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This study extends the theory of planned behavior (TPB) by testing a
structural equation model that incorporates teachers perceived contextual
support in explaining implementation of a problem-solving mathematics
curriculum reform in Ghana. Using cross-sectional survey data from
368 primary teachers, we measured attitude, subjective norm, perceived

behavioral control, intention, self-reported implementation behavior, and
contextual support. Confirmatory factor analysis (CFA) supported the
measurement model. Structural equation modelling (SEM) showed that
attitude (B=.38, p<.001) and perceived behavioral control ($=.29, p<.001)
predicted intention, while subjective norm was marginal (p=.12, p=.051).
Intention predicted implementation behavior (f=.52, p<.001). Contextual
support had a direct effect on behavior (f=.28, p<.001) and strengthened the
intention to behavior relationship, which was larger in high support contexts
(B=.63) than in low support contexts (f=.30; Ay*(1)=7.84, p<.01). The model
explained 57% of intention and 55% of behavior. Strengthening school
resources, leadership support, and professional collaboration is likely to
improve mathematics curriculum reform enactment. Policy makers and
school leaders should prioritize these contextual supports to help teachers
translate mathematics curriculum reform intentions into consistent practice.
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1. INTRODUCTION

Reform of school mathematics has become a central focus of many education systems as
governments seek to promote problem-solving, reasoning, and learner-centered pedagogies. Although these
ambitions are widely reflected in curriculum frameworks, translating them into consistent classroom practice
has proved difficult in numerous jurisdictions. Empirical research consistently shows that teachers struggle to
implement reform-oriented pedagogies when working in environments marked by resource constraints,
demanding workloads, and inconsistent school-level support [1], [2]. Even where teachers express favorable
attitudes toward pedagogical innovation, their ability to enact new approaches remains limited by the
conditions in which they teach [3], [4], including limited resources, overcrowding, and uneven professional
and school-based support. These findings illustrate the persistent challenge of converting policy expectations
into routine instructional practice.

Ghana’s recent curriculum reforms reflect these global ambitions. The Standards-Based Curriculum
and the Common Core Program emphasize the teaching of mathematics through problem-solving and
conceptual understanding. Yet, national assessments and empirical studies continue to show that many pupils
struggle to apply mathematical ideas flexibly and independently, indicating that intended pedagogical shifts
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have not yet been fully realized [5], [6]. Research further indicates that several teachers continue to rely on
traditional demonstration-based methods, particularly in schools with limited material and institutional
support [5]. This mismatch between curricular aspirations and classroom practice highlights an
implementation gap that requires systematic investigation.

A coherent analytical framework is needed to explain why teachers adopt or resist reform-oriented
pedagogies. The theory of planned behavior (TPB) provides a well-established basis for examining teacher
decision-making because it explains how attitudes, subjective norms, and perceived behavioral control (PBC)
shape intention, which in turn predicts behavior [7]. Attitude reflects a teacher’s evaluative judgement of the
instructional reform, subjective norm captures perceived expectations or pressures from significant others such
as colleagues or school leaders, and PBC concerns teachers’ beliefs about their capacity and confidence to
implement the reform under existing conditions. Numerous studies in educational settings consistently show
that attitudes and PBC are strong predictors of intention, while subjective norms tend to play a weaker or
more variable role [8]-[10]. Research conducted in Ghana similarly demonstrates that teachers’ intentions to
teach through problem-solving are shaped primarily by beliefs about the value of the approach and
confidence in their ability to implement it effectively [S]. Despite its explanatory power, most applications of
the TPB focus on psychological determinants and give limited attention to the contextual conditions that
shape whether intentions can be enacted, even though several studies highlight the substantial influence of
environmental and organizational factors on teacher behavior [11], [12].

The purpose of the study is to address this limitation by extending the TPB to include perceived
contextual support as a structural condition influencing teacher behavior. Contextual support is
conceptualized as teachers’ perceptions of the material, organizational, and interpersonal conditions that
facilitate or hinder the implementation of problem-solving pedagogy. By modelling contextual support as
both a direct predictor of behavior and a moderator of the intention-to-behavior relationship, the study offers
a more contextually grounded account of teacher action during curriculum reform. This approach aligns with
emerging evidence that teachers’ intentions translate into practice more effectively in environments that
provide adequate support, resources, and professional collaboration [1], [2]. Guided by four research
questions, the study examines: i) the extent to which attitude, subjective norm, and PBC predict intention;
ii) the extent to which intention predicts self-reported behavior; iii) the direct influence of contextual support
on behavior; and iv) whether contextual support moderates the intention-to-behavior pathway. In doing so, it
provides insights into how mathematics curriculum reforms can be supported within resource-constrained
environments.

2. THEORETICAL BASIS — EXTENDED TPB FRAMEWORK
2.1. TPB in education

According to the TPB, if teachers have a favorable attitude toward an instructional reform, perceive
supportive subjective norms from important others, and have high PBC over implementation, they will form
a stronger intention or willingness to implement the reform [7]. Intention is expected to be the immediate
antecedent of actual implementation behavior. This theory has been widely used to study teacher decision-
making. For example, MacFarlane and Woolfson [13] applied TPB to teachers’ inclusion of students with
special needs and found that attitudes and perceived control were significant predictors of intentions to
practice inclusive teaching. Similarly, a review by Opoku et al. [8] concluded that across studies of inclusive
education, teachers’ attitudes about an innovation and their self-efficacy or control beliefs consistently
predict intention strength, whereas social normative pressures are less consistent drivers. These findings echo
results from broader domains such as technology adoption and competency-based instruction, teachers’
personal beliefs in the value and feasibility of a reform often outweigh external mandates in shaping behavior
[10], [14], [15]. In short, changing teachers’ practices requires first changing their beliefs and confidence.

