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Abstract: In the context of information-driven Education transformation, this study investigates
factors that influence the continuous transformation of teacher information and communications
technology (ICT) teaching methods. Although some studies have found that teacher psychological
cognition exerts different effects on different types of teacher ICT-integrated teaching behaviors, the
current literature on influencing factors lacks the classification of behaviors. Based on the learner-
centered transformation, this study divides teacher ICT-integrated teaching behaviors into teacher-
centered teaching behavior and student-centered teaching behavior, and constructs a hypothesis
model of influencing factors on teacher ICT-integrated teaching behavior. We collected questionnaire
data from 795 primary and secondary school teachers, then validated and adjusted the model through
structural equation modeling (SEM). The social environment exerted a significant indirect impact on
teacher technology application behaviors via mediation of teacher efficacy and outcome expectations.
The two types of self-efficacy directly affected the student-centered ICT application behavior more
than the teacher-centered ICT application behavior. The student-centered ICT application behavior
exerted a significant impact on the teacher-centered ICT application behavior. This study confirms the
significance of classifying teacher ICT-integrated teaching behavior and supports the transformation
of learner-centered ICT-integrated teaching by improving the social environment to realize equitable
and sustainable Education development.

Keywords: ICT-integrated teaching; digital teaching competence; teaching transformation; student-
centered teaching; structural equation method

1. Introduction

Information and communications technology (ICT) is a strategic tool for Educational
development and reform in various countries, and the professional ability of teachers
to teach information directly affects the quality of talent cultivation in the information
age [1–3]. Thus, the influencing factors of ICT-integrated teaching behaviors have always
been the focus of attention of researchers, and researchers have explored these factors from
different angles. The diffusion of the innovation theory [4] proposed by Everett Rogers has
been applied extensively to research on the influencing factors of teacher application of
new technologies in teaching [5,6], as well as research on the development law of teaching
reform and innovation [7]. In addition, the technology acceptance model (TAM) [8] is
broadly used in the analysis of teacher willingness, attitude, and evaluation of using
technology in teaching [9], and the technological pedagogical content knowledge (TPACK)
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is a common framework to investigate the influencing factors of the development stage
of teachers of ICT-integrated teaching [10]. Moreover, research on the technical barrier of
teacher application of ICT progresses gradually, from focusing on external factors such as
facility matching, technical support, and organizational regulations, to focusing on internal
psychological factors such as beliefs and attitudes to design thinking that correlates directly
with practice [11–13]. However, these studies do not classify the t technology application
behavior of teachers, which only explains how technology is adopted but does not reflect the
differential impact of different ICT-teaching modes. Liu et al. [14] reported that individual
psychological factors of teachers’ “teacher-centered” technology application behaviors and
“student-centered” technology application behaviors differ; the former correlates to the
motivation of using technology for teaching while the latter does not, which implies the
influencing factors of different technology behaviors differ.

On the classification of teachers’ technology application behavior, we focused on
the development direction of teaching reform. Student-centered teaching is considered a
more conducive teaching method for nurturing student self-learning abilities and student
development of deep learning and high-level thinking [15,16]; it helps harness student
lifelong learning abilities and realizes sustainable development of student learning, which
is considered a key shift for talent cultivation in the 21st century [17]. Meanwhile, the
sustainable development of Education also needs to adapt rapidly to student-centered
teaching reforms. Per UNESCO’s Transforming Our World—2030 Agenda for Sustainable
Development [18], training excellent teachers to adopt student-centered teaching methods
is essential to attain equitable and quality Education and support lifelong learning. As
early as 1998, China proposed “student-centered” curriculum reform in the Action Plan
for the Revitalization of Education in the 21st Century [19]. Then, after stepping into
the informatization 2.0 stage with integrated innovation as the development goal, the
government advocated the use of new technologies to promote teacher Education [20] to
help teachers improve digital teaching competence and developing into student-centered
tutors. As a trend of China’s Educational informatization development, the transition to
learner–centered teaching leads the way in global teaching reform. The data collected in
this study were based on the background of China’s Educational informatization teaching
reform; these results can be used as a reference for teaching transformations and the de-
velopment of Educational informatization. Hence, this study divides teachers’ technology
application behavior into teacher-centered ICT application behaviors and student-centered
ICT application behaviors, constructs a hypothesis model based on a literature review, and
uses structural equation modeling to validate and explore differences in influencing factors
between the two.

2. Theoretical Basis

To date, significant research has been conducted on teacher information technology ap-
plication behaviors and beliefs, technology maturity, and organizational mechanisms [21–23].
This study highlights the sustainable development of information-based teaching ecology
and focuses on constructing a more systematic hypothesis model. A comprehensive litera-
ture review was conducted guided by Bandura’s social learning theory, which featured
a high degree of abstraction and systematization. Hypotheses were proposed based on
historical documents and followed by a comprehensively constructed hypothesis model.

