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Abstract

To better understand students’ computational thinking skills (CTS) within the context
of flipped-classroom instruction, a structural equation modeling analysis is employed
to examine the key factors that influence student learning and students’ CTS when
learning through flipped-classroom instruction. A total of 406 first-year college
students responded to the survey. The results of this study show that student-to-
student connectedness, learning motivation, and learning strategy have a direct
impact on students’ CTS. In addition, indirect effects were found between student-
to-student connectedness and CTS through learning motivation. Indirect effects were
also found between learning motivation and CTS through the learning strategy in a
flipped-classroom instruction situation. The findings of this research have practical
implications for instructors, in that they should focus on the key factors that predict
students’ computational thinking skills.

Keywords: Computational thinking, Flipped classroom, Student-to-student
connectedness, Connected classroom climate, Learning motivation, Learning strategy

Introduction

The flipped classroom has gained considerable academic attention for its pedagogical
success in higher education (Cai et al, 2019; Mok, 2014). A literature review by
Akgayir and Akgayir (2018) indicates that approximately 80% of studies of flipped-
classroom situations have been conducted at a higher education level. The flipped
classroom (inverted classroom or reverse classroom) refers to an instructional approach
that employs “interactive group learning activities inside the classroom, and direct
platform-based individual instruction outside the classroom” (Bishop & Verleger,
2013). Bergmann and Sams (2012) stated that the one unifying characteristic of
flipped-classroom instruction is the desire to redirect attention in the classroom away
from the instructors and onto the students and learning. In addition, existing research
has found many advantages of flipped-classroom learning, such as providing peer-
based learning (Sage & Sele, 2015), the potential for collaboration opportunities
(Foldnes, 2016), promoting creativity (Al-Zahrani, 2015), increasing student-student
interaction (Galway et al., 2014), improving motivation (Huang & Hong, 2016), and
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enabling individualized learning and flexible learning (Gonzalez-Gémez et al., 2016;
Nguyen et al., 2016). Although extensive research has been carried out with regard to
students’ learning performances in flipped-classroom situations (Akcayir & Akgayir,
2018), the impact of flipped-classroom instruction on college students’ high-level think-
ing skills is relatively understudied. This is particularly true of students’ computational
thinking skills (CTS) (Cai et al., 2018).

The importance of CTS has been emphasized by policymakers, educators, re-
searchers, and the general public (Durak & Saritepeci, 2018; Korkmaz et al., 2017;
Voogt et al.,, 2015; Wing, 2006). Although the term computational thinking does not
have a consensus definition (ISTE & CSTA, 2011; ISTE, 2015; Kalelioglu et al., 2016;
Korkmaz et al., 2017;), there is general agreement that CTS is a set of thinking skills
(Korkmaz et al., 2017; Mannila et al., 2014; Syslo & Kwiatkowska, 2013). For example,
Kalelioglu et al. (2016) analyzed the various definitions of CTS as put forward by differ-
ent researchers. The words “abstraction, problem, solving, algorithmic and thinking”
are the most frequently mentioned. The inferred conclusion of the aforementioned re-
search is that computational thinking covers more than one type of skill. Further, by
summarizing previous studies, Korkmaz et al. (2017) conclude that students’ computa-
tional thinking includes the following skills:creativity, algorithmic thinking, cooperation,
critical thinking, and problem solving. Specifically, students’ creativity is defined as self-
expression, which is an ability not only related to art, but also for continuing lifelong
use (Craft, 2003). In addition, creativity can introduce new relationships and form new
combinations, allowing a person to look at events from different aspects and perspec-
tives (Aksoy, 2004). Students’ algorithmic thinking is an ability to understand, execute,
evaluate and create algorithms (Brown, 2015). Students’ cooperation means that indi-
viduals and their peers in one small group will try to maximize learning effectiveness
(Veenman et al., 2002). Students’ critical thinking is defined as “using cognitive skills or
strategies to increase the possibility of the intended behaviors” (Halpern, 2013). Finally,
students’ problem solving means overcoming a problem while endeavoring to reach a
certain purpose or intellection. Also, the problem is intended to be found as a numer-
ical problem, and it is solved based on some values. The solution to the problem should
be found in the area of education (Aksoy, 2004). Researchers have argued that these
abovementioned skills are not just for computer scientists; rather, they are considered
to be fundamental skills (e.g. reading, writing, and arithmetic) that everyone in today’s
world should have (Korkmaz et al., 2017; Wing, 2006). Therefore, identifying and using
various teaching approaches to improve students’ CTS has become one of the central
issues for educators.

