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The 21st century has become a challenging moment for all sectors including
education. The rapid advancement of technology has brought a huge impact
to leadership style among school leaders in Malaysia. Hence, this
quantitative identified the level of technology-aided leadership and analyze
the behavioral constructs that contribute to technology-aided leadership. A
total of 365 questionnaires adapted from the national educational technology
standards for administrators (NETS-A) were answered by respondents.
statistical packages for social sciences (SPSS) version 26 and Smart PLS 3
were used to analyze the data. Interestingly, the results revealed that the
level of technology-aided leadership is high and the six constructs of
technology-aided leadership among principals are valid. The constructs are i)
Productivity and professional practice; ii) Teaching and learning; iii) Social,
legal, and ethics; iv) Leadership and vision; v) management support and
operations; and vi) Assessment and evaluation. In general, school leaders
should take the opportunity to develop themselves to become high-tech
leaders. Meanwhile, the 31 indicators that are verified in this study can be
used to evaluate the behavior of technological leadership. Finally, further
research is strongly encouraged to enlarge the scope by collecting the data
from all Malaysian states to obtain more accurate and generalizable results.
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1. INTRODUCTION

Industry revolution 4.0 (IR4.0) has a huge impact on all sectors including education. The rapid
development of technology has generally brought changes to the nation's education system. Indeed, the
emphasis on technology integration is clearly stated in the seventh shift of the Malaysian education
development plan (PPPM, 2013-2025) and National Education Technology Plan, 2016. This emphasis is to
realize the government's aspiration to position Malaysia as a center of educational excellence in line with

other developed countries.

The Malaysian Ministry of Education (MOE) has encouraged all educators and students to apply
virtual learning through the 1BestariNet program [1]-[3]. When the country affected by the COVID-19
pandemic, the use of technology has suddenly become common among educators. Virtual learning platforms,
such as Google Meet, Google Classroom and Zoom are among the alternatives that have been widely adopted
to compensate for the unavailability of face-to-face teaching and learning [4], [5]-
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At the school level, principals should always be sensitive and prepared for technological change
[6]-[8]. Principals should be technological leaders who provide knowledge, skills and facilities to realize 21st
century education [9], [10]. Moreover, they are also responsible to ensure that teachers integrate technology
in their teaching and learning [11], [12]. Principals need to be proactive leaders and always eager towards
new technologies such as by acting as a facilitator, equipping computer labs, as well as providing trainings on
effective technology integration [10].

2. PROBLEM STATEMENT

Past studies shown that technology leadership has long been practiced in schools [2], [13], [14].
Therefore, principals should be actively practicing their role as technological savvy leaders, as set out in
NETS-A [2], [15], [16]. The roles of technological leaders in the 21st century are crucial in technology
integration, especially for teaching and learning as well as administration [15]. Principals should design a
technology-friendly organizational structure, in accordance with the country's technology agenda [15], [17].

Hence, by assuming their responsibility as technological leaders, principals need to showcase an
example in the integration of technology and developing young generations who are technically competent.
Principals should offer a more attractive education by enhancing or maintaining the culture of digital learning
and good technology practices among students [14]. Principals should make sure that teaching and learning
innovations are available and technology-based learning resources are properly used [13]. To practice a
higher level of technology leadership, they need to find initiatives or activities that can evoke innovations
[18]. Therefore, it becomes vital for principals to encourage teachers to integrate technology into education.
As a school leader, their role of technological leadership should be widely implemented [6].

However, in realizing the role of principals as technology-aided leaders, there are several issues
have been identified. Due to the lack of emphasis on technology elements in the professional leadership
training of school leaders, some principals are incompetent in the aspect of managing schools based on
technology [19]. Due to the lack of emphasis given in professional training courses, they faced problems
organizing technology-based school planning. This is because technology is a technical trait and requires
skills to be integrated effectively. Thus, it is necessary for principals [19] to establish themself as
technological leaders to maximize the application of technology in schools [20], [21].

In this case, there were studies that evidenced the moderate level of technology leadership practices
in administration [22]-[24]. Additionally, information and communications technology (ICT) knowledge and
skills are found to be at a low level [6], and some found that principals were lacking skills in using data
access for school improvement process [2], [15], [25]. They were also less willing to apply ICT as a school
management medium [6], less interested and less encouraging in the use of ICT in the classroom.

Consequently, principals have difficulty in managing organizations based on a technology-based
approach [19], [26]. The level of technology leadership among school leaders has yet to meet the standards
proposed by the national educational technology standards for administrators (NETS-A) [7]. Whereas, the
responsibility of the school leaders is to ensure that each member acquires high ICT knowledge and skills to
enhance the quality of holistic learning [27], [28]. Based on these issues and problems, this study is proposed
to identify the perception of teachers on the level of technology-aided leadership and analyze the behavioral
constructs of the technology-aided leadership in the district of Kota Star, Kedah.

