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a b s t r a c t

How to promote engagement and achievement in flipped classroom has been a critical
research issue. It has been recognized that a course design enticing students’ behaviour,
emotional and cognitive engagements could promote achievement. Among the different
types of engagements, behaviour engagement is relatively easier to measure and collect,
especially with the help of learning management systems (LMS). This study focuses on the
exploration of how online behaviour engagement affects achievement in flipped classroom
with a problem-centered learning flow consisting of activation, demonstration, applica-
tion, and integration. Learning data collected from ten courses was analysed. All the
courses were conducted on the Moodle platform, with a total of 488 undergraduate stu-
dents enrolled from 2010 to 2015 at a university in Taiwan. A model depicting how online
behaviour engagement affects achievement was developed using the partial least squares
SEM (PLS-SEM) method. Findings demonstrate that engagement in problem-solving ac-
tivities has a significant effect on achievement. Furthermore, engagement in self-
assessment and self-reflection activities have a significant direct effect on engagement
in online studies and social interaction, which in turn have a significant direct effect on
engagement in problem-solving activities. Most important of all, the effect of the
engagement in self-assessment and self-reflection on achievement is mediated by the
engagement in problem-solving activities. Based on these findings, it is argued that the
design of attractive and progressive problem-solving activities is at the heart of an effective
flipped classroom, and promoting a learning culture of self-reflection and self-assessment
helps trigger active engagements in other online learning activities.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Among many endeavours to explore ways to effective teaching and learning in classrooms, flipped classroom is an
alternative pedagogical model that has gained much attention in recent years. Flipped classroom is now conceived as an
opportunity to help students reach higher levels of learning goals (such as problem-solving and critical thinking skills).
Flipped classroom has several synonyms like inverted classroom (Bergmann& Sams, 2012; Strayer, 2012) and flipped learning
(Hamdan, McKnight, McKnight, & Arfstrom, 2013a, 2013b). Though there is a great variability in the definition and
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implementation of flipped classroom, Abeysekera and Dawson (2015) induced the following lowest common denominator
definition of flipped classroom, including: (1) moving most lecturing tasks out of class, (2) use of class time for active and
social learning activities, (3) requiring students to complete pre- and/or post-class activities to fully benefit from in-class
activities. However, there is still no explicit ‘how-to’ list associated with designing an effective flipped classroom. Solu-
tions to the issue require an understanding of what design factors entice student engagements and how engagements in-
fluence achievement in flipped classroom.

Engagement is considered a necessary prerequisite for learning (Fredricks, Blumenfeld, & Paris, 2004; Guo, Kim, & Rubin,
2014). In the literature, student engagement is generally understood as a multi-component construct that includes behav-
ioral, emotional, and cognitive engagement (Fredricks et al., 2004), while further expansion of the engagement model is
possible (Montenegro, 2017; Reeve & Tseng, 2011). Behavioral engagement relates to participation and involvement in ac-
tivities. Emotional engagement relates to the extent of feelings toward teachers, peers, and activities. Cognitive engagement
can be defined as student's cognitive investment in learning complex ideas ormastery of difficult skills (Fredricks et al., 2004).
Though emotional and cognitive engagements have an important influence on achievement, their measurement, inference,
and use are still challenging issues (Azevedo, 2015; Fredricks&McColskey, 2012; Maskell& Collins, 2017; Smiley& Anderson,
2011). Furthermore, most of the current measurement methods (e.g., self-report, observation) involve human intervention
and cannot capture engagement-related processes in real-time for large classes.

In contrast to the affective and cognitive engagements, behavioral engagement is easier to observe andmeasure, especially
with the help of learning management systems. Therefore, as a preliminary investigation of how engagement and
achievement interact in flipped classroom, the current study focuses on the relationship among online behaviour engage-
ments themselves and achievement. This study of the online behavioral engagement process in flipped classroom is, to my
best knowledge, the first attempt.

Numerous researchers have discussed course design frameworks to engage students cognitively, emotionally, and
behaviorally. In particular, Merrill (2013) proposed design principles for what he calls “e300 learning, or effective, efficient, and
engaging learning. These principles were centered on the problem-solving pedagogy around an explicit learning flow con-
sisting of activation, demonstration, application, and integration. Merrill's design principles have the advantages of being easy
to understand and practical for common practitioners.

In this study, we implement a pattern of flipped classroom with a problem-centered learning process adapted from
Merrill's learning flow (Merrill, 2013). Learning data was collected and analysed from log files of ten courses generated by the
design pattern. These courses, all supported by the Moodle platform, had a total of 488 undergraduate students enrolled from
2010 to 2015 at a university in Taiwan. All the courses were verified as learning-centered by student survey. This study
identifies four types of online behaviour including online study, social interaction, problem-solving, self-assessment and self-
reflection. The behaviour engagement measurement was conducted at a macro-level, which includes measuring the total
counts and times that the individuals spent on each online activity during a semester. An online behaviour engagementmodel
demonstrating the interrelation among online behaviour engagement, formative assessment, and final achievement was
developed using the PLS-SEM method. In brief, the research questions of this study are:

1. How are online behavioral engagement and achievement interrelated with a design of flipped classroom supported by
learning management system?

2. To what extent can the effectiveness of the developed behavioral engagement model be evaluated?
2. Literature review

A great deal of research on flipped classroom has reported increased student engagement and improved studenteteacher
interactions (Baepler, Walker, & Driessen, 2014; Kong, 2014; Roach, 2014; Saulnier, 2015). However, as Bishop and Verleger
(2013) reported, most of the researchers explored teacher and student perceptions of flipped classroom in a small-scale
way. Abeysekera and Dawson (2015) suggested a theoretically sound approach to the effectiveness of flipped classroom
through investigating student engagement that could be promoted by activities satisfying students’ motivation needs. Be-
sides, Saulnier (2015) suggested further longitudinal studies determine the sustainable effects of flipped classroom on the
continuing attainment of achievement.

To explore the relationship among engagement and achievement, one has to define indicators of engagement of interest
and determine how to measure those indicators. Engagement measurement methods may include teaching-rating, self-
reporting, and observation techniques (Fredricks & McColskey, 2012; Lane & Harris, 2015). However, the validity of these
methods may be questioned and most of them are time-consuming (Assor & Connell, 1992). By contrast, behavioral
engagement is relatively easier to measure. Indicators of behaviour engagement may include completion of homework; work
involvement, such as effort and persistence; and participation in class activities (Fredricks et al., 2004). Researchers have
developed teacher ratings of student participation as indicative of behavioral engagement (Finn, Folger, & Cox, 1991; Finn,
Pannozzo, & Voelkl, 1995). However, it adds burdens on instructors and is not practical for large classes.

