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Abstract

The purpose of this study was to investigate the experiences and perceptions of British
curriculum secondary maths teachers in teaching mathematical problem-solving skills, and
to analyse these in light of the previous literature and research in the field. A thorough
literature review was conducted and analysed to understand where the field of
mathematical pedagogy currently stands with regard to effective problem-solving
instruction. Then, to explore the lived experiences of practitioners, twelve semi-structured
interviews were carried out with practicing experienced British curriculum secondary maths
teachers. The interviews were transcribed and underwent thematic analysis to ascertain
recurring themes present amongst the participants’ subjective viewpoints. Exploration of the
interview findings revealed that students’ maths anxiety and comprehension are viewed by
teachers as the two main barriers to progress in mathematical problem-solving.
Furthermore, the pedagogical decisions made by teachers - when attempting to break down
the barriers to mathematical problem-solving — differed from those commonly found in the
literature. A comprehensive picture of the experiences and realities of maths teachers was
uncovered. The data collected from this present study suggested that researchers should
consider the concerns of practitioners more often when forming pedagogical suggestions,
as currently, the priorities of teachers often differ greatly from the focus of prior research in
the field. The current disconnect between research and practice opposes the notion that
teaching should be an evidence-based profession. Therefore, this study argues that it is
necessary for researchers and teachers to realign such that evidence leads to practical and
applicable pedagogy that can be implemented effectively on the frontline of the profession.
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Problem Solving, Maths Education, Teachers' Experiences, Teachers' Perceptions.
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Introduction

Problem-solving is an abstract concept that must be defined before continuing. Klerlein and
Hervey and Klerein (2018:1) defined mathematical problem-solving as “any situation that
must be resolved using mathematical tools but for which there is no immediately obvious
strategy”. Barton (2018) identifies creativity and adept intuition as key tenets of problem
solving. This definition suggests the need for intuition, resourcefulness, ingenuity, and
adaptability, that sets mathematical problem-solving thought processes apart as an
intriguing and rich topic for exploration (Giganti, 2007). Chamberlin (2008) considers that
the many definitions of problem solving are convoluted, although he does state that
problem solving tasks are necessarily non-routine. Considering all the possible definitions
and concepts above, problem solving in this paper will refer to students attempting to
understand a novel non-routine problem, develop a strategy and then successfully
implement that strategy. This definition broadly captures the common themes discussed by
the various abstract definitions above and remains true to the premises conveyed in the

literature.

Problem-solving, especially in maths, is seen as a widely transferable skill which will
become increasingly more valuable to a rapidly changing world and ever-changing jobs
market in the 215t century (Szabo et al, 2020). UNICEF (2019) agree, stating that logical
problem-solving skills are essential to the professional and personal lives of modern
learners. A recent survey of employers’ perceptions reiterated this idea. Problem-solving
was ranked highly amongst the most important skills necessary to compete in the current
jobs market , as: “job seekers in the 215t century must be able to find logical solutions to the
problems” (Suarta et. at, 2017). Economic analysis of the changing field of technology

foresees a shift to many jobs becoming automated, especially repetitive manual skills



(PWC, 2018), emphasising the need for people to have robust and resilient skills which
allow them to adapt to a changing industrial landscape and digitalisation. Fortunately,
problem-solving is a significant element of mathematics education. In fact, problem-solving
in mathematics has been linked to students developing a wide range of complex
mathematics structures which are applicable to problems posed in real-life (Tarmizi and
Bayat, 2012). It is therefore evident that problem-solving is a vital part of modern education
and this research will seek to gain further insight into the reality of teaching problem-solving

skills in the classroom.

With the above basis established, it became evident, upon literary review, that diverging
methods to approaching mathematical pedagogy and problem-solving skills acquisition
exist in the literature. The balance of the literature was heavily tilted toward experimental
guantitative data, and this was often the justification behind many of the pedagogical
strategies that emerged from the research. The lived experiences of teachers who
constitute the frontline of the profession were largely unexplored (Catrambone and
Eiriksdottir, 2011: Bokosmaty, Seeler and Kalyuga, 2015: Clarke et al, 2012: Hajar and
In’am, 2017: Lessani at al, 2016). Problem-solving has been established as a salient skill
for education and the empirical studies on the subject are wide ranging, however the
phenomenological research from the perspective of the front-line practitioners is lacking.
For this reason, in seeking to bridge this gap, the following research questions were

formulated:

1. What are the perceptions of secondary British curriculum Maths teachers on their

experiences of teaching problem-solving skills?



2. How do the perceptions of secondary British curriculum maths teachers compliment
and conflict with the research base pertaining to mathematical problem-solving
pedagogy?

3. How can teachers and researchers bridge the divide between theory and practice for

implementing evidence-based pedagogy in mathematical problem-solving?

The focus of this research was chosen as the British curriculum due to the prominence of
the British educational system internationally, as it is the most widely used curriculum in
international schools worldwide (Clark, 2014). Moreover, the current UK and international
GCSE syllabus rewards over 25% of marks to ‘non-routine problem-solving’ skills (Edexcel,
2014), hence the teaching of this curriculum lends itself to problem-solving pedagogy.
Secondary maths teachers were specialists in the subject of maths and therefore had the
greatest expertise in teaching the subject, hence this paper honed it's focus on teachers

whose students were this respective age range.

This present study will begin by reviewing the recent empirical literature concerning
mathematical pedagogy, specifically the research that has sought to understand how
problem-solving skills should be taught. Following this, the methodology by which further
data was collected will be explained, along with the findings of this methodology. The
findings will be discussed, with comparisons drawn to the literature review, to answer the
research questions. Finally, a conclusion will offer insights into the questions and offer

recommendations for practice and future research.



Literature Review

Mathematical thinking, learning and teaching are complex yet important issues, inspiring a
large and growing research base over the last 50 years (Barton, 2018: Bjork and Bjork,
2009; Catrambone, 1998: Izzati and Mahmoud, 2018: Schoenfeld, 1992). Throughout this
section, the contemporary influences on mathematical pedagogy will be explored, critiqued
and analysed, thus laying the foundation for comparison with the views of maths teachers.
With the aim of forming a comprehensive overview of the current scholarship associated

with mathematical problem-solving.

Before exploring the pedagogical research on problem-solving instruction, a brief overview
of the seminal literature on problem-solving in general will be summarised. Polya (1945)
provided intricate and influential insight into how people solve mathematical problems, and
his ideas are still being referenced in contemporary literature. Polya (1945) noted that
mathematical induction is where generalisations are discovered from spotting patterns and
can be used to solve escalating, more complicated scenarios. Reductio ad Absurdum,
sometimes referred to as indirect proof, is the concept of showing something to be false by
assuming it to be true to then arriving at an obvious illogical absurdity. Routine problems
were defined as problems which largely resemble generic problems and require little
original thought from a problem-solver. Polya then continued to give suggestions of where
to begin approaching problems: draw a figure to visualise, isolate the unknown, consider a
similar problem, rephrase the problem, look for useful information from the problem or prior
knowledge and break it into simpler sub-problems. Contemporary research building on

Polya’s work echoes themes of conceptualisation, visualisation, application of prior



knowledge and fluency with routine procedures (Mamona-Downs and Downs, 2005:

Chapman, 2015: Maria and Carlos, 2007)

Now, it is apt to consider the prevalent educational philosophies that emerged in the 20™
century. Behaviourism is an educational philosophy that proposes that all behaviours are
learned through external environmental reinforcers; motivators and deterrents leading to
‘conditioning’ (McLeod, 2017). Behaviourists see students’ roles as passive, whereas
constructivism suggests that people are capable of creating new knowledge through lived
experience (Schunk, 2012), thereby encouraging experiences that lead to new ideas. Both
perspectives have been influential, and the themes considered in these early theories

resonate in the literature today.

Constructivism evolved into Bruner's (1961) seminal theory of discovery based learning,
which continues to influence current educational theorists. Discovery-based learning
referred to students discovering and constructing their own knowledge, as opposed to being
told directly by a teacher (Bruner, 1961). Two recent small-scale studies elaborated on
Bruner’s work, investigating the effectiveness of discovery-based learning in maths classes.
Hajar and In’am (2017) conducted lesson observations of six groups of high school
students and considered the extent to which discovery-based learning was present, then
compared the academic results of the six groups. They concluded that discover-based
learning improved student results in geometry, however the reliability of this conclusion is
limited by the sample size and should be verified with a larger and more rigorous
experimental design. Another similar study compared two groups of students: a control
group and a discovery-based learning group. The researchers observed that the discovery

group was better motivated and achieved higher results (Kistian, Armanto and Sudrajat,



2017). The groups involved in this second study were grade 6 in an Indonesian school, and
caution should be taken when making generalisations to older secondary students from
vastly different socio-economic backgrounds. These results were reinforced with a
decisively larger study which measured the extent to which several classes engaged in
discovery-based learning and correlated that against their progress in problem-solving
ability. The researchers found that a blended approach which integrated discovery-based
learning into traditional teaching led to improved problem-solving skills (Herdiana, Sispiyati
and Wahyudin, 2017). All three of the aforementioned studies remain limited regarding the
precise nature of effective discovery-based learning, with no well-defined recommendations

for effective implementation.

