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Abstract: The evaluation of Information and Communication Technology (ICT) in Education (ICTE)
has become a crucial aspect in educational management. While previous attempts have been made
to develop evaluation frameworks for ICTE, many existing frameworks fail to include information
from multiple sources and are thus not sufficiently accurate. This study aims to address this gap by
identifying core dimensions and indicators from various stakeholders in ICTE practices. Accordingly,
a set of guidelines for a more comprehensive evaluation of ICTE development is generated. By
applying these guidelines, a Comprehensive Evaluation Framework for ICT in Education (CEF-ICTE)
is developed and validated using the Delphi methodology. The results reveal that the most pertinent
dimensions for ICTE evaluation are ICT infrastructure and digital resources, followed by ICT usage,
personnel support, and ICT management. Key indicators identified include the average frequency of
online services utilized by students per week and the percentage of schools implementing basic data
applications for management purposes. These findings underscore the importance of prioritizing
certain indicators in evaluating ICTE. The present study offers a valuable tool for comprehensively
assessing ICTE development and may provide policymakers with essential support for setting
priorities and allocating educational resources where they are most urgently needed.

Keywords: comprehensive evaluation framework; ICT; ICT in education; Delphi approach; educational
management

1. Introduction

Due to the global spread of COVID-19, many countries have been prompted to adopt
Information and Communication Technology (ICT) to facilitate educational opportuni-
ties amidst pandemic-related lockdowns, primarily through online and distance-learning
methods [1]. In this context, ICT in Education (ICTE) plays an increasingly crucial role in
supporting access to studies [2] and advancing the overall quality and balanced develop-
ment of education across various regions [3]. Despite advancements in leveraging ICT to
enhance educational access, several systemic challenges hinder the effective implementa-
tion of distance-learning for all students [4]. Persistent challenges include teachers lacking
access to computers for instruction, students facing barriers to online educational resources,
and some teachers lacking proficiency in ICT for facilitating online coursework [5]. Without
adequate ICT devices, digital resources, and teacher training, students are simply unable
to fully engage in distance education to continue their learning journeys [6]. In regions
where this is the case, existing measures of ICT availability fall short in capturing the
necessary requirements such as internet connectivity and computer access for instructional
purposes [7]. Hence, more comprehensive and accurate evaluations of ICTE are needed to
monitor its development and detect regional or national trends.

Sustainability 2024, 16, 5024. https:/ /doi.org/10.3390/su16125024

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su16125024
https://doi.org/10.3390/su16125024
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-3726-8134
https://doi.org/10.3390/su16125024
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su16125024?type=check_update&version=1

Sustainability 2024, 16, 5024

2of 16

The evaluation of ICTE is recognized as a best practice in educational management.
It is also an effective approach to promoting the broader implementation of ICTE. Such
evaluations have already garnered the attention of governments and education authorities
worldwide, providing essential insights for optimizing resource allocation and enhancing
educational decision-making [8]. Various evaluation initiatives have been undertaken to
monitor ICTE implementation; for instance, the European Commission conducted the 2nd
Survey of Schools in 2015 [9], respectively, to track ICT development across Europe. An
annual survey on the development of ICT in K-12 schools was carried out by the Educational
Informatization Strategy Research Base (EISR) under the Ministry of Education (MOE) of
the People’s Republic of China [10], identifying various problems in ICTE development
across the country. Beyond its current states of implementation, researchers have also
explored the development of ICTE through learning- and teaching-specific indicators [11]
and in middle and high school programs [12].

Across various evaluation practices and studies, a consensus is emerging regarding
the indicators or frameworks utilized to measure ICTE implementation. Indicators such
as schools” ICT vision and policy [13] and ICT access for instructional purposes [2] have
been adopted to evaluate ICT implementation in schools. Additionally, scholars proposed
frameworks for assessing ICT implementation in K-12 schools [14] and established inter-
nationally agreed-upon evaluation criteria for ICTE [15]. However, previous studies have
tended to focus more on individual aspects rather than comprehensive ICTE development
measurements based on entire educational processes within certain regions.

Some countries, including China, regard regions as units in promoting ICTE develop-
ment and increasing the use of ICT to balance educational resources. “Regional ICTE” refers
to the specific applications of ICT in various regions within a nation under a unified plan,
which accelerates the modernization of regional education. The situation of regional ICTE
development must be periodically evaluated to understand the current status of regional
ICTE and to guide progress toward optimal outcomes, without wasting time, efforts, or
resources. Existing school-level evaluation frameworks lack the necessary detail to provide
appropriate information to governments or education authorities in terms of improving
access to and utilization of ICT. There is an urgent need to comprehensively evaluate the
development of regional ICTE to ensure effectiveness and precision in decision-making.

