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According to Self-Determination Theory, autonomy support is essential in
fostering optimal learning, growth, and functioning in students across all levels.
In contrast, autonomy thwarting is associated with student malfunctioning.
The purpose of the current study was to investigate the relationship between
perceptions of autonomy support and thwarting, students’ autonomous and
controlled motivations, and aspects of student functioning in a higher education
setting. The sample consisted of 414 Norwegian university students recruited
from introductory calculus courses. Structural equation modeling indicated
that perceived autonomy support predicts autonomous motivation and is
negatively linked to controlled motivation. Autonomy thwarting is negatively
linked to autonomous motivation and positively predicts controlled motivation.
We found that autonomous motivation predicts engagement, effort, and learning.
Controlled motivation is negatively linked to vitality and engagement, and
positively predicts effort. The results are in line with the tenets of Self-
Determination Theory, and the present study highlights the importance of
providing an autonomy supportive environment during higher education lectures.

self-determination theory (SDT), autonomous motivation, controlled motivation,
autonomy support, autonomy thwarting, higher education

Introduction

Creating conditions for optimal student functioning in higher education contexts is an
important task for instructors. Facilitating students to engage in learning activities and still
possess a surplus of mental energy at the end of the day can be difficult, but nonetheless
it is important for optimal growth, development, and psychological wellbeing (Strauss and
Volkwein, 2002). Optimal student functioning is imperative as it relates to time management,
learning awareness, academic achievements, and the ability to manage negative coping skills
(Disch et al.,, 2000). Teacher autonomy support has been shown to be both a direct and
indirect contributor to such student functioning (Kaplan, 2018). Although there exist a
plethora of studies indicating that autonomy support is positively related to a myriad of
academic outcomes (see e.g., Milyavskaya and Koestner, 2011; Nufiez and Ledn, 2016; Ryan
and Deci, 2017; Cheon et al., 2018), less is known about how teacher autonomy thwarting
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affects student functioning. That is, does teacher control reduce
autonomous motivation and increase controlled motivation, and
does this impact student functioning in the same way that
autonomous motivation does? The aim of this study is to examine
the correlates of how perceived autonomy support and thwarting
can impact student motivation and in turn effort, engagement,
vitality, and learning. By doing this, we investigate the «bright» and
«dark» manifestations of student motivation which has received
more attention recently, but not in higher education specifically
(Haerens et al., 2015; Kubicek et al., 2017; Rodrigues et al., 2020).
We investigate these relations using Self-Determination Theory
(SDT; Ryan and Deci, 2017) among higher education STEM
students in a calculus course.

Motivation and self-determination theory

Human motivation, which can be defined as the reason for
behaving in a certain way, is an important constituent of a person’s
psychological experiences as it underpins human behavior and
functioning (Pintrich et al,, 1994). In educational settings, student
motivation has been linked to academic achievements (Keller et al.,
2016; Muenks et al.,, 2018), effort (Howard et al,, 2021), drop-
out intentions (Haivas et al,, 2013; Rumberger and Rotermund,
2016), learning (Cerasoli et al., 2014; Manganelli et al,, 2019), and
psychological wellbeing (Howard et al., 2021). Hence, research on
the underlying psychological aspects of student motivation and
functioning remains an imperative task for educational institutions
(Meens et al., 2018), especially since motivation generally declines
as one progresses the educational ladder (Young et al., 2018).

Self-determination theory is a multi-dimensional meta-theory
encompassing human motivation, development, and growth (Deci
and Ryan, 2008; Ryan and Deci, 2017) in which different types of
motivation can be distinguished depending on their level of self-
determination (Ryan and Deci, 2000a; Vansteenkiste et al., 2018).
According to SDT, volitional, or autonomous, forms of motivation
refer to actions driven by a personal interest, whereas external,
or controlling, motivation refers to behaviors driven by pressure
(Nufez and Ledn, 2016). As the sources of motivation differ, so
can the impact of the various types of motivations. Not only can
they differ in strength and maintainability, but they also differ in
the behavioral outcomes of the activity that energizes the different
motivations. Hence, it is important to differentiate motivation
as a construct to account for the effects of the different types
of motivations (Vansteenkiste et al,, 2010; Martela et al., 2016;
Howard et al., 2021).

Autonomous motivation is the most self-determined class and
refers to a sense of volition or willingness to perform tasks (Ryan
et al,, 2006), and consists of intrinsic motivation (enacting out
of the inherent pleasure and joy of the activity itself), integrated
regulation (when the reason for doing an activity is not only
because it is personally meaningful, but the activity is more
deeply aligned with personal values and interests), and identified
regulation (when someone recognizes personal relevance or utility
of the learning content; Vansteenkiste et al., 2018). Research
shows that autonomous motivation plays a vital role in facilitating
learning and growth as it has been linked to increased academic
achievements and psychological wellbeing (Taylor et al, 2014).
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When students are autonomously motivated, they self-endorse
their reason to study and experience a sense of psychological
freedom which has been linked to increased feelings of vitality,
creativity, time management, and effort (Vansteenkiste et al., 2006;
Yeager et al., 2014).

