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Student engagement in a blended learning environment is very different from that in a traditional classroom
environment, and is fostered by satisfying three innate needs identified in self-determination theory (SDT):
autonomy, relatedness, and competence. Related studies have emphasized teacher support to satisfy the three
students’ need, but not digital support. The founders of SDT recently stated that SDT-based research should focus
on problems associated with learning technologies. Accordingly, this study proposed digital support designs to
fulfill the three abovementioned needs, examined their effectiveness, and investigated how the developed forms
of digital support and teacher support contributed to student engagement. The study adopted a sequential
explanatory mixed methods research design and involved 426 Grade 11 students. The findings were as follows.
(i) Compared with teacher support, digital support better engaged students in blended learning by satisfying their
needs. (ii) Teacher support was closely related to student engagement. (iii) The relationship between digital
support and student engagement varied. Possible explanations are the benefits of offering multiple modalities,
considering learning expertise, and applying emotional designs. The findings contribute to SDT by adding a new
perspective, namely digital support, and thereby proposing a new framework for needs support in blended

learning.

Blended learning is the thoughtful fusion of face-to-face and online
learning experiences (Garrison & Vaughan, 2008). It integrates tech-
nology and online learning materials with traditional face-to-face
classroom activities. Despite involving both teachers and students, it
requires students some control over learning time, place, path, or pace in
technological environments (Garrison & Vaughan, 2008). Building
strong student engagement in both face-to-face and technological en-
vironments is critical for the delivery of effective blended learning,
because student engagement is a prerequisite for successful learning
(Lam et al., 2018). However, the means of fostering student engagement
in the two environments are very different, and sustaining student
engagement in learning with technology is challenging (Henrie et al.,
2015). Accordingly, student engagement has become an important topic
of research on blended learning and learning technologies (Bergdahl
et al., 2020; Ryan & Deci, 2020).

Student engagement is energized by motivation (Reeve, 2013) and
fostered by various contextual factors (e.g., teacher, peer, and

environmental support) (Fredricks, 2011; Lam et al., 2012), as explained
by self-determination theory (SDT; Ryan & Deci, 2017, 2020). The
theoretical framework of SDT postulates that individuals are motivated
to grow and change by fulfilling three innate psychological needs: the
need for autonomy (feeling self-endorsed and self-governed), the need
for relatedness (feeling loved and connected), and the need for compe-
tence (feeling effective and capable). During a learning task, these three
innate needs must be satisfied to ensure students’ motivation (Chiu,
2021a, 2021b). Accordingly, to support student engagement, techno-
logical learning environments should be designed to fulfill these three
needs. SDT has been widely applied to motivate engagement and opti-
mize student learning with a focus on teacher-student interaction
(particularly teacher support), because teachers play an important role
in supporting students’ learning needs in schools (Allen et al., 2013;
Chiu 2021a, 2021b; Roorda et al., 2011). SDT identifies three teacher
support dimensions of classroom practice in both face-to-face and
technological environments: autonomy, involvement (relatedness), and
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structure (competence) (Bedenlier et al., 2020; Chiu 2021a, 2021b;
Roorda et al., 2011). However, how technological design supports the
fulfillment of these three needs has largely been overlooked. Indeed,
Ryan and Deci (2020), the founders of SDT, recently suggested that
future SDT research should focus on the design of learning technology to
motivate engagement and learning. Responding to this call, this study
proposed a set of technological learning environment designs, referred
to here as digital support designs, to support the innate needs identified
in SDT. The study also examined whether the proposed digital support
better engaged students in blended learning than teacher support did,
and investigated how different types of digital support related to student
engagement.

1. Theoretical framework
1.1. Four types of student engagement

Student engagement refers to the degree of attention, effort, partic-
ipation curiosity, interest, and passion shown by students when they are
learning or being taught (Reschly & Christenson, 2012). It relates to
students’ investment in learning and commitment to achieving learning
goals (Marks, 2000) and their persistence in and satisfaction with
learning (Fredricks et al., 2004). It predicts how well students will learn
in terms of academic achievement and well-being (Christenson et al.,
2012) and affords teachers the opportunity to receive regular feedback
for designing more effective instruction (Reeve, 2013). Student
engagement is a multi-dimensional concept generally considered to
include behavioral, emotional, cognitive, and agentic components
(Chiu, 2021a, 2021b; Fredricks, 2011; Reeve, 2013).

Behavioral engagement refers to students’ participation and
involvement in learning activities inside and outside the classroom
(Fredricks et al., 2004). Students show greater behavioral engagement
when they are proactive in pursuing learning opportunities and take
responsibility for their own learning. Emotional engagement comprises
students’ affective reactions to their classmates, teachers, learning ac-
tivities, and school, especially discrete emotions such as happiness,
excitement, boredom, and anxiety (Fredricks et al., 2004). Students with
high levels of emotional engagement feel at home, safe, and interested.
Cognitive engagement is defined in terms of students’ mental effort to
complete tasks using a deep, self-regulated, and strategic approach to
learning, rather than superficial learning strategies (Chiu, 2021a). Stu-
dents with greater cognitive engagement are interested in learning
about and exploring the tasks being taught and see the purpose of
learning activities. Agentic engagement refers to proactive efforts to
constructively contribute to learning and teaching (Reeve, 2013; Reeve
& Tseng, 2011). Students with greater agentic engagement seek to ex-
press to their teachers what they need for learning. These four di-
mensions are intercorrelated but operationalized and conceptualized as
distinct (Christenson et al., 2012; Reeve, 2013; Chiu 2021a, 2021b).
Behavioral, emotional, cognitive and agentic engagement are energized
by intrinsic motivation, understood as a prerequisite for students to
engage in learning (Reeve, 2013); therefore, they can be explained by
SDT (Losier et al., 2001; Ryan & Deci, 2017, 2020).

1.1.1. SDT on student engagement

SDT as a theory of motivation systematically explicates the dynamics
of human needs, motivation, and well-being within a social and cultural
context (Ryan & Deci, 2017, 2020). This theory suggests that all in-
dividuals have three innate needs: the need for autonomy (feeling in
control of our own behaviors and goals), the need for relatedness
(interacting with, being connected to, and caring for others or activ-
ities), and the need for competence (feeling capable, effective, and
challenged by tasks). Individuals have greater motivation and engage-
ment in activities when their needs are better supported and satisfied, i.
e., moving their motivational orientation from amotivation to extrinsic
motivation to intrinsic motivation (Ryan & Deci, 2017, 2020).
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SDT-based research has assessed the four dimensions of engagement
(Reeve, 2013; Skinner et al., 2009; Vansteenkiste et al., 2005). Skinner
et al. (2009) revealed that intrinsic motivation fostered behavioral and
emotional engagement. Vansteenkiste et al. (2005) showed that intrinsic
motivation led to sophisticated, rather than superficial, learning
(cognitive engagement). Reeve (2013) showed that intrinsic motivation
enhanced agentic engagement, but did not investigate this aspect
extensively. Accordingly, it seems that satisfying the three needs iden-
tified by SDT can contribute to the four types of student engagement. In
schools, teachers can support student engagement by satisfying their
need for autonomy, relatedness, and competence in classrooms and
virtual learning environments (Bedenlier et al., 2020; Chiu 2021a,
2021b; Lietaert et al., 2015; Vansteenkiste et al., 2009; Vollet et al.,
2017).

