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Research indicates that students learn effectively when they actively engage in planning, monitoring, and
reflecting on their learning—a process known as self-regulated learning (SRL). This mixed-methods study
examined the impact of a semester-long SRL intervention in an undergraduate physics course. In the first
year, the instructor taught the course under standard conditions. The following year, after brief training
sessions, the same instructor added digital prompts targeting various aspects of SRL to their course
assignments. Results showed that students in this intervention group performed better on the final exam
after controlling for preexisting self-efficacy, metacognitive awareness, and GPA. However, SRL outcomes
did not increase in the intervention condition. Analysis of the prompts revealed that the instructor
disproportionally focused on content- and management-related prompts and underutilized motivation,
metacognition, and cognitive strategy prompts. Interview with the faculty indicated that the intervention
was straightforward to implement, contributed to humanizing the course, and that additional training would
have been desirable to help design prompts. Provided appropriate training and support structures are
available, these findings show that integrating SRL strategies through digital prompts can be a practical and
effective approach for supporting instructors in fostering students’ SRL.
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I. INTRODUCTION

In physics education, we often encourage students to
reflect on their learning by asking them to identify where
they struggled, articulate what they found confusing, or
evaluate their problem-solving approaches. These self-
reflective activities are valuable, but they are not always
enough. Reflection alone does not always lead tomeaningful
change; students may recognize their difficulties but remain
uncertain about how to adjust their strategies, or they may
lack the motivation to act on their insights. To be effective,
self-reflection must be paired with actionable strategies and
motivation that drive students to implement these strategies.
In other words, students need structured support to not only
recognize obstacles in their learning but also develop the
skills and mindset necessary to address them.
Self-regulated learning (SRL) refers to students’ ability to

actively plan, monitor, and evaluate their learning processes
and outcomes to achieve academic success [1–3]. Effective

SRL involves the coordination of cognition, metacognition,
and motivation in response to academic tasks. For example,
when completing a homework assignment, students must
employ appropriate strategies (cognition), assess their under-
standing (metacognition), and sustain motivation to persist
through challenges (motivation). Research suggests that
structured instructional support can help students engage
effectively in SRL and improve their learning outcomes
[4–7]. In physics education research (PER), studies exploring
holistic SRLapproaches are scarce [8–11], andmost research
focuses on individual components of SRL.
For example, cognitive strategy use has been extensively

studied in PER in the context of problem solving and
conceptual learning. Studies on worked examples and
scaffolding techniques indicate that guiding students through
structured problem-solving processes has shown potential
for improving transfer to novel problems [12,13]. Cognitive
strategies also play a crucial role in many other aspects of
coursework, both in- and out-of-class. In a recent study,
Gjerde et al. [14] integrated three evidence-based cognitive
strategies—elaborative encoding, retrieval practice, and self-
explanation—into an introductorymechanics class. Students
were given scaffolding tools (e.g., guiding questions and
structured problem-solving formats) to support these strat-
egies. Interviews revealed mixed uptake: retrieval practice
(e.g., frequent quizzes or practice problems) was used
extensively by students, whereas elaborative encoding and
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self-explanation were often partially implemented or com-
pletely ignored. This may suggest that students did not know
how to use and coordinate multiple strategies and needed
further support.
Metacognition, or the ability to monitor and regulate

one’s own learning, has also been widely studied in PER.
Studies have demonstrated that metacognitive scaffolds,
such as structured prompts encouraging students to reflect
on their problem-solving approaches, can improve both
conceptual understanding and performance in physics
courses [15–18]. However, not all studies have shown
positive effects. For example, Morphew [19] conducted an
intervention focused on students’ metacognition and
reported that providing feedback was not effective for
improving students’ metacognitive monitoring accuracy.
Other common examples of metacognitive exercises are
exampreparation strategies such as structured practice exams
and mock exams. These strategies can help students assess
their readiness, but to maximize their impact, Zhang et al.
[20] argue that such interventions should also incorporate
other key aspects of self-regulated learning, such as moti-
vation, cognitive strategies, and resource management.
Finally, motivation plays a central role in physics

learning, influencing students’ persistence, engagement,
and performance. Several studies have examined self-
efficacy, a key motivational construct that reflects students’
confidence in their ability to succeed. Research indicates
that students with higher physics self-efficacy are more
likely to persist in physics courses and perform better on
assessments [21–25]. In addition, research indicates that
improving metacognition can also enhance self-efficacy,
demonstrating the interconnected nature of SRL compo-
nents [26].
While these single-SRL-component studies provide

valuable insights and show some effectiveness in increasing
students’ learning outcomes, they lack a holistic, integrated
approach that supports SRL development across multiple
dimensions. One can think of this as “closing the loop.”We
can encourage students to self-reflect on their problem-
solving skills, but if we also increase their engagement or
attend to their cognitive strategies use, meaningful progress
is more likely. To maximize the benefits of SRL inter-
ventions, a holistic approach is needed—one that integrates
cognitive strategies, metacognition, and motivation into a
structured and supportive framework [27]. This approach is
in alignment with the strong empirical and theoretical
grounding that SRL components work in concert to
improve learning and achievement [2,3].
Even with this evidence, however, implementing holistic

SRL interventions can be challenging in practice. Many
instructors perceive them as time-intensive or incompatible
with the demands of teaching large, content-heavy physics
courses [28,29]. In their systematic review of change
strategies in undergraduate science, technology, engineer-
ing, and mathematics (STEM) education, Henderson et al.