In studying individual learning behaviors in real-life situations, American psychol-
ogist Bandura proposed a social learning theory, which states that both individual psy-
chological factors and the environmental influence on human behavior [24] (pp. 59–64).
In his view, all psychological changes are mediated by cognitive processes, regardless of
the type of psychological changes; they influence an individual’s behavioral decisions by
changing their self-efficacy, which means an individual’s belief in the implementation of
some behavioral activities and the prediction of the ability to control them. Self-efficacy is
classified as outcome expectation and efficacy expectation; the former is an individual’s
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judgment of an event result, while the latter is an individual’s judgment of their ability to
handle the event [25] (pp. 33–36).

Hence, in the following sections, we will review environmental factors and individual
factors, as shown in Figure 1. The classification of the environment adds the application
environment to the social environment, which refers to research of technology accep-
tance [8], social environment (including interpersonal support and professional learning
support for teachers), and the application environment (which refers to the configuration
of hardware and software and how reasonable they are). In addition, an individual’s
sense of self-efficacy is classified as per Bandura [25]. The behavior classification was
based on the classification of Liu et al. [20]. Our study proposes a hypotheses between the
subdimensions based on historical literature and constructs a comprehensive hypothesis
model.
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Figure 1. The research framework based on Bandura’s social learning theory.

3. Literature Review

Scholars have examined the influencing factors of teacher ICT-integrated teach-
ing behaviors based on the diffusion of innovation, TAM, technological obstacles, and
TPACK [4–9]. All studies involved some factors that influenced teacher ICT-integrated
teaching behaviors, and these factors are classified into two aspects, individual and envi-
ronment, which align with Bandura’s social learning theory. This study reviewed relevant
research to investigate the factors that influenced different teacher ICT-integrated teaching
behavior types, highlight the sustainability of Educational development, and propose
hypotheses per the research framework based on Bandura’s social learning theory.

3.1. Personal Factors

Individual self-efficacy directly regulates decision-making and behavior output [26]
(pp. 45–46). Lai and Lin [27] mentioned that teachers with high self-efficacy tended
to use ICT in more challenging ways. In the context of ICT-integrated teaching, the
self-efficacy of teacher ICT application denotes their psychological assessment of ICT
application in teaching, which included their belief in and attitude towards ICT-integrated
teaching, and perception of their digital teaching competence. Self-efficacy of teachers using
ICT-integrated teaching directly influences teacher adoption of and behavioral tendency
towards technical practice. In general, research covered two specific types of self-efficacy,
outcome expectation and efficacy expectation.

Outcome expectation comprises teacher belief in pleasure, anxiety, and positive and
negative effects stemming from their teaching. Kim et al. [28] examined the concrete
correlation between teacher outcome expectations and integration practice in a 4-year
teacher development project funded by the United States Department of Education and
reported that teacher outcome expectations in effective teaching methods directly correlated
with integration of ICT-integrated teaching. Moreover, teachers with higher positive
beliefs tend to adopt student-centered teaching methods and design more critical, creative,
and cooperative tasks [29]. Also, outcome expectations not only correlated directly with
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behavior but also regulated behavior when hindered. Ertmer et al. [30] reported that teacher
outcome expectations in ICT-integrated teaching are an intermediary factor, which adjusts
the correlation between external obstacles to the application of technology perceived by
teachers and their ICT application teaching behaviors. Nevertheless, simply improving
teacher outcome expectations did not necessarily promote behavioral change, enhancing
organizational management and systems were also indispensable.

Teacher efficacy expectations regarding ICT-integrated teaching focused primarily on
the self-evaluation of their knowledge and skills when handling ICT-integrated teaching
and often influenced their teaching behaviors. Joo et al. [22] used TAM to reveal that
the self-efficacy of teacher ICT-integrated teaching affected their willingness to apply
technology altogether. For teacher ICT-integrated teaching behaviors, it is not only the
self-efficacy of ICT-integrated teaching but also the self-efficacy of the general technical
abilities of teachers. Hatlevik and Hatlevik [31] illustrated that the self-efficacy of general
technology is the basis for developing ICT-integrated teaching self-efficacy and teaching
behaviors. Efficacy expectations not only directly influenced teacher behavior output but
also played a role in adjustment when teachers faced obstacles in teaching practice, just
like outcome expectation.

Although both outcome and efficacy expectations influence teacher ICT-integrated
teaching behaviors, outcome expectation reflects more than the performance value of
behavior, efficacy expectation often denotes the personal ability of teacher perception,
and both affect ICT-integrated teaching behaviors. However, in previous studies, Mills
et al. [32] reported on the immersive virtual environment (IVES) teaching of teacher ICT-
integrated teaching beliefs, which means outcome expectations regarding ICT-integrated
teachings have not been successfully transformed into practical behaviors. Therefore,
they proposed that teacher professional development should focus on teacher reflective
practical behaviors. Compared with IVES teaching beliefs, reflective practice promotes the
improvement of teacher ability so that teachers have higher effectiveness expectations; this
may suggest that teacher outcome expectations do not promote new challenging teaching
behaviors and only efficacy expectation enhancements contribute to increasing teacher IVES
teaching practice. Meanwhile, Ok et al. [33] reported on ICT-integrated teaching of special
Education teachers that the perception of their own teaching methods and teaching content
knowledge helped teachers cope with perceived difficulties and obstacles in iPad teaching.
Both IVES and iPad teachings tended to be more student-centered. Thus, we suspect
the efficacy expectation in self-efficacy affects both student-centered and teacher-centered
ICT application behaviors, while the outcome expectation only affects teacher-centered
behaviors. Hence, the following hypotheses are proposed:

Hypothesis 1 (H1). Efficacy expectation positively correlates with student-centered ICT applica-
tion behavior.

