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A B S T R A C T

Grounded in a self-determination theory framework, this study examined the effectiveness of an 
autonomy-supportive intervention offered to secondary school STEM teachers and their students 
in Singapore, with the focus on increasing students’ perceived autonomy-supportive teaching, 
motivation regulations, and classroom engagement and decreasing students’ tension. A total of 20 
teachers from three secondary schools were randomly assigned into either an experimental (n =
10) or control (n = 10) group. Teachers in the experimental group underwent an autonomy- 
supportive intervention program and were encouraged to implement their new teaching style 
for 20 weeks. Students in both groups (Experimental = 295, Control = 251) filled in pre- and post- 
intervention questionnaires to assess their perceptions of autonomy support, motivation regula
tion, engagement, and tension. Repeated-measures multivariate analyses of variance (MANOVAs) 
with follow-up ANOVAs and pairwise comparisons showed that students in the experimental 
group, compared to students in the control group, reported longitudinal gains in perceived 
autonomy-supportive teaching (M = 3.58, SD = .86 to M = 3.74, SD = .83), in some motivational 
regulations (i.e., identified regulation, from M = 3.08, SD = .95 to M = 3.36, SD = .92), and in 
some types of engagement (i.e., behavioral engagement, from M = 3.58, SD = .65 to M = 3.68, 
SD = .66). These pilot study findings provide a good foundation to develop an effective and 
beneficial autonomy-supportive intervention program for STEM teachers. Limitations and future 
directions are discussed.

A supportive classroom environment cultivates inquisitive, enthusiastic, and highly committed students. One key factor that 
creates the supportive quality in a classroom is the teacher’s motivating style [1]. When teachers are autonomy-supportive, students 
experience strong motivational satisfaction, find learning meaningful and self-relevant, and display active engagement [2,3]. To help 
teachers develop a more autonomy-supportive motivating style, researchers in physical education and exercise settings have devel
oped and implemented autonomy-supportive teaching interventions (e.g., Ref. [4–6]). Outside of these settings, however, not many 
studies have been conducted in the traditional classroom setting, and practically no autonomy-supportive teaching intervention has 
been developed for teachers and students in Science, Technology, Engineering, and Mathematics (STEM) courses. The goal of the 
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present study was to evaluate the capacity of an autonomy-supportive teaching intervention program developed specifically for 
teachers in STEM courses as they seek to support their students’ motivation and classroom engagement.

1. Self-regulated learning, motivation, and autonomy-supportive teachers

Self-regulated learners proactively initiate thoughts (e.g., plans, goals), feelings, and behaviours in order to achieve personal goals, 
and they cyclically adapt these thoughts, feelings, and behaviours based on performance feedback [7,8]. With regards to motivational 
processes, self-regulated learners have higher intrinsic motivation, as they take pleasure and excitement in performing a learning 
activity and put in greater effort and persistence and are more engaged during learning [9,10].

Within the Self-determination theory (SDT; [11,12]) framework, a student’s motivation can be facilitated and enriched by 
appreciating and supporting their psychological needs for autonomy, competence and relatedness. These three basic needs relate to 
feeling volition and personal ownership over one’s behaviour, feeling effectiveness and mastery, and feeling accepted by and con
nected to close others. Satisfaction of these needs promotes intrinsic motivation and volitional internalization for performing a task or 
activity [13]. As learners feel a sense of personal ownership, effectance, and acceptance during their learning, they become more 
self-determined and self-regulated in their learning.

To nurture and involve the students’ psychological needs, classroom settings should be equipped with autonomy-supportive re
sources. With supportive classroom conditions, students’ inner psychological needs can be appreciated and supported; however, they 
can be also suppressed and thwarted by controlling and pressuring classroom environments [14–16]. Autonomy-supportive classroom 
conditions include the teacher’s motivating style (i.e., autonomy-supportive), opportunities for need satisfaction (e.g., choice, optimal 
challenges, cooperative learning), interesting and personally meaningful learning activities, and opportunities to pursue personal 
interests, personal goals, and self-endorsed values [17].

One key factor influencing the supportive quality of classroom conditions is the autonomy-supportive teacher. Autonomy- 
supportive teachers identify and nurture students’ needs, interests, and preferences and create classroom opportunities for students 
to fulfil their psychological needs [1,18]. Autonomy-supportive teachers allow students to act upon their personal interests and values; 
provide students with choice; and give meaningful rationale when choice is constrained [19]. Such teachers effectively support their 
students’ basic psychological needs through empathically adopting the learners’ internal frame of reference which allows a more 
student-attuned learning environment as it acts in accordance with students’ interests, preferences, and goals.

2. Autonomy-supportive teaching interventions

SDT-based autonomy-supportive interventions programme (ASIP) provides training for teachers to obtain an autonomy-supportive 
teaching style [20]. In general, what empirical studies show is that these teacher-training programs have been successful for both 
teachers and students. The findings showed that autonomy-supportive teaching style increased autonomous motivation, need satis
faction, behavioural regulation, and well-being; decreased amotivation and need frustration; as well as facilitated academic perfor
mance, time management, and adaptive classroom functioning [1,4,5,20–22]. A recent study also found that combined web-based and 
face-to-face autonomy-supportive interventions produced the greatest effects on motivational outcomes in the physical education 
context [23].

