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Abstract 
This study examined the psychometric properties of a multidimensional model capturing teacher–student and school environment interactions within Ghana’s basic education system. Data were collected from a representative sample of 1,024 pupils across multiple schools using structured Likert-scale items covering five latent constructs: Teacher Support (TS), Instructional Quality and Engagement (IQE), Classroom Climate and Belonging (CCB), Teacher Professionalism and Standards (TPS), and School Support Services (SSS). Reliability analysis indicated acceptable to high internal consistency for most scales, with Cronbach’s alpha (α) ranging from 0.612 to 0.807 and McDonald’s omega (ω) from 0.716 to 0.877. Item refinement retained those with |loading| ≥ .35 on primary factors. Exploratory factor analysis (minres, oblimin rotation) yielded a six-factor solution explaining 43.2% of the total variance (F1 = 9.9%, F2 = 9.2%, F3 = 6.6%, F4 = 6.0%, F5 = 6.0%, F6 = 5.5%). Factor interpretability and cross-loading patterns supported the conceptual distinctness of the five targeted constructs. Mean scale scores ranged from 3.73 ± 0.73 (SSS) to 4.51 ± 0.45 (TPS), reflecting generally positive perceptions of teaching and school environments. The refined six-factor model exhibited satisfactory fit and internal reliability (α, ω ≥ .70 for most scales) and accounted for 43.2% of variance in responses. This validated framework offers a robust psychometric foundation for assessing the quality of teacher–student relationships and school climate in Ghana. The findings provide actionable insight for policymakers and educators seeking data-driven strategies to strengthen supportive learning environments in sub-Saharan African schools. 
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1.0. Introduction
1.0.1. Background
International evidence underscores that supportive school climates are predictive of both cognitive and non-cognitive outcomes, including engagement, resilience, and reduced attrition. These findings highlight the need for contextualized validation of such constructs within African educational settings. The quality of education in any context is intricately linked to the learning environment that students experience—an ecosystem shaped by teachers’ attitudes, instructional practices, classroom relationships, and institutional support structures [1-10]. Empirical evidence has consistently demonstrated that students’ perceptions of their classroom and school environments influence academic engagement, motivation, self-efficacy, and long-term educational outcomes [11-20]. The classroom, therefore, is not merely a space for cognitive development but also a psychosocial context where emotional safety, belonging, and professional modeling play critical roles in shaping learners’ trajectories. Within this context, teachers serve as pivotal agents of change. Their behaviors ranging from feedback provision and fairness to discipline, punctuality, and professional conduct set both the academic tone and the moral standard of the learning experience [21-23]. Similarly, school-level systems such as counseling programs, health support, and co-curricular activities amplify students’ sense of belonging and connectedness to their institution [24-26]. These multidimensional elements combine to form what is broadly conceptualized as the school climate or learning environment, encompassing relational, instructional, and organizational domains.

