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ABSTRACT

The trend of early retirement among teachers is worrisome as it results in
the loss of experienced teachers and contributes to the expanding teacher
shortage. This condition is thought to have been caused by the workload and
strain connected with technology and data use. Early retirement signifies
teachers’ burnout, stress, and lack of job satisfaction, and multiple studies
have suggested that they significantly affect professional self-efficacy. This
article explores the influence of technology and data use on a teacher's self-
efficacy in relation to their profession. A total of 525 school teachers in
Malaysia have participated in a research study by completing a
questionnaire. The results indicated that teacher professional self-efficacy,
technology use, and data use are at a moderate level. The findings
demonstrate a favorable correlation among these constructs. However, the
connections are not influenced by factors such as age, gender, or school
location. The study's implications for the higher education setting are also
addressed, suggesting the implementation of enhancement of professional
development opportunities, mentorship and peer support, and recognition to
teachers. These suggestions aim to better equip teachers with the
indispensable skills required in the swiftly evolving realm of data and
technology.

Keywords: technology use, data use, professional self-efficacy, higher
education, learning analytics
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1. Introduction

In today's dynamic educational landscape shaped by the volatility, uncertainty,
complexity, and ambiguity (VUCA) of 21st-century learning and Industrial
Revolution 4.0 (IR4.0) technologies, educational institutions must remain vigilant
and adaptable. This environment poses challenges that can unpredictably impact
education stakeholders, particularly teachers, affecting their engagement,
performance, and persistence. In recent decades, transformations in the education
system have profoundly influenced teaching practices and the work patterns of
teachers, who now rely on internet-based technologies and advanced tools as integral
components of teaching and learning. It is advocated that teachers possess adequate
ICT competencies and skills to facilitate learning and meet the demands of IR4.0
effectively. They should be trained to proficiently utilize technology and adeptly
handle data, enabling them to interpret and utilize it for interventions aimed at
enhancing teaching and learning outcomes (Aleksic et al., 2019). Such readiness
ensures that teachers remain aligned with the requirements of 21st-century
education, thus ensuring they thrive in the IR4.0 era (Ismail et al., 2020).

In Malaysia, digital education is being actively promoted through the adoption of
various online educational technologies, such as Google Classroom, for online
learning management and the use of centralized student management systems to
handle student data. The introduction of the Digital Educational Learning Initiative
Malaysia (DELIMA) in 2020 has further facilitated this shift by providing a
centralized platform offering diverse educational resources and tools for teachers,
students, parents, and stakeholders. Malaysia aims to fully integrate digital solutions
into all schools by 2025, with DELIMA serving as a crucial catalyst in this
transformation by continually updating its content and expanding its reach for
optimal effectiveness (PMD, 2021a). Efforts are also underway to enhance digital
access and awareness within the Malaysian education system, enabling better
utilization of technology for teaching and learning purposes (Ebrahimi & Yeo,
2018).

The utilization of education technologies and digitalization in education is associated
with a significant factor contributing to early retirement among teachers in Malaysia
(Bernama, 2024). The trend of early teacher retirements exacerbates this issue,
signaling a worrying annual increase in experienced teacher loss (Bernama, 2022;
Nasbah, 2022; Parkaran, 2022). By 2030, an estimated 69 million teachers will be
needed worldwide to meet the demands of education, yet teacher shortages persist
due to high attrition rates and retirement, particularly during the early years of
teaching (UNESCO Institute for Statistics, 2016; Vincent Dupriez et al., 2016). This
shortfall poses a significant challenge in accommodating the growing student
population and educational institutions globally (UNESCO, 2015). Similarly,
Malaysia is grappling with a shortage of teachers both in urban and rural areas
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(Mutalib, 2019; Bestari, 2022).
2. Literature Review

Malaysia has made significant efforts in integrating technology into its education
system. Since 1998, the Malaysian government has been investing in computer
technology for education, with a focus on e-learning programs offered through the
Ministry of Education. Particularly during the Covid-19 epidemic, there has been a
dramatic change in the use of educational technology in schools. Online teaching and
learning have ensured the school system's survival and mitigated the impacts of the
Covid-19 epidemic (Yunus, 2018).

2.1. Technology and Data Use Challenges in Education

Described as the process of determining which tools and implementation strategies
are most effective in enriching classroom teaching and learning environments (M.
D. Roblyer, 2010), technology use encompasses the utilization of devices such as
computers, laptops, and smartphones that are accessible to both teachers and students
(Johnson et al., 2016). This integration of technology has significantly transformed
traditional classroom instruction, rendering education more engaging and efficient
(Pazilah et al., 2019). Given the proficiency of present-generation students,
commonly referred to as digital natives, in technology use, it is undeniable that
technology plays a crucial role in enhancing educational outcomes (Ahmadi, 2018).
In this regard, it is advocated that teachers utilize technology as a tool for
communication and idea exchange within the classroom setting (Ahmed & Nasser,
2015).

