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ARTICLE INFO ABSTRACT
Keywords: Achievement motivation plays a crucial role in shaping college students’ academic success and
Self-determination Theory future prospects. This study developed and evaluated a self-determination theory (SDT)-based

Achievement motivation
Intervention

First-year college students
Autonomous motivation

online intervention designed to enhance first-year college students’ optimal types of achievement
motivation (i.e., autonomous motivation). The research was conducted in two phases: a pilot
study (Study 1) to test the initial intervention and a full-scale randomized controlled trial (Study
2) to assess its effectiveness. In Study 1, 128 students participated in the intervention, and
feedback from students and educators was used to refine the program. Study 2 implemented the
improved intervention with 125 first-year college students in an experimental group, while 199
students served as a control group. We examined whether the intervention increased students’
identified regulation, integrated regulation, and intrinsic motivation. Path analysis and ANOVA
revealed significant increases in all three types of autonomous motivation for students in the
experimental group compared to the control group. Although academic performance (final exam
scores) was also measured, no significant differences were found between the groups. Addition-
ally, qualitative responses indicated greater self-awareness of motivation, improved future
planning, and reduced anxiety among students who received the intervention. These findings
suggest that SDT-based interventions can effectively foster autonomous motivation and provide a
framework for designing future motivational interventions in higher education.

1. Introduction

Motivation refers to the drive that fuels our actions, while achievement motivation specifically relates to the drive to perform in
situations where standards of excellence are applied (Eccles et al., 1998). First-year college students face numerous challenges,
including academic transitions, social and emotional adjustments, and financial pressures (Chemers et al., 2001; Kantanis, 2000;
Zhang, 2021). These challenges frequently lead to a decline in achievement motivation (Haynes et al., 2006; Kowalski, 2007). Yet,
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sustaining achievement motivation is critical, as it significantly influences academic performance (Alhadabi & Karpiniski, 2020;
Friedman & Mandel, 2011), retention (Demetriou & Schmitz-Sciborski, 2011), student engagement (Zepke & Leach, 2010), career
planning (Clements & Kamau, 2018), and mitigating academic dishonesty (Anderman & Koenka, 2017). Given this context, there is an
increasing need for interventions to bolster the motivation of first-year college students.

This study is grounded in self-determination theory (SDT), a framework well-suited for understanding student motivation dynamics
(Deci & Ryan, 2000). SDT is rooted in the organismic perspective, and it has been widely applied to achievement settings. Although
SDT extends beyond traditional achievement motivation theories, its insights into intrinsic and extrinsic motivation make it a relevant
framework within this domain. Intrinsic motivation, where students find learning enjoyable and interesting (Black & Deci, 2000), is
the most self-determined form of motivation. However, fostering intrinsic motivation in first-year college students is challenging due to
the internal and external pressures they face (Girelli et al., 2018). Organismic Integration Theory (OIT), a key mini-theory within SDT,
provides insights into addressing this challenge (Pelletier & Rocchi, 2023)

OIT conceptualizes motivation as a continuum, ranging from controlled to autonomous forms (Table 1; Ryan & Deci, 2020).
Understanding this continuum is essential for designing interventions that promote optimal types of motivation. Autonomous extrinsic
motivation includes identified regulation, where individuals recognize the value of an activity, and integrated regulation, where external
motivations align with personal values, allowing engagement without internal conflict. Unlike intrinsic motivation, autonomous
extrinsic motivation is driven by value rather than enjoyment (Filgona et al., 2020). In contrast, controlled motivation consists of
external regulation, driven by rewards or punishments, and introjected regulation, which involves behavior motivated by ego (intro-
jected-ego) or guilt avoidance (introjected-guilt; Wang & Wind, 2020b). Collectively, identified regulation, integrated regulation, and
intrinsic motivation form autonomous motivation, while external and introjected regulation constitute controlled motivation. While
students may experience multiple motivation types simultaneously, interventions should focus on shifting controlled motivation to-
ward more autonomous forms to support long-term academic success (Sobral, 2004; Soom & Donche, 2014).

Given the importance of fostering autonomous motivation, various interventions have been developed to enhance college students’
autonomous motivation through classroom discussions (Butz & Stupnisky, 2017), medical bedside teaching (Moll-Khosrawi et al.,
2021), satisfying students’ basic psychological needs (i.e., autonomy, competence, and relatedness; e.g, Behzadnia & FatahModares,
2023, Niemiec & Munoz, 2019, van den Boogaard et al., 2024), and counseling services (Law & Liu, 2021). Recent research continues
to explore effective ways of fostering need-supportive learning environments in online settings. For example, Paap et al. (2025)
conducted a web-based need-supportive intervention for physical education teachers, demonstrating significant positive effects on
students’ perceived autonomy, competence, and relatedness satisfaction. This study underscores the potential of digital interventions
in promoting students’ autonomy and engagement.

While considerable progress has been made in designing and implementing SDT-based interventions, two key limitations remain.
First, the majority of research on SDT interventions has been concentrated at the K-12 level, with fewer studies focusing on higher
education (Wang et al., 2024). Given that university students face distinct challenges related to autonomy and motivation, this lack of
targeted interventions represents a gap in the literature (Butz & Stupnisky, 2017). Second, most SDT-based interventions are designed
to improve student motivation indirectly by training teachers or manipulating external factors, rather than addressing students’ in-
ternal needs and mindset directly. While these interventions have shown promise, they rely heavily on teachers’ willingness and ability
to implement autonomy-supportive practices effectively, which may vary widely across educational contexts (Hospel & Galand, 2016).
This focus on teachers limits the potential reach of SDT interventions by overlooking the direct role that students themselves can play
in developing their motivation and autonomy.

Notably, Patall et al. (2022) introduced a student-centered intervention involving SDT, demonstrating that fostering an agentic
mindset at the start of the semester led to higher engagement, need satisfaction, personal interest, and retention in the field. This
suggests that directly involving students in SDT-based interventions can be a powerful strategy. However, such student-focused in-
terventions remain scarce.

Table 1
Motivation and Regulation Styles.