The objective of conducting a comprehensive evaluation of ICTE is to gain a compre-
hensive as well as in-depth understanding of the application of regional ICTE. From a broad
perspective, this encompasses evaluation objectives involving multiple participants in the
ICT teaching activities—students, teachers, principals, and ICT management department
administrators. Additionally, it encompasses various aspects of ICTE such as conceptual
components in ICT for Development (ICT4D) and their interrelationships, including di-
mensions of development, perspectives of development, conceptions of artefacts, theories
of change, and the usage of ICT in teaching and infrastructures. The in-depth perspective
involves examining the availability of digital resources, internet access, training to enhance
teachers’ ICT integration skills, and training for principals to incorporate ICT into their
management practices [15]. Furthermore, the presence of ICT assistants is expected to
facilitate the ICT usage in schools, ensuring access to digital resources and ICT application
among teachers and students.

This holistic assessment approach can be realized by containing multiple stakeholders
involved in ICTE activities and conducting a thorough analysis of gathered information,
including ICT usage in both teaching and learning. Collecting data from school-based
surveys can provide necessary informational support for education policies and procedures,
particularly in developing countries. Capturing a diverse range of variables can further
provide a more realistic understanding of the availability and utilization of ICT by both
students and teachers.

There is a lack of research regarding such comprehensive measurements of regional
ICTE development. This limitation hinders the acquisition of information necessary for
comparative analysis or to fully reveal the development status of regional ICTE. There is
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a pressing need for a universally applicable set of tools to comprehensively measure the
development of ICTE. To fill this gap, this paper proposes a Comprehensive Evaluation
Framework for ICTE (CEF-ICTE) tailored to the regional context, developed in efforts
to bridge this research gap. It offers a framework for thoroughly characterizing ICTE
development and securing more accurate data for scientifically informed education poli-
cies. Essentially, we seek to understand the following research question: what evaluation
framework can be used to assess the development of regional ICTE?

2. Literature Review
2.1. Framework of ICTE Evaluation

A sound theoretical framework is the foundation for conducting practical evaluations,
clearly delineating the objectives to-be-measured along with their sub-components [16].
Several countries worldwide have actively researched ICTE evaluation frameworks. For
example, the American Education Technology CEO developed the School Technology and
Readiness (STaR) evaluation framework [17] for assessing the status and usage of ICT in
schools across four dimensions. The British Educational Communications and Technology
Agency (BECTA) established the Self-Review Framework (SRF) to evaluate the develop-
ment of ICT in schools in terms of leadership, management, planning, learning, and ICT
competency [18]. The Korea Education and Research Information Service (KERIS) also de-
veloped an ICTE evaluation framework that covers dimensions including personal resource
inputs, physical resources inputs, and utilization [19]. These evaluation frameworks were
used for self-assessments of schools” ICT statuses and became benchmarks for measuring
ICT levels more broadly.

Numerous studies have endeavored to construct ICTE evaluation frameworks to
date. For instance, one study constructed an evaluation framework based on ICTE imple-
mentation experience in K-12 education, comprising eight dimensions, including policy,
infrastructure, human resources, curriculum, educational service, educational resources,
usage, and equity [20]. Another study developed a monitoring and evaluation framework
for the integration of ICT in teaching and learning [21]. Another framework for evaluating
ICT-based learning technologies was proposed, focusing on inclusive ICT-based learn-
ing technologies [22]. Other frameworks include a region-wide monitoring framework
for Dutch-speaking schools in Belgium [14], an e-capacity framework for evaluating ICT
applications in schools [23], and an ICT competency framework for evaluating Korean ele-
mentary and middle schools [24]. The ICT in School Education Maturity Model (ICTE-MM)
was established comprising information criteria, ICT resource, and leverage domains [25].
From the perspective of student development, the Extensive Digital Competence (EDC)
model was developed to integrate factors related to pupils’ ICT competencies [26]. Scholars
have also outlined factors influencing students’ digital skills levels and formulated a school
analytic model accordingly [27].

2.2. Indicators of ICTE Evaluation

Several international institutions have developed indicators for ICTE and evaluated
its application status using various methodologies. For example, the ICT for Development
Partnership alliance published the ICT Core Indicators Report 2010, which listed core
indicators such as the percentage of students in a school with internet access [28]. The
World Bank evaluated the ICTE application in developing countries using indicators like
teaching methods and ICT content [29]. The United Nations Educational Scientific and
Cultural Organization (UNESCO) issued indicators for ICTE, such as the percentage of
schools with computer-assisted instruction [30]. Other international organizations, like the
European Commission, have also developed ICTE indicators, including the percentage
of teachers who used ICT for lesson preparation in the past year, which was used to
benchmark progress in ICT integration in schools [9].