Hypothesis 2 (H2). Efficacy expectation positively correlates with teacher-centered ICT application
behavior.

Hypothesis 3 (H3): Outcome expectation positively correlates with teacher-centered ICT applica-
tion behavior.

3.2. Environmental Factors

Regarding social environment influences, Mitchell et al. [34] demonstrated that a sys-
tem environment facilitated the transformation and improvement of teacher information-
based teaching behaviors in a GIS software-based Technological Pedagogical Content
Knowledge (TPACK) development project of geography teachers under the guidance of
teacher and student exploratory learning theory. Optimizing structural factors comprised
the learning community environment, expert feedback and guidance, and learning arrange-
ments that facilitated continuous change for teachers. Khlaif and Kouraichi [35] examined
the environment of teachers in Pakistani conflict areas and reported that violent conflicts,
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culture and religion, experience and belief, and other social factors affected the develop-
ment of teachers in TPACK in this area. Meanwhile, Hatlevik and Hatlevik [31] reported
that cooperation among teachers and the school administration exerted no significant
impact on teacher ICT-integrated teaching behaviors; they attributed this to the notion that
different groups of teachers have different needs for cooperation among colleagues and
school systems, or differences in qualifications and teachers from different countries. In
China’s sociocultural environment, which leans towards collectivist, combined with teacher
investigations and interviews, teachers sought guidance from experts and to communicate
with colleagues during ICT-teaching exploration. A typical response was, “With the guid-
ance of an expert, we can be determined from the confusion of turning to information-based
teaching and know where to go.” Thus, we believe the social environment affects not only
teacher outcome expectations but also their efficacy expectations. Hence, we propose the
following hypotheses:

Hypothesis 4 (H4). Social environment positively correlates with outcome expectation.

Hypothesis 5 (H5). Social environment positively correlates with efficacy expectation.

At the micro-level, many studies on promoting effective teaching demonstrated that
school organization, resources, and teaching infrastructure significantly influenced teacher
preparation, communication, and exploration [36]. Ertmer et al. [37] explored teacher
ICT-integrated teaching behaviors and classified environmental support factors such as
technical equipment, support, and training as primary barriers to teacher ICT-integrated
teaching behaviors, while teacher knowledge, ability, and other internal factors were sec-
ondary barriers. Accordingly, Hew and Brush [38] and Kopcha [39] integrated resource
and institutional barriers into first-level barriers. The obstacles of resources and systems
directly affected teacher integrated teaching behaviors. Meanwhile, some studies fur-
ther established that solving technology and resource allocations did not augment the
quality of teacher technology application; however, the improvement of school mech-
anisms and teacher beliefs and attitudes promoted teacher information-based teaching
behaviors [30,40]. Thus, we believe factors such as infrastructure and configuration affect
teacher ICT-integrated teaching behaviors by influencing teacher outcome and efficacy
expectations.

Besides the organizational environment at the micro-level, software is also an essen-
tial environmental factor for teacher ICT-integrated teaching; this is usually observed in
research of technology maturity models and integrated TAM of the ICT-integrated teaching
platforms. The ease of use and practicality of teaching software affected teacher willingness
to use it, which affected application of ICT in teaching [41,42]. However, Walker et al. [43]
used the TAM to conduct related research on the mobile teaching of Chinese interns and
reported that despite the fact that ease of use and software practicality perceived by teach-
ers strongly correlated, teacher willingness towards mobile teaching behaviors did not
significantly correlate with software practicality and ease of use. Of note, these studies
did not discuss whether the perception of teaching quality correlated with the teacher
expectation of results or teacher perception of self-competence. Hence, we propose the
following hypotheses:

Hypothesis 6 (H6). Application environment positively correlates with efficacy expectation.

Hypothesis 7 (H7). Application environment positively correlates with outcome expectation.

Furthermore, as student-centered teaching is a more complex form than teacher-
centered teaching, we propose the following hypothesis:

Hypothesis 8 (H8). Teacher-centered ICT application behavior positively correlates with student-
centered ICT application behavior.
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3.3. Hypothesis Model

Based on Bandura’s social learning theory and related research, as well as the assump-
tions above, we proposed a hypothesis model (Figure 2).
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4. Methodology
4.1. Procedure

Based on the literature review and related theoretical guidance, we initially con-
structed a hypothetical model of factors influencing the two categories of teacher ICT-
integrated teaching behaviors. In addition, a five-point questionnaire (in the Supplemen-
tary Materials) comprising 26 questions was formulated. The analysis process was divided
into four steps. In the first step, to ensure questionnaire availability, we tested the question-
naire reliability using the reliability coefficient method and confirmatory factor analysis
using SPSS18 [44]. In the second step, normed chi-square (χ2/df), root mean square error
of approximation (RMSEA), standard root mean square residual (SRMR), comparative fit
index (CFI), and Tucker–Lewis Index (TLI) tested model fitness by AMOS24 [45]. In the
third step, model fitness was judged based on the model fit index. If the fit was not ideal,
we followed the modified index result in AMOS, then added, deleted, or adjusted the
model based on the theoretical and actual conditions until the model displayed goodness
of fit [45]. In the fourth step, the standardized path coefficient was calculated using effect
analysis to test the impact of different variables on target-dependent variables [46]. The
effect analysis included direct and indirect effects. Direct effect denotes a direct influence
between independent and dependent variables, whereas an indirect effect shows that the
independent variable could influence the dependent variable through intermediaries such
as outcome or efficacy expectations. Finally, we discuss the complex correlation between
teacher behavior, environment, and psychological factors in the teaching system under the
background of information technology.