3. LITERATURE REVIEW

However, in the research context, especially in the Malaysian context, there are only a few
researchers focused on sustainable development in their research [29]. According to a report from the
Department of Environment, the lack of clear information on implementing sustainable development is one
of the reasons why sustainable development stalled [30]. Therefore, based on these issues and concerns, it is
recommended that local researchers undertake a study on Geo-Education.

Technological leadership referred to the leader's influence in developing the potential of
organizational members in line with technological change. In school, technology changes can be seen
through innovations that could develop student performance and school effectiveness [15], [31]. Therefore,
principals should understand the benefits of technology and by what means it can be integrated into education
to develop teacher competencies [32]. As technological leaders, principals also serve as motivators to
teachers to enhance their knowledge and skills in integrating educational technology [2].

As highlighted by previous studies, school leaders are the main pillars of technology integration in
schools. They are also the most influential individuals in encouraging teachers to integrate the use of
technology in schools [33]. Therefore, school leaders should always be sensitive and ready to accept any
technological changes in the organization [6], [7].
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Several technology leadership models can be used as a guide for school leaders. For instance,
Anderson and Dexter model comprises three main elements, namely infrastructure, principal technology
leadership and technology outcomes. This model focuses on the effectiveness of integrating ICT in teaching
and learning as well as school management [34]. Additionally, the International Society for Technology in
Education (ISTE) introduced the National Technology Education Standard (NETS) in 2000 as a guide to the
implementation of technology in education. In 2002, this standard was enhanced, whereby the NETS-A was
introduced which emphasizes the role of administrators in ICT integration in schools [13].

4. RESEARCH METHOD

This quantitative study use a cross-sectional because it has been widely used in other fields
including healthcare, psychology, marketing, banking, and tourism management [35]. A total of 370
respondents were chosen from the total population of teachers in the Kota Star district using the Krejcie and
Morgan sampling table. As a result, 370 questionnaires were disseminated online via Google Forms in order
to collect study data. As a result, 365 were completely answered. The questionnaire was adapted from the
NETS-A. It is rated based on a five-point Likert Scale ranging from strongly agree (1) to strongly disagree
(5). To analyze the collected data, the SPSS and partial least squares structural equation modelling (PLS-
SEM) were used. To identify the level of data technology-aided leadership was analyzed using SPSS. While
for confirmatory factor analysis, PLS SEM was used. Prior to that, the normality tests were conducted to
detect outliers. The value of Mahalanobis Distance was used to seek outliers [36], [37]. Tabachnick and
Fidell suggested the Chi-squares distribution table value on the degree of freedom, the number of build items
at the significant level of p 0.001, and the Mahalanobis Distance value greater than 143.3.44 as parameters,
whereas the outlier data were removed from the study. Finally, a total of 341 sets of questionnaires are
accepted for data analysis.

5. RESULTS

This section discusses the result of the quantitative analysis. First, the level of technology-aided
leadership is examined. The following section will elaborate on the technological aided leadership model’s
internal consistency, reliability of indicators based on external loading values, convergence validity, and
discriminant validity.

5.1. Descriptive analysis

There were 370 questionnaire sets distributed. However, only 365 were returned to the researcher.
While the rest are not answered the questionnaire. After data cleaning, 341 sets of questionnaires were
accepted for analysis, which consists of the responses from 143 males (41.9%) and 198 females (58.1%)
respondents. Most of the respondents have teaching experience ranging from six to 15 years (156 respondents
or 45.7%) followed by 16 to 25 years (122 respondents or 35.8%). The rest are below five years, and above
26 years of teaching experience.

5.2. The level of headmaster technology-aided leadership

This study refers to the mean classification by MOE, which suggested the range from 1.00-1.80
(lowest), 1.81-2.60 (low), 2.61-3.40 (moderate), 3.41-4.20 (high), 4.21-5.00 (highest). The level of
technology-aided leadership among headmasters in Kota Setar is high (mean=3.95). The mean score for
productivity and professional practice is highest (mean=3.56) followed by teaching and learning (min=3.51),
social, legal, and ethical (mean=3.46), and leadership and vision (mean=3.42). On the other hand, the rest are
moderate. They are support management and operations (mean=3.31) as well as assessment and evaluation
(mean=3.30).