In contrast, when learning activities fail to resonate with a
students innate curiosity or they are unable to recognize any
meaningful merit behind the learning content, the learning activity
becomes an instrument to achieve outcomes that are detached
from the learning activity, and motivation becomes pressured or
controlled (Cerasoli et al., 2014; Cheon et al,, 2020). Controlled
motivation can be separated into two categories; external regulation
(acting out of external contingencies such as studying to avoid
punishment) and introjected regulation (the controlling pressure
originating from within, such as acting out of shame, guilt, or
pride; Pelletier et al., 2002; Reeve et al., 2002; Cerasoli et al.,
2014). Consequently, externally regulated students will feel forced
to commit to activities and experience less freedom and self-
endorsement, creating an external locus of causality (Ryan and
Deci, 2000b). Studies show that students experiencing controlled
motivation are often linked to undesirable outcomes such as
less engagement, increased anxiety, superficial processing of the
learning material, increased drop out intentions, and reduced
psychological wellbeing (Vansteenkiste et al., 2006). A recent meta-
analysis by Howard et al. (2021) found that autonomous motivation
positively relates to effort, engagement, academic performance,
and vitality, while controlling forms of motivation relate to
anxiety, avoidance, and reduced experiences of vitality and physical
wellbeing.

Autonomy support and thwarting

In any learning activity, interpersonal contexts can either
support or thwart student autonomy and thus affect to what extent
a student’s motivation is autonomous or controlled (Black and Deci,
2000). In a classroom setting, autonomy support can be facilitated
through instructor behaviors that nurture and develop students’
inner motivational resources (Reeve, 2009). When studying
factors that facilitate motivation among higher education students,
Kember et al. (2008) found that applying more relevant elements
to abstract topics could increase student motivation. Providing a
rationale in educational learning activities can both resonate with
students’ interests as well as help them recognize the importance
of the learning content. This is supported by a plethora of research
across educational levels (see e.g., Kember et al,, 2008; Reeve, 2009;
Terréon-Lopezetal,, 2017). More recently, based on a synthesis of 51
experiments, Reeve and Cheon (2021) concluded that teachers who
provided rationales, avoided the use of controlling language, and
provided students with time to think and ask questions fostered an
autonomy supportive learning context (Reeve and Cheon, 2021).
Further, Reeve (2009) reported that instructors that welcomed and
acknowledged any negative emotions or connotations students
experienced could also foster a more autonomy supportive learning
climate. Research shows that students who experience autonomy
support in the classroom achieve better grades (Okada, 2021),
are more creative (Nufiez and Ledn, 2015), engage more with
the learning content (Jiangand Tanaka, 2022), experience more
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positive emotions (Oriol-Granado et al,, 2017), and experience
increased psychological wellbeing (Moller et al., 2006).

Moreover, in a study among adolescent students, Shen et al.
(2009) found that students who experienced the learning context
as autonomy supportive reported higher levels of autonomous
motivation. Similar results were reported by Bronson (2016) where
autonomy support also predicted autonomous motivation among
nursing students, a finding that is also supported by a study among
medical students by Feri et al. (2016). A more recent study by
Ganotice et al. (2020) further corroborates this where autonomy
support was found to be a positive predictor of autonomous
motivation in Chinese university students.

In contrast to autonomy support, autonomy thwarting is
instructor behavior that directs students to think or behave in a
specific way (Assor et al,, 2005). In a classroom setting, a teacher
is autonomy thwarting by for instance overriding the students’
perspectives on subjects and replaces them with the teacher’s
own. It should be noted that a teacher presenting their own
perspective during a learning activity is not in itself thwarting, but
it becomes controlling when the instructor pressures their own
perspective onto the students (Assor et al., 2005). In other words,
the instructor’s behavior becomes autonomy thwarting when the
learning activity pressures students into changing their behaviors.
When this happens, the students locus of causality changes
from internal (doing something autonomously) to external (doing
something for a controlled reason; Reeve, 2009). Instructors can be
autonomy thwarting by intrusively interrupt activities and being
dismissive. Autonomy thwarting instructors tend to be impatient
with students by for instance not giving them enough time to
provide answers in class (Reeve, 2009). When students experience
autonomy thwarting, their positive functioning is weakened as
it induces a sense of external pressure, and they experience a
feeling of duty to either some external contingency, to others, or
to one’s negative emotion (Reeve et al,, 2003). Research shows
that students experiencing autonomy thwarting are more prone
to anxiety (Patall et al., 2018), have lower psychological wellbeing
(Ryan and Deci, 2017), engage less with the learning content
(Reeve et al, 2004), and achieve lower grades than autonomy
supported students (Vansteenkiste et al., 2004). Patall et al. (2018)
conducted a diary study on high school students and found that
thwarting practices in educational contexts promote experiences of
controlled motivation and undermined autonomous motivation.
When students are subject to autonomy thwarting experiences,
their positive functioning is weakened as it induces a sense of
external pressure (Reeve et al, 2003). In a similar longitudinal
study, Cece et al. (2018) reported similar results where autonomy
thwarting was positively related to controlled forms of motivation.
A more recent study by Burgueno et al. (2022) further support
this claim where they also reported that autonomy thwarting
was positively linked to controlled motivation among physical
education students.

