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Recognising the heterogeneity of ADHD is fundamental to a socially just
mathematics education. This paper presents the initial findings of an
exploratory multiple case study investigating how students with ADHD
symptoms experience cognitive and attentional demands when solving
GCSE mathematics word problems. Clinical interviews and observations
were conducted with five students aged 12—-16 attending an alternative
provision in England. Preliminary reflexive thematic analysis identified key
challenges, including difficulties with mathematical language and inability
to articulate mathematical reasoning. Findings emphasise the diverse
cognitive and emotional profiles within this group, highlighting the
inadequacy of a "one-size-fits-all" approach to mathematics learning and
assessment. Grounded in a social justice paradigm, this small-scale
exploratory qualitative study aimed to emphasise further the fundamental
right of all students to equitable access to quality education, regardless of
neurodiversity.
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Introduction and background

Solving mathematical word problems presents challenges for many students (Mayer et
al., 1992). These difficulties are particularly pronounced for individuals with atypical
development, such as students with ADHD, who often struggle with attention
regulation, hyperfocus, and distractibility (Schippers et al., 2022). While mathematics
learning difficulties and ADHD frequently coexist, limited research has explored the
specific problem-solving challenges faced by students with ADHD (Re et al., 2016).

Building on early results from a pilot study, this research aimed to explore the
cognitive and attentional demands students with ADHD symptoms face when solving
mathematical word problems within the General Certificate of Secondary Education
(GCSE) Mathematics framework. In England, the GCSE Mathematics assessments for
students aged 15 to 16, have demonstrably shifted towards a heightened emphasis on
problem-solving skills, explicitly articulated within Assessment Objective AO3 (GCSE
Mathematics, n.d.). Problem-solving accounts for 25% of the foundation tier and 30%
of the higher tier assessments, highlighting the significance of this competence in
achieving academic qualifications.

In the context of mathematics, word problems are defined as questions requiring
students to extract mathematical meaning from a textual scenario and apply appropriate
operations to arrive at a solution (Verschaffel et al., 2020). These problems range from
routine tasks involving simple calculations embedded in a narrative to complex, multi-
step problems requiring advanced reasoning and decision-making. Effective problem-
solving encompasses understanding the problem, creating a plan, implementing it, and
reviewing the solution (Polya, 1985). These processes heavily depend on executive
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functions, such as working memory and inhibitory control, which are often
compromised in students with ADHD (Barkley, 1997).

This study aims to explore how cognitive and affective demands faced by
students with symptoms of ADHD affect learning and mathematics achievement, with
a particular focus on their impact on solving word problems.

Methodology

The study employed an exploratory multiple-case study design to investigate the
nuanced experiences of students with ADHD in solving mathematical word problems.
This approach allowed for an in-depth examination of individual cases within their real-
life educational contexts. The research is grounded in Barkley's (1997) comprehensive
model of executive dysfunction, which posits that deficits in working memory,
inhibitory control, and attentional regulation are central to the challenges experienced
by individuals with ADHD. This theoretical lens directly informed the methodological
approach, particularly in the design and interpretation of the data collection method. It
provided a robust basis for exploring the cognitive and attentional demands involved in
solving GCSE Mathematics word problems while identifying the specific barriers that
students with ADHD encounter.

This research was guided by the following research questions: What cognitive
processes, affective responses, and problem-solving strategies are observable in pupils
with symptoms of ADHD when engaging with GCSE word problems?

The sample comprised five students aged 12 to 16 from an alternative provision
(AP) school in England. ‘Alternative provisions’, which serve students unable to attend
mainstream schools, disproportionately cater to those with Special Educational Needs
and Disabilities (SEND), including ADHD (DfE, 2018). The participants were selected
using a purposive sampling method, adapted after a pilot study revealed challenges in
recruiting students with formal ADHD diagnoses. To ensure relevant participation, it
included students who scored five or higher on the Hyperactivity and Inattention scale
of the Strengths and Difficulties Questionnaire (SDQ), a validated tool for identifying
indicators of ADHD (Diagnostic Efficiency of the SDQ for Parents to Identify ADHD
in the UK: A ROC Analysis - PMC, n.d.)

