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ABSTRACT 

A student’s Problem-solving Potential (PsP) is defined by their mindset, their mathematical 
resilience, and the problem-solving skills they possess. This triad construct of PsP was developed 
as part of a doctoral study, and investigated amongst six cohorts of highly-able mathematics 
Transition Year students through an educational intervention. Prior research into mindsets, largely 
spearheaded by Dweck (2006), found a relationship between achievement and growth-orientated 
mindsets; which extol the virtues of learning over “looking smart”, and the value of making mistakes, 
among other attributes. Mathematical resilience is further subdivided into value (belief that 
mathematics is important), struggle (acknowledgement that struggle is a valuable part of learning 
mathematics), and growth (referring to growth mindsets) (Kooken et al., 2016). Prior research of 
mathematical resilience focussed on the development of this concept amongst low-achieving 
students; whilst our research investigated its development within highly-able students. There is a 
popular belief amongst educational researchers that mathematics is best learnt through the 
construction of knowledge by the learner, and mathematical problem-solving is one approach that 
creates this opportunity for all learners (Mason et al., 2010). Our educational intervention utilised 
collaborative problem-solving, and was designed to: introduce strategies for problem-solving; 
encourage reflection on the problem-solving process; provide opportunities for the extension of 
problems; and develop communication skills. In this paper, we will highlight the benefit of developing 
PsP in the mathematics classroom for highly-able students by discussing the relevance of each 
aspect of the construct through the findings of the doctoral study; and also how the development of 
PsP may impact lower-achieving students. 
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Introduction 

It has long been believed that mathematics is best learnt through the construction of the 

learner’s own knowledge, and problem-solving has been lauded as one effective means of 

doing so (Hyland, 2018). Numerous researchers have explored the benefits of developing the 

skills for problem-solving amongst students. However, to be improve your potential to 

problem-solve, there is more than skills required. Problem-solving skills, mathematical 

resilience and a growth mindset each play a role in one’s Problem-solving Potential 

(Fitzsimons, 2021). This paper will explore PsP and the intervention designed to nurture it, 

while discussing how they may apply to the broader context of the regular mathematics 

classroom.  

 

Background 

Mathematics education in Ireland has undergone changes in the past 15 years, first through 

‘Project Maths’ (DES, 2010), and then through the new Junior Cycle (DES, 2017). Both of 

these developments brought a renewed call for problem-solving within second-level 

mathematics (Byrne et al., 2021), although research has suggested that teachers have struggled 

to be given adequate time allocations or resources to allow for this to occur (O’Meara & 

Prendergast, 2017). Concerns were raised in the early stages of ‘Project Maths’ that teachers 

were not receiving sufficient support to prepare them for the changes required in their teaching 

under the new curriculum (Grannell et al., 2011); while Byrne et al (2021) suggested that 

teachers should be given an abundance of continued professional development for the new 

Junior Cycle to avoid similar failures.  

One further aspect of concern with these curriculum changes was the education of highly-able 

students (Lubienski, 2011). These students rely on classroom differentiation and out-of-school 

programmes to cater for their diverse educational needs (NCCA, 2007), despite calls from 

researchers for greater attention for this student cohort (Riedl Cross et al., 2014). Their 

performances on international assessments have been stagnant and below average over the past 

30 years, whilst the general student population performed consistently above average and low-

achieving students showed marked improvements (Cunningham et al., 2016; McGrath, 2017). 

In a bid to address the additional educational needs of these students, Problem-solving Potential 

was developed as a construct.  