1.2. Teacher and digital support as factors explaining student engagement
in blended learning

Student engagement in blended learning is influenced by various
factors, such as teacher and digital support (Bombaerts & Nickel, 2017,
pp. 1089-1092; Chiu, 2021a; Chiu & Hew 2017). Teacher support plays
a critical role in motivating student engagement in school. Teachers can
accomplish this by endorsing positive learning behavior, providing
appropriate resources for learning, and becoming interpersonally
involved (Lietaert et al., 2015). Echoing this, SDT-based research has
suggested three teacher support dimensions: autonomy, structure
(competence), and involvement (relatedness) (Lietaert et al., 2015;
Vansteenkiste et al., 2009; Vollet et al., 2017). These dimensions have
been applied in different learning environments, such as classrooms,
playgrounds, online discussion forums, distance learning, and massive
open online courses (Bedenlier et al., 2020; Hartnett, 2015; Chiu et al.,
2021; Vansteenkiste et al., 2009; Xie et al., 2006, 2011, p. 2011).
Autonomy-supportive teachers facilitate rapport by identifying and
nurturing students’ needs, interests, and preferences and creating
learning opportunities in which these needs, interests, and preferences
guide students’ behavior (Reeve et al., 2004). For example, teachers can
give students choices in terms of learning in an online discussion forum
(Xie et al., 2006), allow for self-paced learning, and avoid setting
deadlines for online learning tasks (Alamri et al., 2020). With teachers’
autonomy support, students are more attentive and show better time
management (behavioral engagement; Vansteenkiste et al., 2005), enjoy
their lessons more (emotional engagement; Skinner et al., 2008), and
better communicate their learning agenda to teachers (agentic engage-
ment; Reeve, 2013). Autonomy allows students more scope and freedom
to choose their learning goals, which might result in more cognitive
engagement. However, this has not been examined extensively
(Bedenlier et al., 2020). Relatedness-supportive teachers provide stu-
dents with emotional and motivational support, such as involvement,
closeness, caring, assistance, and approval (Vollet et al., 2017), by, for
example, encouraging interaction between course participants and
adopting a warm, friendly approach in online course communications
(Bombaerts & Nickel, 2017, pp. 1089-1092; Chiu, 2021a) With teach-
ers’ relatedness support, students who have good relationships with
teachers feel connected to course activity participation (behavioral
engagement), find lesson activities more positive (emotional engage-
ment), are confident in completing challenging tasks (cognitive
engagement), and feel comfortable speaking up regarding their learning
needs (agentic engagement) (Furrer & Skinner, 2003; Reeve, 2013;
Ruzek et al., 2016; Vollet et al., 2017). Competence-supportive teachers
communicate clear expectations to students in online learning (Lietaert
etal., 2015) by, for example, providing supportive information and clear
task expectations, positive and constructive feedback, and unexpected
rewards (Chiu, 2021a; Chiu & Hew, 2018). They also tend to use a
scaffolding approach to apply technology in teaching (Chiu & Lim,
2020). Under teachers’ relatedness support, students feel competent and
challenged during learning (cognitive engagement; Skinner et al., 2008),
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which encourages them to actively participate in lesson activities
(behavioral engagement; Reeve, 2013) and, subsequently, to feel posi-
tively about the lesson (emotional engagement; Reeve, 2013). Some
studies have investigated the relationship between competence support
and agentic engagement (Reeve, 2013), but not systematically. In sum,
teachers who can satisfy the three needs identified in SDT are more
likely to behaviorally, emotionally, cognitively, and agentically engage
students in blended learning. However, such teacher support relies on
teacher delivery and execution. Very few SDT-based studies have
considered non-teacher support, such as digital support, and its role in
motivating student engagement.

Digital support here refers to the design of technological learning
environments to support students’ innate needs. Digital autonomy
support can be designed to use multiple modalities (Schnotz & Bannert,
2003). Presenting learning content in multiple modalities is advanta-
geous for students, as it encourages them to actively process such con-
tent (Chiu & Churchill, 2015; Schnotz & Bannert, 2003); offering just
one modality is less encouraging and stimulating. In environments with
multiple resources (modalities), students are free to choose their
preferred resources to learn with. Offering only one resource is likely to
restrict student choices by encouraging the false assumption that this
resource is the key to and covers all the learning content. Moreover,
digital relatedness support can use an emotional design (Chiu et al.,
2020; Mayer & Estrella, 2014; Park et al., 2015), which uses appealing
and interesting design features to invoke learner emotions and facilitate
learning in technological environments (Mayer & Estrella, 2014; Park
et al., 2015). By creating an enjoyable experience, emotional design can
motivate students to exert more effort in processing multimedia infor-
mation (Knorzer et al., 2016; Mayer & Estrella, 2014). Digital compe-
tence support should also consider learner expertise (Chiu et al., 2021;
Chiu & Lim, 2020; Chiu & Mok, 2017; Kalyuga, 2014). It is necessary to
understand how different instructional formats support different levels
of student expertise for different orders of thinking skills in technolog-
ical learning environments, particularly in multimedia. For example,
scaffolding designs such as level-up exercises can offer students clear
expectations of lesson activities and flexible learning pathways in
technological environments (Chiu, 2021a).

1.3. Research gaps

As discussed, SDT has been widely applied to motivate student
engagement in both face-to-face and technological environments (e.g.,
Ruzzek et al., 2016; Ryan & Deci, 2017, 2020; Standage et al., 2005).
However, related studies have emphasized the need for teacher execu-
tion and delivery (i.e., teacher support) to satisfy students’ need for
autonomy, competence, and relatedness; very few SDT studies have
investigated how to design technological environments. The process by
which a technological design (i.e., digital support) satisfies students’
psychological needs to foster student engagement has been seriously
understudied. Ryan and Deci (2020) recently stated that current
SDT-based research should further consider the promise and problems
associated with learning with technology. They also suggested that more
SDT-based studies are needed to understand how technology itself can
support the need for better motivation, resulting in better engagement
and learning.

2. The present study

Student engagement can be fostered through technological design as
well as teacher support. Therefore, this study proposed the following
digital support designs to satisfy the three innate needs identified by
SDT, i.e., perceived learning support from a learning management sys-
tem (LMS).
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e Autonomy: offer and recommend various digital resources for the
same learning unit while indicating their relevance to students, e.g.,
videos, text-based notes, slides, and URLs (Chiu, 2021a)

o Relatedness: use personal and emotional designs for LMS design and
communications to promote a positive atmosphere (Chiu, 2021a;
Chiu et al., 2020), e.g., uploaded pictures of class members,
face-shaped designs

e Competence: offer five level-up exercises and well-designed inter-
active learning materials in a cognitively demanding technological
learning environment, e.g., levels 1 and 5 indicate basic and most
advanced exercises (Hong Kong public examination results use five
levels); apply multimedia learning principles to the design of digital
materials (Chiu et al., 2020; Chiu & & Churchill, 2015; Chiu & Chai,
2020) (see Fig. 1)

This study aimed to (i) examine how well the proposed digital sup-
port satisfied the students’ needs and motivated engagement, (ii)
examine how perceived teacher and digital support related to the four
dimensions of student engagement (see Fig. 2), and (iii) investigate
which features in the proposed digital support motivated student
engagement. Hence, the three research questions were as follows:

RQ1. Does the proposed digital support (compared with teacher sup-
port) better meet students’ perceived needs and promote their
engagement?

RQ2. To what extent does the perceived teacher and digital support
predict the four types of student engagement?

RQ3. Which features of the proposed digital support impact student
engagement?
Accordingly, the following research hypotheses were proposed.

e H1 (RQ1): Students with digital support will report significantly
greater perceived needs support and greater engagement than those
without.

e H2 (RQ2): Perceived teacher support will have significant positive
effects on the four dimensions of student engagement.

e H3 (RQ2): Perceived digital support will have significant positive
effects on the four dimensions of student engagement.

3. Method
3.1. Participants

This study was part of a partnership project that aimed to enrich
teacher knowledge of blended learning. It the project, the teachers and
schools used blended learning as main instructional approach. The
participants were 426 Grade 11 students and four teachers drawn from
four Hong Kong high schools with similar academic performance stan-
dards. The schools are from middle banding of student academic
achievement (Remark: secondary schools in Hong Kong are categorized
into three bandings based on student academic achievement). There
were approximately 100 students and one teacher from each school. The
teachers had an average of 10 years’ teaching experience. The students
ranged in age from 16 to 18 years (52% female, 48% male). Moreover,
the result of A-priori Sample Size Calculator for Structural Equation
Models (Soper, 2020) recommended minimum sample size for RQ2 is
200 when the numbers of latent and observed variables are 10 and 30,
respectively, and the power level = 0.8. Therefore, the sample size was
good for this study.

