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 Mathematics education is essential for advancing Science, Technology, 
Engineering, and Mathematics (STEM), yet disparities in instructional resources 
persist in secondary schools across Pakistan. This study investigates the 
availability and utilization of mathematics-focused STEM resources in 
government and private, as well as urban and rural, secondary schools. A 
sequential explanatory mixed-methods design was adopted. Quantitative data were 
collected from 116 secondary mathematics teachers using a structured survey 
instrument, and internal consistency was assessed using Cronbach’s alpha. 
Regression analysis was used to examine relationships among resource 
availability, institutional support, and instructional utilization. The quantitative 
results reveal significant disparities between urban private and rural public schools 
regarding both resource availability and pedagogical utilization. A strong positive 
association was found between resource availability and utilization, while 
contextual institutional factors also shaped implementation patterns. Qualitative 
case studies from five purposively selected schools, incorporating classroom 
observations and open-ended responses, provided further explanation and context 
for the statistical findings. The results are interpreted using Resource-Based 
Theory, emphasizing the influence of internal resource configurations on 
instructional practices. The study contributes to theory by extending Resource-
Based Theory to secondary mathematics education and to methodology by 
integrating confirmatory factor analysis within a mixed-methods framework. 
Implications are discussed with careful consideration of educational equity in 
Pakistan. 
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INTRODUCTION 

Mathematics serves as a cornerstone of Science, Technology, Engineering, and 
Mathematics (STEM) education by fostering analytical reasoning, abstraction, and 
problem-solving skills. (The Role of Mathematics in STEM Secondary Classrooms: A 
Systematic Literature Review, 2020) Within secondary education, effective 
mathematics instruction is widely acknowledged as critical for participation in 
knowledge-based economies. (T & M, 2025) Nevertheless, the quality of instruction is 
influenced not only by curriculum standards but also by the accessibility and integration 
of suitable teaching resources. 

Structural and logistical inequities in many developing contexts, including Pakistan, 
significantly influence the conditions for mathematics instruction. (School leadership 
support and socioeconomic status inequalities in mathematics and science achievement: 
Evidence from TIMSS 2019, 2024) Public secondary schools, particularly those in rural 
areas, commonly face limited funding and rely heavily on textbook-based, examination-
focused teaching methods. (Bukhari et al., 2024, pp. 136-145) Although policy reforms 
such as the Single National Curriculum (2020) advocate activity-based and student-
centered pedagogies, implementation gaps remain evident. (Muhammad et al., 2024) 
The extent of implementation continues to vary across institutions. (Khan et al., 2024, 
pp. 1-15) Evidence highlights inconsistent access to instructional resources, including 
manipulatives, dedicated mathematics laboratories, and digital technologies. (Assessing 
Pakistan’s readiness for STEM education: an analysis of teacher preparedness, policy 
frameworks, and resource availability, 2025) (Technological Lag in Pakistan's 
Education System, 2024, pp. Studies from high-performing education systems suggest 
that enhancing teacher quality is a crucial factor in improving instructional quality and 
mathematics learning outcomes (The impact of mathematics teachers’ professional 
competence on instructional quality and students’ mathematics learning outcomes, 
2022, p. 101225). However, international evidence demonstrates that the mere provision 
of resources does not ensure pedagogical change. (The impact of digital resource 
utilization on student learning outcomes and self-efficacy across different economic 
contexts: A comparative analysis of PISA, 2022, 2025). The interplay among resource 
availability, teacher expertise, and institutional support, therefore, warrants systematic 
examination. (Khan et al., 2023, pp. 123-145) 

Drawing on Resource-Based Theory, the present study conceptualizes schools as 
organizational entities whose instructional effectiveness is determined by the 
configuration and utilization of both material and non-material resources. Instead of 
merely assessing resource availability, the study investigates the interactions among 
resource availability, institutional support, and pedagogical integration in secondary 
mathematics classrooms in Pakistan. Employing a mixed-methods approach, this study 
examines the integration of discourse in secondary mathematics lessons by teacher 
candidates and the factors that influence their instructional choices, thereby contributing 
to an understanding of how institutional and organizational conditions affect 
mathematics instruction in similar educational contexts (Schmidt et al., 2024). 
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LITERATURE REVIEW 

Recent research in mathematics education highlights the pivotal role of instructional 
resources in shaping teaching quality and student learning outcomes. (The effect of 
instructional quality on student achievement: Evidence from Japan, 2019, p. 100961) 
Within various educational systems, these resources encompass not only textbooks but 
also manipulatives, laboratory environments, visualization technologies, and digitally 
mediated tools designed to enhance conceptual understanding. The effectiveness of 
such resources is contingent not solely on their availability, but also on the institutional 
conditions that facilitate their systematic and sustained implementation. (Mathematics 
Teacher Educators’ Teaching Preparation Work: An Institutional Perspective, 2025) 

To contextualize this study within the broader discourse, the following review 
synthesizes global and national evidence regarding the provision and deployment of 
mathematics resources. The review initially addresses patterns of resource availability 
across educational systems, followed by an evaluation of how variations in institutional 
capacity affect resource utilization. This approach provides a foundation for analyzing 
how structural disparities in resource configuration influence instructional practices in 
secondary mathematics education. 