 

Problem-solving Potential (PsP) 

PsP is a triad construct developed as a part of a doctoral study that outlines how a student’s 

potential to problem-solve in mathematics is influenced by: the skills for problem-solving they 

possess; their level of growth mindset; and their mathematical resilience. Dai’s (2020) 

definition of potential reflects upon intrinsic characteristics and traits, and the order of 

importance they are assigned within an individual reacting to their experiences or environment; 

but also that this may be shaped by external factors, such as resources or teaching. The 

importance of problem-solving to mathematics has long been known (Schoenfeld, 1992), and 

its benefits to the development of highly-able students’ abilities has been well-researched 

(Sriraman, 2003). While the ‘skills’ associated with problem-solving form a non-exhaustive 

list, which further depend on the level of mathematics being studies, they include: calculation 

skills, strategy selection, communication, explanation, reflection, creativity, expansion, and 

many more. The further engrossed in the study of mathematics a study becomes, the more skills 

they will encounter and indeed require. It is only through the exposure to problem-solving that 

they will develop these skills.  
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Although there is an abundance of research in the field of mindsets, there exists a gap in this 

research specific to highly-able students (Esparza et al., 2014). When a student is focussed 

solely on their test scores, such that an experience of failure or repeated failure leads to feelings 

of inadequacy or stupidity, they are said to possess a fixed mindset (Yeager & Dweck, 2012). 

Conversely, a student who values their mistakes and effort as a means to learning is said to 

have a growth mindset (Dweck, 2006). Research has found that a student’s mindset is strongly 

correlated with their performance in a subject, and may even be a good predictor of a(Blackwell 

et al., 2007) future decline or incline in grades . With regards to highly-able students, while 

they may not experience failure commonly, there are fears that they develop negative traits of 

perfectionism, and seek to hide mistakes rather than to learn from them (Mofield & Parker 

Peters, 2018). Further concerns have been raised about praising students’ performance rather 

than their effort (Boaler, 2013). Although some students may exhibit fixed mindsets, multiple 

research projects have shown that a student’s mindset may be altered through intervention 

(Blackwell et al., 2007; Esparza et al., 2014).  

Kooken et al (2013) defined mathematical resilience through the domains of value (the extent 

to which a student values the study of mathematics in their life), growth (in reference to growth 

mindsets) and struggle (the extent to which a student identifies struggle as a part of the learning 

process). Students who were highly mathematically resilient were found to show smart strategy 

selection in problem-solving, to crave discussion, to question mathematical ideas, and to exert 

the attributes of a growth mindset (Johnston-Wilder & Lee, 2010). Much of the early research 

into this field has focussed on two areas – how mathematical resilience may be improved, and 

how it impacts upon low-achieving students. With regards to the former, research has found 

that the development of “coaches” for mathematical resilience may have a positive impact on 

a student’s beliefs (Johnston-Wilder et al., 2013). The doctoral study completed by the author 

was the first investigation of mathematical resilience amongst highly-able students.  

Figure 1 Problem-solving Potential (PsP) 
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Mathematics Intervention  

The mathematics intervention was developed following a rigorous literature review, and 

implemented across six cohorts of highly-able, transition year students through the Centre of 

Talented Youth, Ireland (CTYI). Transition Year was deemed as the most-appropriate time for 

the intervention for a number of reasons: there is no set assigned curriculum for students; other 

years are highly time-sensitive due to the vast curricula to be covered by teachers, etc.  Two 

time-variations of the intervention were utilised: a 14-week programme, one day per week for 

14 weeks; and a 3-week programme, for 14 days over this period. The students completed a 

two-hour class and a one-hour tutorial each day. While the layout of the class and tutorial were 

largely identical, the students were required to complete a written diary reflection for one 

problem during the tutorial. Each aspect of the mathematics intervention was designed under 

the aim of developing the PsP of highly-able students.  

Instructional Design 

Problem-solving heuristics have been prevalent in research for decades, with Polya’s steps of 

problem-solving still widely referenced to this day (Polya, 1945). Mason et al (2010) developed 

‘stages’ of problem-solving, which built upon the work of Polya, and created a system of 

“Rubric writing” to navigate the problem-solving process. One notable addition was also the 

extension of problems, allowing for the problem-solver to display their mathematical creativity 

and restart the problem-solving cycle. While the problem-solving process has been well-

researched and advanced through the years, there has been no clearly defined model specific 

to collaborative problem-solving, despite repeated reports of collaborative problem-solving as 

an essential skill in the 21st Century (OECD, 2017). Hence, the CoPs model was designed to 

bridge this gap in research. This model represents the problem-solving processes encountered 

when working collaboratively. 

