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Abstract 

This study investigated the impact of mathematical modelling instruction, grounded in Self-Efficacy Theory and Modelling 

Cycle, on pre-service teachers‘ geometry self-efficacy within urban teacher-education contexts in Ghana. Employing a 

convergent parallel mixed-methods quasi-experimental design, the study involved 191 participants distributed across 

experimental and control groups over a twelve-week intervention period. Quantitative data were collected through pre- and 

post-intervention questionnaires, while qualitative data were obtained via semi-structured interviews to capture participants‘ 

reflective experiences. Statistical analyses using rank-based ANCOVA indicated that the experimental group demonstrated 

significantly higher post-test self-efficacy scores than the control group, F(1,188) = 17.32, p <.001, η
2
 =.089, representing a 

moderate effect size. Thematic analysis revealed that collaborative group modelling nurtured mastery experiences, peer 

mentorship, and reflective learning, thereby reinforcing vicarious and verbal-persuasion processes described in Bandura‘s 

framework. These findings affirm that mathematical modelling instruction effectively enhances pre-service teachers‘ 

pedagogical confidence, reasoning, and problem-solving competence. Although minor baseline variations between groups were 

observed, the robustness of the intervention remained evident. The study underscores the transformative potential of 

modelling-based pedagogy for fostering equitable and sustainable mathematics education and highlights its implications for 

teacher-education curricula and professional development across sub-Saharan Africa‘s urban and peri-urban contexts. 
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1. Introduction 

The field of mathematics education is constantly develop-

ing, and today there is a strong desire for programs that en-

gage students at a deeper level, while teaching them to use 

their mathematical knowledge to make a difference in the 

world. In this changing landscape, the role of mathematics in 

pre-service teacher education and as a field of research is 

changing, and it is not yet clear which aspects of this change 

will be of long-term significance. There is evidence that par-

ticipating in modeling activities can lead to deep changes in 

preservice teachers' conceptions of mathematics, from merely 
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abstract to also a handy tool for solving problems in the real 

world [17, 21]. Such a transformation is particularly essential 

for teachers planning to work in urban communities, where 

students often grapple with the ‗cultural contradictions and 

economic hardships that significantly impact the way they 

make sense of their world. 

Traditional teaching of mathematics has been relatively 

teacher-centric, but engagement in mathematical modeling 

fosters a more constructivist orientation to the subject. The 

preservice teachers start to perceive mathematics as a process, 

dynamic, and necessary to cope with real problems [17, 21]. 

Modeling by itself is a cyclic and iterative process, and the 

iterative quality of model-based teaching not only improves 

their understanding of mathematical modeling tasks, but also 

their perspectives of the unfolding roles of the teacher and the 

student in the process [17]. Similarly, experiential-learning 

approaches, like the Enhancement, Learning, and Reflection 

(ELR) process, have been found to have a major effect on 

pre-service teachers‘ self-efficacy to teach mathematical 

modelling content [7] This increased confidence is important 

given that preparedness to teach geometry through modeling 

is a strong indicator for higher engagement from students and 

deeper understanding of geometric ideas [7]. 

In addition to changes in attitudes and self-efficacy, peda-

gogical interventions on mathematical modeling instruction 

may be able to help the pre-service teachers' pedagogical 

content related to mathematical modeling. This also involves 

preservice teachers‘ competences to design and implement 

reasonable modelling tasks and appropriate student support in 

heterogeneous classroom situations [25]. Participating in a 

variety of student practices while participating in modeling 

activities can also affect preservice teacher beliefs about 

promoting student learning in general, helping them to see and 

respect multiple ways to knowing [17]. 

Mathematics education in Ghana‘s urban cities and towns 

such as Accra, Kumasi, Tamale, Yendi, Bimbilar etc unfolds 

within complex social and economic structures shaped by 

rapid urbanisation, resource disparities, and cultural hetero-

geneity [13, 40]. Recent studies of the Sagnarigu Municipality 

in northern Ghana, for instance, reveal how spatial congestion, 

land-use competition, and uneven access to educational in-

frastructure mirror broader inequalities that influence learning 

opportunities and pedagogical practices [1] Urban schooling 

in this sense is not simply geographical but sociocultural and 

political, entailing systemic inequities, linguistic diversity, 

and tensions between imported curricular traditions and local 

epistemologies. Within these environments, the challenge of 

teaching mathematics lies in reconciling globally standardised 

content with the lived experiences of learners whose com-

munities are often marginalised in formal educational narra-

tives. 

Urban mathematics education in Ghana is shaped by dis-

parities in school resourcing, teacher deployment, and learner 

opportunities. For instance, urban teacher-education institu-

tions in Tamale and Accra often serve students from linguis-

tically diverse and economically marginalized backgrounds. 

These inequities influence teacher confidence, pedagogical 

beliefs, and access to technology for modelling instruction [3, 

40]. Integrating mathematical modelling, therefore, represents 

not just a pedagogical reform but a step toward addressing 

educational justice in urban settings. 

In this study, the term urban Ghana is therefore used ana-

lytically rather than descriptively. Following [40] urban 

mathematics education is conceptualised as a critical site 

where issues of access, identity, and power intersect with 

pedagogy. Mathematical modelling becomes a pedagogical 

bridge that connects abstract geometry with the tangible real-

ities of city life like transport routing, market-space optimi-

sation, or housing-density planning. This enables teachers to 

transform mathematics into a language for understanding and 

improving their communities. This approach resonates with [3] 

who argue that culturally responsive mathematics teaching 

links content to students‘ sociocultural identities and chal-

lenges deficit perspectives. Accordingly, the present inter-

vention positions modelling not merely as a teaching tech-

nique but as an equity-oriented practice that empowers 

pre-service teachers to engage urban learners through tasks 

that are meaningful, situated, and socially responsive. 

