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Abstract

This study aimed to examine and compare the performance of student-teachers in the Bachelor
of Elementary Education program at Farhangian University of Guilan in solving a non-routine
mathematical problem involving the addition of numbers according to their high-school
diploma type. This descriptive-survey study was conducted among all 215 first-year female
student-teachers enrolled in the Bachelor of Elementary Education program at Farhangian
University of Guilan during the 2024-2025 academic year. The final sample comprised 160
participants selected through proportional cluster random sampling, including 70 students with
literature and humanities diplomas, 60 with experimental sciences diplomas, and 30 with
mathematics-physics diplomas. Datawere collected using a non-routine mathematical problem
in the content area of addition. Participants’ responses were coded into six problem-solving
levels: non-response, purely additive, transition, procedural, novice, and mature. The
Kolmogorov—Smirnov test was applied to assess normality, and because the data were non-
normally distributed, the Kruskal-Wallis test was used in SPSS to compare performance across
diploma groups. The Kruskal-Wallis testrevealed a statistically significant difference in non-
routine problem-solving performance among student-teachers with literature and humanities,
experimental sciences, and mathematics-physics diplomas (H=13.644, df=2, p=.001). The
mean ranks were 66.03 for literature and humanities, 88.49 for experimental sciences, and
98.28 for mathematics-physics. Thus, student-teachers with mathematics-physics diplomas
demonstrated the highest performance, whereas those with literature and humanities diplomas
exhibited the lowest performance. Diploma type was significantly associated with student-
teachers’ ability to solve the non-routine mathematical problem. The superior performance of
the mathematics-physics group suggests that the extent and nature of mathematics education at
the upper-secondary level may contribute to subsequent problem-solving preparedness.
Accordingly, teacher-education programs should place greater emphasis on developing higher -
order thinking and non-routine problem-solving skills and provide student-teachers with more
systematic opportunities to engage with such problems.

Keywords: Student-teacher; Elementary education; Non-routine problemsolving; Diploma
type; Addition problem.
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Extended Abstract
Introduction
Mathematics education is fundamental to the development of logical reasoning, analytical thinking, decision-
making, and problem-solving abilitiess. Contemporary mathematics education therefore extends beyond
mastery of computational procedures and emphasizes learners’ capacity to interpret unfamiliar situations,
recognize mathematical relationships, select appropriate strategies, and justify their solutions. This orientation
is particularly important in teacher education because teachers’ mathematical competence influences not only
their own problem-solving performance but also the quality of learning opportunities they create for students.
Current conceptualizations of mathematics teacher competence consequently encompass content knowledge,
reasoning, application of mathematical knowledge, and the capacity to respond effectively to instructional
situations rather than merely procedural proficiency (Zlatkin-Troitschanskaia et al., 2025). Evidence also
indicates that mathematics teachers’ competence is associated with instructional quality and students’ learning
outcomes, underscoring the importance of developing these competencies before entry into the teaching
profession (Yang et al., 2025).
Problem solving occupies a central position within this broader conception of mathematical competence.
However, routine and non-routine mathematical problems make different cognitive demands on learners.
Routine problems can generally be solved by applying a familiar algorithm or previously practiced procedure,
whereas non-routine problems lack an immediately recognizable solution path and require interpretation,
strategic decision-making, exploration, and evaluation. Accordingly, non-routine problems provide an
important means of assessing whether learners can flexibly apply their mathematical knowledge in unfamiliar
contexts. Apostol found that college students frequently relied on limited heuristics when solving non-routine
problems and sometimes failed to use available mathematical information effectively even when they appeared
to understand the problem (Apostol, 2017). Similarly, studies of preservice mathematics teachers have shown
difficulties in understanding non-routine tasks, devising appropriate solution plans, and using multiple
strategies (Unlu, 2018; Usta, 2020). Akyuz likewise reported that the performance of mathematics teacher
candidates tended to decline as the complexity of non-routine problems increased (Akyuz, 2020).
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These findings are particularly important for preservice elementary teachers. Elementary teachers are
responsible for establishing children’s earliest formal experiences with mathematics, and their own capacity
to reason through unfamiliar mathematical situations may influence how effectively they can foster similar
abilities in their students. Research on problem solving and problem posing among preservice teachers has
identified uneven performance across different stages of the problem-solving process, including limitations in
evaluating solutions and constructing new problems (Ozdemir & Celik, 2021). In the Iranian context, the
performance of elementary education student-teachers in proportional reasoning has also been found to vary
according to prior educational background, with weaknesses observed in both problem solving and creative
problem posing (Pakizehmanesh Sangjui, 2024). Although preservice teachers generally report positive
beliefs about mathematical problem solving, positive attitudes do not necessarily guarantee adequate problem-
solving competence (Yavuz & Erbay, 2015).