Global and National Benchmarks of Mathematics Resource Availability 

Studies of high-performing education systems demonstrate that mathematics instruction 
frequently integrates structured use of manipulatives, digital simulations, and laboratory 
environments, all supported by ongoing professional development. (Moyer-Packenham, 
2016) Nevertheless, cross-national analyses reveal that resource availability by itself 
does not ensure instructional effectiveness. (Exploring Teachers’ Resource Utilization 
Practices and Beliefs in Mathematics Education: A Cross-National Study on Reasoning 
and Proving, 2025) Effective alignment among curriculum, teacher expertise, and 
institutional policy is essential. (Pasha et al., 2018, pp. 334-346) 

In Pakistan, persistent disparities in the provision of instructional materials have been 
documented. (‘Stark disparities’ in learning, 2024) Public secondary schools, which 
represent the majority of institutions, typically depend on textbooks and have limited 
access to manipulatives, advanced digital tools, or dedicated mathematics laboratories. 
(Rehman et al., 2025) Urban private schools generally report greater access to 
instructional resources, although significant internal variability persists. (Design, 
evaluation, and sustainability of private schools for the poor: the Pakistan urban and 
rural fellowship school experiments, 2003, pp. 265-274) These findings underscore that 
structural inequities in material provision continue to characterize the educational 
landscape. (Abbasi, 2024) 

Global and National Benchmarks for the Utilization and Integration of 
Mathematics Resources 

The literature differentiates between resource availability and resource utilization. 
Access to instructional materials does not necessarily result in sustained pedagogical 
integration. Research across diverse contexts indicates that effective utilization depends 
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on teacher training, leadership support, curricular alignment, and assessment structures. 
(Yulin & Danso, 2025) 

In Pakistan, available instructional materials are frequently used episodically rather than 
systematically. (Investigating the Impact of Teaching-Learning Materials on Students' 
Academic Performance in Government Primary Schools in the Naseerabad Division of 
Balochistan, 2023, pp. 1-10) Digital tools such as GeoGebra and Desmos are 
underutilized due to infrastructure limitations and inadequate pedagogical guidance. 
(Preprints.org, 2024) These patterns indicate both material shortages and organizational 
constraints. 

Mathematics Education Challenges in Developing Countries 

In lower- and middle-income countries, systemic challenges—including overcrowded 
classrooms, insufficient laboratory infrastructure, and restricted opportunities for 
teacher professional development—constrain mathematics instruction. (Kibirige, 2023) 
Furthermore, teacher preparation programs often prioritize theoretical content over 
practical integration strategies, limiting educators’ capacity to use available 
instructional tools effectively. (Khan, 2012) 

In Pakistan, policy frameworks that promote student-centered, activity-based instruction 
often assume consistent access to instructional materials across all regions. (The 
Advancing Quality Alternative Learning (AQAL) Project, Pakistan, 2021) However, 
implementation conditions differ significantly, especially in rural public schools. This 
discrepancy between policy expectations and institutional capacity highlights the 
importance of evaluating both resource provision and organizational capability. 

Theoretical Framework 

This study is grounded in Resource-Based Theory (RBT), which conceptualizes 
organizations as entities whose effectiveness depends on the strategic configuration and 
coordinated deployment of both tangible and intangible resources. Originating in 
strategic management research, RBT distinguishes between material resources, such as 
laboratories, manipulatives, curriculum materials, and digital technologies, and 
intangible resources, including teacher expertise, institutional leadership, professional 
development structures, and organizational culture. (Resource-Based View | Springer 
Nature Link, 2021) Sustainable performance results not from resource possession alone 
but from the effective integration and mobilization of these assets within the 
organization. 

When applied to educational contexts, RBT offers an institutional-level framework for 
examining how variations in school-level resource configurations influence 
instructional quality. In secondary mathematics education, effectiveness is determined 
not only by curriculum mandates but also by a school’s capacity to access, align, and 
strategically deploy instructional tools in conjunction with teachers’ pedagogical 
knowledge and mathematics-specific visualization technologies. This perspective is 
especially valuable for analyzing structural disparities in resource availability and 
utilization across different school types. (Al-Mutairi & Bennour, 2022) 
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Whereas alternative frameworks such as Constructivist Learning Theory emphasize 
learner-centered processes and the Technology Acceptance Model addresses individual 
attitudes toward technology, RBT prioritizes institutional configuration and capability. 
In light of documented gaps in access to instructional materials, inconsistent 
pedagogical integration, and variations in institutional capacity, RBT provides a 
coherent framework for conceptualizing schools as organizational systems in which 
instructional effectiveness emerges from the interaction among multiple, interconnected 
resource domains. (Amador, 2016, pp. 70-86) 

 
Figure 1  
The theoretical framework of Resource-Based Theory (RBT) focuses on how resources 
(manipulatives, digital tools, teacher knowledge, etc.) influence effectiveness and 
learning outcomes in secondary mathematics education, and assesses the effectiveness 
of resource allocation and deployment (Barney, 1991; Liu et al., 2023). 

Research Gap 

While previous research has identified general resource shortages, several specific gaps 
persist: 

1. There is limited empirical evidence comparing the availability and utilization of 
mathematics-focused resources across different school types and geographic 
regions. 

2. Organizational and instructional factors that mediate resource integration have 
not been sufficiently examined. 

3. Few studies employ mixed methods designs that integrate survey data with 
classroom observations. 

4. There is a lack of systematic application of Resource-Based Theory in the 
analysis of mathematics instructional ecosystems. 



84                               The Availability and Utilization of Mathematics-Focused … 

 

International Journal of Instruction, October 2026 ● Vol.19, No.4 

Accordingly, the present study investigates the availability, pedagogical utilization, and 
institutional determinants of mathematics-focused STEM resources in secondary 
schools in Pakistan through a sequential explanatory mixed-methods approach. 