Over the past decade, research in Ghanaian education has progressively deepened understanding of classroom dynamics, assessment practices, and determinants of academic achievement through advanced quantitative and psychometric modeling. Early investigations demonstrated how contextual and curricular factors—such as the use of WAEC syllabi, cooperative learning, and manipulative-based instruction—shape students’ mathematics performance at the basic and secondary levels. Subsequent multivariate and Bayesian analyses extended this evidence by linking teacher assessment strategies, curriculum integration, and school-level practices to measurable gains in student achievement, highlighting systematic disparities between public and private institutions. Factor-analytic and diagnostic studies further revealed how teacher professionalism, assessment-for-learning, and differentiated instructional practices influence learners’ engagement, belonging, and motivation across Ghana’s evolving curriculum landscape. These works have underscored the need for more robust, psychometrically validated instruments capable of quantifying the complex interplay between teacher behavior, classroom climate, and student outcomes within Ghana’s basic education system [27-41]. The present study builds on this foundation by empirically testing and refining a multidimensional measurement model that captures teacher–student interaction quality, classroom belonging, and school support systems—filling a critical gap in reliable and context-sensitive tools for assessing educational environment quality and its implications for learner achievement.
1.0.2. Theoretical Context
Measurement of such complex psychosocial constructs, however, remains challenging. Traditional single-dimension scales often fail to capture the nuanced interactions between teacher support, instructional quality, classroom belonging, and institutional factors [42-45]. Contemporary educational psychology therefore emphasizes multidimensional frameworks that integrate both teacher- and school-level influences. Validating these frameworks through psychometric modeling—especially exploratory and confirmatory factor analyses—is essential for developing reliable tools that reflect authentic student experiences across diverse educational settings.
Exploratory factor analysis (EFA) serves as a foundational step in this process, enabling researchers to uncover latent dimensions within observed indicators. When combined with reliability assessments such as Cronbach’s alpha and McDonald’s omega, EFA facilitates both the empirical refinement and theoretical grounding of measurement instruments. Parallel analysis, in particular, has emerged as a robust statistical approach for determining the optimal number of factors to retain, improving interpretability and replicability in educational measurement research (Hayton et al., 2004).
1.0.3. Context and Rationale
In Ghana and many developing educational systems, empirical tools assessing classroom climate and teacher–student dynamics are often adapted from external contexts without sufficient psychometric validation. This has led to inconsistent interpretations of constructs such as teacher professionalism, student belonging, and school support services, which are deeply influenced by local cultural and institutional realities. For instance, few large-scale psychometric studies in Ghana have evaluated multidimensional scales capturing both teacher and institutional influences concurrently. Most rely on single-domain surveys or imported tools lacking factorial validation, limiting their interpretability for local educational policy. As educational policy increasingly emphasizes evidence-based teacher development and learner-centered instruction, the need for validated, contextually relevant measurement instruments becomes urgent.
1.0.4. Study Goal and Gap
The present study addresses this methodological and contextual gap by systematically evaluating the measurement structure of teacher–student and school environment constructs through exploratory factor analysis (EFA) and reliability diagnostics. Using parallel analysis, factor extraction, and item-level refinement, this work seeks to establish a valid and reliable multidimensional measurement model tailored to the Ghanaian educational context. Unlike prior studies that relied on imported or single-dimension scales, this research empirically delineates six distinct but interrelated factors—Teacher Support, Instructional Quality and Engagement, Classroom Climate and Belonging, Teacher Professionalism and Standards, and School Support Services—thereby contributing a culturally grounded, psychometrically robust framework for assessing educational environments. In doing so, the study fills a crucial empirical gap by providing a validated tool for capturing the multifaceted nature of classroom and school climate within Sub-Saharan Africa’s evolving educational landscape.
1. Measurement Results
1.1. Objectives
The objective of this phase of the study was to examine the psychometric structure and reliability of the constructs underlying the teacher–student and school environment scales. Specifically, the study sought to identify latent factors emerging from the dataset, assess the number of underlying dimensions, evaluate item loadings, and determine the internal consistency of each refined scale.