However, to our knowledge, few studies to date have explored the relationships be-
tween the key factors influencing student learning and students’ CTS within a flipped-
classroom instruction environment. Without understanding the key factors that influ-
ence student learning of CTS, the optimal flipped-classroom instruction model cannot
be designed, developed, implemented, and evaluated. It is hoped that our research will
address the existing research gap and contribute to a deeper understanding of the
flipped-classroom instruction method on students’ CTS. The following research ques-
tion guides this research:

What are the relationships of the key factors influencing student learning and college
students’ CTS through the flipped-classroom instruction?
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The context

To find the answers to the above research question, we conducted the study, using stu-
dents enrolled in the Computer Basics and Applications course at a university in central
China. Both the course and the university were purposely selected for two reasons.
First, previous researches indicate that students’ CTS are closely related to the com-
puter science course (Wing, 2006, 2011). The Computer Basics and Applications course
covers basic computer knowledge and skills, including computer operating systems,
productive tools (e.g., word processing, spreadsheet, and presentation software), com-
puter networking, and multimedia applications. Furthermore, the course is compulsory
for first-year college students that are not majoring in computer science. As such, the
number of students taking the course may provide a sufficient number of samples for
the study. Second, the participating university has been encouraging its faculty and stu-
dents to adopt the flipped-classroom instruction approach. Particularly, five classes of
the Computer Basics and Applications course have adopted the flipped-classroom in-
struction objectives of this course since the fall 2018 semester.

At this university, Computer Basics and Applications is a semester-long course that usu-
ally lasts for twelve weeks. Instructors and students meet four times per week, and all clas-
ses use the same learning materials and facilities. Due to the nature of the course and the
fact that not all students have their own computers and applications, instead of combining
class and home learning activities, all learning activities are completed within the typical
traditional classroom and computer laboratory settings. Therefore, the flipped-classroom
instruction method of this study is slightly different than the typical flipped-classroom in-
struction, which usually reverses the traditional classroom by delivering learning content
and activities outside of the classroom or computer laboratory, usually at home. However,
the teaching subject, teaching place, and teaching period used in the flipped instruction
method are all flipped, compared to the traditional lecture-based instruction method.

Specifically, in a traditional lecture-based instruction class, three-quarters of course
time is spent on the instructor delivering lectures to pass on the related knowledge and
skills to students. This mainly occurs in a typical classroom. The remaining one-
quarter of course time is spent with students practicing and reviewing what they have
learned during the lectures. This time is spent in the computer laboratory. During this
latter period of time, students are required to digest and absorb knowledge through in-
dividual practice sessions and group activities.

In the flipped-classroom instruction setting, three-quarters of course time is spent in
the computer laboratory, where students examine learning materials that are pre-
loaded by the instructor on the learning management system. This is followed by stu-
dents digesting and absorbing knowledge through individual practice and group activ-
ities. During the remaining one-quarter of course time, the instructor and students
meet in a typical classroom setting, where the instructor facilitates discussions on the
key concepts and skills students will need, as well as reinforcing students’ understand-
ing of what they have learned and practiced.

Research framework
No research to date has specifically investigated the factors that influence students’
CTS within a flipped-classroom instruction situation. Rather, previous studies have
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explored the various student factors that are associated with student achievements in
terms of skills and knowledge. In general, the key factors that influence student learn-
ing include student-to-student connectedness (Dwyer et al., 2004; MacLeod et al,
2019), students’ learning motivation (Pintrich et al., 1993; Ryan & Deci, 2000), and the
learning strategy (Mayer, 1998; Pintrich et al., 1993).

Student-to-student connectedness

Student-to-student connectedness (SSC) was originally defined by Dwyer et al. (2004)
as “student-to-student perceptions of a supportive and cooperative communication en-
vironment between peers in the classroom”. After a systematic literature review, Mac-
Leod et al. (2019) more recently described SSC as the socio-psychological result of
interpersonal communication and behavior in the classroom. In essence, SSC emulates
belonging, cohesiveness, and supportiveness among peers. Connectedness for students
means feeling a strong bond within their learning groups, where they can more openly
express themselves and actively communicate with others (Allen, 2000).