In Singapore, some empirical studies on autonomy-supportive teaching have been conducted in the secondary school setting (e.g., 
Ref. [6,24,25]). The secondary school period is a distinctive period for adolescents. The transition to secondary school is particularly 
daunting because of the shift in emphasis from supportive, mastery-based environment in primary schools to a performance-based 
environment characterized by increased academic rigour, more complex and teacher-directed instructions, and high-stake out
comes [8,26,27]. Thus, an autonomy-supportive classroom setting is needed to appreciate, maintain, and enhance students’ auton
omous self-regulation and motivation in order to cope with the higher level of learning. These SDT based teacher autonomy-supportive 
interventions have increased students’ psychological need satisfaction and lowered tension-pressure [16,21] to produce multiple 
beneficial academic outcomes [2]. Tension can be seen as a negative affect arising from a focus on high-stakes outcomes that could 
affect motivation and learning, though not many studies included tension as an ASIP outcome measure [28].

Wang and colleagues (2016) conducted a short 5-week intervention on how teachers trained in ASIP impact their students’ 
perceived autonomy support, psychological needs, learning strategies and achievement. Their findings revealed that students taught 
by autonomy-supportive teachers had significant positive changes across all the above student outcomes. As shown by their increased 
achievements, students in the autonomy-supportive condition were more self-efficacious and autonomous in learning than those in the 
control condition. The interventions laid out the fundamental groundwork for the development and implementation of an extended 
autonomy-supportive interventions in Singapore’s academic settings. Because Singaporean education has such a strong focus on the 
Science, Technology, Engineering, and Mathematics (STEM) curriculum [29], our plan was to offer an ASIP to STEM teachers.

Singapore’s 15-year-old students achieved top scores in mathematics and science in Programme for International Student 
Assessment 2015 (PISA; [30]). A lot of emphasis has been placed to develop STEM capabilities among Singapore teachers and students. 
Programmes such as STEM Applied Learning Programmes and STEM Inc., have been introduced in schools with funding from Ministry 
of Education since 2014 [29]. Given the strong emphasis on STEM and expectations on high achievement standards some teachers may 
lack strategies for motivating students in the STEM classrooms. It is thus important to determine the effects of the ASIP training on 
STEM teachers.

Students’ engagement is an important area of study because it functions as a behavioral pathway by which students’ motivational 
processes contribute to their subsequent learning and development [10]. Engagement is also important because teachers rely on it as 
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an observable indicator of their students’ underlying motivation during instruction [10]. Therefore, engagement is important both 
because it predicts important outcomes (e.g., learning, development) and because it communicates to the teacher students’ underlying 
motivation during a learning experience.

Reeve et al. [10] defined engagement as a four-component construct which includes behavioural, emotional, cognitive and agentic 
engagement. Behavioural engagement refers to observable students’ behaviour related to effort-exertion, participation, and persis
tence. Emotional engagement refers to students’ affective responses to learning, which include positive activation such as interest, 
enjoyment. Cognitive engagement refers to students’ level of investment in learning, such as concentration and the use of strategic 
learning strategies. Agentic engagement refers to students’ contributing into their own learning by taking initiative and by being 
proactive in ways that catalyze their own learning. Importantly, previous studies have shown that the students of teachers who 
participate in an autonomy-supportive teaching intervention, compared to students of teachers who do not participate in the inter
vention, display strong post-intervention gains in their classroom engagement [4,31–34].

Equally importantly, previous studies in which teachers have been trained to be more autonomy-supportive during instruction 
show that students of these teachers, compared to students of teachers in a control group, develop the autonomous motivation and self- 
regulating learning that allows them to display such greater classroom engagement. For instance, the students of teachers who 
participate in an autonomy-supportive teaching intervention not only show greater engagement but also a greater capacity for 
autonomous self-regulated learning [6,35] as well as a lesser tendency to rely on externally-regulated learning [36]. While hopeful and 
instructive, most of these autonomy-supportive teaching intervention studies have been conceptualized and implemented in the 
physical education and sport settings. In contrast, we know of no autonomy-supportive teaching intervention that has been tailored 
specifically to the STEM course setting. This is a very important oversight because student success in STEM courses requires an unusual 
level of autonomous self-regulation and engagement [37]. To support student gains in autonomous self-regulation and engagement, 
we suggest that teachers of STEM courses can be taught how to be substantially more autonomy-supportive toward students.

3. Purpose of the present study

This study was a pilot study aimed to examine the effects of a 20-week autonomy teaching intervention on secondary school 
students taking a STEM course in Singapore. The objectives were 1) to evaluate the effectiveness of the ASIP training for STEM 
teachers, 2) to examine the effects of an ASIP intervention on students’ perceived autonomy-support and self-regulated learning 
behaviour, and 3) to examine its effectiveness in improving student classroom engagement (behavioural, emotional, agentic, and 
cognitive) and decrease their tension. Effectiveness of the intervention was examined by making comparisons to a control group of 
teachers who received no training and continued with their usual preferred teaching styles. Based on the research aims, the following 
hypotheses were formulated for this pilot study. 