Another approach to measuring behavioral engagement is through a learning management system (LMS) that can gather
learning data easily. However, some researchers argued that log data about participant's online behaviour engagement may
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not well explain the actual learning problems (Nakayama, Mutsuura, & Yamamoto, 2014). On the other hand, Naumannl and
Salmer�on (2016) argued that, theoretically, online navigation is important because it is highly interlinked with self-regulation
learning (SRL) in online scenarios. The analysis of online behaviour can provide rich information to cognitive engagement like
self-regulated models of learning (Winne, 2010). Besides, it was found that online activities such as discussion forums and
online content may increase an emotional engagement in online learning (Sun & Rueda, 2012).

Despite the growing popularity of flipped classroom, it may not produce expected outcomes due to a lack of pedagogical
integrity (O'Flaherty & Phillips, 2015). Numerous research has been conducted to investigate course design factors that could
promote engagement (Fredricks, 2011; Hew, 2016). However, there seems to be few conceptual frameworks able to explain
why and how these factors are contributing to engagement and learning. There are several emerging models, characterizing
what an effective flipped classroom should be and should comprise. For example, Hamdan et al. (2013a, 2013b) identified the
F-L-I-P™ scheme, an acronym of Flexible Environment, Learning Culture, Intentional Content, and Professional Educator,
consisting of four pillars of flipped classroom: Flexible Environment, Learning Culture, Intentional Content, and Professional
Educator, characterized respectively as follows:

(1) Flexible Environment: Flipped classroom allows for a variety of learning modes, creating a seamless and flexible
environment satisfying students' autonomous motivation needs.

(2) Learning Culture: Flipped classroom facilitates learning experiences through pedagogies that engage students in in-
class active learning activities with intense interaction among students and the teacher.

(3) Intentional Content: Content is redesigned intentionally and deliberately so that students can get themselves ready
before coming to class to take part in various active learning activities.

(4) Professional Educators: Educators of flipped classroom continually observe their students, give them feedback relevant
in the moment, and continuously assess their progress. Besides, educators keep making reflections and adjust peda-
gogies as is required.

Chen, Wang, Kinshuk, and Chen (2014) proposed a model, called FLIPPED, by extending the F-L-I-P™ framework, and
explained how design elements in the framework affect students’ satisfaction of courses. The FLIPPED model provides an
extended network vision of F-L-I-P™. For example, the “Progressive Networking Activity” can be a pedagogy equipped with
networking technology under the “Learning Culture” pillar, and “Engaging and Effective Learning Experiences” is the ex-
pected outcome under the same pillar. At last, the “Diversified and Seamless Platforms” could be a salient feature of a specific
implementation of the “Flexible Environment” pillar.

Kima, Kimb, Khera, and Getman (2014) proposed another framework of flipped classroom based on four elements of the
Revised Community of Inquiry (RCoI) theory. The theory assumes that effective online learning is a function of the interaction
of social presence, cognitive presence, teaching presence and learning presence (Garrison, Anderson, & Archer, 2000; Shea
et al., 2012). In addition, Wong and Looi (2011) induced ten design perspectives that characterize seamless mobile
learning (Hwang, Lai,&Wang, 2015). All the conceptual frameworks consider design factors that can be categorized into three
types, including technology, pedagogy and learner focus (Wong & Looi, 2011).

In contrast to the conceptual frameworks aforementioned, Merrill (2013) proposed a practical framework with an explicit
learning flow that engages students in deep learning within a problem-solving process. The learning flow consists of acti-
vation, demonstration, application, and integration. In Merrill's framework, flipped classroom is about reversing the order of
instruction so that problem solving is the focus throughout a course implementation. The explicit learning flow of Merrill's
model makes it easier to conceptualize and implement for practitioners, and better engagement and learning was reported
(Hoffman, 2014).

In brief, it appears that the most of the research on flipped classroom relied upon perception data of flipped classroom of
relatively small sample sizes. As a result, the generalizability of these findings is somewhat questionable. Besides, there was
little research on how engagement interrelated with achievement in flipped classroom based on a specific conceptual
framework. It is no doubt that an exploration of why flipped classroom is effective in a conceptual framework from both
perception and behaviour perspectives will benefit our understanding of the framework and research.
3. The course design pattern

This study adopts Merrill's problem-centric framework as the course design pattern of flipped classroom. Furthermore,
this study augments Merrill's framework with a theory of self-assessment and self-reflection. Self-assessment helps
encourage students to get engaged deeply in their classroom learning experiences (Munns & Woodward, 2006). Besides, it
was found that reflection improves students' self-efficacy, which in turn translates into higher rates of learning (Ellis, Carette,
Anseel, & Lievens, 2014; Stefano, Gino, Pisano, & Staats, 2016). The learning flow was depicted as follows.

(1) Before each class starts, students need to acquire basic knowledge and skills required to solve the target problems via
the intentional micro content delivered through the platform.

(2) In class, the teacher first activates students' prior knowledge and skill related to the new problems by presenting
storyboards of the problems.
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(3) Next, the teacher demonstrates how s/he solve the problems in a think-aloud way. In particular, the teacher negotiates
the problems with students so they really conceive the problems as their own. This is done by showing how students'
prior knowledge and skill are not enough to solve the current problems. This demonstration is needed especially for
novel students in lack of problem-solving experiences. As timemoves on, the teacher would gradually step back and let
students take the initiative at the problem-solving tasks.

(4) In the application phase, students are grouped and learn to apply their newly acquired knowledge and skill. To help
students consolidate and assess what was learnt, a good amount of self-assessment items was delivered to students
through the platform so they could get immediate feedback.

(5) Finally, after each class, students hand in a self-report to reflect on, discuss, and defend their newly acquired knowledge
and skill.