Previous studies indicate that SSC is positively related to student achievement on
skills and knowledge in a traditional face-to-face environment. For example, researchers
have previously found that SSC is positively associated with students’ communication
skills and peer learning (Sidelinger et al., 2015; Sidelinger et al., 2011). This concept has
been argued by Korkmaz et al. (2017) to be the basis of the cooperation, critical think-
ing, and problem solving of CTS.

Learning motivation
Learning motivation (LM) usually leads individuals to take actions that will help them
achieve a goal or fulfill a need or expectation in the learning process (Gopalan et al.,
2017). There are various theories about learning motivation (Bandura, 1989; Keller,
1987; Pintrich et al., 1993; Ryan & Deci, 2000; Van Eerde & Thierry, 1996). One of the
most well-known and commonly used theories is probably the general social cognitive
model of motivation proposed by Pintrich et al. (1993), which includes the three gen-
eral motivational constructs of expectancy, value and affect.

Previous studies point out that student motivation is a fundamental and important
factor in linking student learning performance to achievement (Di Serio et al., 2013;
Gopalan et al., 2017). For example, researchers (Mayer, 1998; Song & Grabowski, 2006)

find that learning motivation plays an important role in successful problem-solving.

Learning strategy
Learning strategy (LS) usually refers to “a set of processes or steps that can facilitate
the acquisition, storage, and/or utilization of information” (Dansereau, 1985). Although
there is no consensus with regard to the constructs of the learning strategy, a study by
Pintrich et al. (1993) has been well-received. This study identifies three components of
LS: (1) cognitive component, (2) metacognitive component and (3) resource manage-
ment component.

It has been proven that LS positively influences student achievements related to skills
and knowledge learning. For example, Mayer (1998) finds that the cognitive and
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metacognitive components of LS have an important influence on successful problem-
solving in academic settings.

The relationships between SSC, LM, and LS

Previous studies have explored the relationships between SSC, LM and LS in traditional
face-to-face environments (Frisby & Martin, 2010; Gascoigne, 2012; Johnson, 2009;
Prisbell et al.,, 2009; Sidelinger et al., 2011). For instance, Sidelinger et al. (2011) con-
clude that SSC can positively influence students’ affective learning, which is an import-
ant component of LM. Moreover, Gascoigne (2012) finds that SSC is positively related
to students’ cognitive learning, which in turn belongs to a sub-dimension of LS.

In addition, existing research has indicated that motivation is a factor that critically
affects strategy choices (Ellis & Ellis, 1994). For example, Ellis (1997) found that a per-
son’s LM has a significant causal relationship with the quantity of LS that a person
adopts. Xu (2011) reported that a person’s LM is significantly and positively correlated
with overall LS use.

The relational model and hypotheses
Based on our review of related studies, three key factors (student-to-student connected-
ness, learning motivation, and learning strategy) clearly influence the student achieve-
ments related to skills and knowledge within traditional lecture-based instruction
settings (Dwyer et al., 2004; MacLeod et al., 2019; Mayer, 1998; Pintrich et al., 1993;
Ryan & Deci, 2000). However, we know little about these key factors impact students’
CTS, particularly within the context of flipped-classroom instruction. Therefore, as
shown in Fig. 1, we propose that student-to-student connectedness, learning motiv-
ation, and learning strategy will influence students’ CTS within a flipped-classroom
instruction environment. Our research hypotheses for these factors are as follows:

Hypothesis 1 (H1): The level of SSC will be positively related to the degree of
students’ CTS within a flipped-classroom instruction environment.

Hypothesis 2 (H2): The level of LM will be positively related to the degree of
students’ CTS within a flipped-classroom instruction environment.

Hypothesis 3 (H3): The level of LS will be positively related to the degree of students’
CTS within a flipped-classroom instruction environment.

Learning
H5 strategy
H4
Student-to-student H6 N Learning H3
connectedness g motivation
H2
H1 —
Computational
thinking skills
Fig. 1 Proposed research model and hypotheses
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Hypothesis 4 (H4): The level of LM will be positively related to the degree of stu-
dents’ LS within a flipped-classroom instruction environment.