H1. Teachers in the intervention group would increase their autonomy-supportive style and lower their controlling style, compared 
to the teachers in the control group.

H2. Students of teachers in the intervention group would report greater perceived autonomy-supportive teaching and self-regulated 
learning behaviour, compared to students in the control group.

H3. Students of teachers in the intervention group would report greater classroom engagement and lesser course-related tension, 
compared to students in the control group.

4. Method

4.1. Participants

Teacher-participants were 20 secondary one to four level math and science teachers from three different schools in Singapore. 
Teachers were ten females and seven males (three teachers in the control group did not indicate their gender) with an average of 10.4 
years of teaching experience. Student-participants were these teachers’ 546 secondary school students, including 261 males and 269 
females (17 students did not report their gender). Students were in secondary one to four levels (similar to grades 7 to 10 in the US 
system), with 295 students in the intervention group and 251 in the control group. Each class had an average of about 35 students.

4.2. Intervention procedure

Before conducting the study, ethical approval was granted by the university’s institutional review board (IRB-2021-03-033) from 
April 5, 2021 till August 29, 2022. Consent from parents/guardians was waived by the IRB board. A total of 20 teachers teaching 
Mathematics and Science were involved: 10 teachers were randomly assigned in the intervention group and 10 teachers were assigned 
to the control group. The teachers in the intervention group underwent three training sessions which taught them to create an 
autonomy-supportive learning environment. After training, teachers in the intervention group were encouraged to implement their 
new teaching style to their students for 20 weeks while teachers in the control group kept their own teaching style for the same period. 
After the study, teachers in the control group were given the opportunity to receive the same ASIP training (i.e., a waiting list control 
group).

Students filled in questionnaires to assess their perceptions of autonomy support, self-regulation behaviour in learning, and 
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engagement during pre- (one to two weeks prior to the intervention) and post-intervention (one to two weeks after the intervention). 
Teachers in both groups completed a questionnaire that measured their motivating styles at post-intervention (one to two weeks after 
intervention). Details of the training procedure are elaborated as below.

This program is adapted from the intervention design of ASIP by Cheon and his colleagues [38] in the Physical Education setting. 
The program has three stages. Stage 1 started with a workshop for teachers reflecting on their teaching style and how it aligns with two 
scenarios (autonomy-supportive and controlling), followed by a presentation on teacher motivating styles and its impact on student 
motivation. The participants discussed the feasibility, potential obstacles, and specific “how to” ideas related to enacting an 
autonomy-supportive style in the classroom. Stage 2 provided teachers with a comprehensive training package on SDT-based Six Acts 
of Autonomy-Supportive Behaviour [38]. Examples video clips were shown to provide teachers how they can operationalize and 
implement autonomy-supportive lessons in the classroom. After viewing the video clips, teachers discussed, practiced, received 
feedback on, refined, and personalized each recommended autonomy-supportive instructional behavior until they felt comfortable 
with the idea of implementing each act of autonomy-supportive teaching in their own classroom with their own students. After the 
teachers tried out their lessons for two weeks, they are invited to the final stage. In Stage 3, teachers discussed their approaches and 
shared their experiences with autonomy-supportive teaching. They were encouraged to continue to adapt their lesson plans and align 
their instructional goals and teaching practices with an autonomy-supportive teaching structure.

The following set of instructional behaviours on Six Acts of Autonomy-Supportive Behaviour [39] was given as a guide to teachers 
in the experimental group.

4.2.1. Taking students’ perspective during instruction
Perspective taking is seeing and experiencing classroom events as if one were the student. It originates and emerges out of the 

teacher’s willingness to embrace a student focus and an understanding tone. While planning their lessons, teachers are encouraged to 
take their students’ perspective into consideration. Based on their understanding of their students and taking feedback about their 
preferences, teachers can adjust their instruction according to the students’ needs, interests, and preferences. Two key questions to ask 
are: “Will my students find this lesson to be need-satisfying, curiosity-provoking, interesting, and personally important?” and “How can 
I make this lesson more need-satisfying, curiosity-provoking, interesting, and personally important to my students?” During and after 
the lesson, teachers are encouraged to conduct formative assessments to give students an opportunity to express how they feel about 
the lesson and what they hope to learn from it. With this student input in hand, the teacher can then offer the learning activity in a way 
that aligns with students’ preferences.

4.2.2. Nurture inner motivational resources
Nurturing inner motivational resources refers to the teacher’s instructional effort to appreciate and support students’ interests, 

intrinsic motivation, psychological needs (autonomy, competence, relatedness), personal goals, and self-endorsed values. Teachers 
were encouraged to align classroom teaching activities with students’ preferences, interests, sense of enjoyment, sense of challenge, 
competencies, and choice-making. External means such as incentives, rewards, directives, deadlines, and assignments to foster stu
dents’ motivation in academic learning were discouraged while autonomy-supportive alternatives were encouraged. For instance, 
instead of offering the student an incentive or reward, the teacher could invite the student to pursue a personal interest or could pair 
the learning activity with an opportunity to pursue an optimal challenge (competence satisfaction) or pursue a prosocial goal with a 
classmate (relatedness satisfaction). Hence, teachers should seek ways to build instructional activities around students’ inner re
sources, that is, activities that can satisfy the three psychological needs (competence, autonomy, and relatedness).