Collaborative problem-solving encourages the development of individual problem-solving 

skills, combined with the skills of collaboration, such as communication and the verbalisation 

of reasoning. It has also been found that highly-able students work effectively in a group of 

their peers who share similar motivations. Groups of 3 or 4 students were created on the first 

day of each cohort of students and remained unchanged for the duration.  

Problem-solving strategies are essential to the process of solving a problem (Posamentier & 

Krulik, 2015). Early in the development process, the decision was made to introduce seven 

strategies organically to students through carefully-chosen problems (Fitzsimons & Ní Fhloinn, 

2019). These strategies were chosen due to their prominence in previous literature (Krulik & 

Rudnick, 1989; Mason et al., 2010; Schoenfeld, 1982): visuals, patterns, generalising & 

specialising, conjectures, assumptions & questioning, structure, and working backwards.  

The role of the facilitator within a problem-solving classroom has been well-outlined in 

previous literature (Dolmans et al., 2005), and the intervention utilised this role to: ask probing 

questions of students throughout the process; ensure all students were participating; provide a 

scaffold for the process where necessary; and to monitor progress of individuals. Furthermore, 

the facilitator provided positive messages of both resilience and growth mindsets throughout 

the intervention. As the intervention progresses, the role of the facilitator diminishes, as the 

students become familiar with the procedures required of them.  

 

Intervention Content 

Due to the vast number of resources available online or in literature, the decision was taken to 

carefully-select existing problems, rather than to create new ones. These problems were curated 

under themes for each day of the intervention - the first seven themes being those of the 

aforementioned problem-solving strategies; followed by four contextual themes after the four 
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strands of Junior Cycle mathematics (DES, 2017); and finally three days of general problem-

solving. The ‘diary’ problem for each tutorial followed the same theme as the class. As the 

participants of the intervention were transition year students, all chosen problems were solvable 

through Junior Cycle mathematics.  

 

Classroom Design 

The classroom was prepared each day before the arrival of the students. Four individual tables 

were combined in a square pattern for each group. The problems were introduced through a 

presentation broadcast by a projector. Groups completed their workings on A1 size sheets of 

paper that were distributed by the facilitator, with extra sheets provided when necessary. While 

the application of student roles in groupwork may be utilised in research to ensure all members 

of a group are motivated and participating (Huss, 2006), the ‘house rules’ and dynamic of the 

CoPs model require this of the students on this intervention, and thus the introduction of student 

roles was not deemed necessary. After observation of six cohorts of students participating on 

the intervention, the author believes this was the correct decision.  

 

Regular Classroom 

As previously mentioned, Transition Year (TY) was deemed the most appropriate year for a 

mathematics intervention to occur for the doctoral study, and this remains true for any school-

based intervention. The TY guidelines offer suggestions as to what should be taught to students, 

but also firmly state that curricula and teaching strategies are to be decided by each individual 

school (DES, 1994). The guidelines do, however, also emphasise that TY should not be 

equipped as a third year of study towards the Leaving Certificate (DES, 1994, p. 2). It is also 

known that both the Junior Cycle and the Leaving Certificate are time-constraining for teachers 

(NCCA, 2013). TY serves as the ideal stage of second-level education for the existence of an 

intervention for highly-able mathematics students. The flexibility within the TY guidelines 

would also allow schools to adopt such an intervention to fit their needs, while not placing 

pressure on schools by introducing one as mandatory.  

A problem-solving intervention in TY would also build upon the unifying strand in the Junior 

Cycle (DES, 2017), and explore the previous three years content in greater depth. As a part of 

the doctoral study, the intervention was implemented in two time-variations, and the results of 

each variation statistically analysed. No statistically significant differences were found 

between the variations. Further research is now needed as to how effective the intervention can 

be in a regular school setting, although the individual features are easily transferable.  

 

Less-Able Students 

Thus far, PsP has been investigated as a singular construct in the context of highly-able students 

only. There is further research needed to explore it’s benefits to all students. However, an 

examination of previous research yields the benefits of each aspect separately.  