A 2010 study conducted in Taiwan investigated ‘inductive discovery learning’ in
mathematical education, by observing inductive learning and measuring academic progress
against a control group (Chang et al, 2010). The researchers defined the inductive
discovery learning process; observing, identifying patterns, testing and generalising
concepts, structured by the teacher but conducted by the students. This approach, they
claimed, allows learning to be student centred and develops students’ independence, which
in turn improved their adaptability and resourcefulness causing a noticeable improvement in
their problem-solving performance (Chang et al, 2010). While there may be cultural
differences that affect the mathematical ability of students in Taiwan versus the British
curriculum (Eisenhart and Wei, 2011), the researchers’ pedagogical suggestions could still
be shown to be applicable if validated by the opinions of teachers in this current research

project.
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Lessani et al. (2016) conducted a qualitative research study to compare applications of
learning theories in maths education. They conducted lesson observations and semi-
structured interviews with seven teachers. Their conclusions centred around the students’
experiences as perceived from the teacher and the lesson observer. It was argued that
problem-solving and discovery-based learning activities made students more active in
lessons, made them more independent, lowered anxiety for exams and lead to

improvements in their reasoning ability.

Discovery-based learning places the teacher as a facilitator to learning and allows students
many degrees of freedom to explore mathematical concepts (Hajar and In’am, 2017). This
may eventually lead to a holistic and complete understanding of maths, including an
invaluable critical knowledge of which methods work, which methods are inefficient or which
methods are wrong. However, this poses a problem as it is difficult to see how this free
approach will converge upon the rigorous, refined and time-honoured mathematical
methods that have been developed over the centuries. It is also unclear how the expertise
of the teacher in these methods is communicated with the class. These well-defined
methods are fast and efficient, and asking students to embark on self-discovery to uncover

these methods is akin to reinventing the wheel.

The results of these small-scale studies are contradicted by the opinions expressed by
some leading and well-respected educational psychologists (Clark, Kirschner and Sweller,
2006; Clark, Kirschner and Sweller, 2012). They argue that the tendency for educational
professionals and some researchers to favour discovery-based learning is ‘ideological bias’
which has been refuted by ‘half a century of empirical research’. This ‘ideological bias’

refers to teachers believing that discovery learning is inherently good. Elaborating, they
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explained that minimal guidance is especially ineffective for novice learners and potentially
detrimental to learning as it allows students to form ‘misconceptions or incomplete or
disorganised knowledge’ (Clark, Kirschner and Sweller, 2012). After extensive review of the
literature in the field of cognitive psychology, Clarke et al (2012) endorsed the view that
explicit teaching and guided instruction were far more effective than the minimal guidance
from discovery-based learning (Clark, Kirschner and Sweller, 2012). Researchers have built
on these ideas over the past decade, leading to conclusions which directly relate to

problem-solving pedagogy.

Cognitive load theory, first proposed by Sweller (1988), has emerged to be a prominent
pedagogical theory, with Wilam declaring it the “single most important thing for teachers to
know” (Wilam, 2017). The theory considers the demands on working memory and the
amount of information a student can process during learning. In brief, cognitive load theory
suggests that a student whose cognitive load is overburdened will not form schema.
However, a student whose cognitive load is efficiently focused on understanding a new
concept, will be more successful in schema construction (Centre for Education Statistics
and Evaluation, 2017). While cognitive load theory is praised for having a robust evidence
base and the results consistently replicable, the theory has been inferred from randomised
control trials without cognitive load being directly measured, which is seen as a shortcoming

in the supportive evidence (Centre for Education Statistics and Evaluation, 2017).

The worked example effect is a direct corollary of cognitive load theory. It advocates for
teachers to carefully and explicitly guide students through a new concept, predominantly
through worked examples, especially during the initial introduction of new knowledge, as

this approach minimises the cognitive load on students and allows them to process and

12



store these ideas in long term memory more effectively (Bokosmaty, Sweller and Kalyuga,
2015). This has been shown to be effective in several studies, as described by Crissman
(2006) in a meta-analysis, however this is outdated considering the rapid developments
since, and a more current meta-analysis would be ideal especially considering the
accelerating developments in the field. Bokosmaty, Sweller and Kalyuga (2015) conducted
two experiments with a large sample of high-school students to compare the effectiveness
of teaching with complete guidance, structured prompts or minimal guidance. The
researchers convincingly demonstrated that worked examples are effective for students to
develop complete understanding, as student academic results showed a noticeable
improvement. The results showed that as the mathematical ability level of the students
increases, the level of guidance should be reduced; novice learners need all the information
clearly communicated to arrive at understanding, while higher ability students actually
become distracted by processing the explanations they find obvious in a worked example.
This appears to allow for a gradual increase in the independence of learners as they
become more confident with the curriculum content. Additionally, the teacher has greater
control over the progress of the lesson allowing for structured, organised and methodical

knowledge acquisition.

Cognitive load theory and the worked example effect propose directly teaching prescribed
methods, which is why they are so relevant to mathematical pedagogy. It is less clear how
these ideas transfer adaptable problem-solving skills, as the prescribed methods are
inflexible to novel scenarios. Cognitive load theorists suggest that this gap is not of concern,
as mathematical procedures are acquired skills whereas problem-solving skills are innate to
humans, not requiring input from a teacher (Geary, 2012; Tricot and Sweller, 2014).

Problem-solving skills are seen as just applying logical thought processes and using

13



mathematical methods, therefore problem-solving skills develop from practice once learners
acquire a ‘toolbox’ of mathematical methods or procedures. This may make classroom
teachers uncomfortable as they do not directly teach students to solve problems, merely
providing them the tools to do so, therefore surrendering the control over important skills

acquisition to the learner. This research paper will delve deeper into this concern.

Catrambone and Eiriksdottir (2011) suggest a solution which may allow teachers to be
more involved in the development of problem-solving skills. The authors propose that the
subgoal learning model can be effective at training student’s to logically problem solve
through the delivery of explicit worked examples. They suggest that annotations added after
a worked example is completed can signpost the ‘subgoal’ behind each step in the method
(Catrambone and Eiriksdottir, 2011). As students become more familiar with the topic, the
subgoals can become gradually more generic; this was shown to be effective in their
literature review. Margulieux (2014) conducted a study which observed 120 novice
undergraduate students attempt to program an unfamiliar program with unfamiliar software.
The instructional learning was supported with annotated subgoals, as suggested by
Catrambone and Eiriksdottir (2011). The results further supported the subgoal learning
model by demonstrating greater conceptual understanding of the problem-solving strategy.
However, the participants were more mature learners in a slightly different subject than the
secondary students that this literature review focuses on, and results should be viewed with

caution before generalising to other curriculum subject areas.

The subgoal learning model ties in with metacognition. Metacognition is defined by Izzati

and Mahmudi (2018) as “the ability to monitor and control our own thoughts”. In their review

of educational research on metacognition, they concluded that increased metacognitive
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ability positively correlates with increased problem-solving ability. Alzahrani (2017)
conducted a study through lesson observations and found evidence to support
metacognitive strategies in mathematics education and concluded that metacognitive
strategies were best used to focus, monitor and regulate the thought processes of students.
The study has some interesting suggestions about how to incorporate metacognition into
maths education. They argued that metacognition should be explicitly taught so that
students focus their metacognition at improving the efficiency of their thought process.

Thus, the teacher should carefully plan and deliver metacognitive instruction.

Although Catrambone and Eiriksdottir (2011) and Alzahrani (2017) make no reference to
each other's domains (the subgoal learning model and metacognition), there seems to be
clear overlap in the intentions of their work. Are the two theories compatible and mutually
supportive? The subgoal learning model seems to be a method of explicitly directing the
thought processes in problem-solving, as metacognitive theory suggest would be effective.
Furthermore, both tie to cognitive load theory by explicitly teaching concepts and expanding
on it by offering ways of improving student’s problem-solving ability. There is a lack of
research or commentary in the literature about the link between metacognition and
discovery-based learning, but if a student was able to discover a solution to a problem
themselves and then reflect on their thought-process, this would seem like a powerful
learning experience. It is surprising that this has not been explored, and it is recommended

that future research aims to tie metacognitive skills and discovery-based learning.