4.2.3. Provide explanatory rationales
A rationale is a verbal explanation as to why putting forth effort during a learning activity might be a personally useful thing to do. 

In a STEM course, students are often asked to engage in a difficult or an intrinsically uninteresting task without being provided the 
reasons for undertaking them. Autonomy-supportive teachers can improve students’ self-determined motivation by providing a 
persuasive and satisfactory justification on the tasks which the students were asked to engage in. Providing rationales allows a process 
of internalization to occur [17] which helps students to personally invest volitional effort in classroom participation. Without ratio
nales for instructed tasks, students will find it hard to be motivated to engage in an otherwise uninteresting or difficult activity.

4.2.4. Rely on invitational and informational language
Invitational language means using phrases such as “You may …” and “You might consider …” to support students’ volition during 

behavioral initiatives. Informational language means providing students with the special insights, tips, and strategies they need to 
better diagnose and solve the problems they face. Teachers were encouraged to communicate with their students using informational 
and flexible messages instead of being controlling, demanding, and rigid. Informational messages provide students with new strategies 
and insights they can use to better approach learning activities, and they inform students on the progress they are making. Such 
language aims to motivate students to engage volitionally in classroom activities instead of pressuring and compelling their 
compliance with instructions. When facing problematic student behaviours such as listlessness or poor performance, autonomy- 
supportive teachers should treat such situations as problems to be solved rather than targets for criticism. Non-controlling and 
informational language should be used to help students in understanding the cause of their problems and find self-generated solutions 
to address them.
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4.2.5. Display patience to allow time for self-paced learning
Patience is the optimistic calmness teachers show as students struggle to start, adjust, change, or improve their behavior and self- 

regulated learning. Controlling teachers tend to intrude into the student’s workspace by demonstrating the solution and having their 
students replicate it, thus depriving their students the opportunity to individually learn and solve a problem. On the other hand, 
autonomy-supportive teachers display trust and patience and allow students to learn at their own pace. For example, teachers are 
encouraged to provide encouragement and understand the students’ perspectives before offering useful clues for problem-solving. 
Since the learning process requires time, displaying patience for self-paced learning makes self-regulated learning possible.

4.2.6. Acknowledge and accept expressions of resistance and negative affect
It is common for students to occasionally have negative feelings towards classroom activities or academic learning. Controlling 

teachers tend to react by using pressure-inducing language to change such attitudes. In contrast, autonomy-supportive teachers 
acknowledge and accept such negative expressions as they understand and appreciate the perspectives of their students. Acknowledge 
and accept negative feelings begins with listening carefully and nondefensively to the student’s complaint or upset feeling. It continues 
as the teacher accepts those negative feelings as a potentially valid reaction to being asked to do things that seem to the student to be 
uninteresting, difficult, overwhelming, unfair, anxiety-provoking, or simply not worth the effort. With the aid of other autonomy- 
supportive instructional behaviours mentioned above, teachers may converse and discuss with students so to dissipate those nega
tive feelings and thus reestablish students’ self-determined motivation.

These six instructional behaviours can be implemented during different periods of the lesson. When the teachers are planning and 
preparing for their lessons, they are encouraged to think in the perspectives of their students. If the classroom activities are potentially 
interesting, teachers should try their best to vitalize the students’ inner motivational resources to develop the students’ self-determined 
motivation. If the classroom activities are potentially uninteresting or particularly difficult, teachers should provide explanatory ra
tionales which can persuade students to put in effort in the activities. During the lesson, teachers are encouraged to engage all students 
in the learning activities with the use of noncontrolling and informational language. In addition, teachers should display patience and 
provide opportunities for self-paced learning. If students show any negative responses, teachers should try to acknowledge and accept 
the students’ perspectives which enhances communication and understanding between the students and teachers. Fig. 1 shows the 
intervention protocol. Due to the disruption of Covid-19 pandemic, the planned pre- and mid-semester surveys for the teachers, the in- 
class observations of teachers’ autonomy-supportive instructional behaviors by trained raters, and mid-semester surveys for students 
were not able to be conducted.

4.3. Measures

The questionnaires contained all the following self-report measures. For the students’ survey, a 5-point scale format, ranging from 1 
(strongly disagree) to 5 (strongly agree) was used for all measures, except for engagement scale (1 = never, and 5 = always).

4.3.1. Teacher survey
Situations in School (SIS). The SIS (Aelterman et al., 2019) was used to measure the teachers’ autonomy-supportive and con

trolling motivating styles. The SIS presents 15 daily classroom scenarios that deal with different aspects of the daily teaching situation. 
The SIS offer four different teaching behaviours a teacher might use to handle each teaching situation: autonomy-supportive, con
trolling, structure, and chaos. We only used autonomy-supportive and controlling subscales in this study, as these were the behaviours 
that correspond with the training provided in the ASIP. One example of autonomy-supportive style item is ‘When you are thinking 
about classroom rules. You invite students to suggest a set of guidelines that will help them feel comfortable in class’. An example of 
controlling style item is ‘When you are thinking about classroom rules. You post your rules. Tell your students they have to follow all 
the rules. Post the sanctions for disobeying the rules. Responses were captured on a 5-point Likert scale (1 = does not describe me at all 

Fig. 1. Intervention protocol of the ASIP.