[30] identify developing reflective teachers as one of four
effective strategies. Successful change efforts in developing
reflective teachers often provide instructors with individual
or group consultation and feedback and create opportuni-
ties for instructors to reflect on their instructional practices
and learn from their self-reflection.
In this study, we investigated the effectiveness of a digital

prompt-based SRL intervention implemented in an under-
graduate physics course. We used a mixed-method explana-
tory sequential design. In the quantitative phase, we
analyzed the impact of the intervention on self-efficacy,
metacognition, and academic performance. In the sub-
sequent qualitative phase, we investigated how the inter-
vention was perceived by the instructor in the study.

II. BACKGROUND AND RESEARCH QUESTIONS

Self-regulated learners actively plan, monitor, and evalu-
ate their learning to improve their academic performance
[1–3]. Unlike passive learning, where students rely solely
on external instruction, SRL encourages learners to take an
active role in managing their understanding, strategies, and
motivation. Research has consistently shown that students
who engage in SRL develop better problem-solving skills,
higher persistence, and improved academic outcomes
across disciplines, including STEM fields [6,7].
SRL is typically conceptualized as three interdependent

components that work together to support student learn-
ing [31]:

1. Cognition: The selection and use of learning strate-
gies, such as problem-solving approaches, elabora-
tion, and distributed practice, to process information
effectively.

2. Metacognition: The ability to monitor, regulate, and
reflect on one’s own thinking and learning progress.
Students with strong metacognitive skills assess
their understanding, adjust strategies when needed,
and set learning goals.

3. Motivation: The willingness and effort to engage in
learning. Motivational factors, such as self-efficacy,
goal orientation, and interest in a subject, influence
whether students persist in challenging academic
tasks.

A. Empirical support for SRL interventions

Multiple meta-analyses and systematic reviews consis-
tently indicate that SRL interventions, especially those that
take a comprehensive approach, enhance college students’
use of learning strategies and improve academic perfor-
mance. For example, Jansen et al. [32] conducted a meta-
analysis of 142 SRL intervention studies from 126 included
articles in the higher education context. They reported that
college students who received SRL interventions effec-
tively improved their SRL activities as well as academic
achievement. Furthermore, interventions that incorporated
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both metacognitive and resource management strategies
had a greater impact than those focusing on a single
component, reinforcing the importance of multifaceted
SRL intervention approaches.
Regarding SRL instruction methods, Jansen et al. [32]

observed that the impact of direct SRL instruction on
student achievement was smaller than previously reported
by Dignath et al. [33] in primary school settings. They
suggested that college students, who may already possess
foundational learning strategies, benefit more from
embedded SRL prompts and opportunities to apply SRL
strategies in context rather than from explicit instruction
alone. This finding underscores the potential of integrating
SRL-supportive interventions within course activities to
enhance students’ engagement and academic success.
Similarly, Theobald’s [34] meta-analysis of 49 studies

found that SRL training effectively improved college
students’ academic performance, with metacognitive and
resource management strategies being the most impactful.
Additionally, SRL interventions have proven effective in
online and hybrid learning environments, where self-
directed learning is crucial for success. Broadbent and
Poon’s [6] systematic review of 12 studies lends further
support and found that SRL strategies generally enhanced
student learning. In particular, strategies such as time
management, metacognition, effort regulation, and critical
thinking were positively associated with improved aca-
demic outcomes in online settings.
Findings from these meta-analyses and systematic

reviews highlight several key insights about SRL inter-
ventions in higher education. First, empirical research
consistently demonstrates that SRL interventions enhance
students’ use of self-regulated learning strategies and
improve academic performance. Second, student character-
istics, such as age and prior experience with learning
strategies, play a crucial role in intervention design.
While some students may benefit from direct instruction
on SRL strategies, college students—who often have prior
exposure to various learning approaches—may respond
more effectively to embedded SRL prompts and structured
opportunities to apply these strategies in context. Third,
SRL interventions yield larger benefits when they integrate
multiple SRL components (e.g., metacognition, time man-
agement, and strategy use) rather than focusing on a single
element, such as motivation alone.
Our intervention was built on these insights, ensuring an

approach that aligns with evidence-based strategies for
optimizing SRL development in higher education. We note
that a holistic approach to SRL shares conceptual similar-
ities with deliberate practice [35,36], which has been shown
to enhance student outcomes in physics [37,38]. By
incorporating structured, goal-directed activities with fre-
quent feedback and reflection, deliberate practice aligns
closely with the principles of self-regulated learning and
offers promising avenues for further research.

B. The Success through Self-Regulated
Learning framework

SRL interventions vary in structure. The present study
was guided by the Success through Self-Regulated
Learning (StSRL) framework, which was developed to
support course instructors as they embed different SRL
components into their regular teaching [39]. StSRL
includes the three core components mentioned earlier—
cognition, metacognition, and motivation—and adds to
them content knowledge and management. Specifically,
content focuses on maximizing learners’ content learning,
achievement, and transfer, such as making connections
among multiple concepts. Management focuses on model-
ing and providing tools to support learners’ time and
resource management, such as directing students to resour-
ces. The StSRL framework suggests that these five com-
ponents dynamically interact with one another to improve
students’ learning.
The intervention consisted of digital prompts embedded

within the course content, targeting one or more compo-
nents of the StSRL framework. The frequency and content
of the prompts were determined by the instructor to align
with students’ needs at different points in the course. The
prompts took different formats, from multiple-choice ques-
tions to short self-reflections. Here are two prompts that
were given as examples to the instructor in this study:
• We are halfway through the semester. You can do it!
Everyone can be successful in physics with the proper
amount of dedicated time and with good learning
strategies. Write inspiring advice for yourself or for a
friend to help you or them finish the semester strong!