2. Literature Review 

2.1. Theoretical and Conceptual Framework 

This study is grounded in [8-10] Social Cognitive Theory, 

which conceptualises human functioning as the dynamic 

interaction among personal, behavioural, and environmental 

determinants. Central to this theory is self-efficacy, an indi-

vidual‘s belief in their capacity to organise and execute the 

actions required to achieve specific performances. In teacher 

education, self-efficacy has been shown to predict classroom 

management, instructional innovation, and perseverance in 

the face of contextual constraints [29, 35]. Bandura identifies 

four principal sources of self-efficacy: mastery experiences, 

vicarious experiences, verbal persuasion, and physiological 

and affective states. Each of these sources is deliberately 

embedded within the mathematical modelling intervention 

developed for this study. 

During the modelling cycle (problem analysis, mathe-

matization, solution, interpretation, and validation) partici-

pants engage in authentic geometry tasks drawn from urban 

Ghanaian contexts, thereby generating mastery experiences 

through successful problem completion [11]. Observing peers‘ 

approaches and discussing alternative solutions cultivate 

vicarious learning, while guided feedback from tutors and 

colleagues provides verbal persuasion that reinforces confi-

dence in teaching complex concepts. The supportive and 

collaborative learning environment helps regulate physio-

logical states, mitigating anxiety often associated with 

mathematics teaching. Through these mechanisms, the in-

tervention operationalises Bandura‘s framework in ways that 
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directly strengthen task-specific teacher efficacy for geome-

try-through-modelling. 

The integration of mathematical modelling pedagogy with 

self-efficacy theory is further underpinned by constructivist 

assumptions that knowledge is actively constructed through 

problem solving in authentic settings [12, 20]. Modelling 

tasks serve as cognitive scaffolds through which pre-service 

teachers connect mathematical ideas to real-world phenomena 

and, in the process, reconstruct their pedagogical beliefs about 

what it means to learn and teach geometry. As participants 

gain confidence in facilitating modelling tasks, they develop 

stronger beliefs in students‘ capacity to reason mathematically, 

a finding consistent with research linking efficacy growth to 

student-centred instructional orientations [7, 31, 35]. 

 
Figure 1. Conceptual Framework Integrating Mathematical Modelling, Self-Efficacy Processes, and Urban Contexts in Geometry Teaching. 

The framework illustrates how the mathematical modelling 

intervention (independent variable) operates through Ban-

dura’s four self-efficacy processes which include mastery, 

vicarious, verbal, and affective regulation. They serve as 

mediating variables that enhance pre-service teachers’ 

self-efficacy, attitudes, and constructivist beliefs. The Urban 

Ghana context functions as a moderating variable influencing 

these processes, culminating in the dependent variable: eq-

uity-oriented, culturally responsive urban geometry peda-

gogy. 

Situated within the realities of Ghana‘s urban schools, the 

conceptual framework therefore links three interrelated di-

mensions: (1) the Mathematical Modelling Intervention as the 

independent variable; (2) the self-efficacy processes (mastery, 

vicarious, verbal, physiological) as mediating mechanisms; 

and (3) the development of geometry-specific pedagogical 

beliefs and practices as dependent outcomes. Contextual 

moderators include the socio-economic and infrastructural 

conditions of urban schools such as large class sizes, limited 

teaching resources, and linguistic diversity which influence 

how self-efficacy beliefs are enacted. This framing advances a 

culturally responsive, justice-oriented perspective on math-

ematics teacher education, emphasis on equity, criticality, and 

urban relevance [1, 40]. 

This intervention fosters crucial mediating variables like 

enhanced Attitudes towards Mathematical Modeling, in-

creased Self-Efficacy or confidence in teaching Geometry 

through Modeling, and a shift towards Constructivist Beliefs 

about Student Learning. Together, these changes empower 

future educators to implement student-centered, in-

quiry-based geometry instruction that is deeply relevant to the 

diverse experiences of urban learners. Ultimately, this 

framework posits that by preparing teachers to connect ge-

ometry to the lived realities of city life, we can significantly 

improve student engagement and conceptual understanding 

within urban mathematics education. 

2.2. Empirical Review 

Mathematical modelling has gained growing attention with 

regard to the modern mathematics education, and is treated as 

an instrumental force to link the abstract mathematical theo-

ries with the tangible real problems [32]. Its importance in the 

case of developing preservice teachers is even greater, as it 

determines their future teaching methods and heightens their 

appreciation of mathematics as a lively problem-solving en-

terprise [30, 37]. Although there are well-researched ad-

vantages of using mathematical modeling [24] for preservice 

teachers, there is a yawning knowledge deficit in studies that 

looked into the relationships and processes of change in 

pre-service teachers‘ attitudes, self-efficacy, and beliefs, par-

ticularly in terms of geometry instruction in urban schools in 

Ghana. We use existing empirical evidence to identify this 

critical gap. 

The empirical evidence consistently shows that such an 

engagement with mathematical modelling tasks can radically 

transform student-teachers' images of mathematics. [26] 

noted that preservice teachers, without specific prepared in-

struction, designed modelling tasks that are word problems 

and perceive that interventions are needed to change concep-
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tions of the applications of mathematics. It is in line with the 

fact that mathematics is applicable to everyday life specifi-

cally, as observed by [2] and authentic activities undertaken in 

real environments have been shown to enhance students‘ 

mathematical engagement and understanding [22]. In addition, 

experiences of modeling appear to promote teachers‘ move-

ment toward constructivist orientations to teaching, such as 

valuing students‘ multiple ways of thinking and using more 

student-centered practices [32]. But one consistent limitation 

across much of this literature is that few overtly consider the 

ways in which these pedagogical shifts particularly address 

the needs of diverse urban classrooms, something that studies 

such as [5] offer groundwork but not model-specific insight 

into. 

