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Background: Students’ learning attitudes and metacognitive skills are considered crucial determinants of
effective biology learning. While self-regulated learning strategies and motivational beliefs can play a
pivotal role in reinforcing these two components, empirical evidence simultaneously examining these
constructs among biology students in Baqubah, Diyala Governorate, remains scarce.

Aims: The present study aimed to examine the role of self-regulated learning strategies in predicting
students’ learning attitudes and metacognitive skills in biology, with the mediating role of motivational
beliefs.

Methods: This study employed a descriptive-correlational research design. The statistical population
comprised all biology students in Diyala—Baqubah (N=4,500), from which a sample of 357 students was
selected using cluster random sampling based on Krejcie and Morgan’s (1970) formula. Data collection was
conducted using the Motivational Beliefs Questionnaire (Pintrich et al., 1991), the Self-Regulated Learning
Strategies and Metacognitive Skills Questionnaire (Pintrich & De Groot, 1990), and the Learning Attitude
Scale (Akpinar et al., 2009). The hypotheses were tested using Pearson correlation and structural equation
modeling (SEM) via SPSS (Version 24) and AMOS (Version 23).

Results: Structural equation modeling results indicated that self-regulated learning strategies had a direct
and significant effect on students’ learning attitudes and metacognitive skills in biology (p<.001).
Furthermore, the direct effect of self-regulated learning strategies on motivational beliefs, as well as the
direct effect of motivational beliefs on both learning attitudes and metacognitive skills, was positive and
statistically significant (p<.001). Moreover, bootstrap analysis demonstrated that motivational beliefs
significantly mediated the relationship between self-regulated learning strategies and learning attitudes
(B=.256), as well as metacognitive skills (=.268).

Conclusion: The findings suggest that the implementation of self-regulated learning strategies not only
directly reinforces students’ learning attitudes and advances their metacognitive skills in biology, but also
deepens this process through the activation and enhancement of motivational beliefs. Therefore,
incorporating self-regulated learning instruction into biology curricula can provide an effective framework
for fostering learners’ scientific attitudes and metacognitive capabilities.
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Introduction

Due to its conceptual structure and contextual
complexities, biology education necessitates a
paradigm shift from traditional, rote-memorization
methods toward active and strategic information
processing (Kingir et al., 2013). In this trajectory,
fostering  “learning  attitudes”—encompassing
learners’ cognitive, affective, and behavioral
orientations—serves a pivotal role in cultivating
curiosity, enhancing task engagement, and alleviating
academic anxiety (Lee et al., 2023; Russo & Benson,
2005; Zhou et al., 2020, 2024). Nonetheless,
sustainable mastery in biological sciences cannot be
accomplished by affective orientations alone; it
requires activating “metacognitive skills” to monitor
and regulate one’s cognitive processes. These skills,
operationalized through planning, comprehension
monitoring, and evaluation, dismantle the illusion of
knowing and foster critical thinking (Fleming, 2024;
Vloer et al.,, 2021; Yasin, 2024), although their
optimal development remains contingent upon
classroom ecologies, and deficits within them foster
miscalibrated  self-perceptions of competence
(Azevedo, 2020; Hayes et al., 2020; Rominger &
Schwerdtfeger, 2024).

Translating metacognitive potential into action
requires the adoption of “self-regulated learning
strategies”—an  integrated set of cognitive,
metacognitive, and motivational actions that
empower students to become autonomous, analytical
decision-makers when confronting multi-tiered
biological concepts (Luxa et al., 2022; Osakwe et al.,
2024; Rodriguez-Gomez et al., 2024). However, the
sustained efficacy of academic self-regulation
depends intrinsically upon internal cognitive
coherence and psychological resilience (Osoli et al.,
2016; Prather et al., 2020). This essential driving
force is provided by “motivational beliefs”—such as
self-efficacy, perceived task value, and goal
orientations (Eccles & Wigfield, 2002; Zhou et al.,
2024). High motivational beliefs fortify cognitive
engagement and persistence against academic
hardships, forming an indissoluble link with deep
information-processing mechanisms in empirical
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sciences (Kingir et al., 2013; Pintrich & Schunk,
2012; Zalbidea, 2024).