Addition and subtraction are among the most fundamental concepts of elementary mathematics. Yet familiarity
with computational algorithms does not necessarily imply an ability to apply these concepts flexibly in non-
routine situations. Analysis of addition and subtraction word problems in elementary mathematics textbooks
has highlighted the importance of the quality and diversity of problems provided to learners (Nejati Nik,
2023). Celikkol similarly showed that preservice primary teachers often relied onconventional strategies when
solving structurally related addition and subtraction problems, suggesting that flexible use of numerical
relationships is not equally developed among all teacher candidates (Celikkol, 2022). Non-routine problems
involving basic operations are therefore valuable because they can distinguish procedural computational
knowledge from deeper problem-solving competence. The use of unusual mathematical tasks has likewise
been shown to reveal aspects of teachers’ mathematical knowledge that may remain hidden in conventional
assessments (Izadi & Reyhani, 2020).

Problem-solving competence is also responsive to educational intervention. Teaching problem-solving skills
can improve teachers’ ability to pose mathematical problems (Salimi, 2018), while professional development
and systematic instructional support are important components of elementary teacher empowerment (Salehi
Asl, 2023). Case-based evidence further suggests that purposeful educational activities can improve preservice
mathematics teachers” problem-solving competencies (Csachova & Matejcikova, 2023). Active and
technology-supported learning environments may also contribute to mathematical problem solving and higher -
order thinking. Cooperative and individual learning activities in augmented-reality environments have been
examined in relation to mathematics problem solving and academic engagement (Najafi, 2023), while
inductive reasoning supported by GeoGebra has been shown to enhance higher-order thinking skills (Misrom
et al., 2020).

Recent developments in educational technology further increase the importance of strong foundational
reasoning skills among teachers. Digital literacy and artificial intelligence use have become relevant
dimensions of mathematics teachers’ professional development and intentions to learn emerging technologies
(Kurdal & Kaplan, 2026). Similarly, research in science education indicates a relationship between artificial
intelligence integration and teachers’ self-efficacy (Yehya et al., 2025). Nevertheless, technological
competence cannot substitute for conceptual understanding and independent mathematical reasoning. Teachers
must still be able to interpret problems, evaluate possible solutions, and determine whether technology-
generated responses are mathematically valid. In addition, teachers’ classroom practices occur within broader
instructional and organizational contexts. Teachers’ lived experiences suggest that the hidden curriculum and
classroom climate may influence opportunities for developing students’ creative and critical thinking (Golshan
& Kian, 2026). Thus, teachers’ own problem-solving competence remains a central component of their
professional preparedness.
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An additional issue concerns differences in the educational backgrounds of preservice elementary teachers.
Students entering elementary education programs may hold high-school diplomas in mathematics-physics,
experimental sciences, or literature and humanities, which differ substantially in the amount and nature of
mathematics instruction provided at the upper-secondary level. Such differences may create unequal levels of
preparedness for mathematical reasoning and non-routine problem solving upon entry into teacher education.
Identifying these differences is important for determining whether supplementary instruction is required for
particular groups and for designing more equitable teacher-education curricula. Accordingly, the present study
aimed to examine and compare the performance of student-teachers in the Bachelor of Elementary Education
program at Farhangian University of Guilan in solving a non-routine addition problem according to their high-
school diploma type.

Methods and Materials

This study employed a descriptive-survey design. The statistical population consisted of all 215 first-year
female student-teachers enrolled in the Bachelor of Elementary Education program at Farhangian University
of Guilan during the 2024-2025 academic year. First-year students were selected as the target population to
allow the possible influence of high-school diploma type to be examined before extensive university-level
teacher education could modify their mathematical performance. The sample size calculated using Cochran’s
formula was 138; however, to compensate for potential attrition, the instrument was administered to 160
student-teachers, and all completed responses were retained for analysis. Proportional cluster random sampling
was used. The final sample included 70 student-teachers with literature and humanities diplomas, 60 with
experimental sciences diplomas, and 30 with mathematics-physics diplomas.

Data were collected using a non-routine mathematical problem in the content area of addition. The problem
was drawn from an established mathematics resource and reviewed by mathematics education specialists.
Participants were given a response sheet containing the problem and were allowed a maximum of 20 minutes
to complete it. No identifying information other than diploma type was collected. Responses were classified
according to six levels of problem-solving strategy: non-response, purely additive, transition, procedural,
novice, and mature. The mature category represented a complete and correct response accompanied by
logically sufficient reasoning, whereas the lower categories reflected incomplete, inappropriate, or insufficient
solution processes. Data were analyzed using descriptive and inferential statistics. The Kolmogorov—Smirnov
test indicated that the distributions were non-normal; therefore, the Kruskal-Wallis test was used to compare
performance across the three diploma groups.