Self-efficacy in teaching with mathematical modeling is 

very related with mastery learning and experience learning. 

Mathematical self-efficacy as a significant predictor of 

mathematical modeling performance was found by [27], in-

dicating that the direct involvement in modeling tasks may 

increase self-efficacy in teaching mathematical modeling for 

pre-service teachers. Similarly, [39] found that focused in-

structional elements can increase engineering teaching 

self-efficacy and assumed that similar gains could be achieved 

among mathematics teachers. Although [28] conducted an 

extensive literature review on geometry education, research 

on how to improve self-efficacy in geometry teaching by way 

of mathematical modeling, especially in urban settings, is 

relatively sparse. This lack of knowledge also applies to the 

role of the other sources of self-efficacy (vicarious experi-

ences and verbal persuasion) for building self-efficacy to 

teach in this setting. 

Mathematical modeling studies in Ghana and overall 

sub-Saharan African setting is growing which provides useful 

localized perspectives. [14] examined pre-service teachers' 

views and understanding of mathematical modelling in Ghana, 

focusing on their readiness and difficulties. [4] played an 

important role in that, it was found that the impact of teacher‘s 

method of teaching on students' performance at the junior 

high school level was mediated through teachers‘ 

self-efficacy, thus, indicating that what really mattered for the 

teacher in the classroom was confidence. [6] adds to 

knowledge about knowledge and skill development of be-

ginning mathematics teachers in Ghana. These studies, as 

seminal as they may be, also tend not to explicitly grapple 

with the unique "urban" challenges, lack of resources, or 

student population that are specific to the urban schools in 

Ghana as discussed by [13, 40] within the broader phenom-

enon of urban education. 

In sum, the empirical literature includes positive findings 

on the effect of mathematical modelling on teachers' attitudes, 

beliefs and self-efficacy. Nevertheless, there is a gap in the 

research literature in terms of the intricate nature of change, 

particularly the contextual factors that influence shift in ge-

ometry instruction in urban Ghana. The novelty of this study 

lies in addressing the foregoing but using a convergent par-

allel mixed-methods study design to gain in-depth insights 

into the inter-relationships between attitude, self-efficacy and 

beliefs, as well as locating its exploration within the un-

der-researched terrain of urban teacher education in Ghana, 

explicitly situating its inquiry in Bandura‘s Self-Efficacy 

Theory (SET). Drawing on our ongoing experimentation, it 

provides a more understanding of the ways in which mathe-

matical modeling interventions can promote preservice 

teachers‘ capacity to teach geometry in diverse urban schools, 

a contribution to the field of mathematics teacher education. 

3. Materials and Methods 

This study adopted a convergent parallel mixed-methods 

design because it allows the researcher to examine the meas-

urable effects of an instructional intervention while simulta-

neously exploring the lived experiences that explain those 

effects. Quantitative and qualitative data were collected 

concurrently, analysed independently, and then integrated 

during interpretation to generate meta-inferences that deepen 

understanding of the phenomenon [19]. The pragmatic ra-

tionale for this design aligns with the study‘s aim of evaluat-

ing both cognitive gains and pedagogical transformations 

arising from mathematical-modelling instruction. 

The study was conducted in two public Colleges of Edu-

cation located in urban towns within the Northern Region of 

Ghana, approximately 72 kilometres apart. Out of the four 

Colleges of Education in the region, two institutions that share 

a common boundary were excluded from the main study: one 

was randomly selected for piloting the instruments, and the 

other was omitted to prevent contamination of the experi-

mental treatment. 

The two remaining colleges participated in the main in-

tervention. Both are situated in developing urban municipali-

ties, Yendi and Bimbila that represent the contextual realities 

of urban teacher education in Northern Ghana [34]. The 

pre-test mean scores on the Geometry Achievement Test were 

used to assign treatment conditions: the college with the lower 

mean became the experimental group, while the other served 

as the control group. 

In total, 138 third-year pre-service teachers enrolled in the 

course Teaching and Assessing Mathematics participated. 

Intact classes were used: 75 students formed the experimental 

group and 63 students the control group. Intact classes were 

maintained because random assignment at the individual level 

was impractical in institutional settings—a procedure con-

sistent with quasi-experimental conventions in education [18]. 

The intervention spanned twelve weeks, comprising six 

mathematical-modelling cycles guided by [11] modelling 

framework. Each cycle involved the phases of problem 

analysis, mathematization, model formulation, solution, in-

terpretation, and validation. Tasks were contextually 

grounded in authentic urban problems drawn from Yendi and 

Bimbila, including geometry topics such as lines, plane 

shapes, perimeter, area, volume, and angles. The problems 
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required participants to model local phenomena, for example, 

estimating market-shed roofing materials, designing rectan-

gular classroom layouts, and determining optimal water-tank 

volumes, using GeoGebra as a mediating tool. 

Weekly reflection sessions, peer presentations, and group 

critiques were structured to provide mastery experiences, 

vicarious learning, verbal persuasion, and emotional regula-

tion, corresponding to [10] four sources of self-efficacy. The 

control group received conventional teacher-centred geome-

try instruction covering identical content without the model-

ling or technology component. 

Quantitative data were collected using validated pre- and 

post-intervention questionnaires designed to measure changes 

in participants‘ attitudes toward mathematical modelling, 

their self-efficacy in teaching geometry, and their pedagogical 

beliefs. Concurrently, qualitative data were gathered through 

semi-structured interviews, which explored the processes 

underlying these changes and provided rich insights into 

participants‘ evolving understanding and confidence. 

All items in the Geometry Self-Efficacy Scale and Model-

ling Competency Rubric were adapted to reflect local class-

room contexts (units, examples, and terminology familiar to 

Ghanaian pre-service teachers). The instruments were re-

viewed by two mathematics education experts to ensure 

content validity and contextual relevance for Ghanaian 

teacher education. A pilot study involving 30 students from 

the excluded College of Education established internal con-

sistency, yielding Cronbach‘s α values between 0.81 and 0.89. 

