=N
SN
s

% 7

w, "
g

Sociology of Education

elSSN: 2322-1445
Volume 13, Issue 2, Autumn 2027

The Effect of a Multiple-Solution Approach to Solving Open-Ended Mat
Problems on Students’ Independence and Self-Efficacy

Masoome Gholami'®, Nasim Asghari’*®, Leia Golshani'

1. Department of Mathematics, CT.C., Islamic Azad University, Tehran, Iran.
2. Department of Mathematics, CT.C., Islamic Azad University, Tehran, Iran (Corresponding Author).

% Corresponding Author Email: Nas.Asghari@jauctb.ac.ir

Research Paper

Receive: 2026/02/21
Accept: 2026/04/20
Publish: 2026/08/11
Keywords:

Mathematical modeling; Open-ended
problems; Multiple-solution approach;
Learning independence; Self-efficacy;
Collaborative learning

Article Cite:

Gholami, M., Asghari, N., & Golshani,
L. (2027). The Effect of a Multiple-
Solution Approach to Solving Open-
Ended Mathematical Modeling
Problems on Students’ Independence
and Self-Efficacy. Sociology of Education.
13(2): 1-21.

Abstract

Purpose: This study aimed to determine the effect of a multiple-solution approach to open-ended
mathematical modeling problems on the independence and self-efficacy of ninth-grade female students.
Methodology: An explanatory mixed-methods design was employed, comprising a one-group quasi-
experimental pretest—posttest component with repeated assessments and a qualitative case study. The
participants were 76 ninth-grade female students selected through convenience sampling from a public school
in District 3 of Tehran. The intervention consisted of seven 45-minute sessions involving explicit instruction
in the mathematical modeling cycle, open-ended problems containing sufficient, missing, or irrelevant data,
and the generation and comparison of multiple solutions in heterogeneous groups of three or four students.
Mathematical independence was assessed using a six-item, five-point Likert questionnaire. Cronbach’s alpha
coefficients across the assessment sessions ranged from 0.842 to 0.936. Semi-structured interviews were also
conducted with nine purposively selected students representing low, moderate, and high levels of
mathematical performance. Quantitative data were analyzed using the Friedman test.

Findings: The Friedman test demonstrated statistically significant session-related changes in five of the six
mathematical independence items. The significance levels for these items ranged from 0.008 to 0.049, and
their mean ranks generally increased across the intervention sessions. One questionnaire item did not show a
statistically significant difference across sessions (p=0.069). Friedman statistics for the significant items ranged
from 9.514 to 13.931, indicating significant improvements in dimensions associated with organizing learning
activities, choosing participation and problem-solving strategies, making independent decisions, and
reviewing and correcting solutions without direct dependence on the teacher.

Conclusion: Integrating explicit mathematical modeling instruction with open-ended tasks, multiple-
solution strategies, and small-group collaborative learning can strengthen students’ learning independence
and perceived self-efficacy. By allowing students to select strategies, articulate personal ideas, evaluate
alternative solutions, and assume responsibility for correcting their work, this instructional approach can
facilitate a transition from teacher-dependent learning toward active, self-directed mathematical learning.
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Detailed Abstract
Introduction

Contemporary mathematics education has increasingly moved beyond the transmission of formulas, algorithms, and predetermined
procedures toward the development of mathematical thinking, reasoning, decision-making, and the application of knowledge to authentic
situations. From this perspective, mathematical competence is not limited to obtaining correct answers; it also involves understanding
the problem situation, selecting relevant information, constructing mathematical representations, choosing appropriate strategies,
monitoring the solution process, and evaluating the reasonableness of the final result. Learning to think mathematically requires students
to coordinate cognitive, metacognitive, and strategic resources when confronting unfamiliar tasks rather than merely reproducing
previously demonstrated procedures (Schoenfeld, 2016). Similarly, mathematical literacy emphasizes the capacity to formulate,
employ, and interpret mathematics in personal, educational, and social contexts (Stacey, 2015). Accordingly, mathematics classrooms
should provide learning opportunities through which students become active agents who can generate, justify, evaluate, and revise

mathematical ideas.

Problem solving represents a central mechanism for achieving these educational objectives. Recent evidence indicates that mathematical
problem-solving ability is associated with a combination of cognitive, motivational, and dispositional factors. Intellectual curiosity may
strengthen adolescents’ mathematical problem solving by encouraging exploration, sustained cognitive engagement, and willingness to
investigate alternative possibilities (Wang et al., 2026). Creative and critical thinking are likewise related to mathematical achievement
through the mediating role of problem solving, indicating that successful mathematical performance requires the generation and evaluation
of ideas rather than the mechanical application of routines (Yousefpour et al., 2024). Engagement with controversial or cognitively
demanding mathematical problems can further promote critical examination of data, assumptions, and competing arguments (Suryawan
et al., 2024). The importance of problem solving begins in the early years, as developmentally appropriate problem situations can
strengthen foundational concepts such as counting and seriation among young learners (Torres-Pena et al., 2025). Problem-based
educational resources are therefore increasingly regarded as necessary for connecting mathematical learning with meaningful personal

and global contexts (Subramaniam & Rajoo, 2025).