2.2. Extending TPB with contextual factors

While TPB emphasizes individual agency, education researchers have long noted that context
matters for whether teachers follow through on their intentions [16], [17]. Thurlings ef al. [16] in a review of
teachers’ innovative behavior, observed that organizational supports and school context greatly affect
whether teachers try new methods in their classrooms. More recently, a systematic review by Johnson and
Fitzmaurice [1] identified inconsistent institutional support and resource constraints as key impediments to
mathematics teachers’ readiness to implement pedagogical reforms. These perspectives align with Ajzen [18]
concept of actual control conditions. Even a well-intentioned, well-trained teacher may fail to enact a new
curriculum if, for example, class sizes are very large or required materials are unavailable. Empirical
evidence from developing country contexts underscores this point. For instance, Yakavets et al. [12]
examined a nationwide pedagogical reform in Kazakhstan and found that, despite surface-level changes in
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teachers’ practices, deeper implementation of new methods was limited without strong school-based support
and genuine teacher agency. Dierendonck et al. [11] likewise showed that contextual variation explained
differences in teacher implementation beyond their intentions. These findings support calls to extend TPB by
integrating contextual factors [19], [20].

2.3. Conceptual framework and hypotheses

Unlike previous extensions of the TPB that primarily refined its psychological components, the
present framework foregrounds contextual support as a structural condition shaping whether intentions
translate into behavior. Although Ajzen [7] and Do et al. [19] acknowledged that PBC incorporates both
internal and external elements, empirical studies have predominantly operationalized it as an individual
cognitive variable akin to self-efficacy, leaving the external, environmental dimension underdeveloped in
educational applications. Building on the conceptual distinction established in earlier work [21], the model
restores theoretical balance by formally modelling this external control dimension as a distinct construct that
captures the systemic conditions which enable or constrain teachers’ behavior. Thus, whilst PBC reflects
teachers’ personal sense of capability and confidence in managing the reform, contextual support represents
structural enablers such as resource availability, leadership encouragement, manageable class sizes, and
opportunities for professional collaboration. The model is novel in two ways. First, unlike earlier TPB
extensions that introduced additional psychological determinants such as moral or descriptive norms, the
present study focuses on structural-environmental conditions that determine whether intentions can be
enacted. Second, contextual support operationalizes Ajzen’s notion of actual control, thereby addressing
long-standing critiques of the TPB’s sufficiency assumption, which presumes that intention predicts behavior
only when individuals have full volitional control. In low-resource education systems such as Ghana’s, this
assumption is frequently violated, as teachers may hold strong intentions yet lack the institutional resources
or leadership backing needed to act; by formalizing this contextual dimension, the model demonstrates
empirically that behavior depends not only on beliefs but also on the enabling environment.

Ecological and implementation science perspectives reinforce the relevance of contextual support
within the extended TPB model by emphasizing the significance of the broader environment in shaping
teachers’ behavior during reform implementation. Ecological theories such as Bronfenbrenner’s ecological
systems theory [22], [23] and the social ecological model [24] view behavior as embedded within wider
environmental conditions that influence the opportunities available for purposeful action. Parallel insights
from implementation science frameworks, including the implementation drivers framework [25] and the
consolidated framework for implementation research [26], highlight the importance of organizational
support, leadership, and the general institutional climate as determinants of successful reform enactment.
These perspectives align with the TPB principle of actual control and strengthen the theoretical grounding for
incorporating contextual support as an important factor shaping teachers’ implementation behavior.

The framework therefore proposes that contextual support will have both a direct facilitating effect
on teachers’ implementation of the problem-solving pedagogy and a moderating effect on the intention—
behavior relationship. In high-support environments, teachers should be better able to act on their intentions,
whereas in low-support environments even well-intentioned teachers may fall short. This perspective
highlights the interplay between teacher-internal factors (beliefs, attitudes, confidence) and teacher-external
factors (school resources and climate) in shaping reform implementation. Although contextual support could
theoretically be disaggregated into subdimensions such as material resources, instructional leadership, and
professional collaboration, TPB scholars [27], [28] caution that additional predictors should only be
introduced following strong theoretical and empirical justification to preserve the parsimony and coherence
of the model. Guided by this principle, contextual support was conceptualized as a general enabling construct
reflecting teachers’ overall perceptions of their implementation environment, thereby maintaining theoretical
economy while ensuring adequate statistical power for the structural estimation.

Figure 1 illustrates the proposed model. The traditional TPB paths are retained: attitude, subjective
norm, and PBC are expected to influence teachers’ intention to implement the reform, and intention is
expected to predict behavior. The model is extended by including contextual support, which is hypothesized
to influence behavior directly and to moderate the strength of the intention—behavior link. Figure 1 presents
the conceptual framework extending the TPB for teacher implementation of school mathematics reform.
Attitude (ATT), subjective norm (SN), and PBC are hypothesized to influence teachers’ intention to
implement problem-solving pedagogy, which in turn predicts their actual behavior (classroom
implementation). The model is extended to include contextual support (CTX), representing enabling school-
level conditions. Contextual support is hypothesized to influence behavior directly and to moderate the
intention—behavior relationship.