Extrinsic Motivation

Motivation g
I I Intrinsic
Controlled Motivation Autonomous Motivation .
Motivation
Regulation External Introjected-Ego Introjected- Identified . .
su . J . 8 . J . . Integrated Regulation Not Applicable
Styles Regulation Regulation Guilt Regulation Regulation
e Personal
I
o External rewards . P ortance o Congruence o Interest
N . e ego-involvement . e Conscious X .
Motivational or punishment o Guilt X . o Synthesis and e Enjoyment
. o focus on approval valuing activity .
force e Compliance e Shame consistency of e Inherent
from self and others e Self- . PR . .
e Reactance identifications satisfaction
endorsement of
goals

Note. Adopted and adjusted according to Ryan & Deci, 2020; Wang & Wind, 2020b.
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2. The current intervention

To address these limitations, this study develops and tests an online student-centered SDT-based intervention designed to enhance first-
year college students’ autonomous motivation. To ensure the effectiveness of our intervention, we carefully followed several Social-
Psychological Intervention (SPI) principles, as outlined in prior research (i.e., understanding students’ needs, conceal intervention
intention, and at educational transitions; Walton, 2014; Cohen et al., 2009; Yeager & Walton, 2011). Additionally, the intervention
video was designed to align with SDT principles, ensuring that it satisfies students’ three basic psychological needs of autonomy,
competence, and relatedness (Deci & Ryan, 2008; Niemiec & Ryan, 2009; Reeve, 2009).

Our research question is whether this intervention could effectively shift first-year college students’ motivation toward more
autonomous forms and ultimately enhance their academic performance. To address this research question, we employed a randomized
controlled trial (RCT) design, randomly assigning first-year college students to either an experimental group, which received the
intervention, or a control group, which did not. This approach allows us to examine causal relationships between the intervention and
shifts in students’ motivational orientations and academic outcomes while controlling for potential confounding variables and
ensuring internal validity.

Based on SDT, we hypothesize that students in the experimental group will exhibit a significant increase in autonomous motivation
types, while displaying a decrease in controlled motivation types. Furthermore, we anticipate that these motivational shifts will
correlate with enhanced academic performance, as evidenced by higher exam averages for students in the experimental group
compared to those in the control group. This study thus makes a meaningful contribution to SDT-based intervention research,
demonstrating how directly targeting students’ internal thinking process can foster autonomous motivation and positively impact
academic outcomes in first-year college students.

We conducted two phases of research. In Study 1, we implemented a pilot study to assess the feasibility and initial impact of the
intervention with a smaller sample of first-year college students, allowing us to refine both the intervention content and research
procedures. Insights from Study 1 informed the development of Study 2, our full-scale, randomized controlled trial, designed to
rigorously test the intervention’s effectiveness on a broader scale. Together, these studies provide a comprehensive examination of
how SDT-based interventions can enhance students’ autonomous motivation and academic outcomes. The following sections detail the
design, methodology, and findings of each study.

3. Study 1

In Study 1, we aimed to test a newly developed SDT-based intervention to determine whether it effectively improved students’
achievement motivation. The main purpose of the intervention was to help students understand why some types of motivation can lead
to negative effects and help them adopt a healthier form of motivation. Moreover, we hope the intervention could help them un-
derstand their own motivation better, and ultimately decrease their external and introjected motivation, and increase their identified
and integrated motivation. We recruited 144 first-year college students from Finance majors at a university in northeastern China.
Sixteen students did not complete the entire intervention (missing rate = 11.1 %). Therefore, the final sample consisted of 128 students
who had completed the pretest, the intervention session, and the posttest. 22.6 % of participants were men. The average age of the
participants was 19.6 (SD = 1.67) years old.

3.1. Procedure

The intervention was designed according to the social-psychological intervention design rules discussed above. The 40-minute
intervention session consisted of four parts: the pre-video ordering activity, video, discussion, and post-video ordering activity. The
instructor started her online teaching session via DingTalk (online meeting software similar to Zoom) and said they were doing
something different that day. We did not disclose the purpose of the intervention to the participants (Yeager & Walton, 2011). Instead,
the participants were told they were helping the university develop a new program for freshmen. The instructor first sent out the
pre-video ordering activity (See Appendix B) link and gave students 10 minutes to finish the activity. Such activity proved to promote
the intervention’s effectiveness, as it asked students’ perspectives but did not directly push them to think in a certain way (Hulleman &
Harackiewicz, 2009).

After students confirmed they had finished the activity, the teacher played a 7-minute psychoeducation video about SDT (specified
below). The video is warm and welcoming, instead of simply pushing ideas on students. Following the video presentation, students
were asked to talk about the video freely, and after a short discussion, the instructor picked five students to share their thoughts. After
students finished sharing, the instructor sent out the post-video activity for students to complete which had the same questions as the
pre-video activity, except two open-ended questions that asked about students’ feelings towards and suggestions for this newly
developed program for freshmen. The pre and post video activities were designed to engage students only, so the ordering activities
data were not analyzed. Only the two open-ended questions were analyzed. The post-video activity took students about 15 minutes.
The intervention session ended after students completed the post-video activity.

3.2. The psychoeducation video

The development of the 7-minute psychoeducation video followed a structured, theory-informed process to ensure alignment with
Self-Determination Theory (SDT) and to rigorously support students’ psychological needs for autonomy, competence, and relatedness.
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The first and fifth authors, as the design team, both experts in motivation, led the design process and were supported by five graduate
students, who contributed through interviews that provided real-world perspectives on different motivational types. This methodo-
logical process was inspired by multimedia learning design principles and qualitative methods used in intervention research, where
iterative feedback and real-world examples enhance the intervention’s relatability and effectiveness (Mayer, 2014; Hulleman &
Harackiewicz, 2009).

The design process consisted of multiple stages. Initially, the first and fifth authors collaborated in conceptual alignment sessions
to determine key SDT principles—specifically different types of motivation and three basic psychological needs—that would guide the
video content. They established an outline that included essential motivational concepts (e.g., types of motivation, intrinsic moti-
vation’s role in well-being) and structured the video to facilitate open, reflective engagement with these ideas.