Mathematical modeling provides a particularly appropriate environment for problem-centered learning because it connects formal
mathematical knowledge with complex situations derived from everyday life. Modeling involves understanding and simplifying a real-
world situation, identifying variables and relationships, making assumptions, translating the situation into mathematical form, performing
mathematical operations, interpreting the results, and validating the model. Models-and-modeling perspectives conceptualize students as
active constructors of systems of mathematical relationships and representations rather than passive users of procedures (Lesh & Doerr,
2003). Mathematical modeling competence consequently includes the coordinated ability to understand contexts, mathematize
relationships, select methods, interpret results, and evaluate the adequacy of proposed models (Lesh et al., 2013). Modeling and
applications also reduce the separation between school mathematics and practical decision-making by requiring learners to use

mathematics for understanding and responding to real situations (Niss et al., 2007).

Open-ended modeling problems possess particular instructional value because they do not necessarily contain a single predetermined
method or uniquely correct final response. Some include irrelevant information that students must identify and disregard, while others
contain missing information that requires reasonable estimation or assumption-making. Even when the available information is sufficient,
multiple representations and strategies may be used. Realistic mathematics education has demonstrated that contextualized problems can
improve secondary students’ problem-solving skills by enabling them to construct rather than receive mathematical solutions (Ventistas
et al., 2024). Moreover, problem posing and problem solving are mutually reinforcing processes because modifying assumptions,
completing incomplete situations, or generating related questions can deepen students” understanding of the structure of mathematical

problems (Geteregechi, 2025).

The multiple-solution approach extends the potential of open-ended modeling by explicitly encouraging students to generate, compare,
and evaluate different methods. Multiple-solution tasks can improve conceptual understanding, cognitive flexibility, and awareness of the
structural relationships among numerical, algebraic, geometric, graphical, and verbal representations (Leikin & Zaslavsky, 2013).
Effective mathematics teaching similarly requires students to engage in productive intellectual struggle, explain their reasoning, and
establish connections among mathematical ideas rather than simply follow demonstrated procedures (Hiebert & Grouws, 2007).

Productive classroom discussions must therefore be intentionally organized so that selected solutions are presented in a meaningful



icit (Stein & Smith, 2011). When such discussio

s of peers, negotiate disagreements, an

sequence and the relationships among alternative methods ar
small cooperative groups, students can articulate their reasoning, exa

responsibility for understanding (Sharan, 2015).

These instructional characteristics are theoretically related to learning independence a
establish goals, organize their activities, choose strategies, monitor progress, and revise
(Zimmerman, 2002). Self-regulated learning frameworks further emphasize the interaction of co
contextual conditions in students’ management of learning (Pintrich, 2004). Such competencies develop mo cly when students
practice regulation within meaningful classroom activities rather than receive decontextualized instruction about study skills (Paris &
Paris, 2001). Autonomy-supportive environments can also strengthen engagement by providing meaningful rationales, acknowledging
students’ perspectives, and allowing initiative and choice (Reeve, 2012). Organizational interactions and decision-making structures
may influence the implementation of such educational practices (Taghizadeh & Shokri, 2013), while supportive leadership, trust, and

institutional commitment may facilitate the sustained adoption of student-centered innovation (Taghizadeh & Shokri, 2014).

The relevance of these issues is particularly evident in curriculum design. Comparative analyses of TIMSS 2019 mathematics problems
and Iranian and Japanese textbooks have highlighted the need to consider not only content coverage but also the cognitive demand,
application requirements, and problem structures presented to students (Yaftian & Abbasi, 2024b). Further analysis of alignment
between published TIMSS tasks and national textbooks similarly suggests that meaningful mathematical competence requires
opportunities for reasoning and application beyond routine exercises (Yaftian & Abbasi, 2024a). Against this background, the present
study examined whether combining explicit modeling instruction, open-ended tasks, multiple-solution strategies, and small-group

collaboration could enhance ninth-grade students’ independence and self-efficacy in mathematics.
Methods and Materials

The study employed an explanatory mixed-methods design in which quantitative findings were complemented and interpreted through
qualitative evidence. The quantitative component followed a quasi-experimental repeated-measures structure involving assessments
across the instructional sessions, whereas the qualitative component was conducted as a case study of students’ experiences during the
intervention. The participants were 76 ninth-grade female students recruited through convenience sampling from a public school in
District 3 of Tehran. The students had relatively similar previous mathematics achievement, with their eighth-grade mathematics scores

generally ranging from 19 to 20. Data were collected during the second half of the 2023—2024 academic year.

The intervention was delivered by the researcher in seven 45-minute sessions conducted outside regular classroom hours. The
instructional program focused on explicit teaching of the mathematical modeling process and the use of multiple solutions for open-ended
problems associated primarily with the Pythagorean theorem. The modeling sequence included understanding the situation, simplifying
and structuring it, mathematizing relationships, performing mathematical procedures, interpreting the result, validating the model, and
presenting alternative solutions. The tasks included problems with sufficient information, missing information, and irrelevant or
additional information. Students were organized into heterogencous groups of three or four members with different levels of
mathematical performance. In each session, students first considered the problem individually and then discussed possible assumptions,
representations, and solutions within their groups. Selected solutions were subsequently presented, compared, and evaluated by the class,

while the teacher functioned as a facilitator rather than the sole provider of methods.