To investigate this framework, we formulated the following research hypotheses (H1-H7):
i) H1: attitude positively influences teachers’ intentions to implement the problem-solving curriculum reform
in mathematics; ii) H2: subjective norm positively influences teachers’ intentions to implement the problem-
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solving curriculum reform in school mathematics; iii) H3: PBC positively influences teachers’ intentions to
implement the problem-solving curriculum reform in school mathematics; iv) H4: PBC positively influences
teachers’ behavior in implementing the problem-solving curriculum reform in school mathematics; v) HS:
teachers’ intention positively influences their behavior in implementing the problem-solving curriculum
reform in school mathematics; vi) H6: contextual support positively influences teachers’ behavior in
implementing the problem-solving curriculum reform in school mathematics; and vii) H7: contextual support
moderates the relationship between teachers’ intention and behavior, such that the intention—behavior link is
stronger under higher contextual support. A positive finding for H6 and H7 would provide evidence that the
TPB can be extended into a contextual framework for teacher intentions, suggesting that successful
curriculum reform requires alignment of both teacher-internal factors (beliefs, attitudes, confidence) and
teacher-external factors (supportive conditions).

Subjective
Norms

|

Behavior

Perceived

Behavioural

Control

Contextual
Support Factor

Figure 1. Conceptual model of the extended TPB framework

3. METHOD

We employed a cross-sectional survey design with quantitative data analysis. The target population
comprised primary school mathematics teachers engaged in an ongoing curriculum reform in Ghana, which
emphasizes teaching mathematics through problem solving. Using a cluster sampling approach, schools were
selected from two regions to incorporate both urban and rural settings and thus capture contextual variation.
In total, 368 teachers (52% female; mean age=37 years, range=22—-59) from 60 public primary schools
participated. The selection of schools was guided by the need to reflect both urban and rural contexts as well
as variation in resource availability, ensuring representation of the diverse teaching conditions across Ghana.

Participation was voluntary and anonymous, with all respondents providing informed consent.
Teaching experience among participants ranged widely (mean=8.4 years, SD=5.7). All participants had been
introduced to the new problem-solving curriculum through workshops or official circulars from the Ghana
Education Service, ensuring that they were familiar with the reform’s goals and expectations. The achieved
sample size of 368 was adequate for the planned structural equation modelling (SEM). Methodological
guidelines recommend at least 200 cases to ensure stable and interpretable results [29], while simulation
studies suggest a minimum of 10 cases per estimated parameter for robust estimation [30]. Our final model
contained fewer than 35 free parameters, requiring approximately 350 cases; with 368 participants, our sample
exceeded this threshold. Comparable TPB studies in education [10], [14] have reported reliable SEM results
with smaller samples (220-300 cases), further supporting the adequacy of the present study’s sample size.

3.1. Measures

The survey instrument consisted of several sections measuring the TPB constructs, the added
context construct, and background variables. Wherever possible, we adapted existing validated measures
from prior studies [5], [31] to ensure content validity and comparability. Table 1 provides an overview of the
key constructs and example items. All items were scored on 7-point Likert-type scales, with higher scores
indicating more of the construct.
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Table 1. Descriptive statistics and correlations

No Construct Mean SD ATT SN PBC Intention  Behavior CTX
1 ATT 5.94 0.88 -

2 SN 4.76 1.11 0.25%* —

3 PBC 4.53 1.05 0.34%* 0.22%%* -

4 Intention 547 1.01  0.52%*%%  (21**  (.45%%* -

5 Behavior 4.02 1.34  041%x  0.18**%  (0.36%%*  (.56%** -

6 CTX 4.18 149  0.29%** 0.12 0.40%**  (.35%** (0, 50%** -

Note: **p<.01, ***p<.001 (two-tailed). **Pearson correlation coefficients are shown. All scales are scored 1-7
(higher=more of the construct). Attitude, subjective norm, and intention are TPB measures; behavior is self-
reported implementation; contextual support is perceived environmental facilitation. Correlations with
magnitude |0.12| or greater are statistically significant at the .05 level.

ATT toward teaching through problem solving was measured with three semantic differential items.
Teachers were asked to evaluate the implementation of the new problem-solving approach in their class using
bipolar adjective scales (e.g., harmful, beneficial, unenjoyable, enjoyable, ineffective, effective). This scale
was originally developed by Armah and Robson [5]. In the present study, the attitude items showed strong
internal consistency (Cronbach’s a=0.82).

SN was measured with three items reflecting perceived social pressure or support to use problem-
solving methods. Teachers rated statements such as “most people who are important to me (e.g., head
teacher, parents) think that I should use problem-solving methods in my teaching,” on a 7-point agreement
scale (1=strongly disagree, 7=strongly agree). This measure was adapted from Armah and Robson [5] and
Ajzen’s standard TPB questionnaires, capturing both injunctive norms (others’ expectations) and a sense of
whether colleagues and supervisors encourage the practice. Cronbach’s a for the norm scale was 0.75.

