child's 
perspective, appropriately represent the problems pre-
sented to them. Such a process of active externalisation 
is key to constructionism, and when incorporated into 
the mathematics learning process (for example, through 
SCV), it arguably makes learning more effective, com-
pared to using PRV or no visualisation at all.

A IM OF TH E CU RRENT STU DY

To the best of our knowledge, no previous empirical 
studies have set out to compare the effectiveness of PRV 
and SCV as strategies to help children with ADHD solve 
word problems. It is this research gap that the current 
study sets out to address. Therefore, the current study 
sets out to the answer the following research question: to 
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what extent do PRV and SCV help children with ADHD 
solve mathematical word problems?

M ETHODS

Research context

The current study is situated in Kuwait, where chil-
dren with different types of special educational needs 
are included in state- funded schools; for example, chil-
dren with Down syndrome, hearing and vision impair-
ments, autism, and with other learning disabilities (for 
example, dyslexia, dyscalculia and ADHD) (Ministry 
of Education,  2006). Kuwait has adopted an inclusive 
education system as part of a broader national strategy, 
because providing inclusive education is implied in the 
religious mandate that forms a significant part of the 
policy- making process in the region (Weber, 2012). Al- 
Manabri et al.  (2013) also highlight that inclusive edu-
cation is part of Kuwaiti mainstream education to help 
ensure that learning institutions in the country provide 
equal opportunities for all children.

However, the implementation of inclusive education 
to accommodate children with special educational needs 
is often negatively perceived by learning institutions 
and communities in the Middle East, including Kuwait. 
For example, Al- Manabri et al. (2013) have argued that 
children with special educational needs were perceived 
in the Arab world as holding the rest of the class back, 
delaying the progress of learning, and asking inappro-
priate or irrelevant questions. This is arguably one of the 
reasons why the Kuwaiti Ministry of Education decided 
to open two special schools for children with learning 
disabilities (a boys' school in 2013 and a girls' school in 
2014 in Mubarak Al- Kabeer Educational Governorate) 
(Alzamil et al., 2021) so that the special learning needs of 
these children could be catered for specifically.

Sampling and sample size

Children were selected from two state- funded special 
needs schools for children with learning disabilities 
in Kuwait. Schools in Kuwait are gender- segregated. 
Therefore, one of the participating schools was all- 
female and the other was all- male. Children from both 
schools who were diagnosed with ADHD in the nine-  to 
11- year- old age group were invited to participate in the 
study. (The reason for choosing this age group, and not 
a younger age group, is because very young children can 
find the process of drawing difficult when compared 
to their older counterparts; Rellensmann et al.,  2017.) 
Overall, 20 children (eight girls, 12 boys) were found to 
fit these selection criteria and agreed to take part in the 
study. Their parents also gave consent for their children 
to take part in the study.

It is worth noting that the current study's girls- to- 
boys ratio of 1:1.5 noticeably differs from the girls- to- 
boys ratio found in other countries. For example, Novik 
et al.  (2006) found that of the 1478 children who were 
diagnosed with ADHD across ten European coun-
tries, only 231 of them were girls and the rest were boys, 
yielding the girls- to- boys ratios ranging from 1:3 to 1:16 
according to country. Salem et al.'s  (2014) study of 70 
Kuwaiti children diagnosed with ADHD found the girls- 
to- boys ratio to be around 1:3.5 (that is, 20 girls, 30 boys). 
It is thus acknowledged that the gender ratio in this study 
does not reflect the more typical gender ratios found in 
other studies.

Research design

The current study adopted a randomised controlled 
trial design with two groups of children (PRV and SCV). 
Each group comprised four girls and six boys who were 
randomly allocated to it. Every child in these two groups 
attended daily one- to- one 30- min sessions for four weeks 
(totalling 20 sessions), led by the first author (Details of 
the sessions can be found in the following section).

An experimental intervention was designed to inves-
tigate the effectiveness of two specific types of visuali-
sation (PRV and SCV) on helping children with ADHD 
solve word problems. The intervention was conducted on 
the two groups of children: the intervention group (SCV) 
and the comparison group (PRV). In an experimental 
research design, the purpose is to control and measure 
changes in one or more variables (independent variables) 
in order to investigate the effect of these changes on other 
variables (dependent variables) (Pandey & Pandey, 2015). 
In the current study, the independent variable was the 
type of visualisation (PRV or SCV) used to solve word 
problems. The dependent variable was the children’ 
ability to solve word problems as measured in their test 
scores. The study's hypotheses were:

Null hypothesis: There will be no statistically 
significant differences in the ability of chil-
dren with ADHD (across both the SCV and 
PRV groups) in solving word problems.