Hypothesis 5 (H5): The level of SSC will be positively related to the degree of stu-
dents’ LS within a flipped-classroom instruction environment.

Hypothesis 6 (H6): The level of SSC will be positively related to the degree of stu-
dents’ LM within a flipped-classroom instruction environment.

Methods

Participants

The 406 students were purposely selected from five classes of the Computer Basics and
Applications course that carried out the flipped-classroom instruction approach.

Instrumentations

The survey utilized Computational Thinking Scales (CT-S), the Connected Classroom
Climate Inventory (CCCI), and the Motivated Strategies for Learning Questionnaire
(MSLQ) to measure the dependent and independent variables.

The CT-S was developed by Korkmaz et al. (2017). The scale consists of 29 items
and a five-dimensional construct, including creativity (eight items), cooperation (six
items), algorithmic thinking (four items), critical thinking (five items) and problem solv-
ing (six items). Each item was measured on a 5-point Likert scale, ranging from 1
(never) to 5 (always). The reliability of the original scale was 0.92, and the original re-
ported dimensional reliabilities were as follows: creativity (alpha =0.84), algorithmic
thinking (alpha = 0.87), cooperation (alpha = 0.87), critical thinking (alpha = 0.78), and
problem solving (alpha = 0.73).

The CCCI used by Dwyer et al. (2004) was adopted to measure student-to-student
connectedness. In this case, the CCCI consisted of a single dimension with four items.
An introductory stem was added to the scale statement: “Based on my experience in
the flipped classroom...”. One representative item of this scale is “The students in my
class feel comfortable with one another.” The overall reliability of the original scale was
0.94 (Dwyer et al., 2004). All CCCI items were measured using a 5-point Likert scale,
which ranged from 1 (strongly disagree) to 5 (strongly agree).

The MSLQ in a study by Pintrich et al. (1993) includes motivation scales and learning
strategies scales. The motivation scales were adopted as the means to measure learning
motivation, and they are divided into three areas: value, which includes intrinsic goal
orientation, extrinsic goal orientation, and task value; expectancy, which includes con-
trol of learning beliefs, and self-efficacy for learning and performance; and affect, which
contains test anxiety. The original motivation scale consists of 27 items, and the reli-
abilities of the six sub-dimensions were respectively 0.74, 0.62, 0.90, 0.68, 0.93, and
0.80. The original learning strategies scales are also divided into two areas: cognitive
and metacognitive strategies, which include rehearsal, elaboration, organization, critical
thinking, and metacognitive self-regulation; resource management strategies, which in-
clude the time and study environment, effort regulation, peer learning, and help-
seeking strategies. The original strategies scale consists of 27 items, and the reliabilities
of the nine sub-dimensions were respectively 0.69, 0.75, 0.64, 0.80, 0.79, 0.76, 0.69,
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0.76, and 0.52. All items in MSLQ were measured in our survey using a 5-point Likert
scale, ranging from 1 (not at all true of me) to 5 (very true of me).

The CT-S, CCCI, and MSLQ items were translated from English to Chinese so that
the survey could be administered in the participants’ native language. Three researchers
translated the survey items in parallel (Guillemin et al., 1993), with committee recon-
ciliation as the means for pre-assessing the translated draft. The completed translation
then received bilingual assessments (Harkness & Schoua-Glusberg, 1998) from an edu-
cational technology expert with over 20 years of university teaching experience in both
the USA and China. Feedback was collected from the expert and used to adjust the
wording for several items, thereby improving the overall readability of the CT-S, CCCI,
and MSLQ.

Data collection and analysis

Data were collected at the end of the semester. Before the survey was administered, the
university granted permission to conduct the research. All participants were introduced
to the purpose of the research by a researcher of this study during the instructor’s ab-
sence. Participants had also been promised that their information would only use for
educational research, and their survey results would not in any way be connected to
their grades in this course. All responses were both anonymous and voluntary and were
issued via paper format during a mid-class break, then imported into SPSS 22.0 and
AMOS 22.0 for data analysis. The structural equation modeling analysis was conducted
to analyze the relationships between the key influencing factors and students’ CTS.

