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Introduction

Abstract: This study investigates the relationship between students’ goal
orientations (intrinsic and extrinsic) and their use of self-regulated learning
strategies following the implementation of GROVE-ALPHA, a gamified, Al-
supported formative assessment tool for physics learning. A mixed-methods
sequential explanatory design was used, involving 20 high school students for
the quantitative phase and follow-up interviews with 8 participants.
Quantitative data were collected using the Motivated Strategies for Learning
Questionnaire (MSLQ), focusing on intrinsic and extrinsic goal orientation,
critical thinking, metacognitive self-regulation, and effort regulation.
Kendalls tau correlation analysis indicated that intrinsic goal orientation was
more strongly associated with all three self-regulated learning strategies—
especially effort regulation (t(20)= .63, p < .001)—than extrinsic goal
orientation (t(20)= .49, p < .001). Qualitative findings supported the
quantitative results, highlighting that intrinsically motivated students
demonstrated greater engagement, persistence, and reflective thinking when
interacting with the GROVE-ALPHA system. In contrast, extrinsically
motivated students showed inconsistent engagement and shallower learning
strategies. These findings suggest that integrating gamification and Al in
formative assessment can support students’ self-regulated learning,
particularly by strengthening intrinsic motivation. The study contributes to
understanding how digital tools can influence motivation types and learning
behaviors in science education.

Keywords: Extrinsic motivation; Formative assessment; Intrinsic motivation;
Learning strategies; Self-regulated learning

misunderstandings, ultimately leading to a deeper and
more substantial grasp of physics concepts (Rojas, 2009).

The learning process is significantly influenced by
student motivation and their learning strategies.
Motivated students tend to be more independent and
driven to explore their learning materials in greater
depth. This is similar to physics learning, which requires
students to learn consciously and regularly assess
themselves to identify and rectify their misconceptions
(Huda et al., 2020). This self-assessment is crucial for
students to recognize and address existing conceptual

How to Cite:

Prior studies emphasize that physics instruction should
nurture students’ metacognitive skills so they can
monitor and regulate their own progress. For example,
insufficient positive recognition from instructors has
been shown to reduce students’ self-efficacy and interest
in physics, especially among underrepresented groups
(Li & Singh, 2023). Similarly, structured approaches that
focus on scientific thinking skills have been
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recommended to strengthen conceptual understanding
(Mitchell-Polka et al., 2020).

In reality, teachers struggle to provide student-
controlled evaluation processes. Evaluation during this
process, known as formative assessment, is intended to
provide continuous feedback to support student
development (Fuller & Dawson, 2017). Yet, giving
individualized feedback on students’ strengths and
weaknesses remains challenging (Kusairi, 2020).
Research indicates that, according to teachers, the
primary challenges of implementing formative
assessment in the classroom are the large number of
students, insufficient time, lack of practical knowledge,
and inadequate or inappropriate training. Many
teachers face obstacles in designing practical formative
assessments, primarily due to time and resource
constraints (Nadhifah et al., 2023).

This learning situation affected the student's
motivation and learning strategies. To examine this, a
preliminary study was conducted using the Motivated
Strategies for Learning Questionnaire (MSLQ) (Pintrich
et al., 1991) among 30 students in a Bandung school. The
instrument used a seven-point Likert scale ranging from
1 (“Not at All True of Me”) to 7 (“Very True of Me”). The
results showed that intrinsic goal orientation had a mean
of 45 (SD = 1.56), metacognitive self-regulation
averaged 4.28 (SD = 0.53), and effort regulation scored
4.0 (SD = 0.26). These findings align with other studies
indicating that students’” motivation and independent
learning strategies are generally at a moderate level
(Kwarikunda et al., 2021).
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Figure 1. Diagram of student MSLQ result

This poses a problem in physics education: while
students need motivation and the ability to evaluate
their progress for deeper learning, teachers often
struggle to provide opportunities for such self-
evaluation. Therefore, innovation in formative
assessment is needed that can motivate students and
also promote their self-regulation abilities, which can
drive students' conceptual change (Veugen et al., 2024).
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One promising innovation is to combine artificial
intelligence (AI) and gamification to strengthen self-
regulated learning.