Correlates of motivation and student
functioning

When students are autonomously motivated, they reflect,
evaluate, and integrate the learning content in line with their
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own personal interests and goals, and studies have shown that
autonomously motivated students exert more effort into learning
activities (Reeve et al., 2002; Joussemet et al., 2004; Howard et al.,
2021) and are more resilient when facing challenging assignments
(Xu et al,, 2018, 20215 Lin et al., 2022). Effort has been shown to
correlate with both academic achievements, increased recollection,
and perceived competence, hence it constitutes a wide aspect of
student functioning (Schmid and Bogner, 2015; Xu et al,, 2018).
Contrary, when students are experiencing controlled motivation,
research shows that they are exerting less effort into learning
activities (Ntoumanis, 2001; Howard et al., 2021). A review study
by Ntoumanis and Standage (2009) corroborates this claim, where
results indicate that autonomous forms of motivation positively
predict exerted effort in physical education students. A meta-
analysis spanning 36 studies from Vasquez et al. (2016) provides
further support for these relations, where it was reported that
experiences of autonomy positively predicted children’s efforts and
academic achievements. Similarly, a more recent study in China
by Xu et al. (2021) reported that perceived autonomy support
positively predicted effort among adolescent students. However,
a study by Hagger et al. (2015) in Pakistan found no significant
relationship between autonomous motivation in school and effort
in high school students, but reported that out-of-school contexts,
such as homework, were positively related to autonomy. Contrary
to the SDT tenets, a study by Goodman et al. (2011) indicated
that controlled motivation positively predicted effort as well among
university students.

Autonomously motivated students engage more actively in
their learning activities and show higher interest in topics since they
endorse their own actions by integrating the learning outcomes
with their own personal values and goals (Ryan et al, 2010).
Engagement can be considered a manifestation of motivation, i.e.,
the student’s engagement in the learning activity (Alley, 2019).
Emotional engagement refers to the positive and negative affects
students experience when interacting with the educational context
(i.e., the instructors, their peers, and the learning material; Reschly
and Christenson, 2016). According to SDT, it lies in human
nature to be proactive and internalize new knowledge, and when
autonomously motivated, students are more likely to engage with
the educational context (Skinner and Pitzer, 2016). Studies show
that autonomous motivation is positively linked to engagement
among higher education students (Azila-Gbettor et al,, 2021), and
engagement has been shown to increase learning effectiveness
among higher education students (Hu and Hui, 2012; Datu et al,,
2016). Further, when autonomously motivated, students are more
persisting in their tasks and assignments, and more likely to interact
with the learning content since they can connect the material to
their own personal values and interests. This claim is backed by a
recent study by Azila-Gbettor et al. (2021), where it was found that
autonomous motivation predicted engagement in higher education
students. In contrast, when students experience a controlling
educational context, individuals are more prone to disaffection and
more likely to withdraw from their peers and interact less with the
learning context (Skinner and Pitzer, 2016), and research indicates
that controlled motivation is negatively related to engagement
(Haivas et al., 2013; Li et al., 2015).

Autonomous and self-endorsed students act out of their
own volition and are more likely to behave true to themselves.
Consequentially, students can experience a psychological freedom
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in the classroom which is often associated with feelings of vigor and
rejuvenation. Studies have shown that autonomously motivated
students also show an enhanced interest in their learning content
(Kaur et al,, 2014). When students are interested in topics it can
yield deeper understanding as research has shown that interest
is related to higher academic performance (Hidi et al, 2004).
A study by Black and Deci (2000) found that autonomously
motivated students achieved higher learning outcomes relative
to controlled motivated students. These findings were similar
to the findings by Roth et al. (2007) and Guay et al. (2016).
Not only do autonomously motivated students achieve better
academically relative to controlled students, but they are also
associated with experiences of higher vitality and vigor (Bye et al,,
2007; Nunez and Leén, 2016; Cheon et al, 2018). Subjective
vitality can be defined as one€’s attentiveness to experiencing energy
and aliveness (Ryan and Frederick, 1997), and has been linked
to psychological wellbeing in students as it often is associated
with feelings of better self-esteem, being spirited, enthusiastic
and spontaneous, and negatively related to feelings of anxiety
and stress. In a study among adolescent students in physical
education, Mouratidis et al. (2011) reported that autonomously
motivated students experienced higher levels of vitality. This result
is supported in a study by Taylor and Lonsdale (2010), among
British and Chinese students, and similar results were reported
in a more recent study by Nishimura and Suzuki (2016) among
undergraduate students in Japan. In contrast, controlled motivation
is associated with pressure where students are experiencing less
positive emotions (Nix et al.,, 1999), and a recent study by Tsoi
et al. (2018) found that controlled motivation is negatively related
to vitality.

Present study

The main aim of this study is to propose a comprehensive dual
process model based on SDT tenets where we investigate the dual
process of autonomy support and thwarting, and how it relates
to aspects of student functioning (i.e., effort, engagement, vitality,
and learning) mediated through autonomous and controlled
motivation. In light of SDT’s conceptualization and previous
research, we hypothesize that (1) autonomy support positively
predicts autonomous motivation which in turn positively predicts
effort, engagement, vitality, and learning, (2) that autonomy
thwarting positively predicts controlled motivation which in turn
negatively predicts effort, engagement, vitality, and learning, and
finally, and (3) we expect autonomy support to negatively predict
controlled motivation and autonomy thwarting to negatively
predict autonomous motivation. Although research has previously
investigated autonomy satisfaction and frustration in relation to
student functioning in higher education, few have investigated
a dual process model focusing on autonomy (i.e., autonomy
support vs. thwarting). Thus, we expand the current literature.
First, as opposed to other studies (e.g., Nufez et al, 2014;
Nuiez and Ledn, 2016; Neufeld and Malin, 2020; Lozano-Jiménez
et al, 2021; Jiang and Tanaka, 2022), we investigate a dual
process model where student functioning is related to autonomy
support vs. thwarting. This is imperative in understanding the
dual process behind autonomy underpinning student functioning.
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Further, in contrast to Patall et al. (2018), Neufeld and Malin
(2020), and Vergara-Torres et al. (2020), we investigate a
more comprehensive model by including effort, engagement,
and learning as student functioning outcome variables alongside
vitality. Although vitality is an important constituent of student
functioning, these phenomena constitute a broadened proxy for
student functioning as they have been shown to be associated
with school resilience (Brooks et al.,, 2016), drop out intentions
(Rumberger and Rotermund, 2016), anxiety (Quintero et al,
2022), and academic achievements (Christenson et al, 2012).
Hence this is an important contribution to the current literature
as it enables us to simultaneously investigate the effects of
autonomy support and thwarting on academic functioning in
higher education.