Whether explicit instruction or discovery-based learning is used to develop student

knowledge in a new topic, the students will presumably eventually become more

independent as they attempt and practice problem-solving themselves. A suggested
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technique to increase their awareness of the processes they are utilising is the self-
explanation effect. Supporters of the self-explanation effect suggest that prompting students
to pause and consider the steps in a problem, explaining to themselves, often mentally,
helps them process the logical reasoning behind the maths they have used (Bisra et al.,
2018). A meta-analysis of research concerning the self-explanation effect has shown that
the technique can be effective in maths education, although Durkin (2011) states that the
effect was often overstated or exaggerated. Another study by McEldoon et. al (2013) looked
at the self-explanation effect from a time-efficiency perspective. The experimental design
was well suited to test the self-explanation effect against other options for productive lesson
time. The researchers found that the self-explanation effect has some modest but unique
benefits, compared to using the same learning time for additional practice. The authors did
note that the key to the self-explanation effect is not clear articulation of the exact logical
process behind their action, which would be far beyond the ability of most secondary
students, but the attempt to actively process what they are doing, not passively following

algorithmic steps (McEldoon et. al, 2013).

The literature described above agrees that the self-explanation effect connects independent
student work with metacognition. If this can be implemented effectively, perhaps this is a
promising avenue to explore to allow students to become more independent while retaining
the beneficial learning outcomes of guided instruction. The literature fails to offer clear
suggestions for implementation of the self-explanation effect, and this highlights another

disconnect between theory and practice.

The literature focuses on self-explanations but fails to explore the role of peer-explanations.

Two students who have different levels of understanding of a concept may have a mutually
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beneficial discussion, with the student with a stronger understanding benefitting from the
principles of the self-explanation, whilst also giving an individualised and responsive

explanation to a struggling student.

Rote learning, sometimes called automation in mathematics, is when a student learns
mathematical facts well enough to be able to automatically recite the answer without effort.
Mhlolo (2015) acknowledges that rote learning is often ‘disparaged’ in the teaching
community but asserts that it is sometimes a necessary foundational step to allow for
deeper learning. Narayan (2009) praised rote learning as effective preparation for higher
level concepts. Rote learning is widely practiced in the curriculums of India and China,
however, attempts to see if this approach can be successful in the west were unsuccessful
(Brown and Roy, 2013). Presumably the ability to know an answer to a basic mathematical
operation without conscious effort will lower the overall cognitive demand on a student
during a more complex mathematical task, and hence be in line with the suggestions
proposed by cognitive load theory. Although the process of rote learning may undermine
the philosophy of maths education - that maths should be conceptually well understood by
learners - perhaps the time spent rote learning number facts will allow complex multistep
procedures to become more accessible. As cognitive load theory implies, the less students

have to think about each detail, the more they can think about the broader task.

Finally, the themes discussed above centre around a pedagogical perspective and consider
how students develop problem-solving skills. As rich and as interesting as this is, it
detaches students and education from the role of emotions in maths education. After all,
teenagers experience a range of complicated and intense emotions (Bailen et. al, 2018). In

the broader literature, there is another barrier to mathematical achievement that appears:
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maths anxiety. Maths anxiety refers to a fear or apprehension of situations which involve
maths (Beilock and Willingham, 2014). A literature review found that maths anxiety
negatively affects some students in most classrooms, and this has a negative impact on
their ability (Anthony and Whyte, 2012). The emotional support a teacher can offer for
students struggling with maths anxiety is suggested to be an effective intervention to
improve performance in maths (Beilock and Willingham, 2014). The authors suggested
several ideas for reducing maths anxiety in students namely: ensuring fundamental skills,
adapting assessments to reduce pressure on students, actualising emotions and

considered phrasing of reassurance (Beilock and Willingham, 2014).

Beilcock and Willingham’s (2014) humanistic view of learning in maths is a refreshing
change from the cognitive psychology found elsewhere in the literature (Catrambone and
Eiriksdottir, 2011; Bokosmaty, Sweller and Kalyuga, 2015; Alzahrani, 2017). This research
paper will examine this humanistic approach to see if it is more aligned with the views of the
maths teachers; will they favour a humanistic approach or ground themselves in strict

scientific pedagogy?

The themes discussed in this literature review show that there are several proposed
strategies for teaching and improving problem-solving skills in secondary maths students.
These strategies have varying levels of support, with cognitive load theory receiving the
clearest praise from the most respected experts in the field of educational psychology.
Explicit teaching and discovery-based learning continue to be the two prominent teaching
strategies, after decades of debate in the research as well as in practice. Metacognition is
seen as a powerful tool for students to become aware of their thought-processes, as they

are supposed to utilise this skill to improve their problem-solving prowess. Rote learning
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has limited support in the research; however, it potentially complements other well

supported theories, including cognitive load theory.

It was particularly thought-provoking when Clark, Kirschner and Sweller (2006) critiqued
discovery-based learning as ideological, despite other researchers finding supportive
evidence of discovery-based learning methods. Their position should be carefully
considered when interpreting the opinions and experiences of maths teachers in this study,

as opinions are biased and susceptible to ideology.

The majority of research papers discussed above have taken an experimental approach
with quantitative data, with the noticeable exception of Lessani et al (2016) who did
investigate the opinions of maths teachers when arriving at their conclusion. There is
evidently a disconnect between experimental evidence which is often results focused and
the actual experiences of maths teachers who are on the frontline of the profession.
Furthermore, few research papers gave clear, concise and directly applicable pedagogical
strategies for teachers to implement but described the general theories to construct
strategies from. Only one research paper described above considered exploring how
efficient a teaching strategy was compared to other uses of class time (McEldoon et. al,
2013). Teachers will have valuable experience of judging how to use class time practically
and efficiently to achieve the learning objectives. Hence, the need to explore the opinions

and experiences of maths teachers who bare the pressure of teaching every day.
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Methodology

The scientific method rests on the principle that results must be replicable and repeatedly
verifiable, as this is the foundation for our confidence in new knowledge (Joffe, 2007).
Throughout this section, the research methodology will be described and discussed so that
the rigor of the results can be trusted. As this is a qualitative research study based on
subjective opinion, it is unlikely that a similar study could replicate similar results however
confidence in the credibility, veracity and dependability of the results is nevertheless vital

(Guba and Lincoln, 1985).

Research Philosophy

This research project focuses on the experiences, perceptions and opinions of maths
teachers. Therefore, a research methodology was employed which was most effective at
gathering detailed, accurate, reliable, relevant, useful and interpretable information directly
from teachers. The literature that has been prevalent in the field of mathematical pedagogy
has arisen from a positivist worldview, supported by empirical scientific data. These results
have been rigorous and sometimes exemplary in their scientific integrity; however, they are
often constrained by the positivist worldview that fails to address the unique subjective
views of individuals (Opie and Brown, 2019). As stated in the research aims, this research
project will aspire to make a small contribution to the field by unifying the results of differing
research paradigms in the field of mathematical problem-solving pedagogy, or perhaps
uncovering deviation between researchers and practitioners. This will be done by
contributing empirical evidence of teachers’ perceptions and experiences of teaching

problem solving skills.
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Quantitative data is insufficient to explore the full complexity and intricacy of a person’s
opinions (Cohen et al., 2018; Given, 2008). Opinions are subjective judgements and best
expressed through dialogue (Wellington, 2015). Several research methods were
considered, including mass surveying and structured interviews, however these were
deemed inadequate at delivering the detail needed to uncover and probe the complex
opinions of participants. Semi-structured interviews were chosen as they offer opportunities
to rigorously understand the ideas expressed by participants, while also being flexible and
responsive to the ideas that participants expressed (Cohen et al, 2018). Semi-structured
interviews allow participants the freedom to express their views openly while remaining
focused on the aims of the research project (Pharm, 2014). Semi-structured interviews
remain practical for the sample size of 12 participants, given the time constraints on a
single researcher (Opie and Brown, 2019). Since the subject matter is wide ranging and
some perspectives might not have been considered during the interview preparation, the
flexibility afforded by semi-structured interviews allowed for discussion of novel and
unpredictable concepts introduced by participants (Cohen et al, 2018). Semi-structured
interviews allowed some degree of flexibility while remaining sufficiently structured to
ensure enough of a framework for consistent and coherent themes to be uncovered in the
analysis, while remaining relevant to the research objectives. Another crucial benefit of
taking this approach is that it contrasts with the overwhelming majority of quantitative and
impersonal research which has been previously conducted in the field, as observed in the
literature review. This phenomenological approach could substantiate the empirical
research in the field, or could highlight shortcomings in previous literature, therefore making

a positive and constructive contribution to the field.