PBC was measured with four items assessing teachers’ confidence and perceived control over
implementing the reform. Two items tapped control capacity beliefs (e.g., “If I wanted to, I could easily
implement problem-solving tasks regularly”), and two items tapped control constraint beliefs (e.g., “I lack the
resources and time to implement problem-solving in math class,” reverse-scored). These items were based on
an elicitation study by Armah and Robson [31], which had identified “lack of instructional resources” and
“time constraints” as key barriers to teaching through problem solving. In our data, the PBC scale showed
good reliability (0=0.80).

Intention (INT) to implement the problem-solving pedagogy was measured with three intention
statements on a 7-point scale. Example items include “I intend to incorporate problem-solving activities in
my mathematics lessons frequently in the next term” and “I plan to teach mathematics through problem
solving whenever possible.” These items followed standard TPB item construction, Ajzen [18] and were
informed by Armah and Robson [5]. The intention scale was highly reliable (a=0.88).

Implementation behavior (BEH) was assessed via self-report, using three items that captured the
teacher’s actual use of problem-solving approaches in their recent teaching practice. Since direct classroom
observation was not feasible at scale, we relied on teacher self-reports of their behavior over the past month.
A sample item is “in the past four weeks, I often gave my students mathematical problems to solve that have
multiple solutions or approaches.” Responses were on a 7-point frequency scale (1=never, 7=very often).
We acknowledge that self-report can overestimate actual behavior; to mitigate this, we assured respondents
that the survey was not an evaluation and encouraged honesty. Previous studies suggest that when anonymity
is ensured, teachers’ self-reported implementation correlates reasonably with observed practice. In this study,
the behavior scale had acceptable reliability (a=0.79).

CTX was measured by a composite index of four items reflecting the supportive conditions of the
teacher’s school environment. Teachers indicated their agreement (7-point scale) with statements such as
“I have access to the materials and resources I need to teach using problem solving,” “The class size and
schedule allow me to engage students in problem-solving activities,” “My school administration supports me
in trying out new teaching methods like problem solving,” and “I have opportunities to learn and collaborate
on problem-solving teaching (e.g., training or sharing with colleagues).” These items were newly developed
for this study based on common themes in the literature on enabling conditions for instructional reform [32],
[33]. An exploratory factor analysis confirmed that the four items loaded on a single factor, so we averaged
them to form a contextual support index. Higher scores represent a more favorable context for
implementation. The scale reliability was 0=0.84. We treated this variable as an observed composite in
analyses for parsimony. Additionally, the survey collected demographic information and a few control
variables (e.g., years of teaching experience, highest qualification). These were used to describe the sample
and were examined in the analysis to check for any confounding effects, but they were not central to our
hypotheses.
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3.2. Procedure

Data were collected over one month using paper questionnaires during teacher workshops and staff
meetings, with two trained research assistants distributing and collecting responses on-site. Participants
received information about the study’s purpose, were assured that participation was voluntary, and informed
of their right to withdraw at any time. Informed consent was obtained. Confidentiality was ensured, with data
anonymized and used solely for research. Teachers were encouraged to respond honestly, as there were no
correct or incorrect answers. The survey took 20 to 25 minutes to complete. Ghana Education Service district
offices and school heads granted permission. No financial compensation was provided; however, light
refreshments were offered as a courtesy without constituting undue influence. Two trained research assistants
distributed and collected the surveys on-site. To minimize social desirability bias, teachers were assured that
their responses would be confidential and used only for research. We emphasized that honest answers,
whether positive or negative about their implementation of the new approach, would help identify needed
supports, and that there were no “right” answers. The teachers completed the survey in approximately
20-25 minutes. Permission was obtained from the Ghana Education Service district offices and school heads
to approach teachers.

3.3. Data analysis

Our analysis proceeded in two main stages corresponding to the measurement model and the
structural model. First, we performed a confirmatory factor analysis (CFA) on the multi-item scales (ATT,
SN, PBC, INT, BEH, CTX) to verify the factor structure and to ensure the measures were reliable and valid
for hypothesis testing. The CFA was conducted using IBM SPSS AMOS 27 with maximum likelihood
estimation. Model fit was evaluated with standard indices: Chi-square (}?), comparative fit index (CFI),
Tucker-Lewis index (TLI), and root mean square error of approximation (RMSEA). Following the CFA, as
in Table 2, we calculated composite scores (scale means) for each construct to use in the structural model.

Table 2. CFA for measurement model — standardized loadings

Construct (factor) Example item (abridged) Loading

ATT ATT1: Implementing problem-solving is beneficial for pupils’ learning. 0.79
ATT2: Using problem-solving in my class is enjoyable (for me and the students). 0.82

ATT3: Overall, teaching through problem-solving is good (versus bad). 0.75

SN SN1: Important others (e.g., headteacher) expect me to teach via problem-solving. 0.73
SN2: Most colleagues whose opinion I value use problem-solving methods. 0.68

SN3: I feel under social pressure to incorporate problem-solving in teaching. 0.71

PBC PBCI: If I want, I can easily implement problem-solving regularly. 0.76
PBC2: I am confident in my ability to teach through problem-solving. 0.80

PBC3: (reverse) Lack of time in the curriculum prevents me from teaching problem-solving. 0.66

PBC4: (reverse) I don’t have the necessary materials to teach through problem-solving. 0.72

INT INT1: Iintend to frequently use problem-solving tasks in my math teaching. 0.88
INT2: I plan to implement problem-solving approaches in the coming term. 0.90

INT3: I will try to teach math through problem-solving whenever possible. 0.85

BEH BEH1: In the last month, I often gave open-ended math problems for students to solve. 0.81
BEH2: I regularly engage students in solving novel problems in class. 0.78

BEH3: (reverse) I stuck strictly to examples from the textbook without additional problem-solving. 0.65

CTX CTX1: I have sufficient materials and resources to teach using problem-solving. 0.77
CTX2: Class size and schedule allow for problem-solving activities. 0.69

CTX3: My school leaders support me in trying new methods like problem-solving. 0.83

CTX4: I have opportunities (training/colleagues) to develop problem-solving teaching skills. 0.80

Note: All factor loadings are significant at p<.001. Items marked (reverse) were reverse-coded in analysis so that higher scores
indicate greater perceived control or more frequent behavior.