In the content development phase, the authors drafted a script that included an expert’s explanation of extrinsic and intrinsic
motivations, along with their impacts on academic performance and well-being. To enrich the video with authentic perspectives, the
authors interviewed five graduate students, all Chinese graduates from U.S. universities who wore masks during recording to maintain
anonymity. These students’ responses were de-identified and integrated into the video to illustrate various motivations, creating a
relatable narrative for viewers. This approach not only enhances relevance and relatability but also supports relatedness by
normalizing diverse motivational experiences among students (Ryan & Deci, 2017). We also include content about how students can
actively seek environments that enhance their autonomous motivation.

The storyboard and feedback phase allowed the design team to map visual and narrative elements, reviewing clarity and
engagement through pilot feedback from other team members (i.e., the second, third, and fourth authors, as well as the five graduate
students we interviewed). Guided by feedback, the design team made adjustments to ensure an autonomy-supportive tone, promoting
open-ended reflection rather than directive statements (Reeve, 2009).

In the production and finalization phase, the first and fifth authors supervised production to ensure the video’s pacing, tone, and
structure supported students’ feelings of competence, with practical strategies that students could implement independently. The
expert explanations were kept concise and were structured to progressively build students’ understanding, supporting competence by
fostering clear and achievable learning goals (Hulleman et al., 2010).

The review and validation phase provided an opportunity to confirm the video’s alignment with SDT. The team conducted a final
evaluation to ensure that the video supported autonomy through non-prescriptive language, competence by providing actionable
insights on managing motivation, and relatedness through relatable peer examples. By including authentic, de-identified interviews
with graduate students, the intervention created a sense of community among participants, grounding theoretical concepts in real
experiences. See Appendix C for the transcript of the intervention video.

3.3. Surveys

We adopted the internalization of learning motivation (ILM) scale (Wang & Wind, 2020b) to measure regulation styles. It is a
7-point Likert scale with 24 items including five subscales that measure different regulation styles with great internal consistency and
reliability (external regulation (¢ =.841), introjected-ego regulation (¢ =.895), introjected-guilt regulation (@ =.864), identified
regulation (@ =.874), integrated regulation (« =.913); see Appendix A for the complete survey). Because the ILM scale’s English and
Chinese versions were already validated in the original survey development study, there was no need to translate the ILM into Chinese.
A careless-checking item (i.e., “For this item, please choose disagree”) was also added to the survey to identify careless responses.

As shown in Fig. 1, we gathered students’ responses months before the intervention as the pretest (S1T1). One month after the
intervention, we administered the ILM scale again to assess the impact of the intervention on students’ motivation (posttest; S1T2).

Timeline of Study 1 and Study 2 Interventions

S1T1 S1 Intervention S1T2 -8~ Study 1
Study 1 | | | -@- Study 2
| j |
! ! !
06/21 10/21 11/21 12/21 05/22 06/22
I ! !
6 ° o ®
! : ? ?
1 I | 1
1 I 1
i i I i
i i I i
1 I | 1
1 I 1
Study 2 ! ! | !
S2T1 S2T2 S2T3 S2T4

S2 Intervention

Fig. 1. Study Timeline. Note. All time points are presented in the format Month/Year (e.g., 06/21 represents June 2021). S1 refers to Study 1, and S2 refers
to Study 2. T1, T2, T3, and T4 indicate Time Points 1, 2, 3, and 4, respectively.
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3.4. Data analysis

We took a convergent parallel mixed-method design, in which the qualitative and quantitative data were collected simultaneously,
analyzed separately, and then merged to draw conclusions (Creswell & Clark, 2018). For the quantitative data, we first calculated
Pearson correlations among motivation subscales as a preliminary analysis. Then, we conducted a path analysis to examine the effects
of time (O: pretest; 1: posttest) on the five motivation sum scores. In this analysis, the time variable was treated as a predictor, and each
motivation subscale served as an outcome variable. Path analysis has become a widely used methodological tool for evaluating
intervention programs with a pretest—posttest design in education and psychology (e.g., Alessandri et al., 2017; Russell et al., 1998).
Because we estimated separate regression paths rather than a full structural equation model (SEM) with latent variables and co-
variances, traditional model fit indices (e.g., CFI, TLI, RMSEA) were not applicable. The time variable was dummy coded so that its
effect on each motivation variable represents the change in students’ motivation levels from pretest to posttest. We assessed the
statistical significance of these time effects using the Wald-z test, with a significance threshold of p < .05 (Gonzalez & Griffin, 2001).

In addition to quantitative data, we synthesized the qualitative data we obtained from students through the survey question: “how
do you feel after watching this video?”” and “do you have any suggestions for the program?”. Because students typed their answers into the
survey, their responses did not require transcription. We synthesized the information from these two questions through the thematic
method (Braun & Clake, 2006). The initial coding process commenced with open coding, during which segments of data were assigned
codes based on their significance and relevance to the research objectives. Codes were continually refined, and an evolving codebook
was established to provide structure to the analysis. In addition, the first and fifth authors held meetings regularly to review and refine
the coding process, enhancing the rigor and consistency of the analysis. After the initial coding phase, codes were grouped into
higher-order themes, following a process of comparison and contrast. Themes emerged through discussions among the research team,
with a particular focus on identifying patterns, connections, and relationships within the data. This iterative process led to identifying
key themes and subthemes, which were subsequently reviewed for relevance and validity.

3.5. Results

3.5.1. Preliminary analyses

The results of Pearson correlations among sum scores of motivation subscales at time 1 (labelled as S1T1) and time 2 (labelled as
S1T2) were presented in Appendix D. Consistent with previous studies about motivation (Wang & Wind, 2020b), external regulation
was negatively correlated with two types of autonomously enacted extrinsic motivation (identified regulation: r; = — 0.273,
p< .001,rp, = —0.365,p < .001; integrated regulation: ry =—0.239, p < .001, rp, = — 0.287,p < .001). Identified regulation
was positively correlated with integrated motivation (rn = 0.895, rp, = 0.902). At both time 1 and time 2, introjected ego regulation
had significantly positive associations with introjected guilt regulation (ry = 0.624,p < .001;r, = 0.515,p < .001). Overall, the
results revealed that most motivation variables were moderately correlated with each other except for the pair external regulation and
introjected guilt regulation (r; = — 0.039,p = 0.66;r, = 0.118,p = 0.19), which was not statistically significant. We also
computed the test-retest reliability of each motivation sum score. All motivation had moderate reliability with values from 0.389 to
0.667.