5.3. Technology-aided leadership model analysis

Figure 1 shows a measurement model of the study. The measurement model is an important part
before analyzing the structural model. The measurement model explains the validity and reliability of each
element in the study. There are two types of validity measured based on measurement model analysis namely
convergent validity and discriminant validity. In the context of convergent validity, the factor loading,
Cronbach’s alpha value, composite reliability average variance extracted (AVE) were reported. Then, the
Fornell-Lacker criterion analysis and heterotrait-monotrait criteria (HTMT) used to test the discriminant
validity.
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Figure 1. Measurement model of technology-aided leadership

5.4. Internal consistency

A closer inspection of Table 1 shows an overview of Cronbach’s alpha, composite reliability, and
AVE values for measuring the internal consistency. One of the interesting findings is the internal consistency
of leadership and vision, teaching and learning, productivity and professional practice, management support
and operations, assessment, and evaluation, and social, legal, and ethical were archived and accepted. To
examine the correlation between the internal consistency based on composite reliability coefficient, the rule
of thumb proposed by Bagozzi and Yi [38] as well as Hair et al. [39] were used. They agreed that the
recommended value must be at least 0.70 and the value of AVE shall be higher than 0.5 [40].

It can be seen that the threshold of the composite reliability is achieved with values ranging from
0.915 to 0.969. The Cronbach’s alpha coefficient values for Leadership and vision (0.951), teaching and
learning (0..962), productivity and professional practice (¢.980), support management and operations (a..983),
assessment and evaluation (a.94) and social, legal, and ethical (0.966). Next, the outer loading of each
construct was examined according to an individual item for reliability analysis. This analysis has been proved
to be accurate based on previous studies that suggested item loading above 0.50 [41], [42]. As of the loadings
in this study exceed 0.50.

Table 1. Summary of Cronbach’s alpha analysis and composite reliability analysis
Cronbach’s alpha (>0.7)  Composite reliability (>0.7) AVE (>0.5) Results

Assessment and evaluation 0.931 0.947 0.782 Archives
Social, legal, and ethical 0.889 0.915 0.643 Archives
Support management and operations 0.962 0.969 0.839 Archives
Teaching and learning 0.932 0.945 0.743 Archives
Productivity and professional practice 0.94 0.954 0.806 Archives
Leadership and vision 0.896 0.923 0.8 Archives

5.5. Discriminant validity

For the determination of discriminant validity, Fornell-Larker criterion was used [40]. This was
accomplished by comparing the correlations between the latent constructs with the square roots of AVE [41].
Fornell and Larcker [40] suggested that the square root of the AVE be greater than the relationships between
latent constructions to attain an adequate discriminant validity. As indicated in Table 2, the correlations
between the latent components and the AVE square root were compared. The AVE square roots were all
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higher than the correlations between latent constructs, which is considered as appropriate discriminant
validity. Table 3 shows the results of the heterotrait-monotrait criteria (HTMT). The correlation value
between constructs is less than 1.00. This shows that all constructs differ from each other Hair et al.

Table 2. Fornell-Larcker criteria

AE SLE SMO TL PPP LV
Assessment, and evaluation 0.885
Social, legal, and ethical 0.522 0.802
Support management and operations 0.661 0.343 0.916
Teaching and learning 0.257 0.1 0.521 0.862
Productivity and professional practice 0.358 0.174 0.602 0.859 0.898
Leadership and vision 0.242 0.079 0.475 0.882 0.793 0.894

Note: AE=Assessment and evaluation; SLE=Social, legal, and ethical; SMO=Social, legal, and ethical; TL=Teaching and
learning; PPP=Productivity and professional practice; L\VV=Leadership and vision

Table 3. Heterotrait-monotrait

AE SLE SMO TL PPP LV
Assessment, and evaluation 0.494
Social, legal, and ethical 0.951 0.575
Support management and operations 0.346 0.699 0.371
Teaching and learning 0.096 0.28 0.121 0.55
Productivity and professional practice 0.179 0.379 0.187 0.634 0.926
Leadership and vision 0.076 0.288 0.093 0.511 0.971 0.867

Note: AE=Assessment and evaluation; SLE=Social, legal, and ethical; SMO=Social, legal, and ethical; TL=Teaching and
learning; PPP=Productivity and professional practice; L\V=Leadership and vision

5.6. Validation of structural models

Figure 2 illustrates the finding of the structural model analysis. This is established to achieve the
measurement model assessment requirements, which are based on the PLS-SEM analytic technique. As
shown in Figure 2, the research model explained 60% of the total variance in technology-aided leadership.
This suggests that the four sets of exogenous latent variables have collectively explained 60% of the variance
in technology-aided leadership. Falk and Miller proposed an R-squared value of 0.10 as a minimum
acceptable level [43]. Following Falk and Miller’s recommendation, it can be said that the endogenous latent
variable had an acceptable level of R-squared value.
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Figure 2. Analysis of the model of technology-aided leadership
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Furthermore, through path analysis as can be seen from Table 4, there is a significant influence
between the constructs of social, legal and ethics towards technology-aided leadership ($=23.653, p<0.05) at
the significance level of 0.05 with a two-tailed test, p<0.05 and T>1.96 as suggested by Hair et al. [44].
However, the relationships from other dimensions to technology-aided leadership are not significant:
Assessment, and evaluation (f=0.356, p<0.05); Support management and operations ($=0.925, p<0.05);
Teaching and learning (B=0.165, p<0.05); Productivity and professional practice (f=0.165, p>0.05) and
Leadership and vision (=0.527, p>0.05).