Mathematical independence was assessed with a six-item, five-point Likert scale addressing students’ ability to set goals, organize time,
decide how to participate, select how to work, independently check solutions, and independently correct solutions. The questionnaire
underwent translation, back-translation, and review for conceptual equivalence by specialists in mathematics education. Its internal

consistency was satisfac across the instructional measurements, with Cronbach’s alpha coefficients ranging from 0.842 to 0.936.

ions were examined using the Friedman test. For the qualitative phase, nine students representing low,
tical performance were purposively selected from the participating classes. Semi-structured
ndence, group interaction, multiple-solution problem solving, confidence, and perceived

data were analyzed to identify recurrent meanings and patterns that could explain
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The quantitative results demonstrated an overall increase in students’ perceived mathematical independence over the course of the
intervention. The response distributions gradually shifted from the low and moderate categories in the earlier sessions toward the high
and very high categories in the later sessions. Friedman tests indicated statistically significant differences across the five measured
instructional stages for five of the six independence items. For the first item, the Friedman statistic was 13.121 with four degrees of
freedom, but the difference did not reach statistical significance (p=0.069). For the second item, the test was significant, x*=13.931,
df=4, p=0.022. Significant changes were also observed for the third item, x2=9.514, df=4, p=0.049; the fourth item, X>=9.543, df=4,
p=0.049; the fifth item, X>=11.438, df=4, p=0.008; and the sixth item, X*=8.689, df=4, p=0.011. The mean ranks generally increased
from the early instructional sessions to the final assessment, particularly for the items related to deciding how to participate, selecting a

working method, and independently checking and correcting solutions.

The qualitative findings supported and extended the statistical results. Students reported that, during the initial sessions, they frequently
waited for group leaders or stronger classmates to solve the problems and sometimes copied the proposed solutions without developing
their own reasoning. As the intervention progressed, they became more willing to attempt problems independently, propose personal
ideas, and examine whether their assumptions and calculations were defensible. Participants stated that the availability of multiple
acceptable approaches reduced the pressure to identify one teacher-approved method and made them less afraid of giving an incorrect
response. They also described increased confidence in expressing their opinions, explaining solutions to classmates, and correcting their
own work. Several students indicated that positive feedback from peers strengthened their belief that they possessed mathematical
creativity and problem-solving ability. Some further reported that this increased confidence extended beyond mathematics to participation

in other classes, communication within the family, and their perceived capacity to manage unexpected problems in daily life.
Discussion and Conclusion

The convergence of the quantitative and qualitative findings suggests that integrating multiple-solution strategies with open-ended
mathematical modeling and small-group collaboration can strengthen important dimensions of students’ learning independence. The
instructional tasks required students to make decisions about relevant information, generate assumptions, choose representations,
compare methods, and judge the adequacy of their results. These demands transferred part of the responsibility for learning from the

teacher to the students and provided repeated opportunities to practice autonomous mathematical decision—making.

The multiple-solution structure appears to have been especially important because it reduced students’ dependence on a single prescribed
method. When several defensible solutions were possible, students could draw on their own knowledge and were more willing to
communicate incomplete or initially uncertain ideas. This environment reframed errors as resources for discussion and revision rather
than evidence of inability. Consequently, students became more persistent and increasingly willing to check and correct their own

solutions.

Collaborative work also supported the development of independence rather than contradicting it. Peer discussion initially provided
scaffolding for students who lacked confidence, but repeated participation gradually enabled them to formulate and defend their own
ideas. Positive peer responses created experiences of competence, while exposure to different strategies broadened students’
understanding of what constituted a valid mathematical approach. The findings therefore indicate that carefully organized cooperation

can function as a pathway toward individual autonomy when each student is expected to think, contribute, and reflect independently.

The non-significant change in one questionnaire item suggests that the components of independence may not develop uniformly during a
short intervention. Skills directly practiced in every session, such as selecting a strategy or revising a solution, may improve more rapidly
than broader capacities such as independently determining long-term learning goals. A longer intervention that gives students greater

responsibility for selecting problems and establishing personal objectives may produce more comprehensive changes.

Overall, the study demonstrates that explicit modeling instruction and autonomy-supportive task design can be successfully combined.
The structured modeling cycle prevented students from becoming disoriented by complex open-ended situations, while the freedom to
generate multiple solutions preserved meaningful choice and intellectual ownership. The findings support the inclusion of more open-
ended modeling problems in mathematics curricula, textbooks, and assessment systems. They also highlight the need for teacher
preparation in facilitating productive group interaction, managing diverse solutions, and evaluating students’ reasoning rather than only
their final answers. Through such instructional practices, mathematics classrooms can become environments in which students not only

improve their problem-solving competence but also develop greater confidence, independence, and responsibility for their own learning.
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