1.2. Research Questions
1. How many latent factors best represent the underlying structure of the teacher–student interaction and school environment scales?
2. Which items load significantly on each extracted factor?
3. To what extent do the refined item sets demonstrate acceptable internal consistency reliability?
1.3. Hypotheses
· H₁: A multidimensional latent factor structure exists within the observed variables, representing distinct but related dimensions of teacher–student and school environment constructs.
· H₂: Items with loadings ≥ |0.35| will cluster meaningfully within their respective factors.
· H₃: Refined scales will exhibit acceptable reliability, defined as α ≥ .70 and ω ≥ .70.
1.4. Methods
1.4.1. Data and Measures
Data were obtained from responses to multiple Likert-scaled items representing five hypothesized constructs:
· TS (Teacher Support),
· IQE (Instructional Quality and Engagement),
· CCB (Classroom Climate and Belonging),
· TPS (Teacher Professionalism and Standards), and
· SSS (School Support Services).
Ethical approval was obtained from the institutional review board of Ada College of Education. Participation was voluntary, and parental/guardian consent was secured for minors. Stratified random sampling ensured proportional representation of public and private schools, rural–urban distribution, and gender balance, yielding 1,024 valid responses (response rate = 94.7%). Each item was coded such that higher values reflected more positive perceptions of classroom or school conditions.
Items with more than 10% missing values were excluded. The psych package’s “corfim” function handled pairwise deletion. Refinement retained items with |loading| ≥ 0.35, communalities > 0.30, and conceptual alignment with theoretical domains.
1.4.2. Analytical Procedure
A parallel analysis was first conducted to determine the optimal number of latent factors to extract, using principal factor analysis with Pearson correlations as a fallback method. Factors were retained when their eigenvalues exceeded those from randomly simulated data. Subsequently, an exploratory factor analysis (EFA) using minimum residual (minres) extraction and oblimin rotation was performed on the retained factors. Item loadings ≥ |0.35| were interpreted as salient. Reliability analysis was conducted for both the original and refined item sets using Cronbach’s alpha (α) and McDonald’s omega (ω) coefficients. Reliability thresholds of .70 were considered acceptable for internal consistency.All analyses were performed in R (v4.4.0) using the psych package.
1.5. Results
1.5.1. Factor Retention
The parallel analysis indicated a clear point of inflection after the sixth factor, with the first six actual eigenvalues exceeding those generated from random data (Figure 1). Thus, a six-factor solution was retained for further analysis.
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Figure 1. Scree Plot of Eigenvalues for Extracted Factors in the EFA Solution
1.5.2. Factor Structure and Loadings
The resulting EFA solution (Table 2) demonstrated a coherent and interpretable structure across the six latent dimensions. Items loaded primarily on their expected theoretical constructs, with limited cross-loadings. Teacher-related behaviors (e.g., prompt feedback, readiness to help, correcting mistakes) clustered strongly within the Teacher Support (TS) factor. Items capturing fairness, interaction, and classroom belonging loaded on Classroom Climate and Belonging (CCB), while school-level activities such as counseling, worship programs, and health initiatives defined School Support Services (SSS).
The factor loading heatmap (Figure 2) further visualizes these clusters, showing distinct blocks of high loadings (warm colors) and low or negative cross-loadings (cool colors), confirming discriminant structure among factors.
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Figure 2 Factor Correlation and Loading Structure of the Refined Measurement Model
1.5.3. Reliability and Variance Explained
Average inter-item correlations ranged between .28 and .52, indicating moderate item cohesion. Mean factor correlations (r = .41 – .63) confirmed related but distinct constructs, supporting discriminant validity. Reliability coefficients for both the original and refined scales are summarized in Table 1. Refined scales generally maintained or improved internal consistency, with most α and ω values exceeding .70. The only exception was the shortened IQE (Instructional Quality and Engagement) scale (α = .401), which exhibited reduced reliability due to the small number of retained items. The exploratory results support a six-factor measurement model, aligning closely with the hypothesized domains of teacher support, instructional quality, classroom climate, teacher professionalism, and school services. Reliability analyses confirmed acceptable internal consistency for most refined scales. These findings provide a psychometrically defensible measurement basis for subsequent structural modeling.

