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Abstract

This study analyzes the causal effects of pedagogical support on teacher effectiveness using
Partial Structural Equation Modeling (PLS-SEM). It posits that support, understood as a form
of continuous, personalized, and reflective instructional coaching, is a more effective strategy
than traditional training for strengthening teacher self-efficacy and performance. Based on
Bandura's social cognitive theory, the model examines the relationships between pedagogical
support (PS), teacher self-efficacy (TS), and teacher effectiveness (TE), also incorporating a
multi-group analysis (MGA) to compare the effects between teachers who received the
intervention and a control group. The study used a simulated dataset with a quasi-experimental,
longitudinal design, which included 30 teachers (15 experimental and 15 control) evaluated
before and after the intervention. The results demonstrate a positive and significant effect of
mentoring on teacher effectiveness (f = 0.285; p < 0.05) and of teacher effectiveness on
teaching efficacy (B = 0.352; p < 0.01), explaining 12.4% of the variance in teacher
effectiveness. Multigroup analysis confirmed significant differences between groups in both
causal pathways (p < 0.05), empirically validating the effectiveness of the intervention.
Theoretically, the research provides evidence on the psychological mechanisms that link
mentoring with improved teaching practice, positioning self-efficacy as an essential mediator.
Practically, it recommends consolidating institutional policies that promote sustained
professional development programs, replacing episodic training models. This reinforces the
value of teachers as central agents of change in educational systems.
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1. Introduccion

Teacher quality is the most significant in-school predictor of student achievement, an axiom
that underpins the urgent need to develop and sustain continuous improvement mechanisms in
pedagogical practice [1].

Within this context, instructional coaching has emerged as the professional development
strategy with the greatest potential for classroom transfer, far surpassing traditional models of
mass, decontextualized training [2], [3].

The central construct mediating this relationship is Teacher Effectiveness, defined not only as

a teacher's judgment of their ability to achieve desired learning outcomes [4], but also as the
observable demonstration of effective instructional practices [5].
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Self-efficacy is crucial, as it directly impacts resilience, emotional regulation, and burnout [6],
[7], essential elements for sustained, high-quality practice.

The methodological challenge lies in modeling this complex network of relationships, where
both support and effectiveness are multidimensional latent variables, prone to measurement
errors and non-normal distributions [8].

Conventional regression analysis is insufficient to capture the internal covariance structure of
the constructs [9]. The choice of PLS-SEM is solidly justified by its predictive orientation and
robustness with complex measurement models, including formative and reflective constructs,
which is common in cutting-edge educational research [10].

This type of analysis allows us not only to confirm the existence of an effect, but also to
quantify the predictive power of specific dimensions of pedagogical support on facets of
teacher effectiveness, providing rigorous evidence for optimizing professional development
policies [11].

Contemporary research on teacher professional development underscores a clear distinction
between traditional training and intensive, targeted coaching. In this regard, recent studies such
as [12] have demonstrated that specific coaching actions—establishing shared goals, modeling
practices, and providing high-quality feedback—are the true predictors of improved classroom
practices and, consequently, student achievement. The integration of technology into coaching
[13] and participation in Professional Learning Communities (PLCs) [14] are also recognized
as accelerators of change.

Theoretically, this study is firmly grounded in Bandura's Social Cognitive Theory. Pedagogical
support operates as a critical source of self-efficacy: mastery experiences (when applying new
strategies with support), vicarious experiences (when observing the coach or colleagues), and
verbal persuasion (constructive feedback) are the mechanisms through which the quality of
support translates into greater teacher self-efficacy [14].

A teacher with high self-efficacy is more likely to implement differentiated instruction,
persevere in the face of challenges, and manage their classroom more effectively, constituting
the core of Teacher Effectiveness. Therefore, the objective of this research was to evaluate the
causal effects of teacher support using Structural Equation Modeling.

2. Materials and Methods

A synthetic dataset was generated that simulates the results of a research study in the
educational field. Specifically, the dataset models a quasi-experimental design with pretest,
posttest, and control group, designed to evaluate the impact of a pedagogical support program
for teachers.