In the second stage, we specified a SEM to test the hypothesized relationships among the constructs.
The structural model mirrored the framework in Figure 1. Attitude, subjective norm, and PBC were
exogenous predictors of intention; intention and contextual support were predictors of behavior. additionally,
to address H7, we tested the moderating effect of contextual support on the intention — behavior path. This
moderation was examined in two ways: i) by adding an interaction term (intention X contextual support) into
a regression equation predicting behavior and ii) by conducting a multi-group SEM analysis, splitting the
sample into high (n=186) vs low (n=182) context support groups (using a median split on the contextual
support index) and comparing the intention — behavior path coefficient between groups. The multi-group
approach allowed a straightforward test of whether the path differed significantly across high-support and
low-support contexts. Both methods of testing moderation yielded convergent results; for clarity, we
primarily report the multi-group findings (the regression interaction approach similarly showed a significant
interaction term).
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We also checked for potential common method bias, given that all data were self-reported.
A Harman'’s single-factor test (unrotated factor analysis) indicated no dominant single factor, and the largest
factor accounted for less than 30% of variance, suggesting that common method bias was not a serious
concern. Additionally, we conducted post-hoc tests for any indirect effects (for example, whether attitudes
influenced behavior via intention) using bootstrapping (5,000 resamples) to generate confidence intervals. All
statistical tests were interpreted at a significance level of a=.05 (two-tailed). Where applicable, we report
standardized regression weights (B) for ease of interpretation, along with their significance levels. Descriptive
statistics and correlations among the main variables are provided in Table 1 to give a preliminary sense of the
relationships before turning to the SEM results.

4. DESCRIPTIVE AND PRELIMINARY ANALYSIS

Table 1 presents the means, standard deviations, and Pearson correlations for all the principal
variables. On average, teachers’ attitudes toward the problem-solving pedagogy were quite positive
(Mean=5.9 on the 7-point scale), indicating that most viewed it as beneficial for students. Subjective norm
received a moderate score (Mean~4.8), reflecting that some teachers felt social encouragement to change,
while others were neutral or unsure about external expectations. PBC had a slightly lower mean (Mean~4.5)
with somewhat higher variance, suggesting many teachers recognized significant constraints (e.g., lack of
time or materials) even as some felt confident in their ability. Contextual support varied widely across
respondents (Mean~4.2, SD=1.5), confirming that some schools were perceived as highly supportive
environments while others were not. On average, teachers reported fairly strong intentions to implement
problem-solving (Mean=5.5), but their self-reported behavior was notably lower (Mean=4.0). This indicates
an intention—behavior gap: while many teachers planned to use the new pedagogy, fewer did so frequently in
recent practice. The bivariate correlations showed that intention was positively correlated with attitude
(r=.52, p<.001) and PBC (r=.45, p<.001), and less so with subjective norm (r=.21, p<.01). Implementation
behavior was significantly correlated with intention (r=.56, p<.001) and with contextual support (r=.50,
p<.001). Contextual support was also moderately correlated with PBC (r=.40, p<.001), implying that teachers
in more supportive schools also felt more personal control. These correlations provide initial support for our
model, especially the crucial link between intention and behavior and the potential role of context in that link.

5. RESULTS AND DISCUSSION
5.1. Measurement model confirmation

As reported in Table 2, the CFA supported the adequacy of our measurement model. All items
loaded strongly on their intended factors (standardized loadings range 0.65-0.90, all p<.001). Fit indices were
within recommended thresholds (CFI>0.95, RMSEA=0.045), and reliability/validity metrics were
satisfactory. We also examined discriminant validity between closely related constructs (e.g., between
attitude and PBC, which correlated r=.30). The average variance extracted (AVE) for each construct
exceeded the squared correlation between any pair of constructs, indicating they are distinct. Overall, the
measurement model was deemed acceptable for proceeding to structural analysis.

Model fit indices for the CFA indicated a good fit: ¥*(142)=237.5, p<.001; CFI=0.956; TLI=0.943;
RMSEA=0.045 (90% CI [0.037, 0.053]). These statistics suggest that the measurement model adequately
represents the data. Composite reliability for each construct was above 0.75, and AVE for each latent
construct exceeded 0.50, supporting convergent validity. Discriminant validity was checked by confirming
that the square root of AVE for each construct was greater than its correlations with other constructs; this
criterion was met for all pairs of constructs. The lowest-loading indicator (BEH3, A=0.65) was reviewed for
potential removal. Model re-estimation without BEH3 resulted in only a marginal fit improvement
(ACFI=0.002), and the scale’s conceptual coverage was reduced. We therefore retained BEH3 to preserve
content validity, as shown in Figure 2. Standardized factor loadings are displayed on each indicator; all
loadings were significant at p<.001.