3.2. Research design and procedure

This case study adopted a sequential explanatory mixed method, and
quasi-experimental design with deductive reasoning. The quantitative
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Fig. 2. The research model in this study.

method in the first stage yielded the objective statistical findings (RQ1-
2) of the experiment. The two experimental conditions were digital
support and a control. The control involved no digital support, i.e., only
one resource for the learning unit and level 5 exercises were uploaded to
the LMS, and no interactive learning materials or personal/emotional
designs were provided or adopted. In the second stage, semi-structured
interviews were used to discover the participants’ subjective responses
and explain phenomena in the quantitative data (RQ3) that could not be
described by numbers (Fries, 2009). The author collaborated with two
teachers who had extensive experience in teaching with technology to
use SDT develop a semi-structured interview protocol. This protocol
aimed to facilitate open discussions and prompt to collect in-depth
perspectives. The interviews explored how to technological designs
support autonomy, competence and relatedness (see the three needs in
SDT, Ryan & Deci, 2017).

Ethical approval from the author’s institution was obtained, and
consent was received from all of the participants. A pilot study was
conducted two months before the main study with two groups of 15
students each, and confirmed that the digital support group had stronger
perceived need support and greater engagement. This pilot study was
intended to check for modifications that needed to be made to the main
research study. The students in the pilot study did not participate in the
main study.

In the main study, each school was randomly assigned to one of the
two experimental groups, resulting in 215 and 211 students in the digital
support group and control group, respectively. The students learned a
mathematics topic in the blended mode for 10 consecutive school days.
Every school day, they completed pre-lesson activities and resources
provided in the LMS at home, then discussed what they had learned
using both physical and digital communication in 1-h face-to-face les-
sons. After the lessons, they extended their learning through post-lesson
activities in the LMS. In the last lesson, they completed a self-reported
questionnaire on their perceived teacher and digital support and
engagement in blended learning.
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3.3. Instruments

Apart from demographic data, the questionnaire assessed the two
categories of perceived support and student engagement using 10 con-
structs. Each construct comprised five 5-point Likert scale items. The
items were checked by four experienced teachers to ensure that the
wording and language were understandable.

3.3.1. Perceived teacher and digital support

To assess the students’ perceptions of the support they received from
teachers and the technological design of the LMS, we adapted the vali-
dated questionnaire items proposed by Furrer and Skinner (2003),
Standage et al. (2005), and Hew and colleagues (2016). Each construct
included three items.

Perceived teacher support was used to measure the students’ per-
ceptions of autonomy, relatedness, and competence as facilitated by
their teachers. All of the items were adapted from Standage et al. (2005)
and modified. The three items for perceived teacher autonomy support,
with an original reliability of o = 0.92, were “My teacher encourages us
to ask questions,” “My teacher answers my questions fully and carefully,
” and “My teacher makes sure I really understand the goals of the lesson
and what I need to do.” The three items for perceived teacher relatedness
support, with an original reliability of a = 0.88, were “My teacher
supports me,” “My teacher is interested in me,” and “My teacher is
friendly toward us.” In addition, the three items for perceived teacher
competence support, with an original reliability of o = 0.84, were “My
teacher makes me feel like I am good at learning,” “I feel that my teacher
likes us to do well,” and “My teacher makes me feel like I am able to do
the activities in class.”

Perceived digital support was used to measure the students’
perception of autonomy, relatedness, and competence as facilitated by
their teachers. All of the items for digital autonomy and competence
support were adapted from Hew et al. (2016). The three items for
perceived teacher autonomy support, with an original reliability of o =
0.82, were “I feel like I can make a lot of input in deciding how I use LMS
in learning,” “I feel a sense of freedom when using the LMS in my
learning,” and “I have many opportunities with the LMS to decide for
myself how to learn.“. The three items for perceived digital competence
support, with an original reliability of a = 0.71, were “I think I am pretty
good at learning using the LMS,” “I have been able to learn interesting
new knowledge with the LMS,” and “I feel a sense of accomplishment
from learning with the LMS.” All of the items for digital relatedness
support were adapted from Furrer and Skinner (2003), with an original
reliability of a = 0.86: “When I interact with the LMS, I feel supported
(changed to comfortable/important).”

3.3.2. Student engagement dimensions

Behavioral and emotional engagement in learning with technology
were each measured using three items adapted from Skinner et al.
(2009). The items for behavioral engagement were “I try hard to do well
in all of the learning activities,” “In the blended learning, I work as hard
as I can,” and “In the blended learning, I participate in all the learning
activities.” The items for emotional engagement were “In the blended
learning, I feel interested (Changed to good)” and “I find blended
learning fun.”

Cognitive engagement was measured using three items adapted from
Wang et al. (2016). They validated and verified items to measure high
school students’ cognitive engagement in science and mathematics. The
items fitted our participants’ education level and subject domains. They
were as follows: “I go through the learning activities to make sure my
work is right,” “I think about different ways to solve a problem,” and “I
try to connect what I am learning to things I have learned before.”

To measure the students’ agentic engagement, we adapted three
items from Reeve (2013), who proposed the concept of agentic
engagement. They were “I let my teacher know what I need and want
during blended learning,” “I let my teacher know what I am interested in
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during blended learning,” and “During blended learning, I express my
preferences and opinions.”

3.4. Research analytic approach

Independent t-tests were used to answer RQ1 by comparing the
means of perceived teacher and digital support between the two
experimental conditions in the questionnaire. To answer RQ2, path
analyses within the proposed research models were used to assess the
contributions of perceived teacher and digital support to each of the four
dimensions of student engagement in the questionnaire, i.e., structural
regression paths between latent variables. To answer RQ3, two research
assistants transcribed and translated the interview data to English, and
used the three needs identified by SDT as a framework to analyze the
interview data to understand how the digital support designs motivated
student engagement. They adopted data triangulation approach to
analyze data from different participants. The author acted as the
mediator of any differences in interpretation.

4. Results
4.1. Descriptive statistics

The descriptive statistics for all of the latent variables are presented
in Table 1. All of the variables were internally reliable, as all of the «
values ranged from 0.93 to 0.97 (where good > 0.80) and had suffi-
ciently normal distributions (i.e., skewness less than 2.3, Lei & Lomax,
2005; kurtosis less than 7.0, Byrne, 2010). All the factor loadings ranged
from 0.91 to 0.99.

Regarding the goodness-of-fit of the measurement model, the fitness
indices of the measured items indicated a good model fit: y2/df = 2.77
(<5.0); RMSEA = 0.07 (< .08); SRMR = 0.02 (< .05); TLI = 0.96 (> .90);
CFI = 0.97 (> .90) (Hair et al., 2010). The positive correlations between
all of the variables were significant, with p < .01 (Table 2). This sug-
gested that all of the assumptions required to conduct path analysis for
RQ2 were met.

4.2. Effects of the proposed digital support

The independent t-tests showed that the digital group reported
significantly greater support for perceived autonomy (M = 3.95, SD =
1.00), competence (M = 3.78, SD = 0.83), and relatedness (M = 3.73,
SD = 0.93) from the LMS than the control group did (autonomy: M =
3.63, SD = 1.21, competence: M = 3.51, SD = 0.99, and relatedness: M
= 3.01, SD = 1.19), with t(424) = 2.96 (p = .003), t(424) = 3.01 (p =
.003), and t(424) = 6.92 (p < .001), respectively. The tests further
showed there were no differences in perceived autonomy, competence,

Table 1

Descriptive statistics.
Variables Mean SD Skewness kurtosis
PTAS 3.70 1.24 0.82 0.40
PTCS 3.57 0.94 0.12 0.84
PTRS 3.64 1.09 0.62 0.31
PDAS 3.79 1.12 0.99 0.21
PDCS 3.64 0.92 0.86 0.76
PDRS 3.38 1.13 0.39 0.55
PBE 3.90 1.19 0.96 0.21
PCE 3.99 0.99 0.84 0.12
PEE 3.92 1.23 1.05 0.03
PAE 3.61 1.23 0.64 0.56