Alternative hypothesis: There will be statisti-
cally significant differences in the ability of 
children with ADHD (across both the SCV 
and PRV groups) in solving word problems.

The intervention was conducted during the first term of 
the academic year in Kuwait (September to mid- January). 
In September and October 2018, the study took place in 
the girls' school, while in November and December 2018, it 
took place in the boys' school.

Before the data collection began, children in the 
intervention group (SCV) received a one- to- one 
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introductory session for 15 min from the first author to 
ensure that they understood the purpose of the inter-
vention, and were clear on what was meant by solving 
word problems through drawing. This was achieved 
by giving the children one example of a word prob-
lem where they were encouraged to think of how the 
problem could be represented visually, and allowing 
them to attempt to create a drawing to try to represent 
the given problem. This introductory session was not 
offered to children in the PRV cohort due to the fact 
that they would not be using the SCV approach in their 
sessions.

Research instruments

Children across the two groups completed the same 
tests: a pre- test, a post- test and a delayed post- test (ad-
ministered one month after the post- test). In addition, 
the children across the two groups completed four in-
terim tests: one after every five daily one- to- one sessions 
(see Table 1 for further clarification of the experimental 
design). These interim tests served as a means to meas-
ure how the children developed over the course of the 20 
daily sessions.

Decisions about the questions to be used as part of the 
daily sessions and in the tests were informed by mathe-
matics teachers from both participating schools. Their 
agreement was necessary to ensure that the word prob-
lems used in the sessions and tests corresponded to their 
schools' curriculum. In the context of the current study, 
the teachers advised that the mathematical focus should 
be on multiplication and division.

Each daily one- to- one session (30 min each) for the 
SCV or PRV children involved them solving six word 
problems. Children in the SCV group were asked to 
solve these by visually representing mathematical sit-
uations in the given word problems through drawing, 
while children in the PRV group were asked to solve 
the same problems by relying on given images that 
accompanied the problem. The researcher did not 
interfere when the children were trying to solve the 
given word problems during the sessions. The only 
help received by the children during the sessions 
was when some of them needed assistance from the 
first author to read out some mathematical word 
problems.

There were six word problems in each test. The first 
two problems were the easiest, the middle two prob-
lems were of medium difficulty, and the last two prob-
lems were the most difficult. The rationale for ordering 
the problems from the easiest to the most difficult was 
to help reduce the likelihood of test takers abandon-
ing the test altogether (Anaya et al.,  2022). Examples 
of the word problems, and how the children solved the 
word problems using SCV and PRV, are illustrated in 
Table 2. T
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Data analysis

As noted, the experiment was designed to investigate the 
effectiveness of two specific types of visualisation (PRV 
and SCV) on helping children with ADHD solve word 
problems. An independent sample t- test was applied 
to compare the mean scores of the two different inde-
pendent groups' performance on the pre- test, post- test 
and delayed post- test. Although the study's sample size 
is small (N = 20), this does not affect the test results. De 
Winter (2013), for example, argued that the t- test can be 
performed even with a sample size of two as long as the 
Type I error rate did not exceed the nominal value of 5%. 
As the t- test is a parametric test, the normality hypoth-
esis was tested, and the data were normally distributed. 
Moreover, the paired sample t- test was also used to ascer-
tain whether differences in the pre- test, post- test and de-
layed post- test scores can be observed within each group.

RESU LTS

The independent- samples t- test was used to compare 
the test scores of the two groups of children to ascertain 
which type of visualisation treatment would be more ef-
fective in helping them solve word problems. As shown 

in Table  3, there was no statistically significant differ-
ence in the test scores of the two groups of children in 
any of the tests. The effect sizes of the intervention in 
the post- test (d = 0.38) and the delayed post- test (d = 0.47) 
scores were small.

Separately, the paired- samples t- test analysis shows 
a statistically significant difference between the pre- 
test and post- test for the PRV group, highlighting that 
children in the PRV group did significantly better on 
the post- test compared to the pre- test by an average in-
crease of 2.30 points (see Table  4). Additionally, a sta-
tistically significant difference was also found between 
their performance on the post- test and delayed post- test 
(which was administered one month after the post- test). 
Interestingly, the PRV children somehow performed sig-
nificantly worse on the delayed post- test than they did on 
the post- test by an average decrease of 1.70 points.

