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Abstract

Learning and teaching Mendelian genetics are central topics in school science. This study explored factors associated with
the learning outcomes of Taiwanese junior high school students in an online inquiry learning environment. Research within
face-to-face classroom settings had revealed that Asian students are more likely to be tutor-oriented and collectivistic learners.
However, results of how these orientations affect learning in online environments are needed. In this analysis, seventh-grade
students from Taiwan (N=290) completed a genetics lesson using an Inquiry Learning Space (ILS) on the Go-Lab platform.
Students were randomly assigned conditions in which support was provided either by general text or by an expert person
in the form of a cartoon figure. In addition, students completed questionnaires assessing their cultural orientations, as well
as their computer self-efficacy. Results revealed that the presence of a virtual expert did not influence students’ learning
outcomes. However, the extent to which students identified as collectivistic and their level of computer self-efficacy were
positively associated with the learning outcomes. Students’ computer self-efficacy was positively related to their behavioral
intentions as well. These results illustrate the importance of Asian students’ disciplined personality and computer self-efficacy
for online inquiry-based learning.

Keywords Computer self-efficacy - Individualism-collectivism - Online inquiry-based learning - Authority - Behavioral
intention - Genetics

Introduction self-directed learning ability as an important teaching goal.
As a result, more and more educational systems in Asia

Students face a complex and changeable world with tech-  have moved from content- and teacher-dominated science

nological development and rapid social change. There-
fore, many countries nowadays view cultivating students’
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curricula toward an inquiry-based curriculum (Ramnarain,
2018), reflected in the natural science curricula particularly.

3 Graduate Institute of Science Education, National Taiwan

Normal University, 88 Sec. 4 Ting-Chou Rd., Taipei 116,
Taiwan

Department of Earth Sciences, National Taiwan Normal
University, 88 Sec. 4 Ting-Chou Rd, Taipei 116, Taiwan

Science Education Center, National Taiwan Normal
University, 88 Sec. 4 Ting-Chou Rd., Taipei 116, Taiwan

Department of Biology, Universitas Negeri Malang,
J1. Semarang 5, Malang 65145, Indonesia

@ Springer


http://orcid.org/0000-0003-2373-2004
http://crossmark.crossref.org/dialog/?doi=10.1007/s10956-023-10058-9&domain=pdf

744

Journal of Science Education and Technology (2023) 32:743-758

According to the Natural Science Curriculum in the 12-year
national education scheme in Taiwan, the Natural Science
Curriculum should guide students in acquiring scientific
inquiry ability, developing scientific attitudes, understand-
ing scientific concepts, and applying scientific knowledge
through the diversified ways of inquiry, reading, and practice
(Ministry of Education, 2018).

However, Asian students are influenced by Confucian
culture and tend to be tutor-oriented learners (Karnita, 2018;
Liang & McQueen, 1999; Roberts & Tuleja, 2008). In the
Asian educational environment, Asian students often pas-
sively listen to the knowledge imparted by teachers. Unlike
the traditional Asian teacher-centered and knowledge-based
teaching approach, in a learner-centered inquiry-based learn-
ing environment, learners construct knowledge through
active exploration and view teachers as facilitators (Derting
& Ebert-May, 2010). The active and self-directed nature of
such learning might be challenging for Asian students.

Another trend is the introduction of online learning envi-
ronments in the science classroom (Keller, 2005; Ray &
Srivastava, 2020). Online learning environments facilitate
easy access to experiential and self-directed learning: stu-
dents can perform experiments via computer without being
in a lab, reducing any possible dangers of the hands-on oper-
ation (de Jong et al., 2014). Furthermore, computer-assisted
experimentation can speed up or slow down the processes
teachers would like to present to their students. For instance,
the genetic approach is too long to observe in a limited time,
and teachers can speed up the process via an online learning
platform. It is not surprising that computer-assisted instruc-
tion has become a current trend in science education and
that Taiwanese researchers have also done much research to
promote it (Chen et al. 2020).

Student learning progress in a computer-supported learn-
ing environment relates to their computer self-efficacy (Moos
& Azevedo, 2009). According to the technology accept-
ance model, we can investigate users’ behavioral intentions
towards a technological system to see their acceptance of the
system (Acarli & Saglam, 2015). Furthermore, users’ com-
puter self-efficacy is relevant to their intention to use the
online system (Chau, 2001; Hasan, 2007). Both elements play
a key role in online learning for Asian students. Additionally,
in a computer-supported inquiry-based learning environment,
teachers can include scaffolds that assist students during their
activities (Ping & Swe, 2004). Students’ learning outcomes
are influenced by the characteristics of the learning envi-
ronment created by teachers (Phillips et al., 2010). Teachers
must carefully consider whether and how to integrate support
for their students when using such environments.

Macgilchrist et al. (2020) research shows that when
discussing the future trend of education in a digital world,
the collectivistic and individualism in culture must also be
considered. Research on STEM-related inquiry learning
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environments often originates from America or Western
Europe (Lee et al., 2019). Because authority plays an impor-
tant role in Asian education, students tend to be tutor-
oriented and rely on experts (Chen, 2002). Moreover, the
students might be less used to computer-based learning. The
specific characteristics of Asian students, like their more
collectivist orientation, might be related to their learning
processes and outcomes (Hwang & Francesco, 2010). This
group of students might need other forms of support that
better matches their preferred learning style to maximize
their learning outcomes.

Considering the above, we explored how support in an
inquiry learning environment affects Taiwanese learners’
knowledge acquisition. Two versions of a learning envi-
ronment on genetics were developed for the present study.
We chose Genetics because it had been reported to help
students learn effectively in computer-assisted inquiry
learning (Sui et al., 2023; Thomson & Stewart, 2003). In
the first version, guidance was presented through a vir-
tual expert; in the second version, the same guidance was
presented in plain text. The aim was to explore which
type of visual presentation meets Asian students’ needs.
To better understand how the cultural factors and learner
characteristics influenced students’ learning in each of the
designed conditions, we utilized the Go-Lab inquiry plat-
form (Govaerts et al., 2013); we assessed student scores on
an individualism-collectivism scale, their computer self-
efficacy, and their behavioral intentions

Literature Review
Inquiry-Based Learning

Inquiry learning allows students to engage in scientific
discovery processes and construct knowledge through the
research means that scientists use (Keselman, 2003). Inquiry
learning gained popularity among science educators because
it creates a setting where students are invited to actively
engage in meaningful science learning processes (Lim,
2004). Through inquiry learning, students not only obtain
domain-related knowledge, but the use of inquiry-based
instruction can also help them understand the scientific
inquiry process and contribute to the development of the sci-
entific reasoning process (Abdi, 2014; Hwang et al., 2015;
Stender et al., 2018; Wilson et al., 2010). Nevertheless, there
are challenges in implementing inquiry-based instruction in
the science classroom. Inquiry learning is a complex process
often represented as a cycle of interconnected phases. In
their review, Pedaste et al. (2015) systematically reviewed
different versions of the inquiry learning cycle presented in
the literature, summarized them, and created an overview
of the five main phases of the inquiry learning cycle. The
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five distinct phases of this analysis (also presented in Fig. 1)
are orientation, conceptualization, investigation, conclusion,
and discussion. Although the way students move through
the cycle is not always linear, it is suggested to start with
an orientation in which students familiarize themselves
with the main variables in the learning environment. This
was followed by a conceptualization phase where students
explore the concepts related to investigations, which form
the core of their activity and think about their research ques-
tions and hypotheses. During the investigation phase, experi-
ments can be planned and conducted that allow students to
answer questions or test hypotheses. Based on the collected
data, conclusions will be drawn in the conclusion phase,
and actual findings will be presented and discussed in the
discussion phase.

Inquiry learning is often implemented in a computer-
based learning environment that evolves around computer
simulations. The simulations allow students to investigate
topics that are hard to study through hands-on experiments
because the associated experiments are difficult to per-
form in a classroom setting, dangerous, or hard to observe
(Sahin, 2006). An additional advantage of computer-based
inquiry learning is that guidance and support can easily
be implemented in the learning scenario. This support is
welcome since inquiry learning can be challenging for
students (Apedoe, 2008). Since inquiry learning environ-
ments are highly self-regulated, students are expected to
move through the inquiry learning cycle using their skills
and prior knowledge. Asian students might struggle a bit
more with the highly autonomous and self-regulated nature
of inquiry learning that does not match the collectivist and
authority-oriented Confucius culture Asian students are
used to (van Aalst & Truong, 2010). Moreover, a study
that (among other things) compared the Australian and
Taiwanese students’ inquiry learning activities revealed
that high-performing Taiwanese students reported that
they spent approximately 12% of their time on inquiry-
related activities. For the Australian students, this time
was more than 50% (Wang et al., 2021a, b).

Due to the values or beliefs of Confucian culture, Asian
people tend to follow people with authority (Chen, 2002).
Asians’ tendency to follow authority is also reflected
in their instructional preferences. A study by Liang and
McQueen (1999) showed that unlike Western students,
who tend to be peer-oriented learners, Asian students are
more likely to be tutor-oriented learners, which means that
their learning depends more on the teacher’s instruction.

How to scaffold an inquiry-based learning environment
to support the learning of Asian students is an interesting
question. van Aalst and Truong (2010) combined construc-
tivist elements with more instructive elements. A recent
study comparing Australian and Taiwanese students sug-
gests that more open forms of inquiry learning are associ-
ated with negative outcomes for Taiwanese students and
that the teacher is considered an important facilitator of
learning (Wang et al., 2021a, b).

Other researchers suggest visuals are important ele-
ments in user instructions for Asian students. Many schol-
ars have drawn attention to the power of visuals in techni-
cal, scientific, and professional communication (Dagron &
Tufte, 2006; Desnoyers, 2011; Ganier, 2000; Mijksenaar
& Westendorp, 1999). A study by Li et al. (2021) showed
that Chinese users are more likely to appreciate diverting,
cartoon-like pictures, especially cartoons with detailed
human depictions and cartoons with personification.
However, Western users are likelier to appreciate strictly
instrumental pictures, such as technical line drawings and
detailed blow-ups.