Research Problem and Research Questions 

Research Problem Statement 

Despite national policy commitments to integrating Science, Technology, Engineering, 
and Mathematics (STEM), a persistent misalignment persists between policy objectives 
and actual instructional practices in secondary mathematics classrooms in Pakistan. 
Research indicates that socio-cultural, economic, and institutional factors further 
exacerbate disparities in STEM education across regions such as Punjab, Sindh, and 
Balochistan. (Nazli & Noman, 2023) Additionally, management practices are unevenly 
distributed and inconsistently implemented across schools. (School Leadership and 
Management in Sindh, Pakistan: Examining Headteachers’ Evolving Roles, 
Contemporary Challenges, and Adaptive Strategies, 2022) 

Preliminary field observations from the pilot phase of this study revealed that even in 
schools with comparatively greater resource availability, instructional integration was 
limited. Teachers identified time constraints, limited professional development 
opportunities, and administrative pressures as key obstacles to effective instructional 
change, leading to a continued reliance on textbook-based and didactic teaching 
approaches, even in areas such as geometry and algebra that could benefit from more 
dynamic, interactive methodologies (Ortiz-Laso et al., 2023). This pattern aligns with 
broader findings that teachers often continue to use traditional approaches despite 
awareness of more integrative and hands-on instructional methods. (Baig, 2015, pp. 
201-208) Therefore, this study addresses not only disparities in resource availability but 
also the gap between resource availability and their pedagogical utilization across 
different school types and geographic regions in Pakistan. 

This study investigates how structural, institutional, and instructional factors shape the 
relationship between the availability of mathematics-focused STEM resources and their 
utilization in secondary education classrooms. 

Construction of Research Questions 

RQ1: 

What mathematics-focused STEM instructional resources are available across 
government and private, urban and rural secondary schools in Pakistan? 

RQ2: 
How are these resources pedagogically utilized in mathematics classrooms, and how 
does utilization vary by school type and location? 

RQ3: 
What organizational and instructional factors facilitate or constrain the effective 
utilization of available mathematics-focused STEM resources? 
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METHOD 

Research Design 

A sequential explanatory mixed-methods design was employed in this study (Creswell 
& Plano Clark, 2018). The research comprised two distinct phases. The initial phase 
involved quantitative data collection and analysis to assess the availability and 
utilization of mathematics-focused STEM instructional resources across various school 
types and geographic locations. The subsequent phase included qualitative interviews 
and classroom observations to explain and contextualize the quantitative results. 

The conceptual framework for this study is based on Resource-Based Theory (Barney, 
1991), which asserts that organizational outcomes depend on both the presence of 
resources and the institutional capabilities and contextual conditions that facilitate their 
effective use. Within this framework, schools are regarded as organizational units where 
material resources, teacher capacity, and institutional support interact to influence 
instructional practices. 

Population and Sampling 

The quantitative phase included 116 secondary mathematics teachers drawn from a 
stratified multistage sample across four provinces of Pakistan: Punjab, Sindh, Khyber 
Pakhtunkhwa, and Balochistan. Stratification ensured representation across: 

• Public and private schools 

• Urban and rural locations 

Although the sample captures institutional diversity, urban and private schools are 
proportionally overrepresented, which limits the generalizability of comparative claims. 

For the qualitative phase, a purposive subsample of 24 teachers (12 public, 12 private) 
was selected to ensure variation in institutional type and geographic location. 
Additionally, structured classroom observations were conducted in five secondary 
schools across different provinces. 

Research Instrument 

Quantitative Instrument: The quantitative instrument was adapted from Pareek (2016) 
with formal permission. Modifications were made to align with the Pakistani secondary 
education curriculum and contextual realities. The finalized instrument included four 
sections Demographics and institutional context, Availability of instructional resources, 
Utilization and distribution patterns, and Institutional support systems 

Responses were recorded using a five-point Likert scale (1 = Strongly Disagree to 5 = 
Strongly Agree). 

A pilot study was conducted with 20 secondary mathematics teachers. Based on expert 
review by three specialists in mathematics education and educational measurement, 
revisions were made to enhance clarity and contextual alignment.  
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The internal consistency of the instrument was assessed using Cronbach’s alpha. The 
overall reliability coefficient was α = 0.874, indicating good internal consistency. 
Subscale reliability coefficients were examined to ensure acceptable internal 
consistency for each construct, with values exceeding the recommended threshold of 
0.70. 

These findings suggest that the instrument demonstrates satisfactory reliability for 
measuring resource availability, utilization, and pedagogical integration in the Pakistani 
secondary school context. 

Qualitative Instruments: Qualitative data were collected through Open-ended survey 
responses, and Structured classroom observations. Classroom observations were 
conducted using a piloted checklist organized into seven domains, including 
instructional materials, supplementary resources, media use, and student engagement. 
Each domain was evaluated in terms of presence, consistency, and pedagogical 
integration. 

The qualitative instruments were designed to explore organizational facilitators, 
instructional constraints, and contextual barriers influencing resource utilization. 

Data Collection Procedures 

Surveys were administered both online and in paper format, depending on school 
accessibility. Informed consent was obtained from all participants. Anonymity was 
preserved by removing identifying information. 

Classroom observations were conducted with institutional permission in a non-intrusive 
manner. Ethical procedures followed established research guidelines (Creswell & 
Creswell, 2018). 