Materials and methods

Participants

The participants consisted of 414 (51% males) STEM students
from introductory calculus courses at a Norwegian university. To
protect participants’ anonymity, age was asked in intervals (58.70%
were 18-19, 36.96% were 20-21 years, and 4.34% were >21 years).

Procedure

Students were asked to participate in the study before the
lectures started. Students that agreed to participate were given
permission to complete the surveys 15 min before the end of the
lecture session. We conducted the survey mid-term to ensure that
the students were familiar with both the scope and content of the
courses as well as the lecturers. Students participating in this study
did not miss lecture content. During the study, the lecture was
halted in agreement with the lecturer, and students who did not
participate in the study were given an extra break. No reward was
offered for participation.

Several ethical considerations were taken in the current study.
First, the study obtained formal approval from the Norwegian
Centre for Research Data (NSD). Next, the students received
written information about the project, and were informed that they
could withdraw from the study at any given time. The study was
anonymous, and the data were treated confidentially.

Measures

Perceived autonomy support

We used the 6-item version of the Learning Climate
Questionnaire (LCQ) to measure students perceived autonomy
support (Black and Deci, 2000). Students responded on a seven-
point Likert scale, ranging from 1 (not true at all) to 7 (very
true). An item example is “My instructor encouraged me to ask
questions.” In earlier studies, this scale has been shown to be
both valid and reliable among higher education students (Williams
and Deci, 1996). The Cronbach’s alpha for the current study was
a = 0.86.
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Perceived autonomy thwarting

Autonomy thwarting was measured using the 4-item
autonomy thwarting subscale within the Interpersonal Behaviors
Questionnaire (IBQ; Rocchi et al,, 2017). Autonomy thwarting was
measured on a seven-point Likert scale ranging from 1 (not true
at all) to 7 (very true), and previous studies have found reliable
results for this scale among higher education students (Rocchi
et al,, 2017). An item example is “My lecturer pressures me to do
things their way.” The Cronbach’s alpha was found to be a = 0.70.

Autonomous and controlled motivation

We employed the 12-item The Self-Regulation Questionnaire
(SRQ-L) to measure autonomous and controlled motivation (Ryan
and Connell, 1989). The students were presented with three
statements (e.g., “I will likely follow my instructor’s suggestions for
studying mathematics”) followed by either autonomous (“Because
he/she seems to have insight about how best to learn the material”)
or controlled (“Because I would get a bad grade if I didn’t do what
he/she suggests”) reasons for doing that specific behavior. Students
answered on a seven-point Likert scale ranging from 1 (not true
at all) to 7 (very true). The scale has been found to be reliable
among higher education students (Williams and Deci, 1996), and
the Cronbach’s alpha for this scale was found to be a = 0.90 for
autonomous motivation and a = 0.60 for controlled motivation.

Subjective vitality

We employed the seven-item Subjective Vitality Scales to
measure the students’ vitality (Ryan and Frederick, 1997). The
vitality construct was measured on a seven-point Likert scale
ranging from 1 (not true at all) to 7 (very true). The Subjective
Vitality Scales has been found to be reliable in higher education
(Bostic et al,, 2000). An item example is “I have energy and spirit.”
The Cronbach’s alpha for the current study was found to be o = 0.89.

Effort
We used the
Motivation Inventory (Ryan et al., 1983) to measure the students’

five-item Effort Scale from the Intrinsic

efforts. An item example is “I put a lot of effort into this.” The
students responded on a seven-point Likert scale ranging from
1 (not true at all) to 7 (very true). Previous research has found
this scale to be reliable (Ostrow and Heffernan, 2018), and the
Cronbach’s alpha for our study was found to be o = 0.81.

Emotional engagement

To measure emotional engagement, we employed the sub-scale
Emotional engagement from the Four aspects of Engagement scale
(Reeve and Tseng, 2011). This sub-scale consists of four items and
the students were asked to answer on a seven-point Likert scale
ranging from 1 (not true at all) to 7 (very true). An item example
is “I enjoy learning new things in class.” The scale has been shown
to be reliable in educational settings (Reeve and Tseng, 2011). The
Cronbach’s alpha for this scale was o = 0.96.

Learning

A four-item questionnaire was used to measure students’ self-
reported learning during the last 2 weeks. The questionnaire was
adapted from Jeno et al. (2017). The students were asked to answer
on a seven-point Likert scale ranging from 1 (not true at all) to 7
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(very true). An item example is “I've learned a lot during the last
2 weeks.” The Cronbach’s alpha for this scale was o = 0.78.