Wilson (1983) distinguished authority based on the com-
mand from authority based on expertise. Command-based
authority refers to giving orders backed by the possibility
of punishment. Expertise-based authority is the advice pro-
vided by experts. Walton and Koszowy (2017) regarded
arguments based on expert opinion as a type of cognitive
authority. To explore the role of cognitive authority in sup-
porting Asian students’ learning, in this study, we designed
two learning environments with or without virtual experts.
These two learning environments addressed the same course
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content but delivered the content to students differently. In
one, the content was introduced simply in the text; in the
other, it was presented by virtual experts. The aim is to
understand whether presenting information via the cogni-
tive authority of a virtual expert improves Asian students’
learning outcomes.

Go-Lab Online Learning Platform

Many free learning websites and learning platforms have
been introduced in recent years. For example, the PhET
website provides interactive mathematical and scientific
simulations. The game-like format attracts students to
explore and learn science actively. In addition, WISE
features inquiry activities in step-by-step inquiry phases
(Gobert et al. 2002). In the WISE system, teachers can
monitor students’ responses to understand their progress
(Raes & Schellens, 2015). They can also encourage stu-
dents to brainstorm on designated scientific topics for
collaborative problem-solving and knowledge integration
(Chiu & Linn, 2011; Raes et al., 2016).

Compared with WISE, Go-Lab focuses on integrating
existing virtual laboratories, remote laboratories, and appli-
cation resources on the platform to help students cultivate
scientific methodology skills during the inquiry process
(Govaerts et al., 2013). Teachers can design online learning
environments based on the phases of inquiry-based learn-
ing in the inquiry learning spaces (ILSs) with embedded
online labs and apps and share them with students (Dikke
& Faltin, 2015; de Jong et al., 2014; Gillet et al. 2013). For
example, teachers can embed the interactive science simula-
tion the PhET website provides into ILSs. This simulation
can motivate students to learn in a game-like environment
(Moore et al., 2014). In addition, the Go-Lab teaching plat-
form allows teachers to provide students with apps they
need in the inquiry process, such as the hypothesis tool, the
table tool, the observation tool, the conclusion tool, and the
reporting tool. Furthermore, this platform has many ready-
made online learning environments in ILSs designed and
shared by many educators and classified according to topics
and languages. In our study, we integrated the virtual rab-
bit laboratory, hypothesis tool, table tool, observation tool,
conclusion tool, and report tool to allow students to conduct
inquiry activities in the genetics lesson.

Individualism and Collectivism

The culture in East-Asian countries differs from that in
western countries, which also impacts the educational
approach to STEM-related topics. Individualism-collectivism
(IC) refers to the social connections between individuals
(Bochner & Hesketh, 1994). In an individualistic culture,
people are regarded as independent individuals with unique
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characteristics. In contrast, people in a collectivist culture con-
sider themselves interdependent in the groups to which they
belong (Markus & Kitayama, 1991). According to Wagner
and Moch (1986), individualists put personal interests before
the group's needs. In the present study, the Taiwanese students
are rooted in Confucianism's family environment and kinship,
resulting in a special form of authority-directed orientation.
In the East, people’s identity and self-awareness can only be
established in indivisible groups (Dien, 1999). As a result,
Asian parents tend to inculcate collectivism (following group
norms and obeying authority) in their children rather than
individualism (autonomy and self-reliance), the mainstream
American culture (Chen, 2002). Collectivists consider the
well-being of the group they belong to their priority, even
if they sacrifice their own needs; this might be reflected in
students’ motivations and career perspectives in STEM educa-
tion. For East Asian students, the desires and beliefs of their
family and community shape their STEM-related beliefs and
choices. Within the East-Asian approach to STEM education,
achievement and self-discipline are important, and the system
is highly content and exam driven (Wahono et al., 2020). Par-
ents are highly invested in their children’s education, specifi-
cally related to STEM, because it is considered important for
students’ future careers (Worsham et al. 2016). However, it
is unclear whether Asian students’ obedience to group and
family norms and authority impacts their learning processes
and outcomes. Therefore, this study explores whether the col-
lectivistic tendency of students’ personalities positively affects
their learning outcomes. In addition, cultural factors related
to collectivism and individualism might impact how students
use technology for learning purposes.

Computer Self-Efficacy

Bandura (1986) defined self-efficacy as someone’s judg-
ment of his ability to organize and execute a series of
actions. It does not directly measure people’s skills but is
related to their judgments about any skills they possess. For
example, a driver’s self-efficacy can involve their judgment
of their ability to drive on a highway or a curved mountain
road. Therefore, computer self-efficacy represents a per-
son’s perception of their ability to use computers to perform
a certain task in an effective way (Compeau & Higgins,
1995; Murphy et al., 1989). The level of self-efficacy refers
to the level of difficulty that people think they can conquer
(Brief & Aldag, 1981). Those with lower self-efficacy are
less likely to persist when facing difficulties, while those
with higher self-efficacy tend to overcome challenges
(Compeau & Higgins, 1995). Research on computer-self
efficacy in online learning environments indicates that stu-
dents' computer self-efficacy is linked to the experienced
satisfaction with online learning environment and their
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intention to use it in the future. While most studies show a
positive relationship between ICT use and learning, results
for East-Asian countries are mixed. Levine and Donitsa-
Schmidt (1997) suggest that individuals with low computer
self-efficacy may refuse to use a computer or experience
anxiety when using one.

Since Asian students do not use computer-assisted learning as
general as students in Western countries, computer self-efficacy
becomes crucial to their learning effectiveness (Wu et al., 2010).
Research has shown a positive relationship between students’
computer self-efficacy and their use of computer-based learn-
ing environments, their attitudes towards using the computer for
learning, and their outcomes and performances in these learning
environments (Baturay et al., 2017).

Behavioral Intention

The Merriam-Webster Dictionary defines “intention” as “a
determination to act in a certain way” (Merriam-Webster,
2003). Based on this definition, behavioral intention can be
the degree to which a person intends to perform or not per-
form certain behaviors in the future. Warshaw and Davis
(1985) pointed out that if behavioral intention (BI) is viewed
as a continuous variable over a 0—1 interval, a value close
to 1 indicates a conscious decision to perform a particular
behavior, and BI close to 0 indicates a conscious decision
not to perform the behavior. A value close to 0.5 suggests
that the person is not consciously deciding whether to enact
or not to enact a particular behavior.

Davis (1989) incorporated behavioral intention as an ele-
ment in the technology acceptance model (TAM), a diagnos-
tic tool for evaluating and predicting whether digital device
users accept a new IT system. TAM is based on the theory of
reasoned action (TRA) and the cost—benefit paradigm. TRA,
a social psychology theory, indicates that an individual's
specific behavior depends on his behavioral intention, which
is determined by his attitude and subjective norm (Davis
et al., 1989). The cost-benefit paradigm demonstrates that
people tend to evaluate the cost and benefits before making
decisions (Davis, 1989; Davis et al., 1989). Research find-
ings suggest that Asian students, in general, have a positive
intention to use computers; this seems to be influenced by a
variety of factors, including perceived usefulness (Al-Adwan
& Smedley, 2012), ease of use, enjoyment of using the com-
puter, (Zhao et al., 2011) and the social factors (Lin & Lu,
2011). The collectivist orientation of students and teachers
in Asian schools might influence technology acceptance
and behavioral intent to use computers. Huang et al. (2020),
for example, found that for Chinese students, the perceived
usefulness is not significantly related to the intention to use
the internet for learning. These results are reflected in other
studies that did find a relation between perceived usefulness
and behavioral intention for Chinese students but noted that

this relation was weak compared to the relationship found
in a comparable US sample. On the other hand, the rela-
tion between the influence of the subjective norm (whether
a person thinks that significant others find it important
that he uses technology) was stronger for Chinese students
(Srite 2006). The role of the collective versus the individual
is reflected in these results.

Research Purpose

Based on the above research background and motivation, the
primary research purpose was to examine what factors are
related to Taiwanese junior high school students’ learning
outcomes in an online inquiry-based learning environment.
Therefore, the research questions were as follows:

2.1. Does a virtual expert in the inquiry learning spaces
(ILSs) affect Taiwanese junior high school students learn-
ing outcomes?

2.2. Are Taiwanese junior high school student learning
outcomes related to individualism-collectivism or com-
puter self-efficacy?

2.3. Do students' computer self-efficacy beliefs positively
affect their behavioral intentions to use ILS?

Research Methods
Participants

The researchers recruited seventh-grade students from their
teachers at a junior high school in Taiwan. The inquiry activ-
ity took place during their winter science camp to participate
in the research. A total of 290 7th graders (around 12-13
years old) engaged in the inquiry activities, including 178
girls and 112 boys. Among them, 27 students did not com-
plete the pre-test, 9 did not finish the post-test, and 4 did
not participate in the pre-test and post-tests. Therefore, the
researchers excluded their data from the analysis. These 7th
graders had not yet learned genetics before the study, so it
was an opportunity to see if working in ILSs could help them
develop a deep understanding of genetics. Students were
randomly assigned to one of the two conditions: in the inter-
vention condition, a virtual expert provided guidance, and in
the control condition, only textual guidance was provided.