5.2. Structural model results

We first tested a baseline TPB model (without the context variable) to address H1-HS5, and then
introduced the context variable and interaction for H6—H7. The baseline TPB model showed good fit to the
data (y*(df=144)=259.4, p<.001; CFI=0.953; RMSEA=0.048) and largely supported the classic TPB
predictions. In the baseline model, attitude, subjective norm, and PBC explained 57% of the variance in
intention, and intention in turn explained 32% of the variance in behavior (when no context variables were
included).
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Figure 2. Measurement model of the extended TPB for teacher implementation of school mathematics reform

After adding contextual support and the intention X contextual support interaction term, the
extended model captured substantially more variance in behavior. The tested structural model with
standardized path coefficients is presented in Figure 3 (standardized path coefficients are displayed on
arrows; non-significant paths are labelled as n.s. R? values are reported inside endogenous constructs; model
fit: ¥*(144)=259.4, CF1=.953, TLI=.940, RMSEA=.048), and the hypothesized paths were largely confirmed
by the SEM results. Table 3 summarizes the key path coefficients. Attitude (H1) had a significant positive
effect on intention (B=0.38, p<.001), indicating that positive evaluations of the reform fostered stronger
commitment to implement it and PBC (H3) also positively affected intention (f=0.29, p<.001), meaning that
teachers who felt capable of enacting the reform were more likely to intend to do so. These findings indicate
that teachers who believed strongly in the benefits of the problem-solving approach and who felt confident in
their ability to implement it were much more likely to form the intention to do so — a result consistent with
TPB and prior research [5], [8].

In contrast, subjective norm (H2) showed only a small, marginally significant effect on intention
(B=0.12, p=.051) in the baseline model, and it dropped to a non-significant level (~0.08, p=.12) once the
contextual support interaction was included. Thus, there was little evidence that perceived external pressure
from colleagues or authority figures strongly influenced teachers’ motivational readiness to implement the
reform, beyond what was accounted for by their attitudes and control beliefs. This weaker role of subjective
norm aligns with some prior findings that external mandates alone do not strongly motivate teachers to
change if not internalized [13], [19], [34].

Intention (INT) p=.52rk Behavior (BEH)

R*=.55

Subjective
Norm (SN)

Perceived Behavioural

Control (PBC) Contextual Support

(CTX)

Figure 3. Structural model results of the extended TPB for teacher implementation of school mathematics
reform
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Table 3. Structural equation model results

Path (predictor — outcome) Standardized } SE  p-value
Attitude — intention 0.38*** 0.05 <.001
Subjective norm — intention 0.12 (n.s.) 0.05 0.051
Perceived behavioral control — intention 0.29%%* 0.05 <.001
Intention — behavior 0.52%%* 0.06 <.001
Contextual support — behavior 0.28*** 0.05 <.001
Intention X context support — behavior 0.17** 0.06  0.004

Note: B values are standardized. **p<.01, ***p<.001 (two tailed). n.s. means not
statistically significant.

Turning to behavior, intention (HS5) emerged as a significant predictor of self-reported
implementation behavior (f=0.52, p<.001). This confirms that teachers stated intentions to use the problem-
solving pedagogy did translate, at least in part, into actual classroom practice. However, the model also
showed that contextual support (H6) had a significant direct effect on behavior (§=0.28, p<.001), even when
controlling for intention. In other words, teachers working in schools with more supportive conditions
(resources, encouragement, and manageable class conditions) reported a higher frequency of implementing
the new teaching approach, beyond what their intentions would predict. Moreover, as hypothesized, there
was a significant interaction between intention and contextual support (H7). The interaction term in the
regression-based analysis was positive and statistically significant (f=0.17, SE=0.06, 95% CI [0.05, 0.29],
p=-004), indicating that the relationship between intention and behavior grew stronger as contextual support
increased.

To examine this moderation effect more directly, we conducted a multi-group SEM comparison,
estimating the model separately for teachers in high-support schools (n=186) and those in low-support
schools (n=182), based on a median split of the context index. The multi-group results in Table 4 showed
a clear difference: for teachers in high-support contexts, the strength of the intention — behavior link was
B=0.63 (***p<.001), whereas for teachers in low-support contexts, the same link was weaker at =0.30
(**p=.003). This difference was statistically significant (Ay*(1)=7.84, **p<.01). In simple terms, this
indicates an interaction effect: the impact of teachers’ intentions on their classroom behavior depended on the
level of contextual support. Put differently, intentions translated into practice more than twice as effectively
in supportive environments as in unsupportive ones. Figure 4 illustrates this effect graphically with slopes
(the slope of behavior on intention is steeper for the high-support group than for the low-support group,
indicating that intentions translated into behavior more effectively under supportive conditions), while
Figure 5 presents the corresponding multi-group SEM path models for high- and low-support groups.
Separate models are shown for teachers in low-support schools (top, p=.30**) and high-support schools
(bottom, P=.63***). The difference was statistically significant (Ay*(1)=7.84, **p<.01), indicating that
contextual support strengthened the intention — behavior relationship.

Table 4. Multi-group moderation analysis of contextual support on intention — behavior

Group Intention — behavior () Ay? (df=1) vs. other group
Low context support 0.30%*
High context support 0.63%** 7.84%*

Note: B values are standardized. **p<.01, ***p<.001 (two-tailed). Ay? is the Chi-square
difference test for equality of the intention — behavior path across groups.