• What parts of the last two labs did you think were
particularly helpful in your understanding?

The first example mostly targets motivation, manage-
ment (what should you do), and cognitive strategies. The
second prompt is more aligned with metacognition but also
brings in content material. Previous research on StSRL has
demonstrated positive increases in students’ strategy use
and learning outcomes [40,41].
Self-reflective exercises have been shown to yield

positive outcomes in social-psychological utility-value
interventions, often long after the course has ended [42].
Such interventions have also been effective in physics
courses [43]. The intervention in our study differed from
previouswork in that, instead of one, often somewhat longer,
self-reflectivewriting exercise, we asked students to respond
to frequent small prompts. Additionally, the digital nature of
the prompts allows for bidirectional discussions between the
instructor and the students throughout the course, either
individually or as a summary to the whole class.
For instructors who have been using this framework for

many years, prompt design and implementation are a
constant iterative process. In this study, we examined this
intervention with a physics instructor new to the frame-
work. The instructor was well-versed in active learning
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pedagogy with a course design that already included
learning strategies and activities that are known to support
students’ SRL, such as distributed practice [44] and peer
learning.

C. Research questions

To evaluate the effectiveness of the prompts, this study
compared a business-as-usual condition with an interven-
tion condition, examining effects on students’ self-efficacy,
metacognitive awareness, and academic performance. We
used the self-efficacy for strategic learning scale with two
factors: higher- and lower-level strategic learning [45].
These factors are aligned with the revised Bloom taxonomy
[46], with the lower-level aligned with remember and
understand, while the higher level corresponds to analyze
and apply. Additionally, we assessed the social validity of
the intervention by conducting an interview with the course
instructor. In this context, social validity refers to the
acceptability or viability of an intervention [47]. In educa-
tional research, social validity is used to assess the extent to
which an educational intervention is socially acceptable to
student participants and other stakeholders, such as course
instructors [48]. By integrating the quantitative and quali-
tative data strands, we aimed to further elaborate on the
effectiveness of the intervention and to identify areas for
improvement in future interventions. The research ques-
tions guiding our study are:
Research questions
1. Do students who received the SRL prompts have

higher self-efficacy for higher- and lower-level
strategic learning and metacognitive awareness than
those who do not receive the prompts while con-
trolling for GPA?

2. Do students in the intervention condition tend to
perform better on the final exam than students in the
business-as-usual condition while holding their self-
efficacy for higher- and lower-level strategic learn-
ing, metacognitive awareness presurvey scores, and
GPA constant?

3. What is the social validity of the intervention
according to the instructor, and how does this relate
to the quantitative findings?

III. METHODS

A. Research design

The study employed a mixed-method explanatory
sequential design. We first conducted a quantitative inter-
vention study to examine the effectiveness of the inter-
vention, followed by a qualitative interview study to further
explore the social validity of the intervention. In addition,
we conducted a qualitative analysis of the instructor-created
prompts to evaluate their alignment with the StSRL
framework.

The research was carried out in the second course of the
algebra-based introductory physics sequence at a large
public university in the northeastern United States. This
four-credit, large-enrollment course spans 15 weeks and
covers selected topics in light, electricity, and magnetism.
Data were collected across two semesters: Spring 2023
(n ¼ 494), representing the business-as-usual condition,
and Spring 2024 (n ¼ 458), representing the intervention
condition (total n ¼ 952).
Both conditions followed the same three-part structure.

First, students completed a presurvey. Second, students in
the business-as-usual semester (Spring 2023) received
regular instruction, while students in the intervention
semester (Spring 2024) received prompts integrated into
their postlecture quizzes. Prior to implementation, the
instructor received training on designing and embedding
prompts that align with the StSRL framework. Finally,
students in both semesters completed the same postsurvey.
Survey completion rates were 78% (387=494) in the

business-as-usual condition and 71% (324=458) in the
intervention condition. For analysis, we only included
students who completed both presurvey and postsurvey
in either semester, yielding a matched sample of n ¼ 409.
Table I presents the demographic information for the
matched dataset. Students received small extra credit
incentives for completing both surveys.

TABLE I. Demographic information.

Business-as-usual—Spring 2023

Ethnicity=race Frequency Percent (%)
Hispanic=Latino 8 3.4
White 153 64.8
Black/African American 10 4.2
Asian 17 7.2
Multiple 42 17.8
Other 6 2.6

Gender

Male 45 21.0
Female 165 76.7
Other 5 2.3

Intervention—Spring 2024

Ethnicity=race Frequency Percent (%)

Hispanic=Latino 8 3.6
White 126 57.8
Black/African American 7 3.2
Asian 27 12.4
Multiple 47 21.6
Other 3 1.4

Gender

Male 44 22.7
Female 142 73.2
Other 8 4.1
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Most students were enrolled in life science programs, such
as biology and premedicine. Instruction included twoweekly
50-min large lectures facilitated by undergraduate learning
assistants [49] as well as weekly recitation and laboratory
sections of ∼30 students, each taught by graduate teaching
assistants.