Lesson Structure
The lesson was designed according to the inquiry learning

cycle of Pedaste et al. (2015). The orientation phase intro-
duced the topic by presenting a drawing of rabbits displaying
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Fig.2 Online virtual rabbit genetics laboratory

different characteristics. Subsequently, the introduction phase
introduced the genetics-related terminology used in the unit
and familiarized students with the inquiry learning cycle.
In the conceptualization phase, students formulated their
hypothesis based on given research questions so that they
hypothesized the ratio of offspring with different genotypes
or phenotypes. In the investigation phase, students conducted
virtual rabbit experiments and recorded the experimental data
(see Fig. 2 for a screenshot of the virtual rabbit genetics lab
students used). In the conclusion phase, students drew conclu-
sions based on the experimental results. The discussion phase
helped students reflect on the inquiry process by introducing
Mendel’s law. Finally, students were required to complete a
questionnaire about individualism-collectivism, computer
self-efficacy, and behavioral intention to use ILSs. The ILSs
were presented in Chinese, the students’ native language. The
content of inquiry activities followed one of the themes of the
Biology Curriculum Framework, namely genetics.

Instruments

The instruments in the study included a domain knowledge
test and a questionnaire focusing on individualism-
collectivism. Considering possible language barriers for
students, the researchers designed the domain knowledge
test and the questionnaire originally in English and then
developed Chinese versions. First, the English versions
were developed based on the related literature; the

@ Springer

Chinese versions were translated from English. Then, two
professional translators were asked to translate the Chinese
versions back into English and compare them with the
original English versions. The focus was on the accuracy of
the core concepts rather than matching the exact words in
the translation. When there was a discrepancy between the
original versions and the back-translation, the item wording
was revised if necessary.

The domain knowledge items were selected from ques-
tion banks provided by textbook suppliers and revised by
three experienced biology teachers to match the goals of the
lessons. After reviewing the related literature, the research-
ers drafted the questionnaire, addressing individualism-
collectivism, computer self-efficacy, and behavioral inten-
tion to use ILSs. Three science education experts then
revised the questionnaire’s initial version to establish con-
struct validity. After that, the researchers conducted a pre-
test in Taiwan with sixty-one 7th graders.

Domain Knowledge Test

The domain knowledge test was designed by Sui et al.
(2023), which has proven reliable and valid. The test
includes a pre-test and post-test to measure students' under-
standing of traits, gametes, dominant genes, recessive genes,
and monohybrid cross concepts. The pre-test and post-test
each included eleven 5-option multiple-choice questions
worth 10 points each, for a maximum score of 110 points.
To avoid errors caused by random guessing, when the stu-
dent did not know the answer, they could check the option
“I do not know” and get zero points on this question. It’s a
parallel test, and the questions on the pre-test and post-test
were similar but not identical, and the concepts tested were
the same.

Individualism-Collectivism Scale

The individualism-collectivism scale was based on the
one developed by Wagner (1995): which comprised 5 fac-
tors: personal independence and self-reliance ( 5 items),
the importance of competitive success (5 items), the value
placed on working alone (3 items), subordination of personal
needs to the group (4 items), and the effects of personal
pursuits on group productivity (5 items). However, after
conducting an exploratory factor analysis, two items from
factor 1 and one item from factor 5 were deleted, resulting in
arevised scale with a total of 17 items. All of the items use a
5-point Likert response scale (strongly agree to strongly dis-
agree). 5 points for strongly agree, and 1 point for strongly
disagree. Items 1-8, 10, and 16—17 were reversed coded,
with high values indicating high collectivism. In addition,
the researchers used Cronbach’s o to assess the reliability of
the revised scale, which showed good internal consistency
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for each factor: factor 1 (0.770), factor 2 (0.885), factor 3
(0.764), factor 4 (0.809), factor 5 (0.815), and for the overall
scale (0.629).

Computer Self-Efficacy

The items on the computer self-efficacy scale were selected
and modified from work by Compeau and Higgins (1995), Ong
et al. (2004), and Pituch and Lee (2006) to examine students’
subjective perception of their computer skills, including 8 items
in total. The original scale had 9 items; however, the researchers
deleted 1 item based on the exploratory factor analysis. Thus,
the revised questionnaire used in this study contained 8 items.
All of the items used a 5-point Likert response scale (strongly
agree to strongly disagree). 5 points for strongly agree, and 1
point for strongly disagree. A higher score meant higher com-
puter self-efficacy. The scale’s reliability was 0.925, which
indicates good internal consistency.

Behavioral Intention to Use ILS

The definition of behavioral intention referred to the
work by Acarli and Saglam (2015) and Davis et al.
(1989), modified to fit the context of the digital learn-
ing platform in this study. The behavioral intention to
use ILS scale was designed to examine students’ subjec-
tive willingness to use ILSs and the willingness to con-
tinue using them or to recommend others to use them in
the future, including 4 items (in total). All of the items
adopted a 5-point Likert response scale (strongly agree
to strongly disagree). Five points for strongly agree, and
1 point for strongly disagree. A higher score meant a
stronger behavioral intention to use ILSs. The scale’s
reliability (Cronbach’s alpha) was .951, which indicates
good internal consistency.

Exploratory Factor Analysis

The researchers checked the results from the pre-test with
reliability analysis and exploratory factor analysis (EFA).
Reliability analysis was used to test the internal consistency
of the various dimensions in the scales making up the ques-
tionnaire, including the Individualism-collectivism scale,
the computer self-efficacy scale, and the behavioral inten-
tion to use the ILS scale. Factor analysis was used to delete
items with insufficient explanatory power. Cronbach’s alpha
was used for reliability analysis. After analysis, each scale’s
reliability was higher than .7, which showed that the ques-
tionnaire’s various scales and dimensions had good internal
consistency (George & Mallery, 2019). Exploratory factor
analysis was used to explore the scales’ factor structure.
The KMO and Bartlett sphere test values for the question-
naire were .70, p < .001, which showed that these variables
were suitable for factor analysis. Truong and McColl (2011)
believe factor loadings should be greater than 0.5 for better
results. Therefore, the researchers removed items with factor
loadings less than 0.5. If an item loads more than .5 on two
or more factors, the item covers several constructs (cross-
loading); the item can also be considered for deletion (Farrell
& Rudd, 2009). After deleting items based on factor loading
and cross-loading, the factor loadings for the remaining items
were greater than .5. The revised questionnaire (shown in
Appendix) was then used in this study.

Data Analysis

According to the research purpose and instruments,
researchers used SPSS 23.0 statistical software to analyze
the quantitative data. Cronbach’s a coefficient was adopted
to test the internal consistency of the various dimensions
of each scale. The higher the a value is, the more reliable

Animal Observation Room

There are many rabbits In the animal observation room for research

What are the different characteristics of these rabbits?

Animal Observation Room

Hello

Welcome to the animal observation room. I'm Judy

Today, let me lead you to understand the mystery of genetics.
There are many rabbits in the animal observation room for research

Let's take a closer look and see what are the different characteristics of

these rabbits!

D

(A) Control Group

(B) Intervention Group

Fig. 3 Presentation of instructions in the learning environment for the control (text only) and intervention (expert guidance) versions (The text in

this figure has been translated from Chinese.)
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Table 1 Paired samples #-test

. Pre-test Post-test t )4 Cohen’s d
comparison of pre-test and post-
test domain knowledge scores Mean SD Mean SD
250 44.76 24.20 73.76 21.44 —-16.70 <0.001 1.268

The maximum possible score was 110 points

the survey is, and the a value greater than 0.7 is consid-
ered reliable. Descriptive statistics were used to analyze
students’ scores in the domain knowledge test, including
average and standard deviation. Independent samples z-test
was used to compare the differences in students’ learning
outcomes between low and high collectivism, as well as
low and high computer self-efficacy. It was also adopted
to compare the differences in students’ learning outcomes
between control and intervention groups. A paired z-test
was used to see if students significantly improved learning
outcomes in their domain knowledge scores after experi-
encing ILS.

Research Procedure

Researchers recruited seventh-grade students from their
teachers at a junior high school in Taiwan to participate
in the study. The aim was to explore the factors that affect
students’ learning outcomes. It was during COVID-19 that
students were unable to attend classes at school. Therefore,
all participants engaged in the lesson at home. Participants
were required to complete the pre-test to evaluate their
prior knowledge; they were given 30 min to complete the
test online. Then, all students individually worked through
a genetics lesson in an ILS from the Go-Lab platform; this
session lasted around 2 h. Students were divided into two
groups—the control group and the intervention group; stu-
dents in the intervention group engaged in the lesson fol-
lowing the guidance of a virtual expert. The virtual expert
was designed as a female with a friendly image and caring
for students. The virtual expert introduced the lesson in a
dialog box to provide guidance (Fig. 3A). However, the con-
trol group students engaged in the lesson without a virtual
expert; they had only textual instructions (Fig. 3B). The way
the virtual expert conveys the sentence seems to speak to the
students. For example, “Let’s take a look and see the differ-
ent characteristics of these rabbits.” Nevertheless, the control
group is more like instructions without emotion. The virtual
expert was presented throughout the genetics lesson, and stu-
dents could not ask questions of her. After engaging in the
lesson, students were requested to fill out the questionnaire in
Go-Lab. It aims to assess their level of individualism and col-
lectivism, computer self-efficacy, and behavioral intentions
to use ILSs. Finally, students were asked to complete the
post-test to evaluate their learning performance; they were
given 30 min to complete the test.
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Results
Students’ Learning Outcomes

To investigate whether students’ performance improved after
engaging in the ILS genetics lesson, the researchers conducted
a paired samples z-test. A total of 250 participants had both
pre-test and post-test scores. The analysis showed that par-
ticipants’ mean scores improved significantly from pre-test to
post-test (f = —16.70, p < .001, effect size = 1.268). Because
the seventh graders had not learned genetics yet, their scores
on the pre-test were relatively low. However, their mean score
improved after working through the lesson from 44.76 to
73.76, as shown in Table 1.

An independent #-test comparison of students’ pre-test and
post-test performance by condition was conducted to check
any differences in students’ domain knowledge between the
control and intervention groups. Table 2 shows no significant
difference in the performance of the two groups of students in
the pre-test (t = —0.753, p = 0.452, effect size = 0.097) or the
post-test (# = 0.401 p = 0.689, effect size = 0.052), indicating
no significant difference in learning outcomes between the
two groups.