Table 1 shows the arrangement of activities and Moodle supports adopted in the courses developed based on the design
pattern. In particular, on the first day the teacher introduced the requirements of the course and emphasized the importance
that all students needed to previewmicro content before attending the class. All activities were delivered through theMoodle
platform, including online content, discussion, quizzes, exercises, assignments and questionnaires. In class, grouped students
engaged in the activities and access related information and resources through the platform. For example, Fig. 1 shows an
exploratory activity with a scaffolding of learning problem-solving skills. After class, students could continue the activities
asynchronously throughMoodle, or consolidate and assess what was learnt by taking self-assessments delivered through the
platform. The formative assessment and feedback could empower students as self-regulated learners (Nicol & Macfarlane-
Dick, 2006). All artifacts of the activities were kept in Moodle and some of them were shared among students to promote
peer assessment and reflection. Furthermore, to promote learning by reflection, students had to write 3-min reports online
Table 1
The arrangement of pre-class, in-class and after-class activities and Moodle supports for the flipped classroom.

Learning Flow Stages Learning Activities Moodle Support

Activation Pre-Class Teacher:
1. Get the micro content and storyboards for next week activities ready

on Moodle.
2. Monitor students' pre-study behaviour and offer help if required

through Moodle.

1. Resources such as page, SCORM, url for micro
content and story boards

2. Forum for asynchronous interaction and help
3. Log for monitoring students pre-study

behaviour
Students:
1. Go online to Moodle and pre-study the micro content and the

storyboards for next week activities.
2. Use discussion tools on Moodle to pose questions and get help when

encountering difficulty in micro content if necessary.
In-Class Teacher:

1. Administer a pre-test to check students' readiness for the in-class
activities.

2. If students are not ready, give a short yet precise lecture, presenting
basic concepts required for the in-class activities.

1. Quiz for pre-test, post-test and other
formative assessments

2. Resources such as page, SCORM, url for micro
content and story boards, referenced by in-
class activities

3. Assignments as the product of the activities
4. Forum for sharing group works
5. Forum used for asynchronous interaction
6. Workshop for peer-review
7. Questionnaire for 3-min reflection report

Demonstration 3. Negotiate the problems with students, transferring problem-
ownership to students.

4. Demonstrate new problem-solving skills.
5. Conduct semi-structured in-class activities, keeping highly interacting

with students.
6. Administer a post-test to assess students' learning progression.

Application Students:
1. Engage in the in-class activities in groups, accessing the scaffolding,

resources, and tools provided through Moodle.
2. Before the end of the class, students should finish the activities and

hand in the assignments
3. Share group work and peer review.
4. Do formative assessments as scheduled for some time like quizzes, and

mid-term exam.
After-Class 5. Continue unfinished assignments of previous week, or consolidate

what is learned, using resources, self-assessments and interaction tools
on Moodle.

Integration In-Class 6. Fill in the 3-min reflection report in Moodle, integrating and making a
reflection on one's own learning of today's lesson.

1. Questionnaire for 3-min reflection report
2. Quiz for self-assessments
3. Assignment for reflection report
4. Forum for sharing mid-term reflection

report

After-Class Teacher:
1. Make reflection on teaching according to assessment results, and

suggestions given by students from the weekly self-reflection reports
2. Adjust the teaching plan for next week if necessary, such as adding

supplementary micro-content.
Student:
1. Take self-assessments on Moodle.
2. After the mid-term exam, each student hands in a reflection report.
3. At the end of the semester, hand in a summative reflection report.



Fig. 1. A sample screen of in-class activities with a scaffolding of problem-solving skills.
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weekly, demonstrating their understandings, insights, and applications of what they learnt, as well as suggestions they
thought might improve learning. The teacher reviewed students' reports and made necessary adjustments to the treatments.
In this way, both the teacher and students work collaboratively to improve learning in the classroom. Besides, at some critical
events, such as after the mid-term exam, students were asked to make meaning from their learning experiences, either failed
or successful, and reporting necessary adjustments overtly in a written form. All these reflection activities were made online
through the questionnaire module on Moodle. Finally, on the last day students handed in an online summative report,
summarizing their learning performance and evaluating their learning strategies. Table 2 lists the questions used to scaffold
students’ reflection at appropriate events.

To facilitate a better understanding of the course design adopted in this study, it is analysed with respect to the per-
spectives of the F-L-I-P™ scheme (see Table 3) and the characteristics of dimensions proposed by Wong and Looi (2011) (See
Table 4).
4. Methodology

4.1. Study design and setting

Ten courses from a university in Taiwanwere included in this study, and a total of 488 undergraduate students enrolled in
and completed the courses from 2010 to 2015. All courses were developed based on the common design pattern (see Table 1).
Table 2
Questions used to scaffold learning reflection at different events (developed by this study).

Time Events Questions for self-reflection

After class (weekly) 1. What was the most helpful design in class for my learning today? , material , activity , assessment , lecture
2. Overall, I am satisfied with today's class. , Strongly Disagree , Disagree , Neutral , Agree , Strongly Agree
3. Make a summary of what you have learnt today? (Briefly describe the key concepts, skills, etc.)
4. List a couple of things of today's learning that are still confounding you.

After mid-term exam 5. What was my learning strategy?
6. Was it effective and why?
7. If not, how would you adjust it for better learning?
8. Suggestions to Teacher: How would teacher's assistance be more helpful for my learning?

Final Reflection Report 1. List at least three items of professional knowledge or skills and one learning attitude you have learnt in this course.
2. Write a report of at least 500 words, outlining what you have learnt in this course.
3. What's your learning strategy for this curse?
4. How would you refine your learning strategy for similar courses of the future?



Table 3
Characteristics of the design pattern according to the F-L-I-P™ scheme (Hamdan, McKnight, McKnight, & Arfstrom, 2013b, 2013a).

Design Pillar Description

Intentional
Content

� Deliberately design of short and self-contained micro content rooted in a specific problem context.
� The micro content aims to motivate and engage students in learning new content.

Learning Culture � In-class progressive activities that arose with problems at different levels of difficulties enable students thinking and guide them to
solve problems collaboratively.

� Direct instruction is necessary for situations where students hold little or no prior knowledge.
� Activities that promote students' self- and co-regulated learning ability after the class, such as online self-assessment, 3-min

reports, and self-evaluation reports.
Flexible

Environment
� Offer several learning modes such as individualized and group work on Moodle.
� Offer online forum for sharing and interaction asynchronously.

Professional
Educator

� Continually observe students, providing them with feedback relevant in the moment, and continuously assessing their progress.
� Keep reflective in the teaching practice by reviewing students' weekly reflection reports, to make improvements.

Table 4
Characteristics of the design pattern according to the ten design perspectives (Wong & Looi, 2011).

Design Perspective Description

Pedagogy
Perspective

Seamless switching between
multiple learning tasks

� Learning tasks were switched smoothly in the flipped classroom where the in-class and out-class
activities were mediated by Moodle.