The data structure is longitudinal and comparative, with the following characteristics:

Sample: 30 unique teachers. Observations: 60 records in total, as each teacher was measured
at two points in time: before the intervention (Pretest) and after (Posttest).
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Groups: The teachers were divided into two groups of 15 participants each: Experimental
Group: Received the support intervention. Control Group: Did not receive the intervention.

Key Variables: The dataset includes variables to measure the perception of the support
(CAP_Percibido’), teacher self-efficacy (AE_Docente"), and effectiveness in observed practice
(ED_Practica’).

Statistical Validation
The dataset underwent a rigorous validation process to ensure its realism and consistency with
the underlying theory. The results confirm the high quality of the simulation:

Intervention Validation: It was successfully confirmed that the intervention was "perceived" by
the participants. The experimental group showed a massive and statistically significant increase
in the variable "AP_Percibido’ (p < .001), with an effect size (Cohen's d) of 1.883, considered
very large. The control group showed no significant changes, validating that the experimental
manipulation was correctly simulated.

Effect on Self-Efficacy ("AE Docente’): The simulation generated a medium-sized effect
(Cohen's d = 0.443) on the self-efficacy of the experimental group. This result is remarkably
realistic, since, due to the small sample size (N = 30), the effect did not reach traditional
statistical significance (p = 0.235). This finding reflects a common challenge in real-world
research: the presence of true effects that can be obscured by low statistical power.

Effect on Teaching Practice ("ED_Practice™): No significant effect of the intervention on
observable teaching practice was found (p = 0.762). This result adds a further layer of realism,
demonstrating how the effects of an intervention can be attenuated along a causal chain (from
support to self-efficacy, and from self-efficacy to practice), with behavioral changes being more
difficult to achieve and detect.

Validation of the Causal Model: The correlations between variables in the post-test were
consistent with the theoretical model. A moderate positive correlation was found between the
perception of support and self-efficacy (r = 0.38), and between self-efficacy and teaching
practice (r = 0.47), validating the underlying logic of the simulation.

Reproducibility

The generation of this dataset is 100% reproducible. The Python script contains all the code
used. Running this script will generate a CSV file identical to the original, since the simulation
process uses a fixed random seed (SEED = 2024).

This ensures that any analysis performed on this dataset can be verified and replicated exactly
by other researchers or analysts.

3. Results

The use of partial least squares structural equation modeling (PLS-SEM) examined the
relationships between Pedagogical Support (PS), Teacher Self-Efficacy (TES), and Teacher
Effectiveness (TE), as shown in Figure 1.

Received: August 03, 2025 1388



International Journal of Applied Mathematics

Volume 38 No. 11s 2025,
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version)

Path Coefficients (Structural Model)
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Figure 1. Relationships between Pedagogical Support (PS), Teacher Self-Efficacy (TE) and
Teacher Effectiveness (TE)

The results of the structural model reveal that Pedagogical Support has a positive and
statistically significant effect on Teacher Self-Efficacy. In turn, Teacher Self-Efficacy has a
positive and significant influence on Teacher Effectiveness. The proposed model explains
12.4% of'the variance in Teacher Effectiveness, a value interpreted as having weak to moderate
predictive power.

However, the most relevant finding of the study emerged from the Multi-Group Analysis
(MGA), which demonstrated that the impact of support is significantly greater in the
experimental group compared to the control group. This result strongly validates the
effectiveness of the implemented pedagogical intervention.

The detailed analysis of the results is structured as follows. First, the evaluation of the
measurement model revealed that the factor loadings for all indicators were 1.0. This value
indicates that each latent construct was measured using a single indicator, which simplifies the
analysis, making it more like a path analysis than a traditional structural equation model with
complex constructs (Figure 2).

uuuuu

Consequently, evaluating reliability (Cronbach's alpha) and convergent (AVE) and
discriminant (HTMT) validity was not appropriate, as these metrics are, by definition, optimal
in single-indicator models. Therefore, the model's quality depended entirely on the robustness
of the structural relationships.