Data Analysis 

Quantitative results: Quantitative data were analyzed using SPSS v26. Descriptive 
statistics (means, frequencies, and standard deviations) were calculated to examine 
patterns of resource availability and utilization. 

Group differences across school type and geographic location were assessed using 
analysis of variance (ANOVA). Assumptions of normality and homogeneity of variance 
were evaluated prior to analysis. 

Multiple linear regression analysis was conducted to examine predictors of instructional 
resource utilization, including teacher training, infrastructure quality, and institutional 
type. Multicollinearity diagnostics (Variance Inflation Factor values) were examined to 
ensure statistical assumptions were satisfied. 

Qualitative results: Qualitative data were analyzed using thematic analysis (Braun & 
Clarke, 2006). The analysis followed six phases: familiarization, initial coding, theme 
generation, theme review, theme definition, and reporting. Primary themes included 
Resource availability gaps, Institutional facilitators and constraints, and Teacher 
adaptation strategies. 
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Integration of quantitative and qualitative findings occurred through a side-by-side 
comparative approach (Creswell & Plano Clark, 2018), whereby qualitative themes 
were used to explain statistically significant and non-significant quantitative results. 
Figure 2 illustrates the research design flow employed in this study. 

 
Figure 2 
Research Design Flow 

FINDINGS 

Table 1 presents demographic and professional characteristics of the 116 participating 
secondary mathematics teachers. The sample was predominantly female (76.7%) and 
largely drawn from private schools (92.2%) and urban areas (70.2%). Representation 
across provinces included Punjab (56.0%), Sindh (18.1%), Khyber Pakhtunkhwa 
(12.9%), and other regions (13.0%). Nearly half of participants (46.1%) had fewer than 
five years of teaching experience. 
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Table 1 
Demographic table 
Variable Category n % 

Gender Female 89 76.7 
 Male 25 21.6 
 Prefer not to say 2 1.7 

School Type Private 107 92.2 
 Public 9 7.8 

Location Urban 81 70.2 
 Rural 35 29.8 

Region Punjab 65 56.0 
 Sindh 21 18.1 
 Khyber Pakhtunkhwa 15 12.9 
 Other (Balochistan, AJK, GB, ICT) 15 13.0 

Qualification MSc 31 26.5 
 4-year Bachelor 28 23.9 
 MPhil/Master (2-year) 25 21.2 
 BSc 15 13.3 
 Other (Diploma, PhD) 17 15.1 

Teaching Experience < 5 years 53 46.1 
 5–10 years 37 32.2 
 > 10 years 26 21.7 

Grades Taught Both 9 & 10 60 51.9 
 Grade 9 only 46 39.8 
 Grade 10 only 10 8.3 

RQ1: What mathematics-focused STEM instructional resources are available across 
government and private, urban and rural secondary schools in Pakistan? 

Chi-square analyses were conducted to examine associations between institutional 
characteristics and resource availability (Table 2). 

Significant differences were observed between school type and the presence of 
Dedicated mathematics laboratories (χ²(1) = 4.38, p = .036, Cramér’s V = .19), and 
Laboratory attendants (χ²(1) = 7.77, p = .005, Cramér’s V = .27) 

These effect sizes indicate small-to-moderate associations. 
No statistically significant differences were observed across provinces for sufficient 
facilities, access to resources, or equipment availability (p > .05). Figure 3 
Highlights the disparity: private institutions dedicated to education report that almost 
70% of them have dedicated mathematics laboratories with more than three quarters 
with laboratory attendants, contrasted with only one third of public education 
institutions which claim to have such facilities. 
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Table 2 
Chi-Square tests for availability of mathematics resources 
Variable χ² df p Cramér’s V 
Province × Sufficient Facilities 56.80 48 .180 0.24 
Province × Access to Resources 45.91 42 .313 0.22 
Province × Equipment Availability 83.89 72 .160 0.26 
School Type × Sufficient Facilities 13.86 8 .086 0.18 
School Type × Equipment Availability 15.00 12 .241 0.20 
School Type × Dedicated Math Lab 4.38 1 .036* 0.19 
School Type × Lab Attendant 7.77 1 .005* 0.27 

67,9

33,3

76,6

33,3

0

20

40

60

80

100

Private Public

Pe
rc

en
ta

ge
 o

f s
ch

oo
ls

School Type

Availability of Mathematics Laboratories 

and Lab Attendants by School Type

Dedicated Mathematics Lab Lab Attendant
 

Figure 3 
Comparison of laboratory resources in private and public schools 

Descriptive comparisons indicated that approximately 70% of private schools reported 
having dedicated mathematics laboratories, compared with roughly one-third of public 
schools. Similarly, laboratory attendants were more commonly reported in private 
institutions. 

These findings indicate institutional variation in infrastructure provision, particularly 
between public and private sectors. 

RQ2: How are these resources pedagogically utilized in mathematics classrooms, and 
how does utilization vary by school type and location? 

To answer this research question, the study employed a combination of descriptive and 
inferential statistical techniques.  

Table 3 
Student participation in mathematics activities 

Participation Level n % 

Active 73 68.2 

Partial 22 20.6 

Observation only 12 11.2 
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Table 3 shows that 68.2% of teachers reported active student participation during 
mathematics activities involving instructional resources, while 20.6% reported partial 
engagement and 11.2% reported primarily observational participation. 

These results suggest variability in classroom engagement patterns. 

Table 4 
Correlation of availability and utilization scores 

Variable r p n 

Availability × Utilization 0.778** .000 96 

• **p < .01 

A Pearson correlation analysis presented in Table 4 revealed a strong positive 
association between resource availability and utilization (r = .778, p < .001, n = 96). 