Mathematics anxiety is an issue of great concern amongst less-able students in the study of 

mathematics (Ashcraft, 2002). Mathematics anxiety can lead to a mental block for students, 

whereby they disengage from the subject and develop intrinsic barriers to their learning 

(Gabriel & Barthakur, 2020). Johnston-Wilder et al (2015) found that developing a student’s 

mathematical resilience through the use of “coaches” and positive messaging helped those who 

had developed the ‘growth zone model’ to illustrate how a student must navigate outside their 

comfort zone to learn, but may be guided by a coach to avoid entering the anxiety zone.  
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Figure 2 Growth Zone Model 

 
 

Further to this, the development of a growth mindset may also be beneficial in tackling 

mathematics anxiety amongst less-able students (Boaler, 2018). Hwang et al (2017) found that 

fixed mindsets amongst low-achieving students were a greater predictor of declining results 

over time than fixed mindsets amongst high-achieving students.  

As previously discussed, the role of the facilitator in collaborative problem-solving is multi-

faceted. The facilitator may scaffold the learning for their students, and can be as invasive as 

necessary in the process. For less-able students, the facilitator may become more hands-on than 

usual to help the students to navigate through a problem, without becoming too overwhelmed 

by the problem.  

 

Conclusion 

The mathematics intervention designed is a purpose-built programme for highly-able 

mathematics students in Transition Year in Ireland, which is of great importance to these 

students. The intervention has possible implications for the encouragement of mathematical 

talent and potential amongst highly-able students in schools. Participation on the intervention 

can provide students with stronger problem-solving skills that may benefit their study of 

mathematics in the Leaving Certificate.  

With regards to general or less able students, while PsP has not yet been researched with 

cohorts of these groups, each individual aspect of the construct has clear and defined benefits 

for these students. The application of this construct within the regular classroom requires 

research in the near future.  

Faulkner et al (2021) recently found that a sample of undergraduate students in Ireland did not 

display a level of improvement in problem-solving that was expected following the overhaul 

of the second-level mathematics curriculum. Further to this, they outlined how students may 

be experiencing “helplessness” when they encounter unfamiliar problems. The development of 

PsP within students has the potential to alleviate concerns such as these when they move 

beyond second-level education.  
  



SMEC CONFERENCE 2022 
https://doi.org/10.5281/zenodo.6953970 

97 

References 

Ashcraft, M. (2002). Math Anxiety: Personal, Educational and Cognitive Consequences. American 

Psychological Society, 11(5). 

Blackwell, L. S., Trzesniewski, K. H., & Dweck, C. S. (2007). Implicit Theories of Intelligence 

Predict Achievement Across an Adolescent Transition: A Longitudinal Study and an 

Intervention. Child Development, 78(1), 246–263. 

https://onlinelibrary.wiley.com/doi/pdf/10.1111/j.1467-8624.2007.00995.x 

Boaler, J. (2018). Developing Mathematical Mindsets The Need to Interact with Numbers Flexibly 

and Conceptually. American Educator , Winter. www.wiley.com 

Boaler, J. O. (2013). Ability and Mathematics: the mindset revolution that is reshaping education. 

FORUM, 55(1), 143–152. www.wwwords.co.uk/FORUM 

Byrne, C., Prendergast, M., & Oldham, E. (2021). Reforming Junior Cycle: Lessons from Project 

Maths. In Curriculum Change within Policy and Practice (pp. 125–142). Springer International 

Publishing. https://doi.org/10.1007/978-3-030-50707-7_7 

Cunningham, R., Close, S., & Shiel, G. (2016). Assessment of Project Maths at Junior Certificate 

Level: An Exploratory Study Using the PISA and TIMSS Assessment Frameworks. The Irish 

Journal of Education, xli, 78–116. http://www.erc.ie/wp-

content/uploads/2018/09/Cunningham-et-al-Final-Vol-41.pdf 

Dai, D. Y. (2020). Rethinking Human Potential From a Talent Development Perspective*. Journal 

for the Education of the Gifted, 43(1), 19–37. https://doi.org/10.1177/0162353219897850 

Department of Education and Skills (DES). (1994). Transition Year Programmes – Guidelines for 