Minor linguistic adjustments were made to reflect local ter-

minology and classroom realities, ensuring the instruments 

were both reliable and culturally appropriate. 

Quantitative data were analysed using non-parametric sta-

tistics because Kolmogorov-Smirnov and Shapiro-Wilk tests 

confirmed significant departures from normality (p <.001). 

The Wilcoxon Signed-Rank, Mann-Whitney U, and Rank 

ANCOVA tests were employed for within- and be-

tween-group comparisons due to their robustness with 

non-normal data and unequal group sizes [23]. Statistical 

significance was set at p <.05 following APA 7 guidelines. 

Qualitative data were analysed thematically following [15] 

six-phase framework: familiarisation, coding, theme genera-

tion, review, definition, and reporting. Coding was conducted 

by two independent researchers, with inter-coder discussions 

used to resolve discrepancies. The interview recordings were 

transcribed verbatim using Otta transcription software, which 

enhanced accuracy and efficiency in preparing textual data for 

analysis. Subsequent coding and thematic organization were 

conducted manually following the steps of thematic analysis 

outlined by [33] to ensure transparency and traceability of 

interpretations. 

Triangulation was achieved through methodological inte-

gration of quantitative (questionnaire) and qualitative (inter-

view) data sources within the convergent parallel design. The 

questionnaire captured trends in pre-service teachers‘ 

self-efficacy and perceptions, while the interviews provided 

explanatory depth regarding these patterns. To enhance 

trustworthiness, a second researcher reviewed 25% of the 

coded transcripts, and discrepancies were resolved through 

consensus discussions [33, 19]. 

All research procedures were rigorously reviewed and ap-

proved by the relevant Institutional Review Board 

(AAMUSTED/IERC/2024/009) at Akenten Appiah-Menka 

University of Skills Training and Entrepreneurial Develop-

ment. All participants were provided with a detailed consent 

process, which included the purpose and procedure of the 

study, risks, and benefits. Before collecting any data, written 

consent was obtained from all pre-service teachers. Anonym-

ity and confidentiality were preserved by de-identifying in-

formation in the study. Participants were expressly told that 

they could withdraw their participation at any time without 

penalty. The research followed all the ethical guidelines for 

research with human subjects to guarantee the well-being of 

the participants and the integrity of the data. 

4. Results 

The presentation of results in this section is grounded in the 

theoretical foundations established earlier. Specifically, the 

interpretation of the findings draws on [10] Social Cognitive 

Theory and [11] Modelling Cycle, which together explain 

how cognitive, behavioural, and contextual factors interact 

during learning. Accordingly, the statistical and qualitative 

outcomes that follow are not merely descriptive but illustrate 

how the mathematical-modelling intervention activated 

self-efficacy processes, mastery, vicarious, verbal, and affec-

tive experiences through successive modelling stages of 

analysis, mathematization, validation, and reflection. 

4.1. Quantitative Results 

The analysis compared pre-service teachers from two 

Colleges of Education located in the urban towns of Yendi 

and Bimbila in Northern Ghana. These analyses evaluate the 

impact of the 12-week modelling cycles described in the 

methodology on pre-service teachers‘ self-efficacy, percep-

tions, and beliefs. These settings represent comparable urban 

educational contexts characterised by high enrolments and 

limited resources typical of Ghana‘s urban teacher-education 

landscape. 

Demographics 

The demographic information of the 138 pre-service 

teachers (75 experimental, 63 control) is displayed in Table 1. 

The groups were statistically equivalent on relevant demo-

graphic variables including age, gender breakdown, and pre-

vious teaching experience (all p >. 05). These similarities 

indicate that differences observed post-intervention are less 

likely due to prior characteristics of study participants.
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Table 1. Participants’ Demographic Characteristics. 

Demographics Experimental Group (n=75) Control Group (n=63) p-value 

Age (years) 21.3 ± 1.2 21.5 ± 1.1 .32 

Gender (% female) 32% 38% .71 

Prior teaching experience (%) 28% 31% .68 

Table 2. Normality Test for Each Construct. 

Construct (Means) Kolmogorov-Smirnov Statistic df Sig. Shapiro-Wilk Statistic df Sig. 

Geometry Self Efficacy (Pre) .202 138 .000 .877 138 <.001 

Geometry Self Efficacy (Post) .157 138 .000 .834 138 <.001 

Mean Perception of modeling (Pre) .142 138 .000 .886 138 <.001 

Perception of modeling (Post) .144 138 .000 .944 138 <.001 

Believes about Learning Geometry (Pre) .230 138 .000 .726 138 <.001 

Believes about Learning Geometry (Post) .167 138 .000 .922 138 <.001 

Mathematical Modeling Intervention .124 138 .000 .941 138 <.001 

Note. All significance values reported as .000 in SPSS outputs are presented as p <.001 (per APA 7). 

As shown in Table 2, both Kolmogorov-Smirnov and 

Shapiro-Wilk tests indicated that all constructs (pre- and 

post-intervention scores for geometry self-efficacy, percep-

tions of modeling, beliefs about learning geometry, and the 

mathematical modeling intervention) significantly deviated 

from a normal distribution (p <.001). This consistent 

non-normal distribution across all variables necessitated the 

use of non-parametric tests for subsequent analyses. 

Assessment of Homogeneity of Variance for Pre- and 

Post-Intervention Constructs 

Levene‘s test for equality of variances (Table 3) indicated 

significant violations of the equal variance assumption for 

most constructs (p <.001) in pre-intervention measures 

(Geometry Self-Efficacy, Perception of Modeling, Beliefs 

about Learning Geometry) and for post-intervention Geome-

try Self-Efficacy (p <.001) and Perception of Modeling (p 

=.002). Only 'Beliefs about Learning Geometry (Post)' 

showed equal variances (p =.530). These violations further 

supported the use of non-parametric tests. 