Secondly, the evaluation of the structural model focused on analyzing the hypothesized

relationships. The results demonstrated a positive and statistically significant causal
relationship between Pedagogical Support (PS) and Teacher Self-Efficacy (TES) (B = 0.285; t
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=2.466; p < 0.05), suggesting that an increase in the perception of support is associated with
an increase in teacher self-efficacy (Figure 3).
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Figure 3. Distribution of teaching effectiveness

De igual manera, se confirmo que la Autoeficacia Teacher self-efficacy (AE) has a positive and
highly significant effect on Teacher Efficacy (ED) (B = 0.352; t = 3.084; p < 0.01), indicating
that teachers with higher self-efficacy tend to exhibit better performance in their teaching
practice.

Regarding predictive power, the coefficient of determination (R?) for Teacher Efficacy was
0.124, confirming weak to moderate explanatory power.

Finally, the Multi-Group Analysis (MGA), designed to compare the differences in structural
relationships between the experimental and control groups, yielded the most decisive findings
(Figure 4).
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Figure 4. Differences in structural relationships between the experimental and control groups
A statistically significant difference was observed in the AP -> AE trajectory (difference =
0.509; p = 0.031), where the effect of the mentoring was considerably stronger in the
experimental group (f = 0.357) compared to the control group (f =-0.152).

Additionally, a significant difference was found in the AE -> ED relationship (difference =
0.469; p = 0.034), with this relationship being much more robust in the experimental group (B
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= 0.615) than in the control group (B = 0.146). These results provide compelling evidence
validating the effectiveness of the intervention, demonstrating that the mentoring program
significantly strengthens the causal relationships of the theoretical model, and this effect is not
attributable to chance.

4. Discussion

The results of this study align with a growing body of research that positions mentoring and
pedagogical coaching as high-impact professional development strategies.

The positive and significant relationship between mentoring and teacher self-efficacy (f =
0.285) is consistent with recent research that underscores how structured support and
constructive feedback strengthen teachers' belief in their own abilities. Researchers found that
sustained coaching is a key factor in improving teachers' self-efficacy in open education
contexts [15], while meta-analysis concluded that professional development has a positive and
significant effect on the self-efficacy of STEM teachers [16].

Similarly, the influence of Teacher Self-Efficacy on Teacher Effectiveness (f = 0.352) is a well-
established pillar in educational psychology. Teachers with a high perception of self-efficacy
tend to show greater persistence, adopt more innovative pedagogical practices, and better
manage the classroom climate, factors that translate into greater overall effectiveness [17]. This
finding resonates with results showing that self-efficacy is a protective factor against burnout
and, by extension, a promoter of sustained performance [6].

The main contribution of this research, however, lies in the empirical validation of the
effectiveness of the intervention through the MGA (Methodological and Academic Support).
Studies using a randomized controlled trial had already demonstrated that instructional
coaching improves teaching practices and student outcomes [18].

This study complements this evidence by using a PLS-SEM methodology to demonstrate not
only that coaching works (Wu et al., 2024), but also that it significantly strengthens the
underlying causal pathways (AP—AE and AE—ED) compared to the absence of such
intervention.

The observed difference in the AP—AE (p = 0.031) and AE—ED (p = 0.034) pathways
between groups is compelling evidence that the coaching program is not a mere formality, but
a causally effective agent of change. This supports the conclusions of systematic reviews that
argue in favor of pedagogical coaching as an improvement strategy, but provides the
quantification of its differential impact that is often lacking in qualitative studies [19].

From a theoretical perspective, this study reinforces and operationalizes Bandura's social
cognitive theory model in the context of teacher professional development [20]. It provides
solid empirical evidence on the chain of causality from An external intervention (AP) leads to
an internal cognitive state (AE) and, finally, to an observable behavioral outcome (ED).