3.5.2. Path analysis results

Table 2 shows the standardized regression coefficients of time effects on sum scores of motivations from the path analysis. As shown
in Table 2, only integrated regulation (InR) had a significantly positive time effect between S1T2 and S1T2 (5 = 0.36, p = 0.008),
which suggested the mean score of integrated regulation increased over time. However, other motivation scores showed non-
significantly positive time effects (fzz = .055,p = .375;8;,z = .097,p = 117;pgg = .070,p = .257;pr = .118,p = .054).

3.5.3. Students’ feedback
For the first question, “how do you feel after watching this video?” we identified three themes among the 128 participants. Thirty
students did not provide valuable information to this question, so we excluded them from the analysis.

Theme 1: change in attitude toward learning
Sixty-three students stated this video changed their attitude toward learning. Some students discussed how this video made them

Table 2

The Effect of Time on Motivation in Study 1.
Subscales B SE z P
External Regulation 0.06 0.06 0.89 0.38
Introjected Ego Regulation 0.10 0.06 1.57 0.12
Introjected Guilt Regulation 0.07 0.06 1.13 0.25
Identified Regulation 0.12 0.06 1.92 0.05
Integrated Regulation 0.16 * * 0.06 2.63 0.01

Note. *: p < .05, * *: p < .01, * **: p <.001; time = 0 (S1T2) or 1 (S1T2); B = Standardized time effect; SE = standard error; z = z-test value.
Significant time effects are boldfaced.
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realize the importance of learning. For example, one student said, “Learning is very important for our life and development, so we cannot
ignore the importance of lifelong learning. Another said, “I realized that there are so many people in our society who play all the time without
learning new things. I think we need to cherish our time and study harder to contribute to society.” Some students said that after watching this
video, they could feel the joy of learning: “I found this video [to be] very meaningful and useful at the same time. It made me realize that
learning would bring me happiness.” Participants also reported the video provided them with a deeper understanding of learning. One
student wrote, “I think learning can make us more resistant towards challenges in our life. We should fall in love with learning, achieve
meaningful knowledge, but not be forced to learn.” Another student mentioned, “I am enlightened by this video in many ways. I regained the
courage to keep learning new things and understand that there are so marny reasons for us to learn. We are changing every day, and we can
motivate ourselves to use different strategies.” In general, after watching this video, students realized the importance of learning, un-
derstood that learning can be joyful, and reflected on why and how people should keep learning.

Theme 2: understanding of motivation

Fifty-four students mentioned that they have a new understanding of motivation. Specifically, some students talked about their new
understanding of intrinsic motivation for learning: “Having intrinsic motivation is important for learning.” “Learning should be driven by
internal forces. We should have a specific goal so we can learn better and be more resistant to external temptations.” Other students discussed
their understanding of extrinsic motivation toward learning: “Learning is for our own good. We do not need to look at others and compare
ourselves to other students.” Above all, the students’ answers demonstrated they understood achievement motivation.

Theme 3: reflection on current emotion status

Surprisingly, students opened up and shared their current emotional status with the research team when answering this question.
Ten students expressed this video helped them process their anxiety, guilt, and pressure. Regarding anxiety, students said: “Everyone
can feel anxious towards learning and academic performance. It is important to change the current mindset and change anxiety into motivation
so I can perform in school.” Regarding guilt, one student said: “When I did not study hard enough, feeling guilty [made] me study harder for a
short [amount] of time, but now I know, for long term, it is not a good strategy. So, the solution is finding a better way to motivate myself, such as
setting learning goals and finding my own interest. I should not feel guilty anymore.” Regarding pressure, a participant stated, “Learning is
necessary and will help us gain new knowledge. I feel lots of pressure from my parents and other aspects of my life. I think if I find a proper way to
learn, even though I will still feel tired, my pressure will be released.” These answers show the video helped students understand the
importance of learning and motivation while finding a new way to understand their anxiety, guilt, and the pressure they were
experiencing.

For the second question, “Do you have any suggestions for the program?” most students (n = 124) did not provide any suggestions.
However, four valuable answers gave the research team meaningful suggestions. First, students can become distracted during the
video, so two students suggested the research team make the video more interactive. Second, one student said the video should have
better resolution to be more professional. Third, one student asked for more time to reflect on the video and more interventions like the
current one.

3.6. Study 1 Discussion

The intervention demonstrated effectiveness through a combination of quantitative and qualitative analyses. Path analysis results
revealed an improvement in students’ integrated regulation, highlighting the intervention’s success in conveying the importance of
learning for personal and professional goals. Qualitative data indicated that students gained insights into achievement motivation and
learned to manage negative emotions, find relatedness with the graduate students in the intervention video.

However, this initial pilot run revealed some limitations. It did not reduce students’ controlled motivations, such as external and
introjected regulation, nor did it promote identified motivation. The video’s interactivity and resolution could be enhanced to increase
student engagement. Methodologically, the pilot lacked a control group, and intrinsic motivation was not measured, limiting the
ability to draw definitive conclusions about the intervention’s effectiveness. In Study 2, the full-scale study, these issues were
addressed.

4. Study 2

Study 2 implemented the revised intervention with first-year college students to decrease their external, introjected-ego, and
introjected-guilt motivation, and increase their identified, integrated, and intrinsic motivation. Our research kept track of students’
motivation for the entire year, and we conducted an intervention 2 weeks before the students’ final exam week to increase students’
achievement motivation and ultimately improve there academic performance.