C.K.J. Wang et al.                                                                                                                                                                                                     Heliyon 11 (2025) e42150 

5 



to 5 = does describe me extremely well). The 15 items in each subscale were averaged to obtain a score for autonomy-supportive style 
and controlling style. Inter-item reliabilities for the autonomy-supportive and controlling subscales were .88 and .87 respectively at 
post-intervention.

4.3.2. Student survey
Learning Climate Questionnaire (LCQ). We used the Learning Climate Questionnaire (LCQ) developed by Williams and Deci [40] 

to assess students’ perceptions that their teacher engaged in autonomy-supportive teaching while delivering the lessons. This measure 
consisted of 6 items (e.g., ‘I feel like my teacher provides me with choice and options’). Scores were calculated by averaging the 
individual item scores. Higher average scores indicate a higher level of perceived autonomy support from the teachers, and vice-versa. 
Inter-item reliability for the LCQ was α = .84 at pre-intervention and α = .89 at post-intervention.

Academic Self-Regulation Questionnaire (SRQ-A). We used 14 items from the Academic Self-Regulation Questionnaire (SRQ-A) 
developed by Ryan and Connell [41,42] to assess the behavioural regulation in learning among students. The SRQ-A asks students why 
they do their schoolwork and why they participate in class, and assesses the following four reasons: external regulation (four items; e. 
g., ‘Because I will get into trouble if I don’t’), introjected regulation (four items; e.g., ‘Because I want the teacher to think I’m a good 
student’), identified regulation (three items; e.g., ‘Because it is important to me’), and intrinsic motivation (three items; e.g., ‘Because 
learning things in the classroom is fun’). Alpha coefficients were satisfactory for the pre- and post-measures (pre-external α = .82, 
post-external α = .82, pre-introjection α = .73, post-introjection α = .79, pre-identified α = .79, post-identified α = .82, pre-intrinsic α 
= .84, post-intrinsic α = .85).

Engagement-Disengagement Scale (EDS). The engagement scale of the EDS [43] was used to measure students’ engagement in 
learning. The EDS assessed four dimensions of engagement: behavioural engagement (5 items; e.g., ‘In this class, I work as hard as I 
can’), emotional engagement (5 items: e.g., ‘When we work on something in this class, I feel interested’), agentic engagement (4 items; 
e.g., ‘In this class, I let my teacher know what I need and want’) and cognitive engagement (5 items; e.g., ‘When reading for this class, I 
try to explain the key concepts in my own words’). Inter-item’s reliability coefficients for the behavioural, emotional, agentic, and 
cognitive engagements were .79, .85, .82, and .79 respectively at pre-intervention and .79, .89, .89, and .86 respectively at 
post-intervention.

Tension. The tension-pressure subscale of the Intrinsic Motivation Inventory (IMI, [44]) was used to assess tension (4 items, e.g., ‘I 
felt pressured while doing the activities in this class’). Cronbach’s alphas were .78 for pre-intervention and .82 for post-intervention.

4.4. Data analysis

Before the study, a sample size calculator using Cohen’s d was used to estimate the minimum sample required to test our hy
potheses. To achieve a mean difference of .30 (a small to medium effect size; Cohen, 1988) with equal standard deviations, power =
.80, and α = .05, 10 teachers per group produced an effect size of d = .38, which suggests that our study was slightly underpowered. 
Mplus 8.0 [45] was used to compute the intraclass correlations (ICCs) of the key variables by school. The ICCs ranged from .001 to .025 
with an average ICC of .023. This indicates that school membership had minimal effect on the total variance of the dependent 
measures. To enhance the ease of interpreting our findings, we elected to conduct a series of Multivariate Analysis of Variance 
(MANOVA) with follow-up ANOVAs to examine the intervention effect on all dependent measures. In these analyses, we first con
ducted a repeated-measures MANOVA (controlling for pre-intervention scores) to examine for post-intervention effect differences 
between the two groups of teachers (intervention and control) on motivating styles (autonomy-supportive and controlling). We next 
conducted a repeated-measures MANOVAs to examine for post-intervention group differences in students’ motivational regulations as 
well as the four types of engagement. We then conducted a final repeated-measures MANOVA to examine for group differences in the 
tension score. For each MANOVA, we conducted follow-up ANOVAs and pairwise comparisons. In each analysis, the critical test was 
for a significant condition × time interaction effect to show that the dependent measure increased or decreased more in the inter
vention group than it did in the control group.

5. Results

5.1. Sensitivity analysis

A preliminary MANOVA comparing Math vs. Science teachers’ pre- and post-measures motivating style scores found no significant 
differences. For the students taking Math vs. Science classes, their pre- and post-measures were also found to be not significantly 

Table 1 
Results of the repeated-measures MANOVA on teachers’ pre- and post-intervention motivating styles.