Multiple regression analysis indicated that resource availability significantly predicted 
utilization (B = .585, p < .001), accounting for approximately 60% of the variance (R² ≈ 
.60). 

This suggests that higher levels of reported availability are associated with higher 
reported levels of pedagogical use. 

Independent samples t-tests indicated no statistically significant differences in 
utilization between public and private schools (p = .311). One-way ANOVA analyses 
showed no significant regional differences (p > .05). 

These findings suggest that while infrastructure disparities exist, utilization patterns 
appear statistically similar across institutional types and regions when resources are 
available. 

RQ3: What organizational and instructional factors facilitate or constrain the effective 
utilization of available mathematics-focused STEM resources? 

To address Research Question 3, multiple linear regression analysis was conducted to 
identify contextual factors that significantly predict the pedagogical integration of 
mathematics instructional resources. The dependent variable was pedagogical 
integration, operationalized as a composite score derived from items measuring 
frequency and instructional application of resources. Predictor variables included 
Resource availability, In-service training, Institutional support (e.g., laboratory space, 
administrative facilitation), Time constraints, and Pedagogical orientation. Complete 
results are discussed in Table 5. 

All predictor variables were standardized prior to analysis to enable direct comparison 
of regression coefficients. 
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Model Results 

Table 5  
Multiple linear regression models predicting pedagogical integration 

Model Omnibus χ²(df) p −2LL Nagelkerke R² Key Predictors (p < .05) 

1 36.72 (5) <.001 63.14 0.49 
In-service training (+), Adequate lab 
space (+) 

2 65.75 (15) <.001 34.11 0.77 
Creative pedagogy (+), Improvised 
local materials (−) 

3 95.36 (35) <.001 4.50 0.97 
Training (+), Lab space (+), Creative 
pedagogy (+), Digital platforms (+) 

Model 1 included structural variables (in-service training and laboratory space). Both 
predictors were statistically significant (p < .05), explaining approximately 49% of the 
variance in pedagogical integration (R² = .49). This suggests that institutional capacity 
and professional development are associated with higher levels of classroom resource 
use. 

Model 2 incorporated instructional orientation variables. The inclusion of pedagogical 
factors increased explanatory power (R² = .77), indicating that teachers who reported 
inquiry-oriented or creative instructional approaches were more likely to integrate 
available resources systematically. 

Model 3 included digital platform access and combined structural and pedagogical 
variables. This model demonstrated the highest explanatory power (R² = .97). 
Significant predictors included In-service training, Adequate laboratory space, Creative 
pedagogical orientation, and Access to digital platforms 

Although the model explains a substantial proportion of variance, the unusually high R² 
value warrants cautious interpretation. Such values may reflect multicollinearity, 
conceptual overlap among predictors, or sample characteristics. Diagnostic statistics 
(e.g., Variance Inflation Factor values) should be considered when interpreting these 
results. 

The regression findings indicate that pedagogical integration of mathematics resources 
is influenced by both structural and instructional factors. Resource availability alone 
does not fully account for classroom integration; rather, sustained professional 
development, supportive infrastructure, and pedagogical alignment appear to enhance 
the likelihood of consistent use. 

These findings align with Resource-Based Theory by demonstrating that organizational 
effectiveness depends on the coordinated deployment of material and non-material 
resources. In this context, institutional capacity appears to mediate the translation of 
available tools into instructional practice. 

Qualitative Findings 

Qualitative evidence is organized in two sections: (A) the analysis of questionnaire 
responses; (B) the synthesis of classroom observation notes. Each corpus was subjected 
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to thematic analysis following the protocols established by Braun and Clarke (2006), 
and the resultant themes were subsequently enriched by the three-tiered interpretative 
strategy of description, reflection, and stacked thematic synthesis advocated by 
Creswell (2013). The combined analysis highlights ongoing challenges in secondary 
mathematics instruction, particularly unequal access to resources, limited teaching 
methods, and structural barriers that go beyond the classroom. 

Questionnaire 

Open-ended items from the questionnaires were processed to yield four core thematic 
domains. These domains include: (i) inequitable distribution and insufficient subject-
specific expertise in mathematics resources, (ii) sustained pedagogical agency by 
teachers notwithstanding systemic constraints, (iii) curricular materials misaligned with 
provisions for inclusivity, and (iv) pronounced entreaties for centralized support 
alongside meaningful integration of digital technologies. 

A summarizing thematic synthesis is displayed in Table 6 below, which encodes the 
themes in compressed form; detailed narrative elaborations follow, each supplemented 
by representative exemplar quotations. 

Table 6 
Thematic analysis of open-ended responses 

Theme Description Illustrative Quotes 
Supporting 
Literature  

Uneven 
Distribution & 
Limited 
Specialization 

Schools possess basic tools but 
lack advanced digital 
manipulatives and trained 
technicians. Professional 
development remains sporadic and 
inequitable. 

“We got a one-off session 
from a textbook firm… 
nothing practical on 
harnessing either the 
digital platform or the 
physical lab.” 

Lynch (2025); 
Morina (2025) 

Active Teacher 
Engagement 
Despite 
Constraints 

Teachers compensate with 
improvisation: slideshows, 
cardboard models, free online 
platforms. Sessions enhance 
conceptual understanding but face 
scheduling and grading 
inconsistencies. 

“I seize the lab block to 
animate mathematics; 
learners sculpt dioramas 
and chase geometric 
motifs rather than merely 
working through 
formulae.” 