—— High contextual support
Low contextual support
5

45
4
3.5
3;
25
2
15
1
0.5

Reported Implimentation Behaviour

0
1 2 3 4 5 6 7
Intention to Implement Reform

Figure 4. Moderating effect of contextual support on the intention—behavior relationship
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Intention (A) Low-Support Group Behavior
B=.30%**

Intention (B) High-Support Group Behavior
B=.63 %%

Figure 5. Multi-group SEM moderation results by contextual support

With the inclusion of context, the extended model explained 57% of the variance in intention and
55% of the variance in behavior, as shown in Table 5. This is a sizeable improvement over the 32% of
behavior variance explained by the baseline TPB model. Thus, adding contextual support roughly doubled
the explained variance in teachers’ implementation behavior, underlining its importance. We note that the
predictors accounted for virtually the same variance in intention with or without context (since we did not
hypothesize context to affect intention directly in this model). In supplementary analyses, we checked
whether contextual support might indirectly influence intention via PBC — the idea being that a supportive
environment could enhance teachers’ sense of control, thereby bolstering their intention. A bootstrapped
mediation test revealed a small but significant indirect effect of contextual support on intention through PBC
(indirect f=0.06, 95% CI [0.02, 0.11], p=.01). This suggests that supportive contexts may indeed improve
teachers’ perceived control (e.g., by providing resources that make implementation feel more feasible), which
in turn fosters stronger intentions. Nonetheless, the primary role of context in this study was in facilitating
behavior and moderating the intention—behavior link.

Table 5. Explained variance for endogenous variables
Endogenous variable R? (Baseline TPB)  R? (Extended model)
Intention 0.57 0.57 (same)
Behavior 0.32 0.55
Note. R? values represent explained variance. Baseline model is TPB.
The extended model adds contextual support and the interaction between
intention and contextual support.

5.3. Interpretation and implications

The findings of this study extend the TPB and provide new insights into the conditions under which
teachers implement curriculum reform. We interpret these results in relation to the hypotheses and existing
literature, beginning with how attitudes and PBC influence teachers’ intentions.

5.3.1. Attitude and control beliefs drive intentions

Consistent with H1 and H3, teachers’ attitudes toward the reform and their PBC were the strongest
predictors of intention to implement it. Teachers who believed that problem-solving approaches would
benefit students and who felt confident in their ability to use them were more likely to plan on doing so. This
underscores a key point for reform: intentions will falter if teachers doubt either the value or feasibility of
new methods. Our findings align with prior studies showing that attitudes and self-efficacy are central
predictors of teacher intentions. For example, Irish mathematics teachers hesitated to adopt reform until they
saw tangible student benefits and felt capable of applying the changes, even when supportive in principle.
Similarly, Opoku et al. [8] reported that attitudes and self-efficacy consistently predict intentions, while PBC
has also been linked to teachers’ enacted classroom practices [11]. These results suggest that strengthening
teacher buy-in requires both evidence of pedagogical value and investments in capacity building.

5.3.2. External pressure vs. internal motivation

Subjective norm (H2) had only a marginal effect on intention, indicating that social pressure from
principals, colleagues, or parents was not decisive once attitudes and control beliefs were considered. This
echoes prior research showing that mandates or external pressure rarely produce lasting change unless
teachers internalize reform goals [10], [15]. Some teachers in our setting reported that expectations existed
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“on paper,” but without support, compliance was difficult. Louie [35] similarly observed that invoking
teacher “agency” or authority expectations alone cannot overcome entrenched habits. Do et al. [19] and
Wijaya et al. [34] also caution that reform initiatives relying only on compliance messaging tend to fail.
While norms may matter more once a critical mass of colleagues embrace reform, in this early-stage
subjective norm was the weakest TPB component. Reform strategies should therefore focus on shifting
teacher attitudes and strengthening support systems rather than relying on external pressure.

5.3.3. Intention is necessary but not sufficient: the implementation gap

Intention strongly predicted behavior (H5), confirming TPB’s basic premise. Yet many teachers
with high intention reported limited implementation, reflecting the well-documented intention—behavior gap.
Our contribution lies in demonstrating that contextual support helps explain this gap. H6 and H7 were
supported: contextual support both directly increased behavior and moderated the intention—behavior
relationship. In low-support schools, even highly motivated teachers struggled to implement problem-solving
pedagogy, while in high-support schools strong intenders translated intentions into action more consistently.
This confirms that changing teacher mind-sets must be accompanied by enabling environments. Case studies
of curriculum change similarly show that reforms stall when “adaptive challenges” such as large classes,
misaligned assessments, or lack of materials remain unaddressed [36].

In our study, contextual support encompassed manageable class sizes, access to resources,
leadership encouragement, and collegial collaboration. For example, supportive principals enhanced teacher
morale and accountability, while lack of peer uptake often left teachers isolated. Our moderation analysis
empirically affirms the systemic principle that teachers are embedded in contexts that either enable or
constrain reform [1], [37]-[39]. Findings from other lower- and middle-income countries reinforce this
pattern. Studies in Vietnam have shown that positive attitudes and strong control beliefs predict intentions,
yet contextual constraints continue to suppress behavioral enactment [40]. Evidence from Myanmar indicates
that teachers with strong self-efficacy translate reform intentions into practice only when institutional support
is present [3]. Research in Kazakhstan shows that pedagogical change becomes sustained when school level
leadership, collaboration and resource support align with teacher beliefs [12]. South African work similarly
highlights that resources, collegial support and leadership are decisive in enabling teachers to enact new
pedagogies [2]. Across these LMIC settings, as in Ghana, strong intentions are necessary but insufficient;
supportive contextual conditions consistently determine whether teachers implement the pedagogies they
intend to use.