Encompassing multiple
pedagogical/learning Models

� The flipped classroom implements a learning flow consisting of passive learning tasks (watching
videos, observing demonstration) and active learning tasks (problem-based learning, project-
based learning, and self-reflection) under Moodle.

Learner Focus
Perspective

Formal/Informal Learning � The flipped classroom supports formal learning by delivering micro-content online. Besides,
direct instruction is conducted in situations where students hold little or no prior knowledge.

� The flipped classroom supports (semi) informal learning by conducting problem-solving or
project development activities, in which students decide on their own how to solve the
problems or develop projects.

Personalized/Social Learning � The flipped classroom supports personalized learning by watching the pre-class videos in the
activation phase, watching an in-class demonstration, consolidation and self-assessment tasks
in the after-class application phase, and self-reflection in the integration phase.

� The flipped classroom supports social learning by collaborative learning and peer assessment in
the application phase.

Across Time � The flipped classroom allocates in-class and out-class time to various activities of the learning
flow in a seamless way.

Across Locations � With the help of Moodle, the flipped classroom supports various activities of the learning flow
across space in a seamless way.

Encompassing physical/digital
worlds

� Not available

Knowledge Synthesis Skill � The flipped classroom cultivates problem-solving skills and integration of different kinds of
knowledge in developing a project.

� The flipped classroom nurtures self-reflection meta-cognition skill.
Technology

Perspective
Ubiquitous Knowledge Access � The flipped classroom supports context-aware knowledge access to content designed for

problem-solving and project development with the help of Moodle.
� The flipped classroom requires students to access non-context-aware Internet information that

they think useful for solving the problems or development of projects.
Combine use of multiple device
types

� Not available
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The sample courses include a Computer Introduction course (BCC), four JAVA Programming course (JAVA), four XML Pro-
gramming course (XML), and one Advanced JAVA Programming course (Adv. JAVA), where courses BCC and JAVA adopted
problem-based learning, and courses XML and Advanced JAVA adopted project-based learning. All the courses were designed
by the same instructor, and the sample population was the undergraduate students enrolled in the courses. Students that
withdrew (dropped out) in the midst of a term were not considered in this study. Table 5 lists the learning strategies and
assessment policies of the target courses.
4.2. The behaviour data sets

Moodle kept detailed log information of students’ online behaviour, including the access date time, IP address fromwhich
the access request is issued, username, types of action and information about each access. In this study, activities were
identified only through the “Action” field. Those items with the “Action” field specified by “read”, “write” or “edit” on the
same item were each counted as one access to that item. Before further analysis can be conducted, a series of tasks were
performed, including data cleaning, user identification, session identification and session packing.

Indicators of activity engagement include counting-based and duration-based features derived from the log data. For
example, this study denoted forum as the number of times a student used the forum, while forumTime represented the total



Table 5
Learning strategies and assessment policies of the sample courses.

BCC JAVA XML Adv. JAVA

Learning
Strategy

� Problem-based learning
� In-class collaborative learning

(lecture classroom)

� Problem-based learning
� Practice and drill (computer

room)
� In-class collaborative learning

(computer room)

� Project-based learning (long-
term)

� Practice and drill (computer
room)

� In-class collaborative learning
(computer room)

� Problem-based learning
� Project-based learning (short-

term)
� In-class collaborative learning

(computer room)
� Peer Review (computer room)

Assessment
Policy

� Homework, quizzes (30%)
� Weekly reflection report (16

weeks) (10%)
� Mid-term exam (20%)
� Final-term exam (30%)
� Final reflection report (10%)

� Homework, quizzes (30%)
� Weekly reflection report (16

weeks) (10%)
� Mid-term exam (20%)
� Final-term programming test

(30%)
� Final reflection report (10%)

� Homework, quizzes (30%)
� Weekly reflection report (16

weeks) (10%)
� Mid-term exam (20%)
� Final project (30%)
� Final reflection report (10%)

� Homework, quizzes (30%)
� Weekly reflection report (16

weeks) (10%)
� Mid-term exam (20%)
� Final project (30%)
� Final reflection report (10%)
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time in hours that student spent in forums. Since there might be differences in the use plan of the Moodle modules across the
courses, an alignment of the Moodle modules is necessary for meaningful data integration. Indicators of the Moodle modules
with the same intention were combined. For example, the url and resource modules in course Advanced JAVA had the same
intention as the online resources for study. Therefore, the two modules in course Advanced JAVA were combined by adding
them together, forming a new indicator of the resource.

On the other hand, there were several types of formative assessments associated with a course, such as QUIZ, EXAM, HW,
and SELF-ASSESSMENT. To aggregate the scores of a given type of formative assessment in a course, the assessment scores of
the same type were first standardized using the Z-score scheme and then summed up as the indicator value of that
assessment type. Finally, all indicators and students’ final scores of each course were standardized again using the Z-score
scheme before getting combined into a whole data set. Table 6 shows a fragment of the standardized indicators of the ten
courses, where only HW, EXAM, and QUIZ were considered as the formative assessment indicators, and score is the target
latent variable representing the achievement.
4.3. Procedure

This study develops an exploratory behaviour model that demonstrates how students’ online behaviour engagement
affect achievement in flipped classrooms. To build such a behaviour model, the behaviour data sets derived from the log data
(see Table 6) were analysed with the PLS-SEM method, using SmartPLS (Version 2.0 M3).
4.4. Analysis of the behaviour model

First, this study analysed the measurement and structure model of the behaviour indicators to explore the effects of the
indicators on the achievement. An exploratory factor analysis was first conducted on the indicators to find potential con-
structs of the behaviourmodel. Some consistent results were found across the courses that grouped the indicators into a set of
constructs. Then a hypothetical behaviour model was formed and tested via the PLS-SEM analysis on the behaviour data sets
using SmartPLS.

In particular, an initial pathmodeling estimationwas conducted using the PLS algorithm to remove insignificant indicators
and links from the model. Then, the PLS algorithm ran again to get a final path model. The measurement model and structure
model then underwent validation processes to check the reliability of indicators and significance of the structural paths,
respectively. Specifically, the verification of the measurement model was based on the following criteria:

(1) For Reliability: (a) Indicators should have reliability higher than 0.5, (b) Constructs should have Composite Reliability
(CR) higher than 0.7.