Analytical strategy

All statistical analyses were performed using R (RStudio,
2020). We used the “lavaan” package (Rosseel, 2012) to analyze
our measurement model, structural equation model, and to
test our study hypotheses. A confirmatory factor analysis was
performed to establish the structure of the measurements.
We utilized the conventional model fit indices Standardized
Root Mean Squared Residual (SRMR), Comparative Fit Index
(CFI), Tucker-Lewis Index (TLI), Root Mean Square Error of
Approximation (RMSEA) and %2 to determine goodness-of-fit
for our SEM model, where a good model fit is indicated by
SRMR < 0.08 (perfect fit: 0.00), CFI > 0.90 (perfect fit: 1.00),
TLI > 0.95 (perfect fit: 1.00), and RMSEA < 0.08 (perfect fit:
0.00), and finally x2 p > 0.05 is considered an indication of
a good fit (Shi et al, 2018). For inadequate model fits, we
employed modification indices (Jorgensen, 2017) to re-specify
the model using proposed changes with modification index
values >10 assuming the model changes were in line with SDT
tenets.

Results

Descriptive analysis

Of the 414 students that participated in the study, 25
students (6%) did not complete the whole questionnaire.
Littles missing completely at random (MCAR: Li, 2013) test
indicated that the missing data were missing completely at
random (p > 0.05). The missing data were therefore imputed
(Schafer and Graham, 2002) using the MICE (Multivariate
Imputation via Chained Equations) package for R (RStudio,
2020).
differences (ps > 0.05), hence we collapsed gender across all

Across all study variables, we found no gender
variables.

The study variables are all within a normal distribution
(Table 1). Correlational analyses show that autonomy support
positively correlates with autonomous motivation, learning,
effort, engagement, and vitality, and negatively with autonomy
thwarting (Table 2). Autonomy thwarting correlates positively with
controlled motivation, and negatively with learning, engagement,
and vitality.

The relationship between autonomy
support and thwarting, autonomous and
controlled motivation, and effort,
engagement, learning, and vitality

To test our main hypotheses (i.e, autonomy support
positively predicts autonomous motivation which in turn predicts
engagement, effort, learning, and vitality; autonomy thwarting
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TABLE 1 Descriptive statistics for main variables.

10.3389/feduc.2023.1153647

M Range SD Skw. Kurt. o Number of items

Autonomy support 4.23 1-7 0.82 —0.89 0.70 0.86 6
Autonomy thwarting 3.09 1-7 0.56 —-0.29 0.16 0.70 4
Autonomous motivation 5.03 1-7 0.84 0.22 —0.85 0.90 5
Controlled motivation 4.11 1-7 0.43 0.84 0.85 0.60 7
Learning 3.73 1-7 0.23 0.01 —0.62 0.78 4
Effort 5.07 1-7 0.58 —0.73 1.48 0.81 5
Engagement 4.33 1-7 1.01 —0.06 —0.59 0.96 4
Vitality 3.87 1-7 0.80 —0.17 0.14 0.89 7
TABLE 2 Correlations of the main variables.

1 2 3 4 5 6 7 8
1. Autonomy support -
2. Autonomy thwarting —0.38** -
3. Autonomous motivation 0.47%* —0.37** -
4. Controlled motivation —0.48** 0.50** —0.30** —
5. Learning 0.30** —0.21** 0.37%* —0.10* —
6. Effort 0.22** 0.01 0.28** —0.04 0.25%* —
7. Emotional engagement 0.67** —0.38** 0.81%* —0.51** 0.42%* 0.33** -
8. Vitality 0.47** —0.36** 0.46** —0.44** 0.38%* 0.36** 0.60** -

*p < 0.05,%p < 0.01.

positively predicts controlled motivation which in turn negatively
predicts engagement, effort, learning, and vitality; autonomy
support negatively predicts controlled motivation and autonomy
thwarting negatively predicts autonomous motivation), we used
structural equation modeling (SEM) to investigate the relationships
between our study variables. It should be noted that the causal
delineations of the SEM model pathways are based on theoretical
assumptions anchored in SDT tenets and prior studies and cannot
be proven in this study as it encompasses cross-sectional data.

First, we investigated a measurement model to verify the
relationship between the variables and their corresponding item
measures. The measurement model indicated acceptable fits, with
CFI = 0.95, TLI = 0.92, RMSEA = 0.12 (CI = 0.11, 0.13), and
SRMR = 0.03. Our initial proposed model (Figure 1) indicated
poor model fit, with CFI = 0.76, TLI = 0.74, RMSEA = 0.13
(CI:0.11, 0.13), and SRMR = 0.076. Employing modification index
algorithm (Jorgensen, 2017) to our baseline model indicated that
autonomous motivation should covary with controlled motivation,
and that some items should covary [only items measuring the
same construct were included in the modifications; item 2 and 3
from LCQ (autonomy support); item 1 and 3 from IBQ (autonomy
thwarting)]. The re-specified model (Figure 2) indicated acceptable
model fit, with CFI = 0.91, TLI = 0.85, RMSEA = 0.12 (CI = 0.111,
0.135), and SRMR = 0.058. To check if the re-specified model
was better compared to the baseline model, we utilized a chi-
square difference test. We found a significant difference between
the two models (p < 0.01), where the re-specified model (x?=3531,
df =531) had alower AIC (8004) and BIC (8169) relative to the base
model (x? = 4,586; df = 534; AIC: 28,446; BIC: 28,816), indicating
that the re-specified model better fits the data.
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Our final model indicates that autonomy support positively
predicts autonomous motivation and negatively predicts controlled
motivation, whereas autonomy thwarting negatively predicts
autonomous motivation and positively predicts controlled
motivation, in line with our hypothesis. Autonomous motivation
positively predicts engagement, learning, and effort, but we found
no significant relationship between autonomous motivation
and vitality in our model. Controlled motivation negatively
predicts engagement and vitality, but positively predicts effort. We
found no significant relationship between controlled motivation
and learning. Finally, autonomous motivation and controlled
motivation negatively covary. Due to the high correlation between
autonomous and controlled motivation (r = —0.71), the potential
presence of collinearity must be addressed. However, testing for
collinearity for all variables using variance inflation factor revealed

