Geometry Anxiety among Senior High School Students: Examining the
Roles of Perceived Spatial Visualization Ability, Geometry Self-Efficacy,
and Perceived Geometry Classroom Learning Environment.

Abstract:

Geometry anxiety is a domain-specific affective experience, yet limited evidence explains how
students' perceived spatial capability, geometry self-efficacy, and classroom learning environment
operate together in relation to it.This cross-sectional correlational study examined 500 Form Two
students from a public Senior High/Technical School in the Sekyere South District of Ghana.
Participants were selected using simple random sampling and completed a 40-item questionnaire
measuring perceived spatial visualization ability (PSVA), geometry self-efficacy (GSE), perceived
geometry classroom learning environment (PGCLE), and geometry anxiety (GA). Confirmatory
factor analysis and structural equation modelling were conducted using maximum likelihood
estimation.The four-factor measurement model showed strong fit, 2 (734) = 844.508, p = .003, CFI =
994, TLI = .994, RMSEA = .017, 90% CI [.011, .023]. PSVA (B = .495) and PGCLE (B = .410) were
positively associated with GSE, whereas PSVA (B = —.174), PGCLE (B = —.168), and GSE (B =
—.585) were negatively associated with GA. GSE showed significant negative indirect associations
from PSVA to GA (B = —.289, 95% bias-corrected Cl [—.346, —237]) and from PGCLE to GA ( =
—.240, 95% bias-corrected CI [—.294, —.193]). Geometry self-efficacy was strongly associated with
lower geometry anxiety and statistically accounted for part of the relationships of perceived spatial
capability and classroom environment with anxiety. Because the study was cross-sectional and
conducted in one school, the findings are interpreted as associations rather than causal effects.

Keywords: geometry anxiety; perceived spatial visualization ability; geometry self-efficacy;
classroom learning environment; structural equation modelling

Introduction

Geometry requires students to interpret diagrams, reason about spatial relationships, visualize
transformations, and mentally manipulate geometric information. These demands make spatial
processes especially relevant to geometry learning (Unlii & Ertekin, 2017). Geometry learning is also
affective and motivational: students' beliefs about their capabilities and their experiences in the
classroom can shape how they approach geometry tasks. Geometry anxiety refers to worry, tension,
fear, or uneasiness associated with geometry-related situations. It is usefully distinguished from
general mathematics anxiety because geometry has domain-specific representational and spatial
demands, and a dedicated geometry-anxiety measure has been developed for secondary-school
students (Saglam et al., 2011). Recent geometry research continues to link anxiety with other
geometry-learning characteristics and outcomes (Unlii & Ertekin, 2017).

One potential correlate of geometry anxiety is perceived spatial visualization ability (PSVA), defined
here as students' perceptions of their capability to mentally represent, manipulate, rotate, and
transform spatial information relevant to geometry. PSVA is not an objective spatial-performance
score. This distinction matters because actual spatial ability, perceived spatial ability, and spatial
anxiety are related but distinguishable constructs (Sokolowski et al., 2019). Research using objective
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spatial measures has connected spatial visualization with geometry self-efficacy and anxiety-related
outcomes (Dursun, 2010; Unlu & Ertekin, 2017), while self-report research has demonstrated that
perceived spatial capability can be studied as a distinct construct (Turgut, 2015).

Geometry self-efficacy (GSE) concerns students' beliefs about their capability to successfully
perform geometry-related tasks. It is broader than PSVA: PSVA concerns perceived capability for
spatial-visualization operations, whereas GSE concerns confidence across geometry tasks. Geometry
self-efficacy has been established as an important construct in geometry learning (Cantlrk-Glinhan &
Baser, 2007; Erkek & Isiksal-Bostan, 2015; Unlii & Ertekin, 2017). Broader mathematics evidence
also shows a consistent negative relationship between mathematics anxiety and competence beliefs
such as self-efficacy (Du et al., 2021; Li et al., 2021; Zivkovié et al., 2023).