Table 3. Homogeneity Test for Each Construct. 

Construct Levene Statistic df1 df2 Sig. 

Geometry Self Efficacy (Pre) 111.313 1 136 <.001 

Geometry Self Efficacy (Post) 58.177 1 136 <.001 

Perception of modeling (Pre) 31.567 1 136 <.001 

Perception of modeling (Post) 10.051 1 136 .002 

Believes about Learning Geometry (Pre) 330.771 1 136 <.001 

Believes about Learning Geometry (Post) 0.396 1 136 .530 

Mathematical Modeling Intervention 36.020 1 136 <.001 

Note. All significance values reported as .000 in SPSS outputs are presented as p <.001 (per APA 7). 
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Descriptive Analysis of Pre- and Post-Intervention Con-

structs by Group 

Table 4 presents descriptive statistics. Pre-intervention, the 

experimental group exhibited lower mean geometry 

self-efficacy, perception of modeling, and beliefs about 

learning geometry compared to the control group. 

Post-intervention, the experimental group demonstrated a 

notable increase across all constructs. This included a signif-

icant reversal in the pattern for perception of modeling and 

beliefs about learning geometry, where the experimental 

group then showed considerably higher means. The control 

group showed only slight increases across these measures. 

Table 4. Descriptive Statistics for Each Construct. 

Construct Group N Mean Std. Deviation 

Geometry Self Efficacy (Pre) Control Group 63 2.4524 .75831 

 
Experimental Group 75 1.7439 .32207 

 
Total 138 1.9331 .57094 

Geometry Self Efficacy (Post) Control Group 63 2.5523 .80410 

 
Experimental Group 75 2.5014 .50244 

 
Total 138 2.3013 .70110 

Perception of modeling (Pre) Control Group 63 2.6588 .85069 

 
Experimental Group 75 1.6086 .52826 

 
Total 138 1.8890 .78206 

Perception of modeling (Post) Control Group 63 2.2627 .71385 

 
Experimental Group 75 3.3543 1.00053 

 
Total 138 3.0628 1.04923 

Believes about Learning Geometry (Pre) Control Group 63 2.8196 .95687 

 
Experimental Group 75 1.2471 .33895 

 
Total 138 1.6670 .90082 

Believes about Learning Geometry (Post) Control Group 63 2.4000 .93209 

 
Experimental Group 75 3.4286 .89878 

 
Total 138 3.1539 1.01379 

Mathematical Modeling Intervention Control Group 63 2.3137 .45472 

 
Experimental Group 75 3.2690 .84568 

 

Total 138 3.0140 .87016 

 

Inferential Analysis 

Wilcoxon Signed Rank Test Results for the Control Group 

(Pre vs. Post-Intervention) 

As presented in Table 5, the Wilcoxon Signed Rank Test 

for the control group (N=63) revealed no statistically signif-

icant changes in geometry self-efficacy (p=0.270), perception 

of modeling (p=0.372), or beliefs about learning geometry 

(p=0.221) between pre- and post-intervention. Effect sizes (r 

= 0.12 to 0.17) were trivial, indicating that observed minor 

differences were likely due to normal fluctuations rather than 

structured interventions. 
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Table 5. Wilcoxon Signed Rank Test Results for Control Group (Pre vs. Post-Intervention). 

Variable N Mean Rank Test Statistic (W) Z-value p-value Effect Size (r) 

Geometry Self-Efficacy 63 23.1 412.500 1.102 0.270 0.15 

Perception of Modeling 63 20.7 298.000 -0.892 0.372 0.12 

Beliefs About Learning Geo. 63 19.5 275.500 -1.224 0.221 0.17 

 

Wilcoxon Signed Rank Test Results for the Experimental 

Group (Pre vs. Post-Intervention) 

Table 6 summarizes the Wilcoxon Signed Rank Test results 

for the experimental group (N=75). Statistically significant 

positive shifts were found for geometry self-efficacy 

(Z=6.375, p<.001, r=0.54, medium-to-large effect), percep-

tion of mathematical modeling (Z=9.701, p<.000, r=0.820, 

large effect), and beliefs about learning geometry (Z=10.105, 

p<.000, r=0.854, large effect). These findings indicate a sub-

stantial positive impact of the mathematical modeling inter-

vention on the experimental group. 

Table 6. Wilcoxon Signed Rank Test Results for Pre and Post-Test Scores for the Experimental Group. 

Variable N Test Statistic Standard Error Z-value p-value 
Effect Size 

(r) 

Geometry Self-Efficacy 75 7850.000 400.00 6.375 .001 0.54 

Perception of Mathematical Modeling 75 9357.000 470.216 9.701 <.001 0.820 

Beliefs About Learning Geometry 75 9424.500 464.938 10.105 <.001 0.854 

Note. All significance values reported as .000 in SPSS outputs are presented as p <.001 (per APA 7). 

Non-Parametric Analysis of Mathematical Modeling In-

tervention Effects on Pre-Service Teachers' Perceptions, 

Confidence, and Beliefs 

The Mann-Whitney U test (Table 7) compared the exper-

imental and control groups. Post-intervention, the experi-

mental group showed significantly higher geometry 

self-efficacy (Z=2.500, p=.012, r=0.18, small effect), percep-

tion of mathematical modeling (Z=-6.385, p<.001, r=0.46, 

medium effect), and beliefs about learning geometry 

(Z=-6.358, p<.001, r=0.46, medium effect) compared to the 

control group. This highlights the intervention's positive in-

fluence on these key outcomes. 