B. Implementation design and procedures

The same instructor taught both semesters, with lecture
times and rooms nearly identical between conditions. The
intervention began with preliminary discussions between
the research team and the instructor to establish baseline
course practices and introduce the StSRL framework. In
total, approximately 2 h of meetings were held. The
instructor was provided with sample prompts and models
of implementation used by another physics instructor
experienced with StSRL.
The instructor then independently designed the prompts,

their mode of delivery, and the grading scheme. Prompts
were embedded as the final question in short postlecture
quizzes administered in the learning management system
and given approximately twice per week. The postlecture
quizzes were available immediately after the lecture and
were due by the end of that day. In both conditions, quizzes
were worth 2% of the course grade, with the lowest three
scores dropped. Each quiz contained 4–5 physics questions
(mostly multiple-choice). In the intervention semester, the
instructor added prompts to 21 of 29 quizzes. Prompt
formats included essay (6), multiple-answer (2), multiple-
choice (10), matching (1), and numerical response (2).
Prompts were graded for correctness and counted

equally with physics questions, making them worth
∼15% of each quiz score (and ∼0.3% of the overall course
grade). The instructor graded the essay questions on a pass
or fail basis on whether the students answered the question
earnestly, with a fail for very brief answers, blanks, or text
placeholders. In the Results section, we analyze the align-
ment of these prompts with the five components of the
StSRL framework.

C. Measures

The presurvey and postsurvey instruments measured
SRL constructs (self-efficacy and metacognition), as well
as demographic variables, including self-reported GPA at
the beginning of the semester. The main measures used in
this study were:

1. Self-efficacy for strategic learning in physics: Self-
efficacy is task and context dependent [50]. We
administered the self-efficacy for strategic learning
in physics scale, which was adapted from the same
scale studied in the context of an undergraduate
biology course [45]. The scale included 11 self-report
items that examine students’ higher- and lower-level

strategic learning. Students rated their perceived self-
efficacy on a 100-point scale for each item, binned
into ten-point intervals, and scored from 1 to 11.
Cronbach’s α was 0.84 for higher-level strategic
learning and 0.93 for lower-level strategic learning
for the presurvey and was 0.86 for higher-level
strategic processing and 0.95 for lower-level strategic
learning for the postsurvey.

2. Metacognitive awareness: We used the shortened
Metacognitive Awareness Inventory (MAI) to mea-
sure students’ metacognition [51,52]. The shortened
version included 19 items describing knowledge of
cognition and regulation of cognition. Students
responded to the items on five-point Likert scales
from 1 (Never) to 5 (Always). The overall Cron-
bach’s α was 0.88 for the presurvey and was 0.91 for
the postsurvey.

3. Final exam scores: Students took the same final
exam in both study conditions. The exam was not
returned to students at the end of the semester. The
final exam consisted of 27 multiple-choice ques-
tions, each worth 1 point, and the final exam score
was out of 25. The maximum score possible was
27=25 (or 108%).

4. Postlecture quizzes with or without SRL prompt:
This is the average score for the post-lecture quizzes
(worth 2% of the course grade in both conditions).

Table II reports descriptive statistics for the matched
dataset. A total of 11 students were excluded from analyses
because they were returning students who participated in
both semesters. Students demonstrated high engagement
with the postlecture quizzes, with median completion rates
of 98% and 96% in the business-as-usual and intervention
conditions, respectively.
All analyses were performed using R Statistical Software

v4.4.1 [53] with the statistical packages LME4 [54], AFEX
[55], and EMMEANS [56]. The analysis was also reproduced
using SPSS v29.0 [57]. The data that support the findings
of this article are openly available [58]. The full instruments
are provided in the Appendix.

D. Qualitative phase

In the qualitative phase, we conducted a semistructured
interview on Zoom with the instructor, facilitated by two
interviewers. The transcript was analyzed using grounded
theory [59,60] and independently coded by two of the
authors using constant comparative methods followed by
focused coding.
Coders then met to reconcile their codes and generate a

summary. This phase occurred after quantitative analyses
were completed, allowing us to integrate interview findings
with survey results in line with our explanatory sequential
design.
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IV. RESULTS

A. Intervention content analysis: Alignment
of prompts with the StSRL framework

We remind the reader that the prompts were designed by
the instructor following a brief training in the framework.
To assess the quality and theoretical alignment of the
intervention, we coded all 21 prompts according to the
StSRL framework and rated their quality. Each prompt was
assigned a primary StSRL category, and in some cases a
secondary category, reflecting the strategy emphasized.
Prompts were also rated on a three-tier scale of quality
(low, medium, high).
The analysis showed that most prompts targeted content

(n ¼ 9) or management strategies (n ¼ 7), with smaller
numbers coded as metacognitive (n ¼ 4) or motivational
(n ¼ 1), and none coded as cognitive learning strategy. In
terms of quality, the majority of prompts were rated as
medium quality (n ¼ 13), while four prompts were rated as
high quality and four prompts as low quality.
Table III presents four sample prompts to illustrate the

range of formats and StSRL categories used in the inter-
vention. A complete list of all 21 prompts, with coding and
quality ratings, is provided in Supplemental Material [61].
These findings suggest that the intervention prompts

could be mapped to the StSRL framework, but overall
alignment was limited. The majority emphasized content
and management strategies, with very few targeting meta-
cognition or motivation, and none addressing cognitive
learning strategies. In our team discussions, we agreed that
while these prompts were generally aligned with the StSRL
framework, many could have been refined with small

adjustments to more directly target self-regulated learning
processes.