Students' affective experiences also develop within a classroom context. Perceived geometry
classroom learning environment (PGCLE) refers to students' perceptions of social, instructional, and
interpersonal conditions such as teacher support, participation, cooperation, task focus, and fairness.
Classroom-environment research has identified these as meaningful psychosocial dimensions
(Dorman, 2008), and geometry-specific work has shown that geometry classrooms can be examined
as psychosocial learning environments (Kuzle, 2023). In Ghana, students' perceptions of mathematics
classroom environments have been studied at the junior-high level (Wilmot et al., 2018), and recent
Senior High School evidence links classroom management and pedagogical practices with
mathematics anxiety (Azuuga et al., 2026). However, these Ghanaian studies address mathematics
generally rather than an integrated model of geometry-specific anxiety.

The literature therefore supports relationships among spatial processes, self-efficacy, classroom
experiences, and anxiety, but provides limited evidence on how PSVA, GSE, and PGCLE operate
together in relation to geometry anxiety among Ghanaian Senior High School students. In particular,
it remains unclear whether GSE statistically accounts for part of the associations of PSVA and
PGCLE with geometry anxiety. The present study addresses this geometry-specific explanatory gap
using structural equation modelling.

Theoretical and Conceptual Framework

The study is anchored primarily in Pekrun's Control-Value Theory of Achievement Emotions (CVT)
and supported by Bandura's self-efficacy framework. CVT proposes that achievement emotions such
as anxiety are closely associated with learners' appraisals of control and value in achievement
situations (Pekrun, 2006, 2024). In the present model, geometry anxiety is the achievement emotion;
PSVA represents a specific perceived capability relevant to spatially demanding geometry tasks; and
PGCLE represents a contextual condition that may be associated with students' competence beliefs
and emotional experiences. Bandura's (1997) account of self-efficacy complements this framework
by emphasizing beliefs about one's capability to perform particular tasks. Accordingly, GSE is
positioned as a broader geometry-related competence belief and as a statistical intermediary linking
PSVA and PGCLE with geometry anxiety.
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Figure 1. Conceptual framework and hypothesized relationships.

Note. PSVA = perceived spatial visualization ability; GSE = geometry self-efficacy; PGCLE =
perceived geometry classroom learning environment; GA = geometry anxiety. Solid arrows represent
direct hypotheses; dashed paths represent hypothesized indirect relationships through GSE.
Directions shown are a priori hypotheses, not empirical findings.

Hypotheses

H1. PSVA is positively associated with GSE.

H2. PGCLE is positively associated with GSE.

H3. PSVA is negatively associated with GA.

H4. PGCLE is negatively associated with GA.

H5. GSE is negatively associated with GA.

H6. PSVA has a negative indirect association with GA through GSE.
H7. PGCLE has a negative indirect association with GA through GSE.
Materials and Methods

Research Design and Setting

A quantitative cross-sectional correlational design was used to examine associations among PSVA,
GSE, PGCLE, and GA. The study was conducted in a public Senior High/Technical School in the
Sekyere South District of the Ashanti Region, Ghana. The target population comprised 1,223 Form
Two students enrolled in General Science, General Arts, Business, Agricultural Science, Home
Economics, Visual Arts, and Technical programmes. Structural equation modelling (SEM) was used
to evaluate the measurement model and the hypothesized direct and indirect relationships (Kline,
2023). Because the design was cross-sectional and non-experimental, directional paths were
interpreted as theory-specified associations rather than established causal effects.

Participants and Sampling

Simple random sampling was used to select participants from the eligible Form Two student
population. The final sample comprised 500 students. Programme membership in the achieved
sample was General Science (n = 67), General Arts (n = 104), Business (n = 94), Agricultural Science
(n =56), Home Economics (n = 60), Visual Arts (n = 51), and Technical (n = 68). Programme quotas
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were not fixed because sampling was not stratified by programme. Sample adequacy for SEM was
considered in relation to model complexity and estimation stability rather than a universal rule of
thumb, because SEM sample requirements vary with loadings, structural effects, model complexity,
and other data characteristics (Wolf et al., 2013).