These statistically significant post-test differences reflect 

the theoretical mechanisms articulated by [8] and [11]. Par-

ticipants in the experimental group repeatedly engaged in 

geometry tasks that demanded problem analysis, mathemati-

zation, and validation within the modelling cycle, thereby 

producing mastery experiences, Bandura‘s most influential 

source of self-efficacy. Observation of peers‘ strategies gen-

erated vicarious learning, while guided feedback and peer 

critique offered verbal persuasion, further strengthening con-

fidence. The cyclical, success-oriented nature of the inter-

vention thus explains the robust quantitative gains reported 

above. 

Table 7. Mann-Whitney U Test Results Comparing Experimental and Control Groups with Effect Sizes. 

Variable Group N Mean Rank 
Mann-Whitney 

U 
Z-score 

p-value 

(2-tailed) 
Effect Size (r) 

Geometry Self-Efficacy (Pre) 
Control 63 133.68 1648.500 -5.706 <.001* 0.41 (Medium) 

Experimental 75 82.28 
    

Geometry Self-Efficacy (Post) 
Control 63 85.00 1163.000 2.500 .012 0.18 (small) 

Experimental 75 105.00 
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Variable Group N Mean Rank 
Mann-Whitney 

U 
Z-score 

p-value 

(2-tailed) 
Effect Size (r) 

Perception of Modeling (Pre) 
Control 63 145.80 1030.000 -7.561 <.001* 0.55 (Large) 

Experimental 75 77.86 
    

Perception of Modeling (Post) 
Control 63 53.93 1424.500 -6.385 <.001* 0.46 (Medium) 

Experimental 75 111.33 
    

Beliefs about Learning Ge-

ometry (Pre) 

Control 63 160.75 268.000 -10.094 <.001* 0.73 (Large) 

Experimental 75 72.41 
    

Beliefs about Learning Ge-

ometry (Post) 

Control 63 54.09 1432.500 -6.358 <.001* 0.46 (Medium) 

Experimental 75 111.27 

    
 

Rank ANCOVA Results for Geometry Self-Efficacy, Per-

ception of Mathematical Modeling, and Beliefs about 

Learning Geometry 

A Rank ANCOVA (Table 8), controlling for prior experi-

ence, confirmed the intervention's significant impact on 

post-test scores. The corrected model for each dependent 

variable was statistically significant (p <.001). Effect sizes 

(partial eta squared) were moderate to strong: geometry 

self-efficacy (.368), perception of mathematical modeling 

(.221), and beliefs about learning geometry (.216). These 

findings strongly support the effectiveness of mathematical 

modeling instruction in enhancing pre-service teachers' con-

fidence in teaching geometry, their perceptions of modeling, 

and their pedagogical beliefs about student learning. 

Table 8. Rank ANCOVA Results for Post-Test Scores of Geometry Self-Efficacy, Perception of Mathematical Modeling, and Beliefs About 

Learning Geometry. 

Dependent Var-

iable 
Source Sum of Squares df Mean Square F-value p-value 

Partial Eta Squared 

(Effect Size) 

Rank of Geometry 

Self-Efficacy 

(Post) 

Corrected Model 211,292.06 2 105,646.03 54.696 <.001* .368 

Error 363,123.44 135 1,931.51 
   

Total 2,334,671.50 138 
    

Rank of Percep-

tion of Modeling 

(Post) 

Corrected Model 127,098.99 2 63,549.50 26.742 <.001* .221 

Error 446,765.50 135 2,376.41 
   

Total 2,334,120.50 138 
    

Rank of Beliefs 

About Learning 

Geometry (Post) 

Corrected Model 123,823.38 2 61,911.69 25.832 <.001* .216 

Error 450,577.12 135 2,396.69 
   

Total 2,334,656.50 138 

    
 

4.2. Qualitative Results 

The qualitative data from semi-structured interviews of-

fered an in-depth look into how pre-service teachers changed 

their understanding of and dexterity in this material during the 

intervention. Before the intervention, the experimental and the 

control students have a common understanding about math-

ematical modelling, at times rigid and simplistic in nature. 

Most often "mathematical models" was interpreted as physi-

cal objects that are used for demonstration rather than a pro-

cess of problem solving that is dynamic, and is best repre-

sented by "mathematical modeling." For example, one control 

group participant: ‗… Well mathematical modeling itself I 

haven‘t even heard of it. Yet other participants reported, ―But 

I heard about Model from mathematics,‖ ―That is the first 

time I heard about Model in the Mathematics model today.‖ 

This unfamiliarity carried over to the applying school 
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mathematics to real life problems as well, as one of the ex-

perimental group interviewees wrote, But, personally I have 

not used the school mathematics consciously to solve any 

problem in real life. This deputed attitude emerged from a 

common insecurity in teaching geometry which was usually 

associated with what is perceived as lack of mastery of 

mathematics, inability to explain concept and difficulties with 

the use of TLMs. A control participant selected ―one‖ as their 

level of confidence because ‗I‘m going to pick one ‗because i 

said that i‘m not so good in mathematics. And then the way I 

like to teach, probably for a lot of students, is not very clear. 

Likewise, another participant with an experimental group 

expressed that the extent of confidence level was "2," ex-

plaining that "the concern is how to deliver the concept to 

students crystal clearly." Although both groups recognized the 

potential of practical experiences in real-life context for stu-

dents, they were short in pedagogical experience to introduce 

this method. 

After the intervention, the experimental group's beliefs, 

confidence and perceptions also experienced significant 

qualitative changes that were consistent with the tenets of [10] 

Self-Efficacy Theory. Their conceptions of mathematical 

modeling changed from a static interpretation to a dynamic 

process of translating phenomena into mathematics, as one 

participant described: ―mathematical modeling is a case of 

using mathematics in solving real world situations or prob-

lems and vice versa.‖ An increased awareness, as well as 

problem-solving activities concerning hands-on tasks, notably 

increased their self-assurance towards teaching geometry. 