Furthermore, the rapid advancement of IR 4.0 technology corresponds with swift
strides in digitalizing the education sector, with extensive data use emerging as a
fundamental aspect of this digitalization endeavor. Data use in education entails a
series of data-driven activities ranging from collection to analysis, interpretation,
presentation, and intervention, all aimed at extracting pertinent information and
informing decision-making in educational practices (Coburn & Turner, 2011).
Educational data collection provides insights into institutional operations, teaching
methodologies, and student learning, encompassing various metrics such as
assessment values, exam scores, observations, and student backgrounds (Schildkamp
& Kuiper, 2010). Studies have also observed a growing emphasis on adopting a
data-driven approach in education for purposes of accountability, enhancement, and
educational advancement globally (Bolhuis, 2019a).

Adopting new technology and embracing digitalization in educational settings pose
significant challenges for teachers, particularly those accustomed to traditional
teaching approaches. Many teachers encounter hurdles in adjusting to novel
methodologies, including the integration of technology into their teaching practices
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(Boonmoh et al., 2021). While some teachers recognize the benefits and efficacy of
digital technology in education, not all are motivated to incorporate and adapt to it.
A considerable number of teachers feel uneasy about technology use, citing
insufficient competence due to the time and effort required to acquire the necessary
technological skills for effectively utilizing classroom technology (Singh, 2021).
Moreover, inadequate classroom facilities further impede teaching processes and
activities, and the lack of technological resources leads to frustration among teachers
(Kelly, 2015).

The extensive use of data provides an opportunity to educate teachers on its effective
use within educational contexts (Mandinach & Gummer, 2016). Nevertheless,
current studies reveal limited engagement with data among teachers, primarily
focusing on accountability rather than school development or instructional
improvement (Mandinach & Gummer, 2016). Despite acknowledging the necessity
for teachers to work with data, there has been minimal effort to enhance teachers'
data literacy through professional development programs or explicit recruitment
criteria (Mandinach & Jimerson, 2016). Many teachers lack confidence in using data
to inform teaching and learning decisions, highlighting low self-efficacy in data
utilization (Sun et al., 2016).

The pandemic's impact on the teachers’ practices following school closures is
explored, revealing a correlation between positive teaching experiences and
increased technology and data use (Paetsch et al., 2023). Effective implementation
of educational activities hinges on teachers' capacity to organize, develop, and
deploy such activities, underscoring the importance of their ability to integrate
technology and utilize data in teaching and learning contexts (Abunowara, 2014).
There is a critical need to emphasize teachers' use of technology and data within the
classroom (Boonmoh et al., 2021). As expressed by Roy (2019), while technology
cannot replace exceptional teachers, it has the potential to bring about transformative
educational outcomes when used by skilled teachers.

2.2. Teachers’ Professional Self-efficacy

Research has shown that teacher efficacy is an important variable in teacher
effectiveness and is consistently related to teacher behaviors (Bray-Clark, N & Bates,
2003). Self-efficacy, regarded as a pivotal measure of teacher effectiveness and
instructional quality, refers to individuals' belief in their capacity to execute various
aspects of their job (Tschannen-Moran et al., 1998). This belief system significantly
impacts human functioning through cognitive, motivational, affective, and decision-
making processes. Teachers with heightened levels of professional self-efficacy
exhibit confidence in executing job tasks proficiently, adeptly planning, organizing,
and executing required actions (Bandura, 1977). Research indicates that self-efficacy
tends to remain consistent across various factors such as gender, professional
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identity, salary, relationship satisfaction, experience, educational levels, and tenure
(Buri¢ & Kim, 2020).

Professional self-efficacy, extensively studied as a key motivator for teachers,
strongly correlates with retention intentions, job satisfaction, and commitment (Buri¢
& Kim, 2021). Unlike a fixed personality trait or job quality, it represents a belief in
one's capacity to complete tasks with specific qualities (Peng et al., 2021). Teachers
with high professional self-efficacy demonstrate increased preparation time, superior
organizational skills, receptiveness to innovative approaches, enthusiasm for
teaching, and dedication to assisting struggling students (Tschannen-Moran & Hoy,
2001). This attribute is essential for teachers to enact transformative changes in
facilitating effective student learning, ensuring they possess up-to-date knowledge,
competencies in curriculum and pedagogy, and proficiency in utilizing various
technologies to enhance teaching and learning performance. Moreover, teachers'
professional self-efficacy significantly influences their satisfaction and engagement
in their profession, thereby fostering greater loyalty to the teaching profession.

Professional self-efficacy has been identified to mediate the relationship between
professional factors such as job satisfaction and career calling, between in-role
performance and career calling (Peng et al., 2021), work performance and work
motivation (Cetin & Celik, 2018), and job insecurity and job-related learning
(Hootegem et al., 2021). As a result, several countries are attempting to solve teacher
shortages and early retirement by implementing support and enhanced policies and
services to boost teachers' professional self-efficacy. As teacher retirement
contributes considerably to teacher shortages in educational institutions, it is
anticipated that professional self-efficacy influences increasing early retirement.