Empirical evidence indicates that biology students in
Diyala—Baqubah experience marked deficits in
learning attitudes and metacognitive  skills,
predominantly perpetuated by conventional teacher-
centered paradigms. Furthermore, the extant literature
has largely concentrated on virtual settings or purely
correlational  analyses, overlooking integrated
frameworks that concurrently incorporate self-
regulatory strategies and motivational beliefs within
authentic classrooms; this void has impeded students’
sustainable competence in biological analysis. To
transform academic passivity into active engagement
and bridge this empirical gap, the present study
addresses the fundamental question: Is it feasible to
enhance the learning attitudes and metacognitive
skills of biology students in Diyala—Baqubah through
self-regulated learning strategies and motivational
beliefs?

Method

This study employed a descriptive-correlational
research design grounded in structural equation
modeling (SEM). The statistical population
comprised all enrolled biology students in Diyala—
Bagubah during the current academic year
(N=4,500), from which a final sample of 357
participants was selected via multistage cluster
random sampling based on Cochran’s formula,
adhering to rigorous inclusion and exclusion criteria.
Following institutional authorization, informed
consent, and adherence to established ethical
standards, empirical data were gathered using the
Motivated Strategies for Learning Questionnaire
(MSLQ; Pintrich & De Groot, 1990; with current
Cronbach’s alphas of .79 for cognitive strategies and
.78 for metacognitive self-regulation), the
Motivational Beliefs Scale (MBS; Pintrich et al.,
1991; current 0=.82), and the Learning Attitude Scale
(LAS; Akpinar et al., 2009; current o=.77).
Ultimately, descriptive statistics and statistical
assumption evaluations were conducted using SPSS
(Version 24), while model evaluation and structural
path testing were executed through covariance-based
structural equation modeling (CB-SEM) via AMOS
(Version 23).
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Results p<.01; the most robust correlations emerged between
Demographic evaluation of the 357 participants (189 motivational beliefs with metacognitive skills
females [52.9%] and 168 males [47.1%]; (r=.570) and learning attitudes (r=.544), followed by
Mage=16.42,SD=0.84, distributed across grades 10 significant relationships between self-regulated
to 12) along with descriptive indicators demonstrated learning strategies and motivational beliefs (r=.471),
favorable mean scores for motivational beliefs learning attitudes (r=.384), and metacognitive skills
(M=3.71,SD=0.54), learning attitudes (r=.221), with metacognitive skills also correlating
(M=3.65,SD=0.58), metacognitive skills with learning attitudes (r=.412). Given that all
(M=3.52,SD=0.67), and self-regulated learning bivariate  coefficients remained below .85,
strategies (M=3.48,SD=0.62), while skewness and multicollinearity was ruled out. Ultimately, the
kurtosis indices corroborated univariate normality for goodness-of-fit metrics—evidenced by acceptable
structural equation modeling. Furthermore, Pearson x2/df, values of CFI, GFI, and IFI exceeding .90,
correlation analyses established positive, statistically alongside an RMSEA below .08—empirically
significant associations among all study constructs at substantiated the robust fit of the hypothesized

structural model.

Table 1. Results of Direct Path Analysis for the Model of Learning Attitudes and Metacognitive Skills Based on Self-Regulated Learning
Strategies with the Mediating Role of Motivational Beliefs

Path Unstandardized Standardized Standard t-value —value
Coefficient (B) Coefficient (B) Error P

Self-Regulated Learning Strategies — Motivational Beliefs 452 471 .081 5.56 .001

Self-Regulated Learning Strategies — Learning Attitudes .368 .384 .090 4.087 .001

Self-Regulated Learning Strategies — Metacognitive Skills 215 221 .100 2.159 .001

Motivational Beliefs — Learning Attitudes 512 .544 .088 5.793 .001

Motivational Beliefs — Metacognitive Skills 534 570 .080 6.658 .001
The evaluation of direct structural paths presented in learning attitudes (p=.544) and metacognitive skills
Table 1 indicates that all hypothesized paths in the (B=.570). A comparative assessment of the
model are positive and statistically significant at the standardized beta coefficients reveals that the
99% confidence level (p=.001), given that the strongest direct effects in the model were observed
absolute values of the t-statistic exceed the critical from motivational beliefs to metacognitive skills,
threshold of 1.96. Specifically, self-regulated followed by motivational beliefs to learning attitudes;
learning strategies exerted a direct and statistically this underscores the pivotal role of motivational
significant effect on motivational beliefs (p=.471), empowerment and self-regulation in fostering
learning attitudes (B=.384), and metacognitive skills metacognitive competencies and optimizing students’
(B=.221). Furthermore, motivational beliefs exerted a learning orientations.