Comparison of Learning Outcomes Between Low-
and High-Collectivism Students

The researchers divided students into high, middle, and
low groups based on their individualism-collectivism
scale scores to investigate whether students’ collectivism
levels were related to their learning outcomes. Items 1-8,
10, and 16—17 of the individualism-collectivism scale
were reversed coded, with high values indicating high

Table 2 Independent samples 7-test comparisons of pre-test and post-
test domain knowledge scores for control and intervention conditions

Pre-test Post-test
Control Intervention Control Intervention
N 130 111 130 111
Mean 43.85 46.22 74.69 73.60
SD 24.38 24.35 19.50 22.64
t -0.753 0.401
P 0.452 0.689
Cohen’s d 0.097 0.052
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Table 3 Descriptive statistics . Low High
for pre-test and post-test domain
knowledge scores for low- and Pre-test Post-test Pre-test Post-test
high-collectivism students
Factor N Mean SD Mean SD N Mean SD Mean SD
1 82 45.85 24.39 72.80 19.89 79 45.06 25.21 77.09 20.58
2 67 50.30 23.55 73.13 21.34 82 42.56 25.52 73.78 21.00
3 71 46.62 23.90 74.93 21.57 102 45.88 24.39 75.00 20.71
4 62 40.97 20.46 70.65 21.18 107 43.46 25.11 77.20 19.46
5 127 42.05 22.51 71.89 21.81 107 47.66 26.12 77.85 19.48
All 60 48.33 23.73 73.17 21.90 64 46.41 26.87 79.22 20.18

Factor 1 is the “personal independence and self-reliance”; Factor 2 is “the importance accorded to competi-
tive success”’; Factor 3 is “the value attached to working alone”; Factor 4 is “the subordination of personal
needs to group”; Factor 5 is “the effects of personal pursuits on group productivity”

collectivism. Therefore, students with higher scores on
the individualism-collectivism scale tend to be more col-
lectivistic, while those with lower scores tend to be more
individualistic. Students whose scale scores for a particu-
lar factor (or the overall scale) were equal to or higher
than those of 73% of the participants were categorized as
the high group. Those with scale scores equal to or lower
than 27% of the participants were categorized as the low
group. Our study emphasized the comparison between the
low collectivism group and the high collectivism group.
An independent sample z-test showed no significant dif-
ferences in the pre-test scores between the high and low
group students on any factor or the overall scale. Students
in these groups, therefore, had similar prior knowledge of
genetics before engaging in the lesson. However, students
who showed high collectivism for factors 4 (the subordi-
nation of personal needs to a group) and 5 (the effects of
personal pursuits on group productivity) had higher post-
test domain knowledge scores than those characterized as
low collectivism for these factors (Factor 4: t = —2.04,
p = 0.043, effect size = 0.322; Factor 5: t = —-2.19, p =
0.030, effect size = 0.228). Table 3 shows descriptive

statistics for pre-test and post-test scores by high- or
low-collectivism group per factor and overall, while the
results of the #-tests are shown in Table 4.

Comparison of Learning Outcomes Between
Students with Low and High Computer Self-Efficacy

Students were divided into high, middle, and low groups
based on their computer self-efficacy scale scores to investi-
gate whether students’ computer self-efficacy was related to
their learning outcomes. Students whose scores were equal
to or higher than those of 73% of the participants were cat-
egorized as the high group, and those whose scores were
equal to or lower than those of 27% of the participants were
categorized as the low group. According to the frequency
distribution table results, students with scores of 4.0 or more
were assigned to the high group, while those with scores
of 3.0 or less were assigned to the low group. Our study
emphasized the comparison between the low computer self-
efficacy group and the high computer self-efficacy group.
Independent samples ¢-tests were conducted to compare
the performance of the low and high groups in the domain

Table 4 Comparison of pre-test

. Number Scale scores Pre-test (low vs high) Post-test (low vs high)
and post-test domain knowledge
scores for low- and high- Factor Low High Low High ¢ p Cohen’sd ¢ p Cohen’s d
collectivism students
1 82 79 2.00  3.00 0.20 0.840 0.032 —-1.34 0.181 0.212
2 67 82 280  3.60 1.91 0.059 0.315 -0.19 0.853 0.031
3 71 102 3.00 4.00 0.20 0.844 0.031 -0.02 0983 0.003
4 62 107 325  4.00 -0.70  0.485 0.109 -2.04 0.043 0.322
5 127 107 3.00 3.50 -1.74  0.083 0.230 -2.19  0.030 0.288
All 60 64 303 348 0.42 0.674 0.075 -1.60 0.112 0.287

Factor 1 is the “personal independence and self-reliance”; Factor 2 is “the importance accorded to competi-
tive success”’; Factor 3 is “the value attached to working alone”; Factor 4 is “the subordination of personal
needs to group”; Factor 5 is “the effects of personal pursuits on group productivity.”

Scale scores equal to or higher than 73% of the participants were categorized as the high group, while
those equal to or lower than 27% were categorized as the low group
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Table 5 Comparison of pre-test and post-test domain knowledge
scores for students with low and high computer self-efficacy

Table 7 Comparison of pre-test and post-test domain knowledge
scores for students in group H5 4+ C and group L5+ C

Pre-test Post-test Pre-test Post-test

Low High Low High L5+C H5+C L5+C H5+C
N 80 65 80 65 N 40 25 40 25
Mean 42.38 46.00 70.75 79.08 Mean 40.50 48.00 68.50 84.80
SD 23.77 24.61 22.32 20.67 SD 23.85 28.72 23.38 19.39
t -90 -2.31 t —1.139 -2.914
)4 0.370 0.022 P 0.259 0.005
Cohen’s d 0.149 0.387 Cohen’s d 0.284 0.759

knowledge pre-test and post-test. There was no significant
difference between these groups on pre-test scores, t =
—0.90, p = 0.370, effect size = 0.149. However, students
with high computer self-efficacy performed significantly
better than those with low computer self-efficacy at post-
test, t = —2.31, p = 0.022, effect size = 0.387. Descrip-
tive statistics for pre-test and post-test scores are shown in
Table 5.

The Correlation of the Pairwise Combination

of Computer Self-Efficacy, Collectivism Factor 4,
and Collectivism Factor 5 with Students’ Learning
Outcomes

Because factors 4 and 5 of the individualism-collectivism
scale and computer self-efficacy are potentially related to
students’ learning outcomes, the researchers used pair-
wise combinations to explore their joint relation with
students’ learning outcomes. First, the researchers com-
bined collectivism factor 4 and computer self-efficacy.
Students in the high group for computer self-efficacy
and factor 4 of individualism-collectivism were termed
group H4+C (n = 33). In contrast, students in the low
group for computer self-efficacy and factor 4 of individ-
ualism-collectivism were termed group L4+C (n = 23).
Pre-test and post-test scores on the domain knowledge
tests for groups L44+C and H4+C were compared using

Table6 Comparison of pre-test and post-test domain knowledge
scores for students in group H4 4 C and group L4+C

independent #-tests. There was no significant difference in
the pre-test scores between group L44C and group H4+C
(t=—.523, p = .603). However, students in group H4+C
had significantly better post-test scores than students in
group L4+4+C (¢t = —3.033, p = .005, effect size = .853)
(see Table 6).

Similarly, the researchers combined collectivism factor 5
and computer self-efficacy to explore their joint relationship
with students’ learning outcomes. Students in the high group
for computer self-efficacy and factor 5 of individualism-
collectivism were termed group H5+C (n = 25). In contrast,
students in the low group for computer self-efficacy and factor
5 of individualism-collectivism were termed group L5+C (n
= 40). Independent samples #-tests were conducted to com-
pare the performance of group L5+C and group H5+C on the
pre-test and the post-test. There was no significant difference
in pre-test scores between group L5+C and group H5+C (¢
= — 1.139, p = 0.259, effect size= 0.284). However, group
H+C students performed better than group L5+C on the post-
test (t = —2.914, p = 0.005, effect size = 0.759) (see Table 7).

Collectivism factors 4 and 5 were combined to explore
their joint relation with students' learning outcomes.
Students in the high group for both factors 4 and 5 of
individualism-collectivism were termed group H4+5 (n =
51), while students in the low group for both factors were
termed group L4+5 (n = 41). Independent samples -tests
were conducted to compare the performance of group

Table 8 Comparison of pre-test and post-test domain knowledge
scores for students in group H4 +5 and group L4 +5

Pre-test Post-test Pre-test Post-test

L4+C H4+C L4+C H4+C L4+5 H4+5 L4+5 H4+5
N 23 33 23 33 N 41 51 41 51
Mean 40.00 43.64 69.13 84.24 Mean 43.17 48.63 69.51 82.35
SD 24.86 26.08 21.09 13.47 SD 21.38 27.20 20.61 17.62
t —.523 -3.033 t -1.078 -3.221
P 0.603 0.005 P 0.284 0.002
Cohen’s d 0.143 0.853 Cohen’s d 0.223 0.670
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L4+5 and group H44-5 on the pre-test and post-test. There
was no significant difference in the pre-test performance
between the two groups (t = —1.078, p = 0.284, effect
size= 0.223). However, students in group H4+5 got higher
post-test scores than students in group L445 (f = —3.221,
p = 0.002, effect size = 0.670) (see Table 8).

The Correlation Between Students’ Computer
Self-Efficacy and Their Behavioral Intentions to Use ILSs

Using Pearson’s product-moment correlation test, the
researchers further examined the correlation between stu-
dents’ behavioral intentions to use ILSs and their computer
self-efficacy. The result shows a significant correlation
between behavioral intention and computer self-efficacy (n
=275, r=0.206, p = 0.001) (data not shown).