4.2. Participants and Data Collection

In this study, the research was conducted quantitatively, and data collected from
teacher questionnaire surveys. The participants were enrolled from 12 primary and sec-
ondary school teachers in three regions with different levels of economic development
in China. School selection was conducted by regional administrators based on given
requirements. To guarantee sample differences, four schools with different levels of in-
formatization construction and application were selected for distribution. Despite different
construction levels of these schools, informatization teaching equipment and functions
were popular within the teaching environment. All teachers invited to complete the ques-
tionnaire had information teaching experience. The questionnaire was given online and
distributed to 1004 teachers by the school administrator online work group to inform and
encourage teachers to complete. A total of 795 questionnaires (response rate 79.2%) were
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collected during March and April 2021. We eliminated data that took <100 s to answer
because an estimate determined it would take at least 100 s to complete the question-
naire carefully. Meanwhile, to ensure data quality, data with a repetition rate >90% were
excluded. This led to the exclusion of 281 questionnaires and the remaining 514 valid
questionnaires were retained.

4.3. Data Analysis

To examine the eight research hypotheses, structural equation modeling (SEM) an-
alyzed the data. SEM establishes, estimates, and tests causality relations. The model
contained not only observable obvious variables but also non-directly observed latent
variables. SEM can replace multiple regression analysis, path analysis, factor analysis,
covariance analysis, and can clearly examine correlations among these latent variables [47].
In this study, SPSS18 and AMOS24 were used for data analysis. Regarding the sample size,
different scholars have expressed different opinions. Quintana and Maxwell [48] proposed
a sample size of at least 200 for more meaningful statistical results. The generally accepted
standard is a sample size ten times larger than the number of observed variables [47]. This
study contained six latent variables, reflected by 26 observation variables, and an effective
sample size of 514, which fulfilled SEM data requirements.

4.4. Survey Instruments

Based on the Hatlevik and Hatlevik [31] “Teachers’ ICT-integrated Teaching Behaviors
Scale” and the standard functions of ICT-integrated teaching in China, we formulated
nine questions (TC1–TC4, SC1–SC5) to describe teacher-centered ICT application behavior.
Questions “I mainly used technology to support my interpretation when teaching” and “I
would like to use technology to present a more precise subject knowledge structure” were
used to describe how teachers use technology to support their explanations and better
content display. Questions that describe the student-centered ICT application behavior
included “I would like to use the network, video, software, etc., to support student coopera-
tive learning and discussion” and ”I would like to use media materials, online information,
subject tools, etc., to guide students to explore solutions to real problems”; these questions
described how teachers use technology to support student learning activities. This study
was based on Holland and Piper [49], from the aspects of internal and external motivations
to formulate outcome expectations of four questions (OE1–OE4). These questions describe
the impact of using ICT in teaching on job performance, professional recognition, student
learning effect, and career interest and include, “I think the use of technology in teaching
can help students improve their learning effects” and “I think the use of technical teaching
can improve my professional recognition in the organization.” Sang et al. [50] examined
the TPACK survey questionnaire, in which four questions regarding efficacy expectation
were developed (EE1–EE4) and included teacher evaluation of their ability to discover
technology problems in teaching and properly integrate technology problems into teaching,
for example, “I can flexibly choose different teaching methods and techniques for different
content” and “I can assist other teachers to integrate information technology, teaching
methods, and teaching subjects.” Based on Kopcha’s [39] research on technical barriers, five
social environment issues (SE1–SE5) in terms of infrastructure and professional support
were formulated, including colleagues, leaders, experts, policy support, and professional
learning opportunities that teachers need for ICT-integrated teaching. Those included, “I
can get guidance from experts on the application of technology for teaching” and “I can
get support and encouragement from the leader.” Based on the user experience of teach-
ing software satisfaction, four questions on the application environment were developed
(AE1–AE4); they included the configuration of school equipment and resources, and the
availability of software. These questions included “The resources in the digital teaching
platform are useful” and “The function design of the teaching software is reasonable.”
Thus, a five-point Likert scale questionnaire of 26 questions was formulated, with 5 being
the highest and indicating the occurrence of the most frequent event, receiving sufficient
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support, or completely agreeing, and 1 being the lowest, indicating an infrequent event
occurrence, with almost no satisfaction, and completely disagreeing. These 26 questions
were used as observed variables to reflect six dimensions, including student-centered ICT
application behavior, teacher-centered ICT application behavior, outcome expectation,
efficacy expectation, social environment, and application environment; all six are latent
variables that cannot be observed directly.