Sampling Methodology and Participant Recruitment
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The inclusion criteria would be that the volunteers must have completed initial teacher
training in an accredited institution (Department of Education, 2020). This was to ensure a
level of expertise which would allow for professional and well-considered opinions, in turn
ensuring that the data collected was representative of the experiences of recognised maths
teachers. Additionally, participants must have had at least 3 years of experience teaching
maths in British curriculum schools because this would raise the quality of the discussion,
as participants could draw upon a richer experience in the profession. There was no other
inclusion or exclusion criteria. Constraining the sample based on other factors may alter the
demographics and unfairly prejudice valid professional opinions. This sampling method was
sufficient to address the research questions. Indeed, care was taken to diversify the sample
to balance for gender, age, cultural background, religion or other factors that could have
influenced their outlook on maths education. Networking online, as opposed to interviewing
professional colleagues or other convenience sampling methods, offered a more
randomised sample and avoided imparting bias (Adams, 2015). While it was not feasible to
stratify the sample to be truly representative off all British curriculum maths teachers, the
sample was not homogenous and represented a diverse cross section of teachers. A
sample size of twelve participants was chosen to give sufficient breadth of opinions while

remaining feasible in the timeframe (Fusch and Ness, 2015).

The reason for focussing on the British curriculum is because it is a reputable international
curriculum which was familiar to the researcher/interviewer, while also having problem-
solving at the core of the curriculum (Edexcel, 2014). Furthermore, the research discussed
in the literature review rarely referred to specific curriculums, and no instance was found
that directly referred to the British curriculum. Nevertheless, worldwide, the British

curriculum is taught in 43% of international schools making it the most popular international
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curriculum outside the host country (Clark, 2014), a testimony to its international reputability

and credibility.

A recruitment process was conducted through networking online. Participants were told
clearly and upfront the time commitment and expectations. If they chose to respond to the
public posts, they were sent a participant information sheet, personal consent form (see
appendix) and asked for a convenient time to conduct the interview online (BERA, 2018).
There was complete transparency throughout, all the correspondence clearly
communicated the strict ethical criteria which the project would and did adhere to, in line

with the policies of the University of Essex (2018) and BERA (2018).

Interviews were scheduled at the convenience of the participants. Convenience was key to
ensure that they were calm and relaxed during the discussion, which should lead to more
detailed, clear and well-contemplated answers. Additionally, all participants were busy
professionals volunteering their time during a year of unprecedented challenges as
teachers were forced to adjust to the Covid-19 pandemic, and the researcher’s view was
that the experience of participating in this project should be a pleasant conversation not
burdening them with further workload or pressure. This research project aims to positively
contribute to the education industry, and for that reason the methodology was designed to

have minimal disruption to participants’ professional lives.

Interview Design and Execution
The semi-structured interviews were designed to evoke genuine and accurate reflections on
the participants’ professional practice, and care was taken to avoid leading or suggestive

guestioning so as to avoid imparting bias (Adams, 2015). The semi-structured nature of the
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interviews allowed a coherent framework for the questions, while remaining adaptive to the
ideas expressed by the participants. By maintaining a consistent framework for the
interviews, the researcher was able to remain transparent with the questioning and avoid
bias (Opie and Brown, 2019). The questions and follow-up questions are available in the

appendix, along with the rationale for the choice of questions.

The interviews were conducted online through video conferencing, which was imperfect but
necessary during the Covid-19 pandemic. Regular face-to-face interviews benefit from non-
verbal communication, resulting in more information being communicated to the interviewer
(Ryan et. al, 2009) therefore increasing the amount of data gathered, however this was not
possible at a time when social distancing was required. Therefore, Zoom was chosen to
host the interviews as it is reliable and offers high quality video and audio, which should
mitigate some of the shortcomings of the online interviews, particularly the non-verbal
communication being more visible. During the interviews, field notes were taken as field
notes helped to capture the tone of the comments in the moment which may be overlooked
later. Interviews were recorded and later transcribed, to undergo thematic analysis.
Interviews were between 30 and 40 minutes long, and this was strictly regulated to avoid
inconveniencing participants. Longer interviews may have afforded more detailed
discussion, however this would have been impractical for one interview given the short time

constraints on the project.

Data Analysis
Thematic analysis is a technique to analyse qualitative data, by identifying patterns or
themes in the data (Maguire and Delahunt, 2017). The transcripts and field notes were

examined to see if recurring themes were present, or if there were differing ideas between
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participants (Clarke et al., 2015). Once common themes had been identified, they were
tabulated and categorised. Quotes were isolated that evidenced recurring key themes
around mathematical problems-solving teaching and this is discussed in the findings
section. The transcripts yielded many themes, however salient themes were identified that

were most prevalent and relevant to the research aims.

Further Limitations

The small-scale nature of this study causes several limitations. As the study focusses on
the perceptions of teachers, it does not evaluate their actual quality of teaching or the merit
of their pedagogical strategies. Conclusions can still be drawn from the practicalities and
realities of implementing teaching strategies concerning problem-solving in maths, but
these conclusions will not inform whether the perceived effectiveness of teaching strategies
translates to positive learning outcomes. This leaves room for future research. The opinions
of teacher’s could be used to inform pedagogical practice, but would this lead to improved
progress in problem-solving skills? Advocates may argue that teachers are the frontline of
the teaching professional and best placed to judge learning outcomes, whereas sceptics
may warn against pandering to the whims of teachers and focus entirely on the data from

guantifiable educational research.

Ethical Considerations

Throughout the research, ethical guidance from the University of Essex (2018) and BERA
(2018) was strictly adhered to. This research aims to positively contribute to the education
industry, and so ethical considerations were considered so that no inadvertent harm was
caused to educational professionals or any other person. Participation in the project was

completely voluntary, and the participants had the right to withdraw at any stage (BERA,
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2018; University of Essex, 2018). The withdrawal process was simple and clear to all
participants from the start (BERA, 2018; University of Essex, 2018). Informed consent was
clearly communicated with consent letters (see appendix), which were signed and returned
to the researcher prior to any interviews. The timescale, expectations and research process
were also clearly communicated (see appendix). Data gathered on individuals was
anonymised and no identifiable information was gathered as it was unrelated to the
research aims (BERA, 2018; University of Essex, 2018). The data gathered during the
interview was stored securely on a password protected device (BERA, 2018). A risk
assessment was conducted and due to the nature of the short and professional interviews,
it was deemed that the risk of physical or emotional harm was very low (BERA, 2018;

University of Essex, 2018).
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Findings

In this section, the observations from the interviews and transcripts will be reported, to be
later critiqued and discussed in the discussion section. After the twelve interviews were
conducted and transcribed, the interviews were reviewed, and connections made between
them. Five themes emerged from the cohort of participants: maths anxiety, comprehension
as a barrier to mathematical problem-solving, the role of the teacher, contextualising maths
and teaching strategies and approaches. These themes were identified by connections

between recurring ideas from the participants during the thematic analysis.

The thematic analysis was conducted methodically. When several teachers expressed
ideas that could be linked together through some umbrella concept, specific quotes were
taken and tabulated under that umbrella concept (see Appendix 3). The umbrella concepts
(themes) emerged from careful analysis of the transcripts and interviews, as it became
apparent which themes were repeatedly discussed in response to the interview questions.
The gquotes and opinions expressed may agree or disagree, showing a range of views on a
specific subject, nonetheless exposing common concerns, ideas, thought-patterns,
experiences, perceptions or areas-of-interest that could be of significance to the research

aims.

Theme 1: Maths Anxiety

Nine out of the twelve (75%) participants directly mentioned maths anxiety, or described an
emotional response hindering ability akin to maths anxiety. Two other participants (16.7%)
briefly mentioned that students dislike maths. The emphasis that multiple participants

placed on this theme and the regular reoccurrence highlighted the prominence of maths
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anxiety as a concern for maths teachers, and for that reason it is the foremost theme to be

reported.