B. Research questions

Research question 1: Do students who received the
SRL prompts have higher self-efficacy for higher- and
lower-level strategic learning and metacognitive awareness
than those who do not receive the prompts while control-
ling for GPA?
For research question 1, we were interested in examining

the main and interaction effects of the SRL intervention and
time on three outcome variables: students’ self-efficacy for
higher- and lower-level strategic learning and metacogni-
tive awareness while controlling for GPA.
Repeated-measures analysis of covariance (ANCOVA)

was conducted to examine the effect of condition (interven-
tion vs business-as-usual) and time (pretest vs post-test) on
the three SRL outcome variables, while controlling for GPA.
The model included time as a within-subjects factor, con-
dition as a between-subjects factor, and GPA as a covariate.
Student ID was modeled as a random effect to account for
repeated measures. To control for type I error across the three
ANCOVAs, we applied a Bonferroni correction, yielding an
adjusted significance threshold of p < 0.017.
Since our primary interest was in the impact of the

intervention embedded in the postlecture quizzes, we
excluded students with very low participation in these
quizzes across both conditions. Specifically, we removed
students whose overall postlecture quiz scores were more
than three standard deviations below the mean (approx-
imately 70% in both conditions). This procedure resulted

TABLE II. Descriptive statistics. Note. SD, standard deviation; LSL, lower-level strategic learning; HSL, higher-level strategic
learning.

Variable Min Max Mean (SD) Med

Spring 2023 Business-as-usual condition Self-efficacy for LSL pre 8 66 44.9 (11.7) 47
Self-efficacy for HSL pre 13 55 37.6 (9.0) 39
Self-efficacy for LSL post 6 66 45.6 (12.0) 47
Self-efficacy for HSL post 5 55 38.3 (9.8) 40
Metacognitive awareness pre 37 94 70.5 (10) 71
Metacognitive awareness post 22 95 70.2 (11.5) 70
Postlecture quizzes 67 100 95.8 (6.0) 98
GPA 2.1 3.99 3.57 (0.32) 3.6
Final exam scores 28 108 70.1 (19.1) 72

Spring 2024 intervention condition Self-efficacy for LSL pre 12 66 45.0 (11.1) 46
Self-efficacy for HSL pre 10 55 37.9 (9.2) 39
Self-efficacy for LSL post 6 66 46.1 (10.4) 48
Self-efficacy for HSL post 5 55 39.5 (8.6) 41
Metacognitive awareness pre 39 95 69.8 (10.1) 69
Metacognitive awareness post 37 95 70.4 (10.5) 71
Postlecture quizzes with SRL prompts 71 100 94.3 (6.6) 97
GPA 2.1 3.99 3.59 (0.35) 3.7
Final exam scores 20 104 75.1 (18.9) 80
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in the exclusion of nine students. In addition, because
GPA data were self-reported, some cases were missing; 60
students were excluded from analyses involving GPA for
this reason, with roughly equal exclusion in both con-
ditions. See Ref. [62] as support for the properties of
students’ self-reported GPA.
Results for self-efficacy for higher-level strategic learning

indicated a significant main effect of GPA, Fð1; 337Þ ¼
25.01, p < 0.001, such that students with higher GPA
reported higher self-efficacy. No significant main effects
were found for condition, Fð1; 337Þ ¼ 0.43, p ¼ 0.513, or
time, Fð1; 337Þ ¼ 3.28, p ¼ 0.071. In addition, neither the
condition × time interaction, Fð1; 337Þ ¼ 1.06, p ¼ 0.303,
nor the GPA × Time interaction, Fð1; 337Þ ¼ 4.19,
p ¼ 0.041, was significant under the Bonferroni-adjusted
threshold of 0.017. Thus, higher-level self-efficacy appeared
to be strongly associated with GPA but was not significantly
influenced by the intervention or changes over time.
For self-efficacy for lower-level strategic learning, there

was again a significant main effect of GPA, Fð1; 338Þ ¼
10.64, p ¼ 0.001. In addition, there was a significant main

effect of time, Fð1; 338Þ ¼ 5.17, p ¼ 0.024, and a signifi-
cant GPA × Time interaction,Fð1;338Þ¼ 5:91, p ¼ 0.016.
These findings suggest that students’ lower-level strategic
self-efficacy increased over time and that this change was
moderated by GPA, with higher-GPA students showing
greater gains.
For metacognitive awareness, only the main effect of

GPA was significant, Fð1; 337Þ ¼ 13.75, p < 0.001. This
indicates that students with higher GPAs also reported
greater metacognitive awareness, but neither time nor the
intervention condition had a significant effect.
Assumptions of ANCOVAwere evaluated for all models.

Visual inspection of Q-Q plots and histograms indicated that
residuals were approximately normally distributed. Although
Shapiro-Wilk tests were significant, this is not unexpected
given the large sample size, and ANCOVA is robust to minor
deviations from normality. Tests of homogeneity of variance
(Levene’s and Bartlett’s) were nonsignificant across models,
supporting the assumption of equal variances.
Research question 2: Do students in the intervention

condition tend to perform better on the final exam than

TABLE III. Example of prompts with type, primary/secondary matching StSRL categories and quality rating.

SRL prompt examples Type
StSRL category primary

and secondary Quality and comments

1. What are your goals for this semester?
Please list at least 3. (A grade can be one
of them but think bigger and broader than
just a grade.)

Essay Motivation High

2. How do you see this course fitting into
your professional goals? (besides a
program requirement, if it is one)

Good early prompt to target
students’ engagement

Health Promotion and Wellness offers a
variety of programs for stress reduction
and wellness. I encourage you to visit their
site at XX. On Date XX their “Flourish
Fair” described as “a fun, interactive
opportunity for students to take a break
and learn about mindfulness, stress
management and sleep” will be held in:

Multiple-choice Management Med
Remind students of resources for
mental health. Would be
enhanced by connecting more
directly to the course itself

You are presented with a diagram showing
lines circling around a point charge, and
two points are marked. You are asked to
determine the direction of the electric field
at those two points and to compare the
strength of the E field at those two points.
What Unit 3 Objective does this problem
best relate to? (Hint: go back to the Unit 3
page to review)

Numerical Content, management Med
Good content and management
question (find the objective).
Would be enhanced with
information on what to do next

What review resources are there for help
preparing for MT2? (Select all that apply.)