4.1. Participants

With permission from the university, the research team conducted the intervention in a typical online class setting. First, we
generated a random number list using a random number generator (https://www.random.org/sequences/). Then, we assigned these
numbers to students as their research IDs. When all first-year students (Finance major) had their own research ID, these IDs were
randomized again by using the generator (https://www.random.org/lists/). We assigned the first half of the participants on the list to a
control group and the rest of the students to an intervention group. This design helped increase the statistical power and provide a
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better estimate of the intervention effects (Efird, 2011). In total, we collected 390 students’ responses, of which 56.4 % (n = 220) were
measured four consecutive times from October 2021 to June 2022, and 43.5 % (n = 170) were measured two times in May and June
2022. For each time point, we dropped participants with the wrong format of student IDs, participants who did not pass the checking
item (e.g., For this item, please select disagree), and participants who had duplicated records. Careless and insufficient effort responding
(C/IER) can pose a major threat to data quality (Ulitzsch et al., 2022; Wind & Wang, 2022). To further improve the quality of data, we
also dropped 5 % of our sample for rapid responding. These students completed the survey in rush with only a few seconds. For
example, at Time 1, 20 respondents (5 % of the participants) with shortest total response time were removed from the further analysis.
Eventually, we had 199 students in the control group and 125 students in the intervention group (n = 324). According to the power
analysis for linear regression with the experiment group and the dummy variables of time as predictors and motivation scores as
outcomes, a sample size larger than 100 will lead to a test power larger than.909 with an alpha level of.05, so our data meets the
requirement of minimum sample size.

The sample consisted of 24.7 % male (n = 80) and 62.0 % female (n = 201) participants, and 13.3 % (n = 43) refused to answer the
question. The missing rates of motivation scale responses across four time points are 52.2 %, 57.7 %, 36.4 %, and 40.4 %. The details
of missingness handling will be illustrated in the Plan of Analysis section. Participants’ age ranged from 17 to 22 (mean = 18.52, SD =
0.82). Additionally, 86.73 % (n = 281) identified their race as Han (i.e., the majority in China), and 12.6 % (n = 43) identified as an
ethnic minority.

4.2. Procedure

We collected students’ motivation data at four time points (See Fig. 1). Specifically, Time 1 served as a baseline, Time 2 was used to
monitor pre-intervention motivation trends, and Time 3 and Time 4 served as the true pretest and posttest, respectively. The inter-
vention took place in the 13th week of the second semester in the 2021-2022 academic year. The rationale for collecting data at more
than four time points was based on an understanding that students’ motivation fluctuates because of internal and environmental
changes (Gonida & Lemos, 2019). Two time points (pre-intervention and post-intervention) were insufficient to observe the effec-
tiveness of the intervention because other factors may have caused the change between pre-intervention and post-intervention.
However, if we had collected students’ motivation data from multiple time points, and students’ motivation changed significantly only
after the intervention, it could be concluded with confidence that our intervention was effective. Therefore, our primary analysis
focused on the pretest (Time 3) and posttest (Time 4) changes to evaluate intervention effectiveness.

During a regular online mandatory class, the instructor used DingTalk (same as Zoom) to put students into intervention and control
groups based on their research ID. Students in the control group attended a self-study session, while students in the intervention group
worked on the intervention activities. We did not explain the purpose of the intervention to students. We only told them it was a new
program developed for other students that needed their feedback. We also concealed the real information we wanted to collect. Study 1
showed a certain level of intervention effectiveness, so we followed the same procedure it used. We also added two components to the
procedure from Study 1 according to students’ feedback.

4.3. Interactive Video

To have a high-quality and interactive intervention video, we used TechSmith Camtasia Version 2021.0.17 to edit the intervention
video. We adopted the same psychoeducation video in Study 2, but to make the video more interactive, we inserted three questions to
the video to retain students’ attention. To watch the complete video, students must answer these three questions. These three questions
were 1) Why do you study (00:40:00)? 2) Have you ever felt anxious or guilty when you study? Yes or No (03:04:00)? 3) Do you agree with
these students? Agree or Disagree (06:10:00)? These questions were related to the video content, which reinforced students’ memory of
the video content. We used the TechSmith Camtasia Version because it can email participants’ answers to researchers and indicate
whether they finished watching the video. The results showed that each student in the intervention group answered these three
questions and finished watching the video. This was an effective way to ensure the fidelity of the online intervention because it allowed
us to assess whether students watched the intervention video carefully. The video content was further validated by two motivation
researchers and they both agreed that the content in the video is clear and valid.

4.4. Peer discussion

Unlike Study 1, in which the instructor selected five students to discuss their feelings directly after the video, the research team
provided more time for students to process the information in the video. Students were prompted to engage in a structured discussion
addressing three key questions: (1) What is your understanding of your own motivation? (2) What have you learned about actively
seeking a supportive environment? (3) Which strategies discussed in the video do you intend to implement immediately? The purpose
of this activity was twofold: to provide students with an opportunity for self-expression and to facilitate reflective engagement with the
material. This reflective process aimed to enhance students’ comprehension of the content and reinforce memory retention through
active cognitive processing. It is a way to satisfy students’ needs for autonomy (Ryan & Deci, 2020).

Moreover, to avoid reporting biases (i.e., students reproducing what they were told in the video), we did not tell students they are in
an intervention, and instead we ask them to provide opinions on a program designed for future students. We also named the surveys
“Understanding your learning conditions”, instead “motivation survey”. We administrated the survey one month after they watched
the video, so they might not remember what exactly the video said, but they still have the awareness of what kind of motivation they
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are holding.

4.5. Measures

The motivation measure used in Study 2 is still the ILM scale (Wang & Wind, 2020a). We added the measure of intrinsic motivation
by using the Intrinsic Motivation Inventory (IMI), which several researchers have developed and improved (e.g., Deci et al., 1999;
Ryan, 1982; Whitehead & Corbin, 1991). IMI measures an individual’s experience with certain activities. In our context, the activity
refers to general learning activities. The IMI has 45 items, but only the interest/enjoyment dimension assesses intrinsic motivation.
Therefore, we adopted only seven items in interest/enjoyment dimensions.

We adjusted the original IMI items to fit the study context by replacing the word “activity” with “learning.” For example, the item I
thought this activity was quite enjoyable was modified to I think learning is quite enjoyable. Although previous studies have translated and
validated the IMI (e.g., Siu & Lopez, 2010; Wu et al., 2014), we conducted an independent translation and back-translation process to
ensure contextual accuracy. One bilingual researcher translated the seven items into Chinese, and another bilingual researcher back
translated them into English. A third researcher reviewed both versions to resolve discrepancies through discussion. The final survey
and its Chinese translation are available in Appendix A.