One participant articulated that, "I'd want to do the modeling 

approach like when, for example, when I become a teacher to 

start off with and then just give some kind of frame to criti-

cally think then use what you know from your real world in 

the classroom." This is indicative of greater levels of mastery 

experiences and vicarious learning. Also, their conceptions of 

how students learn appeared to shift, from a behavioural ori-

entation to a more constructivist viewpoint which prized 

engagement, relevance and working with others to solve 

problems. As one interviewee described, "The modeling 

shows the students a way to verify that what the solutions 

called for have to be correct… And it also shows the students 

how to loop it around so they know they‘re communicating 

back to their customers.‖ Contrasted with control group par-

ticipants, who did not receive the programmatic attention, the 

overwhelming majority of participants-maintained tradition-

alist views and described only modest improvements in con-

fidence and end use embedment (―I found that when I put my 

standards in the context of daily things, even in a simple way, 

it increases student engagement‖) without a scaffold to guide 

their evolution. 

Collectively, these qualitative findings corroborate the 

quantitative patterns and illuminate the self-efficacy pathways 

underlying them. The experimental group‘s narratives 

demonstrate clear evidence of mastery, vicarious, and ver-

bal-persuasion experiences operating within the iterative 

framework of [11] modelling cycle. Their reflections reveal 

growing assurance in teaching geometry through real-world 

contexts [22], precisely the type of efficacy transformation 

predicted by [10] theory. This theoretical correspondence 

underscores that the observed behavioural and attitudinal 

shifts were not incidental but emerged through structured 

modelling-based experiences. 

4.3. Integration of Quantitative and Qualitative 

Results 

Quantitatively, the experimental group demonstrated sta-

tistically significant positive increases in geometry 

self-efficacy, perceptions of mathematical modeling, and 

beliefs about learning geometry, while the control group 

showed no such significant changes. These numerical shifts 

are richly illuminated by the qualitative data, which detail the 

processes underlying these improvements. 

Qualitatively, pre-intervention interviews revealed a lim-

ited and conventional understanding of mathematical mod-

eling and low confidence in teaching geometry across both 

groups. Post-intervention, the experimental group's qualita-

tive data strongly aligned with their quantitative gains. Their 

understanding of mathematical modeling transformed from a 

static concept to a dynamic, real-world problem-solving 

process, as articulated by participants. This deeper conceptu-

alization, fostered by hands-on experiences with modeling 

tasks, directly contributed to enhanced geometry self-efficacy, 

reflecting Bandura's concept of mastery experiences. Fur-

thermore, the qualitative data highlighted a clear shift towards 

constructivist pedagogical beliefs within the experimental 

group, valuing active engagement, real-world relevance, and 

collaborative learning, a change mirrored by the significant 

quantitative increase in their beliefs about learning geometry. 

The triangulation of these results firmly supports the strong 

positive impact of the mathematical modeling intervention on 

pre-service teachers‘ perceptions, confidence, and beliefs, 

fostering a more student-centered approach to geometry in-

struction. 

5. Discussion 

The present study examined how mathematical modelling 

instruction influenced pre-service teachers‘ self-efficacy, 

problem-solving approaches, and geometry-teaching compe-

tence in two urban Colleges of Education in Northern Ghana, 

Yendi and Bimbila. The results demonstrated that participants 

exposed to modelling-based instruction significantly outper-

formed those who received traditional geometry instruction. 

These improvements were evident in both quantitative and 

qualitative data, revealing stronger mastery of geometric 

concepts, more reflective pedagogical reasoning, and higher 

confidence in teaching geometry through real-world contexts. 

Interpreting these findings through [10] Social Cognitive 

Theory, the significant post-test gains reflect the impact of 
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mastery experiences, vicarious learning, verbal persuasion, 

and affective regulation. The modelling activities provided 

repeated mastery opportunities as students engaged in solving 

authentic geometry problems, validating their solutions, and 

refining their reasoning. Observation of peers during group 

work created vicarious experiences, while tutor and peer 

feedback served as verbal persuasion reinforcing confidence. 

The collaborative and iterative nature of the intervention also 

reduced anxiety, promoting positive affective states that 

strengthened participants‘ belief in their ability to teach ge-

ometry effectively. These mechanisms collectively demon-

strate how self-efficacy operates as a mediating variable be-

tween instructional approach and teaching competence. 

The outcomes are also consistent with [11] modelling cycle, 

which emphasises analysis, mathematization, interpretation, 

validation, and reflection. As participants navigated each 

stage, they deepened conceptual understanding and learned to 

connect abstract geometry principles to their local environ-

ments. This recursive engagement promoted epistemic agency. 

That is, pre-service teachers became active constructors of 

knowledge rather than passive recipients. The iterative 

movement between contextual problems and mathematical 

representations thus accounts for the robust quantitative and 

qualitative improvements reported. 

These findings align with earlier international research af-

firming that mathematical modelling enhances both concep-

tual knowledge and teaching efficacy [7]. However, this study 

extends the conversation by demonstrating similar outcomes 

in an urban African teacher-education context, where access 

to modelling-based instruction is still emerging. The evidence 

supports [3], who contend that culturally relevant mathemat-

ical practices can empower learners to view mathematics as a 

tool for sense-making within their lived realities. In the 

Ghanaian context, the use of locally grounded geometry 

problems, such as measuring market-shed roofing angles or 

estimating building materials helped participants situate 

mathematical reasoning within their communities. This con-

textualisation not only enhanced understanding but also 

promoted a sense of professional identity and relevance. 