Control Group Intervention Group

Pre Post Pre Post

Variables Mean SD Mean SD Mean SD Mean SD

Autonomy-Supportive 3.59 .51 3.45 .65 3.17 .64 3.10 .60
Controlling 2.72 .69 2.30 .53 2.15 .54 1.80 .43
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different, except for post-external regulation whereby the students in Science classes had higher scores compared to the students in the 
Math classes. We therefore combined the math and science classrooms into a single sample.

5.2. Teachers’ motivating styles

The results of the repeated measures MANOVA indicated the teachers in the intervention group reported significantly lower 
autonomy-supportive motivating styles and lower controlling style at pre-intervention, compared to the teachers in the control group, 
Wilk’s Λ = .674, F (2, 17) = 4.11, p < .05, partial ƞ2 = .33. In addition, there is a significant time effect in their motivating styles, Wilk’s 
Λ = .661, F (2, 17) = 4.36, p < .05, partial ƞ2 = .34. Teachers from both groups reported lower controlling style at post-measures (see 
Table 1). Follow-up ANOVA found that at post intervention, teachers in the intervention group reported a significantly lower con
trolling style than did teachers in the control group (F (2, 17) = 9.03, p < .01, partial ƞ2 = .33).

5.3. Perceived autonomy-support and behavioural regulation

The Pearson correlation matrix for all the student-reported variables in pre- and post-intervention is shown in Table 2. The repeated 
measures MANOVAs were performed to investigate group differences in behavioural regulation in learning and the extent of perceived 
autonomy-support in the classroom environment. Five dependent variables were used: external regulation, introjected regulation, 
identified regulation, intrinsic motivation, and perceived autonomy-support. Table 3 presents the means and standard deviations of 
the five variables broken down by experimental condition.

There was no statistically significant overall condition × time interaction effect between the control and experimental groups on 
the five dependent variables. Significant time effects were found, Wilk’s Λ = .747, F (5, 409) = 27.71, p < .001, partial ƞ2 = .25. 
Follow-up tests indicated a marginally significant interaction effect for identified regulation (F (1, 413) = 3.67, p = .056, partial ƞ2 =

.01). The students in the intervention group increased their identified regulation over time while the students in the control group had 
no change in identified regulation (see Fig. 2).

5.4. Student engagement and tension

There was no statistically significant overall condition × time interaction effect between the control and experimental groups on 
the four engagement variables. However, there was a significant condition × time interaction effect for behavioural engagement only, 
F (1, 406) = 3.86, p < .05, partial ƞ2 = .01. Specifically, the students in the intervention group reported a higher post-intervention gain 
in their behavioural engagement than did the students in the control group. Table 4 shows the descriptive statistics for the engagement 
measures in the two groups.

A separate repeated MANOVA with pre- and post-tension as the dependent variable and group as independent variable revealed 
significant time effect, Wilk’s Λ = .921, F (1, 404) = 34.68, p < .001, partial ƞ2 = .08, but no interaction effects. Students in both groups 
reported lower tension at post-intervention (See Table 4).

6. Discussion

The purpose of this pilot study was to examine the effects of a 20-week ASIP in terms of the teachers’ motivating styles and students’ 
perceived autonomy-supportive teaching, self-regulated learning, classroom engagement and felt tension in a STEM course in 
Singapore.

We tested three hypotheses. As to the first hypothesis, the findings confirmed that teachers in the intervention group reported a 
significantly lower controlling style, compared to the teachers in the control group. However, their autonomy-supporting style was not 
higher than the teachers in the control group. Two possible reasons could account for the results. Firstly, this study was conducted 
during the peak of the COVID-19 pandemic when the delta variant just emerged and cases in schools spread and was on the rise [46]. 

Table 2 
Correlation matrix between key variables for pre- and post-intervention.

Variables 1 2 3 4 5 6 7 8 9 10

1.External Regulation – .51** − .02 − .21** − .13** − .25** − .28** − .22** − .21** .34**
2. Introjected Regulation .48** – .40** .21** .32** .14** .11* .09 .13** .20**
3. Identified Regulation .01 .42** – .73** .92** .59** .64** .38** .47** − .22**
4. Intrinsic Regulation − .26** .24** .65** – .94** .65** .80** .53** .47** − .25**
5. Perc. Auto-Support − .14** .35** .89** .92** – .66** .78** .50** .50** − .25**
6. Behavioural Engage − .12** .26** .62** .50** .61** – .78** .64** .59** − .29**
7.Emotional Engage − .23** .18** .61** .77** .76** .60** – .70** .60** − .34**
8. Agentic Engage − .24** .10* .38** .50** .48** .55** .61** – .54** − .22**
9. Cognitive Engage − .06 .22** .47** .41** .48** .57** .49** .44** – − .17**
10.Tension .32** .17** − .17** − .36** − .30** − .18** − .43** − .30** − .18** –