Maths anxiety was seen as a psychological issue, an emotional block which hindered
students from progressing with problem-solving tasks even if the task was well within their
ability. One participant stated “It [maths anxiety] is a massive problem, it really stifles the
kids.” Another participant noted, “Once they’'ve done it, it doesn’t seem so bad.” This
implied that the students were mathematically capable of accessing and completing the
problems, however it was an emotional barrier holding them back, not an intellectual
barrier. Indeed, four other participants described similar opinions that the emotional
response was where the problem lay. Two participants saw this as an opportunity to teach
resilience or perseverance, with one teacher describing these two traits as “life skills”. Nine
out of twelve (75%) of the teachers showed empathy with their students’ regarding maths

anxiety.

Teachers explained how they tackle maths anxiety. In some cases, they lowered other
barriers to maths which in turn made the task more accessible and less overwhelming (see
theme 2). For example, one teacher specifically mentioned ‘scaffolding’ to make tasks more
accessible to individual students as a direct response to their tendance of maths anxiety.
Two teachers (16.7%) detailed the focus they give to the nurturing and pastoral side to
teaching. They saw themselves as mentors who encouraged young people who lacked
confidence. This was demonstrated by Participant G7; “I think the pastoral side of teaching
can really help.” When asked for the impact on progress, they confidently replied: “yes, |

have seen it improve progress.”
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Theme 2: Comprehension as a Barrier to Problem-Solving

Students having difficulty understanding or processing the information given in the question
was a common theme reported by the teachers. Ten out of twelve of the teachers (83.3%)
mentioned they encounter pupils who find understanding the wording of questions difficult,
while six out of the ten who mentioned this (50% of total cohort) described this in detail as a
significant barrier to progress in maths. Three of these participants highlighted how this is
particularly prominent with EAL and SEN (Special Educational Needs) students, as
evidenced by Participant G7 who stated “I teach a lot of EAL learners, they don’t like wordy

questions. | have to spend a lot of time breaking down the sentences with them.”

Several strategies were suggested to make the questions more accessible to students.
Three teachers (25%) suggested highlighting or underlining the ‘command words’ in the
guestion. Command words referred to the words that were instructional and could guide the
students. Two teachers (16.7%) recalled how they had attended professional development
sessions to work on exam technique and question comprehension. The sessions had
suggested using acronyms to help students remember how to answer questions; one
teacher described this technique with unconvincing conviction in the strategy while the
other said that it overcomplicated the process of reading a sentence. There seemed to be

low support and scepticism for acronyms as a strategy to guide comprehension.

One teacher (8.3%) said “I reveal the first sentence of the question, we discuss together.
Once they are happy, we continue with the second sentence.” This teacher described how
they design their PowerPoint presentations to reveal one sentence at a time to avoid

overwhelming blocks of text. They were visibly enthusiastic about this technique and were
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able to recall lessons where it had been effective at allowing students to understand

convoluted questions.

The discussion around comprehension often overlapped with maths anxiety. As Participant
K11 stated: “[when] pupils see questions in exams with long paragraphs, they just turn the
page.” These two themes constitute the two most prominent barriers to students’
mathematical problem-solving progress that were described in the interviews. Often, these
two ideas were the first thoughts that teachers expressed when asked about the difficulties

to teaching problem-solving.

Theme 3: The Role of the Teacher

Throughout the interviews, there were many instances of teachers referring to themselves
as a ‘lecturer’, ‘facilitator’, ‘mentor’ or ‘advisor’. One teacher did mention a specific scenario
involving project work, in which they took the role of ‘head of the advisory board’. There was
a large degree of variation in the differing roles of the teacher in the classroom, often this

decision was based upon the learning objectives for that lesson.

Three teachers (25%) spoke of how they favour reserving discovery-based learning for
higher ability classes, as lower ability classes need more structured and guided activities.
As stated by Participant J10: “Lower classes struggle with independent work, | would only
use it [discovery-based learning] for top sets”. Participant C3 (8.3%) praised discovery-
based learning as akin to the scientific method, similar to how science experiments are
used in science classrooms. They stated that their primary objective was for students to
become adept at spotting patterns, and in their opinion, this was linked to problem-solving

skills; however, the exact nature of this link was not clearly explained.
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Five teachers (41.7%) mentioned either explicit teaching or lecturing as their preferred
teaching style. “Worked examples are so powerful” and “Lecturing gives me control” were
examples of teachers praising this teacher-centred approach. However, Participant G7 did
acknowledge the limitations to this approach: “It can be a double-edged sword. Sometimes
| have to model the expert way of doing things, but sometimes the students get scared to
ask questions if | talk like that. They feel like it's not a safe space.” The ‘safe space’
comment was echoed by other individuals who also considered how their role in the

classroom could impact on student’s maths anxiety.

There was no overall majority or consensus on how teacher focussed, or student focussed
lessons should be. There were factors that influenced the decision, such as: ability level,

topic, learning objective, engagement, or the students’ personalities.

Theme 4: Contextualising Maths

Seven out of twelve (58.3%) of the interviewees specifically mentioned examples of where
maths could be applied in students’ daily lives or in an applied activity. Three of these
teachers alluded to the abstract nature of maths being a demotivator for students, as
students do not understand the reason that they are being forced to learn this material.
Participant C3 said “They always ask ‘where will we ever use this?’, they don’t understand

why the maths is useful.”

There was some debate over the use of calculators in maths class. Three teachers (25%)

argued for retaining mental arithmetic or traditional pen and paper calculations in lessons

and homework throughout school. As Participant J12 said “Students just don’t have the
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foundation skills necessary to access the curriculum.” Similarly, Participant B2 said
“Fluency with basic maths skills definitely makes problem-solving easier.” Participant Al
said “l encourage pupils to estimate an answer before trying it.” Estimation is a skill
involving mental arithmetic and therefore it is reasonable to interpret this as encouraging
non-calculator skills. Two teachers (16.7%) countered that the current curriculum is
assessed entirely through exams which allow calculators, and therefore the teaching should
match the curriculum and final assessment objectives. Only one teacher (8.3%) saw
calculators as the modern way of approaching maths and by embracing the use of
calculators in schools, pupils will become more prepared for the modern world. Three

teachers (25%) mentioned that using a calculator is a skill that must be taught.

Two teachers (16.7%) offered novel ideas to counter what they called the ‘abstract nature’
of the maths curriculum. Participant H8 spoke of a cross curricular project of interior design
which allowed students to apply maths, business and art skills. This participant described
this as ‘real world problem-solving’. Participant K11 used creative activities to connect
maths to the real world. They gave one example where the students were baking a cake in
maths class to help visualise and demystify area and circumference. They said that this

approach was engaging for students who were disenfranchised with maths or school.

Participant F6 said “They often know individual steps, but don’t know how they all fit
together.” This revealed an insight into how maths skills can be learned without an
awareness for what these skills achieve. These seven teachers seemed to believe that
contextualising maths gave a deeper understanding of the curriculum. They had considered
the reason the curriculum is structured the way it is, which included the debate around

numeracy versus calculator skills.
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Theme 5: Teaching Strategies and Approaches

All twelve teachers (100%) were able to recall at least one strategy or approach they used
to assist learners in maths. The strategies were diverse; however, the following categories
cover most of the ideas that were mentioned in the interviews: engaging learning, explicit
teaching, questioning and reflection. Seven teachers (58.3%) mentioned using some
method to increase engagement. Four teachers (33.3%) stated that they use either worked
examples or lecturing. Three teachers (25%) spoke of questioning strategies they had

used. While three teachers had spoken of some form of provoking reflection on work.

Engaging learning took many forms. From the novel approaches of contextualising maths
from Theme 4, to integrating technology into lessons, to how Participant L10 spoke of
gamifying activities to make them more engaging (see appendix 3). It was noticeable that
the body language and tone of a majority participants demonstrated enthusiasm for their

engaging learning strategies.

Participant H8 said, “Worked examples are so powerful” and “| often teach like a lecturer.”
Explicit teaching and demonstrating expert methods were supported by four of the teachers
(25%), although only one (8.3%) of these teachers referred to the pedagogical theory
vocabulary supporting this implying that they were the only teacher who was familiar with
the research supporting their practice. The other teachers seemed unaware of the literature

associated with their methods.

Questioning strategies were considered, three teachers demonstrated that they had

developed questioning styles that were personal to their teaching style, yet also carefully
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formulated to elicit the desired level of thought. The questioning strategies revolved around
trying to get the students to think about the overall problem-solving strategy, as opposed to
procedural skills. This is seen by Participant I19’s response “| ask them ‘Why did we do that
step?’. | want to know their thoughts; | want to know if they get why that step is important.”
Here the focus of the question is on the reasoning behind completing this step, not the skills

necessary to carry out that step.