Multiple select Management Low
Management of finding resources.
Would be enhanced with tips to
students on how to use the
resources.
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students in the business-as-usual condition while holding
their self-efficacy for higher- and lower-level strategic
learning, metacognitive awareness presurvey scores, and
GPA constant?
Regarding the second research question, we examined

whether students’ final exam performance was predicted by
the intervention condition while controlling for GPA and
presurvey scores of self-efficacy for higher- and lower-level
strategic learning and metacognitive awareness. These
control variables were included to account for individual
differences that might influence how students responded to
the intervention [63]. By holding these factors constant, we
were able to better isolate the unique effect of the
intervention on final exam performance.
A hierarchical multiple regression model including

GPA, self-efficacy for strategic learning (higher- and
lower-level), metacognitive awareness, and study condition
was statistically significant, Fð5; 333Þ ¼ 45.09, p < 0.001,
adjusted R2 ¼ 0.40. Among the predictors, GPA was the
strongest positive predictor of final exam performance
(p < 0.001). Importantly, study condition also emerged as
a significant predictor (B ¼ 3.93, SE ¼ 1.62, β ¼ 0.10,
p ¼ 0.016), such that students who received the SRL
prompts scored approximately 4% higher on the final exam
compared to students in thebusiness-as-usual condition. This
represents a small effect size (Cohen’s d ≈ 0.27).

See Table IV for the regression model summary and Fig. 1
for a visualization of exam performance across conditions.
Research question 3: What is the social validity of the

intervention according to the instructor, and how does it
relate to the quantitative findings?
To assess the social validity of the intervention, we

conducted a semistructured interview with the course
instructor to understand their experience implementing
the SRL prompts, their perceptions of prompt effectiveness,
and the feasibility of sustaining such interventions in future
courses. We identified five themes in our analysis: imple-
mentation, prompt design, knowledge of SRL, instructor
perceived impact, and instructor training. Figure 2 includes
sample quotes.
Implementation: The instructor reported a few technical

challenges in implementing the SRL intervention. Initially,
they provided individualized feedback on students’ open-
ended responses, but soon realized that students rarely viewed
these comments. Additionally, responding individually
became too time consuming. As a result, they transitioned
to using multiple-choice, numerical, or multiple-select ques-
tions to streamline the grading of the prompts; see Fig. 2(a).
We also note that this is where they transitioned to prompts
that were more content and management oriented (see, for
example, prompts 5–10 in Supplemental Material [61]).
Prompts design: Regarding the intended purpose of the

prompts, the instructor saw them as serving multiple func-
tions: activating prior knowledge, providing motivation, and
reminding students about available resources. Perhaps most
notably, they felt that the intervention helped to humanize the
course, fostering a sense of connection between the instructor
and students despite the large class size.
Knowledge of SRL: The instructor had a good under-

standing of self-regulated learning (SRL) and already
structured the course around principles of distributed
practice [see Fig. 2(c)]. As part of the interview, we
presented the instructor with a list of learning strategies.
They noted that organizational strategies seemed less useful
for their students, whereas rehearsal-based strategies, peer
learning, and elaboration aligned better with their instruc-
tional approach.

FIG. 1. Mean final exam score between the business-as-usual
condition and intervention condition.

TABLE IV. Hierarchical multiple linear regression with final exam as dependent variable. Note. Fð5; 333Þ ¼ 45.09, adjusted
R2 ¼ 0.395, p < 0.001. B, β: Unstandardized, and standardized regression coefficients, SE: Standard error.

Step and predictor variable B SEB β p

Step 1:
Self-efficacy for higher-level strategic learning presurvey −0.066 0.159 −0.032 0.678
Self-efficacy for lower-level strategic learning presurvey 0.163 0.124 0.097 0.193
Metacognitive awareness presurvey −0.153 0.089 −0.080 0.086
GPA 36.206 2.529 0.631 < 0.001

Step 2:
Study condition 3.925 1.623 0.102 0.016
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Instructor perceived impact: In terms of perceived
impact, the instructor was uncertain whether the prompts
had any measurable effect on student performance. They
initially hoped to see improvements on exams but did not
observe clear evidence of such gains. When asked whether
reminders about office hours led to increased attendance,
they responded that they did not notice any difference.While
they were unsure about the overall effectiveness of the
intervention, they emphasized that the most meaningful
impact was in creating a sense of instructor-student inter-
action, reinforcing their perception that humanization was
the intervention’s greatest strength. The instructor particu-
larly liked the first prompt, which asked students about their
academic goals, but expressed less enthusiasm for others,
such as the prompt asking students to predict their grades on a
midterm exam. They indicated a preference for open-ended
responses but acknowledged that grading and responding to
such answers at scale would require improved technological
support [see Figs. 2(b) and 2(d)].
Instructor training: Finally, the instructor received only

minimal training on the intervention and largely relied on
their own intuition when creating the prompts. While they
initially downplayed the need for additional training, they
later acknowledged that having a structured framework or
comparisons of effective prompt-design strategies might
have been beneficial. They expressed openness to refining
the approach in the future, particularly if improvements in
technology could better support student-instructor inter-
actions [see Fig. 2(e)].