Clinical interviews, drawing conceptually from Piaget's (1997) foundational
work, served as the primary method of data collection for this study. These interviews
were structured to resemble a typical mathematics lesson, featuring specific GCSE
word problem tasks that participants actively discussed as they worked towards a
solution. This approach aimed to meticulously uncover the underlying cognitive
mechanisms, problem solving strategies, and prevalent misconceptions employed by
sample students (Clement, 2000). The inherent dynamism and flexibility of clinical
interviews, coupled with their unique capacity to linguistically probe students’ thinking
and elicit detailed explanations, render them an invaluable instrument in educational
research (Ginsburg, 1997).

Crucially, the effectiveness of this interview methodology was successfully
trialled during a pilot study, which demonstrated its ability to effectively elicit students’
thought processes while simultaneously fostering a familiar and comfortable
environment for the participants. This familiarity was a pivotal consideration when
selecting the data collection method, particularly given the vulnerability of the
participants and their documented typical prior negative experiences with mathematics
and formal schooling (Malcolm, 2019). Furthermore, clinical interviews were deemed
ethically advantageous due to their design, which places minimal cognitive and
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emotional demands on participants, thereby reducing the risk of distress (Segal &
Hersen, 2010). To enrich the qualitative data, these interviews were complemented by
detailed observational notes, capturing nonverbal cues, behaviours, and subtle
environmental nuances, consistent with an interpretative reflexive framework
(Bukamal, 2022).

For this study, two rounds of clinical interviews were conducted with the same
participant to comprehensively explore participants' mathematical problem-solving,
separating conceptual understanding from computational ability. In Round One,
participants attempted GCSE word problems that had been converted into numberless
versions following established protocols (Numberless Word Problems, n.d.). This
approach isolated the cognitive process of understanding the problem's structure
without the influence of numerical computation. The numberless GCSE word problems
were then followed by the original GCSE question. An example of this two step
question is presented in Table 1 below.

Numberless Word Problem Original GCSE question
Jackie buys some tickets to see the film
Jackie went to the cinema and bought tickets for herself and some friends. Each ticket costs £4.50
Each ticket cost the same amount Jackie poys with two £20 notes

She paid for the tickets with two of the same type of banknote,

She received some change back. Jackie gets £3.50 change.

How many tickets did Jockie buy?

Table 1. Example of Numberless Word Problem and Original GCSE Mathematics Question

In Round 2, participants engaged with different GCSE word problems presented
in their original form. The questions utilised in Round 2 differed structurally from those
utilised in Round 1: for the first round, available marks were not displayed to ensure
students approached each question without preconceptions about the required work or
inherent difficulty. Additionally, to counteract the perception (from Round 1) of
calculators as a status symbol of mathematical skill, and in order to focus on reasoning
and problem solving strategies, it was stipulated for Round 2 that all questions were
calculator-based.

Findings

The findings of this study, generated through a reflexive thematic analysis (Braun &
Clarke, 2019), reveal key patterns and meanings within the data, embracing researcher
subjectivity as a valuable lens for interpretation and bias mitigation. Table 2
summarises the main early codes for apparent barriers to solving the problems.

Round 1 Round 2
1.1 Inability to retell the story 2.1 Inability to Explain Working Out
1.2 Prediction Errors & Inhibition 2.2 Impulsive Answers
1.3 Distractibility 2.3 Correct Answer Only
3.1 Inability to articulate mathematical reasoning
3.2 Language

Table 2. Early predominant codes
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Inability to articulate mathematical reasoning

Of particular relevance across both interview rounds was the Inability to articulate
mathematical reasoning that was broken down into three interconnected challenges
that, on occasion, contributed to the participants’ difficulty in expressing their
mathematical thought process.

Lack of Formal Communication Skills/Mathematical Notation

Participants struggled with expressing their mathematical thought process using
appropriate language, symbols, or structured steps. They occasionally understood the
concept intuitively but lacked the vocabulary or format to convey it effectively.