Alsina et al. 
(2025) 

Curriculum–Tool 
Misalignment & 
Inclusive Gaps 

Curriculum emphasizes activity-
based learning, but textbooks 
remain drill-focused. Support for 
differently abled learners is 
inconsistent and ad hoc. 

“We try to keep them 
motivated, but there’s no 
proper equipment or 
structure to support 
students with different 
learning needs.” 

Alsina et al. 
(2025); 
UNESCO 
GEMR (2023) 

Call for 
Institutional 
Support & 
Digital 
Innovation 

Teachers demand standardized 
kits, structured training, assistive 
devices, and curriculum-integrated 
lab assessments. Digital tools 
(GeoGebra, Desmos) are used but 
without formal recognition. 

“We experiment with 
simulations during warm-
up, but they’re not 
embedded into official 
lessons or exams.” 

Weigand 
(2024); OECD 
(2022) 
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Classroom Observation Insights 

Classroom visits in grades 9 and 10 across the public and private sectors corroborated 
and nuanced the quantitative data. Field notes were subsequently organized according to 
Creswell’s analytic framework of classroom practices. 

Descriptive Observations 

Classroom notes recorded a continuing reliance on printed texts and workbooks, with 
lessons typically commencing with silent workbook exercises. Across all institutions, 
geometry sets were stored in students’ desks, although usage varied; in some lessons, 
the tools were integral to proof construction, while in others they were discarded in 
Favor of verbal description, the teacher citing uncertainty about timing and efficacy. 
Graphing calculators and geometry software were more frequently deployed in algebra 
and geometry classes; complementary peer-reviewed digital conjectures were scanned 
on projection screens.  

Seminars introducing the above tools received positive participant evaluations, yet the 
longitudinal impact on practice diverged. One private institution and a regional 
government magnet implemented project-based learning steadily; comparative school 
clusters permitted only brief periods of calculators and web software, subsequently 
reverting to workbook paradigms. Both clusters now petition the district for 
supplementary in-service work. Table 7 highlights the some prominent emergent 
themes as a result of observation. 

Table 7 
Emerging themes from observations 
Theme Description 

Strong Core Resources, 
Digital Gap 

Paper-based resources were readily available, yet no observed institution fully 
integrated them with live digital platforms, exposing a persistent technology 
divide. 

Inconsistent Practical 
Engagement 

Utilization of geometry kits and graphing devices varied. In some cases, tools 
facilitated student-cantered exploration, while in others they were confined to 
teacher demonstrations, reflecting variability in teacher self-efficacy. 

Missed Inclusive & 
Experiential 
Opportunities 

The limited use of manipulatives and digital animations particularly disadvantaged 
visual and kinaesthetic learners. No systematic accommodations for diverse 
cognitive needs were evident. 

Training–Practice 
Divide 

Teacher preparation initiatives had not translated consistently into classroom 
practice. Many instructors expressed the need for sustained support in embedding 
inquiry-based and activity-driven approaches. 

Mixed-Method Synthesis 

Integration was conducted through a side-by-side comparison approach. Quantitative 
findings identified structural predictors of resource utilization, while qualitative data 
explained how institutional constraints, training limitations, and pedagogical practices 
shaped classroom implementation. 

The combined analysis suggests that resource availability alone does not ensure 
sustained pedagogical integration; institutional and professional supports play an 
important moderating role. 
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DISCUSSION 

This study examined the availability, pedagogical utilization, and institutional supports 
associated with mathematics-focused STEM resources in secondary schools in Pakistan. 
Interpreted through Resource-Based Theory (Barney, 1991), the findings indicate that 
the mere presence of resources is insufficient for sustained pedagogical integration. 
Instead, institutional capacity and contextual support serve as significant mediating 
factors. 

Consistent with national reports, the findings demonstrate disparities in infrastructure 
between private and public institutions, particularly in the availability of dedicated 
mathematics laboratories and laboratory support staff. (Latif et al., 2025) While basic 
materials were widely reported, advanced digital tools and structured laboratory 
environments were less consistently available in rural and public schools. (Ullah et al., 
2025) 

These results suggest that structural resource inequities persist within the educational 
landscape. (Structural Barriers to Equitable Education in Pakistan, 2025, pp. 1-15) 
However, provincial differences were not statistically significant, indicating that 
institutional type may be a more salient factor than geographic region in explaining 
variation in infrastructure. (Khan et al., 2024) 

Contrary to the assumption that resources are routinely underused, the study identified a 
strong positive association between reported availability and utilization (r = .778, p < 
.001). Resource availability accounted for approximately 60% of the variance in 
pedagogical use. (Ali et al., 2025, pp. 1370-1380) These findings suggest that when 
instructional materials are accessible, teachers are substantially more likely to 
incorporate them into classroom practice. 

However, the strThe strength of this correlation also raises the possibility of conceptual 
overlap between the constructs of availability and utilization. Reliability analysis 
indicated satisfactory internal consistency for the measurement instrument. Institutional 
type and region did not significantly predict utilization after controlling for availability. 
This indicates that teachers across contexts appear similarly inclined to use resources 
when structural conditions permit. 

Regression analyses identified in-service training, laboratory space, and pedagogical 
orientation as significant predictors of integration. These findings support Resource-
Based Theory by demonstrating that material resources must be complemented by 
organizational capabilities to generate instructional value.The exceptionally high 
explanatory power of the final regression model (R² = .97) should be interpreted 
cautiously, as such values may indicate model complexity or multicollinearity. 
(Multicollinearity in Regression, 2024) Future studies employing larger and more 
balanced samples could further validate these relationships. 