5. Results

We conducted tests of the measurement and structural models [44]. Reliability, con-
vergent validity, and discriminant validity were the common indicators to evaluate the
measurement model, and the structural model was usually measured by the strength and
direction among constructs.

5.1. Assessment of Measurement Model

Reliability primarily reflected the internal stability and consistent level of the mea-
surement questionnaire, and the most commonly used indicator is Cronbach α. Of note,
Cronbach α > 0.7 indicates high questionnaire reliability. The overall Cronbach α for this
questionnaire was 0.941, and Cronbach α for each construct was 0.840–0.911, suggesting
high internal consistency between the latent variables, and high overall questionnaire relia-
bility. Tavakol and Dennick [51] proposed that α > 0.90 may suggest redundancies. Thus,
we carefully checked all items and determined a lack of redundant phenomena. Hence,
the Cronbach value in this study was acceptable. In addition, convergence validity was
measured by factor loading, composite reliability (CR), and average extraction variation
(AVE). The factor loading for each item was >0.50, the CR for each construct was >0.60, and
the AVE was >0.50 [51,52]; this demonstrated good model convergent validity. As shown
in Table 1, CRs of six constructs were >0.80 and the AVEs of the six constructs were >0.50,
which confirmed good convergent validity of this model.

Discriminant validity assesses the extent that one construct differs from another.
Fornell and Larcker [52] suggested that the square root of the construct must exceed the
correlations between items in any two constructs. As shown in Table 2, our model satisfies
their criteria for discriminant validity. Having established the reliability, convergent validity,
and discriminant validity of the constructs, the measurement model was adequate for
this study; the observed variables in the measurement model of this study reflect the
latent variables well. Furthermore, we further explored the correlation between the latent
variables by using the structural model.

5.2. Assessment of the Structural Model

We focused on the following key goodness-of-fit values to test the overall fit of the
structural model: (i) three absolute fit indices: normed chi-square (χ2/df), RMSEA, and
SRMR, and (ii) two incremental fit indices: CFI and the TLI [44]. Although the normed
chi-square is a critical indicator to measure the model’s fit, its value is sensitive to the
sample size and the complexity of the model [49]. As the sample size of this study was
large (n = 514), the chi-square value [χ2 = 847.00 (p = 0.000)] is not listed as the model
evaluation standard. Many indicators to measure the model goodness-of-fit exist, including
the absolute fit indices (e.g., χ2/df, RMSEA, and SRMR) and incremental fit indices (e.g.,
CFI and TLI). Hu and Bentler [51] proposed acceptable fit thresholds of the structural
model, which are χ2/df < 3, CFI > 0.90, TLI > 0.90, and RMSEA < 0.08. Values obtained
by AMOS24 were: χ2/df = 2.97, CFI = 0.936, TLI = 0.928, and RMSEA = 0.062. Those
results confirmed that all indicators reached acceptable levels. However, the SRMR value
was marginally larger than the critical SRMR standard of 0.08 (0.081), and indicated an
insufficient fit of the model data, which required adjusting the model.
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Table 1. Construct convergent validity (n = 514).

Mean SD Standardized
Loading CR AVE Cronbach α

Social Environment

SE1 3.80 0.702 0.74

0.883 0.601 0.882
SE2 3.47 0.805 0.84
SE3 3.63 0.754 0.81
SE4 3.64 0.716 0.71
SE5 3.69 0.777 0.77

Application
Environment

AE1 3.66 0.711 0.88

0.892 0.626 0.863
AE2 3.65 0.719 0.90
AE3 3.65 0.746 0.71
AE4 3.69 0.749 0.67

Outcome Expectation

OE1 4.29 0.635 0.74

0.888 0.668 0.884
OE2 4.12 0.750 0.81
OE3 4.10 0.705 0.90
OE4 4.04 0.746 0.81

Efficacy Expectation

EE1 3.60 0.675 0.75

0.896 0.685 0.892
EE2 3.80 0.646 0.90
EE3 3.82 0.673 0.87
EE4 3.69 0.704 0.78

Teacher-centered ICT
Application Behavior

TC1 4.02 0.860 0.58

0.832 0.558 0.840
TC2 3.74 0.886 0.85
TC3 3.51 0.895 0.72
TC4 3.72 0.916 0.81

Student-centered ICT
Application Behavior

SC1 3.37 0.993 0.74

0.912 0.675 0.911
SC2 3.38 1.006 0.88
SC3 3.34 1.022 0.83
SC4 3.10 1.022 0.81
SC5 3.37 0.994 0.84

Table 2. Construct discriminant validity.