Many countries have researched ICTE evaluation indicators. KERIS issued several
ICTE indicators, including personal resource inputs [19]; Canada evaluates ICTE applica-
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tion based on indicators like the percentage of 15-year-old students who reported using
computers at home and at school [31]. Australia developed ICTE indicators, such as
students” access to in-school ICT, to monitor progress towards the National Goals for
Schooling [32]. One study proposed evaluating ICT use in schools based on the percent-
age of school computers [33], while another considered multimedia classroom usage as a
measure of ICT application [34]. Another study proposed the percentage of professional
informatics (computer) teachers as an indicator of ICTE development [25].

In summary, existing literature on ICTE evaluation varies by country and/or re-
searcher, with different frameworks and/or indicators. There is a lack of universally
agreed-upon evaluation tools for comprehensively evaluating ICTE, especially at the re-
gional level.

3. Materials and Methods
3.1. Delphi Method

The Delphi method establishes a communication process for a group of experts to
address complex problems. It involves gathering information from participants to facilitate
planning, decision-making, and problem-solving based on evaluation information, thereby
maximizing opportunities for individual contributions to knowledge and fostering the
collective development of professional skills. According to this methodology, there is no
direct face-to-face interaction among team members; instead, individuals provide feedback
anonymously to ensure that responses are not influenced by group dynamics [35]. The
Delphi method can be used not only to collect expert opinions but also to seek consensus
among different experts with varying viewpoints. Throughout the process, it is essential to
calculate the consistency rate and scoring stability among these experts [36].

The classical Delphi method typically involves three steps: (1) identifying the research
subject, specifying the research question, establishing a rudimentary conceptual model, and
designing an appropriate questionnaire; (2) selecting a panel of participating experts; and
(3) conducting a survey to collect experts’ opinions, often spanning two or more rounds.

To gather sufficient information for constructing the indicator pool for comprehensive
ICTE evaluation, a literature review, analysis of suggestions regarding the CEF-ICTE, and
interviews were conducted. CEF-ICTE-related suggestions, foundational to this study, were
collected through the TenCent conference—a widely used video meeting platform—and
email. Experts’ response rates decrease as the duration of the Delphi process prolongs [37],
and two rounds of the Delphi method have been shown to yield the most accurate possible
answers [38]. Hence, a two-round Delphi method was implemented in this study. A
flowchart of the process is shown in Figure 1.

3.2. Delphi Survey
3.2.1. Survey Procedures

First, survey items in the questionnaire were designed in terms of China’s ICTE-related
policy documents as well as the existing literature on the evaluation of the status quo of
ICTE development. In such a way, an initial set of evaluation indicators was identified.
Prior to the first round of the Delphi survey, a pre-survey was conducted to modify the
research plan and questionnaire, ensuring its relevance, practicality, and readability.

In Round 1, materials were distributed to the selected participants, including an
invitation detailing the purpose of this study, a questionnaire, and a table outlining each
indicator in detail. Participating experts were given a two-week period to respond upon
distribution of the questionnaires and reminded via e-mail three days before the deadline.
Experts were tasked with assessing the importance and feasibility of each dimension
and indicator on a five-point Likert scale, with 1 indicating “not important/feasible” and
5 indicating “very important/feasible”. The purpose of Round 1 assessment is to gather
preliminary opinions from experts on the designed dimensions and indicators and form the
basis for Round 2 assessment. Statistical analysis was then completed within two weeks
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after the end of Round 1, and the questionnaire was modified and truncated as needed
based on the results.
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Literature review and Pre-survey of modifying
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summary for Round 2 email
Round 2 of Delphi study
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of Round 2 questionnaire

Delivery of the second
- questionnaire to
experts

T T

Response consistency »  Analysis of the results

Figure 1. The Delphi flowchart.

Moving to Round 2, the revised questionnaire and the detailed Round 1 evaluation
report were then distributed to the same pool of experts, and the reassessment process was
the same as it was in Round 1. It is worth noting that, in this round, only the indicators that
need further reassessments, as well as the newly added indicators suggested in Round 1,
are retained. Indicators that have not been part of a consensus by experts would not be
included in Round 2. Both rounds of the Delphi survey spanned three months, including
time for data processing and information generation.

3.2.2. Expert Recruitments

The choice of participants as experts is a critical phase of the Delphi method, given
that the results primarily rely on their opinions [39]. Participants were required to possess
familiarity with the relevant issues and/or topics and to have worked in similar areas
for no less than five years [40]. In this study, experts were selected by compiling a list of
participants from an ICTE evaluation conference and reviewing ICTE evaluation literature
to identify individuals and obtain contact information from relevant papers. The Delphi
survey allows for flexibility in sample size, typically recruiting between 15 and 50 partici-
pants [41]. Standardization for selecting experts was based on their roles as experienced
teachers, school principals responsible for ICT management, experts working in ICTE, and
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professionals in regional ICTE evaluation and management. On average, participants had
around 5-6 years of experience in ICTE, with over 50% possessing eight years or more.
These chosen participants were perceived by their colleagues, supervisors, and peers as
authoritative figures in their field, possessing high qualifications in ICTE evaluation and
offering targeted guidance and informed opinions.