(2) For Convergent Validity: (a) All indicators loading need to be larger than 0.7. (b) The Average Variance Extracted (AVE)
of construct needs to be larger than 0.5.
Table 6
The standardized student profiles (a portion).

course assignment resource forum assignmentTime resourceTime forumTime HW EXAM QUIZ score

BCC 0.97 �0.77 0.69 1.35 �0.48 �0.11 0.89 0.36 0.07 0.27
BCC 3.27 2.34 0.39 1.48 1.09 �0.28 0.05 0.378 0.13 0.31
BCC 0.89 1.33 0.14 0.25 1.85 0.17 0.69 0.14 �0.63 0.19
BCC 1.09 0.10 0.36 0.46 0.20 1.37 1.17 �0.18 �0.63 0.21
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(3) For Discrimination Validity: According to Fornell and Larcker (1981), the “square root” of AVE of each construct should
be greater than the correlations among the other constructs.

To test the structural path significance, this study applied the bootstrapping procedure with 488 cases, 5000 samples, and
no sign changes option. The significance of the path coefficients in the inner model was tested using a two-tailed t-test. The
significance of the outer model loadings were tested using the t-test. Next, to see if any construct should be eliminated,
merged into one, or simply have a higher-order latent variable developed, the construct scores were used as input formultiple
regression to get the Variance Inflation Factor (VIF) values. As a rule of thumb, the VIF should be lower than 5 to avoid the
collinearity among the constructs (Hair, Black, Babin, & Anderson, 2010). At last, the significance of all path total effects was
tested using the t -test in the bootstrapping procedure, and the mediation analysis was conducted using Sobel test (Sobel,
1982) to verify the indirect effects of some paths of interest.
5. Results and discussion

5.1. Analysis results of the behaviour model

There were 440,848 log records and 34,672 sessions made by the 488 students of the ten courses, with 74 sessions per
student, and 12 actions per session for each student in average. Based on an exploratory factor analysis on the standardized
data set of each course, the researcher created a hypothetical behaviour model, consisting of eighteen indicators and six
constructs, including four activity engagement constructs, one Formative_Assessment construct (FA) and the target construct
(AC) of final grade (see Table 7). The activity engagement constructs consist of Self_Assessment_Reflection (SA), Online_Study
(SD), Online_Interaction (IA), and Assignment_Activity (AS). Note that after an estimation of initial path modeling, the in-
dicator of questionnaireTime was removed from the measurement model due to its insufficient loading (0.495).

The results of an initial path modeling estimation revealed that the Online_Study (SD), Online_Interaction (IA) and
Self_Assessment_Reflection (SA) did not directly predict the target AC. Furthermore, the Online_Study (SD) and Onli-
ne_Interaction (IA) did not directly predict Formative_Assessment (FA). After removing the insignificant indicators and links
from the model, the final path model is shown in Fig. 2. The PLS algorithm converged only after 4 iterations (instead of
reaching 300), so the estimation was good.
5.2. The measurement model

As shown in Table 8, all indicators have reliability higher than 0.5. Therefore, all indicators were reliable. Besides, high
levels of internal consistency reliability were demonstrated for the six reflective constructs because their Composite Reli-
ability (CR) values were all greater than 0.7. On the other hand, all the indicators' loadings were larger than 0.7, and all the
constructs' Average Variance Extracted (AVE) values were greater than 0.5, so the convergent validity of the measurement
model was good. Finally, to check the constructs' Discriminant Validity, Fornell and Larcker (1981) suggest that the “square
root” of AVE of each construct should be greater than the correlations among the other constructs. Based on this suggestion,
the construct's correlations with others were lower than 0.85, and were lower than the construct's square root of AVE,
indicating that discriminant validity was well established.
Table 7
Indicators and constructs of the behavior model.

Construct Descriptions Indicator Activity Intention

SA Measure the students' engagement in self-assessment and self-reflection questionnaire Self-reflection
questionnaireTimea

quiz Self-assessment
quizTime

SD Measure student's engagement in online studies homePage Navigation support
homePageTime
resource Online material
resourceTime

IA Measure students' engagement in online interaction forum Discussion and sharing
forumTime

AS Measure students' engagement in problem-solving activities assignment Assignments for problem solving
assignmentTime
upload
uploadTime

FA Measure students' achievement of formative assessments EXAM Grades of the mid-term exam
HW Grades of the assignments
QUIZ Grades of quizzes

AC Measure students' achievement score Final grade

a The questionnaireTime had a loading (0.495) less than 0.7, and was therefore removed from the measurement model.



Fig. 2. The PLS path modeling estimation results. (* < 0.05, ** < 0.01, *** < 0.001).

Table 8
Summary results for the reflective outer model.

Latent Variable Indicators Loadings Indicator Reliability Composite Reliability AVE

SA questionnaire 0.725 0.526 0.854 0.663
quiz 0.846 0.716
quizTime 0.864 0.746

SD homePage 0.917 0.841 0.942 0.802
homePageTime 0.909 0.826
resource 0.894 0.799
resourceTime 0.861 0.741

IA forum 0.956 0.914 0.954 0.913
forumTime 0.955 0.912

AS assignment 0.892 0.794 0.908 0.712
assignmentTime 0.889 0.790
upload 0.859 0.738
uploadTime 0.723 0.523

FA EXAM 0.853 0.728 0.850 0.656
HW 0.708 0.501
QUIZ 0.860 0.740

AC score 1.000 1.000 1.0000 1.0000
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In summary, it was found in this analysis that scores of homework, quizzes, andmid-term examswere significant indicators
of formative assessments (FA), with loadings of 0.708, 0.860 and 0.853, respectively. The assignment, assignmentTime, upload,
and uploadTimewere significant indicators of students' engagement in problem-solving activities (AS), with loadings of 0.892,
0.889, 0.859, and 0.723, respectively. The resource, resourceTime, homePage and homePageTime were significant indicators of
students' engagement in online studies (SD), with loadings of 0.894, 0.861, 0.917, and 0.909, respectively. In addition, forum
and forumTime were significant indicators of students' engagement in interaction (IA), with loadings of 0.956 and 0.955,
respectively. Finally, the quiz, quizTime, and questionnaire were found to be good indicators of students’ engagement in self-
reflection and self-assessment with loadings of 0.846, 0.864 and 0.725, respectively.
5.3. The structure model

As shown in Table 9, all the path coefficients of the inner model are statistically significant, using the two-tailed t-test by
the bootstrapping procedure of 5000 samples. Furthermore, all the outer model loadings are highly significant (see Table 10).