Discussion

A Virtual Expert Has No Significant Impact on Asian
Students’ Learning

The results of our show that students demonstrated a signifi-
cant improvement in domain knowledge through participation
in online inquiry-based activities. There was no significant
difference in performance between students in the control
and intervention groups. These results indicate that Asian stu-
dents, who are typically tutor-oriented (Liang & McQueen,
1999) and prefer visually rich content (Li et al., 2021), are
capable of learning effectively without the guidance of a vir-
tual expert. In other words, the absence of a virtual expert did
not hinder the learning outcomes of Asian students.

The results might be explained by the fact that within the
present study, we used a static agent, allowing for little inter-
action between the virtual character and students. Therefore,
future research can focus more on the interaction between
virtual experts and students. For example, researchers could
compare a group of students who have access to a virtual
instructor or expert for answering questions with a group that
has a non-adaptive static instructor or does not have access
to such support. Alternatively, emergent robotics technol-
ogy could be leveraged to develop a robot peer or expert and
analyze the impact of students' natural language interactions
with such technology on the learning process and outcomes.

Collectivistic Students Tend to Learn More

The results of our study showed that for the factors of
“personal independence and self-reliance” (Factor 1), “the
importance accorded to competitive success” (Factor 2),
and “the value attached to working alone” (Factor 3), there
were no significant differences in post-test scores between

high and low collectivist students. However, for the factors
concerning “the subordination of personal needs to a group”
(Factor 4) and “the effects of personal pursuits on group
productivity” (Factor 5), there were significant differences
between students who tended to be more collectivistic and
more individualistic. In other words, not all factors were
related to students’ learning outcomes. The research results
of Wang et al. (2021ab) showed that cultural orientation
indirectly influences students’ online performance, which
is slightly different from the findings of this study. The
difference might be because Wang, Xiong, and Liu’s study
focused on examining the effect of students’ tendency to be
horizontal or vertical collectivists on online performance. In
contrast, this study emphasizes the relation of other aspects
of individualism-collectivism with student performance.

Research by Baumann and Krskova (2016) showed that
emphasizing school discipline in Asia countries positively
impacts students’ academic performance. Similar results were
also found in this study. Students who tend to be collectivistic
on factors 4 and 5 of individualism-collectivism will put the
group’s needs as the top priority instead of their pursuit. When
such students with disciplined personalities confront command-
based authority, backed by the possibility of punishment, they
are more willing to sacrifice their interests for the group’s benefit
(Smith et al. 1998) and obey the group’s norms, resulting in bet-
ter learning outcomes.

Students with High Computer Self-Efficacy Tend
to Learn More

The results of this study showed that students with higher
computer self-efficacy had higher post-test scores and indi-
cated the importance of students’ computer self-efficacy
in online learning. Since the Go-Lab system is an online
inquiry platform, students must use computers to study on
the Go-Lab system. However, due to a lack of infrastructure
and insufficient internet quality (Basu et al., 2007), Asian
students are less prevalent than Western students in using
computer-supported learning. Although there are computer-
related courses in Taiwan, parents often restrict students
from using computers at home. As online teaching will be
an instructional trend in the future, we suggest that future
research can try to understand why Taiwanese parents do not
permit their children to access computers at home. Further
research is needed where teachers work with parents to allow
students greater access to computers at home, facilitating stu-
dent computer self-efficacy and enhancing their online learn-
ing effectiveness. Students’ computer self-efficacy is par-
ticularly critical for online learning in such a social context.
Many studies showed that learners’ computer self-efficacy
was significantly and positively correlated with their learning
(Chen, 2017; Simmering et al., 2009). Our study also found
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that students’ computer self-efficacy was significantly related
to their online inquiry learning outcomes.

The Synergistic Effect of Computer Self-Efficacy,
Collectivism Factor 4, and Collectivism Factor 5

This study showed that when combining computer self-effi-
cacy with factor 4 of individualism-collectivism for grouping,
the difference between group L4+C and group H4+C (p =
0.005, effect size= 0.853) is more significant than grouping
students based on computer self-efficacy (p = 0.022, effect
size= 0.387) or factor 4 of individualism-collectivism (p =
0.043, effect size = 0.322). Similarly, when combining com-
puter self-efficacy with factor 5 of individualism-collectivism
for grouping, the difference between group L5+C and group
H5+C (p = 0.005, effect size = 0.759) is more significant than
grouping students based on computer self-efficacy (p = 0.022,
effect size = 0.387) or factor 5 of individualism-collectivism
(p = 0.030, effect size = 0.288). It reflects synergistic effects
between computer self-efficacy and collectivism factor 4 or 5.
Also, when combining factor 4 and 5 of individualism-collec-
tivism for grouping, the difference between group L4+5 and
group H4+5 (p = 0.002, effect size = 0.670) is more signifi-
cant than grouping students based on factor 4 (p= 0.043, effect
size = 0.322) or factor 5 (p = 0.030, effect size = 0.288) of
individualism-collectivism. These two factors also produced
a synergistic effect. The synergy between these factors means
combining students’ computer self-efficacy and the personali-
ties of obeying group discipline have a stronger relationship
with their learning outcomes. Such findings suggest that Asian
schools’ emphasis on computer learning and school discipline
can potentially create a productive online learning environment
for students.

Correlation of Computer Self-efficacy
and Behavioral Intention

Previous study results obtained by Ariff et al. (2012) found
a relationship between students’ computer self-efficacy and
their behavioral intentions toward using an online system.
A similar result can also be seen in this study. Students with
higher computer self-efficacy tended to consider learning
through ILSs a wise choice. They were also more willing to
recommend others to use ILSs in science learning.

Conclusions

This study explored factors related to Taiwanese seventh-
grade students’ online inquiry-based learning outcomes. The
results showed that interacting with the ILS resulted in sig-
nificant learning outcomes for Taiwanese students in both
conditions. How the guidance was presented to the students
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(in plain text or through the virtual expert) did not affect learn-
ing. Such findings might be because there is little interaction
between avatars and students in the learning environment.
Future research researchers can design a robot and analyze
the benefits of interaction between the robot and students on
student learning. Students’ computer self-efficacy was associ-
ated with learning outcomes and behavioral intentions to use
ILS. This suggests that activities that foster students’ com-
puter self-efficacy might positively influence their learning
outcomes in inquiry learning environments and increase their
willingness to use online inquiry platforms for learning. Such
findings suggest the importance of Asian students’ computer
self-efficacy for their online inquiry-based learning. Students
who tended to be collectivistic on factor 4 and factor 5 of
individualism-collectivism were likelier to show significant
learning outcomes. These findings reflect that students who
value the group's needs more than their pursuits and are will-
ing to obey the teacher’s norms tend to engage more in the
online lesson and thus learn more effectively. Said results
illustrate that the emphasis placed on school discipline in
terms of collective or Confucius perspective in Asian coun-
tries has positively impacted students’ academic performance.
Participants in this study were limited to adolescents, and per-
haps a disciplined disposition is critical for students learning
at this age. However, such findings should not be extrapolated
to students in other age groups. Our results also showed the
synergistic effect between computer self-efficacy and collec-
tivism in factor 4 or factor 5. Moreover, collectivism factors 4
and 5 together produced a synergistic effect. Last but not least,
students’ behavioral intentions to use ILSs were significantly
related to their computer self-efficacy.

Appendix
A. Individualism-Collectivism
Factor 1: personal independence and self-reliance

1. *Only those who depend on themselves get ahead in life.

2. *To be superior, a person must stand alone.

3. *If you want something done right, you’ve got to do it
yourself.

Factor 2: the importance accorded to competitive success

4. *Winning is everything.

5. *I feel that winning is important in both work and
games.

6. *Success is the most important thing in life.

7. *It annoys me when other people perform better than I
do.

8. *Doing your best isn’t enough; it is important to win.
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Factor 3: the value attached to working alone

9. I prefer to work with others in a group rather than
working alone.

10. *Given a choice, I would rather do a job where I can
work alone rather than doing a job where I have to
work with others in a group.

11. Working with a group is better than working alone.

Factor 4: the subordination of personal needs to group

12.  People should be aware that if they are part of a group,
they will sometimes have to do things they do not want
to do.

13. People who belong to a group should realize that
they are not always going to get what they person-
ally want.

14. People in a group should realize that they sometimes
are going to have to make sacrifices for the sake of the
group as a whole.

15. People in a group should be willing to make sacrifices
for the sake of the group’s well-being.

Factor 5: the effects of personal pursuits on group
productivity

16. *A group is more productive when its members do
what they want to do rather than what the group wants
them to do.

17. *A group is most efficient when its members do what
they think is best rather than doing what the group
wants them to do.

Note: * Items 1-8, 10, and 16—17 were reversed coded,
with high values indicating high collectivism.

B. Computer Self-Efficacy

1. For me, operating a computer is easy to learn.
For me, a computer is easy to use.

3. It is not difficult for me to operate a computer profi-
ciently.

4. TItis very easy for me to use a computer to do what I want
to do.

5. Tam confident that I can learn a wide variety of com-
puter skills.

6. 1do not have to rely too much on other people's instruc-
tions to learn how to use computers.

7. 1can learn how to use a computer by observing how
others use it.

8. Tam able to use a computer as long as I have a reference
book or a computer manual with me.

C. Behavioral Intention

1. I consider that learning science through ILS is a wise

choice.

2. During my school years, I consider using ILS for science
learning.

3. Tam willing to recommend others to use ILS in science
learning.

4. In general, my willingness to use ILS in science learning
is quite high.

Acknowledgements Thanks to the students and experienced teachers
of Shu Guang Girl’s Junior High School for providing helpful sugges-
tions on the designed learning environments. Thanks for the technical
support from the Go-Lab research and development team. Thanks to
Ton de Jong for giving us valuable advice.