Research assistants sent invitation emails to these experts after conducting background
and experience checks online. Because the survey was conducted anonymously and partici-
pants were involved in only two rounds of communication, the feedback exchanged among
experts in these two rounds was deemed effective. A total of 33 experts received invitations
and questionnaires in Round 1, with 30 valid questionnaires collected in the specified time
frame, resulting in a high response rate of 90.91%. In Round 2, 30 questionnaires were
distributed and 27 were recovered, indicating a slightly lower response rate than Round 1.
Additionally, 14 participants provided supplementary comments or suggestions in Round
1 and three participants offered supplementary reviews in Round 2. The participation and
response rates for the two rounds are summarized in Table 1.

Table 1. Two rounds of Delphi survey participants and responses rate.

Invited Round 1 Round 2
Participants
N Percentage N Percentage N Percentage
Teachers w1th. experience of using ICT 9 8% 8 279% 6 23%
in teaching

Principals in charg(.e of the management of - 21% 6 20% 6 19%
ICT in school

Experts working in ICTE 8 24% 7 23% 7 27%

Experts working in ICTE evaluation 9 27% 9 30% 8 31%

and management
Total 33 100% 30 100% 27 100%

3.2.3. Statistics

The statistics involved in the present study were generated from the participating
experts’ responses. The opinions they expressed were primarily measured through response
rates. Expert familiarity was generalized by means and rated as low (score 1.00-2.49),
medium (2.50-3.49), and high (3.5-5.00) [36]. The importance and feasibility of each
evaluation dimension and indicator were summarized. Regarding frequencies, scores of
4 (very important/very feasible) and 5 (important/feasible) were combined to calculate the
percent agreement (PA). The standard deviation (SD) and coefficient of variation (CV) of
the scores were calculated to assess the dispersion of expertise. It should be noted that a
lower CV indicates that a closer expert consensus has been reached [42].

3.2.4. Selection Criteria of Indicators in Round 1 and 2

The selection of evaluation indicators was based on the importance of evaluation
objects. The selection criteria applied in Round 1 and 2 were referred to Wu et al. [42] and
Zhang and Huang [43]. Given that the primary objective of this study is to establish the
CEF-ICTE covering all relevant aspects, priority was given to the importance of indicators
over their feasibility [42]. In Round 1, for each indicator, if its PA was below 50% or the
mean score was less than 3.5, and its CV was lower than 25%, it was excluded. If its PA was
equivalent to or higher than 70% or the mean was greater than 3.5, while its CV was less
than 25%, the indicator was directly retained from Round 1. If its PA was below 70% or its
CV was larger than 25%, the indicator was reassessed [43]. Because this Delphi procedure
covered only two rounds, in Round 2, if a reassessed indicator’s CV was less than 70% and
its CV was less than 25%, it was excluded; the criteria for retaining a reassessed indicator
were the same as those for Round 1.
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3.3. Framework Construction

This section outlines the development process and structure of the proposed frame-
work. Similar to other frameworks, it is structured as a set of indicators that can be further
categorized into dimensions based on their themes. Both dimensions and indicators were
identified through a literature review and the extensive experience of experts in the field of
ICTE evaluation. Five dimensions were determined based on previous studies, emphasiz-
ing the importance of retaining those that consistently reappear in the literature, albeit with
slight adjustments due to potential differences in classification [24]. For example, while
materials are not presented as a separate dimension in some frameworks [25], they were
regarded here as a subclass within the ICT infrastructure dimension.

Table 2 provides a summary of existing evaluation frameworks, demonstrating how
the present framework draws upon pre-existing research while introducing new elements
corresponding to this study’s objectives. While previous studies have primarily explored
ICTE development from the perspective of schools, this research focuses specifically on
regional levels of ICTE development. Therefore, the proposed framework adopts a regional
perspective from existing structures while introducing new elements specific to ICTE
implications at the regional level. Five dimensions were shared across all aspects: ICT
infrastructure, digital resources, ICT usage, ICT management, and personnel support.

Table 2. Classifications in pre-existing evaluation frameworks and relationship with the presented one.

Research Unit Categories
Previous studies
(Kim & Lee, 2011) [44] School Access to education information, competency, utilization, and the satisfaction of
’ students, teachers, and parents
(Aoki et al., 2013) [24] School Personnel, Materials, Usage
(Song et al., 2013) [20] Nation Policy, Infrastructure, Human resources, Curriculum, Service, Educational
& v resources, Use, Equity
ICT curriculum, ICT infrastructure, School Management support for integration
(Njagi & Oboko, 2013) [21] School of ICTs in teaching and learning, Teacher training, Extent of ICT integration in
Teaching and Learning
Four major evaluation domains (Surrounding Environment, IS/ICT, Teacher,
Yim, 2015) [15] Nation Student), Four intersection evaluation domains (Technology Integration,
gy g
Technology Utilization, Educational Delivery and Interaction, etc.)
gy y
(Goeman et al., 2015) [14] Region Infrastructure, Policy, Competencies, Use at the micro level, Perceptions
(Xu et al., 2020) [45] School Data Usability, School ICT Evaluation Framework, Data Analysis
Yy y
. Vocational education informatization, Development Indicators, Regional
(Dong, 2020) [46] Nation Differences, Evaluation Framework
(Zhang et al., 2021) [47] Nation Education Informatization, Application Index, Primary and Secondary School,
& N Information Gap
(Li, 2022) [48] Nation Smart Education, Current Situation Investigation, Main Problems,
’ DevelopmentCountermeasures
The present study
Ours Region ICT infrastructure, Digital resources, ICT usage, ICT management,