Results

Confirming the measurement model

As can be seen in Table 1, the average variance extracted (AVE) shows a range of
0.59-0.80. These results are all greater than 0.50, which validates the convergent valid-
ity of the constructs (Segars, 1997). In addition, the square root of each AVE is greater
than the respective correlation coefficients, which validates the discriminant validity of
the constructs (Fornell & Larcker, 1981). Accordingly, the constructs of the survey used
in this study have good validity. Furthermore, Table 1 provides data that supports the
reliability and validity of the survey. The alpha values of participants’ responses show a
range of 0.91-0.96; the composite reliability (CR) coefficients show a range of 0.84—
0.94. All variables display values of greater than 0.70 (Chin, 1998), which confirms the
presence of highly satisfactory reliability. Accordingly, the constructs of the survey used
in this study also have good reliability.

Table 1 Validity and reliability analysis

Reliability Convergent validity Discriminant validity
Alpha CR AVE cT SSC LM LS
cTs 0.96 087 0.59 0.77
SSC 0.94 0.94 0.80 0.70 0.89
LM 0.92 0.84 0.66 0.75 0.58 0.81
LS 091 0.84 063 0.70 0.56 0.77 0.79

Criteria > 0.70 > 0.70 > 0.50
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As shown in Table 2, the absolute fit indices and incremental fit measurements were
examined to check the felicitousness of the solution and goodness-of-fit of the model.
All the absolute fit indices and incremental fit measurements also reached their com-
monly acceptable levels, which demonstrates that the measurement model exhibits sat-

isfactory values.

Structural equation modeling analysis

To verify the research hypotheses, a structural equation modeling analysis was con-
ducted. Figure 2 shows the path coefficients marked by standardized regression weights
(B value) and p values. As shown in Table 3, the results of five of six paths were signifi-
cant, with the exception of the influence of student-to-student connectedness on the
learning strategy. This is to say that H1, H2, H3, H4, and H6 are supported, while H5
is rejected. Student-to-student connectedness (p = 0.463, p < 0.001), learning motivation
(B=0.391, p<0.001), and the learning strategy ( =0.155, p <0.05) were positively re-
lated to computational thinking, collectively accounting for 83.5% of R In addition,
learning motivation ( = 0.873, p <0.001) had significantly positive effects on the learn-
ing strategy, collectively accounting for 78.8% of R”. Furthermore, student-to-student
connectedness (= 0.683, p <0.001) had significantly positive effects on learning motiv-
ation, collectively accounting for 46.7% of R

Analysis of indirect and total effects among key factors

In order to examine the mediation effect, this study analyzes the direct and indirect ef-
fects of each hypothesis (Ullman & Bentler, 2003). As shown in Fig. 2 and Table 4,
there were three direct and indirect paths of SSC on CTS. In addition, the indirect ef-
fect of SSC on CTS accounted for 43.7% (0.359/0.822) of the total effect. Therefore,
LM and LS act as partial mediators between SSC and CTS. In addition, an indirect ef-
fect was found between the LM and CTS through the LS, due to the indirect effect of
the LM on CTS accounting for 25.6% (0.135/0.526) of the total effect. Thus, LS acts as
the partial mediators between LM and CTS.

Discussion and conclusions

Up to now, very few empirical studies have specifically investigated students’ CTS
within a flipped-classroom instruction environment (Cai et al., 2018). Our research ad-
dresses this gap in the existing literature by adding important information regarding
flipped-classroom instruction and students’ CTS.

Table 2 Goodness-of-fit analysis

Fit index Actual value Recommended value Judgment
Absolute fit indices X*/df 2.249 <300 Yes

GFl 0.950 20.90 Yes

AGFI 0916 >0.90 Yes

RMSEA 0.056 <0.08 Yes
Incremental fit measurements CFl 0.983 20.90 Yes

TLI 0975 20.90 Yes

NFI 0970 20.90 Yes
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Learning
=W
0.021 .- strategy

Student-to-student 0.683"" R Learning 0.155°
connectedness g motivation

Computational

thinking skills

Fig. 2 Structural model of computational thinking

A structural equation modeling analysis was used to explore the relationships be-
tween students’ CTS and the key influencing factors within a flipped-classroom instruc-
tion environment. A research model was proposed in an effort to explain and predict
the relationships between three key factors that influence student learning (student-to-
student connectedness, learning motivation, and learning strategy) and students’ CTS.
The most obvious finding to emerge from the analysis is that student-to-student con-
nectedness, learning motivation, and learning strategy are positively related to students’
CTS within the flipped-classroom instruction environment. This finding is supported
by previous research, suggesting that student-to-student connectedness, learning motiv-
ation, and learning strategy are directly related to students’ learning knowledge and
skills in general (Mayer, 1998; Sidelinger et al., 2015; Song & Grabowski, 2006). There-
fore, instructors and instructional designers should consider promoting student-to-
student connectedness, learning motivation, and learning strategy when analyzing, de-
signing, developing, implementing, and evaluating the flipped-classroom instruction
process and its effect on students’ CTS.