Finally, provoking some self-reflection over work was evident for a small number of
participants (25%). Participant F6 demonstrated this most clearly when declaring, “At the
end of an activity, | sometimes take time to get students to read back over their work and
see if they can improve their method.” The participant further elaborated “It’s all about
critical thinking, they have to analyse their approach.” The two other participants briefly
mentioned reflection as a useful learning strategy, with one of them suggesting that

reflection develops them into “independent mature learners”.

This concludes the finding section, in which the pertinent observations from interviews were
reported. This section was non-exhaustive, and there were other noteworthy insights
gathered (see Appendix 3). In the following section, the findings will be analysed and

critiqued with reference to the literature review.

34



Discussion

Upon careful analysis of the findings compared to the literature review, it is now possible to
reflect on the research aims and offer some answers. Throughout this section the findings
sections will be critiqued with reference to the previously published research discussed in

the literature review.

Theme 1: Maths Anxiety

A large majority of the participants spoke of their concerns around how emotions pose a
barrier to effective problem-solving in students. The emphasis placed on this theme by the
teachers was a striking contrast to the literature on mathematical pedagogy and problem-
solving. Beilock and Willingham (2014) predicted emotional barriers were important to
overcome in maths education, however this was a rarity in the literature. When reading the
literature in the field of mathematical problem-solving pedagogy, it was not possible to
foresee the extent to which teachers emphasised the roll of nurturing and emotional support
in progress in mathematics. Perhaps a reason for the discrepancy is that the cognitive
psychologists who tend to pursue this area of research are focussed on the acquisition of
problem-solving skills in ideal situations (McEldoon et. al, 2013: Clark, Kirschner and
Sweller, 2006: Alzahrani, 2017), and assume that the emotions issues have been

addressed separately.

The teachers suggested that making maths more accessible would, and did, ease maths
anxiety: through scaffolding or simplifying wording of questions. Teachers also spoke of
how their nurturing and pastoral support can lower maths anxiety, motivating students to be
more open to challenging mathematical scenarios. This later idea is consistent with Beilock

and Willingham (2014) who suggested that teachers’ emotionally supporting their students
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is an effective pedagogical intervention. Similarly, Beilock and Willingham (2014) did speak
of adapting assessments to be more accessible, which is consistent with simplifying
wording. However, scaffolding was not mentioned by Beilock and Willingham (2014).

While both theorist and practitioner did acknowledge that assessments induce anxiety,
Beilock and Willingham (2014) suggested that reducing the time pressure of exams would
help, whereas the teachers did not mention time pressure, instead pointing to lengthy
guestions as the daunting aspect to assessments. Overall Beilock and Willingham’s (2014)
ideas have been largely substantiated by these present findings, with relatively minor

details differing between their ideas and the opinions of the participants.

Theme 2: Comprehension as a Barrier to Problem-Solving

Most of the teachers mentioned comprehension as a barrier to mathematical problem-
solving, with half of the participants describing this extensively. It was evident that
comprehension was a significant concern of British-curriculum maths teachers. This issue
was absent in the salient empirical research on the subject of mathematical problem-solving
pedagogy (Hajar and In"am, 2017: Clark, Kirschner and Sweller, 2012: Centre for Education
Statistics and Evaluation, 2017: Catrambone and Eiriksdottir, 2011), representing a
concerning disconnect between the reality of teachers and the literature that is supposed to
inform and support their practise. Upon further investigation and research of the literature in
light of this finding, some small-scale studies did investigate links between comprehension
and mathematical problem-solving ability. However, these studies merely identified the
problem instead of suggesting specific pedagogical interventions for this problem (Wiest,
2003: Ulu, 2017: Gomez et al, 2020). The lack of current research on British-curriculum

mathematical problem comprehension for secondary students acerbates the problem as
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teachers remain unsupported by theory and evidence as they try to counter this major

difficulty experienced by students.

The teachers described the various strategies they had developed to support their students
with comprehension: highlighting command words, acronyms and revealing sentences one
by one. These strategies are a starting point for future research to validate or criticise and

should be thoroughly investigated properly and empirically.

Theme 3: The Role of the Teacher

The teachers who participated in the interviews referred to their role as ‘lecturer’, ‘facilitator’,
‘mentor’, ‘advisor’ or even ‘head of the advisory board’. The terms lecturer and facilitator
echo the debate in the literature around teacher-centred versus student-centred learning or
explicit teaching versus discovery-based learning. While ‘mentor’ echoes the ideas
expressed by Beilock and Willingham (2014). The word advisor appears novel in the
context of mathematical pedagogy; however, it could be compared to the facilitator

terminology from literature.

The balance of teachers favouring discovery-based learning to teachers favouring explicit
teaching was tilted, by a slim margin, towards more teachers explicitly delivering worked
examples. This reflects the debate in the literature base, with considerable support for
discovery-based learning (Hajar and In’am, 2017: Lessani et al, 2016: Chang et al, 2010:
Herdiana, Sispiyati and Wahyudin, 2017) being disputed by well-respected academics in
the field of mathematical pedagogy who argue that explicit teaching is more effective (Clark,
Kirschner anc Sweller, 2006: Clark, Kirschner and Sweller, 2012: Centre for Education

Statistics and Evaluation, 2017, Crissman, 2006).
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Interestingly, the teachers expressed new supporting ideas for discovery-based learning.
One compared the discovery-learning process to the scientific method, and praised the
opportunity afforded by the discovery process for students to spot patterns. This pattern
spotting is reminiscent of the constructivism learning philosophy first described by Bruner
(1961). The scientific method is how all new knowledge is formed, and therefore it is
important for young people to develop an appreciation for the rigor in which the information
delivered to them in school is formed. The teachers were able to defend their choices for
discovery-based learning in a convincing way that had not been addressed by the sceptics,
especially those sceptics who referred to discover-based learning as an ‘ideological’

pedagogical decision (Clark, Kirschner and Sweller, 2012).

Theme 4: Contextualising Maths

A small majority of participants spoke of the need to contextualise maths, to link the
abstract subject with the real world and make it applicable. The interview findings indicate
that the lack of understanding by students of how maths can be useful lead to the students
losing motivation to learn. This was unmentioned in the salient literature on problem-solving
pedagogy, probably because it falls into the category of student motivation as opposed to
acquiring mathematical skills. However, the fact that a majority of teachers still brought this
issue up shows that motivation remains intrinsically linked to problem-solving success in
practice. Future research on this would be welcome, exploring whether contextualised
mathematical problems which relate in an obvious way to a real-world application are better

received by students than abstract problems without any clear applications.
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The teachers disagreed with each other on the use of calculators versus mental arithmetic
and traditional working out. The arguments presented by teachers were interesting and
demonstrated the level of critical thought teachers practice in the profession. This was
comparable to the ideas discussed in the literature review of encouraging rote learning in
maths (Mhlolo, 2015: Narayan, 2009). Rote learning lowers the cognitive load on a student
if they already know automatically basic number facts without having to interrupt their
current train of thought (Centre for Education Statistics and Evaluation, 2017). Similarly,
using a calculator automates parts of the problem-solving process, presumably lowering the
cognitive load. However, a small number of participants saw calculators as a way to bypass
the vital conceptual understanding of numbers that enables students to develop mastery of

mathematics.

Theme 5: Teaching Strategies and Approaches
As seen in the findings section, teachers have developed various strategies to teach
secondary British-curriculum maths. These strategies broadly belong to one of the following

categories: engaging learning, explicit teaching, questioning and reflection.

The engaging learning that the participants described was generally more student-focussed
than other teaching strategies. Engaging learning is synonymous with motivation.
Motivation was one of the arguments in favour of student focussed discovery-based
learning in the literature (Kistian, Armanto and Sudrajat, 2017), yet motivation was not
addressed in the previous literature supporting cognitive load theory and explicit teaching in
mathematics (Clark, Kirschner and Sweller, 2006: Clark, Kirschner and Sweller, 2012:
Crissman, 2006: Bokosmaty, Sweller and Kalyuga, 2015). However, upon further inspection

of the literature in light of these findings, Martin (2016) proposes that managing cognitive
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load through clear, structured and well-guided instruction leads to motivation and
engagement. However, Martin (2016) acknowledges that the evidence base for this is
lacking empirical data. Based on the findings of this present study, it appears that more
teachers agree with Kistian, Armando and Sudrajat (2017), that student-centred teaching of

problem-solving in mathematics is more engaging.

A minority of teachers explicitly supported teacher led worked examples. This is surprising
considering the amount of support for explicit teaching from the most noteworthy academics
in the field of cognitive psychology who focus on mathematical pedagogy. It is also
noteworthy that only one participant used vocabulary derived from literature. It appears that
the researchers must work harder if they are going to communicate their findings to
practitioners and convince teachers to adjust their practice to align with the evidence base,

as currently they are either unaware or unconvinced by the research.