The same analysis was performed on the SCV group's 
dataset as shown in Table 5, which reveals that the SCV 
children performed significantly better on their post- test 
when compared to their pre- test by an average increase 
of 1.70 points (compared to the average increase of 2.30 
points in the PRV group noted in the previous paragraph). 
Furthermore, no statistically significant difference was 
found in the children's performance between the post- test 
and the delayed post- test, which arguably can be seen as a 

TA B L E  2  Examples of three word problems from one of the sessions (as translated from Arabic).

Word problems (three examples) Example from one of the SCV children Example from one of the PRV children

1. Hamad went to the theme park. Hamad played 
four games and for each game, he won two 
prizes. How many prizes did Hamad win 
altogether?

2. If you know that one taxi can fit only five 
people, then what is the maximum people 
that can fit in six taxis?

3. Salwa has 15 dinars to spend across five days. 
How many dinars can Salwa spend equally 
per day for those five days?

Abbreviations: PRV, passively received visualisation; SCV, self- constructed visualisation.
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more positive outcome in relation to their counterparts in 
the PRV group who –  as stated in the previous paragraph 
–  performed worse, to a statistically significant extent, in 
their delayed post- test compared with their post- test.

DISCUSSION A N D CONCLUSION

The current study set out to examine the extent to which 
two types of visualisation (SCV and PRV) can cater to 

the mathematics learning needs of children with ADHD, 
specifically in helping them solve word problems.

The findings showed that both groups performed sig-
nificantly better on their post- test compared to their pre- 
test. To an extent, this finding is unsurprising, as earlier 
studies have found that children with special needs and 
children in general benefit from using visualisation 
in mathematics learning (Garderen et al.,  2014; Tsai & 
Yen, 2013). What is arguably surprising is the fact that 
children in the SCV group did not significantly outper-
form their PRV counterparts at the post- test. This is sur-
prising because according to Papert (1993), children are 
thought to learn more effectively when they have oppor-
tunities to externalise (or project out) their thinking and 
understanding by creating a public artefact (which in the 
case of the current study is the drawings created by chil-
dren in the SCV group). One potential explanation for 
why there was no significant difference in the post- test 
performance between the two groups of children could 
be due to the fact that both groups used the concept of 
visualisation. Despite the nature of visualisations used 
by the two groups (SCV and PRV) differing, it seems that 
both groups equally increased their ability to process the 
complexity of both the contextual and numerical infor-
mation in the given word problems, thereby equally im-
proving their word problem- solving ability.

The study also found that while the SCV children's 
performance on their post- test was significantly better 
than on their pre- test, there was no statistically signifi-
cant difference in the SCV children's performance on their 
post- test and their delayed post- test. Arguably, this can 
be interpreted quite positively, in that the SCV children's 
ability to solve word problems with the help of SCV ap-
peared to be sustained even a month after the data col-
lection period. The PRV children's performance is even 
more interesting. Specifically, while the PRV children's 
post- test performance was significantly better than their 
pre- test performance, their delayed post- test performance 
was statistically significantly worse than their post- test 
performance. Unlike their SCV peers, the PRV children's 
word problem- solving ability (using the PRV approach) 
was not sustained after the data collection period. In fact, 

TA B L E  3  Descriptive statistics and comparison between SCV 
and PRV for test performance.

Group N Mean
Standard 
deviation

Standard 
error 
mean

Sig. 
(2- tailed)

Pre- test

PRV 10 0.60 0.843 0.267 0.773

SCV 10 0.70 0.675 0.213

Test 1

PRV 10 2.40 1.578 0.499 0.741

SCV 10 2.20 1.033 0.327

Test 2

PRV 10 3.10 1.729 0.547 0.372

SCV 10 3.80 1.687 0.533

Test 3

PRV 10 3.20 1.317 0.416 0.535

SCV 10 3.60 1.506 0.476

Test 4

PRV 10 3.20 0.789 0.249 0.289

SCV 10 3.80 1.549 0.490

Post- test

PRV 10 2.90 1.287 0.407 0.408

SCV 10 2.40 1.350 0.427

Delayed post- test

PRV 10 1.20 1.229 0.389 0.306

SCV 10 1.80 1.317 0.416

Abbreviations: PRV, passively received visualisation; SCV, self- constructed 
visualisation.

TA B L E  4  Paired- sample t- test –  PRV group.