4.6. Academic performance

We also gathered data on students’ academic performance to determine whether there were significant differences between the
experimental and control groups. Academic performance was measured using students’ average final exam scores across all courses
taken during the semester in which the intervention was implemented. This approach provided a comprehensive assessment of overall
academic achievement during the intervention period.

4.7. Intervention fidelity

To ensure the effectiveness and validity of the intervention, we closely monitored intervention fidelity throughout the imple-
mentation process. Intervention fidelity refers to the degree to which the program was delivered as intended according to its design
(Dusenbury et al., 2003). In this study, fidelity was assessed through multiple approaches, including detailed training for the instructor
(the second author), strict adherence to the intervention protocol, and consistent delivery of the key components across all intervention
sessions. The first author conducted observations during the implementation to verify compliance, while the instructor maintained
detailed logs documenting the process. Furthermore, participant engagement and understanding of the intervention activities were
confirmed through the background data of the TechSmith software (e.g., whether they watch the video or answer the embedded
questions in the video). These measures ensured that any observed variations in outcomes could be confidently attributed to the
intervention itself, rather than inconsistencies in its delivery (O’Donnell, 2008).

4.8. Plan of analysis

As in Study 1, we adopted a convergent parallel mixed method design. First, we conducted descriptive and correlational analyses of
the bivariate associations among the continuous regulation variables. Second, to examine differences in regulation at baseline by
demographical conditions, for those missing data versus not, males versus females, and racial minority versus majority, we conducted
multiple one-way ANOVAs with demographic variables or missing status as an independent variable and regulation scores as outcomes
using R (R Core Team, 2019). One-way ANOVA is frequently used to examine group differences in social science research (i.e., Patall
et al., 2022). Third, we used a one-way ANOVA with the group variable as the independent variable (0 = control group and 1 =
experiment group) and Time 1 regulation scores as the outcome to examine group differences in regulation levels at baseline. Fourth,
according to the results of Little’s Missing Completely at Random (MCAR) test (y> = 5.75,p = .016), we concluded that the data are
missing completely at random (MCAR). Thus, 114 individuals with missing math scores were imputed by mean values (Zhang, 2016).
Finally, we adopted a piecewise regression analysis to investigate the change of different types of internalizations and intrinsic
motivation. Piecewise linear regression (also known as segmented regression) is frequently used when a potential outcome changes at
a specific time. In a piecewise linear regression, the change in intercept or slope from pre-intervention to post-intervention is estimated
and used to test causal hypotheses about the intervention (Taljaard et al., 2014; Valsamis et al., 2019).

The most basic structure of a piecewise regression consists of repeated measures on the samples has two phases: Continuous
measurements occur before the start of the intervention (phase A: time 1/2/3), and a follow-up measurement occurs after the
intervention (phase B: time 4). This design has numerous variations in terms of the number and order of phases (e.g., ABAB or
AB1B2B3) based on specific research questions and assumptions about the nature of the behavior and the resulting data (Nock et al.,
2007). In this study, we restricted our attention to the A1A2A3B design. The data for phase A served as a reference or baseline for what
would have happened in phase B if no intervention had occurred in phase A (e.g., a linear decrease of motivation with time). Next, to
test the intervention effect on the experiment group, each group’s level and development in phase B were compared to the level and
development in phase A. If the invention effect was pronounced, we predicted the experiment group would have a significant change in
phase B compared to phase A. In contrast, the control group would be consistent between phase A and phase B. The formula of the
piecewise regression model is as follows:
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in which Score; is the regulation or motivation scores for person i; time;; is an ordinal time variable (0 = Time 0, 1 = Time 1, 2 = Time
2, 3 = Time 3) representing the slope of growth in phase A; group; = [0, 1] are dichotomous indicator variables representing whether
person i belongs to one group with value zero as the control group and value one as the experiment group; and step;x = [0, 0, 0, 1]
represents the change of slope in phase B compared to phase A (0 = Time 0/1/2, 1 = Time 3). The effects in the model can be
interpreted as follows:

1. p, is the intercept, the number of mean scores for the whole samples at Time 1.

2. p; is the time effect, the growth of scores without intervention.

3. B, is the nonintervention effect, the change of scores in phase B compared to phase A for the control group. The nonintervention
effect may have had numerous sources, such as the pandemic or online learning.

4. f is the intervention effect, the change of scores in phase B compared to phase A for the experiment group.

For qualitative data, the two open-ended survey questions were the same as Study 1: “How do you feel after watching this video” and
“Do you have any suggestions for the program?” Students’ answers to these questions were also synthesized through thematic analysis
(Creswell et al., 2011). We first conducted open coding to identify common phrases. We then marked and recorded the identified
common phrases. We adopted axial coding following the open coding to group the data into themes. We obtained students’ answers
directly from the survey without transcription because the answers were typed into the survey.

4.9. Results

4.9.1. Preliminary analyses

We first performed the Pearson correlations among motivations at the baseline time (see Appendix E). Most motivation variables
were moderately correlated, except for the correlation between integrated regulation and introjected-ego regulation (r = 0.009) and
between intrinsic motivation and introjected-ego regulation (r = 0.072), which were weak. Table 3 reports the descriptive statistics for
the control and experiment groups by time conditions for Study 2.

To examine baseline differences, we conducted multiple one-way ANOVAs. First, we tested whether participants who completed
the pretest differed from those who did not on baseline motivation scores. Results indicated no significant differences across all
motivation subscales (all p’s > .05; see Appendix F). Next, we examined whether baseline motivation scores differed by gender,
excluding participants with missing gender data. Results showed no significant differences between male and female participants on
any motivation subscale (all p’s > .05; see Appendix G). We also tested for differences by race (0 = Han, 1 = Other). No significant
differences were found between Han (n = 281) and minority participants (n = 43) on baseline motivation (all p’s > .05; see Appendix
H). Finally, we compared baseline scores between the control (n = 199) and experimental (n = 125) groups. Results indicated no
significant pre-intervention differences on any motivation subscale (p’s > .12; see Appendix I) or in average performance scores (p =
1.63, F[1178] =.622, p = .43).