2.3. Technology and Data Use Influence On Professional Self-Efficacy

Kuh and Hu (2001) illustrated that technology stimulates greater student engagement
and enhances learning outcomes. Active involvement of students in knowledge
creation, collaboration, and reflection facilitated by technology, including computers
and various educational applications, has been shown to improve learning
effectiveness (Rosickda & Hoskova-Mayerova, 2014). Furthermore, research
indicates that leveraging data can improve teaching practices (Gelderblom et al.,
2016).

Nonetheless, as noted by Alnoor et al. (2020), teachers' self-efficacy plays a crucial
role in determining their positive perception of organizational readiness for change,
particularly as new technologies often demand a high level of self-efficacy.
Enhanced self-efficacy contributes to teachers' well-being and satisfaction, reducing
negative feelings or a sense of helplessness when adopting new technology. Abror
et al. (2020) identified a link between self-efficacy, employee engagement,
satisfaction, and loyalty in the workplace, underscoring the significance of

Page 279 of 351



JIRSEA-UPM Special Issue: Vol. 22 No. 1.

investigating self-efficacy in the current study.

In a higher education setting, Velu et al.’s (2011) study revealed that factors
predicting higher education teachers’ self-efficacy towards research include
expertise, interest, motivation, positive environment, and personal strength, with
stronger self-efficacy increasing their engagement in research activities (Velu et al.,
2011). This suggests that positive self-efficacy among teachers contributes towards
the overall improvement in work tasks and performance.

In pursuit of enhancing both quality and performance, educational systems
frequently institute modifications that entail the incorporation of advanced
technologies, such as the digitalization of educational processes. Nevertheless, the
introduction of novel technologies can present significant challenges for teachers,
potentially resulting in diminished performance and a less favorable perception of
their profession. Research indicates that meaningful integration of technology into
the classroom remains a paramount challenge confronting teachers today (Gomez et
al., 2021). However, the use of technology and data has been reported to contribute
to teachers' low professional self-efficacy. Existing literature reveals a correlation
between teacher self-efficacy and job satisfaction (Kasalak & Dagyar, 2020; Matos
et al., 2022), stress management (Galindo-Dominguez & Bezanilla, 2021), burnout
(Kim & Buri¢, 2020), and technology acceptance (Fearnley & Amora, 2020).

The stress and exhaustion stemming from data and technology use have been cited
as primary reasons for early retirement trends (Nasbah, 2022). Retired teachers have
expressed dissatisfaction with the demands of technology use, reporting feelings of
demotivation and burnout (Nasbah, 2022). Furthermore, the overwhelming workload
associated with technology use has been consistently identified as a source of
pressure and burden for many teachers (Parkaran, 2022; Bestari, 2022).

A study conducted by McDonald and Siegall (1992) demonstrated a positive
correlation between technology use and various indicators of job satisfaction,
commitment, work quality, and quantity, as well as a negative correlation with
absenteeism and tardiness. Additionally, Medici et al. (2022) discerned that
technology employment was linked to reduced intentions of occupational mobility,
suggesting its pivotal role in fostering professional commitment and mitigating
turnover intentions. Conversely, Weibenfels et al. (2022) proposed that technology
use positively impacts changes in classroom management.

Further research has elucidated a notable negative relationship between teachers'
professional self-efficacy and job stress and burnout (Smetackova, 2017; Hassan and
Ibourk, 2021). Studies have revealed that the perceived loyalty to one's career in light
of technological advancements anticipates feelings of job insecurity (Nam, 2019),
which subsequently influences job satisfaction, organizational commitment, and
turnover intentions (Staufenbiel & Konig, 2010). Technology integration in
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classroom settings thus may pose challenges for teachers as they are expected to
make active adjustments, which can have an impact on their professional self-
efficacy. It is also apparent from the literature that only a restricted number of studies
had constructed statistical models to investigate the relationship between gender and
computer teaching efficacy and student teachers' intentions to use technology (Wong
et al., 2012). It is a logical argument that teachers’ social background moderates
technology use and its link to self-efficacy. Thus, this study investigates the influence
of technology and data use on teachers’ professional self-efficacy, with the
possibility of gender, age, and school location moderating the relationships.

2.4. Research Obijectives

This study aims to understand teachers' professional self-efficacy in school
empirically. It seeks to confirm several assumptions by achieving the research
objectives. These objectives are:

I. To determine the level of teachers’ technology use, data use, and professional
self-efficacy.

ii. To examine the influence of teachers’ technology use and data use on their
professional self-efficacy.

iii. To examine the roles of gender, age, and school location as moderators between
teacher’s technology use, data use, and professional self-efficacy.

3. Methodology
3.1. Population and Sampling

This study employed the correlational quantitative design, specifically the survey
approach, to collect data. A set of questionnaires has been formulated based on a 5-
point Likert scale and distributed using an online survey tool. The population for the
study consisted of teachers from public national schools in Malaysia. The population
was estimated at 416743 (Ministry of Education Malaysia, 2021). Using Raosoft’s
sample size calculator, 384 or more respondents are needed to reach a confidence
level of 95% that the value is within + 5% of the surveyed value. Raosoft’s sample
size calculator is an online tool used to determine the appropriate sample size for a
survey or research study. The calculator takes into account factors such as population
size, confidence level, margin of error, and expected response rate to generate an
estimate of the sample size needed for the study.