Fit Index Recommended Level of Fit Proposed Research Model

CMIN/DF <3 1.792
GFI >0.9 0.900

RMR <0.05 0.037
RMSEA <0.05 0.038

NFI >0.9 0.923
CFI >0.9 0.964

An alternative model was calculated to obtain a better model (Figure 3). In Section 2,
we inferred from other research conclusions [24,30,31] that outcome expectation is irrel-
evant to student-centered ICT application behavior. However, these studies might have
differences in the technology application development stage and cultural environment. In
China, Education informatization has a top–down driving force; therefore, the outcome
expectation might affect teacher attempts at teaching innovations and student-centered
teaching behaviors. Thus, we added the assumed path “outcome expectation is a sig-
nificantly positive correlation to student-centered ICT application behavior.” The results
showed the goodness-of-fit indicators of this model (χ2/df = 2.77, CFI = 0.943, TLI = 0.936,
RMSEA = 0.059, SRMR = 0.055) fulfilled the basic requirements of the model fitting stan-
dards (χ2/df < 3, CFI > 0.90, TLI > 0.90, RMSEA < 0.08, and SRMR < 0.08), which suggested
the following: the fitting indicators of the adjusted model surpassed the original model;
SRMR met the basic requirements; the refined hypothesis model is highly consistent with
the variables reflected in the actual data and established the model.
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5.3. Path Analysis

Of note, R2 represents the ratio of the interpretable variance to the total variance; the
higher the value, the higher the interpretation ability. Chin [50] proposed that R2 > 0.67
represents “high” interpretation ability, 0.33 represents “moderate” interpretation abil-
ity, and 0.19 represents “low” interpretation ability. As shown in Figure 4, this model
explained 37.3% of the variance in teacher efficacy expectations, 37.4% of the variance in
teacher outcome expectations, 40.8% of the variance in teacher-centered ICT application
behaviors, and 70.8% of the variance in teacher-centered ICT application behaviors; this
comprehensively established a moderate interpretation ability of this model.
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5.3.1. Effect Analysis

Except for one hypothesized relation (H7), all other hypotheses were empirically
confirmed by the current dataset (Table 3). Overall, eight of the nine hypotheses in the
improved model were supported. For the six assumptions associated with confirmation
(H1, H2, H3, H4, H5, H6, and H8), as anticipated, one hypothesis (H7) did not match
expectations. This study confirmed the modified relationship (H9). A specific analysis
follows, and the magnitude of each path coefficient depicts the magnitude of relevant
influence.
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Table 3. Test of hypotheses in the structural model.

No. Hypothesized
Relation

Standardized
Estimates Test Results

H1 EE→SC 0.460 *** Supported
H2 EE→TC 0.199 *** Supported
H3 OE→TC 0.146 *** Supported
H4 SE→OE 0.598 *** Supported
H5 SE→EE 0.490 *** Supported
H6 AE→EE 0.181 *** Supported
H7 AE→OE 0.025 Unsupported
H8 SC→TC 0.629 *** Supported
H9 OE→SC 0.306 *** Supported

Notes: *** p < 0.001.

• The social environment exerted a positive impact on both outcome expectation and
efficacy expectation, aligning with the hypothesis proposed in the previous study;
this suggested the social environment is crucial to teacher psychological perception
of technology application in teaching. Meanwhile, the coefficients of the two paths
(H4: β = 0.598 > H5: β = 0.490, p < 0.001) suggested the social environment exerted
a greater impact on the outcome expectation than the efficacy expectation. Thus,
for teachers, the social environment exerts a more positive impact on the benefits of
information-based teaching than they perceive.

• The application environment exerted a positive impact on the outcome expectation
(H6: β = 0.181, p < 0.01), and partially supported the research hypothesis; however,
the application environment exerted no significant impact on the efficacy expectation
(H7: β = 0.025, p > 0.01). This conclusion corroborated the research hypothesis and
suggested the technology application environment had no direct impact on teacher
efficacy expectations.

• Outcome expectation exerted a positive impact on teacher-centered ICT application
behavior (H3: β = 0.146, p < 0.01), corroborating the study hypothesis. In addition,
outcome expectation has a revised relationship with student-centered ICT application
behavior (H9: β = 0.306, p < 0.01) this confirmed the influence relationship between
the two. Compared with the teacher-centered technology application behavior, out-
come expectation exerted a stronger influence on student-centered ICT application
behaviors.

• Efficacy expectation exerted a positive impact on teacher-centered ICT application
behavior (H2: β = 0.199, p < 0.01), and student-centered ICT application behavior (H1:
β = 0.460, p < 0.01). These results aligned with their respective hypotheses. The effect
of efficacy expectation on student-centered ICT application behavior exceeded teacher-
centered ICT application behavior. Generally, compared with teacher-centered ICT
application behavior, student-centered ICT application behavior was more influenced
by both teacher expectations.

• Student-centered ICT application behavior exerted a positive impact on the teacher-
centered ICT application behavior (H8: β = 0.629, p < 0.01). That result showed
when teacher technology application becomes learner-centered, it promoted teacher-
centered ICT application behavior because student-centered ICT application behavior
exerts a strong positive effect on the teacher-centered ICT application behavior.

The effect analyses revealed differences in the direct influencing factors of the two
types of teacher ICT-integrated teaching behaviors. The student-centered ICT application
behavior was more influenced by individual factors, and it also positively affected teacher-
centered ICT application behaviors.

5.3.2. Mediated Effects

To examine the mediated effects of outcome expectation, efficacy expectation, and
student-centered ICT application behavior, indirect effects were validated using the boot-



Sustainability 2021, 13, 12614 12 of 17

strapping analysis proposed by Preacher and Hayes [53]. The statistical significance of the
mediating effects was determined based on a 95% confidence interval (CI), and the number
of samples was set to 1000 [46]. Table 4 shows the results.