This study extends Resource-Based Theory to the domain of secondary mathematics 
education in a lower-middle-income country context. Rather than conceptualizing 
schools solely as recipients of physical inputs, the findings demonstrate that 
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instructional outcomes depend on the interaction among material resources, professional 
capacity, and institutional support structures. 

The study also contributes methodologically; the study contributes by employing a 
structured reliability assessment within a sequential explanatory mixed-methods 
framework. 

Although the findings highlight institutional capacity, alternative explanations should be 
considered. Examination-driven curricular pressures, time constraints, and standardized 
assessment structures may independently influence pedagogical choices, regardless of 
resource availability. These systemic pressures were referenced in the qualitative data 
and warrant further empirical investigation. (Study finds Pakistan's new education 
exams expose deep classroom struggles, 2025) 

Several limitations should be acknowledged. The sample was disproportionately drawn 
from private and urban schools, limiting generalizability to the broader Pakistani 
context. Data relied on self-reported measures, which may introduce response bias. The 
cross-sectional design also restricts causal interpretation of observed relationships. 

Future research employing longitudinal or observational designs could provide stronger 
evidence regarding the causal mechanisms linking resource configurations and 
instructional practice. 

CONCLUSION 

This study investigates the availability, pedagogical use, and institutional support for 
mathematics-focused STEM resources in secondary schools in Pakistan. The results 
reveal that, although material disparities persist, particularly between public and private 
institutions, resource availability alone does not fully account for variations in 
instructional practice. Instead, effective integration is shaped by the interplay among 
material resources, teacher capacity, institutional support, and pedagogical orientation. 
While a strong positive association exists between resource availability and utilization, 
regression analyses indicate that professional development, laboratory infrastructure, 
and instructional design are also significant predictors of sustained integration. These 
findings underscore that structural and organizational conditions influence how 
resources are translated into classroom practice. The study extends Resource-Based 
Theory to secondary mathematics education by demonstrating that instructional 
effectiveness relies not only on resource possession but also on institutional capabilities 
that facilitate the deployment of resources. The findings refine the application of 
Resource-Based Theory in educational contexts by highlighting the mediating role of 
professional and organizational supports. Methodologically, the study advances the 
field by incorporating Confirmatory Factor Analysis within a sequential explanatory 
mixed-methods framework. This approach enhances construct validation in educational 
resource research and illustrates the value of integrating regression modeling with 
qualitative explanation to analyze instructional ecosystems. The results suggest that 
initiatives focused exclusively on material provision may have a limited impact unless 
accompanied by investments in teacher training, leadership support, and structured 
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pedagogical frameworks. Institutional coherence, ongoing professional development, 
and structured integration mechanisms are central to effective resource utilization. 
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APPENDICES 

Appendix A 

Comparison of STEM Resources Mathematics Focused Globally and Pakistan 
Category Global STEM Resources Pakistan STEM Resources 

Science Laboratries Fully equipped labs with updated 
apparatus, safety standards 
enforced 

Partially equipped, often outdated 
or poorly maintained 

Computer Labs/ ICT 
Infrastructure 

Modern Computer Labs with 
multimedia capabilities 

Varies greatly, better in private 
and urban schools 

Internet Connectivity High-Speed Internet in all 
educational institutions 

Limited or unreliable, especially 
in rural and public schools 

Educational Software and 
Simulations 

Access to licensed STEM 
simulations (MATLABS,.etc) 

Minimal access, mostly limited to 
demonstration by teachers 

Robotics Kits and Maker Tools Common in primary and secondary 
levels in developed countries 

Rarely available, mostly in elite 
private schools 

Trained STEM Teachers Specialized  STEM-trained and 
certified teachers 

Shortage of qualified STEM 
educators, especially in rural 
areas 

Teacher Professional 
Development 

Regular in-service trainig and 
global certification programs 

Infrequent, with limited scope 
and outdated pedagogy 

Curriculum Integration of STEM Integrated, interdisciplinary STEM 
curriculum from every grades 

STEM partially present, mostly in 
pilot projects or select schools 

Collaborative Learning 
Platforms 

Use of tools like Google 
Classrooms, Edmodo for 
collaborations 

Very limited use, moslty in tech-
focused urban schools 

Mobile Labs/ Outreach Programs Widely used in rural/remote areas 
via buses or containers 

Emerging few projects by NGOs 
and public-private partnerships  

Appendix B 

Availability and Utilization of Mathematics Lab Resources in Secondary School 

Question Statement Options 

Gender Male; Female; Prefer not to say 

School Type Private; Public 

School Location Urban; Rural 

Province 
Punjab; Sindh; Balochistan; Khyber Pakhtunkhwa; Islamabad 
Capital Territory; Gilgit-Baltistan; Azad Jammu & Kashmir 

Qualification 
B.Sc; M.Sc; B.Ed; M.Ed; Bachelor’s (4 years); MPhil/Master’s (2 
years); Ph.D 

Experience at secondary stage (in years) 
Less than 05 years; 05-10 years; 11-15 years; 16-20; More than 20 
years 

Which classes do you teach 09th; 10th; Both (09th & 10th) 

Have you received any in-service 
training for improving mathematics lab 
teaching since 2020? 

Yes; No 

If yes, please specify it Open-ended 

Write the Title of Program, 
Duration(days), Year, Organizing 

Open-ended 
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Agency 

Do you have easy access to the 
following documents and resources in 
your school? 