Instrument

Data were collected with a structured questionnaire containing demographic items and 40 substantive
items, with 10 indicators for each latent construct. PSVA items assessed perceived capability to
mentally represent, rotate, manipulate, and transform spatial information and were informed by self-
report spatial-ability literature (Turgut, 2015). GSE items assessed confidence in understanding and
performing geometry tasks and were informed by geometry self-efficacy research (Cantiirk-Giinhan
& Baser, 2007). PGCLE items assessed teacher support, participation, peer cooperation, task-focused
learning, and fairness, drawing on classroom-environment dimensions represented in the WIHIC
tradition (Dorman, 2008). GA items assessed nervousness, tension, worry, and apprehension in
geometry learning and assessment contexts and were informed by geometry-anxiety research (Saglam
etal., 2011).

PSVA and GA items used a five-point agreement format from 1 (Strongly disagree) to 5 (Strongly
agree). GSE items used five confidence categories from 1 (Not at all confident) to 5 (Completely
confident), and PGCLE items used five frequency categories from 1 (Almost never) to 5 (Almost
always). The questionnaire was reviewed by the research supervisor for content relevance, clarity,
and construct alignment. Internal structure was subsequently evaluated through CFA. Reliability and
convergent evidence were assessed using Cronbach's alpha, composite reliability (CR), standardized
loadings, and average variance extracted (AVE). Discriminant evidence was examined using the
Fornell-Larcker comparison (Fornell & Larcker, 1981) and the heterotrait-monotrait ratio (HTMT;
Henseler et al., 2015).

Data Collection and Ethical Considerations

Ethical approval for the study was obtained from the Akenten Appiah-Menka University of Skills
Training and Entrepreneurial Development Institutional Review Board (AAMUSTED-IRB), Ghana,
prior to data collection. The IRB did not issue a formal approval number for the study. Permission to
conduct the research within the school was also obtained from the headmaster and relevant school
authorities. For participants below 18 years of age, the IRB-approved procedure permitted school-
authority permission together with student assent in place of parental or guardian consent. Students
aged 18 years or older provided informed consent. All participants were informed about the purpose
of the study, the voluntary nature of participation, confidentiality and anonymity of their responses,
and their right to decline or withdraw without penalty. No personally identifying information was
included in the analytical dataset, and findings were reported only in aggregate form.

Data Analysis

The dataset was screened before substantive analysis. All 500 respondent IDs were unique, no item
responses were missing, and all 40 substantive items fell within the intended 1-5 response range.
Individual items, rather than precomputed scale means, were used as latent-variable indicators.
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CFA and SEM were performed in IBM SPSS Amos using maximum likelihood (ML) estimation. The
five-category indicators were treated as approximately continuous. This choice was made
transparently because simulation studies show that performance of continuous-variable estimators
with ordered categories depends on the number of categories and distributional conditions, while
ordinal estimators can be preferable under other conditions (Li, 2016; Rhemtulla et al., 2012). Item
distributions were inspected and did not show pronounced skewness. Model evaluation considered 2,
y*/df, CFIL, TLI, and RMSEA with its 90% confidence interval, together with parameter plausibility
rather than treating fit cut-offs as mechanical pass/fail rules (Kline, 2023).

The CFA specified four correlated factors, each measured by 10 indicators. The structural model then
specified PSVA and PGCLE as exogenous variables predicting GSE and GA, with GSE predicting
GA and PSVA covarying with PGCLE. Indirect effects through GSE were evaluated using 5,000
bootstrap resamples and 95% bias-corrected confidence intervals. An indirect effect was considered
statistically supported when its bootstrap interval excluded zero. Because all variables were measured
at one time point, mediation was interpreted as a statistical indirect association rather than a temporal
or causal mechanism.