4.9.2. Group differences in intervention effects on motivation scores

The results of piecewise regression, illustrated in Fig. 2, revealed the significant impact of the intervention, which was implemented
between time points 3 and 4. Across all measured outcomes except for introjected-ego, the experiment group (green dotted line)
exhibited desirable changes during this period, while the control group (orange line) remained relatively stable or showed only minor
changes. Specifically, the experiment group demonstrated a pronounced upward trajectory in key outcomes such as identified
regulation, integrated regulation, and intrinsic motivation, indicating the effectiveness of the intervention in promoting positive
changes.

The timing of the intervention corresponds with the observed improvements, strongly indicating that these changes can be
attributed to the program. The first three time points prior to the intervention show stable trends, while a rapid and significant shift
occurs immediately after the intervention. This stark contrast, particularly the divergence between the experiment group and the
control group during this critical period, underscores the intervention’s pivotal role in driving these outcomes. Moreover, the large
magnitude of change observed in the experiment group highlights its effectiveness in fostering not only immediate self-reflection
among students but also in enhancing their autonomous motivation, which was sustained one month after the intervention.

Furthermore, we tested the effect size of group differences for each type of motivation with the 95% confidence interval, and F tests
of the intervention effect (control vs. experiment) using the piecewise regression. As reported in the first 4 columns of Table 4, for the
control group, there were no statistically significant differences in the control group between the pretest and posttest conditions.
However, for the experiment group, we found statistically significant differences between the pretest and posttest (identified inter-
nalization (8 =1.30, 95%CI = [.21, 2.38)) and integrated internalization (§ = 2.27, 95%CI = [.69, 3.85]). Consistent with the results
of piecewise regression, results of F-test (see the last column of Table 4) suggested significant contributions of group (control vs.
experiment) and time (posttest vs. pretest) on the growth of identified internalization scores (F[2687] = 4.047, p < .05), integrated
internalization (F[2687] = 7.003, p < .05), and the intrinsic motivation scores (F[2687] = 5.559, p < .05).

4.9.3. Qualitative data results
Participants in Study 2 provided similar answers as those in Study 1 to the question “how do you feel after watching this video?” In
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Table 3
Descriptive Information of motivation scores at S2T1/2/3/4 in Study 2.
S3T1 (n = 155) S3T2 (n=115) S§3T3 (n=191) 83T4 (n=179)
Group Control (n = 104) Experiment (n = 51) Control (n = 82) Experiment (n = 33) Control (n = 108) Experiment (n = 83) Control (n =91) Experiment (n = 88)
Variable M SD M SD M SD M SD M SD M SD M SD M SD
External Regulation 15.18 5.82 15.20 6.97 16.55 5.35 14.55 5.31 17.66 6.92 15.78 6.94 16.79 7.29 16.26 7.81
Introjected ego 1290  4.40 1233 502 1326 503 1264 474 1356  4.60 1342 452 1321 566 1375 543
Regulation

Introjected guilt Regulation 18.04 4.47 18.71 4.85 18.61 4.54 18.15 4.74 18.47 4.22 18.64 4.87 18.41 5.18 17.60 5.86
Identified Regulation 19.10 4.12 20.22 4.38 19.93 4.47 19.30 3.69 19.59 4.55 20.30 4.47 20.08 5.10 21.13 4.80
Integrated Regulation 27.25 6.30 27.39 5.06 28.43 6.36 27.42 5.48 28.18 6.93 28.46 6.29 29.46 7.46 30.56 7.29
Intrinsic Motivation 26.57 4.61 26.16 4.44 28.05 5.61 26.30 3.73 28.16 5.67 27.06 4.90 28.36 6.22 29.01 6.35

Note. S2T1 = first pre-intervention measure; S2T2 = second pre-intervention measure; S2T3 = third pre-intervention measure; S2T4 = forth post-intervention measure; M = average sum score of each
subscale; SD = standard deviation of sum scores; Control = control group without taking intervention; Experiment = experiment group with taking intervention.
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Fig. 2. Path Plot for Predicted Internalization and Motivation Scores Across Time Study 2.

Table 4
Piecewise Regression Results and F-tests Results for Study 2.
Control Experiment Control vs. Experiment

Variable B 95 % CI B 95 % CI F-value p
External 0.20 [-1.36, 1.76] —0.86 [—2.46, 0.75] 1.057 0.348
Introjected Ego —0.26 [-1.41, 0.89] 0.21 [-0.97, 1.39] 0.633 0.531
Introjected Guilty —0.25 [-1.38, 0.88] —0.86 [-2.02, 0.29] 0.974 0.378
Identified 0.02 [-1.04, 1.08] 1.30 [0.21, 2.38] 4.047 0.018
Integrated 0.87 [-0.67, 2.41] 2.27 [0.69, 3.85] 7.003 0.001
Intrinsic 0.60 [-0.65, 1.86] 1.24 [—0.05, 2.53] 5.559 0.004

Note. * :p < .05, * *: p < .01, * ** : p < .001; B = Unstandardized regression coefficients in piecewise regression models are presents; 95 % CI = 95 %
confidence interval of estimates; Columns Control and Experiment present the among of increase/decrease of regulation from phase A to phase B for the
control group and the experiment group, respectively. F-tests with significant results are boldfaced.

addition to the themes identified in Study 1 (attitudes toward learning, motivation toward learning, and reflection on current emotion
status), one more theme appeared when considering participant responses in Study 2. Twelve participants found this intervention
practical and instrumental. For example, one participant said, “After watching this video, I have a clearer direction for learning and have a
way to relieve anxiety.” Another participant stated, “Because I am an anxious person, a student in the video said that anxiety is useless, we
should solve things to reduce our anxiety. I think this is helpful to me.” One student also said this video helped them understand that one
should “Pay attention to the learning process, refuse to be lazy and give up halfway, refuse to be anxious and uneasy in learning, [and] refuse
self-denial and self-loathing.”