Table 4. Assessment of significant relationships

Beta B p-values Result
Assessment and evaluation->technology-aided leadership 0.356 0.722 Not significant
Social, legal, and ethical->technology-aided leadership 23.653 0.000 Significant
Support management and operations->technology-aided leadership 0.925 0.355 Not significant
Teaching and Learning->technology-aided leadership 0.592 0.554 Not significant
Productivity and professional practice->technology-aided leadership 0.165 0.869 Not significant
Leadership and vision->technology-aided leadership 0.527 0.598 Not significant

6. DISCUSSION

This study has raised important questions about the nature of technology-aided leadership among
school leaders. As mentioned in the literature, 21st century technological leaders play an important role in
integrating technology into teaching and learning as well as administration. However, several issues were
identified by past researchers. Some of the issues are the level of leadership of administrator technology is at
a moderate level [15], [45], low level of ICT knowledge and skills, lack of skills of using data access in
school improvement process [46], [47], less willingness to apply ICT as a medium for school management
[6], and less interested to use ICT in the classroom [15], [47], [48].

The comparison between the finding of this study with those has confirmed that the level of
technology-aided leadership among headmasters in Kota Setar is high with four out of six dimensions are at
the highest level. The dimensions are productivity and professional practice, teaching and learning, social,
legal, and ethical, and leadership and vision. On the contrary, the rest are rather moderate. They are support
management and operations and, assessment and evaluation. These results reflect those who also found that
the level of technology leadership is at a high level among principals. Principals can also set organizational
goals for technology integration, communication, and information dissemination in schools [49].

Despite some similarities, this finding also has different aspects compared to the others. Most
researchers found that the level of technology leadership among principals is high and moderate according to
the NETS-A standard [48], [50]. School leaders are also found as not efficient in educational technology and
need more training in all dimensions of NETS-A. In terms of quantity and quality, the degree of ICT use at
schools remains unsatisfactory. Due to overburdened tasks and other responsibilities, most teachers have
little time to integrate ICT [48].

On the other hand, another interesting finding is the four sets of exogenous latent variables have
collectively explained 60% of the variance in technology leadership. Six dimensions are accepted which are
leadership and vision, teaching and learning, productivity and professional practice, management support and
operations, assessment and evaluation, and social, legal, and ethic. In line with this study, in the 21st century,
school leaders should not take for granted to integrate technology in administration as well as in teaching and
learning [1], [12]. In line with the country’s technology agenda, principals should design an organizational
structure that promotes the use of technology, particularly in organizational management and teaching and
learning [17], [31].

In other words, principals should always be responsible to play their role as technological leaders as
set out in NETS-A [2], [15], [16]. Principals should nurture and sustain a culture of digital learning and
technology usage among students to provide a more appealing education [14]. Principals should ensure that
technology is used as a learning resource to support teaching and learning innovations. To ensure a higher-
level technological leader, initiatives must be taken to plan activities that will trigger innovation [18].
Consequently, teachers need to be encouraged to integrate technology into education. The role of
technological leaders should be proactively played by school leaders [6].

7. CONCLUSION

Technology-aided leadership has recently emerged as an essential leadership approach. This research
reveals a high degree of technology-aided leadership among school leaders in Kota Star, Kedah. In line with
Malaysia Education Blueprint (2013-2025) to ensure that every school has high-performing school leaders,
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principals are strongly advised to integrate modern technologies into their administration routines. Based on the
findings of this study, school leaders should engage in self-development to become technological leaders. To
make 21st-century education realistic, teachers must be innovative in integrating technology in the classrooms
and continue to keep up with the demands of students of the digital age generation.

As a result, to increase school leaders' and teachers' confidence in employing technology-assisted
learning, the Ministry of Education should provide specific courses or in-service training in the fields such as
digital technology, virtual communication, information, communication and technology. Aside from that, the
technology-aided leadership model developed in this study could be utilized to help school leaders in their
leadership practices. Furthermore, 31 indicators revealed in this study could be used to evaluate the behavior
of technology leaders. This study, however, has several limitations. This study was only done in one of the
districts in Kedah; thus, we urge that future researcher do similar studies in other districts or provinces to
acquire more accurate results.
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