strong, positive, and significant direct effect on

Table 2. Path Coefficients for Indirect Effects on Learning Attitudes and Metacognitive Skills Based on Self-Regulation Strategies Mediated
by Motivational Beliefs

Independent Variable Mediator Dependent Variable g;i?f?;;iltzﬁg) Eg‘&vﬁg Upper Bound p-value
Self-Regulation Motivational Beliefs ~ Metacognitive Skills .268 174 .362 .001
Self-Regulation Motivational Beliefs Learning Attitudes .256 .166 .346 .001

As demonstrated in Table 2, the indirect effect of self- encompass zero (Lower Limit =.174, Upper Limit =
regulated learning strategies on metacognitive skills .362), this indirect pathway is statistically significant
mediated by motivational beliefs was =.268. Given at the 99% confidence level. Similarly, the indirect
that the 95% bootstrap confidence interval does not effect of self-regulation strategies on learning
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attitudes via motivational beliefs yielded a coefficient
of f=.256, which also reached statistical significance
because zero falls outside the 95% confidence
interval (.166 to .346). Consequently, the mediating
role of motivational beliefs in both structural
relationships is empirically substantiated.

Conclusion

The present study was conducted to structurally
model the enhancement of high school students’
learning attitudes and metacognitive skills in biology
via self-regulated learning strategies, mediated by
motivational beliefs among students in Diyala-
Bagubah. The findings demonstrated that self-
regulated learning strategies exerted direct, positive,
and statistically significant effects on learning
attitudes (Lee et al., 2023; Rousseau & Vallerand,
2005; Zhou et al., 2020), metacognitive skKills
(Azevedo, 2020; Luxa et al., 2022; Osooli et al.,
2016; Prather et al., 2020), and motivational beliefs
(Kingir et al., 2013; Ozakuh et al., 2024; Rodriguez-
Gomez et al., 2024; Zhou et al., 2024). Theoretically,
employing self-regulatory behaviors—such as goal
setting, resource allocation, and time management
when grappling with complex biological concepts—
attenuates academic frustration, enhances perceived
academic self-efficacy and mastery, and fosters
continuous cognitive monitoring, thereby directly
driving constructive learning dispositions and the
systematic growth of metacognitive competencies.
Furthermore, the results empirically confirmed
robust, direct associations between motivational
beliefs and both learning attitudes (Eccles &
Wigfield, 2002; Kingir et al., 2013; Pintrich &
Schunk, 2002; Zalbidea, 2024) and metacognitive
skills (Fleming, 2024; Fleur et al., 2021; Norman et
al., 2019; Rominger & Schwerdtfeger, 2024; Yasin,
2024).  Moreover, bootstrap  path  analyses
substantiated the significant mediating role of
motivational beliefs in linking self-regulated learning
strategies to both learning attitudes (Eccles &
Wigfield, 2002; Kingir et al.,, 2013; Pintrich &
Schunk, 2002; Zhou et al., 2020) and metacognitive
skills (Fleur et al., 2021; Hayes et al., 2020; Luxa et
al., 2022; Osooli et al.,, 2016). This mediating
mechanism elucidates that while self-regulatory
strategies provide procedural operational
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frameworks, transforming these behavioral routines
into higher-order metacognitive introspection, critical
reflection, and sustained affective engagement with
biological science intrinsically relies on the
psychological impetus supplied by task value and
self-efficacy (motivational beliefs).

Notwithstanding its theoretical and practical
contributions, the present investigation had
limitations, notably the reliance on self-report
inventories susceptible to response bias, the cross-
sectional correlational design precluding definitive
causal inferences, and the exclusive focus on high
school biology within the geographical context of
Bagubah, which limits generalizability.
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