As a result, it is found that formative assessments (FA) had a significant effect on the final achievement (AC), with a strong
effect of 0.634 (see Fig. 2). Therefore, this study recommends educators provide formative assessments of different formats to
improve students’ final achievements.

Besides, the engagement in problem-solving activities (AS) had significant effects on formative assessments (FA) and the
final achievement (AC), with degrees of 0.390 and 0.245, respectively. Therefore, educators should provide engaging problem-
solving activities to improve formative assessments and the final achievement.



Table 9
T-Statistics of path coefficients of the inner model.

Path T Statistics p-value

AS - > AC 5.5680 <0.001***

AS - > FA 10.4419 <0.001***

FA - > AC 14.2091 <0.001***

IA - > AS 6.3485 <0.001***

SA - > AS 3.0494 <0.01**

SA - > FA 5.2988 <0.001***

SA - > IA 17.0755 <0.001***

SA - > SD 21.4933 <0.001***

SD - > AS 9.3372 <0.001***

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

Table 10
T-Statistics of outer loadings of the outer model.

Indicator SA SD IA AS FA AC

questionnaire 24.3162***

quiz 45.5543***

quizTime 59.468***

homePage 115.563***

homePageTime 104.9399***

resource 79.6781***

resourceTime 64.993***

forum 99.3925***

forumTime 136.6893***

assignment 99.4884***

assignmentTime 80.1189***

upload 65.7479***

uploadTime 25.2076***

EXAM 58.1181***

HW 24.0552***

QUIZ 44.1432***

* < 0.05, ** < 0.01, *** < 0.001.
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It is also found that engagements in online studies (SD) and social interaction (IA) benefited, with degrees of 0.441 and
0.302, respectively, the engagement in problem-solving activities (AS). It suggests educators allocate sufficient online re-
sources and provide social activities to help improve students’ engagement in problem-solving activities.

Finally, offering self-assessment and self-reflection activities is shown to significantly benefit student's engagements in
online studies (SD), social interaction (IA), problem-solving activities (AS) and formative assessments (FA).
5.4. Mediation analysis

It is interesting to find that though online studies (SD) and interaction (IA) had no direct effects on formative assessments
(FA) and the final achievement (AC), they had fully indirect effects on them, both mediated only by problem-solving activities
(AS). Furthermore, self-assessment and self-reflection activities (SA) have a partially indirect effect on formative assessments
(FA), mediated by problem-solving activities (AS).

However, though self-assessment and self-reflection activities (SA) had a fully indirect effect on the final achievement
(AC), it is not clear how the effect was mediated. In particular, this study is interested in the following mediation effects:

(Q1) Did self-assessment and self-reflection activities (SA) have an indirect effect on problem-solving activities (AS),
mediated by online studies (SD)?

(Q2) Did self-assessment and self-reflection activities (SA) have an indirect effect on problem-solving activities (AS),
mediated by social interaction activities (IA)?

(Q3) Did self-assessment and self-reflection activities (SA) have an indirect effect on formative assessments (FA), mediated
by problem-solving activities (AS)?

(Q4) Did self-assessment and self-reflection activities (SA) have an indirect effect on the final achievement (AC), mediated by
problem-solving activities (AS)?

As shown in Table 11, all the mediation effects are significant. As a result, the engagement in online studies and interaction
had significant indirect effects on formative assessments and the final achievement, mediated by the engagement in problem-
solving activities. This is an important finding that supports the argument, from a behaviour perspective, that the engagement



Table 11
The Sobel test for the significance of mediation effects.

Path Sobel Test Statistic Two-tailed probability

SA/SD/AS 8.573 0.000***

SA/IA/AS 5.954 0.000***

SA/AS/FA 8.914 0.000***

SA/AS/AC 10.910 0.000***

* < 0.05, ** < 0.01, *** < 0.001.
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in problem-solving activities, which could make online studies and social interaction focused in problem-solving contexts, is
the heart of effective learning in flipped classroom. Besides, the effect of the engagements in self-assessment and self-
reflection activities on the final achievement is mediated by the engagement in problem-solving activities. These findings
evidence that learning by self-reflection and self-assessment could promote engagement in problem-solving activities, which
in turn improves the final achievement. Therefore, this study suggests educators design flipped classrooms that promote the
learning culture of self-reflection and self-assessment as triggers for active engagements in other learning activities.

6. Conclusion

6.1. Educational implications

This study contributes to our understanding of flipped classroom in the following ways. First, it is the first attempt to gain
knowledge about an online behavioral engagement model of achievement in flipped classroom. Several online behaviour
constructs were identified. A behaviour model that depicts the effects of online engagement on achievement were developed
and verified. In particular, it is argued that progressive problem-solving activities are at the heart of an effective flipped
classroom because engagement in problem-solving activities has direct, positive effects on formative assessments and the
final achievement. Besides, preparing a rich set of online resources and providing online interaction activities are pre-
requisites for the success of promoting engagement in online problem-solving activities. Furthermore, introducing self-
reflection and self-assessment activities into flipped classroom helps entice behaviour engagement in online study and so-
cial interaction, which in turn promote engagement in problem-solving activities. These results are consistent with that self-
assessment helps encourage students to be substantively engaged in learning experiences (Munns & Woodward, 2006) and
that self-reflection improves students’ self-efficacy and learning (Stefano et al., 2016).

6.2. Implications for research and practice

Little formal and direct data exist to show the effectiveness of flipped classroom from a behavioral perspective. This study
proposes an initial attempt toward an online behavioral engagement model, complementary to the traditional perceptual
approaches. For example, Chen et al. (2014) found that students’ perception of “Engaging Experience” contributed directly to
“Satisfaction”. Their findings are complemented by the finding of this study that engaging in problem-solving activities
contributed to the final achievement. As Azevedo (2015) suggested, augmenting the traditional methods of engagement
measurement and analysis with approaches like log-file analysis would expand the current framework and research of
engagement models (Azevedo, 2015; Gobert, Baker,&Wixon, 2015), allowing educational researchers and practicers to gain a
comprehensive understanding of how students respond to a flipped classroom in both perceptive and behavioral ways.
Finally, this study illustrates a direct methodology of measuring behaviour engagement at a macro level from log data, which,
in contrast to the traditional indirect methods (Fredricks &McColskey, 2012; Lane & Harris, 2015), is more accurate and real-
time. This could advance the research and application of learning data analytics in the detection of disengagement for online
learning (Gobert et al., 2015; Ma, Han, Yang, & Cheng, 2015).