• The social environment indirectly affects student-centered ICT application behavior
and teacher-centered ICT application behavior through outcome expectation or ef-
ficiency expectation. These results indicated that outcome expectation and efficacy
expectation played crucial mediating roles between social environment and teacher
ICT application behaviors. From the standpoint of effect coefficient, the indirect effect
of the social environment on teacher-centered and student-centered ICT application
behaviors were approximately the same; the standardized indirect effects were 0.408
and 0.442, respectively. Comparing these two indirect influences with a direct one
(H1, H2, H3, and H9), the indirect effect coefficient was larger, which indicated the
indirect effect was more effective than direct effects regarding outcome expectation
and efficacy expectation influences on teacher technology application behavior. Thus,
changing environmental factors to influence teacher technology application behavior
will bring better results.

• The application environment cannot directly or indirectly affect student-centered
and teacher-centered ICT application behaviors, which implied that no significant
mediating effect existed between outcome expectation and efficacy expectation on the
two types of teacher ICT application behavior and application environment. How-
ever, both outcome and efficacy expectations directly impact teacher ICT application
behavior.

• The outcome and efficacy expectations indirectly affect the teacher-centered ICT
application behavior through the student-centered ICT application behavior. This im-
plies that outcome expectation→student-centered ICT application behavior→teacher-
centered ICT application behavior (β = 0.192) and efficacy expectation→student-
centered ICT application behavior→teacher-centered ICT application behavior (β =
0.289). Looking at the effective value between outcome and efficacy expectations on
teacher-centered ICT application behavior, the indirect effect coefficient exceeded the
direct effect coefficient, which implied that student-centered ICT application behav-
ior had a crucial mediating effect. Thus, we need to encourage teachers to shift to
learner-centered ICT applications, which can also improve the teacher-centered ICT
application.

Table 4. The boot-strapping analysis to examine the mediated effects.

Application
Environment Social Environment Efficacy Expectation Outcome Expectation

SIE p SIE p SIE p SIE p

Student-centered ICT
Application Behavior 0.091 0.11 0.408 0.001 *** ... ... ... ...

Teacher-centered ICT
Application Behavior 0.097 0.14 0.442 0.001 *** 0.289 0.000 *** 0.192 0.001 ***

Note: *** p < 0.001. SIE, standardized indirect effects. ... means that there is no mediating effect between two variables.

The mediation analysis revealed similar indirect influences of the two teacher ICT-
integrated teaching behavior types, and a mutual influence relationship exists between
the two. Similarly, both types of teacher ICT-integrated teaching behaviors were not
indirectly affected by the application environment, but indirectly affected by the social
environment. This indirect influence surpassed the direct influence of individual factors.
The difference is that when the student-centered ICT application behavior was a moderator,
individual outcome and efficacy expectations exerted a greater indirect impact on the
teacher-centered ICT application behavior. In other words, more significant effects to
promote teacher ICT-integrated teaching will occur by adjusting the environment and
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influence the teacher-centered ICT application behavior through development of student-
centered ICT application behavior.

6. Discussion

This study explored factors influencing different types of teacher ICT-integrated
teaching behaviors to promote the development and reform of ICT-integrated teaching.
Accordingly, our research, based on Bandura’s social learning theory and relevant re-
view, presented hypotheses and used SEM to test the following: relationships among
teacher-centered ICT application behaviors;, student-centered ICT application behaviors
and outcome expectation;, efficacy expectation;, application environment;, and social envi-
ronment; this was followed by an analysis of the results.

This study found that, compared with teacher-centered teaching, outcome expectation,
efficacy expectation, social environment, and application environment affected student-
centered teaching more. This implied that student-centered teaching requires a more
potent internal driving force within teachers and consumes more internal expectations of
teachers, as well as more information and energy support from the environment. Previous
studies claimed that teacher efficacy and outcome expectations played a moderating role
between the external environment and teacher ICT-integrated teaching behaviors [54];
the results of this study corroborate those studies. Moreover, this study further divided
teacher ICT-integrated teaching behaviors into student-centered and teacher-centered,
and found that teacher efficacy and outcome expectations exerted a stronger moderating
effect on learner-centered teaching behaviors than on teacher-centered behaviors, while
social environment also exerted a greater indirect influence. Moreover, this study further
discovered the student-centered technology application, as a mediator, influenced the
teacher-centered technology application more effectively than the efficacy expectation and
outcome expectation directly. This finding aligns with the previous research suggesting that
learner-centered instruction is a more complex form of instruction than teacher-centered
instruction [55]. The application environment and social environment found in this study
exerted stronger impacts on student-centered ICT application behavior, which suggested
we should pay more attention to the overall construction of the application and to social
environments when implementing learner-centered teaching reform.