The sampling of respondents was done using a random sampling technique by
utilizing Furey’s online random number generator. 300 randomly chosen schools
have received emails containing links to questionnaires and questionnaire guidelines.
Each school administrator has designated one male and one female teacher as
respondents to these inquiries. The responses to the teachers' questionnaire were
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automatically documented and forwarded to the researcher using the Google Forms
application. The survey consists of three sections:

Section A: Schoolteacher’s Demographic Information
Section B: Teacher Professional Self-Efficacy
Section C: Technology Use, Data Use

A total of 525 teachers participated and submitted their responses to the
questionnaire. The representation of female (62%) is higher than male (38%)
respondents, and the majority of teachers are aged between 30 — 49 (77.9%). Most
respondents were serving in primary (62.5%) and rural schools (62.5%).

3.2. Measures and Instrumentatio

The research framework is shown in Figure 1. The study statistically measured three
constructs: technology use, data use, and professional self-efficacy using structural
equation modeling (SEM) statistical analysis. The study also measured the
moderating effects of gender, age, and location using multigroup analysis (MGA).

Gender Age Location
Technology Use l Z /
e —— Teacher’s
y | professional Self-
Data Use Efficacy

Figure 1: Research Framework

As illustrated in Table 1, professional self-efficacy consists of 4 items adapted from
the sense of self-efficacy instrument by Geijsel et al. (2009). The instrument
measures the extent to which teachers feel a sense of self-efficacy regarding their
profession. Technology use consists of 6 items adapted and modified from the
Teacher Use of Technology in Instructional Practices (T-STEM) instrument
(Innovation, 2012). The instrument measures the use of technology in the classroom.
The instrument reveals how frequently teachers use technology during teaching and
learning sessions. Data use self-efficacy consists of 8 items adapted from the data-
based decision-making efficacy instrument (Dunn et al., 2013), which measures the
use of data in the classroom. The instrument reveals how frequently teachers use data
during teaching and learning sessions. Specifically, the T-STEM instrument is
designed to assess changes in teachers’ confidence and self-efficacy pertaining to
STEM subject content and teaching, use of technology in educational settings,
proficiency in 21st-century learning skills, leadership attitudes, and awareness of
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STEM career prospects. However, for this study, only the items related to the
integration of technology in classroom settings were adjusted to gauge teachers'
technology utilization within the Malaysian educational framework. These items
underwent modifications and expert review to ensure their relevance and
applicability within the context of the Malaysian education system.

Table 1: Research Instrument

Variable Statements

Professional SE I can work effectively.”
“I am satisfied with the quality of my work.”
“I feel that I am being successful in my work.”
“T have sufficient self-confidence to defend my points of view about the
work.”

Technology Use  “Use various technologies for teaching and learning, e.g., productivity,
data visualization, research, and communication tools.”
“Use technology to communicate and collaborate with others beyond
the classroom.”
“Use technology to access online resources and information.”
“Use technology to help solve problems.”
“Use technology to support higher-order thinking, e.g., analysis,
synthesis, and evaluation of ideas and information.”
“Use technology to create new ideas and representations of
information.”

Data Use “Identify learning needs of students.”
“Discuss student progress or instructional strategies with other
teachers.”
“Tailor instruction to individual student needs.”

“Identify instructional content to use in class.”
“Set learning goals for individual students”
“Assign or reassign students to classes or groups.”
“Discuss data with a parent or student.”

“Interact with your principal about data use.”

For the reliability analysis, Cronbach’s Alpha was used to obtain the reliability index
of each construct in the research instrument. As shown in Table 2, the Cronbach’s
alpha coefficient for the questionnaire ranges from 0.838 to 0.898. Therefore, the
instrument was considered suitable for subsequent use in the study as all the
constructs with Cronbach’s Alpha values are higher than 0.70 (Nunnally &
Bernstein, 1994). Furthermore, the inter-item correlation mean value above 0.25
indicates that the construct is valid for research (Nunnally & Bernstein, 1994). The
reported item correlation mean ranges from 0.530 to 0.564, confirming that the
research instrument is valid and can measure constructs well. To check whether a
data set is distributed normally, two statistical numerical measures of shape —
skewness and excess kurtosis — are used. Data is assumed to be expected if the
skewness value is between -2 to +2 and kurtosis is between -7 to +7 (Hair et al.,
2010).
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Table 2: Constructs’ Validity, Reliability, and Normality

Inter-ltem

Variables Cronbach’s Alpha . Skewness Kurtosis
Correlation Mean
Professional SE 0.838 0.564 -0.250 0.850
Technology Use 0.864 0.527 -0.397 -0.239
Data Use 0.898 0.530 -0.279 0.202

3.3.  Analysis

The descriptive analysis, reliability, validity, and normality tests were conducted
in this study using SPSS 26.0. SEM consists of 3 levels of analysis: confirmatory
factor analysis (CFA), measurement model analysis, and structural model analysis.
SEM was run and measured using AMOS 26.0. P < 0.05 was considered to be
statistically significant. According to (Hair et al., 2010), the SEM analysis model
was considered to have a reasonable goodness fit if relative chi-square (y?) <= 5.0,
root mean square error of approximation (RMSEA) < 0.08, and one or two of fit
indices (GFI/AGFI/IFI/CFI/NFI/TLI) > 0.90. Moreover, the MGA was tested to
explore the moderating role of gender, age, and school location in the relationship
between technology use, data use, and professional self-efficacy. The analysis
involves splitting the data into groups based on the moderator.