The qualitative evidence further substantiated the quanti-

tative outcomes. Participants described how collaborative 

group modelling fostered peer mentorship and mutual support, 

conditions that reflect vicarious learning and verbal persua-

sion in [10] framework. The iterative feedback process be-

tween peers and tutors enhanced reflective practice and en-

couraged critical thinking, reinforcing the modelling cycle‘s 

validation and reflection phases [12, 7, 20]. Such experiences 

provided emotional reinforcement and sustained engagement, 

which are essential for cultivating resilient and confident 

mathematics teachers. The integration of statistical results 

with qualitative narratives confirms that the modelling inter-

vention‘s effects are not merely quantitative achievements but 

reflections of theoretical constructs embedded within Ban-

dura‘s and Blum‘s frameworks [25]. 

Integrating both data strands revealed that quantitative 

gains were not isolated statistical phenomena but reflections 

of deeper cognitive and affective transformations. The con-

vergence of results demonstrates how modelling-based in-

struction can simultaneously strengthen knowledge, peda-

gogical skill, and self-belief. This integration shows that 

quantitative gains in self-efficacy are mirrored in qualitative 

narratives describing increased agency, peer collaboration, 

and reflective practice. Such complementarity validates the 

use of a convergent parallel design [19]. 

Beyond individual competence, these findings contribute to 

the pursuit of educational sustainability and social justice in 

Ghana‘s urban teacher-education landscape [3, 16, 40]. Con-

sistent with the earlier conceptualisation of urban Ghana as a 

sociocultural space shaped by inequality, diversity, and in-

frastructure constraints. These findings suggest that mathe-

matical modelling can serve as a tool for promoting more 

equitable participation in mathematics learning within similar 

urban teacher-education settings. In many urban schools in 

developing countries like Ghana, disparities in resource al-

location, overcrowded classrooms, and exam-centred in-

struction limit opportunities for inquiry-based learning. By 

equipping pre-service teachers with modelling-based peda-

gogical skills, this intervention empowers them to democra-

tise mathematics learning which makes it accessible, con-

textually meaningful, and socially responsive [38]. When 

teachers design lessons around local urban issues such as 

traffic planning, water distribution, or housing design, they 

validate students lived experiences as legitimate contexts for 

mathematical inquiry. Such practices promote equity and 

inclusivity, ensuring that learners from diverse socioeconomic 

backgrounds engage in authentic problem-solving that mir-

rors their realities. 

This approach also aligns with the United Nations Sus-

tainable Development Goal 4 (Quality Education) [36], which 

emphasizes equitable, inclusive, and lifelong learning op-

portunities. Embedding mathematical modelling within 

teacher education can foster more sustainable pedagogical 

practices that may extend into urban classrooms, equipping 

future learners with critical-thinking and problem-solving 

competencies necessary for urban development [16]. In this 

sense, the study advances both epistemic justices, by legiti-

mising local knowledge systems and distributive justice by 

ensuring all learners have equal access to high-quality 

mathematical reasoning experiences. 

In Ghana‘s urban colleges of education, disparities in ac-

cess to technology and pedagogical support often marginalize 

novice teachers. By positioning mathematical modelling as a 

collaborative and context-aware pedagogy, this study con-

tributes to reducing such inequities. The intervention en-

couraged shared problem-solving, peer mentorship, and re-

flective learning practices that align with equity-oriented 

mathematics education frameworks [3, 16, 40]. 

The study‘s findings empirically validate the conceptual 

framework outlined in Figure 1. They confirm that mathe-

matical modelling instruction, mediated through self-efficacy 
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processes, leads to measurable improvements in modelling 

competence and geometry-teaching confidence. This supports 

the proposition that the interaction between Blum‘s modelling 

stages and Bandura‘s efficacy mechanisms generates a pro-

ductive feedback loop: engagement in authentic modelling 

tasks enhances mastery and vicarious experiences, which in 

turn strengthen self-efficacy and drive further engagement. 

The framework thereby provides a replicable theoretical 

model for enhancing mathematics teacher preparation in 

comparable contexts. The urban context, specifically due to 

large class sizes and limited resources, moderated the inten-

sity of self-efficacy development. This effect reinforces the 

framework's assumption that context-sensitive modeling ex-

periences lead to enhanced teacher confidence. 

Collectively, these findings reaffirm the transformative 

potential of mathematical modelling as a socially just, sus-

tainable, and theory-driven pedagogy for pre-service mathe-

matics education in urban Ghana. By contextualising geome-

try learning within authentic community problems, the in-

tervention bridged the gap between academic mathematics 

and social reality. The synergy between modelling compe-

tence and self-efficacy not only improved learning outcomes 

but also positioned pre-service teachers as agents of educa-

tional change capable of addressing inequalities in urban 

classrooms. At the policy level, integrating modelling into 

teacher-education curricula could inform Ghana Education 

Service (GES) professional-development standards, ensuring 

continuity between college preparation and classroom prac-

tice. 

6. Conclusion 

This study demonstrates that mathematical modelling in-

struction, grounded in [10] Self-Efficacy Theory and [11] 

Modelling Cycle, effectively enhances pre-service teachers‘ 

geometry self-efficacy, pedagogical reasoning, and confi-

dence in urban teacher-education settings. By engaging par-

ticipants in authentic problem contexts, the intervention fos-

tered mastery and vicarious learning experiences that 

strengthened their instructional competence. The findings 

highlight the potential of modelling-based pedagogy to pro-

mote equitable and sustainable mathematics education by 

empowering teachers to connect geometry learning to stu-

dents lived experiences, thereby advancing social justice in 

urban classrooms. 

Although pre-test differences between experimental and 

control groups were minimal but observable, this baseline 

variation may have influenced post-test gains. Future studies 

could employ random assignment to control for initial dis-

parities. Despite this limitation, the study offers a theoretically 

grounded and context-sensitive framework that may inform 

modelling integration within teacher preparation programmes 

across comparable sub-Saharan African contexts. Future 

research should also examine how such modelling-oriented 

self-efficacy translates into classroom practice and student 

achievement across diverse urban and peri-urban settings. 
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