Results
Participant Characteristics

The final analytical sample consisted of 500 students: 258 males (51.6%) and 242 females (48.4%).
Most were aged 16-17 years (60.8%), followed by 18 years and above (27.8%) and 14-15 years
(11.4%). All seven programmes were represented (Table 1).

Table 1. Participant characteristics (N = 500)

Characteristic n %
Gender

Male 258 51.6
Female 242 48.4
Age group

14-15 years 57 11.4
16-17 years 304 60.8
18 years and above 139 27.8
Programme

General Science 67 134
General Arts 104 20.8
Business 94 18.8
Agricultural Science 56 11.2
Home Economics 60 12.0
Visual Arts 51 10.2
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Characteristic n %

Technical 68 13.6

Measurement Model

The four-factor CFA converged successfully and yielded y? (734) = 844.508, p = .003, y¥/df = 1.151,
CFI =.994, TLI =.994, IFI = .994, and RMSEA = .017, 90% CI [.011, .023]. Standardized loadings
ranged from .809 to .876 for PSVA, .777 to .876 for GSE, .818 to .864 for PGCLE, and .817 to .876
for GA.
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Figure 2. Confirmatory factor analysis of the four-factor measurement model.

Note. Values shown are standardized estimates. PSVA = perceived spatial visualization ability; GSE
= geometry self-efficacy; PGCLE = perceived geometry classroom learning environment; GA =
geometry anxiety.
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Table 2. Reliability and convergent evidence for the measurement model

Construct Loading range (] CR AVE VAVE
PSVA .809-.876 960 960 .708 841
GSE A77-.876 961 961 711 .843
PGCLE .818-.864 960 960 704 839
GA .817-.876 963 963 125 .851

As shown in Table 2, internal-consistency and composite-reliability estimates were high, and AVE
exceeded .50 for each construct. The square root of AVE for each construct also exceeded its
absolute latent correlations with the other constructs. HTMT estimates ranged from .272 to .782; all
point estimates and their 90% bootstrap upper bounds were below .85 (Table 3). These results
support the empirical distinctiveness of the four constructs, while the very high reliability coefficients
also warrant attention to possible item redundancy in future scale refinement.

Table 3. HTMT estimates with 90% bootstrap confidence intervals

Construct pair HTMT 90% ClI

PSVA-GSE 605 [.553, .654]
PSVA-PGCLE 272 [.201, .341]
PSVA-GA 576 [.521, .626]
GSE-PGCLE 541 [.484, 597]
GSE-GA 782 [.748, .813]
PGCLE-GA 532 [.474, .587]

Structural Model and Hypothesis Testing

The structural model converged and reproduced the CFA global fit: 2 (734) = 844.508, p = .003,
y?/df = 1.151, CFl =.994, TLI = .994, and RMSEA = .017, 90% CI [.011, .023]. The identical global
fit is expected because the structural relations among the four latent variables are just-identified at the
latent level; therefore, the hypotheses were evaluated from the structural coefficients and bootstrap
intervals rather than from changes in global fit. All five direct paths were statistically significant and
in the hypothesized directions (Table 4).

Table 4. Structural path estimates

95% BC CI for

Hyp. Path B SE B B
H1 PSVA — GSE  .498 .039 495 [.429, .555] <.001
H2 Ié(;(EILE 445 041 410 [.341, .476] <.001
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Hyp. Path B SE B B

H3 PSVA — GA -.175 .038 -174 [—.248, —.099] <.001
H4 PGCLE —- GA -.181 .039 —.168 [-.236, —.099] <.001
H5 GSE — GA —582 .048 —585 [-.659, —.506] <.001

PSVA and PGCLE jointly accounted for 52.2% of the variance in GSE (R? = .522). PSVA, PGCLE,
and GSE jointly accounted for 64.7% of the variance in GA (R? = .647). These R? values describe
variance accounted for in the fitted sample and are not causal proportions.
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Figure 3. Structural model with standardized estimates.