Notes: PTAS: Perceived teacher autonomy support; PTCS: Perceived teacher
competence support; PTRS: Perceived teacher relatedness support; PDAS:
Perceived digital competence support; PDCS: Perceived digital relatedness
support; PBE: Perceived behavioral engagement; PCE: Perceived cognitive
engagement; PEE: Perceived emotional engagement; PAE: Perceived agentic
engagement.
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Table 2
Correlation among latent variables.
Independent variables 1 2 3 4 5 6 7 8 9 10
1. PTAS -
2. PTCS -
3. PTRS .39%* -
4. PDAS 27%* -
5. PDCS o5 Py ~
6. PDRS 23%* 16%* A1 -
7. PBE A2 3% 357 267 175 -
8. PCE 44%* 45%* .39%* 45%* 15%* .38%* -
9. PEE .39%% .38+ 275 1% 27%% .38+ 24 -
10. PAE 39%* 36 367 21 4% 31 32 A7 -

Notes: **p < .01; PTAS: Perceived teacher autonomy support; PTCS: Perceived teacher competence support; PTRS: Perceived teacher relatedness support; PDAS:
Perceived digital competence support; PDCS: Perceived digital relatedness support; PBE: Perceived behavioral engagement; PCE: Perceived cognitive engagement;

PEE: Perceived emotional engagement; PAE: Perceived agentic engagement.

and relatedness support from teachers between the digital and control
groups, with t(424) = 0.007 (p = .99), t(424) = 0.020 (p = .98), and t
(424) = 0.880 (p = .38), respectively. The tests also revealed that the
digital group showed significantly greater perceived behavioral (M =
4.04, SD = 1.06), cognitive (M = 4.11, SD = 0.88), and agentic (M =
3.78, SD = 0.1.13) engagement than the control group (behavioral M =
3.76, SD = 1.30, cognitive M = 3.87, SD = 1.08, and agentic M = 3.44,
SD =1.30), with t(424) = 2.49 (p = .013), t(424) = 2.57 (p = .010), and
t(424) = 2.86 (p = .004), respectively. The two groups showed no sig-
nificant differences in emotional engagement, with t(424) = 1.78 (p =
.08). These results showed that the proposed digital support strategies
increased the students’ sense of autonomy, competence, and relatedness
support from the LMS and led to better behavioral, cognitive, and
agentic engagement.

4.3. Relationships between teacher and digital support and student
engagement

The path analysis revealed the quality of the model by estimating
path coefficients and R-squared values (R?). The path coefficients and R?
showed the strength of the relationships and the amount of variance of
the endogenous latent variables explained by the exogenous latent
variables, respectively. This analysis helped to explain how teacher and
digital support contribute to student engagement.

In the research model, regression paths were specified from the six
exogenous latent variables (perceived support, i.e., autonomy, compe-
tence, and relatedness from the teacher and LMS) directly to the four
endogenous latent variables (student engagement, i.e., behavioral,
cognitive, emotional, and agentic). The model showed a good fit to the
data: Xz/df: 2.85 (<5.0); RMSEA = 0.07 (< .08); SRMR = 0.03 (< .05);
TLI = 0.96 (> .90); CFI = 0.97 (> .90) (Hair et al., 2010).

As shown in Table 3, four of the exogenous variables explained 32%
of the variance in the endogenous variable of behavioral engagement.
Perceived teacher autonomy, competence, relatedness, and digital au-
tonomy support had similar effects: § = 0.19, p =0.22, = 0.16, and p =
0.17, respectively. Moreover, five of the exogenous variables explained
45% of the variance in cognitive engagement. Perceived digital
competence support had the largest effect (B = 0.30), followed by
teacher autonomy (p = 0.19), teacher relatedness (f = 0.19), teacher
competence (B = 0.18), and digital autonomy (§ = 0.16) support.
Perceived teacher autonomy support (B = 0.26) had a stronger rela-
tionship with emotional engagement than did perceived teacher au-
tonomy (B = .19) and competence (§ = 0.19) and digital relatedness (f§
= 0.16) support. These four variables explained 33% of the variance in
emotional engagement. In addition, four of the exogenous variables
explained 31% of the variance in agentic engagement. Perceived teacher
autonomy support had the largest effect (§ = 0.24), followed by teacher
competence (f = 0.20), digital autonomy (B = 0.18), and teacher
relatedness (p = 0.12) support.

Table 3
Results of hypothesis tests.
Path coefficient ~ S. C.R. P Results
E.
PBE <— PTAS .19 .05 3.92 <.001 Supported
PBE <— PTCS .22 .07 4.53 <.001 Supported
PBE <— PTRS .16 .05 3.27 .001 Supported
PBE <— PDAS .17 .05 3.66 <.001 Supported
PBE <— PDCS .07 .06 1.61 11 Unsupported
PBE <— PDRS .04 .05 0.85 .40 Unsupported
PCE <— PTAS .19 .04 4.07 <.001  Supported
PCE <— PTCS .18 .05 4.15 <.001 Supported
PCE <— PTRS .19 .04 4.34 <.001  Supported
PCE <— PDAS .16 .04 3.72 <.001  Supported
PCE <— PDCS .30 .05 7.24 <.001 Supported
PCE <— PDRS .01 .04 .24 .81 Unsupported
PEE <— PTAS .26 .05 5.40 <.001 Supported
PEE <— PTCS .19 .07 3.94 <.001 Supported
PEE <— PTRS .19 .06 4.03 <.001 Supported
PEE <— PDAS .06 .05 1.36 .17 Unsupported
PEE <— PDCS .08 .07 1.61 11 Unsupported
PEE <— PDRS .16 .05 3.70 <.001 Supported
PAE <— PTAS .24 .05 5.02 <.001 Supported
PAE <— PTCS .20 .07 4.05 <.001 Supported
PAE <— PTRS 12 .06 2.58 .01 Supported
PAE <— PDAS .18 .05 3.99 <.001 Supported
PAE <— PDCS .03 .06 .75 .46 Unsupported
PAE <— PDRS .01 ,05 11 .92 Unsupported

Notes: **p < .01; PTAS: Perceived teacher autonomy support; PTCS: Perceived
teacher competence support; PTRS: Perceived teacher relatedness support;
PDAS: Perceived digital competence support; PDCS: Perceived digital related-
ness support; PBE: Perceived behavioral engagement; PCE: Perceived cognitive
engagement; PEE: Perceived emotional engagement; PAE: Perceived agentic
engagement.

Overall, the three types of perceived teacher support were significant
predictors of the four student engagement dimensions. Perceived digital
autonomy support was a significant predictor of behavioral, cognitive,
and agentic engagement, and perceived digital cognitive support and
relatedness support significantly predicted cognitive and emotional
engagement, respectively.

4.4. Features of the LMS satisfying student innate needs

This study used semi-structured interviews to collect student views
on learning support from the LMS and used the three innate needs
identified by SDT as a framework for analysis. The analysis showed that
the students’ ideas about how the LMS design facilitated their blended
learning were very consistent. Moreover, all of the proposed digital
support designs satisfied the students’ need for autonomy, competence,
and relatedness.
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4.4.1. Perceived digital autonomy support

The interview data showed that the various learning resources pro-
vided in the LMS offered the students the opportunity to select their
preferred materials for preparing classroom activities in blended
learning. All of the students described the LMS as a learning resource
bank from which to choose materials, and they felt stimulated and free,
as shown by the following excerpts.

Student 1: I like first reading the PowerPoint slides, followed by
watching the videos when doing the pre-lesson tasks.

Student 2: The description of each resource was very clear, which
helped me choose the most relevant materials.

Student 3: I consulted several websites with excellent learning re-
sources listed in the LMS.

Student 4: I achieved deeper learning from articles left for us to read.
I obtained brief insights from watching videos.

4.4.2. Perceived digital competence support

Furthermore, the data revealed that the two support designs—five
level-up exercises and well-designed interactive materials—made the
students feel competent in finishing the pre-lesson and classroom tasks
for blended learning. During the interviews, all of the students described
feeling more confident because the level-up exercises scaffolded their
learning by building up their knowledge to answer the most challenging
questions. The interviews also showed that the students better under-
stood the content after interacting with/manipulating the materials
when they had difficulty learning the topics. This was because they were
able to get an immediate response from the materials. The following
excerpts illustrate how the two support designs worked.