Note. *p < .05. **p < .01. Correlation listed below the diagonal is for pre-intervention and above the diagonal is for post intervention. Perc. Auto- 
Support = Perceived Autonomy-Support. Engage = Engagement.
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Teachers needed to check attendance, screen for close contacts, conduct online lessons or hybrid lessons during this period. It was not 
easy to be autonomy-supportive due to restrictions placed by the government and schools. Secondly, it is easier to learn how to be less 
controlling than it is to learn how to be more autonomy supportive. To be less controlling, teachers need to learn how to remove 
directives, commands, extrinsic sources of motivation, and a pressuring type of language from their teaching style. Teachers were able 
to do this. To be more autonomy supportive, teachers need to add new instructional behaviors to their teaching repertoire. Teachers in 
these STEM classes were less able to do this, perhaps because of the COVID crisis. H1 was only partially supported. Katz and Moè [47] 
recently found that during the COVID-19 lockdown in Italy, teachers’ adoption of motivating styles may be influenced by their coping 
mechanisms such as emotion regulation and self-compassion. In their study, before the lockdown, emotional reappraisal mediated the 
relationship between need satisfaction and autonomy-supportive style, however, during the lockdown, emotion reappraisal was un
related to motivating styles. On the other hand, self-compassion became a significant mediating factor during the lockdown. In 
addition, the relationships between emotion suppression and self-derogation with controlling style also became more pronounced. 
This provides evidence that the COVID-19 pandemic impacted teachers’ well-being and teaching styles.

The second hypothesis tested the effects of the intervention on students’ perceived autonomy-support from their teachers as well as 
their motivation regulations. The findings supported some success of the intervention in that students in the intervention group re
ported higher identified regulation while students in the control group did not change their identified regulation (see Fig. 2). Students 
in both groups reported higher post-intervention external, introjected, and intrinsic regulations. H2 was partially supported.

Identified regulation occurs when extrinsically motivated behaviours are performed voluntarily out of the individual’s own accord, 
when students consider those behaviours to be useful or even essential for personal development. Individuals can relate with the 
importance and beneficial outcomes of self-regulating their behaviours, which may then develop as part of their own values [12]. 
Teachers in the intervention condition supported students’ identified regulation by, for example, providing explanatory rationales. 
Similarly, Jang [48] found that externally given rationale delivered in an autonomy-supportive manner, improved identified 

Table 3 
Results of the repeated-measures MANOVA for motivation regulation and perceived autonomy-support.

Variables Control Group Intervention Group

Pre Post Pre Post

Mean SD Mean SD Mean SD Mean SD

External Regulation 2.94 1.05 3.11 .94 3.04 1.02 3.20 1.01
Introjected Regulation 3.03 .84 3.28 .90 3.08 .95 3.36 .92
Identified Regulation 3.93 .64 3.94 .75 3.95 .72 4.09 .69
Intrinsic Regulation 3.45 .83 3.57 .92 3.58 .86 3.74 .83
Perceived Autonomy-Support 3.56 .71 3.80 .79 3.64 .69 3.97 .66

Fig. 2. Graphical presentation of the ASIP effects on students’ identified regulation.

Table 4 
Results of the repeated-measures MANOVA for outcome measures.

Variables Control Group Intervention Group

Pre Post Pre Post

Mean SD Mean SD Mean SD Mean SD

Behavioural Engagement 3.61 .63 3.58 .72 3.58 .65 3.68 .66
Emotional Engagement 3.49 .73 3.43 .86 3.56 .72 3.62 .81
Agentic Engagement 2.90 .88 2.85 1.01 2.89 .83 2.95 .97
Cognitive Engagement 3.53 .69 3.45 .92 3.53 .75 3.49 .86
Tension 2.47 .69 2.23 .83 3.53 .78 3.49 .86
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regulation and increased students’ engagement and learning. Jang [48] explained that, grounded on in SDT, rationale communicated 
in an autonomy-supportive way facilitates engagement and learning through the revelation of an activity’s value and personal benefit 
[8,49]. Adding personal relevance to the learning material helps students relate to and internalize the value of the task (i.e., identified 
regulation), and this internalization prompts voluntary participation in the learning activity.

The last hypothesis examined if the effects of teacher participation in the autonomy-supportive intervention could increase stu
dents’ engagement and decrease tension. Students of teachers in the intervention condition did report higher behavioral engagement, 
though they did not report higher emotional, agentic and cognitive engagement. The non-significant results for emotional, agentic, and 
cognitive engagement could be due to the anxiety and unusually restricted online learning environment caused by the Covid-19 
pandemic as mentioned above. We suspect that students of teachers in the intervention condition were able to increase their 
behavioural effort because of their increased identified regulation reported for H2.

Students from both groups reported lower tension at post measures. Again, the reduction in tension could be due to the pandemic as 
restrictions eased off toward the end of the intervention, and not the effect of ASIP. The pandemic likely created a diffusion effect 
within each school as teachers in the experimental group likely (and perhaps necessarily) shared some tension- and pressure-reducing 
instructional strategies with their colleagues in the control group [50]. Such a diffusion effect would explain the many “Time” main 
effects observed in the analyses. Therefore, H3 was partially supported, albeit weakly.

Although this intervention study was not designed to investigate a mediation relationship among autonomy support, identified 
regulation and engagement, it could be possible that identified regulation mediated the autonomy-supportive teaching effect on 
increased behavioral engagement via students’ greater value of learning (i.e., identified regulation). Perhaps results from the study by 
Mouratidis et al.’s [51] could better illustrate that autonomous motivation (intrinsic motivation and identified regulation) mediate the 
relationship between perceived autonomy support and structure, and study effort and procrastination. Their study was a longitudinal 
study, where measurements to investigate teachers’ role to enhance students’ quality of motivation and in turn their study effort, were 
collected throughout the year. The authors explained that students who find schoolwork interesting (i.e., intrinsic motivation) and 
valuable (i.e., identified regulation) are more likely to invest more effort and procrastinate less in the long run. Despite only having a 
significant increase in identified regulation, the students still showed enhanced behavioural engagement.