4. Findings
4.1. Descriptive Analysis

Table 3 shows the result of descriptive analysis for the analytics used in mean in
descending order. Based on the result, teachers' most frequent agreement of a sense
of professional self-efficacy in school is being able to work effectively (Item 1). The
second most frequent agreement of professional self-efficacy is feeling confident
about the work (Item 4). The third frequent agreement of professional self-efficacy
is feeling satisfied with the quality of work (Item 2). The least frequent agreement of
professional self-efficacy is feeling successful in work (Item 3). Overall, the mean
value ranges from 3.00 (Undecided) to 4.00 (Agree). As a result, Malaysian teachers
have a moderate sense of self-efficacy in the teaching profession.

Table 3: Analytics Use Descriptive Analysis

Item N Minimum Maximum Mean Standard Deviation
1 525 1.00 5.00 4.20 0.62
4 525 2.00 5.00 4.09 0.64
2 525 2.00 5.00 3.98 0.61
3 525 1.00 5.00 3.89 0.64
Total 4.04 0.63
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Table 4 shows the result of descriptive analysis for the analytics used in descending
order. Based on the result, teachers' most frequent use of technology in school is to
access online resources and information (Iltem 3), followed by solving problems
(Item 4). The least frequent use of technology is for communication and
collaboration (Item 3) and teaching and learning (Item 1). Overall, the mean score
varies from 3.00 (Sometimes) to 4.00 (Frequent), indicating that teachers' frequency
of technology use in school is moderate.

Table 4: Technology Use Descriptive Analysis

Item N Minimum Maximum Mean Standard Deviation

3 525 2.00 5.00 4.30 0.75
4 525 1.00 5.00 4,13 0.78
6 525 1.00 5.00 3.90 0.84
5 525 1.00 5.00 3.79 0.83
2 525 1.00 5.00 3.66 0.99
1 525 1.00 5.00 3.39 0.90

Total 3.86 0.85

Table 5 shows the result of descriptive analysis for the data used in descending order.
Based on the result, the most frequent data used by teachers in school is to identify
instructional content to be taught in the class (Item 4), to set learning goals for
individual students (Item 5), and to tailor instruction for individual student needs
(Item 3). The least frequent data use is to assign students to groups (ltem 6), to
discuss with the school principal (Item 8), and to discuss with parents or students
(Item 7). Overall, the mean value varies from 3.00 (Occasionally) to 4.00
(Frequently), indicating a moderate frequency of data use by teachers in the
classroom.

Table 5: Data Use Descriptive Analysis

Item N Minimum Maximum Mean Standard Deviation

4 525 2.00 5.00 4.06 0.73
5 525 2.00 5.00 3.91 0.74
3 525 2.00 5.00 3.89 0.74
1 525 1.00 5.00 3.87 0.75
2 525 1.00 5.00 3.84 0.77
6 525 1.00 5.00 3.82 0.75
8 525 1.00 5.00 3.70 0.82
7 525 1.00 5.00 3.30 0.87

Total 3.80 0.77

4.2. Confirmatory Factor Analysis (CFA)

The results of the CFA analyses in Figures 2, 3, 4, and Table 6 show how well the
model fits each variable. Based on the data collected, the fit values of the model were
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found to be acceptable without modification, except for Technology Use, where
items 3, 4, and 6 were discarded, and Data Use, where item 7 was removed from the
model. All factor loadings for other items' was observed at >= 0.5. To ensure the
goodness of fit, all standardized factor loadings must be i) more than 0.5, ii) positive,
and iii) not more than 1.0. (Byrne, 2010). Notably, convergent validity refers to a
set of indicators that are presumed to measure a construct (Kline, 2016), and the
Average Variance Extracted (AVE) values > 0.5 indicate high convergent validity.
Meanwhile, construct reliability (CR) is comparable to Cronbach alpha, and an

instrument with CR > 0.70 is considered reliable (Hair et al., 2010)

Chi-Square=4.030; p value (>.05)=.045
DF=1

Relative Chi-Sq (<5.0)=4.030
GFI (»=.9)=.995

AGFI (==19) =970

CFl (>=.9)=.995

IFl (»=.9) =995

NFI (>=.9) =994

TLI (==9) =.986
RMSEA (<= .08) =.076

AIC (lower better)=14.030
(Standardized estimates)