Personnel support

ICT infrastructure is explicitly included due to its fundamental supportive role, encom-
passing all ICT hardware facilities necessary for internet access and teaching activities [23].
This dimension considers the diversification of ICT hardware supply sources, multimedia
classrooms, internet availability, and computer accessibility for students or teachers [33].
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Digital resources impact the use of ICT by teachers and students for classroom activi-
ties [15]. This dimension is also emphasized in previous studies [38,39], highlighting the
significance of digital resource provision and its impact on ICT usage distribution.

The dimension of ICT usage mainly reflects the application of ICT in teaching and
learning, considering strategies promoting ICTE integration [20,33]. Similarly, previous
studies have summarized various types of ICT use and analyzed factors affecting usage
conditions [13,20].

ICT management is an important aspect of ICTE evaluation, as evidenced by ex-
isting studies. It facilitates physical connections between ICT and school management
and supports the application of ICT in school management. Features like network secu-
rity systems [49] provide convenience for school managers and generate data support-
ing decision-making processes. Monitoring systems have been implemented to enhance
campus internet security, contributing to the modernization of governing structures and
education administration.

Personnel support, as highlighted by previous scholars [20,24], is considered an in-
tegral part of the CEF-ICTE in the regional context. What sets this framework apart is
its consideration of region-management involvement and its impact on ICTE evaluation.
For example, there is a need for more streamlined school systems to promote ICTE devel-
opment, with considerations on how personnel support may be advantageous given the
current development situation [20]. This dimension encompasses participants (teachers or
principals) involved in school ICT activities and relevant training.

4. Results
4.1. Experts’ Familiarity

At the outset of the Round 1 Delphi survey, participating experts were queried re-
garding their familiarity with existing frameworks and indicators of ICTE evaluation. The
familiarity for all indicators exceeded 3.5, indicating moderate familiarity. This suggests
that their perspectives were reliable for present study.

4.2. Round 1 of Delphi Survey
4.2.1. Identification and Indicator Screening

The screening of indicators was solely based on importance, so only the importance
score of each indicator was specified at the initial stage. Participating experts reached
a consensus, and no dimensions were deleted in Round 1. They closely agreed on the
importance of each dimension, with scores exceeding 4 for all five—particularly ICT usage,
digital resources, and ICT infrastructure. The mean scores ranged from 4.57 to 4.87, with a
CV across the five dimensions of less than 25%, indicating consensus among participants.
Two out of five dimensions reached 100%. Although the average score of ICT management
was 4.37 with a relatively high CV score of 14%, the consistency of ICT management content
was higher than 70%, making it a primary dimension, as shown in Table 3.

Table 3. The identification on importance and screening of the indicators behind the two-round

Delphi survey.
Round 1 Round 2
No. Dimension/Indicator . .
Mean SD CV% PA%  Decision Mean SD CV% PA%  Decision
1 ICT Infrastructure 457 0.50 11 100 K - - - - -

11 Percentage of multimedia 403 0.48 12 90 K ) ) ) . )

classrooms

Percentage of multimedia
1.2 classrooms with interactive 3.57 0.79 22 40 R 4.22 0.76 18 81 K

electronic whiteboards
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Table 3. Cont.

No.

Dimension/Indicator

Round 1

Round 2

Mean

SD

CV%

PA%

Decision Mean

SD

CV%

PA%

Decision

1.3

Percentage of schools with
Innovation Lab (such as
3D, etc.)