Note. PSVA = perceived spatial visualization ability; GSE = geometry self-efficacy; PGCLE =
perceived geometry classroom learning environment; GA = geometry anxiety. R? values are shown
for the endogenous latent variables.

Indirect Effects through Geometry Self-Efficacy

The bootstrapped indirect effects supported H6 and H7. PSVA had a negative indirect association
with GA through GSE (B = —.290, B = —.289, 95% bias-corrected CI for B [—.346, —.237]), and
PGCLE had a negative indirect association with GA through GSE (B = —.259, = —.240, 95% bias-
corrected CI [—.294, —.193]). The corresponding direct effects from PSVA and PGCLE to GA
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remained significant, so the pattern was consistent with partial statistical mediation. The cross-
sectional design does not establish temporal or causal mediation.

Table 5. Bootstrapped indirect effects through geometry self-efficacy

95% BC CI for

Hyp. Indirect path B B B Result
H6 PSVA — GSE —- GA —.290 —.289 [—.346, —.237] Supported
H7 giCLE — OSE = o5 —240 [-294,—193]  Supported
Discussion

The study examined an integrated geometry-anxiety model in which perceived spatial capability and
classroom experience were linked to anxiety both directly and through geometry self-efficacy. All
hypothesized direct and indirect associations were supported. The overall pattern is consistent with
Control-Value Theory, which locates achievement anxiety within students' control-related appraisals
and learning contexts (Pekrun, 2006, 2024), and with self-efficacy theory, which emphasizes
judgments of capability in task engagement (Bandura, 1997).

PSVA was positively associated with GSE (B = .495). Students who viewed themselves as more
capable of mentally representing and manipulating spatial information also tended to express stronger
confidence in performing geometry tasks. This finding is consistent with geometry research
connecting spatial visualization with geometry self-efficacy (Dursun, 2010; Unlii & Ertekin, 2017)
and with broader evidence that spatial performance and spatially focused affective perceptions are
related to mathematics experiences (Ferguson et al., 2015; Sokolowski et al., 2019). The
measurement results nevertheless support treating PSVA and GSE as distinct: PSVA concerns a
specific perceived spatial capability, whereas GSE concerns broader confidence across geometry
tasks.

PSVA was also negatively associated with GA directly (B = —.174) and indirectly through GSE ( =
—.289). Students who perceived greater spatial-visualization capability tended to report less geometry
anxiety, and part of this association was statistically linked to stronger geometry self-efficacy. This is
compatible with evidence connecting spatial anxiety and spatial skills with mathematics anxiety
(Ferguson et al., 2015; Sokolowski et al., 2019). The interpretation must remain specific to perceived
capability: the present study did not administer an objective spatial test and therefore does not show
that objectively higher spatial ability reduces geometry anxiety.

PGCLE was positively associated with GSE (B = .410) and negatively associated with GA (B =
—.168). Students who perceived greater teacher support, participation, cooperation, task focus, and
fairness tended to report stronger geometry self-efficacy and lower anxiety. This pattern aligns with
research treating classroom environment as a meaningful psychosocial context (Dorman, 2008;
Kuzle, 2023) and with evidence that teacher behaviours and classroom conditions are related to
mathematics anxiety and control appraisals (Klee et al., 2022; Liu et al., 2024). The finding is also
relevant to Ghanaian evidence: Wilmot et al. (2018) documented students' perceptions of
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mathematics classroom environments, while Azuuga et al. (2026) linked classroom management and
pedagogical practices with mathematics anxiety among Ghanaian Senior High School students. The
present study extends that contextual evidence to geometry-specific anxiety.