0.580

TechUse3

0.582

TechUsed

0564 075

TechUse6

Technology
Use

Figure 2: Confirmatory Factor Analysis for Technology Use

Chi-Square=50.626; p value (>.05)=.000
DF=13
Relative Chi-Sq (<5.0)=3.894
GFI (>=.9) =.974
AGFI (»=.9) =.944
0508 CFl (>=.9) =.980
IFI (>=.9) =.980
. NFI (>= 9) = 974
753 TLI (>=9) = 968
RMSEA (<= .08) =.074

AIC (lower better)=80.626

D750 (Standardized estimates)

DataUse3

DataUsed
0317
DataUsed

Figure 3: Confirmatory Factor Analysis for Data Use
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Chi-Square=1.245; p value (>.05)=537
DF=2

Relative Chi-Sq (<5.0)=.622
GFI1 (>=.9) =999

AGFI (>=.9) =994
CFl(>=.9)=1.000

IFl (==.9)=1.001

NFI (>=.9) =.998

TLI (>=9) =1.003

RMSEA (<= .08) =.000

AIC (lower better)=17.245
(Standardized estimates)

Profession
Self_Efficacy

Figure 4: Confirmatory Factor Analysis for Professional Self-Efficacy
Table 6: Fit Indices, AVE, and CR

0.432

Variables  Relative y> RMSEA GFI/AGFI/IFI/CEI/NFI/TLI  AVE CR

Professional SE 0.662 0.000 All > 0.9 0.568 0.839

Technology 4.030 0.076 All > 0.9 0.652 0.848
Use

Data Use 3.894 0.074 All >0.9 0.550 0.894

4.3 Measurement Model

All individual variables should be correlated to each other to build a measurement
model. Based on the result of the analysis, it was observed that all items have a
loading factor of>0.5. Relative chi-square (y?) = 3.546, root mean square error of
approximation (RMSEA) < 0.070, and one or more (GFI/AGFI/CFI/NFI/TLI) >
0.90. The goodness of fit of the model was deemed acceptable without modification.
Subsequently, a discriminant validity test was performed to confirm how much a
variable discriminates from other constructs. Discriminant validity involves an
association between a specific latent construct and other constructs of a similar
nature (Brown, 2006), where all constructs are assumed to be genuinely distinct from
others. In this regard, the AVEs for the two interrelated variables must be greater
than their r2 (Byrne, 2010). Based on Figure 5 and Table 7, it can be concluded that
all constructs exhibit sufficient discriminant validity.
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Figure 5: Measurement Model
Table 7: Discriminant Validity
. . Technolo
Variables CR Professional SE Use 9y Data Use
Professional SE 0.841 0.570*
Technology Use 0.897 0.297** 0.556*
Data Use 0.847 0.250** 0.415** 0.649*

* AVE, ** correlation squared (r2)
4.4, Structural Model

The measurement model has identified exogenous and endogenous variables based
on the study's conceptual framework to build the structural model (Figure 6). A
structural model represents a set of one or more dependence relationships linking the
hypothesized model’s variables. The model is significantly helpful in representing
the interconnections between exogenous and endogenous constructs. It was observed
that all items factor loading > 0.5. Relative chi-square (y?) = 3.546, root mean square
error of approximation (RMSEA) < 0.070, and one or more
(GFI/AGFI/CFI/NFI/TLI) > 0.90. The goodness of fit of the structural model was
found acceptable without modification.
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The structural model analysis is employed to fulfill the secondary objective of this
study, namely, to investigate the impact of teachers' utilization of technology and
data on their professional self-efficacy. The causal path shown in Table 8 shows that
technology use positively affects professional self-efficacy (f=0.255; p < 0.05) and
data use positively affects professional self-efficacy (f=0.380; p < 0.05). There are
moderate positive correlations between professional self-efficacy, data use, and
technology. Therefore, according to the results of the structural model analysis, both
technology use and data utilization have exhibited a positive influence on the
professional self-efficacy of teachers. It can be observed that data use and
technology use explain 33.4% variance in professional self-efficacy.

Table 8: Causal Path for Professional SE and Analytics Use

Causal Path b Beta CR p
Technology Use — Professional SE 0.184 0.255 3.955 0.000
Data Use — Professional SE 0.287 0.380 5.832 0.000

Professional Self-Efficacy (R=0.578 R? =0.334)
4.5. Multigroup Analysis for Moderating Effects

The MGA involves the following two stages: The overall model test for the
moderation effect in the model is shown in Table 9. The individual path test
moderation effect for the individual path is shown in Table 10. Hair criteria were
used to determine the moderating effect. According to (Hair et al., 2010), the
moderation effect for a two-group moderator can be established if:

» The beta for one group is significant, while the beta for the other group is non-
significant or

» Both Betas for both groups are significant. However, the beta for one group is
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positive, while the beta for the other group is negative.