Funding This research was supported by the National Science and
Technology Council (Taiwan) through the Graduate Students Study
Abroad Program (MOST-109 —2917 —I1—003 —003), the project "The
Development and Research of Science Inquiry Ability as an Online
Test" (MOST 110-2511-H-003-024-MY 3), and the project "Strength-
ening CloudClassRoom's (CCR) Global Impact during/post COVID-
19 Pandemic" (NSTC 111-2423-H-003-004). Additional support
was provided by the "Institute for Research Excellence in Learning
Sciences" of National Taiwan Normal University (NTNU) from The
Featured Areas Research Center Program within the framework of the
Higher Education Sprout Project by the Ministry of Education (MOE)
in Taiwan.

Data Availability All data and materials are available from the authors.

Code Availability IBM® SPSS® Statistics Base Edition.

Declarations

Ethics Approval This study followed ethical standards for social sci-
ence research.

Consent to Participate Informed consent was obtained from all indi-
vidual participants included in this study. All of the participants vol-
unteered to participate in the study.

Competing Interests The authors declare no competing interests.

References

Abdi, A. (2014). The effect of inquiry-based learning method on
students’ academic achievement in science course. Universal
Journal of Educational Research, 2(1), 37-41. https://eric.ed.
gov/?7id=EJ1053967

Acarli, D. S., & Saglam, Y. (2015). Investigation of pre-service
teachers’ intentions to use of social media in teaching activities
within the framework of technology acceptance model. Proce-
dia-Social and Behavioral Sciences, 176, 709—713. https://doi.
org/10.1016/j.sbspro.2015.01.530

Al-Adwan, A., & Smedley, J. (2012). Implementing e-learning in the
Jordanian Higher Education System: Factors affecting impact.

@ Springer


https://eric.ed.gov/?id=EJ1053967
https://eric.ed.gov/?id=EJ1053967
https://doi.org/10.1016/j.sbspro.2015.01.530
https://doi.org/10.1016/j.sbspro.2015.01.530

756

Journal of Science Education and Technology (2023) 32:743-758

International Journal of Education and Development using ICT,
8(1). https://www.learntechlib.org/p/188017/

Apedoe, X. S. (2008). Engaging students in inquiry: Tales from an
undergraduate geology laboratory-based course. Science Educa-
tion, 92(4), 631-663. https://doi.org/10.1002/sce.20254

Ariff, M. S. M., Yeow, S., Zakuan, N., Jusoh, A., & Bahari, A. Z.
(2012). The effects of computer self-efficacy and technology
acceptance model on behavioral intention in internet banking
systems. Procedia-Social and Behavioral Sciences, 57, 448—
452. https://doi.org/10.1016/j.sbspro.2012.09.1210

Bandura, A. (1986). Social foundation of thought and action. Engle-
wood Cliffs, NJ: Prentice Hall. https://psycnet.apa.org/record/
1985-98423-000

Basu, P., Thamrin, A. H., Mikawa, S., Okawa, K., & Murai, J. (2007, Janu-
ary). Internet technologies and infrastructure for Asia-wide distance
education. In 2007 International Symposium on Applications and
the Internet (pp. 3-3). IEEE. https://doi.org/10.1109/SAINT.2007.15

Baturay, M. H., Gokgearslan, S., & Ke, F. (2017). The relationship
among preservice teachers’ computer competence, attitude
towards computer-assisted education, and intention of technol-
ogy acceptance. International Journal of Technology Enhanced
Learning, 9(1), 1-13.

Baumann, C., & Krskova, H. (2016). School discipline, school uni-
forms and academic performance. International Journal of Edu-
cational Management, 30(6), 1003-1029. https://doi.org/10.1108/
IJEM-09-2015-0118

Bochner, S., & Hesketh, B. (1994). Power distance, individualism/
collectivism, and job-related attitudes in a culturally diverse work
group. Journal of Cross-Cultural Psychology, 25(2), 233-257.
https://doi.org/10.1177/0022022194252005

Brief, A. P., & Aldag, R.J. (1981). The “self” in work organizations: A
conceptual review. Academy of Management Review, 6(1), 75-88.
https://doi.org/10.5465/amr.1981.4288006

Chau, P. Y. (2001). Influence of computer attitude and self-efficacy
on IT usage behavior. Journal of Organizational and End User
Computing (JOEUC), 13(1), 26-33. https://doi.org/10.4018/joeuc.
2001010103

Chen, X., Zou, D., Cheng, G., & Xie, H. (2020). Detecting latent
topics and trends in educational technologies over four decades
using structural topic modeling: A retrospective of all volumes of
Computers & Education. Computers & Education, 151, 103855.
https://doi.org/10.1016/j.compedu.2020.103855

Chen, I. S. (2017). Computer self-efficacy, learning performance, and
the mediating role of learning engagement. Computers in Human
Behavior, 72, 362-370. https://doi.org/10.1016/j.chb.2017.02.059

Chen, X. (2002). Social control in China: Applications of the labeling
theory and the reintegrative shaming theory. International Journal
of Offender Therapy and Comparative Criminology, 46(1), 45-63.
https://doi.org/10.1177/0306624X02461004

Chiu, J. L., & Linn, M. C. (2011). Knowledge integration and wise
engineering. Journal of Pre-College Engineering Education
Research (J-PEER), 1(1), 1-14. https://doi.org/10.7771/2157-
9288.1026

Compeau, D. R., & Higgins, C. A. (1995). Computer self-efficacy:
Development of a measure and initial test. MIS Quarterly, 19(2),
189-211. https://doi.org/10.2307/249688

Dagron, A. G., & Tufte, T. (2006). Communication for social change
anthology: Historical and contemporary readings. CFSC Consor-
tium, Inc.

Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and
user acceptance of information technology. MIS Quarterly, 13(3),
319-340. https://doi.org/10.2307/249008

Davis, F. D., Bagozzi, R. P., & Warshaw, P. R. (1989). User acceptance
of computer technology: A comparison of two theoretical models.
Management Science, 35(8), 982—-1003. https://doi.org/10.1287/
mnsc.35.8.982

@ Springer

de Jong, T., Sotiriou, S., & Gillet, D. (2014). Innovations in stem educa-
tion: The Go-Lab federation of online labs. Smart Learning Envi-
ronments, 1(1), 1-16. https://doi.org/10.1186/540561-014-0003-6

Derting, T.L., & Ebert-May, D. (2010). Learner-centered inquiry in
undergraduate biology: positive relationships with long-term stu-
dent achievement. CBE—Life Sciences Education, 9(4), 462—472.
https://doi.org/10.1187/cbe.10-02-0011

Desnoyers, L. (2011). Toward a taxonomy of visuals in science com-
munication. Technical Communication, 58(2), 119-134.

Dien, D. S. F. (1999). Chinese authority-directed orientation and Japa-
nese peer-group orientation: Questioning the notion of collectiv-
ism. Review of General Psychology, 3(4), 372-385. https://doi.
org/10.1037/1089-2680.3.4.372

Dikke, D., & Faltin, N. (2015). Go-lab mooc—an online course for
teacher professional development in the field of inquiry-based
science education, in: 7" International Conference on Education
and New Learning Technologies (pp. 244-253). Kenting, Tai-
wan. https://telearn.archives-ouvertes.fr/hal-01206503

Farrell, A. M., & Rudd, J. M. (2009). Factor analysis and discriminant
validity: A brief review of some practical issues, Anzmac. http://
publications.aston.ac.uk/id/eprint/7644/

Ganier, F. (2000). Processing text and pictures in procedural instruc-
tions. Information Design Journal, 10(2), 146—153. https://doi.
org/10.1075/idj.10.2.12gan

George, D., & Mallery, P. (2019). IBM SPSS statistics 26 step by step:
A simple guide and reference (6™ ed.). Routledge. https://doi.org/
10.4324/9780429056765

Gillet, D., de Jong, T., Sotirou, S., & Salzmann, C. (2013). Personalised
learning spaces and federated online labs for stem education at school,
in: 2013 IEEE Global Engineering Education Conference (EDUCON),
IEEE. pp. 769-773. https://doi.org/10.1109/EduCon.2013.6530194

Gobert, J., Slotta, J., Pallant, A., Nagy, S., & Targum, E. (2002). A
wise inquiry project for students' east-west coast collaboration.
American Educational Research Association, New Orleans, LA.
https://mtv.concord.org/publications/online_learning.pdf

Govaerts, S., Cao, Y., Vozniuk, A., Holzer, A., Zutin, D.G., Ruiz, E.S.C.,
Bollen, L., Manske, S., Faltin, N., Salzmann, C., Tsourlidaki, E., &
Gillet, D. (2013). Towards an online lab portal for inquiry-based
stem learning at school, in: International Conference on Web-Based
Learning, Springer. pp. 244-253. https://doi.org/10.1007/978-3-642-
41175-5_25

Hasan, B. (2007). Examining the effects of computer self-efficacy
and system complexity on technology acceptance. Information
Resources Management Journal (IRMJ), 20(3), 76-88. https://
doi.org/10.4018/irmj.2007070106

Huang, F., Teo, T., & Zhou, M. (2020). Chinese students’ intentions
to use the Internet-based technology for learning. Educational
Technology Research and Development, 68, 575-591. https://doi.
org/10.1007/s11423-019-09695-y

Hwang, A., & Francesco, A. M. (2010). The influence of individual-
ism—collectivism and power distance on use of feedback channels
and consequences for learning. Academy of Management Learn-
ing & Education, 9(2), 243-257. https://doi.org/10.5465/amle.9.
2.zqr243

Hwang, G. J., Chiu, L. Y., & Chen, C. H. (2015). A contextual game-
based learning approach to improving students’ inquiry-based
learning performance in social studies courses. Computers & Edu-
cation, 81, 13-25. https://doi.org/10.1016/j.compedu.2014.09.006

Karnita, R. (2018). The role of approachability in fostering student-
centered learning in Indonesian undergraduate graphic design
courses. Ph.D. thesis. Coventry University.