National Curriculum for Mathematics; Provincial Curriculum 
Guidelines; Secondary Level Mathematics Syllabus; Textbooks; 
Supplementary Materials; Activity Handbooks; Digital Resources 

Does your provincial curriculum 
recommend activity-based learning for 
mathematics? 

Yes; No 

If yes, do your textbooks support 
conducting mathematics activities or 
practical tasks? 

Yes; No 

If yes, please cite specific examples 
with page numbers 

Open-ended 

Do the textbooks include clear 
guidelines for mathematics activities or 
practical tasks? 

Yes; No 

If yes, mention the name of the book 
and publisher 

Open-ended 

Does your school have a dedicated 
mathematics lab? 

Yes; No 

If no, where are mathematics activities 
conducted? 

Open-ended 

Is there a fixed period in the weekly 
timetable for mathematics activities? 

Yes; No 

How many hours per week are allocated 
for mathematics activities per class? 

Open-ended 

Is the mathematics lab of adequate size? Yes; No 

Is the mathematics lab well-ventilated? Yes; No 

Are the following facilities available in 
the mathematics lab? 

Worktables; Storage Cabinets; Whiteboard; Projector; Computers; 
Internet; Geometric Models; Measuring Instruments 

Is there a lab attendant or assistant to 
support mathematics teachers? 

Yes; No 

Equipment Available in Your 
Mathematics Lab 

Geometric Models; Algebra Tiles; Graph Boards; Geometry 
Tools; Probability Kits; Puzzles; Calculators; Computers; 
Whiteboard; Measuring Tapes; Compasses; Abacus 

Have you adapted or improvised any 
textbook-suggested mathematics 
activities? 

Yes; No 

If yes, please specify the changes made Open-ended 

Have you created any mathematics 
activities using locally available 
materials? 

Yes; No 

If yes, describe the activity and 
materials used 

Open-ended 

Name two mathematics activities you 
have conducted this year 

Open-ended 

How were the above activities 
conducted? 

Individual Work; Pair Work; Group Work; Teacher 
Demonstration 

What process skills were developed in 
students through these activities? 

Problem Solving; Logical Reasoning; Analytical Thinking; 
Application of Concepts; Collaboration; Communication; 
Creativity 

How often do students get to use 
mathematics lab equipment directly? 

Active Participation; Partial Participation; Observation Only 

What is the extent of student Active Participation; Partial Participation; Observation Only 



 Ahmad, Naseem & Ramay       101 

International Journal of Instruction, October 2026 ● Vol.19, No.4 

involvement during mathematics 
activities? 

What challenges do you face during 
mathematics lab sessions? 

Lack of Resources; Time Constraints; Large Class Size; 
Insufficient Training; Lack of Administrative Support 

Do you use mathematics lab periods for 
any other academic activities? 

Yes; No 

If yes, what other activities are 
conducted during mathematics lab 
periods? 

Remedial Teaching; Test Preparation 

Are marks or grades assigned for 
mathematics lab activities? 

Yes; No 

If yes, how do you grade them? Open-ended 

Are you allowed to use mathematics lab 
equipment in regular classrooms? 

Yes; No 

If yes, how frequently do you use it in 
classrooms? 

Frequently; Occasionally; Rarely 

Are students allowed to borrow 
mathematics lab equipment? 

Yes; No 

If yes, do students actually use the 
equipment? 

Yes; No 

Do you provide guidance on using 
mathematics lab apparatus for student 
projects? 

Yes; No 

Apart from lab resources, which 
materials do you use to enhance 
mathematics learning? 

Multimedia Presentations; Educational Software; Online 
Resources; Supplementary Materials; Magazines; Mobile Apps; 
Teacher-Created Materials; Whiteboards; Robotics Kits 

Do mathematics lab activities or virtual 
labs help improve students 
understanding of mathematics? 

Yes; No 

Do you encourage students to 
participate in mathematics fairs or 
exhibitions? 

Yes; No 

If yes, is the mathematics lab equipped 
well enough to support such 
preparations? 

Yes; No 

Do you have differently-abled students 
in your mathematics classes? 

Yes; No 

If yes, are any special arrangements 
made for their participation in 
mathematics lab activities? 

Yes; No 

Have you ever conducted specialized 
mathematics lab activities tailored for 
differently-abled students? 

Yes; No 

If yes, please list such activities Open-ended 

 

Observation List: Mathematics Resources 

Purpose: To document the real-time availability and usage of mathematics resources in 
instructional settings. 

Observation Details 

Class Level: __________    Subject: __________ 
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Date/Time: __________    Observer: __________ 

 

 

Resource Type 
Available 

(Yes/No) 

Quantity/Condition 

(Good/Average/Poor) 

Utilization 

(Frequency & 

Mode) 

Notes/Comments 

Mathematics 
Textbooks & 
Workbooks 

    
Daily 
teaching and 
homework 

    

Geometry Kits 
(Compass, 
Protractor) 

    
Practical 
geometry 
lessons 

    

Graphing Tools 
(Paper, Boards) 

    
Used in 
algebra, 
geometry 

    

Mathematical 
Charts 
(Formulas, 
Tables) 

    
Displayed in 
classrooms 

    

Manipulatives 
(Abacus, Blocks) 

    
Especially in 
primary 
levels 

    

Digital Tools 
(GeoGebra, 
Desmos) 

    
Used for 
interactive 
lessons 

    

Teacher Training 
in Mathematics 
pedagogy 

  

Inquiry-
Based, 
problem-
solving focus 

  