Student 5: I found that the lower-level exercises guided me to com-
plete the level 5 tasks. It was much easier.

Student 6: I felt that I could finish the pre-lesson and classroom ex-
ercises when I saw the 5 levels exercises.

Student 7: I could see what the corresponding graph [interactive
learning material] looked like when I input the values.

Student 8: I could use the graph [interactive learning material] to get
an idea when having difficulty.

4.4.3. Perceived digital relatedness support

In addition, the data showed that the digital support made the stu-
dents feel that the LMS belonged to them or their class. The following are
excerpts from the students’ discussion of how the digital designs sup-
ported relatedness.

Student 9: I liked seeing our pictures on the headline [background of
LMS] of the course room. I saw my face in the pictures.

Student 10: I found the classroom to be our class learning
environment.

Student 11: The emotional design was fun and interesting.

Student 12: I will go back to the classroom to see if we have any
updated pictures.

5. Discussions and conclusions

The current study examined and explained how the three types of
perceived support from both teachers (teacher support) and an LMS
(digital support) contributed to student engagement. Accordingly, this
paper has three major empirical implications, makes three theoretical
contributions, and offers three practical suggestions for instructional
designers and teachers.

5.1. Empirical implications

The first empirical implication is that the proposed digital support
had a significant impact on the perceived autonomy, competence, and
relatedness support received from the LMS, resulting in stronger student
engagement (RQ1). This implies that the proposed support designs were
able to satisfy the students’ three innate needs when learning with
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resources and/or completing tasks online for blended learning. Stu-
dents’ innate learning needs in online/virtual learning environments are
the same as those in face-to-face classrooms (Ryan & Deci, 2020).
Accordingly, an online environment design that supports a stronger
sense of autonomy, competence, and relatedness is critical for blended
learning. As the findings for RQ1 and RQ3 show, an effective digital
support design (i) offers various learning resources with descriptions
that indicate their relevance to students (Bedenlier et al., 2020; Hartnett,
2015), (ii) provides scaffolding exercises, such as level-up exercises, that
help students build their confidence and knowledge to tackle more
challenging exercises, (iii) applies multimedia learning principles to the
design of digital learning materials (Chiu & Churchill, 2015; Ng & Chiu,
2017), and (iv) makes the technological environment more personal and
fun, such as by using personal images and emotional designs for course
room designs. Such proposed digital support designs are effective in
satisfying students’ autonomy, competence, and relatedness, echoing
findings regarding the application of teacher support in classroom
teaching (Lietaert et al., 2015; Roorda et al., 2011).

Second, as predicted, the perceived autonomy, competence, and
relatedness support received by the students from the teachers was
strongly associated with the four dimensions of student engagement (see
perceived teacher support in RQ2). Teachers who were able to satisfy the
students’ three needs were more likely to foster student learning in
blended environments. These results are aligned with most SDT-related
studies conducted in face-to-face settings, such as classrooms and
playgrounds (Lietaert et al., 2015; Vansteenkiste et al., 2009; Vollet
et al., 2017). When students’ efforts to satisfy their needs are supported
by teachers, they are intrinsically motivated to continue to perform the
given learning tasks (Losier et al., 2001; Ryan & Deci, 2017, 2020). This
intrinsic motivation resembles a “fuel” or energy that encourages stu-
dents to behaviorally, cognitively, emotionally, and agentically engage
in blended learning (Reeve, 2013).

The final empirical implication is that the perceived digital support
received by the students from the LMS related in different ways to the
four dimensions of student engagement. Perceived digital autonomy
support had close relationships with behavioral, cognitive, and agentic
engagement. Perceived digital competence support and relatedness
support were strongly associated with cognitive and emotional
engagement, respectively. This seems to imply that, in terms of the LMS,
perceived autonomy support was more important than perceived
competence or relatedness. These results are aligned with the majority
of SDT-related studies, which have given primacy to autonomy support
and emphasized its importance in promoting intrinsic motivation to
learn in face-to-face settings (Ruzek et al., 2016). The finding related to
autonomy can be explained by the use of multiple modalities (Schnotz &
Bannert, 2003): presenting multiple types of learning content resources
(modalities) benefited students by encouraging them to actively process
such content (Chiu & Churchill, 2015; Chiu et al., 2020; Schnotz &
Bannert, 2003); offering just one modality would have been ineffective.
In an environment with multiple resources (modalities), the students felt
they had choices, were competent, and were able to ask their teachers
for more resources or modalities. For example, for an online pre-lesson
task lacking the teacher’s immediate aid but requiring extra learning
support, the students could choose their preferred resource to learn with
first, followed by learning with other resources to complete the expla-
nation of the given learning content. They also could ask for or look for
more resources with which to complete the task.

A plausible explanation for the finding related to competence in the
final implication is that digital competence support played a scaffolding
role in the tasks. Scaffolding supported the students by limiting the
complexities of the learning content and providing the right amount of
structure in the online learning environment (Dabbagh, 2003). There-
fore, the students felt that they were capable of completing the tasks.
The finding concerning relatedness support may be due to the influence
of affective processes on motivation (Chiu, 2021a, 2021b; Ng & Chiu,
2017; Park et al., 2015; Plass & Kalyuga, 2019). Appealing and
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interesting designs can evoke a positive emotional state in students
(Heidig et al., 2015) and motivate learning through the creation of an
enjoyable experience (Chiu et al., 2020; Knorzer et al., 2016).

5.2. Theoretical contributions

The first and second empirical implications contribute to SDT by
adding the dimension of technological design and presenting evidence
of how technological design relates to student engagement. The majority
of SDT-related studies of support for the three innate needs have con-
cerned the application of teacher support in online and face-to-face
contexts (Bedenlier et al., 2020; Chiu, 2021a; Hartnett, 2015; Lietaert
et al., 2015; Roorda et al., 2011). These studies have suggested that
teachers should use different strategies, such as respecting and accepting
students’ individual interests, organizing peer moderation to allow
students to share information with peers, and fostering the development
of trust relationships among students in collaborative learning envi-
ronments, to intrinsically motivate student engagement. In these
studies, teacher support—how teachers should act while teaching— has
been the core idea, not technological design. In the present study, the
digital support did not involve the teachers; the students interacted only
with the LMS. Accordingly, the technological environment was deemed
to satisfy the three innate needs in SDT, demonstrating that it was as
important as teacher support.

The second theoretical contribution, driven by the second empirical
implication, concerns the differences in the impact of teacher and digital
support on student engagement in blended learning. The findings show
that teacher and digital support had different effects on different di-
mensions of student engagement in face-to-face and technological (LMS)
contexts.

Teacher Student

support

engagement
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As the findings suggest the importance of supporting motivation
using teacher and digital support, this paper proposes a framework for
supporting student psychological needs—autonomy, competence, and
relatedness—in blended learning (see Fig. 3). This framework aims to
guide teachers in facilitating students’ motivational disposition toward
blended learning. Instead of relying on teachers’ actions and efforts to
satisfy student needs through an LMS, this framework suggests that
classrooms (teacher support) and an LMS (digital support) should be
designed separately and independently to satisfy students’ needs. These
two designs are interrelated, but they are operationalized and concep-
tualized as distinct. It is necessary to design a more supportive blended
learning environment (e.g., greater autonomy support, more valued
activities, a more connected system) to meet students’ needs in both
physical and virtual learning environments. Compared with digital
support, teacher support has been better studied (see autonomy support,
structure, and involvement; Lietaert et al., 2015; Vansteenkiste et al.,
2009; Vollet et al., 2017). In terms of digital support, multiple modal-
ities, Mayer’s multimedia learning, and emotional multimedia designs
can be used to support autonomy, competence, and relatedness,
respectively.