6.1. Autonomy-supportive teaching: STEM vs. PE

Autonomy-supportive teaching interventions in the PE setting show that teachers have learned how to be more autonomy sup
portive, less controlling, and their students show post-intervention gains in their intrinsic motivation, identified regulation, and 
classroom engagement, broadly speaking [4,31]. In the present pilot study, we showed that an autonomy-supportive teaching 
intervention in the STEM setting only decreased controlling teaching and increased students’ identified regulation and behavioural 
engagement. This means that the STEM teachers in our study were able to deliver some benefits of autonomy-supportive teaching, as 
they increased students’ identified regulation and effort but not students’ intrinsic motivation. This could be due to the different 
subject matters, the different classroom structures and routines, the COVID crisis, or simply because teachers need more support in 
their effort to provide STEM instruction is a highly autonomy-supportive way.

PE and STEM subjects are of a different status, as Singapore has always emphasised the importance of STEM education for its 
economic growth (Teo & Choy, 2022). In STEM classes, high-stakes examinations are common. In PE classes, however, high-stakes 
examinations are not involved, as PE is a non-examinable school subject. As such, STEM teachers may be less willing to adopt ASIP 
fully in the classroom. This is an important aspect of the STEM course to note because previous ASIP investigations in course subjects 
without a high-stakes focus (reviewed in Ref. [1]) generally reported robust effects across multiple dependent measures and also larger 
effect sizes than we observed in the current ASIP investigation in a STEM course. It is also possible that teachers in the intervention 
group could comprise of different profiles of teachers: some teachers may have been autonomy-supportive and less controlling in their 
teaching all along, some teachers may just begin to be more autonomy-supporting and less controlling, others may be focusing on being 
more autonomy-supportive only while some teachers may focus on being less controlling only in their teaching.

As to practical implications, we prioritize two suggestions. First, Singaporean STEM courses generally have a high performance and 
a high-stakes focus, compared to non-STEM courses. Thus, a future follow-up ASIP with teachers of STEM courses will need to help 
STEM teachers provide their performance-oriented, high-stakes instruction in an autonomy-supportive way. Such an ASIP could train 
teachers to asks students how they feel about high performance and high-stakes aspects of the course (i.e. perspective taking), 
acknowledge and accept students’ negative feelings about these pressuring-inducing aspects of the course, listen to students’ sug
gestions about how instruction might be adapted to become less pressuring and more volitional, and provide rationales to explain why 
high performance and high stakes might at times be a necessary part of the STEM course. Second, future studies need to measure 
teachers’ motivating styles before the training session and compare these baseline scores with teachers’ after-training and post- 
intervention scores. In addition, there is also a need to examine the profiles of the sub-groups of teachers according to their post- 
intervention changes in their motivating styles. This pilot study has provided some insights to the pursuit of the larger educational 
objective to help teachers deliver STEM instruction in an autonomy-supportive way.

6.2. Limitations

There are some limitations that should be acknowledged from this intervention. First, we were unable to collect classroom ob
servations to assess the degree of autonomy-supportive teaching behaviours displayed by the teachers during the intervention period. 
The absence of classroom observations was due to the Covid-19 restrictions. Future studies need to conduct classroom observations or 
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conduct qualitative studies to add insights from the teachers’ perspective. In addition, a recent study by Ahmadi et al. [52] on clas
sification system of need-supportive behaviours could be used for teacher observation in future studies. Second, student measurements 
were only completed at 2 time points – pre- and post-intervention due to the Covid-19 restrictions. Further, students’ post-intervention 
responses were recorded only one or two weeks after the intervention, which is important because it may take teachers more than one 
or two weeks to put a more autonomy-supportive teaching style into practice. Third, most teachers participated in the study volun
tarily, however, some teachers may be required by their superiors to take part in the study. Teacher participation in the study was 
therefore decided by the heads of school rather than by the teachers themselves, which is important because this might affect teachers’ 
willingness to work on their motivating style. Future studies need to differentiate the teachers in terms of their autonomy to participate 
in the study. Finally, if the intervention period were to extend to a year-long programme and measurements were made more 
frequently during the academic year instead of only pre- and post-intervention, it may provide a more dynamic way of understanding 
the results.

6.3. Conclusion and future direction

This pilot study examined the effectiveness of an autonomy-supportive teaching intervention on Singaporean teachers and students 
in math and science courses. Teachers in the autonomy-supportive teaching intervention did learn how to get halfway to an autonomy- 
supportive motivating style, as they took controlling instructional behaviours out of their teaching style and were able to support 
students’ identified regulation and effort. To get STEM teachers all the way to a full autonomy-supportive motivating style, future 
research will need to restructure or reprioritize the intervention experience to help STEM teachers learn how to make learning math 
and science a highly intrinsically motivating, personally useful, and self-determined thing to do.
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