Paired differences

t df Sig. (2- tailed)Mean Standard deviation Standard error mean

95% Confidence 
interval of the 
difference

Lower Upper

Pair 1

Pre- test –  post- test −2.300 1.494 0.473 −3.369 −1.231 −4.867 9 0.001

Pair 2

Post- test –  delayed post- test 1.700 1.829 0.578 0.392 3.008 2.940 9 0.016

Abbreviation: PRV, passively received visualisation.
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   | 9VISUALISATION TO SUPPORT MATHEMATICS LEARNING

it somehow got noticeably worse. One conjecture for this 
interesting finding may be attributed to PRV children's 
lack of opportunities to actively construct their own visu-
alisation as part of their word problem- solving strategy; 
this lack of opportunities may have hindered their ability 
to retain their word problem- solving ability one month 
after the post- test. Unintentionally, this specific finding 
thus perhaps highlights a cognitive benefit of the SCV 
approach (as underpinned by Papert's, 1993 construction-
ism theory), namely, that children's active construction 
of visualisation can help them retain their word problem- 
solving ability over a period of time.

Limitations of the study

The current study has some limitations. First, it would 
have generated more insightful findings by having three 
groups of children instead, namely, the SCV group, the 
PRV group and a third group of children whose word 
problems would not come with any accompanying im-
ages and who would need to use ‘traditional’ method of 
solving word problems instead (such as written calcula-
tion methods). The inclusion of this third group would 
have revealed how the SCV and PRV children performed 
on their tests compared to their counterparts in the 
‘business- as- usual’ peer group.

Second, the limitations of time (that is, just one month 
to apply the intervention) and a small sample size played 
a critical role in the quality of the data collected in this 
study. Research conducted over a longer period could 
have revealed stronger and more enduring effects of the 
intervention. Moreover, if the sample size had been big-
ger, the results could be interpreted more robustly.

Moreover, we could have interviewed the children in 
the study in relation to their responses to the given word 
problems. This would have revealed more insights into 
their thinking, and it would have added more depth to 
our analysis. Unfortunately, due to the study's time con-
straints, it was not possible to conduct such interviews.

Finally, the children were not tested on their general 
mathematics and reading ability levels before conducting the 
intervention. Establishing children's general mathematics 

and reading ability levels, and using this information to 
help ensure that each of the two groups (SCV and PRV) 
was made up of a similar proportion of children with the 
different mathematics and reading ability levels, would have 
made the research design fairer and more reliable.

Implications of the study

The findings of this study suggest that the use of visuali-
sation –  whether PRV or SCV –  could help children with 
ADHD learn how to solve word problems, despite the dif-
ficulties experienced by these children in processing textual 
information (Kofler et al., 2018). Teachers should therefore 
be made aware of the benefits of using visualisation with 
children who have special needs or learning disabilities, and 
give the technique more attention as part of their overall 
pedagogy. In particular, teachers could make visualisation 
explicit in their mathematics lesson plans, especially when 
children are asked to solve word problems. In relation 
to SCV specifically, one key advantage of children using 
SCV rather than PRV when solving word problems is that 
teachers could use the children's drawings as a formative 
assessment tool to assess their current level of mathemati-
cal understanding. Moreover, when children who use SCV 
still struggle to solve word problems, their drawings can 
be used as a diagnostic tool by the teacher to try to under-
stand what may have caused the difficulty.

Future research directions

The focus of the current study has been on using visu-
alisations –  a form of written communication –  to make 
solving word problems more accessible to children with 
ADHD. It would be interesting to explore the extent to 
which alternative forms of communication (for example, 
oral communication through the use of the dialogic teach-
ing strategy –  a strategy that harnesses the power of talk 
to foster children's thinking; Alexander, 2020) –  could help 
reduce the cognitive overload that children with ADHD 
may experience when solving word problems using tradi-
tional written methods.

TA B L E  5  Paired sample t- test –  SCV group.

Paired differences

t df Sig. (2- tailed)Mean Standard deviation Standard error mean

95% confidence 
interval of the 
difference

Lower Upper

Pair 1

Pre- test –  post- test −1.700 1.636 0.517 −2.871 −0.529 −3.285 9 0.009

Pair 2

Post- test –  delayed post- test 0.600 1.350 0.427 −0.366 1.566 1.406 9 0.193

Abbreviation: SCV, self- constructed visualisation.
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As previously noted, ADHD is characterised by three 
key behavioural characteristics, namely, inattention, hy-
peractivity and impulsivity (Evans et al., 2018; Neudecker 
et al., 2019; Young & Smith, 2017); it would thus also be 
useful to ascertain the extent to which the use of visual-
isation (both SCV and PRV) could help to address these 
characteristics of children with ADHD when they are 
solving word problems.
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