V. DISCUSSION AND LIMITATIONS

By comparing a business-as-usual condition with an
intervention condition, this study examined whether
embedding prompts aligned with an empirically driven

StSRL framework influenced students’ self-regulated learn-
ing constructs and learning outcomes. Overall, the inter-
vention did not significantly impact students’ self-efficacy
for strategic learning (higher- or lower-level) or their
metacognitive awareness. The only significant quantitative
effect was an increase in the final exam for the students in
the intervention condition. We remind the reader that the
final exam was exactly the same in both study conditions.
However, this finding should be interpreted cautiously
given the presence of potential confounding factors and
the small effect size.

A. Integration of quantitative and qualitative findings

The integration of our quantitative and qualitative find-
ings provides a more nuanced understanding of the impact
of the intervention. The quantitative analysis showed no
measurable impact of the intervention on SRL constructs.
A key insight from the qualitative findings is that the
intervention was constrained by limited instructor training
and implementation hurdles. Due to the large size of the
class and the technological limits of the learning manage-
ment system, the instructor shifted away from open-ended
responses to multiple-choice and numerical formats.
Additionally, the instructor reported that more training
and examples could have been useful, as they mostly
relied on their own intuition when creating the prompts.
Our coding analysis confirmed that the prompts were
disproportionately focused on content and management
strategies, with fewer targeting metacognition, motivation,
and cognitive learning strategy. While these prompt types
were broadly aligned with the StSRL framework, many
could have been improved with small adjustments to more
directly support planning, monitoring, and reflection—core
processes of self-regulated learning. This helps explain
why we observed limited effects on SRL measures: the

(a) “If I asked anything open-ended to grade. It meant I'm giving up a full workday to grade all those. After 
doing that a few times, I'm like, alright, I gotta do some of these that are multiple choice that are still 
nudging them towards a resource or something.”

(b) “And the 1st one [prompt]  I really liked a lot, because I simply asked them goals for the course or con-
cerns they have, and some people had some really good ones. I ended up writing a lot of responses”

(c) “The course is 6 units, and for each 2 units. There's an exam […] and so before each exam, there are 2 
quizzes at the testing center. […]  it is essentially a way of having them take a proctored exam before the 
exam. To give them a real sense of how prepared they are”.

(d) “ did I think anything radically change or significantly change over the course of the semester? I don't 
think I would really be able to tell. I guess I was sort of hoping that maybe exam scores would go up or 
something like that. I'm not sure that they did, but that may not be the best measure.”

(e) “I'd be happy to get feedback on the questions I use, or see more examples of other people using, because, 
I don't claim there's anything particularly great about the questions that I did. […]  the problem is that 
you had [provided] some good [example prompts] questions, but they just sort of didn't work for my class 
for various reasons. Just because they're different audiences, but it would be, interesting to see what other 
people have done and just get ideas.”

FIG. 2. Sample quotes.
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intervention may not have consistently targeted the con-
structs it was designed to enhance.
Another important factor in interpreting the results is the

preexisting instructional design of the course. The course
was designed around principles of distributed practice and
peer learning, which are known to promote SRL. Given
this, our intervention functioned more as a small perturba-
tion within an already well-structured learning environment
rather than a major instructional shift. Yet, despite this, the
intervention still had a measurable impact on the final exam
and on the instructor’s perceptions.

B. Limitations

Several limitations should be consideredwhen interpreting
these findings. First, although the course structure remained
largely consistent across semesters, the instructor also intro-
duced a lecture participation grade in the intervention
semester. While this grade was not directly tied to exam
outcomes, it may have influenced student engagement and
therefore contributed indirectly to performance differences
between conditions.We treat this as a confounding factor that
limits the strength of causal claims about the effect of the
prompts on final exam performance. However, it is important
to note that the study sample consisted of students who
already demonstrated very high participation rates in the
course overall, as seen in the postlecture quiz scores. For this
highly engaged subset of students, the added lecture partici-
pation grade likely had less impact, reducing the concern that
it drove the observed differences.
Second, although the same instructor taught both semes-

ters, differences in teaching assistants or in instructor
engagement between semesters could have influenced
student outcomes.
Third, our analysis included students who completed both

the presurvey and postsurvey, likely capturing the most
motivated studentswho consistently engagedwith the course
in both conditions. While this approach strengthens the
internal validity of our study, it introduces another limitation:
our findings do not generalize to all enrolled students.
However, we argue that this selection criterion is necessary
for the analysis to be meaningful. It also helps mitigate the
impact of grading lecture participation, as these students
were more likely to attend lectures in both conditions.
Finally, while we did not directly control for students’

prior physics knowledge, we did include self-reported GPA
as a covariate, which likely captured a substantial portion of
the variance associated with prior academic preparation.
Given the stability of the student population across semes-
ters in this course, differences in prior physics knowledge
are therefore unlikely to account for the observed effects.