no issues (VIF < 10 for all variables; Hair et al., 1995).

Indirect effects

An analysis of the indirect effects for our process model
(Table 3) indicates that autonomy support predicts engagement
through autonomous and controlled motivation. Autonomy
support predicts learning and effort through autonomous
motivation and negatively predicts effort through controlled
motivation. Autonomy thwarting negatively predicts engagement
through autonomous motivation, and negatively through
controlled motivation. Further, autonomy thwarting negatively

predicts vitality through controlled motivation.
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Engagement

A process model of the hypothesized linkage between our study variables. Solid lines indicate positive relationship, dotted lines indicate negative
relationship. Perc. Aut. Sup., Perceived autonomy support; Perc. Aut. Th., Perceived autonomy thwarting; Aut. Mot., Autonomous motivation; Con.

Mot., controlled motivation.
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FIGURE 2

Aut. Mot.

Engagement

Modified path diagram with standardized regression coefficients. Solid lines indicate positive relationships, dotted lines indicate negative
relationships. *p < 0.05, **p < 0.01. Perc. Aut. Sup., perceived autonomy support; Perc. Aut. Th., perceived autonomy thwarting; Aut. Mot.,
autonomous motivation; Con. Mot., controlled motivation. For clarity, non-significant paths have been removed from the model.

Discussion

The main aim of this study was to propose and investigate a
comprehensive dual process model in which student functioning
is related to autonomy support and thwarting mediated through
autonomous and controlled motivation. Generally, the results
supported our initial hypotheses, although there were some
discrepancies. In line with our predictions, autonomy support
positively predicts autonomous motivation, and negatively predicts
controlled motivation. Autonomy thwarting negatively predicts
autonomous motivation, and positively predicts controlled
motivation. Further, autonomous motivation positively predicts
engagement, effort, and learning, in line with our prediction. In
our study, however, we did not find any (significant) relationship
between autonomous motivation and vitality, but rather we
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found that controlled motivation negatively predicts vitality.
These results are similar in magnitude to a study by Tsoi et al.
(2018) conducted on pharmacy students. It is important to
recognize that our measurement of controlled motivation had
low reliability (alpha = 0.60). Since internal consistency entails
to what extent the items measure the same construct, this low
alpha could reflect a matter of dimensionality in our variable.
This can be explained by the fact that controlled motivation
consists of two very different types of motivations, namely,
external regulation and introjected regulation (Cerasoli et al,
2014; Howard et al, 2021). SDT postulates that motivation is
a multidimensional construct represented by a continuum of
distinct types of motivations (i.e., the extrinsic regulations and
intrinsic motivation). This conceptualization can lead to very
complicated models when motivation is comprised of distinct
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TABLE 3 Indirect effects of the relationships of the re-specified model.

10.3389/feduc.2023.1153647

Independent variable |Mediator Dependent variable Indirect effect (standardized B)
Autonomy support Autonomous motivation Engagement 6.21°* 0.26
Autonomy support Autonomous motivation Vitality 1.81 0.10
Autonomy support Autonomous motivation Learning 3.07°°* 0.17
Autonomy support Autonomous motivation Effort 5.890¢ 0.43
Autonomy support Controlled motivation Engagement 6.71%** 0.29
Autonomy support Controlled motivation Vitality 3.86*** 0.24
Autonomy support Controlled motivation Learning 1.02 0.06
Autonomy support Controlled motivation Effort —4.49%* —0.34
Autonomy thwarting Autonomous motivation Engagement —3.28** —0.07
Autonomy thwarting Autonomous motivation Vitality —1.64 —0.03
Autonomy thwarting Autonomous motivation Learning —2.41* —0.05
Autonomy thwarting Autonomous motivation Effort —3.26% —0.13
Autonomy thwarting Controlled motivation Engagement —5.44%%* —0.14
Autonomy thwarting Controlled motivation Vitality —3.55%%* —0.12
Autonomy thwarting Controlled motivation Learning —1.01 —0.03
Autonomy thwarting Controlled motivation Effort 4.01%** 0.16

*p < 0.05,*p < 0.01, **p < 0.001.