5.3.4. Implications for theory — extending TPB

The extended TPB model explained 55% of the variance in behavior compared to 32% in the classic
model. Unlike previous extensions that focused on psychological refinements, our model highlights
contextual support as a structural determinant. This suggests TPB should be treated not as a closed system of
attitude—norm—control but as a flexible template that can incorporate salient external factors without
compromising its parsimonious feature. Contextual support in this model may be viewed as operationalizing
Ajzen’s [18] notion of actual control, complementing perceived control by representing structural realities.
Interestingly, contextual support indirectly bolstered PBC, suggesting that confidence is shaped in part by
environment. Future models could examine context as an antecedent of perceived control or as a moderator
of the attitude—intention link. Our findings also suggest that subjective norm may gain influence if
reconceptualized as descriptive norms (peer practice) rather than injunctive norms (expectations), since
descriptive norms often better predict behavior [41]. This points to a possible future trajectory of TPB
applications in later stages of reform when peer adoption increases.

5.3.5. Implications for practice — supporting teachers through change

The findings show that effective curriculum reform depends not only on teacher training but also on
the alignment of the wider school conditions that enable teachers to adopt new pedagogies. Education
authorities should therefore strengthen contextual supports by providing essential instructional materials,
adjusting class sizes and timetables to accommodate inquiry-oriented lessons, and reinforcing instructional
leadership. School leaders play a critical role in encouraging pedagogical innovation and managing pressures
from high stakes examinations that can reinforce traditional teaching [42]. Peer-based professional learning
communities can help normalize problem-solving approaches and enhance teachers’ confidence and sense of
collective responsibility. Reform advocates should also work to build positive attitudes by demonstrating the
benefits of problem-solving instruction through model classrooms, mentoring, and visible success stories
[43], while addressing concerns about time constraints or syllabus load to mitigate resistance [4]. Overall,
reform efforts are most likely to succeed when technical supports such as resources and training are
complemented by adaptive supports that strengthen leadership, collaboration, and teacher agency [38],
enabling teachers to translate intentions into consistent classroom practice.
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6. CONCLUSION

In conclusion, this study contributes to both theory and practice by demonstrating that an extended
TPB model incorporating contextual factors provides a powerful framework for understanding and
supporting teacher change in school mathematics reform. Our findings show that teachers’ intentions to
implement a problem-solving curriculum — driven mainly by their attitudes and control beliefs — do translate
into classroom practice, but the extent of this translation depends heavily on the contexts in which teachers
work. By integrating context into the picture, we move closer to a realistic theory of teacher behavior that
acknowledges teachers are not free agents acting in isolation; rather, they are situated within school systems
that can either enable or constrain their efforts. For educational stakeholders aiming to improve the quality of
mathematics teaching and learning, the implication is clear: it is not enough to change minds; their
circumstances must also be improved. Professional development and motivational initiatives will be most
effective when paired with tangible enhancements in teachers’ working conditions and institutional support
systems. As our findings suggest, when enthusiastic, well-trained teachers are met with enabling conditions,
educational reforms have a far greater chance of leaping off the policy document and into real classrooms,
ultimately benefiting student learning outcomes. In short, successful curriculum reform requires the
alignment of teacher preparedness with contextual support. Policymakers and school leaders should therefore
pursue a dual strategy: build positive teacher beliefs and skills on one hand, and build supportive institutional
environments on the other. Bridging the intention—behavior gap in this manner will increase the likelihood
that ambitious curricular reforms achieve their intended impact on students.

Whilst our findings are robust, several limitations must be acknowledged. First, the study relied on
validated self-report measures that are common in TPB based research, yet self-reported behavior remains
susceptible to social desirability, selective recall and the tendency to overstate alignment between beliefs and
actions. These limitations do not compromise the structural relations tested, but they indicate that future
research would benefit from complementary behavioral indicators such as classroom observations, lesson
artefacts or student achievement outcomes. Such triangulation would provide a richer assessment of the
intention to behavior relationship and strengthen the empirical grounding of the extended TPB model in
pedagogy reform. Second, SEM enabled us to estimate a comprehensive structural model consistent with
TPB, yet the cross-sectional design limits causal inference, since some relationships may be reciprocal or
evolve over time. Longitudinal SEM would better capture these dynamics. Third, contextual support was
measured as a broad enabling construct. Future work could examine whether resource availability, leadership
encouragement, manageable class sizes, and opportunities for professional collaboration function as
distinguishable indicators of a higher order contextual construct, incorporate objective contextual measures
and model context as a latent structure to improve precision. The study also examined only the moderating
effect of contextual support on the intention to behavior pathway and did not explore whether contextual
support might moderate other TPB pathways such as the influence of PBC on intention. Future studies could
test these additional interactions to provide a more complete assessment of contextual conditions within the
extended TPB model. Further research might also examine moral obligation as an additional predictor and
apply the extended TPB framework across subjects and contexts to assess its generalizability.
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