- 4.00

0.60

15

83

K

1.4

Number of computers
per student

4.37

0.83

19

80

1.5

Number of
information-based teaching
terminals used by teachers
in school teaching

4.43

0.71

16

87

1.6

Percentage of schools
connected to the Internet

4.27

0.77

18

80

1.7

Percentage of schools
withfull wireless
network coverage

4.07

0.77

19

73

Digital Resources

4.80

0.38

100

21

Percentage of schools with
digital resources
for textbook

3.77

0.49

13

73

22

Percentage of schools with
school-based resources

4.40

0.48

11

100

23

Percentage of schools with
cyberspace is supported by
the national or

provincial platform

343

0.79

23

27

R 341

0.78

23

44

24

Percentage of teachers with
learning cyberspace

4.07

0.69

17

80

25

Percentage of students with
learning cyberspace

423

0.42

10

100

ICT Usage

4.87

0.44

97

3.1

Average frequency of
on-line service use by
students per week

4.77

0.52

11

97

3.2

Average frequency of
on-line service use by
teachers per week

4.20

0.42

10

100

3.3

Average ICT use time by
teachers for
academic purposes

473

0.57

12

93

34

Percentage of teachers who
use multimedia teaching
resources (such as PPT
courseware, video
animation, etc.) for teaching

4.70

0.61

13

93

3.5

Percentage of teachers who
participate in ICT-based
activities peer week

4.63

0.51

11

100

3.6

Utilization rate of
multimedia classrooms

4.20

0.67

16

87

ICT Management

437

0.61

14

93
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Table 3. Cont.

Round 1 Round 2
Mean SD CV% PA%  Decision Mean SD CV% PA%  Decision

No. Dimension/Indicator

Percentage of schools with
management information
system to achieve unified
identify authentication

4.1 4.47 0.72 16 87 K - - - - -

Percentage of schools with
management information
system achieve normalized
applications

4.2 443 0.71 16 87 K - - - - -

Percentage of schools that
implement the application
of basic data in
management information

43 4.77 0.62 13 90 K - - - - -

Percentage of schools with
4.4 public information 3.33 0.67 20 23 R 4.15 0.71 17 81 K
release platforms

Percentage of schools with
45  campus safety 4.03 0.56 14 87 K - - - - -
monitoring systems

Percentage of schools with
security monitoring system
4.6  to achieve full coverage of 410 0.62 15 87 K - - - - -
the campus (gate, teaching
building, office area)

Percentage of schools with

4.7 Smart-ID cards 3.87 0.70 18 70 K - - - - -
5 Personnel Support 4.53 0.59 13 97 K - - - - -
51 Percentage of schools with 457 0.64 14 93 K ) ) . } )

appointing an ICT director

Percentage of teachers who
52  are participant in ICT 3.43 0.62 18 37 R 3.19 0.73 23 37 E
training at the school level

Percentage of teachers who
are participant in ICT
training at the nation or
province level

53 4.30 0.47 11 100 K - - - - -

Percentage of schools with
principal’s participant in
ICT training at the
province level

54 473 0.57 12 93 K - - - - -

Percentage of schools with

5.5 . -
informatics teachers

293 0.70 24 20 R 4.04 0.53 13 89 K

Percentage of schools with

56 ICT assistants

3.20 0.54 17 27 R 341 0.65 19 48 E

Note. 1. The experts rated the importance of each indicator in the form of Likert scale (“1” showing this indicator
was “not important” and 5 showing this indicator was “very important”). 2. Mean: the mean of importance score,
SD: standard deviation, CV: coefficient of variation, PA: percent agreement, K: keep, R: reassessment, E: exclude.
3. In Round 2, indicator “1.3 Percentage of schools with Innovation Lab (such as 3D, etc.)” was newly added. 4. In
Round 2, indicator “1.5 Number of computers per teachers” was revised as “1.5 Number of information-based
teaching terminals used by teachers in school teaching”. 5. In Round 2, indicator “4.6 Percentage of schools with
security monitoring system to achieve full coverage of the campus” was revised as “Percentage of schools with
security monitoring system to achieve full coverage of the campus (gate, teaching building, office area)”. 6. In
Round 2, indicator “1.1” and “1.2” were synthesize one indicator.
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Under Dimension (1), “ICT infrastructure”, all indicators exhibited high consistency
in terms of importance (mean > 3.5). However, “1.2 Percentage of multimedia classrooms
with interactive electronic whiteboards” did not meet the inclusion criteria, as its corre-
sponding PA was less than 70% and its CV was below 25%. In Dimension (2), “Digital
resources”, the indicator “2.3 Percentage of schools with cyberspace is supported by the
national or provincial platform” exhibited worse consistency than other indicators with
a PA less than 70% and a CV below 25%. This indicator was isolated for reassessment in
Round 2. Indicators of Dimension (3), “ICT usage”, demonstrated majority consensus,
as evidenced by high mean scores (>3.5), low CVs (<25%), and PAs (>70%). Only one
indicator, “3.6 Utilization rate of multimedia classrooms” received a PA of 87% (>70%),
though its mean importance score was higher than 4 and its CV was comparatively at 25%.
All indicators in this dimension were retained.

For Dimension (4), “ICT management”, only one indicator, “4.4 Percentage of schools
with public information release platforms” failed to meet inclusion criteria and was reassessed
in Round 2. Experts suggested changes to the description of the indicator “4.6 Percentage of
schools with security monitoring system to achieve full coverage of the campus (gate, teaching
building, office area)”. Regarding the appraisal of Dimension (5), “Personnel support”, three
indicators had PAs less than 70% and CVs less than 25%: “5.2 Percentage of teachers who are
participant in ICT training at the school level”, “5.5 Percentage of schools with informatics
teachers”, and “5.6 Percentage of schools with ICT assistants”. Therefore, these three
indicators were further discussed in Round 2, as shown in Table 3.