constructs (external regulation, introjected regulation, identified
regulation, and integrated regulation). There has, however, been
interest in the empirical differences between the varied strategies
of aggregation of this construct (Howard et al, 2020). On one
hand, The Relative Autonomy Index (RAI; Grolnick and Ryan,
1989) represents the degree of relative autonomy as a single score.
This reasoning is based on the autonomy continuum where each
motivational construct is ordered, where identified and intrinsic
motives increase the level of relative autonomy whereas external
and introjected regulations decrease the score. This scoring
system is highly aligned with the continuum of self-determined
motivation, but it fails to address the role of each motivational
construct in a model. Conversely, one could treat each motivational
construct individually (Howard et al,, 2020). The strength of this
approach is rooted in its comprehensiveness where all motivational
constructs can be modeled based on regulations. However, this
approach downplays the continuum of self-determined motivation
and no longer treats the autonomy continuum as a distinct
factor. This can result in enhanced inter-regulation correlations
as the effects of each motivational construct are amalgamated,
resulting in potential erroneous effect sizes and even problems
with effect directionality (Howard et al., 2020). Another approach
is using higher-order models, where intrinsic and identified
regulations are combined into autonomous motivation and
introjected and external regulation are combined into controlled
motivation. Although similar to the RAI approach in terms of not
accounting for all the different motivational constructs, it does,
however, present a dichotomous outlook of self-determination
by investigating the effects of experiencing self-determination vs.
experiencing a lack of self-determination (Howard et al,, 2020).
Alongside allowing the examination of indirect effects (Phillips
and Johnson, 2018), higher order-models will often have easily
interpretable results as an emblematic utilization of this approach
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may indicate a positive relation between autonomous motivation
and, e.g., effort, whereas controlled motivation may negatively
relate to the same variable (Howard et al., 2020).

Autonomously motivated students have often been associated
with higher productiveness and willingness to put more effort
into their assignments and learning activities (Ryan and Frederick,
1997). This claim is supported by our results, where we found
that autonomous motivation positively predicts effort. Whenever
learning activities are self-endorsed and carried out due to the
students’ own volitions, they are more willingly putting effort into
learning activities (Mouratidis et al., 2011; Vansteenkiste et al,
2018). A similar result was also found by Feng et al. (2019),
where they investigated homework effort in mathematics and found
that autonomous motivation predicted effort with a very similar
order of magnitude compared to our results. Further, we found
that autonomy support has a positive indirect effect on effort
mediated through autonomous motivation, and a negative indirect
effect on effort mediated through controlled motivation. Students’
ability to exert effort and persist is an important constituent in
students’ daily lives as effort has been shown to be a predictor
of academic achievements (Komarraju and Nadler, 2013; Jiang
et al, 2019). Yet, contrary to our initial hypothesis, our results
indicate that controlled motivation positively predict effort as well.
This could be explained by the fact that controlled motivation
consists of two different types of motivations (external regulation
and introjected regulation; Howard et al, 2021), hence our
results must be interpreted in a more nuanced way. However,
this finding is supported by a study by Goodman et al. (2011)
on university students where they also found that controlled
motivation positively predicts effort. Yet, the magnitude of the
regression onto effort from autonomous motivation is considerably
larger relative to controlled motivation according to our results.
Interestingly, revisiting the indirect effect analysis (Table 3) we
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can see that autonomy support strongly affects effort through
both autonomous motivation and controlled motivation, while
autonomy thwarting has a weaker effect on effort through both
autonomous and controlled motivation.

Students who experience autonomy support and are self-
endorsed during learning activities are more likely to value the
learning material and associate the learning context with positive
emotions (Assor et al, 2002). Hence, they are more likely to
show emotional engagement, where they participate more actively
in learning situations by showing involvement and enthusiasm.
According to SDT, engagement can be considered an aspect
of self-determined motivation (Skinner and Pitzer, 2016). It is
human nature to be innately curious with a natural strive to
learn and internalize, and fundamental to SDT is the core idea
that when the basic need for autonomy is met by an educational
autonomy supportive context, individuals will actively engage with
the context (Skinner and Pitzer, 2016). This is mirrored in our
results as well, where we observed a very high correlation between
emotional engagement and autonomous motivation. Emotional
engagement is an important constituent in higher education
as previous research has shown that emotional engagement is
linked to achievements and educational attainment (Elffers et al,,
2012). In terms of our SEM model, we found that autonomous
motivation positively predicts emotional engagement, a finding
that is similar to a study by Froiland and Worrell (2016).
Further, we found that controlling motivation negatively predicts
engagement, a result that resemble those of Assor et al. (2005)
and Jang et al. (2009). The results indicate that autonomy support
positively predicts engagement mediated by both autonomous
and controlled motivation with a very similar effect size, while
autonomy thwarting negatively predicts engagement through both
autonomous and controlled motivation. This is an interesting result
as the direct effect of controlled motivation on engagement was
negative, whereas the indirect effect (mediated through controlled
motivation) from autonomy support on engagement was positive.
This finding suggests that providing autonomy support in the
classroom thus is pivotal in fostering engagement among students.
In contrast, autonomy thwarting negatively predicts engagement
mediated by both autonomous and controlled motivation.

In line with what we hypothesized, we found that autonomy
support positively predicts autonomous motivation. When
students are autonomy supported in a classroom setting, they
are consequently more likely to endorse the course material in
an autonomy supportive way, and hence will experience more
autonomous forms of motivation (Reeve, 2009). Our findings
support earlier similar research (Hagger et al, 2015) at a lower
academic level, and hence we expand the theoretical implications
to higher education numeracy courses. Further, as expected,
autonomy support negatively predicts controlled motivation.
When students are provided with an autonomy supportive
learning climate, they are more likely to internalize the learning
content in a less controlling way, thus one would expect autonomy
support to negatively predict controlled motivation. However, our
results contradict a study by Mouratidis et al. (2018) in which no
significant relationship between autonomy support and controlled
motivation was detected.