Findings

The overall distribution of responses indicated that the student-teachers’ performance on the non-routine
addition problem was not satisfactory. Of the 160 participants, 14 (8.8%) provided no response, 44 (27.5%)
produced purely additive responses, 37 (23.1%) were classified at the transition level, 9 (5.6%) at the
procedural level, 29 (18.1%) at the novice level, and 27 (16.9%) at the mature level. Therefore, only 35.0% of
all responses fell into the novice or mature categories, whereas 36.3% consisted of either non-responses or
purely additive responses. A further 28.7% were classified as transitional or procedural attempts toward an
appropriate solution.

Performance differed noticeably across diploma groups. Among student-teachers with literature and
humanities diplomas, 8.6% provided no response, 40.0% gave purely additive responses, 28.5% transition
responses, 4.3% procedural responses, 10.0% novice responses, and 8.6% mature responses. Among those
with experimental sciences diplomas, the corresponding percentages were 10.0%, 18.3%, 20.0%, 10.0%,
20.0%, and 21.7%, respectively. For the mathematics-physics group, 6.6% provided no response, 16.7% were
classified as purely additive, 16.7% as transitional, none as procedural, 33.3% as novice, and 26.7% as mature.
Consequently, 60.0% of responses in the mathematics-physics group were classified as novice or mature,
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compared with 41.7% in the experimental sciences group and only 18.6% in the literature and humanities
group.

The Kruskal-Wallis test demonstrated a statistically significant difference in problem-solving performance
among the three diploma groups (H=13.644, df=2, p=.001). Mean ranks were 66.03 for literature and
humanities, 88.49 for experimental sciences, and 98.28 for mathematics-physics. Thus, student-teachers with
mathematics-physics diplomas demonstrated the highest performance, followed by those with experimental
sciences diplomas, whereas student-teachers with literature and humanities diplomas displayed the lowest
performance.

Discussion and Conclusion

The findings indicate two important patterns. First, the overall problem-solving performance of first-year
elementary education student-teachers was below the desired level despite the fact that the mathematical
content underlying the task—addition of numbers—was elementary and familiar. This suggests that knowing
how to perform an arithmetic operation is not equivalent to being able to use that operation meaningfully in an
unfamiliar problem situation. A substantial proportion of participants either failed to move beyond
straightforward additive manipulation or began an appropriate solution process without completing it. Their
difficulty therefore appears to concern interpretation, strategic planning, flexible use of mathematical
knowledge, and justification rather than basic computation alone.

This result has important implications for teacher education. Preservice elementary teachers will eventually be
expected to help children move beyond mechanical calculation toward mathematical reasoning. If teacher
candidates themselves have difficulty recognizing the structure of a non-routine problem, selecting a suitable
strategy, and explaining why a solution is valid, they may have limited capacity to cultivate these competencies
in their students. Teacher-education programs should therefore treat non-routine problem solving as an explicit
component of professional preparation rather than assuming that general mathematics coursework
automatically develops such competence.

The second major finding was the significant difference in performance according to high-school diploma
type. The mathematics-physics group achieved the highest mean rank, while the literature and humanities
group had the lowest performance. This pattern may reflect differences in the quantity, continuity, and
complexity of mathematics instruction experienced during upper-secondary education. Students from
mathematics-physics backgrounds are likely to have encountered mathematical reasoning and problem-solving
tasks more frequently, whereas those from humanities backgrounds have had substantially less sustained
exposure to advanced mathematics.

Nevertheless, the results should not be interpreted as showing that a mathematics-physics diploma guarantees
adequate non-routine problem-solving competence. Although this group performed better, only 60% of its
responses reached the novice or mature levels, meaning that a considerable proportion still experienced
difficulty. The findings therefore point to both between-group disparities and a broader need to strengthen
problem-solving competencies among all elementary education student-teachers.

In conclusion, first-year elementary education student-teachers at Farhangian University of Guilan
demonstrated generally limited performance in solving a non-routine addition problem, and their performance
differed significantly according to diploma type. Student-teachers with mathematics-physics diplomas showed
the strongest performance, followed by those with experimental sciences diplomas, while those with literature
and humanities diplomas showed the weakest performance. These findings emphasize the need for teacher-
education programs to assess incoming students’ mathematical problem-solving competence, address
disparities associated with prior educational background, and provide systematic opportunities for all student-
teachers to engage with non-routine, reasoning-oriented, and strategically demanding mathematical problems.
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