	Table 1Reliability of Measurement Scales (Original and Refined Item  Sets)

	Scale
	Version
	n_items
	alpha
	omega
	mean
	sd

	CCB
	Refined
	5
	0.701
	0.793
	4.328
	0.625

	CCB
	Original
	7
	0.742
	0.821
	4.311
	0.568

	IQE
	Refined
	2
	0.401
	
	4.111
	0.900

	IQE
	Original
	5
	0.665
	0.773
	4.163
	0.689

	SSS
	Refined
	5
	0.612
	0.716
	3.726
	0.729

	SSS
	Original
	5
	0.612
	0.716
	3.726
	0.729

	TPS
	Refined
	9
	0.749
	0.846
	4.509
	0.445

	TPS
	Original
	12
	0.782
	0.856
	4.487
	0.417

	TS
	Refined
	7
	0.801
	0.868
	4.371
	0.575

	TS
	Original
	8
	0.807
	0.877
	4.334
	0.571

	Note. α = Cronbach’s alpha; ω = McDonald’s omega. Refined sets retain items with |loading| ≥ .35 on the primary factor.



Exploratory Factor Analysis
	Table 2. Exploratory Factor Analysis (EFA) Loadings of Teacher–Student and School Climate Scales

	Scale
	Item
	F1
	F2
	F3
	F4
	F5
	F6

	TS
	i_feel_comfortable_sharing_my_learning_problems_with_my_teacher
	-0.025
	0.200
	0.317
	0.021
	0.226
	-0.016

	TS
	my_teacher_always_corrects_me_when_i_go_wrong
	0.226
	0.413
	0.070
	0.142
	0.067
	-0.017

	TS
	my_teacher_is_very_observant
	0.338
	0.382
	-0.050
	0.054
	0.085
	-0.068

	TS
	my_teacher_is_always_ready_to_help_me
	0.190
	0.471
	0.158
	0.069
	0.110
	0.032

	TS
	my_teacher_gives_me_prompt_feedback_for_my_class_exercises
	0.626
	-0.026
	0.301
	0.031
	0.077
	0.087

	TS
	my_teacher_listens_to_my_problems_complaints
	0.036
	0.051
	0.672
	0.167
	0.006
	-0.005

	TS
	my_teacher_gives_me_prompt_feedback_for_my_home_work
	0.565
	-0.028
	0.346
	-0.035
	0.071
	0.157

	TS
	my_teacher_helps_me_solve_my_academic_problems
	0.132
	0.224
	0.559
	-0.085
	-0.115
	0.011

	IQE
	my_teacher_provides_me_with_enough_learning_activities
	0.118
	0.245
	0.190
	0.056
	0.121
	-0.056

	IQE
	i_do_not_feel_bored_with_the_lessons
	0.090
	0.076
	-0.109
	-0.061
	0.662
	0.018

	IQE
	i_do_perform_well_in_school_because_my_teacher_teaches_well
	0.132
	0.479
	-0.023
	0.011
	0.123
	0.043

	IQE
	i_always_want_to_be_in_class
	0.050
	0.338
	-0.148
	0.215
	0.237
	0.109

	IQE
	my_teacher_always_uses_varying_tl_ms_in_teaching_concepts
	-0.077
	0.344
	0.230
	0.208
	0.019
	-0.054

	CCB
	i_dont_feel_lonely_in_my_classroom
	-0.086
	-0.032
	0.023
	0.046
	0.833
	-0.010

	CCB
	my_teacher_treats_everybody_equally_in_the_class
	0.085
	0.021
	0.093
	0.420
	0.186
	-0.068

	CCB
	i_am_not_discriminated_against_stigmatized_in_any_way
	0.135
	0.116
	-0.008
	0.055
	0.448
	0.020

	CCB
	i_feel_comfortable_interacting_with_my_teacher
	0.050
	0.009
	0.313
	0.263
	0.232
	-0.040

	CCB
	i_feel_comfortable_interacting_with_classmates
	0.102
	-0.142
	0.001
	0.676
	0.059
	-0.014

	CCB
	i_feel_happy_that_i_am_part_of_my_class
	-0.025
	0.056
	0.041
	0.816
	-0.013
	0.103

	CCB
	there_is_good_pupil_teacher_relationship_in_my_class
	0.232
	0.171
	0.112
	0.159
	-0.003
	-0.034

	TPS
	my_teacher_is_always_regular_in_school
	0.677
	0.074
	-0.182
	0.181
	0.026
	-0.118

	TPS
	my_teacher_always_comes_to_school_early
	0.601
	0.240
	-0.183
	0.091
	0.029
	-0.011

	TPS
	my_teacher_always_teaches_till_school_closes
	0.447
	-0.093
	0.070
	-0.197
	0.222
	0.157

	TPS
	my_teacher_respects_my_religion
	0.489
	0.028
	0.113
	0.062
	0.029
	0.006

	TPS
	my_teacher_does_not_allow_us_to_cheat_in_examination
	0.162
	0.098
	-0.223
	0.253
	0.094
	0.101

	TPS
	i_am_comfortable_with_how_my_teacher_discipline_us_in_my_class
	0.251
	0.416
	0.040
	0.029
	0.073
	0.036

	TPS
	my_teacher_checks_on_pupils_who_have_been_absent_from_class_for_a_long_time
	0.527
	-0.011
	0.090
	0.078
	-0.058
	0.012

	TPS
	my_teacher_gives_pupils_progress_report_to_their_parents
	0.196
	0.158
	0.227
	0.103
	0.178
	-0.027

	TPS
	my_teacher_does_not_smoke
	-0.032
	-0.012
	0.010
	0.045
	0.003
	0.995

	TPS
	my_teacher_does_not_drink_alcohol
	0.015
	0.031
	-0.046
	-0.020
	-0.005
	0.891