'But I don't know how to explain it!'

Disjointed or Abstract Mental Process

Participants attempted to explain reasoning in a highly convoluted, ‘non-linear’
manner, a prime example of a mental image or process that is very clear to the speaker
but unclear as an explanation to others:

‘I don't know. I kind of just like my brain instantly just went like, so I mean like a

loop. It just went down and then round. And then obviously I didn't need to add that

D bit before it coming back down here because I wasn't going back down...I was
going straight across to the A’... ‘so long to explain!’

Inability to Reconstruct/Recall Process
Participants could not recall the specific steps or thought processes they undertook:

‘What did I do? I don't really remember’

‘I kept trying out different techniques, but I kept forgetting where I was from. I tried
to do this...and I kind of added that up for it’

Language

A pervasive theme across both rounds of interviews was the significant impact of
language on students' problem-solving, specifically issues related to Lexical
Ambiguity/Polysemy, Contextual Misinterpretation, and discerning Implicit vs. Explicit
Meaning.

Participants frequently misinterpreted instructions. For instance, instructions
such as "Mary plays the game twice" were frequently misinterpreted; participants often
failed to infer that such phrasing implied discrete actions whose results needed to be
combined. This demonstrated a broader challenge in extracting implicit meaning from
textual instructions observed across various questions. Additionally, while individual
terms like "likely" were lexically understood, their use in comparative probabilistic
phrases (e.g., "more likely") often led to misunderstandings regarding their precise
mathematical application.

Discussion and Conclusion

This study underscored and exemplified the significant and multifaceted challenges
faced by students with symptoms of ADHD in mathematical problem solving,
particularly stemming from difficulties in organising implied information and
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sequencing steps, consistent with previous literature (Salvatierra Melgar et al., 2019).
Initial findings indicate that these struggles are often exacerbated by underlying
linguistic challenges, even when foundational language skills appear to be intact.
Consistent with previous literature (Lim, 2019), observations underscored difficulties
in constructing well-organised narratives, utilising fewer storytelling strategies, and
including irrelevant details, alongside struggles with inference-making, comprehension
monitoring, and understanding figurative language.

Addressing these critical barriers, especially the linguistic demands of
mathematical word problems, is not merely a pedagogical best practice but a matter of
social justice in education. Firstly, demystifying mathematical language is crucial.
Educators should explicitly teach mathematical vocabulary, reinforcing context-
specific meanings of common words (e.g., "more likely," "total," "twice"). Addressing
polysemy is also crucial to prevent misinterpretation. Secondly, cultivating contextual
understanding is vital. Teachers should guide students to recognise how context dictates
numerical operations and interpretation. Encouraging discussions around implicit
meanings fosters crucial inferential skills. This raises a question for curriculum
developers and policymakers: should word problems be designed with greater
explicitness to mitigate linguistic ambiguity for this population, or is that inferential
skill sufficiently important to warrant assessment per se?

Beyond language comprehension, fostering the articulation of reasoning is also
fundamental to a socially just education, aligning with broader pedagogical
recommendations that emphasise metacognition and explicit problem-solving
strategies (Improving Mathematics in Key Stages 2 and 3 | EEF, n.d.). Understanding
students' reasoning processes, not just their answers, provides invaluable insights for
inclusive pedagogy, especially for diverse learners like those with ADHD who benefit
from externalising thought. Encouraging process recall, even of trial-and-error, helps
students verbalise intuitive thoughts and grasp their problem-solving trajectory.
Crucially, validating diverse thinking, acknowledging and supporting abstract or non-
linear approaches, ensures an inclusive learning environment.

Given the unique cognitive profiles of students with ADHD, considerations
should be made about whether current assessment practices, particularly marking
schemes, offer sufficient flexibility to accommodate diversified thinking and allow for
the demonstration of understanding beyond rigid presentation formats. By addressing
these linguistic, cognitive, and communicative dimensions, we can develop more
effective and inclusive instructional strategies to empower students with ADHD, as
well as potentially other students, to succeed in GCSE Mathematics.
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