Table 9: CMIN (x?) Model Fit Summaries

Gender Age Location
CMIN p CMIN p CMIN p
Jnconstrained  339.765 .000 320.841 .000 358.091 .000
Measurement  396.495 .000 346.458 .000 377.530 .000
Residuals
Model Fit 56.495 .003 25.617 739 19.439 .947
Comparison

Table 10: Individual Path of Gender Moderating Effect

Individual Paths B Beta CR p
Technology Use — Profession Self-Efficacy
Male 272 .359 3.526 .000
Female 131 187 2.272 023
Data Use — Profession Self-Efficacy .
Male 270 367 3.750 .000
Female .320 410 4.775 .000

Based on the moderator effect test in Table 9, it was found that gender has a
moderator effect on the relationship between technology use, data use, and
professional self-efficacy. Meanwhile, the moderation effects of teachers’ age and
school location in the relationship between technology use, data use, and
professional self-efficacy are insignificant. However, based on individual path
analysis for male and female teachers, as shown in Table 10 gender have no
significant effects on both technology and data use. Therefore, the study inferred that
gender, age, and school location did not moderate the relationship between
technology use, data use, and professional self-efficacy of teachers.

5. Discussions

It is intriguing to examine professional self-efficacy among teachers employing data
and technology in the classroom. Teachers report and believe that the workload
associated with the use of data and technology makes them feel burdened, burnout,
and stress (Parkaran, 2022; Bestari, 2022; Fernandez-Batanero et al., 2021). Burnout
and stress are said to have contributed to the early retirement decision, directly
impacting the school teacher shortage.

As the use of technology and data in education is crucial to developing 21st-century
education and delivering IR4.0 standards, teachers must not only accept and adapt
technology or data use in their practices. They also must possess a reasonable sense
of self-efficacy to ensure the effectiveness and sustainability of current educational
needs and responsibilities.
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It can be concluded from the analysis that most teachers have a moderate sense of
professional self-efficacy. In this regard, teachers with moderate self-efficacy may
be less likely to participate in professional activities as they may feel less confident
in their ability to teach efficiently and effectively (Alibakhshi et al., 2020). Even
while teachers believed they could teach well in the classroom, they felt less secure
at work and were less pleased with the quality of their teaching. They also did not
feel successful in their profession.

Nevertheless, it can be deduced that teachers' use of technology and data in the
classroom is minimal. Such low level of use is influenced by many factors including
time limitations, insufficient training, distrust of data, and a lack of proficiency in
data literacy (Herodotou et al., 2019). Teachers may not have attained proficiency in
utilizing technology and may lack a thorough understanding and expertise in its
applications (Fasiah et al., 2023). It is found that teachers primarily use technology
and data to access online resources and information and determine the most effective
instructional content for classroom instruction. However, teachers utilize technology
and data for discussion and cooperation with other stakeholders, such as
management, parents, and students, regarding the results of teaching and learning
analysis very infrequently.

Thus, examining the relationships between professional self-efficacy, technology
use, and data use provides nuanced details, which is significantly helpful in
proposing practical solutions to the issue of early retirement and teacher shortage in
school. The findings manifest that technology use and data use have moderate
positive relationships with the professional self-efficacy of teachers. Moreover, these
relationships are not moderated by gender (male and female), age (younger and
older), and school location (urban and rural). The findings are in line with Buri¢ &
Kim (2020) and Wong et al (2012). Positive relationships between the variables seem
reliable and valid across different personal and contextual conditions. Therefore,
education stakeholders and policymakers should pay great attention to teachers’
technology use and data use to improve their sense of self-efficacy toward the
teaching profession.

6. Conclusions

In conclusion, this study demonstrates a significant correlation between the use of
technology and data and the level of professional self-efficacy among teachers. This
suggests that teachers who effectively employ technology and data are more likely
to possess a heightened feeling of professional self-efficacy. Most importantly, this
association is unaffected by variables such as gender, age, or school location,
underscoring the universal importance of technology and data use in developing
teachers' confidence in their profession.

This study’s findings have substantial implications for educational institutions. The
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study highlights the significance of teachers' use of technology and their proficiency
in interpreting data as factors that impact their confidence in their professional
abilities and their choice to retire. Furthermore, the study emphasizes the importance
of education stakeholders and policymakers giving significant consideration to
teachers' utilization of technology and their proficiency in interpreting data. This is
crucial for enhancing their confidence and effectiveness in the field of teaching.
Institutions can contribute to reducing early retirement decisions and addressing
teacher shortages by taking this action.

Enhancing the utilization of data and technology in education can greatly bolster
teachers' self-efficacy. In order to accomplish this, educational institutions should
emphasize equipping teachers with essential tools, training, and assistance to
improve their proficiency in utilizing technology and understanding data. This
objective can be achieved by means of professional development initiatives that
specifically target the integration of technology into teaching methodologies and the
improvement of data literacy competencies. Furthermore, it is imperative to engage
in partnership with stakeholders, researchers, and policymakers to guarantee that
teachers are provided with suitable working environments and conditions that
facilitate their retention in the profession.