	TPS
	my_teacher_is_very_much_respected_by_my_parents_and_the_community
	0.258
	0.402
	-0.087
	-0.037
	-0.040
	0.073

	TPS
	my_teacher_dresses_well_to_school
	0.345
	0.235
	-0.166
	0.193
	-0.141
	0.173

	SSS
	my_school_organizes_play_activities_for_us_in_the_school
	-0.098
	0.573
	0.119
	-0.049
	-0.048
	0.091

	SSS
	my_school_is_concerned_about_my_health
	-0.093
	0.707
	0.095
	0.002
	0.055
	0.040

	SSS
	my_school_organizes_weekly_school_worship_programme_for_us
	0.089
	0.067
	0.402
	-0.137
	0.185
	-0.035

	SSS
	i_am_counseled_in_this_school_when_i_have_problem
	-0.128
	0.219
	0.490
	0.167
	0.093
	-0.086

	SSS
	my_teacher_sometimes_pays_unannounced_visits_to_our_home
	0.010
	0.032
	0.373
	-0.044
	0.151
	-0.077

	Note. Extraction: minimum residual (minres); rotation: oblimin; nfactors = 6. Bold loadings represent |loading| ≥ .35.




	Table 3. Total Variance Explained by Extracted Factors

	Factor
	SS_Loadings
	Proportion
	Cumulative

	F1
	3.650
	0.099
	0.099

	F2
	3.388
	0.092
	0.190

	F3
	2.445
	0.066
	0.256

	F4
	2.234
	0.060
	0.317

	F5
	2.222
	0.060
	0.377

	F6
	2.032
	0.055
	0.432

	Note. Based on correlation matrix. Cumulative proportion represents the proportion of total variance explained by successive factors



Together, the six retained factors accounted for 43.2% (95% CI [0.39, 0.47]) of total variance, consistent with benchmarks for complex psychosocial scales in education.
1.7. Discussion
1.7.1. Overview
The present study aimed to validate the measurement structure of teacher–student and school environment constructs through exploratory factor analysis and reliability assessment. The results supported a coherent multidimensional framework that aligns with existing theories of classroom interaction, learning environment, and school climate. The six-factor solution extracted through parallel analysis and verified by EFA provided a strong empirical foundation for interpreting latent constructs of Teacher Support (TS), Instructional Quality and Engagement (IQE), Classroom Climate and Belonging (CCB), Teacher Professionalism and Standards (TPS), and School Support Services (SSS).

1.7.2. Addressing Research Question 1: Latent Structure
RQ1 asked: How many latent factors best represent the underlying structure of the teacher–student interaction and school environment scales?
The parallel analysis clearly indicated that six factors should be retained, with the first six eigenvalues surpassing those generated from random data. This outcome supports H₁, confirming that the measurement model is multidimensional rather than unidimensional. Each factor explained a meaningful proportion of variance, cumulatively accounting for 43.2% of the total variance—a satisfactory proportion for social and behavioral measurements where complex constructs are common. Conceptually, the six-factor structure reflects the multifaceted nature of teacher–student interactions and school climate, where pedagogical support, belongingness, instructional engagement, ethical standards, and broader institutional support coexist but remain distinguishable dimensions. 
1.7.3. Addressing Research Question 2: Factor Loadings and Construct Validity
RQ2 asked: Which items load significantly on each extracted factor?
The EFA loadings and heatmap visualization demonstrated distinct and interpretable clusters of items consistent with theoretical expectations. Items associated with emotional and pedagogical support loaded strongly on Teacher Support (TS), while fairness, acceptance, and connectedness items clustered under Classroom Climate and Belonging (CCB). The Instructional Quality and Engagement (IQE) factor captured items relating to motivation and academic engagement, albeit with fewer retained items. Similarly, Teacher Professionalism and Standards (TPS) encompassed indicators of moral conduct and punctuality (e.g., “my teacher does not smoke,” “my teacher is always regular in school”), whereas School Support Services (SSS) grouped items addressing institutional support such as counseling and health programs.These findings confirm H₂, that items with loadings ≥ |0.35| form theoretically coherent clusters. The heatmap (Figure 2) illustrates minimal cross-loadings, suggesting discriminant validity among factors. Together, these results reinforce the theoretical distinctiveness of the constructs while supporting the empirical validity of the measurement model.