This study further divided self-efficacy into two categories—outcome expectation
and efficacy expectation. Overall, these results agreed with most previous findings that
individual psychological factors, such as teacher self-perception and beliefs, correlated
with student-centered teaching [56,57]. Furthermore, we found that in self-efficacy, efficacy
expectation exerted a more significant impact on this teaching method than outcome
expectation, which also agreed with previous studies. Internal motivation had a more
significant impact on people’s behavior than external motivation. Nevertheless, as found
in previous studies, teaching methods such as mobile learning and virtual environment
learning in the section of basic pedagogy did not influence teacher beliefs and other factors,
and could be related to the nature of samples involved in this study. Of note, the samples
in this study did not define the teaching methods, and their sample groups were highly
targeted; this indicated that teacher beliefs and attitudes did not affect the student-centered
teaching method, and may be due to the relationship between the specific teaching method
and the maturity of that method.

In addition, we found that in social and application environments, the social envi-
ronment exerted a greater impact on teacher self-efficacy. This suggested that teacher
recognition of their technology application capabilities and judgments of the benefits due
to the use of information technology was due in large part to the social environment;
this included support from leaders, colleagues, experts, and job training institutions and
agreed with previous reports [32,58,59]. In contrast, the application environment exerted
no significant impact on the teacher outcome expectation but significantly affected the
efficacy expectation and could be related to the development stage of Education informati-
zation. The previous stage of China’s Education informatization construction solved the
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application problems of school application environment construction and teacher basic
application. Through this development stage, teachers have more general awareness of
informatization teaching and have the basic ability to use technology. Thus, although the
application environment still influences teacher feeling of their abilities, teachers realized
that despite the general upgrade of the application environment, the key influencing factor
of ICT-integrated teaching was no longer the application environment because it exerted
no significant impact on teacher outcome expectations, nor a significant indirect impact
on ICT application behavior. Hence, when further promoting ICT-integrated teaching, the
focus should be on optimizing the social environment of teacher technology application.

This study supports shifting the application of information technology to learner-
centered. Developing student-centered ICT application behavior not only facilitates teach-
ing reform but also affects teacher-centered ICT application behavior. For the professional
development of teachers, compared with the development of teacher-centered technology
application skills, student-centered teaching can bring overall improvement. In addi-
tion, optimizing the social environment improves teacher sense of self-efficacy and helps
teachers develop student-centered ICT application behavior to support their transition
to learner-centered teaching reform. Such ICT-integrated teaching reform helps develop
student lifelong learning abilities, Educational equity in the classroom, and enhances the
teacher professional abilities of teacher. These serve as driving forces to support sustain-
able Education development. This conclusion not only specifically applies to teaching
reforms under the background of Chinese Education informatization, but also refers to
ICT-integrated teaching reforms and classroom teaching transformations at large. Never-
theless, our sample concentrated on primary and secondary school teachers and, therefore,
has certain cultural limitations. In the future, our focus will examine this problem on an
international scale.

7. Conclusions

To examine the influencing factors of different types of teacher ICT-integrated teaching
behaviors and to assist teachers in transforming their methods to learner-centered teaching,
this study adopted SEM to determine differences and correlations among teacher ICT
teaching behaviors, individual factors, and environmental factors. The findings confirm
that teacher-centered ICT application behavior positively correlates to student-centered
ICT application behavior, and efficacy expectation positively correlates to student-centered
ICT application behavior and teacher-centered ICT application behavior. In addition, the
outcome expectation positively correlates to teacher-centered ICT application behavior
as well as student-centered ICT application behavior; this differs from previous research
results and may be due to the specific methods involved. Besides verifying the impact of
social environment on efficacy expectation and outcome expectation, this study reports
that, unlike previous studies, despite exerting a significant impact on efficacy expectation,
application environment had no significant impact on outcome expectation and could be
due to the development of ICT teaching equipment and functions.

This study suggested a division of teacher behavior into two categories, teacher-
centered ICT application behavior and student-centered ICT application behavior. This
division helped us understand the conditions for teacher to transform their teaching
methods, thereby helping us support the development of teachers into learner-centered
Educators. That division also confirmed the significance of classifying information-based
teaching behaviors and offered more detailed results than previous studies [14]. Mean-
while, the classification advanced research on influencing factors of ICT teaching, which
is important as researchers continue to focus attention on adjusting influencing factors
from an innovation diffusion perspective, TAM, and technological barriers, but lack the
classification of ICT teaching behavior. This study also divided self-efficacy into two
categories—outcome expectation and efficacy expectation—bringing more meaningful re-
search results by elucidating the role of different psychological expectations in developing
the digital teaching abilities of teachers. Verification and adjustment of the hypothesis
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model allowed us to understand the organizational network of the teaching environment,
psychology, and behavior of ICT-integrated teaching behaviors. In addition, in the cur-
rent stage of development, the application environment has a weakening influence on
teacher digital teaching behavior; however, social environmental factors exert a crucial
impact on teachers. Thus, we can improve the professional communication environment
and leadership mechanism in schools, with professional training and expert guidance, to
support teachers in developing digital teaching competence; we can also stimulate teacher
output of student-centered ICT application behavior, increase the sense of self-efficacy of
ICT teaching, and form a virtuous circle within a digital teacher professional development
ecology. The transformation of student-centered ICT-integrated teaching will contribute to
student lifelong learning and teacher professional development, thereby promoting the
sustainable development of Education.
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