4.2.2. Amendments in Response to Comments

7

Experts’ opinions were gathered in an open-ended manner. Upon reviewing experts
feedback, two initially independent indicators (Indicator 1.1 and Indicator 1.2) were amal-
gamated into one. Two experts noted that individual indicators were no longer sufficient
to represent ICTE development, prompting the need for more generalized indicators. The
wording of two indicators was refined as well: “1.5 Number of computers per teacher”
was adjusted to “1.5 Number of information-based teaching terminals used by teachers
in school teaching”, and “4.6 Percentage of schools with security monitoring system to
achieve full coverage of the campus” was revised to “4.6 Percentage of schools with security
monitoring system to achieve full coverage of the campus (gate, teaching building, office
area)”. One indicator was added to the same dimension, “1.7. Percentage of schools with
Innovation Labs”.

Given that the importance scores of more than 80% of indicators and dimensions were
relatively high and unanimously agreed upon by experts, in Round 2, a concise evaluation
questionnaire was administered to reduce the burden on participants. This questionnaire
only included the modified and newly added indicators that had sparked debate.

4.3. Round 2 of Delphi Survey

Seven indicators were reassessed at the conclusion of Round 2, including a newly
added item “1.3 Percentage of schools with Innovation Lab (such as 3D, etc.)”. Four of
them met the screening criteria and were included in the CEF-ICTE. Three indicators,
2.3 Percentage of schools with cyberspace is supported by the national or provincial
platform”, “5.2 Percentage of teachers who are participant in ICT training at the school
level”, and “5.6 Percentage of schools with ICT assistants”, were removed due to PAs less
than 50% and CVs less than 25%. Unlike in Round 1, “4.4 Percentage of schools with public
information release platforms” and “5.5 Percentage of schools with informatics teachers”
met the inclusion criteria. After screening and revision, a total of five dimensions were
included with 27 indicators in the final CEF-ICTE version.

5. Discussion

The present study contributes an instrument designed to comprehensively measure
regional ICTE development. Utilizing the Delphi method, experts’ opinions were obtained



Sustainability 2024, 16, 5024

12 of 16

and analyzed to support this work and expand upon the methodology for ICTE evaluation.
A two-round survey was conducted with a panel of experts, focusing on identifying core
indicators for the CEF-ICTE. In Round 1, all experts reached a consensus on the five
dimensions with most indicators garnering approval. Only one indicator was added, and
six indicators failing to meet retention criteria were reconsidered. Seven indicators were
under discussion in Round 2, leading to agreement among experts to remove three of
them. This process resulted in a valuable evaluation tool for policymakers, aiding in the
prioritization and resource allocation of ICT in areas of pressing need.

5.1. Core Indicators for CEF-ICTE

The strategic planning of ICTE necessitates thorough consideration of current and
requisite indicators, which may differ at the regional level from those at the school level. In
this study, indicators tailored to pre-existing ICTE, post Round 1, did not align with the
status of schools equipped with multimedia classrooms, interactive electronic whiteboards,
public information release platforms, or informatics teachers from Round 1, resulting in
low scores. However, after Round 1, indicators that were rewritten to reflect the present
status of ICTE evaluation achieved high scores and stable consensus.

Additionally, certain ICTE evaluation indicators focused on ICTE development can
aid in establishing guidelines from a targeted perspective. For example, in China, regional
ICTE assessments supported by the MOE and receiving continuous funding from local
governments [50,51] are predominantly centered on ICT teaching facilities [52]. However,
in the development trajectory of regional ICTE, aspects such as the accessibility of digital
resources for teachers or students through online services supported by national / provincial
platforms are primarily overseen by education administration sectors. Consequently,
incorporating these indicators into regional education informatization evaluations seems
logical. In this study, new school-related and regional evaluation indicators suited to
assessing ICTE yielded significant scores, demonstrating their importance.

5.2. Delphi Method for CEF-ICTE Indicator Identification

The approach utilized in the present study may provide researchers with opportunities
to generate new assessment indicators for various stakeholders in ICTE, including teach-
ers, principals, and students. While several previous studies have employed the Delphi
method in ICTE-related research, these studies have mainly utilized plans or standards
promulgated by nations or organizations [53,54]. To our knowledge, there has been limited
research employing the Delphi method for systematic evaluations of ICTE at the regional
level. Among literature containing terms such as “comprehensive evaluation” or “ICT in
education” in education technology and ICTE journals, this is the first instance of Delphi
method application to identify key indicators related to the comprehensiveness of ICTE in
the regional context.