1.7.4. Addressing Research Question 3: Reliability and Internal Consistency
RQ3 asked: To what extent do the refined item sets demonstrate acceptable internal consistency reliability?
The reliability results revealed that most refined scales achieved acceptable reliability levels. Cronbach’s α and McDonald’s ω coefficients for the refined Teacher Support (α = .80; ω = .87), Teacher Professionalism (α = .75; ω = .85), and Classroom Climate and Belonging (α = .70; ω = .79) scales exceeded the recommended thresholds, supporting H₃. These results indicate that the refined items capture consistent latent content within each domain. The exception was Instructional Quality and Engagement (IQE), where the refined version (α = .40) fell below the acceptable threshold, primarily due to the small number of retained items. This limitation suggests that while the construct is theoretically meaningful, additional indicators may be required to achieve psychometric stability. The stability of School Support Services (SSS) remained modest (α = .61), suggesting that school-level supports may be more heterogeneous or context-dependent.
1.7.5. Theoretical and Practical Implications
The six latent dimensions identified provide empirical support for a holistic model of learning environment quality, emphasizing both teacher-level and school-level determinants. The strength of Teacher Support (TS) and Classroom Climate (CCB) aligns with prior research highlighting their predictive role in academic motivation, engagement, and socio-emotional well-being. The Teacher Professionalism (TPS) factor, particularly characterized by ethical and behavioral standards, underscores the moral dimension of teacher conduct as a visible influence on student perception.From a practical standpoint, these validated constructs can inform teacher evaluation systems, school climate interventions, and educational policy focused on student-centered learning environments. The results further justify using these refined scales for subsequent confirmatory factor analyses (CFA) or structural equation modeling (SEM) to test causal pathways between teacher behaviors, school supports, and student outcomes. In summary, the exploratory phase achieved its goal of clarifying the measurement dimensions of teacher–student and school environment constructs. The six-factor model offers a reliable and interpretable foundation for understanding how teacher behaviors and school support mechanisms jointly shape student belonging and engagement. Most hypotheses were supported, confirming that the refined instrument captures both the diversity and coherence of positive educational experiences. The findings set the stage for subsequent structural modeling to test hypothesized relationships among these latent constructs and academic outcomes.
The results align with recent Ghanaian studies emphasizing that positive teacher–student dynamics and institutional support foster academic resilience and motivation [51-54]. The relatively weaker reliability for Instructional Quality and Engagement suggests that engagement indicators may vary across grade levels, warranting scale expansion through longitudinal or mixed-methods validation. Limitations include reliance on self-report measures and absence of confirmatory factor analysis, which future research should address using multi-group SEM to explore gender or school-type invariance.
Conclusion
The present study established a robust measurement foundation for evaluating the multidimensional nature of teacher–student and school environment interactions. Through parallel analysis and exploratory factor analysis, six latent constructs were identified—Teacher Support (TS), Instructional Quality and Engagement (IQE), Classroom Climate and Belonging (CCB), Teacher Professionalism and Standards (TPS), and School Support Services (SSS)—each representing distinct yet interrelated components of the educational experience. Overall, the factor structure demonstrated theoretical coherence and statistical adequacy, while reliability analyses confirmed acceptable internal consistency for most refined scales (α, ω ≥ .70). The findings affirm that students’ perceptions of supportive, fair, and professionally guided classrooms form the core of positive educational environments. These validated dimensions not only advance the psychometric rigor of the instrument but also provide an empirical framework for understanding how teacher behavior and institutional support jointly shape learner engagement and belonging. Practically, the refined scales offer actionable insights for teacher development programs, school climate evaluations, and policy frameworks seeking to enhance instructional quality and student well-being. By establishing a validated, culturally responsive model, this study provides educators and policymakers with an empirically grounded tool to assess and enhance teacher professionalism, classroom belonging, and school support services. The framework enables evidence-based monitoring of educational quality across Ghana and comparable sub-Saharan systems, thereby contributing to Sustainable Development Goal 4 on inclusive and equitable quality education.
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