Schools. https://www.education.ie/en/Schools-Colleges/Information/Curriculum-and-

Syllabus/Transition-Year-/ty_transition_year_school_guidelines.pdf 

Department of Education and Skills (DES). (2010). Report of the Project Maths Implementation 

Support Group. https://www.education.ie/en/Publications/Policy-Reports/Report-of-the-

Project-Maths-Implementation-Group.pdf 

Department of Education and Skills (DES). (2017). Junior Cycle Mathematics. 

https://www.curriculumonline.ie/getmedia/6a7f1ff5-9b9e-4d71-8e1f-

6d4f932191db/JC_Mathematics_Specification.pdf 

Dolmans, D. H. J. M., de Grave, W., Wolfhagen, I. H. A. P., & van der Vleuten, C. P. M. (2005). 

Problem-based learning: future challenges for educational practice and research. Medical 

Education, 39, 732–741. https://doi.org/10.1111/j.1365-2929.2005.02205.x 

Dweck, C. S. (2006). Mindset: The new psychology of success (First). Random House. 

Esparza, J., Shumow, L., & Schmidt, J. A. (2014). Growth Mindset of Gifted Seventh Grade 

Students in Science. NCSSSMST Journal , Spring, 6–13. 

Faulkner, F., Breen, C., Prendergast, M., & Carr, M. (2021). Profiling mathematical procedural and 

problem-solving skills of undergraduate students following a new mathematics curriculum. 

International Journal of Mathematical Education in Science and Technology, 1, 1–30. 

https://doi.org/10.1080/0020739X.2021.1953625 

Fitzsimons, A. (2021). Improving the problem-solving potential (PsP) of highly-able transition year 

students through participation in a mathematics intervention [PhD, Dublin City University]. 

https://doras.dcu.ie/26216/ 

Fitzsimons, A., & Ní Fhloinn, E. (2019). Developing a problem-solving module in mathematics for 

highly-able post-primary school students. In L. Harbison & A. Twohill (Eds.), Proceedings of 

the Seventh Conference on Research in Mathematics Education in Ireland (pp. 91–98). 

CASTeL. https://doi.org/10.5281/zenodo.3474137 

Gabriel, F., & Barthakur, A. (2020). The impact of mathematics anxiety on self-regulated learning 

and mathematical literacy Lexical availability and fraction knowledge View project. Article in 

Australian Journal of Education. https://doi.org/10.1177/0004944120947881 



SMEC CONFERENCE 2022 
https://doi.org/10.5281/zenodo.6953970 

98 

Grannell, J. J., Barry, P. D., Cronin, M., Holland, F., & Hurley, D. (2011). Interim Report on Project 

Maths. University College Cork. 

https://www.ucc.ie/en/media/academic/maths/InterimReportonProjectMaths.pdf 

Huss, J. (2006). Gifted Education and Cooperative Learning: A Miss or a Match? Gifted Child 

Today, 29(4). https://files.eric.ed.gov/fulltext/EJ746306.pdf 

Hwang, N., Reyes, M., & Eccles, J. (2017). Who Holds a Fixed Mindset and Whom Does It Harm 

in Mathematics? Youth & Society, 1–21. https://doi.org/10.1177/0044118X16670058 

Hyland, D. (2018). Investigating Students’ Learning of Differential Equations in Physics. [Doctural 

Thesis, Dublin City University]. 

Johnston-Wilder, S., & Lee, C. (2010). Mathematical Resilience. Mathematics Teaching, 218, 38–

41. 

Johnston-Wilder, S., Lee, C., & Brindley, J. (2015). Developing Mathematical Resilience in School 

Students Who Have Experienced Repeated Failure. 8th International Conference of Education, 

Research and Innovation. https://www.researchgate.net/publication/315741077 

Johnston-Wilder, S., Lee, C., Garton, E., Goodlad, S., & Brindley, J. (2013). Developing Coaches 

For Mathematical Resilience. ICERI 2013: 6th International Conference on Education, 

Research and Innovation. 