Although our analysis indicates that autonomous motivation
does not predict vitality (neither directly nor indirectly), indirect
effects analysis indicates that autonomy support positively
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predicts vitality mediated through controlled motivation. Further,
controlled motivation directly negatively predicts vitality whereas
autonomy thwarting negatively predicts vitality mediated through
both controlled and autonomous motivation. And although similar
findings have been reported before (Tsoi et al, 2018), some
discussion regarding vitality as a variable is needed. Our results
indicate that students pursuing the course in a controlled way
experience less vitality. However, whereas the other outcome
variables of our proposed model, i.e., engagement, learning, and
effort, are subject relevant, vitality is a general trait which could be
multidetermined beyond the context of the classroom (Ryan and
Deci, 2017). Even though the feelings of being energized and vital
are experiences students can report reliably (Ryan and Deci, 2017),
experiences of vitality vary individually from person to person, and
more noticeably, it varies within people. Adequate nutrient and
liquid intake, sleep deprivation, exercise, and social interactions are
examples of out-of-school contexts that directly affect vitality (Ryan
and Frederick, 1997; Nunez and Ledn, 2016; Cheon et al., 2018),
hence the results surrounding vitality needs to be interpreted in a
more nuanced way in our model.

Finally, in agreement with SDT tenets and our hypothesis, we
found that autonomy thwarting negatively predicts autonomous
motivation and positively predicts controlled motivation. Since
autonomy thwarting is associated with a behavior or environment
that pressures students to behave or act in a certain way (Assor et al,,
2005), one would expect that students who experience autonomy
thwarting will experience autonomous motivation to a lesser extent
since the reason for the behavior has an external locus detached
from the learning activity itself. Autonomy thwarting instructors
tend to dismiss students’ perspectives and use controlling practices
and language; hence it can be difficult for students to fully accept
the learning content and experience volition and self-endorsement.
These findings have also been reported in a previous longitudinal
diary study by Patall et al. (2018).

Limitations

There are several limitations worth mentioning when
interpreting the results of our study. First, our study is cross-
sectional in nature, hence we cannot infer causality. However, path
directionality in our process model is based on strong theoretical
propositions derived from SDT tenets and previous empirical
research that supports our line of reasoning (e.g., Milyavskaya and
Koestner, 2011; Yeager et al., 2014; Nuez and Ledn, 2016; Cheon
etal, 2018). Our strategy is thus appropriate for the purpose of our
study (Bollen and Pearl, 2013). However, we recommend future
studies to employ a longitudinal design throughout a semester to
investigate how perceived autonomy support and thwarting impact
changes in autonomous and controlled motivation to avoid any
potential temporal issues.

Second, our study only focused on autonomy, as opposed to the
remaining constituents in basic needs theory, namely, competence
and relatedness. Future studies should include all three basic
psychological needs to encompass the omitted aspects as studies
show that both the need for competence and relatedness are
important constituents for optimal learning outcomes (Niemec and
Ryan, 2009; Beachboard et al., 2011).
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Third, it is worth pointing out the construct validity of
one of the study variables, controlled motivation. Calculation of
Cronbach’s alpha (0.60) implies there could be reason to question
the internal consistency. Although the scale has shown good
internal consistency in previous research (Williams and Deci, 19965
Black and Deci, 2000), a very similar Cronbach’s alpha (0.55) was
found in a more recent construct validity study (Ifendo-Milewska,
2019). It is, however, important to recognize that this variable
is a construct consisting of two very different types of motives,
i.e., external regulation and introjected regulation (Cerasoli et al,,
2014). We therefore recommend future research to replicate our
study using these motives independently instead of a compound
approach. Further, it is worth noting that this implies that we are
using a non-unidimensional construct as a single factor in our SEM
model. However, according to item response theory there are a
number of studies that have explored the robustness of variables
used in models that violate unidimensionality assumptions, and
generally the findings indicate that variables do not incur bias given
that there is a strong general factor within the data (Drasgow and
Parsons, 1983; Kirisci et al., 2001).

Finally, our study employed a self-report measure of learning.
That is, we measured students’ perceived learning, as opposed to an
objective measure such as grades or test scores. Previous research
has shown that perceived learning is a reliable measure of learning
(Benton et al., 2013; Ratelle and Duchesne, 2014). However, caution
is advised as self-reports are prone to memory bias (Pekrun, 2020)
and have been shown to be less reliable among weaker students
(Kuncel et al.,, 2005), hence future studies should include more
objective measures of learning and other outcomes to investigate
the relation between teacher support and thwarting, and student
motivation.

Conclusion

To conclude, our study presented a comprehensive dual-
process model delineating how autonomy support and autonomy
thwarting underpin a proxy for student functioning. This study
expands on previous research by exploring an investigative SDT
model in a higher education calculus course to study how perceived
autonomy support and thwarting affect student motivation and
in turn, important aspects related to a good learning climate
in an authentic classroom setting. The present study is the
first study to investigate the dual process behind how perceived
autonomy support and thwarting affect engagement, effort, vitality,
and learning, indirectly through autonomous and controlled
motivation simultaneously in a higher education setting. Students
function better in a learning environment when they experience
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