Self-regulated learning (SRL) has been extensively
researched as an effective learning strategy. SRL
involves three main phases: planning, monitoring, and
self-evaluation, which enable students to to set goals,
track progress, and adjust their strategies (Zimmerman,
2002). This fosters responsibility and independence in
learning. With SRL, students become more aware of
their progress, enhancing intrinsic motivation
(Sudiyono et al., 2021). They are more motivated to
correct mistakes and understand complex concepts,
especially in subjects like physics (Paz-Baruch &
Hazema, 2023). Thus, SRL provides a strong foundation
for designing interventions that improve student
motivation and learning outcomes.

Artificial Intelligence (Al) has advanced rapidly in
education, with applications such as personalized
learning, learning analytics, and instant feedback
(Rozman et al., 2023). Al can provide learning material
recommendations tailored to individual needs, identify
errors, and provide automated feedback. Combined
with gamification, it motivates them to continue
participating in the learning process (Kamalov et al.,
2023). This is why Al offers strong potential for
formative assessment that trains SRL. By integrating
Al's adaptability with gamification’s motivational
features, formative assessments can provide feedback
that helps students evaluate their progress and build
SRL skills.

Building on this rationale, the present research is
part of a broader project developing a formative
assessment tool that combines Al and gamification,
called GROVE_ALPHA (Gamified Reward-Based
Online Formative Assessment for Learning Physics with
Artificial Intelligence). GROVE_ALPHA consists of
Google Spreadsheets and Google Forms incorporating a
reward system to track progress and conduct formative
assessments. The indicators were developed around
Newton’s Laws as specified in the independent
curriculum for Phase F. What makes this study novel is
its dual focus: using GROVE_ALPHA to both
implement formative assessment and analyze its role in
strengthening SRL. Therefore, this research aims to
explore the relationship between student motivation
and learning strategies after the GROVE_ALPHA
implementation based on self-regulated learning,
focusing on intrinsic and extrinsic goal orientation,
critical thinking, metacognitive self-regulation, and
effort regulation. Specifically, the study addressed three
questions: (1) How does intrinsic goal orientation relate
to critical thinking, metacognitive self-regulation, and
effort regulation? (2) How does extrinsic goal orientation
relate to these same variables? and (3) Which SRL
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strategies show the strongest relationship with student
motivation after GROVE_ALPHA?

Method
This research employed a mixed-methods
approach with a sequential explanatory design

(Creswell & Plano Clark, 2018). The primary objective
was to examine the correlations between students’ goal
orientations (intrinsic and extrinsic) and their learning
strategies (critical thinking, metacognitive self-
regulation, and effort regulation) after the
implementation of GROVE_ALPHA. A total of twenty
high school students participated in the study.
Following the quantitative data analysis, eight students
were selected for in-depth interviews to provide
qualitative insights. The stages of the research procedure
are illustrated in Figure 2.

Procedure: Product:
Quantitative Data « MSLQ administered « Ordinal data
Collection after GROVE_ALPHA
implementation (N=22)
l Procedure: Product:
Quantitative Data + Descriptive statistics + Ordinal data
Analysis and correlation analysis
v using SPSS v.29
l Procedure Product:
Qualitative Data - Individual online « Text data
Colelction imerlv?ews with §
participants
l Procedure: Procedure:
Qualitative Data « Coding and thematic » Interpretation and
Analysis analysis explal?atipn of the
’ quantitative and
l qualitative results
R . Product: Product:
[ntegratmn of the « Codes and themes « Discussion
Quantitative and « Similar and different « Implicaitons
Qualitative Results themes « Future research

Figure 2. Research method chart based on mixed methods,
sequential explanatory design

The instrument used to asses student motivation
and learning strategies is the Motivated Strategies for
Learning Questionnaire (MSLQ). This questionnaire
contains 81 statements and is based on a 7-point Likert

all true for me," to 7, or "Very true for me." The MSLQ
has two parts: the motivation section and the learning
strategy section. The motivation section includes 31
statements divided into six sub-sections: intrinsic goal
orientation, extrinsic goal orientation, task value, control
of learning beliefs, self-efficacy to learn, performance,
and anxiety during exams. The learning strategy section
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includes 50 statements across nine sub-sections: practice,
elaboration, organization, critical thinking,
metacognitive self-regulation, learning time and
environment, effort regulation, peer learning, and
seeking help. The instrument has been proven reliable
based on various studies. When first introduced, its
Cronbach’s alpha values was 0.74 (Pintrich et al., 1991).
Other research also show a very high reliability, with
Cronbach’s alpha values for each subscale ranging from
0.52 to 0.93, and showed significant subscale correlations
(Cook et al., 2011). The questionnaire was translated and
validated by language experts. In this study, we focus on
the sub-sections of intrinsic and extrinsic goal
orientation, critical thinking, metacognitive self-
regulation, and effort regulation. The questionnaire was
administered after the treatment, and its reliability was
analyzed using SPSS, with Cronbach’s alpha values for
these five subscales reaching 0.91.s alpha values for the
five subscales are 0.91.