Keller, C. (2005). Virtual learning environments: Three implementa-
tion perspectives. Learning, Media and Technology, 30(3), 299—
311. https://doi.org/10.1080/17439880500250527

Keselman, A. (2003). Supporting inquiry learning by promoting
normative understanding of multivariable causality. Journal of


https://www.learntechlib.org/p/188017/
https://doi.org/10.1002/sce.20254
https://doi.org/10.1016/j.sbspro.2012.09.1210
https://psycnet.apa.org/record/1985-98423-000
https://psycnet.apa.org/record/1985-98423-000
https://doi.org/10.1109/SAINT.2007.15
https://doi.org/10.1108/IJEM-09-2015-0118
https://doi.org/10.1108/IJEM-09-2015-0118
https://doi.org/10.1177/0022022194252005
https://doi.org/10.5465/amr.1981.4288006
https://doi.org/10.4018/joeuc.2001010103
https://doi.org/10.4018/joeuc.2001010103
https://doi.org/10.1016/j.compedu.2020.103855
https://doi.org/10.1016/j.chb.2017.02.059
https://doi.org/10.1177/0306624X02461004
https://doi.org/10.7771/2157-9288.1026
https://doi.org/10.7771/2157-9288.1026
https://doi.org/10.2307/249688
https://doi.org/10.2307/249008
https://doi.org/10.1287/mnsc.35.8.982
https://doi.org/10.1287/mnsc.35.8.982
https://doi.org/10.1186/s40561-014-0003-6
https://doi.org/10.1187/cbe.10-02-0011
https://doi.org/10.1037/1089-2680.3.4.372
https://doi.org/10.1037/1089-2680.3.4.372
https://telearn.archives-ouvertes.fr/hal-01206503
http://publications.aston.ac.uk/id/eprint/7644/
http://publications.aston.ac.uk/id/eprint/7644/
https://doi.org/10.1075/idj.10.2.12gan
https://doi.org/10.1075/idj.10.2.12gan
https://doi.org/10.4324/9780429056765
https://doi.org/10.4324/9780429056765
https://doi.org/10.1109/EduCon.2013.6530194
https://mtv.concord.org/publications/online_learning.pdf
https://doi.org/10.1007/978-3-642-41175-5_25
https://doi.org/10.1007/978-3-642-41175-5_25
https://doi.org/10.4018/irmj.2007070106
https://doi.org/10.4018/irmj.2007070106
https://doi.org/10.1007/s11423-019-09695-y
https://doi.org/10.1007/s11423-019-09695-y
https://doi.org/10.5465/amle.9.2.zqr243
https://doi.org/10.5465/amle.9.2.zqr243
https://doi.org/10.1016/j.compedu.2014.09.006
https://doi.org/10.1080/17439880500250527

Journal of Science Education and Technology (2023) 32:743-758

757

Research in Science Teaching, 40(9), 898-921. https://doi.org/
10.1002/tea.10115

Lee, A. S., Wilson, W., Tibbetts, J., Gawboy, C., Meyer, A., Buck, W.,
Knutson-Kolodzne, J., & Pantalony, D. (2019). Celestial calen-
dar paintings and culture-based digital storytelling: cross-cultural,
interdisciplinary, stem/steam resources for authentic astronomy
education engagement, in: EPJ Web of Conferences, EDP Sci-
ences. p. 01002. https://doi.org/10.1051/epjconf/201920001002

Levine, T., & Donitsa-Schmidt, S. (1997). Commitment to learning:
Effects of computer experience, confidence and attitudes. Journal
of Educational Computing Research, 16(1), 83—105. https://doi.
0rg/10.2190/QQ9M-4YGO-PXY2-HMMW

Li, Q., de Jong, M. D., & Karreman, J. (2021). Getting the picture: A
cross-cultural comparison of Chinese and Western users’ prefer-
ences for image types in manuals for household appliances. Jour-
nal of Technical Writing and Communication, 51(2), 137-158.
https://doi.org/10.1177/0047281619898140

Liang, A., & McQueen, R. J. (1999). Computer assisted adult inter-
active learning in a multi-cultural environment. Adult Learning,
11(1), 26-29.

Lim, B. R. (2004). Challenges and issues in designing inquiry on the
web. British Journal of Educational Technology, 35(5), 627-643.
https://doi.org/10.1111/j.0007-1013.2004.00419.x

Lin, K. Y., & Lu, H. P. (2011). Why people use social networking sites:
An empirical study integrating network externalities and motiva-
tion theory. Computers in Human Behavior, 27(3), 1152-1161.
https://doi.org/10.1016/j.chb.2010.12.009

Macgilchrist, F., Allert, H., & Bruch, A. (2020). Students and society
in the 2020s. Three future ‘histories’ of education and technol-
ogy. Learning, Media and Technology, 45(1), 76-89. https://doi.
org/10.1080/17439884.2019.1656235

Markus, H. R., & Kitayama, S. (1991). Culture and the self: Implications
for cognition, emotion, and motivation. Psychological Review, 98(2),
224-253. https://doi.org/10.1037/0033-295X.98.2.224

Merriam-Webster. (2003). Introvert. In Merriam-Webster.com diction-
ary. Retrieved March 17, 2023, from https://www.merriam-webster.
com/dictionary/intention

Mijksenaar, P., & Westendorp, P. (1999). Open here: The art of instruc-
tional design. Thames & Hudson.

Ministry of Education. (2018). Curriculum guidelines of 12-Year basic
education elementary school, junior high school, and general sen-
ior high school: Nature sciences. Ministry of Education Republic
of China.

Moore, E. B., Chamberlain, J. M., Parson, R., & Perkins, K. K. (2014).
Phet interactive simulations: Transformative tools for teaching
chemistry. Journal of Chemical Education, 91(8), 1191-1197.
https://doi.org/10.1021/ed4005084

Moos, D. C., & Azevedo, R. (2009). Learning with computer-based learn-
ing environments: A literature review of computer self-efficacy.
Review of Educational Research, 79(2), 576-600. https://doi.org/10.
3102/0034654308326083

Murphy, C. A., Coover, D., & Owen, S. V. (1989). Development and
validation of the computer self-efficacy scale. Educational and
Psychological Measurement, 49(4), 893-899. https://doi.org/10.
1177/001316448904900412

Ong, C. S., Lai, J. Y., & Wang, Y. S. (2004). Factors affecting engi-
neers’ acceptance of asynchronous e-learning systems in high-tech
companies. Information & Management, 41(6), 795-804. https://
doi.org/10.1016/j.im.2003.08.012

Pedaste, M., Mieots, M., Siiman, L. A., De Jong, T., Van Riesen, S.
A., Kamp, E. T., Manoli, C. C., Zacharia, Z. C., & Tsourlidaki,
E. (2015). Phases of inquiry-based learning: Definitions and the
inquiry cycle. Educational Research Review, 14, 47-61. https://
doi.org/10.1016/j.edurev.2015.02.003

Phillips, R., McNaught, C. & Kennedy, G. (2010). Towards a gen-
eralised conceptual framework for learning: the Learning

Environment, Learning Processes and Learning Outcomes
(LEPO) framework. In J. Herrington & C. Montgomerie
(Eds.), Proceedings of ED-MEDIA 2010--World Conference on
Educational Multimedia, Hypermedia & Telecommunications (pp.
2495-2504). https://www.learntechlib.org/primary/p/34989/

Ping, L. C., & Swe, K. M. (2004). Engaging junior college students
in computer-mediated lessons using scaffolding strategies. Jour-
nal of Educational Media, 29(2), 97—-112. https://doi.org/10.
1080/1358165042000253276

Pituch, K. A., & Lee, Y. K. (2006). The influence of system char-
acteristics on e-learning use. Computers & Education, 47(2),
222-244. https://doi.org/10.1016/j.compedu.2004.10.007

Raes, A., & Schellens, T. (2015). Unraveling the motivational effects
and challenges of web-based collaborative inquiry learning
across different groups of learners. Educational Technology
Research and Development, 63(3), 405-430. https://doi.org/
10.1007/311423-015-9381-x

Raes, A., Schellens, T., de Wever, B., & Benoit, D. F. (2016). Promoting
metacognitive regulation through collaborative problem solving
on the web: When scripting does not work. Computers in Human
Behavior, 58, 325-342. https://doi.org/10.1016/j.chb.2015.12.064

Ramnarain, U. (2018). Scientific literacy in East Asia: Shifting
toward an inquiry-informed learning perspective. In: Lee YJ.,
Tan J. (eds) Primary Science Education in East Asia. Con-
temporary Trends and Issues in Science Education, vol 47.
Springer, Cham. https://doi.org/10.1007/978-3-319-97167-4_10

Ray, S., & Srivastava, S. (2020). Virtualization of science education:
a lesson from the COVID-19 pandemic. Journal of Proteins and
Proteomics, 11(2), 77-80. https://doi.org/10.46843/jiecr.v1i2.15

Roberts, E., & Tuleja, E. A. (2008). When west meets East: Teach-
ing a managerial communication course in Hong Kong. Jour-
nal of Business and Technical Communication, 22(4), 474—489.
https://doi.org/10.1177/1050651908320423

Sahin, S. (2006). Computer simulations in science education: Impli-
cations for distance education. Online Submission, 7(4), 1-13.
https://files.eric.ed.gov/fulltext/ED494379.pdf

Simmering, M. J., Posey, C., & Piccoli, G. (2009). Computer self-
efficacy and motivation to learn in a self-directed online course.
Decision Sciences Journal of Innovative Education, 7(1),
99-121. https://doi.org/10.1111/j.1540-4609.2008.00207.x

Smith, P. B., Dugan, S., Peterson, A. F., & Leung, W. (1998). Indi-
vidualism: Collectivism and the handling of disagreement. A 23
country study. International Journal of Intercultural Relations,
22(3), 351-367. https://doi.org/10.1016/S0147-1767(98)00012-1

Srite, M. (2006). Culture as an explanation of technology accept-
ance differences: An empirical investigation of Chinese and US
users. Australasian Journal of Information Systems, 14(1). https://
doi.org/10.3127/ajis.v14il .4