5.3. Practical suggestions

This study offers instructional designers and teachers three practical
suggestions for satisfying the three needs for greater engagement in
blended learning environments. The first practical suggestion is to
design learning resources that promote autonomy. These learning re-
sources should emphasize the sensory channel and/or modality of the
representations (i.e., either auditory/visual or textual/pictorial) (Ains-
worth, 2006). They should complement one another but differ in terms

Digital
support

Teacher support

involvement, closeness, acceptance, and help.

Digital support

unit and indicates their relevance to students.

atmosphere.

Student engagement

approach to learning.

Autonomy: Teachers consider student perspectives, allow for choices around learning, give a rationale when choice
is constrained, and avoid the use of controlling language.

Relatedness: Teachers provide students with emotional and motivational support, such as pedagogical caring,
Competence: Teachers provide effective guidance during lessons, create boundaries in learning activities, give
competence-relevant feedback, and express confidence in students’ abilities.

Autonomy: The technological environment offers and recommends various digital resources for the same learning
Relatedness: The environment includes personal and emotional designs and communication to promote a positive
Competence: The environment offers five level-up exercises and well-designed interactive learning materials in a

cognitively demanding technological learning environment.

Behavioral engagement: students’ participation and involvement in learning activities.
Emotional engagement: students’ affective reactions to their classmates, teachers, learning activities, and school.
Cognitive engagement: students’ mental effort to complete tasks using a deep, self-regulated, and strategic

Agentic engagement: students’ proactive efforts to constructively contribute to learning and teaching.

Fig. 3. The proposed framework for needs support for blended learning.
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of either the learning process they support or the content they contain
(Chiu & Churchill, 2015, 2016). Students need to choose appropriate
representations but need not understand the relation between them.
Accordingly, students can benefit from the autonomy support provided
by the resources.

The second suggestion is to design the technological learning envi-
ronment, including the LMS and learning resources, to address learners’
expertise and cognitive load. In designing and developing the environ-
ment, Mayer’s multimedia learning principles and Kalyuga’s expertise
reversal effect should be used as guidance for creating effective multi-
media and catering to learner diversity (Chiu & Mok, 2017; Kalyuga,
2014; Mayer, 2009). Students will feel more competent if the design of
the environment considers cognitive load (in working memory) with its
multiple, modality-specific limited capacity.

The last suggestion is to design positive and emotional technological
learning environments. The optimization of positive emotions has been
shown to enhance learning processes (Chiu et al., 2020; Park et al.,
2015). Appealing and interesting designs with warm colors and round
shapes should be considered when designing the environment because
they can facilitate learning outcomes by inducing positive emotions and
creating an enjoyable experience (Chiu et al., 2020; Knorzer et al., 2016;
Plass & Kalyuga, 2019).

6. Limitations and future directions

This study suggests that for effective blended learning, students must
be supported and engaged in both face-to-face and technological set-
tings. Four limitations of this study are noted here. First, the proposed
digital support designs seemed to better satisfy students’ innate needs
than teacher support did, but more experiments using other new digital
support designs are required to validate the findings. Second, this study
was conducted in high school sector. The effects of digital support vary
according to educational level. More studies should be done in
elementary school or higher education sectors. Third, this was a short-
term study and might not reveal the full effect of support for related-
ness, because an emotional design may only work for a brief period
(Chiu et al., 2020). Therefore, future studies should adopt a longitudinal
research design to track how student engagement can be fostered.
Finally, the current study used self-reported questionnaires to measure
engagement; therefore, future studies using objective measures, such as
the number of resources and exercises students watch-
ed/read/completed, are needed to validate the findings.

Author contributions

Thomas K.F. Chiu: Conceptualization, Methodology, Validation,
Formal analysis, Writing — original draft, Writing — review & editing,
Supervision, Project administration

Declaration of competing interest

e When the readers would like to access the data presented in this
paper but who have no participant identification, they can send a
request through Faculty of Education, the Chinese University of
Hong Kong, Hong Kong.

e There is no conflict of interests between the author and participants.

References

Ainsworth, S. (2006). DeFT: A conceptual framework for considering learning with
multiple representations. Learning and Instruction, 16(3), 183-198. https://doi.org/
10.1016/j.learninstruc.2006.03.001

Alamri, H., Lowell, V., Watson, W., & Watson, S. L. (2020). Using personalized learning
as an instructional approach to motivate learners in online higher education: Learner
self-determination and intrinsic motivation. Journal of Research on Technology in
Education, 52(3), 322-352. https://doi.org/10.1080/15391523.2020.1728449

Computers in Human Behavior 124 (2021) 106909

Allen, J., Gregory, A., Mikami, A., Lun, J., Hamre, B., & Pianta, R. (2013). Observations
of effective teacher-student interactions in secondary school classrooms: Predicting
student achievement with the classroom assessment scoring system—secondary.
School Psychology Review, 42(1), 76-98. https://doi.org/10.1080/
02796015.2013.12087492

Bedenlier, S., Bond, M., Buntins, K., Zawacki-Richter, O., & Kerres, M. (2020).
Facilitating student engagement through educational technology in higher
education: A systematic review in the field of arts and humanities. Australasian
Journal of Educational Technology, 36(4), 126-150. https://doi.org/10.14742/
ajet.5477

Bergdahl, N., Nouri, J., Fors, U., & Knutsson, O. (2020). Engagement, disengagement and
performance when learning with technologies in upper secondary school. Computers
& Education, 149, 103783. https://doi.org/10.1016/j.compedu.2019.103783

Bombaerts, G., & Nickel, P. J. (2017). Feedback for relatedness and competence: Can
feedback in blended learning contribute to optimal rigor, basic needs, and
motivation?. Proceeding 2017 IEEE global engineering education conference (EDUCON).
IEEE.

Bryne, B. M. (2010). Structural equation modeling with MPlus (1st ed.). Routledge.

Chiu, T. K. F. (2021a). Applying the Self-determination theory (SDT) to explain student
engagement in online learning during the COVID-19 pandemic. Journal of Research
on Technology in Education, 4, 1-17. https://doi.org/10.1080/
15391523.2021.1891998

Chiu, T. K. F. (2021b). Student engagement in K-12 online learning amid COVID-19: A
qualitative approach from a self-determination theory perspective. Interactive
learning environments. https://doi.org/10.1080/10494820.2021.1926289

Chiu, T. K. F., & Chai, C. S. (2020). Sustainable curriculum planning for artificial
intelligence education: A self-determination theory perspective. Sustainability, 12
(14), 5568. https://doi.org/10.3390/su12145568

Chiu, T. K. F., & Churchill, D. (2015). Exploring the characteristics of an optimal design
of digital materials for concept learning in mathematics: Multimedia learning and
variation theory. Computers & Education, 82, 280-291. https://doi.org/10.1016/j.
compedu.2014.12.001

Chiu, T. K. F., & Churchill, D. (2016). Design of learning objects for concept learning:
Effects of multimedia learning principles and an instructional approach. Interactive
Learning Environments, 24(6), 1355-1370. https://doi.org/10.1080/
10494820.2015.1006237

Chiu, T. K. F., & Hew, T. K. F. (2018). Asynchronous online discussion forum in MOOCs:
Does openness matter for peer learning and performance? Australasian Journal of
Educational Technology, 34(4). https://doi.org/10.14742/ajet.3240

Chiu, T. K. F., Jong, M. S. Y., & Mok, L. A. C. (2020). Does learner expertise matter when
designing emotional multimedia for learners of primary school mathematics?
Educational Technology Research & Development, 68, 2305-2320. https://doi.org/
10.1007/511423-020-09775-4

Chiu, T. K. F., & Lim, C. P. (2020). Strategic use of technology for inclusive education in
Hong Kong: A content-level perspective. ECNU Review of Education, 3(4), 715-734.
https://doi.org/10.1177/2096531120930861

Chiu, T. K. F., Lin, T. J., & Lonka, K. (2021). Motivating online learning: The challenges of
COVID-19 and beyond. The asia-pacific education researcher. https://doi.org/10.1007/
540299-021-00566-w

Chiu, T. K. F., & Mok, I. A. C. (2017). Learner expertise and mathematics different order
thinking skills in multimedia learning. Computers & Education, 107, 147-164.
https://doi.org/10.1016/j.compedu.2017.01.008

Christenson, S. L., Reschly, A. L., & Wylie, C. (Eds.). (2012). Handbook of research on
student engagement. New York, NY: Springer Science.