The questioning and reflection strategies that the participants described lead students to
consider the reasoning behind problem-solving steps. This is consistent with the ideas of
metacognition (Izzati and Mahmudi, 2018: Alzahrani, 2017) and the subgoal-learning model
(Catrambone and Eiriksdottir, 2011), which also aim to actualise the thought process
behind effective problem-solving strategies. However, the questioning strategies that the
teachers described allowed more engagement from the students, while lowering the control
of the expert teacher to guide the reflection. This is an interesting distinction, as the subgoal
learning model would have the teacher annotate the steps, the teachers instead asked the

students to describe the steps.
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Conclusion and Recommendations

This study sought to explore the lived experiences and perceptions of British curriculum
secondary maths teachers on teaching problem-solving skills in practice. Particular
emphasis was placed on comparing the similarities and differences in the practice of
teachers to the ideas which populate the previous theory and literature. Furthermore, this
study aimed to uncover divides between theory and practise such that they better

complement each other.

The findings revealed similarities and differences between theory and practise. The most

pertinent finding revealed the extent to which maths teachers see maths anxiety as a major

barrier to be overcome if students are going to reach their potential as problem-solvers. The

literature did not reflect this concern proportionately in line with the teachers’ emphasis.

Similarly, comprehension of mathematical text and questions was not addressed by the

leading publications on mathematical problem-solving. Teachers expressed this clearly and

repeatedly, pointing out that many exam questions are too complicated due to the wording

and readability. Students cannot answer questions that they cannot read. Teachers have
developed their own strategies to make these wordy exam questions more accessible to
learners, and future research should explore these innovations to see if they are as
effective as the teachers perceive them to be. Furthermore, future research on explicit
teaching, discovery-based learning, cognitive load theory, metacognition or the sub-goal
learning model should consider how these pedagogical strategies affect students’ maths
anxiety and question comprehension. If the literature continues to ignore the major
concerns of maths teachers, it is unsurprising that maths teachers will continue to ignore
the literature. This disconnect offers an explanation for a frustration expressed by two

participants in the interviews; that their schools continued professional development was
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weak and unconvincing. This is perhaps another symptom of educational research being far

removed from practice.

The debate on discovery-based learning versus explicit teaching continues in the literature
and in practice. The participants were divided, like the literature, with some favouring
student-centred learning while others defended the use of teacher-centred learning. The
teachers introduced new arguments in favour of discovery-based learning, which were not
properly rebuted by theorists who dismissed discovery-based learning as ‘ideological bias’
(Clark, Kirschner & Sweller, 2006; Clark, Kirschner & Sweller, 2012). The findings of this
study imply that the debate is ongoing, not as settled as some would suggest. Indeed,
many of the arguments in favour of discovery-based learning were echoed by the
practitioners: engagement, motivation, independence and uncovering generalisations or

patterns (Kistian, Armanto and Sudrajat, 2017: Herdiana, Sispiyati & Wahyudin, 2017).

Overall, the findings of this study demonstrate a disconnect between practitioners and
researchers on several fronts, rarely expressing perfectly overlapping views, ideas or
approaches. Several reasons are proposed to explain this discrepancy: research that does
not address the priorities or concerns of teachers, research being separated from realistic
classroom situations, research focussing on singular ideas without considering the many
factors at play that influence learning and teachers not receiving effective evidence-based

subject-specific professional development after initial training.

The main limitations of this present study are two-fold. This study is small-scale, with a

cohort of twelve participants being too small to generalise the findings accurately,

effectively and reliably to the thousands of British curriculum maths teachers worldwide.
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Perhaps this limitation could be addressed with future research that took the findings from
this study and aimed to validate or invalidate these findings with a larger scale survey which
asked thousands of teachers to express their agreeance with the findings. This could
possibly be achieved with a Likert scale design (Joshi et al, 2015). Furthermore, this study
only gathered data on the subjective perceptions of teachers from their own perspective. It
did not seek to substantiate their views with data on academic progress, student opinions of
learning, views from other stakeholders in education or other data which could reinforce the
subjective opinions of teachers. As the teachers expressed some ideas that were novel in
the context of mathematical problem-solving, future research should explore these novel

ideas from various research philosophies and approaches.

The world is full of unsolved problems. Climate change, the cure to cancer, steps forward in
computer science, advances in engineering and problems that have not even been
formulated yet are some of the real problems that the next generation of mathematicians
will have to contend with. Their ability to contribute to advancements in human progress will
partly depend on their teacher’s ability to train them to become adept independent problem-
solvers. For this reason, this study has made a small contribution to the field of
mathematical pedagogy in the hopes that practitioners will benefit from more appropriate
pedagogical strategies derived from empirical evidence in future studies. Ideally responding
directly to the concerns and priorities expressed by maths teachers in this study who are on

the front line of the profession.
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Appendix 1 :Consent Letter :

University

of Essex Online

Dear Participant,

Thank you volunteering to be part of this project. Please read the statement below and if you agree to take
part in the research project, please sign and print your name at the bottom. If you have any questions, please
don’t hesitate to contact the researcher: David (Will) Mcloughlin.

The project will seek to understand the opinions and experiences of maths teachers. This will be conducted
through 30 minute online video interviews. This is part of my Masters in Education dissertation with the
University of Essex, UK. | (David) am a maths teacher currently living in Abu Dhabi, with a keen interest in
mathematical pedagogy.

“l understand that this is a project pertaining to teaching problem solving skills in maths education and my own
experiences on teaching these skills. There is no compulsion for me/my institution to take part in the research.
If I chose not to take part, | will not be prejudiced in any way and the researchers will respect my decision as
an educational professional. If | do choose to take part, | may at any stage withdraw my involvement. If |
choose to withdraw, this will not affect my professional position. Any information given by me will be used
solely for the purposes of this research, which may include publications. No individuals will be identified in the
final publication. Confidentiality will be respected by the researcher in relation to the information which | give.

The interview will be recorded and stored securely, unless | request otherwise. The researcher can make
accommodation if | feel uncomfortable with a interview recording, however this may slightly increase the time
taken to conduct the interview.

Any data gathered during the course of the research will be stored securely on password protected devices
and any personal data will be destroyed after the research has been published, however anonymised data
may be published as part of the research project.

| have read and understood the nature of my involvement in the project and agree to take part in it.

By signing below | agree to the above statement, and understand that | can withdraw consent at any time
throughout the duration of the research project.”

Contact:
David (Will) Mcloughlin
dm19673@essex.ac.uk
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Appendix 2: Interview Structure

Question Reasoning Follow Up Question | Reference
Thank you for your To build a rapport Why did you choose | Modified from
time today and between the a career in maths McGrath,
sharing your interviewer and education? Palmgren
experiences. Please | interviewee. . and Liljedahl
tell me about your What s your (2019)

interest in maths
education?

favourite part of your
job?

When you first

To ensure the

Can you give me

Adapted from

started teaching participants are some examples of Hatry,
maths, what did you | suitably experienced | why you think that? | Newcomer
find came naturally? | and qualified to offer ° and Wholey
What did you find reliable responses as How come (2015)
more challenging? professional maths If you could give

teachers, while also advice to someone

further establishing a just beginning a

narrative of their career in teaching,

professional what would you

experiences. say?
Which skills do you To contextualise the Why have you Opie and

think are the most
important or
transferable that are
taught in maths?

interview for the
participant and show
an interest in their
professional views.

To also gain
perspective on the
priorities of maths
teachers.

identified that skill in
particular?

In your opinion,
does the current
curriculum give this
area sufficient
focus?

| notice that you
don’tinclude
problem-solving
skills, why have you
not mentioned
these?

Brown (2019)

What do you
understand by the
term ‘Problem-
solving skills’?

Leads into ensuring
the interviewer and
interviewee are clear
on the key definition.

For the remainder of
this interview, the
following definition
will be used
‘carrying out a
logical process to
arrive at an answer

Klerlein and
Hervey
(2018)
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to a novel and non-
routine question’.

What do you think of
this definition?

| am now going to move | Structures the interview and focussed future | Harvard, n.d.
onto discussing guestions.
problem-solving skills.
5 | What do you find Lays a foundation for | Why is that? Harvard, n.d.
most challenging future questions which
about teaching will probe further into How have you
problem-solving how the teachers adapted to these
skills? overcame these challenges?
hurdles. What particularly did
the students
What do you find struggle with?
easiest about Remain flexible with
teaching problem- question order, if the
solving skills? answer naturally leads
into question
6 | Is there a particular Elicits personal What made you Opie and

instance of you
teaching problem-
solving skills in maths
that you can
remember?