Stender, A., Schwichow, M., Zimmerman, C., & Hartig, H. (2018).
Making inquiry-based science learning visible: The influence of
CVS and cognitive skills on content knowledge learning in guided
inquiry. International Journal of Science Education, 40(15),
1812-1831. https://doi.org/10.1080/09500693.2018.1504346

Sui, C.J., Chen, H. C., Cheng, P. H., & Chang, C. Y. (2023). The Go-
Lab platform, an inquiry-learning space: Investigation into stu-
dents’ technology acceptance, knowledge integration, and learning
outcomes. Journal of Science Education and Technology, 32(1),
61-77. https://doi.org/10.1007/s10956-022-10008-x

Thomson, N., & Stewart, J. (2003). Genetics inquiry: Strategies and
knowledge geneticists use in solving transmission genetics prob-
lems. Science Education, 87(2), 161-180. https://doi.org/10.1002/
sce.10065

Truong, Y., & McColl, R. (2011). Intrinsic motivations, self-esteem, and
luxury goods consumption. Journal of Retailing and Consumer Ser-
vices, 18(6), 555-561. https://doi.org/10.1016/j.jretconser.2011.08.
004

@ Springer


https://doi.org/10.1002/tea.10115
https://doi.org/10.1002/tea.10115
https://doi.org/10.1051/epjconf/201920001002
https://doi.org/10.2190/QQ9M-4YG0-PXY2-HMMW
https://doi.org/10.2190/QQ9M-4YG0-PXY2-HMMW
https://doi.org/10.1177/0047281619898140
https://doi.org/10.1111/j.0007-1013.2004.00419.x
https://doi.org/10.1016/j.chb.2010.12.009
https://doi.org/10.1080/17439884.2019.1656235
https://doi.org/10.1080/17439884.2019.1656235
https://doi.org/10.1037/0033-295X.98.2.224
https://www.merriam-webster.com/dictionary/intention
https://www.merriam-webster.com/dictionary/intention
https://doi.org/10.1021/ed4005084
https://doi.org/10.3102/0034654308326083
https://doi.org/10.3102/0034654308326083
https://doi.org/10.1177/001316448904900412
https://doi.org/10.1177/001316448904900412
https://doi.org/10.1016/j.im.2003.08.012
https://doi.org/10.1016/j.im.2003.08.012
https://doi.org/10.1016/j.edurev.2015.02.003
https://doi.org/10.1016/j.edurev.2015.02.003
https://www.learntechlib.org/primary/p/34989/
https://doi.org/10.1080/1358165042000253276
https://doi.org/10.1080/1358165042000253276
https://doi.org/10.1016/j.compedu.2004.10.007
https://doi.org/10.1007/s11423-015-9381-x
https://doi.org/10.1007/s11423-015-9381-x
https://doi.org/10.1016/j.chb.2015.12.064
https://doi.org/10.1007/978-3-319-97167-4_10
https://doi.org/10.46843/jiecr.v1i2.15
https://doi.org/10.1177/1050651908320423
https://files.eric.ed.gov/fulltext/ED494379.pdf
https://doi.org/10.1111/j.1540-4609.2008.00207.x
https://doi.org/10.1016/S0147-1767(98)00012-1
https://doi.org/10.3127/ajis.v14i1.4
https://doi.org/10.3127/ajis.v14i1.4
https://doi.org/10.1080/09500693.2018.1504346
https://doi.org/10.1007/s10956-022-10008-x
https://doi.org/10.1002/sce.10065
https://doi.org/10.1002/sce.10065
https://doi.org/10.1016/j.jretconser.2011.08.004
https://doi.org/10.1016/j.jretconser.2011.08.004

758

Journal of Science Education and Technology (2023) 32:743-758

van Aalst, J., & Truong, M. S. (2010). Promoting knowledge creation dis-
course in an Asian Primary Five classroom: Results from an inquiry
into life cycles. International Journal of Science Education., 33(4),
487-515. https://doi.org/10.1080/09500691003649656

Wagner, J. A. (1995). Studies of individualism-collectivism: Effects on
cooperation in groups. Academy of Management Journal, 38(1),
152—-173. https://doi.org/10.5465/256731

Wagner, J. A., & Moch, M. K. (1986). Individualism-collectivism:
Concept and measure. Group & Organization Studies, 11(3),
280-304. https://doi.org/10.1177/105960118601100309

Wahono, B., Lin, P. L., & Chang, C. Y. (2020). Evidence of STEM
enactment effectiveness in Asian student learning outcomes.
International Journal of STEM Education, 7, 1-18. https://doi.
org/10.1186/s40594-020-00236-1

Walton, D., & Koszowy, M. (2017). Arguments from author-
ity and expert opinion in computational argumentation sys-
tems. Al & Society, 32(4), 483-496. https://doi.org/10.1007/
s00146-016-0666-3

Wang, H. H., Lin, H. S., Chen, Y. C., Pan, Y. T., & Hong, Z. R. (2021a).
Modeling relationships among students’ inquiry-related learning
activities, enjoyment of learning, and their intended choice of a
future STEM career. International Journal of Science Education,
43(1), 157-178. https://doi.org/10.1080/09500693.2020.1860266

Wang, Q., Xiong, C., & Liu, J. (2021b). Does culture or self-directed
learning drive online performance? International Journal of Edu-
cational Management, 35(6), 1077-1098. https://doi.org/10.1108/
IJEM-06-2020-0327

Warshaw, P. R., & Davis, F. D. (1985). Disentangling behavioral intention
and behavioral expectation. Journal of Experimental Social Psychol-
0gy, 21(3), 213-228. https://doi.org/10.1016/0022-1031(85)90017-4

@ Springer

Wilson, C. D., Taylor, J. A., Kowalski, S. M., & Carlson, J. (2010).
The relative effects and equity of inquiry-based and commonplace
science teaching on students’ knowledge, reasoning, and argumen-
tation. Journal of Research in Science Teaching, 47(3), 276-301.
https://doi.org/10.1002/tea.20329

Wilson, P. (1983). Second-hand knowledge: An inquiry into cognitive
authority. https://philpapers.org/rec/WILSKA

Worsham, E. K., Clevenger, A., & Whealan-George, K. A. (2016).
STEM education discrepancy in the United States and Singa-
pore. Beyond: Undergraduate Research Journal, 1(1), 3. https://
commons.erau.edu/beyond/voll/iss1/3

Wu, J. H., Tennyson, R. D., & Hsia, T. I. (2010). A study of student
satisfaction in a blended e-learning system environment. Com-
puters & Education, 55(1), 155-164. https://doi.org/10.1016/j.
compedu.2009.12.012

Zhao, L., Lu, Y., Wang, B., & Huang, W. (2011). What makes them
happy and curious online? An empirical study on high school
students’ Internet use from a self-determination theory perspec-
tive. Computers & Education, 56(2), 346-356. https://doi.org/10.
1016/j.compedu.2010.08.006

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1080/09500691003649656
https://doi.org/10.5465/256731
https://doi.org/10.1177/105960118601100309
https://doi.org/10.1186/s40594-020-00236-1
https://doi.org/10.1186/s40594-020-00236-1
https://doi.org/10.1007/s00146-016-0666-3
https://doi.org/10.1007/s00146-016-0666-3
https://doi.org/10.1080/09500693.2020.1860266
https://doi.org/10.1108/IJEM-06-2020-0327
https://doi.org/10.1108/IJEM-06-2020-0327
https://doi.org/10.1016/0022-1031(85)90017-4
https://doi.org/10.1002/tea.20329
https://philpapers.org/rec/WILSKA
https://commons.erau.edu/beyond/vol1/iss1/3
https://commons.erau.edu/beyond/vol1/iss1/3
https://doi.org/10.1016/j.compedu.2009.12.012
https://doi.org/10.1016/j.compedu.2009.12.012
https://doi.org/10.1016/j.compedu.2010.08.006
https://doi.org/10.1016/j.compedu.2010.08.006

	Asian Students’ Cultural Orientation and Computer Self-Efficacy Significantly Related to Online Inquiry-Based Learning Outcomes on the Go-Lab Platform
	Abstract
	Introduction
	Literature Review
	Inquiry-Based Learning
	Go-Lab Online Learning Platform
	Individualism and Collectivism
	Computer Self-Efficacy
	Behavioral Intention

	Research Purpose
	Research Methods
	Participants
	Lesson Structure
	Instruments
	Domain Knowledge Test
	Individualism-Collectivism Scale
	Computer Self-Efficacy
	Behavioral Intention to Use ILS
	Exploratory Factor Analysis

	Data Analysis
	Research Procedure

	Results
	Students’ Learning Outcomes
	Comparison of Learning Outcomes Between Low- and High-Collectivism Students
	Comparison of Learning Outcomes Between Students with Low and High Computer Self-Efficacy
	The Correlation of the Pairwise Combination of Computer Self-Efficacy, Collectivism Factor 4, and Collectivism Factor 5 with Students’ Learning Outcomes
	The Correlation Between Students’ Computer Self-Efficacy and Their Behavioral Intentions to Use ILSs

	Discussion
	A Virtual Expert Has No Significant Impact on Asian Students’ Learning
	Collectivistic Students Tend to Learn More
	Students with High Computer Self-Efficacy Tend to Learn More
	The Synergistic Effect of Computer Self-Efficacy, Collectivism Factor 4, and Collectivism Factor 5
	Correlation of Computer Self-efficacy and Behavioral Intention

	Conclusions
	Appendix
	A. Individualism-Collectivism
	Factor 1: personal independence and self-reliance
	Factor 2: the importance accorded to competitive success
	Factor 3: the value attached to working alone
	Factor 4: the subordination of personal needs to group
	Factor 5: the effects of personal pursuits on group productivity

	B. Computer Self-Efficacy
	C. Behavioral Intention

	Acknowledgements 
	References