In Study 2, participants provided more insights for the second question: Do you have any suggestions for the program? Their responses
will be helpful for future practices. For example, four students had specific suggestions on the content of the intervention video: “I
suggest finding those seniors who feel very sorry for not achieving their goals to educate us first, and then find seniors who are more successful in
pursuing their ideals to build our confidence.” “You can interview more classmates or add some tables, statistics, etc.” “A few small experiments
can be done to enhance the attention of new students.” A student also responded, “It is great. It would be perfect if [you] could give a few more
specific examples that are closer to life. Freshmen who have just entered college may have problems in their studies, but they also have many
problems in life.” Another student made a suggestion about the delivery method: “More innovative ways can be used to attract attention [of
the audience].” Two students mentioned teaching strategies: “Providing some basic learning methods so freshmen can find the best ways to
improve themselves, ” and I think more learning methods and strategies should be shared.” Six students asked for more activities like this: “I
would like more activities like this,” and “[this activity] can be disseminated widely to engage many people and help them understand the joy of
learning.” Three students said the video should have better resolution: “You can interview more people and improve the picture quality.”
Only one student said this activity was meaningless: “It is meaningless.”

11
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5. Discussion

This study, grounded in self-determination theory (SDT), aimed to address these challenges by developing and testing an online
intervention designed to promote autonomous motivation among first-year college students. Our findings align with and expand upon
existing SDT research by demonstrating that directly addressing students’ motivational orientations can lead to meaningful shifts
toward autonomous forms of motivation, even in online settings.

In Study 1, the pilot intervention showed promising results, with increases in students’ integrated regulation and qualitative ev-
idence of improved understanding of achievement motivation. These findings underscore the importance of fostering autonomous
motivation, as these forms of motivation are associated with recognizing the value of learning and integrating it with personal goals
(Ryan & Deci, 2020). Feedback from Study 1 participants was instrumental in refining the intervention, resulting in a more targeted
and effective design for Study 2.

Study 2 demonstrated that the enhanced intervention significantly increased all types of autonomous motivation—identified
regulation, integrated regulation, and intrinsic motivation—among the experimental group. These findings align with previous
research indicating that interventions promoting autonomy, competence, and relatedness can enhance intrinsic motivation and
engagement (Reeve, 2009; Jang et al., 2012; Su & Reeve, 2011). It also demonstrated consistent results with other SDT intervention on
college students (Niemiec & Munoz, 2019; Behzadnia & FatahModares, 2023). Our study expands on these findings by showing that
even short, scalable interventions can foster meaningful motivational shifts in first-year college students. However, compared to prior
studies on classroom-based SDT interventions (Reeve et al., 2014), our intervention was more self-guided, suggesting that additional
instructor involvement may further enhance its impact. However, we did not observe a significant increase in academic performance,
suggesting that while students recognized the importance of learning, further efforts may be needed to cultivate enjoyment and deep
engagement in academic tasks (Vansteenkiste et al., 2018). Qualitative responses from participants revealed additional benefits, such
as improved future planning and reduced feelings of anxiety and self-loathing, highlighting the intervention’s capacity to address
emotional barriers to learning.

Despite these successes, the intervention did not yield significant differences in academic performance between the experimental
and control groups. This may be due to the relatively short intervention period, as motivational shifts might take longer to translate
into measurable academic outcomes (Taylor et al., 2014). Alternatively, academic performance may be influenced by additional
factors, such as teaching quality or students’ prior academic preparation, which were not directly addressed in this study.

This research contributes to the growing body of SDT-based interventions targeting college students by focusing on internal
processes rather than solely external supports, as seen in prior studies (e.g., Butz & Stupnisky, 2017; Moll-Khosrawi et al., 2021). While
most SDT interventions emphasize teacher autonomy support, this study highlights the potential of directly engaging students in
cultivating their motivation, a less explored approach in SDT literature. By incorporating SPI principles such as timing, brevity, and
contextual relevance (Walton, 2014; Yeager & Walton, 2011), the intervention was designed to be accessible and impactful, even
within the constraints of an online setting.

Moreover, the study demonstrated the importance of tracking motivation across multiple time points, providing evidence that
changes in motivation were attributable to the intervention rather than external factors. This approach aligns with recent calls for more
nuanced methodologies in studying motivational dynamics (Vansteenkiste et al., 2018; Wang & Wind, 2020a). The inclusion of diverse
student voices in the intervention video also fostered relatedness, which, as SDT research suggests, is a critical factor in sustaining
motivation (Ryan & Deci, 2020).

6. Limitations

Despite its strengths, this study has several limitations. First, the intervention was tested on a population with relatively low ac-
ademic performance and achievement motivation, raising questions about its generalizability to higher-performing or already
autonomously motivated students. Future research should explore whether the intervention is equally effective across diverse student
populations. Second, while this study focused on individual motivation, environmental factors such as teacher and parental autonomy
support also play crucial roles (Deci et al., 2001; Ryan & Deci, 2020). Combining this student-centered intervention with teacher or
parent-focused strategies could enhance its impact.

Moreover, while our intervention was designed to foster autonomy, competence, and relatedness, future research could benefit
from a more structured classification of need-supportive behaviors. Ahmadi et al. (2023) developed a comprehensive system cate-
gorizing teachers’ motivational behaviors, which could serve as a valuable framework for designing and assessing SDT-based in-
terventions. Future studies could leverage such classification systems to refine intervention strategies and enhance their effectiveness
across different educational contexts.

Additionally, the lack of recorded student discussions during the intervention limited our ability to analyze how participants
processed and applied the content in real-time. Collecting this data in future studies could provide richer insights into students’
cognitive and emotional responses. Finally, while this study measured motivation toward learning in general, future research should
examine more specific contexts, such as motivation related to particular courses or relationships with peers and instructors (Eccles &
Wigfield, 2020; Wentzel, 2022).

7. Conclusion and future directions
This research highlights the potential of an SDT-based online intervention to promote autonomous motivation among first-year
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college students, particularly during transitional periods that challenge their motivation. The findings underscore the importance of
addressing students’ internal motivational processes and equipping them with strategies to seek environments that support their basic
psychological needs. However, further research is needed to explore the intervention’s long-term effects, extend its application to
diverse student populations, and integrate additional support systems, including teachers and parents.

The study also emphasizes the importance of innovative and engaging intervention activities. According to participants’ feedback,
college students value opportunities to reflect on their motivation and are drawn to interventions that provide practical strategies for
managing challenges. By continuing to refine and expand SDT-based interventions, researchers can develop more effective tools to
support students’ motivation, well-being, and academic success in increasingly complex educational contexts.
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