It is interesting to note that student-to-student connectedness is the most important
determinant of students’ CTS in a flipped-classroom. Student-to-student connectedness
not only directly influences students’ CTS, but also influences students’ learning motiv-
ation and strategy. This result may be explained by the fact that the students’ role is
changed in the flipped-classroom instruction settings. In our study, students were more
responsible for their own learning. It was up to the students themselves to cultivate
knowledge and skills through individual and group activities. It’s possible that student-
to-student connectedness could be very crucial to the development of students’ CTS,
learning motivation and strategy. Conversely, the absence of connectedness between

Table 3 Test of hypotheses

Hypotheses Path coefficient CR Result of hypotheses R
H1 SSC — CTS 0463 11.781 Supported 0.835
H2 LM — CTS 0391 4350 Supported

H3 LS — CTS 0.155" 1.996 Supported

H4 LM — LS 0873 9.115 Supported 0.788
H5 SSC— LS 0.021 0450 Not Supported

H6 SSC — LM 0683 8913 Supported 0467

Note. "p < 0.001; 'p < 0.05
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Table 4 Analysis of indirect and total effects between key factors

Path Effect value Account (indirect/total)
LM — CTS 25.6%
Direct effect LM — CTS 0.391
Indirect effect LM —LS—CTS 0.873*0.155=10.300 0.135
Total effect 0.526
SSC— (TS 43.7%
Direct effect SSC—CT 0463
Indirect effect SSC—>IM—LS—CT 0.683*0.873*0.155 = 0.092
SSC— LM — (TS 0.683*0.391 =0.267 0.359
Total effect 0.822

students has been linked with some negative effects, such as low self-esteem, loneliness,
and depression (Baumeister & Leary, 1995). This finding indicates that peer relation-
ships should be strategically cultivated in instructional design and learning activities
(Yang et al, 2019). Instructors should pay particular attention to student-to-student
connectedness when using the flipped-classroom instruction method. For example, in-
structors should actively encourage peer interaction and engagement in individual and
group learning activities (Bishop & Verleger, 2013).

Furthermore, students’ learning motivation within a flipped-classroom instruction
environment was found to directly influence students’ CTS and their learning strat-
egies. This result is in accord with previous research, indicating that students’
learning motivation is a positive factor in promoting students’ learning strategy and
academic achievement in the traditional lecture-based instruction environment (El-
lis, 1997; Linnenbrink & Pintrich, 2002). It can thus be suggested that students’
learning motivation should be the primary focus in the flipped-classroom instruc-
tion setting (Yilmaz, 2017; Zainuddin, 2018). Tallent-Runnels et al. (2006) main-
tained that an understanding of learners’ motivation is the key to effective
instructional design.

While the present research has important implications for educational practice, it
is not without some limitations. It should be noted that this study investigates only
three key influencing factors of students’ CTS within one subject area and one par-
ticular type of flipped-classroom instruction environment (learning activities flipped
between the traditional classroom and the computer laboratory). Further research
is needed that involves different subject areas and different types of flipped-
classroom instructions (i.e. learning activities flipped between inside and outside
classroom instruction), and other related factors (i.e. students’ preferences regard-
ing the different learning environments should be taken into account).

In conclusion, our research investigates the relationships between students’ CTS
and the key influencing factors within a flipped-classroom instruction environment.
As a result, student-to-student connectedness, learning motivation, and learning
strategy are revealed to be the key factors that are directly related to students’
CTS in the flipped-classroom instruction environment. Student-to-student connect-
edness and learning motivation are two particularly noteworthy factors for instruc-
tors to consider when striving to improve students’ CTS through flipped-classroom

instruction.
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