GSE showed the strongest direct association with GA (B = —.585). Students who were more confident
in their ability to perform geometry tasks tended to report substantially less geometry anxiety. This
accords with geometry research emphasizing self-efficacy as an important affective correlate of
geometry learning (Erkek & Isiksal-Bostan, 2015; Unli & Ertekin, 2017) and with broader
mathematics evidence showing negative associations between anxiety and self-efficacy or
competence beliefs (Du et al., 2021; Li et al., 2021; Zivkovi¢ et al., 2023). From a control-value
perspective, stronger competence beliefs may correspond to greater perceived control in achievement
situations, whereas lower perceived control is closely associated with anxiety (Pekrun, 2006, 2024).

The indirect effects add an important integrative result. GSE statistically accounted for part of the
negative associations of both PSVA and PGCLE with GA. Thus, students' perceptions of spatial
capability and classroom conditions were related to geometry anxiety partly through their broader
confidence in performing geometry tasks. This pattern is theoretically compatible with the
proposition that contextual conditions and competence-related appraisals are jointly associated with
achievement emotions (Pekrun, 2024; Putwain & Wood, 2023). Because the direct effects of PSVA
and PGCLE remained significant, GSE did not account for the entirety of either relationship.

These indirect paths should not be interpreted causally. All constructs were measured at the same
time, so the data cannot establish that PSVA or PGCLE precedes GSE or that GSE subsequently
changes anxiety. Longitudinal mathematics research indicates that anxiety and control-related beliefs
can be reciprocal over time (Putwain & Wood, 2023). Accordingly, the present results support
theory-consistent direct and indirect statistical associations, not a demonstrated temporal mechanism.

Recommendations

The findings suggest several evidence-informed directions for practice. Geometry teachers should
provide structured opportunities for students to engage with diagrams, mental rotation,
transformation, multiple representations, and other spatially demanding activities while offering
attainable challenges and constructive feedback. Such practices may support students' perceived
spatial capability and geometry self-efficacy, although intervention effects were not tested in this
study.

Teachers and schools should also cultivate supportive geometry classrooms in which students can ask
questions, explain solutions, cooperate with peers, learn from errors, and participate without
unnecessary embarrassment. Particular attention may be given to students who show persistent worry
or avoidance in geometry, with support addressing not only content knowledge but also confidence
and classroom experience. These recommendations are consistent with control-value approaches to
reducing mathematics anxiety that emphasize perceived control, self-efficacy, and supportive
instructional conditions (Klee et al., 2022).

Limitations and Directions for Future Research

The findings should be interpreted within several limitations. First, the cross-sectional design does
not establish temporal or causal relationships; longitudinal and experimental studies are needed to test
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directionality. Second, all four constructs were self-reported. In particular, PSVA reflects perceived
rather than objectively demonstrated spatial visualization ability. Future studies should combine self-
report PSVA with performance-based spatial measures. Third, data came from one public Senior
High/Technical School, so the results should not be generalized automatically to all Ghanaian Senior
High School students. Replication across schools, districts, regions, and school types is needed.

Fourth, the five-category indicators were estimated using standard ML in Amos. Although
continuous-variable estimation can perform adequately under some five-category conditions, ordinal
estimators may be preferable in other conditions (Li, 2016; Rhemtulla et al., 2012); future studies
should test robustness using an ordinal estimator such as WLSMV. Finally, the very high internal-
consistency coefficients may indicate some item redundancy. Future instrument work should examine
whether a shorter set of items can preserve adequate content coverage and measurement quality.

Conclusion

This study provides an integrated account of geometry anxiety involving perceived spatial
visualization ability, geometry self-efficacy, and perceived geometry classroom learning
environment. PSVA and PGCLE were positively associated with GSE, while PSVA, PGCLE, and
especially GSE were negatively associated with geometry anxiety. GSE also showed significant
indirect statistical relationships linking both PSVA and PGCLE with anxiety. Within the limits of a
cross-sectional single-school design, the findings highlight geometry self-efficacy as an important
component of the network of capability perceptions, classroom experiences, and emotions associated
with geometry learning.
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