Dabbagh, N. (2003). Scaffolding: An important teacher competency in online learning.
TechTrends, 47(2), 39-44. https://doi.org/10.1007/BF02763424

Fredricks, J. A. (2011). Engagement in school and out-of-school contexts: A
multidimensional view of engagement. Theory Into Practice, 50(4), 327-335. https://
doi.org/10.1080/00405841.2011.607401

Fredricks, J. A., Blumenfeld, P. C., & Paris, A. H. (2004). School engagement: Potential of
the concept, state of the evidence. Review of Educational Research, 74(1), 59-109.
https://doi.org/10.3102/00346543074001059

Fries, C. J. (2009). Bourdieu’s reflexive sociology as a theoretical basis for mixed
methods research: An application to complementary and alternative medicine.
Journal of Mixed Methods Research, 3(4), 326-348. https://doi.org/10.1177/
1558689809336660

Furrer, C., & Skinner, E. (2003). Sense of relatedness as a factor in children’s academic
engagement and performance. Journal of Educational Psychology, 95(1), 148-162.
https://doi.org/10.1037/0022-0663.95.1.148

Garrison, D. R., & Vaughan, N. D. (2008). Blended learning in higher education: Framework,
principles, and guidelines. San Francisco, CA: Jossey-Bass.

Hartnett, M. K. (2015). Influences that undermine learners’ perceptions of autonomy,
competence and relatedness in an online context. Australasian Journal of Educational
Technology, 31(1), 86-99. https://doi.org/10.14742/ajet.1526

Heidig, S., Miiller, J., & Reichelt, M. (2015). Emotional design in multimedia learning:
Differentiation on relevant design features and their effects on emotions and
learning. Computers in Human Behavior, 44, 81-95. https://doi.org/10.1016/j.
chb.2014.11.009

Henrie, C. R., Halverson, L. R., & Graham, C. R. (2015). Measuring student engagement
in technology-mediated learning: A review. Computers & Education, 90, 36-53.
https://doi.org/10.1016/j.compedu.2015.09.005

Hew, T. S., & Kadir, S. L. S. A. (2016). Understanding cloud-based VLE from the SDT and
CET perspectives: Development and validation of a measurement instrument.
Computers & Education, 101, 132-149. https://doi.org/10.1016/j.
compedu.2016.06.004


https://doi.org/10.1016/j.learninstruc.2006.03.001
https://doi.org/10.1016/j.learninstruc.2006.03.001
https://doi.org/10.1080/15391523.2020.1728449
https://doi.org/10.1080/02796015.2013.12087492
https://doi.org/10.1080/02796015.2013.12087492
https://doi.org/10.14742/ajet.5477
https://doi.org/10.14742/ajet.5477
https://doi.org/10.1016/j.compedu.2019.103783
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref6
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref6
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref6
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref6
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref7
https://doi.org/10.1080/15391523.2021.1891998
https://doi.org/10.1080/15391523.2021.1891998
https://doi.org/10.1080/10494820.2021.1926289
https://doi.org/10.3390/su12145568
https://doi.org/10.1016/j.compedu.2014.12.001
https://doi.org/10.1016/j.compedu.2014.12.001
https://doi.org/10.1080/10494820.2015.1006237
https://doi.org/10.1080/10494820.2015.1006237
https://doi.org/10.14742/ajet.3240
https://doi.org/10.1007/s11423-020-09775-4
https://doi.org/10.1007/s11423-020-09775-4
https://doi.org/10.1177/2096531120930861
https://doi.org/10.1007/s40299-021-00566-w
https://doi.org/10.1007/s40299-021-00566-w
https://doi.org/10.1016/j.compedu.2017.01.008
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref18
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref18
https://doi.org/10.1007/BF02763424
https://doi.org/10.1080/00405841.2011.607401
https://doi.org/10.1080/00405841.2011.607401
https://doi.org/10.3102/00346543074001059
https://doi.org/10.1177/1558689809336660
https://doi.org/10.1177/1558689809336660
https://doi.org/10.1037/0022-0663.95.1.148
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref24
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref24
https://doi.org/10.14742/ajet.1526
https://doi.org/10.1016/j.chb.2014.11.009
https://doi.org/10.1016/j.chb.2014.11.009
https://doi.org/10.1016/j.compedu.2015.09.005
https://doi.org/10.1016/j.compedu.2016.06.004
https://doi.org/10.1016/j.compedu.2016.06.004

T.K.F. Chiu

Kalyuga, S. (2014). The expertise reversal principle in multimedia learning. In
R. E. Mayer (Ed.), The cambridge handbook of multimedia learning (pp. 576-597). New
York, NY: Cambridge university press.

Knorzer, L., Briinken, R., & Park, B. (2016). Facilitators or suppressors: Effects of
experimentally induced emotions on multimedia learning. Learning and Instruction,
44, 97-107. https://doi.org/10.1016/j.learninstruc.2016.04.002

Lam, Y. W., Hew, T. K. F., & Chiu, T. K. F. (2018). Improving Hong Kong secondary
school students’ argumentative writing: Effects of a blended learning approach and
gamification. Language, Learning and Technology, 22(1), 97-118. https://dx.doi.org/
10125/44583.

Lam, S. F., Jimerson, S., Kikas, E., Cefai, C., Veiga, F. H., Nelson, B., & Zollneritsch, J.
(2012). Do girls and boys perceive themselves as equally engaged in school? The
results of an international study from 12 countries. Journal of School Psychology, 50
(1), 77-94. https://doi.org/10.1016/j.jsp.2011.07.004

Lei, M., & Lomax, R. G. (2005). The effect of varying degrees of nonnormality in
structural equation modeling. Structural Equation Modeling, 12(1), 1-27. https://doi.
org/10.1207/s15328007sem1201_1

Lietaert, S., Roorda, D., Laevers, F., Verschueren, K., & De Fraine, B. (2015). The gender
gap in student engagement: The role of teachers’ autonomy support, structure, and
involvement. British Journal of Educational Psychology, 85(4), 498-518. https://doi.
org/10.1111/bjep.12095

Losier, G. F., Perreault, S., Koestner, R., & Vallerand, R. J. (2001). Examining individual
differences in the internalization of political values: Validation of the self-
determination scale of political motivation. Journal of Research in Personality, 35(1),
41-61. https://doi.org/10.1006/jrpe.2000.2300

Marks, H. M. (2000). Student engagement in instructional activity: Patterns in the
elementary, middle, and high school years. American Educational Research Journal,
37(1), 153-184. https://doi.org/10.3102/00028312037001153

Mayer, R. E. (2009). Multimedia learning. New York, NY: Cambridge Press.

Mayer, R. E., & Estrella, G. (2014). Benefits of emotional design in multimedia
instruction. Learning and Instruction, 33, 12-18. https://doi.org/10.1016/j.
learninstruc.2014.02.004

Ng, K. H., & Chiu, T. K. F. (2017). Emotional multimedia design for developing
mathematical problem-solving skills. In W. Ma, C. K. Chan, K. Tong, H. Fung, &

C. Fong (Eds.), New ecology for education — communication X learning. Singapore:
Springer. https://doi.org/10.1007/978-981-10-4346-8_11.