Kooken, J., Welsh, M. E., McCoach, D. B., Johnston-Wilder, S., & Lee, C. (2013). Measuring 

mathematical resilience : an application of the construct of resilience to the study of 

mathematics. American Educational Research Association (AERA) 2013, 1–15. 

http://wrap.warwick.ac.uk/51559 

Kooken, J., Welsh, M. E., McCoach, D. B., Johnston-Wilder, S., & Lee, C. (2016). Development 

and Validation of the Mathematical Resilience Scale. Measurement and Evaluation in 

Counseling and Development, 49(3), 217–242. https://doi.org/10.1177/0748175615596782 

Krulik, S., & Rudnick, J. A. (1989). Problem Solving: A Handbook for Senior High School 

Teachers. Allyn and Bacon. https://files.eric.ed.gov/fulltext/ED301460.pdf 

Lubienski, S. (2011). Mathematics Education and Reform in Ireland: An Outsider’s Analysis of 

Project Maths. Irish Mathematics Society Bulletin, 67, 27–55. 

Mason, J., Burton, L., & Stacey, K. (2010). Thinking Mathematically (Second). Pearson Education 

Limited. 

McGrath, P. (2017). Does Education In Ireland Meet the Needs of Gifted Students? The Irish 

Journal of Education, 42, 64–87. 

https://www.jstor.org/stable/26607240?seq=1#metadata_info_tab_contents 

Mofield, E. L., & Parker Peters, M. (2018). Mindset Misconception? Comparing Mindsets, 

Perfectionism, and Attitudes of Achievement in Gifted, Advanced, and Typical Students. 

Gifted Child Quarterly, 62(4), 327–349. https://doi.org/10.1177/0016986218758440 

National Council for Curriculum and Assessment (NCCA). (2007). Exceptionally Able Students: 

Draft Guidelines for Teachers. 

https://ncca.ie/media/1974/exceptionally_able_students_draft_guidelines_for_teachers.pdf 

National Council for Special Education (NCSE). (2013). Supporting Students with Special 

Educational Needs in Schools. http://ncse.ie/wp-

content/uploads/2014/09/Supporting_14_05_13_web.pdf 

O’Meara, N., & Prendergast, M. (2017). Time allocated to mathematics in post-primary schools in 

Ireland: are we in double trouble? International Journal of Mathematical Education in Science 

and Technology, 49(4). https://doi.org/10.1080/0020739X.2017.1409369 

Organisation for Economic Co-operation and Development (OECD). (2017). Pisa 2015: 

Collaborative Problem Solving Framework (Vol. 1, Issue April). 

https://doi.org/10.1787/9789264281820-8-en 

Polya, G. (1945). How to Solve It. Princeton University Press. 



SMEC CONFERENCE 2022 
https://doi.org/10.5281/zenodo.6953970 

99 

Posamentier, A. S., & Krulik, S. (2015). Problem-Solving Strategies in Mathematics (First). World 

Scientific. 

Riedl Cross, J., Cross, T. L., O’Reilly, C., & Mammadov, S. (2014). Gifted Education in Ireland: 

Educators’ Beliefs and Practices. Centre for Talented Youth, Ireland. 

Schoenfeld, A. H. (1982). Measures of Problem-Solving Performance and of Problem-Solving 

Instruction. Journal for Research in Mathematics Education, 13(1), 31–49. 

Schoenfeld, A. H. (1992). Learning to Think Mathematically: Problem Solving, Metacognition, and 

Sense-Making in Mathematics. In D. Grouws (Ed.), Handbook for Research on Mathematics 

Teaching and Learning (pp. 334–370). MacMillan. 

Sriraman, B. (2003). Mathematical Giftedness, Problem Solving, and the Ability to Formulate 

Generalizations: The Problem-Solving Experiences of Four Gifted Students. Journal of 

Secondary Gifted Education, XIV(3), 151–165. 

Yeager, D. S., & Dweck, C. S. (2012). Mindsets That Promote Resilience: When Students Believe 

That Personal Characteristics Can Be Developed. Educational Psychologist, 47(4), 302–314. 

https://doi.org/10.1080/00461520.2012.722805 

  

 