Investigations into the roles and responsibilities of teachers in integrating technology
and data use in the teaching and learning process are well-established. Consequently,
it is unsurprising that the outcomes of this research align closely with those of prior
studies. Educational institutions, leaders, and stakeholders, particularly teachers,
should recognize the significance of technology and data use in education. Notably,
teachers and other stakeholders must acknowledge and understand the roles they play
in this context. Substantial investments and initiatives aimed at integrating
technology and data into education will be futile if these roles are overlooked or
underestimated.

7. Implications to Higher Education Institutions

The current study reported an improvement in teachers’ professional self-efficacy,
which is linked with positive technology and data use, necessitating efforts to support
and encourage teachers to integrate digital use into classroom activities. In this case,
the Higher Education Institutions (HEI) must assume responsibility for preparing
teachers in Malaysia with relevant skills and resources. Supporting teachers’ life-
long learning is a critical mission of HEI. To enhance teachers' self-efficacy
regarding technology and data in education, HEI should prioritize the
implementation of comprehensive training programs tailored to teachers' varying
proficiency levels. These programs should offer practical workshops, online courses,
and seminars led by experienced educators and technology experts, providing
teachers with the necessary skills and strategies for effective technology integration
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and data utilization.

Additionally, HEI mentorship programs and peer support networks can offer
invaluable guidance, encouragement, and collaborative opportunities, fostering a
sense of community and empowerment among teachers as they navigate the
complexities of technology integration and data-driven teaching practices. Instituting
incentives and recognition programs for innovative practices can further motivate
teachers to invest in enhancing their technological skills and leveraging data
effectively, ultimately contributing to a culture of continuous improvement and
innovation in education. Given the interpersonal nature of the teaching profession, it
is reasonable that the HEIs implement and maintain a system that could provide
effective feedback and recognition to teachers. Constructive feedback, both from
administrators and peers, can help teachers identify areas for growth and
improvement while also affirming their strengths and accomplishments.
Recognizing teachers' efforts and achievements through awards, public
acknowledgment, or professional development opportunities can reinforce their
sense of competence and efficacy in their profession.

Moreover, reflective practices should be promoted among teachers during their
teacher training by encouraging regular self-reflection and self-assessment.
Suggested measures include journaling about their teaching experiences, setting
goals for professional growth, and engaging in critical self-evaluation. It is also
imperative to facilitate opportunities for teachers to engage in peer observations and
feedback sessions, where they can reflect on their teaching practices and receive
constructive input from colleagues. Reflective practices can help teachers develop a
deeper understanding of their strengths and areas for improvement, ultimately
enhancing their self-efficacy in their profession. These initiatives will be useful to
instill lifelong learning in teachers by maximizing the resources available and the
HEI's capacity for graduating and deploying teachers into the workforce.

8. Limitations and Suggestions for Future Studies

Some limitations of the study should be noted. Firstly, the discussion regarding the
use of technology and data by teachers in Malaysian public schools specifically
addresses the systems and applications that have been officially provided by the
Malaysian Ministry of Education (MOE). Any other forms of technology or data that
teachers might use beyond those officially provided by the Ministry of Education are
not within the focus of this study. Therefore, the study's scope is limited to the
technology and data frameworks endorsed and supported by the MOE, with any
other variations lying outside its investigative scope.

Secondly, the professional self-efficacy of school teachers and university educators
differs due to variations in their roles and contexts. School teachers primarily focus
on teaching specific subjects, managing classrooms, and fostering student
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engagement and success in school settings. Their self-efficacy often revolves around
their confidence in these areas. Conversely, university educators are typically
engaged in teaching undergraduate or graduate courses, conducting research, and
contributing to academic leadership roles. Their self-efficacy encompasses designing
rigorous academic programs, engaging students in critical thinking, mentoring
graduate students, conducting research, and contributing to the scholarly community.
Despite both groups' commitment to promoting student learning, their professional
self-efficacy is shaped by distinct factors related to their roles, experiences, and
environments. Future studies investigating university educators’ professional self-
efficacy regarding technology and data use are warranted towards improving the
learning process at both school and higher education settings.

Based on the results of the present investigation, several suggestions for future
research have been put forth to address identified gaps and overcome the limitations
of the study's findings. A common characteristic of the failure to implement
educational innovations in real-world settings and ensure their continued adoption is
the lack of understanding of teachers' barriers and the limitations they encounter
(Scanlon et al., 2013). While teachers generally recognize the potential benefits of
educational technologies, they frequently experience difficulties and feel
overwhelmed when it comes to adopting and implementing new educational
technologies. Therefore, it is suggested that future studies investigate both
facilitators and barriers concerning teachers' perspectives on technology and data use
to promote successful implementation at the micro-level.

Moreover, teachers' knowledge and competency level in using the technology and
data for learning improvement is still unknown. To what extent and how teachers use
technology and data in schools needs to be studied more deeply. As concluded by
Bolhuis et al. (2019), teachers mainly use technology and data only for accountability
and less for school development or to improve instruction. Therefore, it is
recommended that the purpose of teachers' use of technology and data be
investigated in more detail. Additionally, it is recommended that further
investigation be undertaken into teachers’ roles in utilizing technology and data for
education purposes to tackle their sense of self-efficacy in the field.
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