C. Final thoughts

While possible confounding factors and the lack of
significant improvement in students’ self-regulated learning
outcomes limit the strength of the findings, the study

remains informative. Although the instructor implemented
the intervention with limited training and some misalign-
ment between the prompts and the intended SRL con-
structs, the approach was still feasible to deploy in a large-
enrollment course. The instructor ultimately developed 21
prompts, of which 4 were rated as high-quality and well
aligned with the StSRL framework, while others demon-
strated partial or moderate alignment. Even with this
uneven quality, the intervention produced a modest but
statistically significant gain in final exam performance and
was perceived by the instructor as humanizing the course.
Importantly, in follow-up discussions, we learned that

the instructor has continued to use and refine these prompts
in subsequent semesters. They reported having resolved
some initial implementation challenges, such as the grading
of open-ended responses. This continued use highlights the
intervention’s practicality and durability over time.
Future implementations should focus on helping instruc-

tors design prompts that move beyond content reinforce-
ment and logistical reminders toward fostering planning,
monitoring, and reflection. Even small adjustments in
wording—for example, asking students how they will
approach learning a concept rather than what the concept
is—could strengthen alignment with the StSRL framework.
Additional training, technological support, and examples of
high-quality prompts may be necessary to achieve larger
and more consistent effects on students’ self-regulated
learning.
Future research could explore how prompts like the ones

used in this study might be paired with more targeted
interventions focused on specific components of self-
regulated learning. For example, Gjerde and collaborators
have conducted extensive work on supporting students in
using various learning strategies such as retrieval practice
[64–66]. It is possible that the effectiveness and perceived
value of these strategies could be enhanced when combined
with prompts that explicitly support those strategies and
other phases of the SRL cycle. Future research may also
target students’ perceptions and value of the prompts as
tools for their academic success. In related research with
biology students, two thirds of students using the inter-
vention reported that it was helpful to their success in the
course [67]. Further, students in previous sections of
physics have noted the value of the prompts when com-
pleting their course evaluations. Students’ feedback would
also benefit instructor training and implementation.

VI. CONCLUSIONS

A substantial body of research demonstrates the impor-
tance of supporting students’ self-regulated learning (SRL).
The central challenge is not whether SRL support is
beneficial, but how instructors can feasibly embed such
support within authentic instructional settings, especially in
large-enrollment courses.
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This study contributes to the field by examining a
deliberately lightweight SRL intervention grounded in
the Success through Self-Regulated Learning (StSRL)
framework. The intervention was designed to be concep-
tually accessible to instructors, require minimal training,
and integrate into existing course structures. Although no
statistically significant changes were observed in students’
self-efficacy or metacognitive awareness, the intervention
was associated with a statistically significant improvement
in final exam performance. Given the small effect size and
the presence of potential confounding variables, these
findings should be interpreted cautiously. Nonetheless,
they suggest that even minimal, embedded SRL supports
may have measurable effects on learning outcomes.
The results also highlight important implementation

considerations. Partial misalignment between the prompts
and the StSRL framework points to the potential value of
increased instructor training and reduced technological
constraints. More broadly, supporting SRL extends beyond
any single course: helping students develop self-regulatory
skills can contribute to transferable learning practices that
benefit them across subsequent science courses and beyond
their university studies.
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APPENDIX: INSTRUMENTS

Physics self-efficacy inventory
This scale was adapted from the Self-Efficacy for

Strategic Learning in Biology Scales (SESLBS) [45].
Items 1 and 2 are outcome expectancies for the class.

Items 3–7 were identified in [45] to be in the Higher-
level Strategic Learning category, while items 8–13 are in
the Lower-level Strategic Learning category.

Item instructions: Please rate your confidence for the
following questions from 0% confident to 100% confident.
How confident are you that, right now, you …

Anchors: 0% Cannot do at all to 100% Highly certain
can do.

Items:
1. … will be successful in your current physics course?
2. …will be successful in an advanced physics course?
3. … could analyze a set of data (i.e., look at the

relationships between variables)?
4. … could tutor another student for your current

general physics course?
5. … could ask a meaningful question that could be

answered experimentally?
6. … could explain something that you learned in your

current physics course to a non-science person?
7. … you could use a scientific approach to solve a

problem at home?
8. … after reading an article about a physics experi-

ment, you could write a summary of its main points?
9. … after reading an article about a physics experi-

ment, you could explain its main ideas to another
person?

10. … after watching a television documentary dealing
with some aspect of physics you could write a
summary of its main points?

11. … after watching a television documentary dealing
with some aspect of physics, you could explain its
main ideas to another person?

12. … after listening to a public lecture regarding some
physics topic, you could write a summary of its main
points?

13. … after listening to a public lecture regarding some
physics topic, you could explain its main ideas to
another person?

Metacognitive awareness inventory
We use a shortened version of the Metacognitive

Awareness Inventory (MAI) [51,52]. Item 1–8 fall into the
knowledge of cognition category, while items 9–19 measure
regulation of cognition.

Item instructions: Think about the current course in
which you are enrolled that invited you to take this survey,
or related courses you have taken in the past, as you rate
these items.

Please indicate how typical of you each item is.
Anchors: 1 = Not at all typical of me to 5 = Very typical

of me.
Items:
1. I know what kind of information is most important

to learn.
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2. I know what the teacher expects me to learn.
3. I have control over how well I learn.
4. I can motivate myself to learn when I need to.
5. I am aware of what strategies I use when I study.
6. I am a good judge of how well I understand

something.
7. I find myself using helpful learning strategies

automatically.
8. I know when each strategy I use will be most

effective.
9. I think about what I really need to learn before I

begin a task.
10. I set specific goals before I begin a task.
11. I try to translate new information into my own words.

12. I use the organizational structure of the text to help
me learn.

13. I ask myself if what I’m reading is related to what I
already know.

14. I periodically review to help me understand impor-
tant relationships.

15. I summarize what I’ve learned after I finish.
16. I ask myself if I learned as much as I could have once

I finish a task.
17. I change strategies when I fail to understand.
18. I reevaluate my assumptions when I get confused.
19. I stop and go back over the new information that is

not clear.
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