The quantitative data analysis employed the
Kendall rank correlation coefficient (tau) with SPSS 29 as
the statistical tool. The research utilized this type of
correlation due to the data had an ordinal scale and did
not meet the normality assumptions for Pearson
correlation. As stated in Uden et al. (2023), Kendall’s tau
correlation (T), a non-parametric alternative to Pearson’s
correlation, assesses the strength of dependence or the
degree of association between two categorical or ordinal
variables. These methods are employed when the
dataset violates the assumptions of the parametric
Pearson correlation, such as non-normal data
distributions or the presence of ordinal data. The
interpretation of this correlation were using hypothesis
for testing whether there is correlation (measure of
strength of dependence or degree of association)
between the two specified set of (categorical or ordinal)
variables is; if the p-value of the test is less than or equal
to 0.05 (p < 0.05), then we can assume that there is a
statistically significant strong dependence or association
between the two analyzed variables, and that this is not
by chance (H1). Suppose the p-value is greater than 0.05
(p > 0.05). In that case, we can conclude that there is no
significant dependency or association between the two
variables, and any observed dependency or association
could only occur by chance (HO) (Okoye & Hosseini,
2024).

The qualitative data analysis was taken from the
interview questions that were carefully crafted to
explore aspects aligned with the study’s goals, including
student engagement, autonomy, and the impact of Al-
generated feedback in learning. These questions aimed
to gather students’ thoughts on how the system affected
their motivation, responsibility, and independence in
physics learning. The interview transcripts were
analyzed using thematic analysis (Kushnir, 2025), which
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involved coding the data, identifying recurring patterns,
and developing themes that captured students” shared
experiences and perspectives. Analyzing their responses
helps triangulate the data and offers a clearer
understanding of how and why the GROVE_ALPHA
system might promote more effective, student-centered
learning over traditional assessment methods.

Result and Discussion

The results showing student motivation in learning
physics after using GROVE_ALPHA reveal a generally
moderate level. Intrinsic goal orientation had a mean of
519 (SD = 1.03), slightly higher than extrinsic goal
orientation with a mean of 5.11 (SD = 1.07). The similar
standard deviations indicate an even spread of both goal
types among students. However, the slightly higher
mean in intrinsic goal orientation suggests a stronger
internal motivation to learn driven by personal interest
and satisfaction. This pattern indicates that students
were more motivated by internal factors than external
rewards during their experience with GROVE_ALPHA.

To further understand how these motivational
factors relate to learning strategies, a Kendall rank
correlation was also conducted to examine the
relationships between students’ learning motivation
(intrinsic and extrinsic goal orientation) and students'
learning strategies (critical thinking, metacognitive self-
regulation, and effort regulation). Table 1 provides a
complete list of correlations, where CT signifies critical
thinking, M indicates metacognitive self-regulation, and
ER represents effort regulation. Intrinsic goal orientation
showed significant positive correlations with all
strategies, with the strongest correlation being with
effort regulation (t(20) = .63, p < .001). Extrinsic goal
orientation showed significant positive correlations with
all strategies, with the strongest correlation being with
critical thinking (t(20) = .56, p <.001).

Table 1. Correlations for MSLQ) result (N=22)

CT M ER
[ntrinsic goal orientation 59¥F - B5e*F 63%*
Extrinsic goal orientation S56%F 52 49**

** Correlation is significant at the 0.01 level (2-tailed).

These results indicate that learning strategies are
more strongly associated with intrinsic than extrinsic
goal orientation, suggesting that internal motivation
plays a more decisive role in shaping students’
engagement with these strategies. This pattern aligns
with previous research showing that mastery or intrinsic
goals foster persistence, metacognitive monitoring, and
willingness to engage in challenging tasks (Benita &
Matos, 2021; Pintrich, 2000; Williams & Gill, 1995).
Conversely, performance or extrinsic goals are often
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linked to attributions of success to ability or external
factors, which may weaken students’ sustained effort
and depth of engagement (Hariri et al., 2021).