Park, B., Knorzer, L., Plass, J. L., & Briinken, R. (2015). Emotional design and positive
emotions in multimedia learning: An eyetracking study on the use of
anthropomorphisms. Computers & Education, 86, 30-42. https://doi.org/10.1016/j.
compedu.2015.02.016

Plass, J. L., & Kalyuga, S. (2019). Four ways of considering emotion in cognitive load
theory. Educational Psychology Review, 31, 339-359. https://doi.org/10.1007/
s10648-019-09473-5

Reeve, J. (2013). How students create motivationally supportive learning environments
for themselves: The concept of agentic engagement. Journal of Educational
Psychology, 105, 579-595. https://doi.org/10.1037/a0032690

Reeve, J., Jang, H., Carrell, D., Jeon, S., & Barch, J. (2004). Enhancing students’
engagement by increasing teachers’ autonomy support. Motivation and Emotion, 28
(2), 147-169. https://doi.org/10.1023/B:MOEM.0000032312.95499.6f

Reeve, J., & Tseng, C. M. (2011). Agency as a fourth aspect of students’ engagement
during learning activities. Contemporary Educational Psychology, 36(4), 257-267.
https://doi.org/10.1016/j.cedpsych.2011.05.002

10

Computers in Human Behavior 124 (2021) 106909

Reschly, A. L., & Christenson, S. L. (2012). Jingle, jangle, and conceptual haziness:
Evolution and future directions of the engagement construct. In S. L. Christenson,
A. L. Reschly, & C. Wylie (Eds.), Handbook of research on student engagement (pp.
3-20). New York, NY: Springer. https://doi.org/10.1007/978-1-4614-2018-7_1.

Roorda, D. L., Koomen, H. M., Spilt, J. L., & Oort, F. J. (2011). The influence of affective
teacher—student relationships on students’ school engagement and achievement: A
meta-analytic approach. Review of Educational Research, 81(4), 493-529. https://doi.
org/10.3102/0034654311421793

Ruzek, E. A., Hafen, C. A., Allen, J. P., Gregory, A., Mikami, A. Y., & Pianta, R. C. (2016).
How teacher emotional support motivates students: The mediating roles of perceived
peer relatedness, autonomy support, and competence. Learning and Instruction, 42,
95-103. https://doi.org/10.1016/j.learninstruc.2016.01.004

Ryan, R. M., & Deci, E. L. (2017). Self-determination theory: Basic psychological needs in
motivation development and wellness. New York, NY: Guilford Press.

Ryan, R. M., & Deci, E. L. (2020). Intrinsic and extrinsic motivation from a self-
determination theory perspective: Definitions, theory, practices, and future
directions. Contemporary Educational Psychology, 61, 101860. https://doi.org/
10.1016/j.cedpsych.2020.101860

Schnotz, W., & Bannert, M. (2003). Construction and interference in learning from
multiple representation. Learning and Instruction, 13(2), 141-156. https://doi.org/
10.1016/S0959-4752(02)00017-8

Skinner, E. A., Furrer, C. J., Marchand, G., & Kindermann, T. A. (2008). Engagement and
disaffection in the classroom: Part of a larger motivational dynamic? Journal of
Educational Psychology, 100, 765-781. https://doi.org/10.1037/a0012840

Skinner, E. A., Kindermann, T. A., & Furrer, C. J. (2009). A motivational perspective on
engagement and disaffection: Conceptualization and assessment of children’s
behavioral and emotional participation in academic activities in the classroom.
Educational and Psychological Measurement, 69(3), 493-525. https://doi.org/
10.1177/0013164408323233

Soper, D. S. (2020). A-priori sample size calculator for structural equation models
[Software]. Available from: http://www.danielsoper.com/statcalc .

Standage, M., Duda, J. L., & Ntoumanis, N. (2005). A test of self-determination theory in
school physical education. British Journal of Educational Psychology, 75(3), 411-433.
https://doi.org/10.1348/000709904X22359

Vansteenkiste, M., Sierens, E., Soenens, B., Luyckx, K., & Lens, W. (2009). Motivational
profiles from a self-determination perspective: The quality of motivation matters.
Journal of Educational Psychology, 101(3), 671-688. https://doi.org/10.1037/
a0015083

Vansteenkiste, M., Zhou, M., Lens, W., & Soenens, B. (2005). Experiences of autonomy
and control among Chinese learners: Vitalizing or immobilizing? Journal of
Educational Psychology, 97(3), 468. https://doi.org/10.1037/0022-0663.97.3.468

Vollet, J. W., Kindermann, T. A., & Skinner, E. A. (2017). In peer matters, teachers
matter: Peer group influences on students’ engagement depend on teacher
involvement. Journal of Educational Psychology, 109(5. Journal of Educational
Psychology, 109(5), 635-652.

Wang, M. T., Fredricks, J. A., Ye, F., Hofkens, T. L., & Linn, J. S. (2016). The math and
science engagement scales: Scale development, validation, and psychometric
properties. Learning and Instruction, 43, 16-26.

Xie, K., Debacker, T. K., & Ferguson, C. (2006). Extending the traditional classroom
through online discussion: The role of student motivation. Journal of Educational
Computing Research, 34(1), 67-89. https://doi.org/10.2190/7BAK-EGAH-3MH]1-
K7C6


http://refhub.elsevier.com/S0747-5632(21)00232-6/sref29
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref29
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref29
https://doi.org/10.1016/j.learninstruc.2016.04.002
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref31
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref31
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref31
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref31
https://doi.org/10.1016/j.jsp.2011.07.004
https://doi.org/10.1207/s15328007sem1201_1
https://doi.org/10.1207/s15328007sem1201_1
https://doi.org/10.1111/bjep.12095
https://doi.org/10.1111/bjep.12095
https://doi.org/10.1006/jrpe.2000.2300
https://doi.org/10.3102/00028312037001153
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref37
https://doi.org/10.1016/j.learninstruc.2014.02.004
https://doi.org/10.1016/j.learninstruc.2014.02.004
https://doi.org/10.1007/978-981-10-4346-8_11
https://doi.org/10.1016/j.compedu.2015.02.016
https://doi.org/10.1016/j.compedu.2015.02.016
https://doi.org/10.1007/s10648-019-09473-5
https://doi.org/10.1007/s10648-019-09473-5
https://doi.org/10.1037/a0032690
https://doi.org/10.1023/B:MOEM.0000032312.95499.6f
https://doi.org/10.1016/j.cedpsych.2011.05.002
https://doi.org/10.1007/978-1-4614-2018-7_1
https://doi.org/10.3102/0034654311421793
https://doi.org/10.3102/0034654311421793
https://doi.org/10.1016/j.learninstruc.2016.01.004
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref48
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref48
https://doi.org/10.1016/j.cedpsych.2020.101860
https://doi.org/10.1016/j.cedpsych.2020.101860
https://doi.org/10.1016/S0959-4752(02)00017-8
https://doi.org/10.1016/S0959-4752(02)00017-8
https://doi.org/10.1037/a0012840
https://doi.org/10.1177/0013164408323233
https://doi.org/10.1177/0013164408323233
http://www.danielsoper.com/statcalc
https://doi.org/10.1348/000709904X22359
https://doi.org/10.1037/a0015083
https://doi.org/10.1037/a0015083
https://doi.org/10.1037/0022-0663.97.3.468
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref57
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref57
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref57
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref57
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref58
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref58
http://refhub.elsevier.com/S0747-5632(21)00232-6/sref58
https://doi.org/10.2190/7BAK-EGAH-3MH1-K7C6
https://doi.org/10.2190/7BAK-EGAH-3MH1-K7C6

	Digital support for student engagement in blended learning based on self-determination theory
	1 Theoretical framework
	1.1 Four types of student engagement
	1.1.1 SDT on student engagement

	1.2 Teacher and digital support as factors explaining student engagement in blended learning
	1.3 Research gaps

	2 The present study
	3 Method
	3.1 Participants
	3.2 Research design and procedure
	3.3 Instruments
	3.3.1 Perceived teacher and digital support
	3.3.2 Student engagement dimensions

	3.4 Research analytic approach

	4 Results
	4.1 Descriptive statistics
	4.2 Effects of the proposed digital support
	4.3 Relationships between teacher and digital support and student engagement
	4.4 Features of the LMS satisfying student innate needs
	4.4.1 Perceived digital autonomy support
	4.4.2 Perceived digital competence support
	4.4.3 Perceived digital relatedness support


	5 Discussions and conclusions
	5.1 Empirical implications
	5.2 Theoretical contributions
	5.3 Practical suggestions

	6 Limitations and future directions
	Author contributions
	Declaration of competing interest
	References