6.3. Limitations and suggestions for future research

First, this study focused only on a special population of undergraduates from the programming discipline. Discretion must
be exerted to extend the results to other disciplines. Second, this study was an exploratory study of how online behaviour
engagement affects achievement. Further controlled experiments on these causal relationships are encouraged. In addition,
whereas measuring methods of online behaviour engagement by log files have several strengths, they also have limitations,
including the difficulty of interpretation without additional contextual information. Finally, it was found that all types of
online behaviour engagements plus formative assessments together explain 63.3% of the variance in the final grades of the
courses. This suggests that other factors could be considered when exploring design issues of flipped classroom. As O'Flaherty
and Phillips (2015) pointed, utilizing online activities as a measure to quantitate student engagement, though important, is
only one variable known to impact achievement. Future research should also consider indicators of cognitive and emotional
engagements to build a more holistic model explaining the relationship among different types of engagements and
achievement in flipped classroom (O'Flaherty & Phillips, 2015).



F.H. Wang / Computers & Education 114 (2017) 79e9190
References

Abeysekera, L., & Dawson, P. (2015). Motivation and cognitive load in the flipped classroom: Definition, rationale and a call for research. Higher Education
Research & Development, 34(1), 1e14.

Assor, A., & Connell, J. P. (1992). The validity of students' self-reports as measures of performance-affecting self-appraisals. In D. H. Schunk, & J. Meece (Eds.),
Student perceptions in the classroom (pp. 25e46). Hillsdale, NJ: Erlbaum.

Azevedo, R. (2015). Defining and measuring engagement and learning in science: Conceptual, theoretical, methodological, and analytical issues. Educational
Psychologist, 50(1), 84e94.

Baepler, P., Walker, J. D., & Driessen, M. (2014). It's not about seat time: Blending, flipping, and efficiency in active learning classrooms. Computers & Ed-
ucation, 78, 227e236.

Bergmann, J., & Sams, A. (2012). Flip your classroom: Reach every student in every class every day. Washington, DC: Internal Society for Technology in
Education.

Bishop, J. L., & Verleger, M. A. (2013). The flipped classroom: A survey of the research. In Proceedings of 120th ASEE annual conference & exposition, june
23e26. American Society for Engineering Education.

Chen, Y., Wang, Y., Kinshuk, & Chen, N. S. (2014). Is FLIP enough? Or should we use the FLIPPED model instead? Computers & Education, 79, 16e27.
Ellis, S., Carette, B., Anseel, F., & Lievens, F. (2014). Systematic reflection: Implications for learning from successes and failures. Current Directions in Psy-

chological Science, 23, 67e72.
Finn, J. D., Folger, J., & Cox, D. (1991). Measuring participation among elementary grade students. Educational and Psychological Measurement, 51, 393e402.
Finn, J. D., Pannozzo, G. M., & Voelkl, K. E. (1995). Disruptive and inattentive-withdrawn behavior and achievement among fourth graders. The Elementary

School Journal, 95, 421e454.
Fornell, C., & Larcker, D. F. (1981). Evaluating structural equation models with unobservable variables and measurement error. Journal of Marketing Research,

18(1), 39e50.
Fredricks, J. A. (2011). Engagement in school and out-of-school contexts: A multidimensional view of engagement. Theory Into Practice, 50, 327e335.
Fredricks, J. A., Blumenfeld, P. C., & Paris, A. (2004). School engagement: Potential of the concept: State of the evidence. Review of Educational Research, 74,

59e119.
Fredricks, J. A., & McColskey, W. (2012). The measurement of student engagement: A comparative analysis of various methods and student self-report

instruments. In S. L. Christenson, et al. (Eds.), Handbook of research on student engagement. Springer ScienceþBusiness Media, LLC.
Garrison, D. R., Anderson, T., & Archer, W. (2000). Critical inquiry in a text-based environment: Computer conferencing in higher education. The Internet and

Higher Education, 2, 87e105.
Gobert, J. D., Baker, R. S., & Wixon, M. B. (2015). Operationalizing and detecting disengagement within online science microworlds. Educational Psychologist,

50(1), 43e57.
Guo, P. J., Kim, J., & Rubin, R. (2014). How video production affects student engagement: An empirical study of MOOC videos. In Proc. L&S 2014 (pp. 41e50).

New York: ACM Press.
Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2010). Multivariate data analysis (7th ed.). Englewood Cliffs: Prentice Hall.
Hamdan, N., McKnight, P., McKnight, K., & Arfstrom, K. (2013a). The flipped learning model: A white paper based on the literature review. Retrieved from the

Flipped Learning Network website http://researchnetwork.pearson.com/wp-content/uploads/WhitePaper_FlippedLearning.pdf.
Hamdan, N., McKnight, P., McKnight, K., & Arfstrom, K. (2013b). A review of flipped learning. Retrieved from the Flipped Learning Network website http://

www.flippedlearning.org/cms/lib07/VA01923112/Centricity/Domain/41/LitReview_FlippedLearning.pdf.
Hew, K. F. (2016). Promoting engagement in online courses: What strategies can we learn from three highly rated MOOCS. British Journal of Educational

Technology, 47(2), 320e341.
Hoffman, E. S. (2014). Beyond the flipped classroom: Redesigning a research methods course for e3 instruction. Contemporary Issues in Education Research,

7(1), 51e62.
Hwang, G. J., Lai, C. L., & Wang, S. Y. (2015). Seamless flipped learning: A mobile technology enhanced flipped classroom with effective learning strategies.