To further support the quantitative findings,
follow-up interviews were conducted with eight
students, focusing on engagement, Al feedback,
responsibility, and independence in learning physics.
The qualitative feedback revealed several emerging

themes, providing richer insights into how
GROVE_ALPHA shaped self-regulated learning.
Engagement and Intrinsic Motivation

Many students described the system as “not

boring,” “like a mini game,” or “interactive.” These
comments indicate a high level of intrinsic motivation,
driven by enjoyment and the novelty of the platform.
Students reported repeated attempts to revise answers
using Al feedback, even when facing challenges like
technical issues or lengthy tasks, demonstrating
sustained engagement and effort. This aligns with the
quantitative finding that intrinsic goal orientation was
strongly correlated with effort regulation (t(20) = .63, p
<.001).

Metacognition and Critical Thinking

The system encouraged students to reflect on and
assess their understanding. Several students noted that
their explanations were sometimes incomplete or lacked
justification, and the Al's suggestions helped them
“structure their answers better” and “connect the
concepts more clearly.” These behaviors correspond
with the quantitative finding of a positive correlation
between extrinsic goal orientation and critical thinking
(t(20) = .56, p < .001). By prompting students to evaluate
their work and revise responses, GROVE_ALPHA
supported the development of metacognitive and
analytical skills.

Effort Regulation and Persistence

Students  highlighted the opportunity to
experiment and revise answers multiple times, stating
that they could “try multiple times until it’s right.” This
repeated effort reflects intrinsic motivation driving
sustained learning and aligns with the observed
correlations between intrinsic goals and effort
regulation. The system’s Al feedback provided timely
guidance, helping students maintain focus and
commitment to completing tasks effectively.

Responsibility and Extrinsic Motivation
Some students emphasized that having a clear
structure, a “system to follow,” and records of
completed work increased their sense of responsibility.
These features illustrate how extrinsic motivation can
guide students toward meeting external expectations.
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They also support thoughtful reasoning and structured
learning. Immediate Al feedback enhanced students’
performance, reflection, and self-regulated learning
more effectively than traditional methods (Lee et al.,
2025).

Across both quantitative and qualitative data,
intrinsic motivation emerged as the dominant factor
influencing learning strategies, including effort
regulation, metacognitive control, and critical thinking.
However, extrinsic motivators, such as structured tasks
and outcome tracking, also contributed to students’
reflective and analytical behaviors. GROVE_ALPHA
therefore supports multiple dimensions of self-regulated
learning, combining internal and external motivational
pathways with cognitive strategies. The qualitative data
provide concrete behavioral and emotional examples
that  corroborate  the  statistical  correlations,
demonstrating the system’s potential to foster sustained
engagement, self-monitoring, and personal ownership
of learning.

Conclusion

This study examined how students' motivation to
learn, including both intrinsic and extrinsic goal
orientations, relates to their use of self-regulated
learning strategies such as critical thinking,
metacognitive self-regulation, and effort regulation after
implementing GROVE_ALPHA. Findings indicate that
intrinsic goal orientation shows a stronger and more
consistent positive connection with all three strategies
compared to extrinsic orientation. Notably, intrinsic
motivation is most strongly linked to effort regulation
(t(20)= .63, p < .001), suggesting that intrinsically
motivated students are more likely to persevere through
academic challenges. Additionally, intrinsic motivation
also correlates positively with critical thinking (t(20)=
.59, p < .001) and metacognitive self-regulation (t(20)=
.56, p < .001), reinforcing existing research that links
intrinsic goals to deeper engagement and more effective
self-regulated learning behaviors. In contrast, extrinsic
goal orientation showed weaker links to the same
learning strategies, with its highest link found in critical
thinking (t(20)= .56, p < .001), though still relatively
modest. This indicates that students driven by extrinsic
motivations might use surface-level strategies more
often, but they are less likely to employ metacognitive
(t1(20)= .52, p <.001) or effortful approaches (1(20)= .49,
p <.001) regularly. Among the three learning strategies
studied, effort regulation showed the strongest link with
students' intrinsic motivation, underscoring its key role
in maintaining engagement and persistent learning.
These findings highlight the importance of cultivating
intrinsic motivation to improve students' ability for self-
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regulated learning. The GROVE_ALPHA tool—a
gamified,  Al-supported  formative  assessment
platform —appears to facilitate this by motivating
students to engage more thoroughly with their learning
processes.
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