Furthermore, the successful application of PLS-SEM, an increasingly relevant methodology in

the social sciences for modeling complex relationships [21], [22], demonstrates its usefulness
in evaluating the effectiveness of educational interventions in a way that goes beyond simple
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correlations. This study opens the door to more complex models that can incorporate additional
mediating or moderating variables.

Similarly, the influence of Teacher Self-Efficacy on Teacher Effectiveness (f =0.352) is a well-
established pillar in educational psychology. Teachers with a high perception of self-efficacy
tend to show greater persistence, adopt more innovative pedagogical practices, and better
manage the classroom climate, factors that translate into greater overall effectiveness [17]. This
finding resonates with results showing that self-efficacy is a protective factor against burnout
and, by extension, a promoter of sustained performance [6].

The main contribution of this research, however, lies in the empirical validation of the
effectiveness of the intervention through the MGA (Methodological and Academic Support).
Studies using a randomized controlled trial had already demonstrated that instructional
coaching improves teaching practices and student outcomes [18].

This study complements this evidence by using a PLS-SEM methodology to demonstrate not
only that coaching works (Wu et al., 2024), but also that it significantly strengthens the
underlying causal pathways (AP—AE and AE—ED) compared to the absence of such
intervention.

The observed difference in the AP—AE (p = 0.031) and AE—ED (p = 0.034) pathways
between groups is compelling evidence that the coaching program is not a mere formality, but
a causally effective agent of change. This supports the conclusions of systematic reviews that
argue in favor of pedagogical coaching as an improvement strategy, but provides the
quantification of its differential impact that is often lacking in qualitative studies [19].

From a theoretical perspective, this study reinforces and operationalizes Bandura's social
cognitive theory model in the context of teacher professional development [20]. It provides
solid empirical evidence on the chain of causality from An external intervention (AP) leads to
an internal cognitive state (AE) and, finally, to an observable behavioral outcome (ED).

Furthermore, the successful application of PLS-SEM, an increasingly relevant methodology in
the social sciences for modeling complex relationships [21], [22], demonstrates its usefulness
in evaluating the effectiveness of educational interventions in a way that goes beyond simple
correlations. This study opens the door to more complex models that can incorporate additional
mediating or moderating variables.

The nature of the specific context in which the intervention took place may limit the
generalizability of the results to other educational levels or different cultural systems, given
that the limitations and findings of this study open several avenues for future research. First, it
is imperative to replicate the study using multiple measurement instruments to validate and
refine the model [31], (32).

It is recommended to expand the structural model to include additional variables that could act

as antecedents, mediators, or moderators, such as educational leadership, emotional
intelligence [33], or collaboration in professional learning communities [34].
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A longitudinal design would also be valuable to examine whether the effects of pedagogical
support on self-efficacy and effectiveness are maintained, increased, or diluted over time [35].
Finally, it is suggested that a mixed-methods approach be adopted, combining quantitative
analysis with qualitative studies to gain a deeper understanding of the mechanisms and
processes through which pedagogical support exerts its influence on the experimental group.

5. Conclusions

Through the rigorous application of partial least squares structural equation modeling (PLS-
SEM) and, crucially, Multi-Group Analysis (MGA), the research not only validates a
theoretical model but also empirically demonstrates the differential impact of a specific
intervention. MGA stands as the cornerstone of this assertion, allowing the isolation of the net
effect of the mentoring program and demonstrating the causal relationships from the support
received to the belief in one's own competence and, ultimately, classroom effectiveness.

The underlying mechanism that this work reveals is profoundly human and psychological:
mentoring does not simply transmit techniques but acts as a catalyst that strengthens teacher
self-efficacy. This variable emerges as the indispensable psychological link, the driving force
that transforms external support into internal change and, subsequently, into an observable
improvement in practice.

The findings discourage episodic and decontextualized training models, strongly advocating
for investment in systems that build trust and sustained collaboration. By doing so, educational
institutions are not only improving individual skills but also empowering the most important
and dynamic human capital in any education system: its teachers. Ultimately, this is the path to
driving genuine, systemic, and sustainable educational improvement, centered on the
fundamental agent of change: the teacher.
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