Journal of Computers in Education, 2(4), 449e473.
Kima, M. K., Kimb, S. M., Khera, O., & Getman, J. (2014). The experience of three flipped classrooms in an urban university: An exploration of design

principles. Internet and Higher Education, 22, 37e50.
Kong, S. C. (2014). Developing information literacy and critical thinking skills through domain knowledge learning in digital classrooms: An experience of

practicing flipped classroom strategy. Computers & Education, 78, 160e173.
Lane, E. S., & Harris, S. E. (2015). A new tool for measuring student behavioral engagement in large university classes. Research and Teaching, 44(6), 83e91.
Ma, J., Han, X., Yang, J., & Cheng, J. (2015). Examining the necessary condition for engagement in an online learning environment based on learning analytics

approach: The role of the instructor. Internet and Higher Education, 24, 26e34.
Maskell, E. C., & Collins, L. (2017). Measuring student engagement in UK higher education: Do surveys deliver? Journal of Applied Research in Higher Ed-

ucation, 9(2), 226e241.
Merrill, M. D. (2013). First principles of instruction: Identifying and designing effective, efficient, and engaging instruction. San Francisco, CA: Pfeiffer.
Montenegro, A. (2017). Understanding the concept of agentic engagement for learning. Colombian Applied Linguistics Journal, 19(1), 117e128.
Munns, G., & Woodward, H. (2006). Student engagement and student self-assessment: The REAL framework. Assessment in Education, 13(2), 193e213.
Nakayama, M., Mutsuura, K., & Yamamoto, H. (2014). Impact of learner’s characteristics and learning behavior on learning performance during a fully online

course. The Electronic Journal of e-Learning, 12(4), 394e408.
Naumann1, J., & Salmer�on, L. (2016). Does navigation always predict Performance? Effects of navigation on digital reading are moderated by comprehension

skills. International Review of Research in Open and Distributed Learning, 17(1), 42e59.
Nicol, D. J., & Macfarlane-Dick, D. (2006). Formative assessment and selfregulated learning: A model and seven principles of good feedback practice. Studies

in Higher Education, 31(2), 199e218.
O'Flaherty, J., & Phillips, C. (2015). The use of flipped classrooms in higher education: A scoping review. Internet and Higher Education, 25(2015), 85e95.
Reeve, J., & Tseng, C. M. (2011). Agency as a fourth aspect of students' engagement during learning activities. Contemporary Educational Psychology, 36(4),

257e267.
Roach, T. (2014). Student perceptions toward flipped learning: New methods to increase interaction and active learning in economics. International Review

of Economics Education, 17, 74e84.
Saulnier, B. M. (2015). The flipped classroom in systems analysis & design: Leveraging technology to increase student engagement. Information Systems

Education Journal (ISEDJ), 13(4), 33e40.
Shea, P., Hayes, S., Smith, S. U., Vickers, J., Bidjerano, T., Pickett, A., et al. (2012). Learning presence: Additional research on a new conceptual element within

the Community of Inquiry (CoI) framework. Internet and Higher Education, 15(2012), 89e95.
SmartPLS (Version 2.0 M3) [Computer software]. Hamburg, Germany.
Smiley, W., & Anderson, R. (2011). Measuring students' cognitive engagement on assessment tests: A confirmatory factor analysis of the short form of the

cognitive engagement scale. Research & Practice in Assessment, 6, 17e28.
Sobel, M. E. (1982). Asymptotic intervals for indirect effects in structural equations models. In S. Leinhart (Ed.), Sociological methodology 1982 (pp. 290e312).

San Francisco: Jossey-Bass.
Stefano, G. D., Gino, F., Pisano, G. P., & Staats, B. R. (2016). Making experience count: The role of reflection in individual learning. Harvard Business School NOM

Unit Working Paper No. 14-093. Harvard Business School Technology & Operations Mgt. Unit Working Paper No. 14e093.

http://refhub.elsevier.com/S0360-1315(17)30148-3/sref1
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref1
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref1
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref1
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref2
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref2
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref2
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref3
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref3
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref3
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref4
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref4
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref4
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref4
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref5
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref5
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref6
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref6
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref6
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref6
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref6
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref7
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref7
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref7
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref9
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref9
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref9
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref10
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref10
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref11
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref11
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref11
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref12
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref12
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref12
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref13
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref13
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref14
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref14
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref14
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref15
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref15
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref15
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref16
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref16
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref16
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref17
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref17
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref17
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref18
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref18
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref18
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref18
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref19
http://researchnetwork.pearson.com/wp-content/uploads/WhitePaper_FlippedLearning.pdf
http://www.flippedlearning.org/cms/lib07/VA01923112/Centricity/Domain/41/LitReview_FlippedLearning.pdf
http://www.flippedlearning.org/cms/lib07/VA01923112/Centricity/Domain/41/LitReview_FlippedLearning.pdf
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref22
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref22
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref22
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref23
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref23
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref23
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref23
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref24
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref24
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref24
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref25
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref25
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref25
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref26
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref26
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref26
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref26
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref27
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref27
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref28
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref28
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref28
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref29
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref29
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref29
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref30
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref31
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref31
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref32
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref32
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref33
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref33
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref33
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref34
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref34
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref34
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref34
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref35
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref35
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref35
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref36
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref36
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref38
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref38
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref38
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref39
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref39
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref39
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref40
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref40
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref40
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref40
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref41
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref41
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref41
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref43
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref43
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref43
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref43
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref44
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref44
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref44
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref45
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref45
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref45
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref45


F.H. Wang / Computers & Education 114 (2017) 79e91 91
Strayer, J. F. (2012). How learning in an inverted classroom influences cooperation, innovation and task orientation. Learning Environment Research, 15,
171e193.

Sun, J. C. Y., & Rueda, R. (2012). Situational interest, computer self-efficacy and self-regulation: Their impact on student engagement in distance education.
British Journal of Educational Technology, 43(2), 191e204.

Winne, P. H. (2010). Improving measurements of self-regulated learning. Educational Psychologist, 45, 267e276.
Wong, L. H., & Looi, C. K. (2011). What seams do we remove in mobile assisted seamless learning? A critical review of the literature. Computers and Ed-

ucation, 57(4), 2364e2381.

http://refhub.elsevier.com/S0360-1315(17)30148-3/sref46
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref46
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref46
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref47
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref47
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref47
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref48
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref48
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref49
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref49
http://refhub.elsevier.com/S0360-1315(17)30148-3/sref49

	An exploration of online behaviour engagement and achievement in flipped classroom supported by learning management system
	1. Introduction
	2. Literature review
	3. The course design pattern
	4. Methodology
	4.1. Study design and setting
	4.2. The behaviour data sets
	4.3. Procedure
	4.4. Analysis of the behaviour model

	5. Results and discussion
	5.1. Analysis results of the behaviour model
	5.2. The measurement model
	5.3. The structure model
	5.4. Mediation analysis

	6. Conclusion
	6.1. Educational implications
	6.2. Implications for research and practice
	6.3. Limitations and suggestions for future research

	References