Can you describe this
experience?

reflection of relevant
experiences.

think of this
instance?

What was your role
in this scenario?

What went well?

What inspired you to
take this approach?

What would you
improve next time?

How did the
students respond to
this lesson?

Brown (2019)

Are there any
particular teaching
strategies that you
consider most
effective to teaching
problem-solving?

Leads to discussion
around the
pedagogical
reasoning behind their
teaching decisions.

Why do you find this
strategy effective?

What do you find
difficult or about
carrying out this
teaching strategy?

Are there any
challenges that you
have encountered?

Adapted from
Wellington
(2015)
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Interviewer shows 3
problem-solving
guestions on the
Zoom screen. (See
below)

Here are 3 UK

Gives a visual prompt
to promote further
inciteful conversation.

How can teachers
help students adapt
to novel challenges
like this?

Do you find that
students enjoy
challenges like

Opie and
Brown (2019)

White Rose
Maths (2016)

. these?

curriculum maths UKMT (2020)
guestions. Do you What do you think
have any thoughts on makes these
them? particularly difficult?

How could teachers

make these

guestions more

accessible for

novice learners?
Is there anything else | Offers opportunity for McGrath,
you would like to participants to expand Palmgren
discuss relating to on their answers so and Liljedahl
your experience of far. (2019)

teaching problem-
solving skills?

Two points are marked on the number line.

M is exactly halfway between the two points.

M| =
—

Find the value of M.

w| A

Give your answer as a fraction inits simplest form.

Figure 1: Problem-Solving Example 1 (White Rose Maths, 2016)
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A shape is made of up two circles.

12cm

The diameter of the large circleis 12cm.
The area of the shaded region is 50cm?

Find the diameter of the smaller inner circle.

Figure 2: Problem-Solving Example 2 (White Rose Maths, 2016)

7. Four different positive integers have a product of 110. What is the sum of the four integers?
A 19 B 22 C 24 D 25 E 28

Figure 3: Problem-Solving Example (UKMC, 2020)
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Appendix 3: Thematic Analysis

Themes Categories

Transcripts

1. | Maths Anxiety Emotional.

Barriers to problem-
solving.

Support.
Anxious.
Confidence.

Growth mindset.

Participant B2: “They get flustered.”

Participant C3: “It [maths anxiety] is a
massive problem, it really stifles the kids.”

“They don’t think clearly.”

Participant D4: “They have a fear of
failing.”

Participant F6 “Pupils need nurturing when
they have low confidence.”

Participant G7: “| think the pastoral side of
teaching can really help.”

“Yes, | have seen it improve progress.”

Participant 19: “Once they’ve done it, it
doesn’t seem so bad.”

“If you get something wrong, you keep
going, you don’t let it break you. That's
problem-solving, it builds resilience, that’s
a life skill.”

Participant J10: “[students have a] fear of
failure.”

2. | Comprehension | EAL.
as a barrier to
Mathematical

Problem-Solving

Questions posed by
several long
sentences.

Leads to Maths
anxiety.

Give-up.

Participant A1: “They don’t know the basic
[mathematical] vocabulary.”

Participant C3 “The boys | teach are
mostly EAL, it's very difficult for them to
understand the long-winded questions.”

Participant E5 “If it looks complicated, they
give-up.”

Participant G7 “l teach a lot of EAL
learners, they don’t like wordy questions. |
have to spend a lot of time breaking down
the sentences with them.”

Participant H8: “Focus on the command
words in the question.”

Participant K11 “[when] pupils see
guestions in exams with long paragraphs,
they just turn the page.”

“They just don’t understand the question.
It's impossible to explain the maths to
them if they don’t understand the context.”

Participant L12 “I reveal the first sentence
of the question, we discuss together. Once
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they are happy, we continue with the
second sentence.”

“Highlight the command words.”

Role of the
Teacher.

Student centred
teaching.

Teacher centred
teaching.

Explicit teaching.

Lecture.
Questioning.

Independent work.

Discovery based
learning.

Facilitator.

Modelling expert
solutions.

Participant B2: “[In this scenario] | was the
head of the advisory board, the pupils had
to convince me of their approach
throughout the project.”

Participant C3 “I ask them what things we
have learned could help them with this
guestion. They come up with ideas. If their
ideas are wrong, | still talk them through it,
and try to show them why their ideas
might not pan out.”

Participant D4: “Teach the how before the
why.”

“The ‘why’ will come later.”

Participant E5: “The kids enjoy it
[independent work], and it really helps
when they spot the patterns themselves,
they understand it better.”

Participant G7: “It can be a double-edged
sword. Sometimes | have to model the
expert way of doing things, but sometimes
the students get scared to ask questions if
| talk like that. They feel like it's not a safe
space.”

Participant H8: “Only when they’re
confident will | give them unguided
activities.”

Participant J10 “Lower classes struggle
with independent work, | would only use it
[discovery based learning] for top sets”

Participant K11: “Lecturing gives me
control.”

Participant L12: “| circulate around the
classroom while they’re working in groups,
| observe mostly but sometimes ask them
qguestions. This can guide them in the right
direction.”

Contextualising
Maths.

Calculator.

Simplifies
calculations.

Estimation.

Mental arithmetic.

Participant A1: “I| encourage pupils to
estimate an answer before trying it, it
helps them check and reinforces the
context of the question. For example, if
they are working out the length of a side of
a triangle, | make them guess it first. It
helps them connect the numbers to the
real world.”
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Rote learning.
Applying maths.

Real-world scenarios.

Participant B2: “Fluency with basic maths
skills definitely makes problem-solving
easier.”

“Arithmetic comes from everyday life,
going to the shop or recipes.”

Participant C3: “They always ask ‘where
will we ever use this?’, they don’t
understand why the maths is useful.”

Participant E5: “If we wanted maths to be
directly applicable to the real-world, we
would teach tax returns before we taught
abstract geometry, but we don'’t.”

Participant F6: “They often know individual
steps, but don’t know how they all fit
together.”

Participant G7: “They will use a calculator
for GCSE exams, so every lesson | make
them use a calculator from Year 8
upwards.”

Participant H8: “They were asked to work
on an interior design project, they had to
bring business, art and maths together.”

Participant L12: “Sometimes we do
different things, like once we baked a cake
as a class to learn about circumference
and area.”

“Yes, it was engaging, | think they
remembered it better when it was about
the real world.”

Participant J12: “Students just don’t have
the foundation skills necessary to access
the curriculum.”

Teaching
Strategies and
Approaches.

Cross-curricular
problem-solving.

Activities.
Visualising.

Applications of
problem-solving.

Participant A1: “I'd say its
compartmentalised. They can’t bring two
topics together. If a question involved
algebra and geometry they don’t know
where to start.”

“l would always start with jogging prior
knowledge, the knowledge that is
prerequisite for that lesson.”

59



Reflection.
Engaging learning.

Project based
learning.

Participant B2: “I get the students to read
over a model answer. | then ask questions
about it; ‘What was the point of this step?’,
‘Why did we do that bit first?’ ‘Is there
another way we could get to the correct
answer?””.

Participant C3: “I guide them through an
investigation, we use Desmos [online
graphing software] to plot difference
graphs and they try to spot the patterns, to
see the rules. It's tricky but when it works,
it definitely works.”

“It's like they are doing science
experiments in maths class, it feels like
they are true mathematicians and
scientists.”

Participant D4: “We tasked the students
with creating an interior design company.
They had to advertise, plan, budget and
pitch. It was a great lesson.”

“Discovery [based] learning is engaging,
it's fun but can also be really beneficial
when it becomes a pattern spotting
activity.”

Participant F6: “At the end of an activity, |
sometimes take time to get students to
read back over their work and see if they
can improve their method.”

“It's all about critical thinking, they have to
analyse their approach.”

Participant H8: “Worked examples are so
powerful.”

“l often teach like a lecturer.”
“Scaffolding helps. | give small hints,

written or spoken, that suggest what steps
they should take next.”

Participant 19: “I ask them ‘Why did we do
that step?’. | want to know their thoughts; |
want to know if they get why that step is
important.”
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Participant L10: “Students are very
competitive, sometimes games or class
competitions can get them involved.”

Participant K11: “Exposure is key, they
need to practice often.”

“Flipped learning is useful, we use it at our
school.”

Participant L12: “Sometimes we do
different things, like once we baked a cake
as a class to learn about circumference
and area.”

“Yes, it was engaging, | think they
remembered it better when it was about
the real world.”
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