Additionally, the Delphi method is commonly utilized across various academic fields
to achieve consensus among experts. One advantage the Delphi method demonstrated
in this study is that ICTE evaluation indicators were derived from the perspective of
diverse participants closely associated with ICTE, and consensus was reached among them.
Challenges in ICTE evaluation are not confined to individual users (e.g., singular schools)
but also extend to stakeholders like policymakers, principals, teachers, and students across
a given region. In this study, the Delphi method, which necessitates agreement among
experts from diverse fields, exhibited the potential to develop a consistent and effective
solution for implementing comprehensive ICTE evaluations at the regional level. Thus,
this study provides insights into how ICTE evaluation studies in the field of education
management should establish measurement indicators by incorporating the perspectives
of various experts.
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5.3. Resolving Variance, Enhancing Standardization and Regulation Requirements

For policymakers, these indicators can serve as valuable tools for enhancing the
managerial objectives of ICTE. While requirements for constructing ICTE evaluations
within the regional context do exist based on national policy and plan requirements,
some policies or plans lack detailed specifications. The findings of the present study may
provide indicators with practical insights for enhancing standardization and regulatory
requirements suitable for constructing a comprehensive ICTE framework.

Firstly, these indicators can help policymakers to identify practical recommendations
as essential requirements for ICTE administration. Following the two-round Delphi process,
most indicators received high scores with strong consensus. Evidently, the majority senti-
ment of experts is that the assessment of regional ICTE should differ from that of a typical
school. For example, Indicator 1.3 in the dimension of ICT infrastructure provided specific
details concerning new ICT equipment in education (e.g., 3D Innovation Laboratories),
which existing ICTE evaluation frameworks at the school level may not address. Similarly,
Indicator 4.6 in the dimension of ICT management was revised to include coverage area
details, as experts deemed assessing coverage challenging and specifying coverage areas
necessary to enhance assessment precision. Additionally, Indicator 1.5 was modified to
reflect the number of computers per teacher, acknowledging that some teachers in rural
schools frequently utilize computer resources. This adjustment aimed to provide a universal
indicator for evaluating teachers” ICT equipment usage. The indicators established in the
present study may offer valuable insights for the standardization and regulation of ICTE.

Secondly, though experts in Round 2 expressed varying opinions on indicators with
low consensus but high means, these indicators could be considered for debate to develop
new regulatory proposals. For instance, while the of Indicator 5.5 was 89, indicating
relatively low consensus compared to PAs above 90, it garnered a high mean score of
4.04. Some experts suggested that ICTE evaluations should be geographically accessible
and proximal to offer easy access for students and their schools [55]. However, other
experts argued that not all ICTE evaluation need to involve ICT-using teachers and that it
may be impractical for all evaluated schools to be located in urban areas. They proposed
categorizing schools by type, distinguishing between “rural” and “urban” based on location.
For “urban-type” schools, specialized ICT services and teaching by ICT-trained teachers
may be more relevant. These discussions may offer valuable guidance for addressing
variability and inconsistencies in terms of comprehensive requirements for ICTE evaluation.

6. Conclusions, Novelty, Limitations, Future Research Directions

This paper proposes an evaluation framework designed to comprehensively evaluate
the development of regional ICTE, with the ultimate aim of providing direction for ICT
policymakers in education. Comprising five dimensions and 27 indicators, this framework
facilitates a holistic understanding of the ICTE development that can enable comparative
analyses and periodic reviews.

The innovation of the present study is mainly reflected in the following two aspects.
First, this study developed a comprehensive evaluation framework to assess the devel-
opment status of regional ICTE. It not only supports macro-management and scientific
decision-making in terms of regional education but also addresses the intrinsic require-
ments for quality ICT construction in schools. Validated by experts, our CEF-ICTE provides
necessary components for the evaluation of ICT environments and regulatory efforts,
thereby fostering the implementation and further development of ICTE. Adopting this
framework can generate the evidence required to inform the prioritization and acceptance
of effective ICTE initiatives, as well as to establish a more equitable system for ICT access.
Second, the participating experts comprised experienced teachers, school principals, and
policymakers, who held a longstanding involvement in ICTE-related domains. Their vast
experience in these fields renders the indicators within our framework more practical
and applicable.
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Last, several limitations are also worth taking into consideration. Firstly, while efforts
were made to reach a consensus among experts, the Delphi technique may be subject to
biases, necessitating further rounds of survey and communication to refine the proposed
framework. Secondly, although the CEF-ICTE was preliminarily validated, it has yet to be
tested with real-world data to test its practical implementation. The Capability Maturity
Model (CMM) [25] could offer insights into self-assessing the maturity of evaluations based
on specific criteria, potentially enhancing the framework’s applicability. Additionally, given
the dynamic nature of regional ICTE development, ongoing adjustments to the framework’s
indicators are essential to align with evolving needs. Future research could explore the entry
and exit mechanisms of evaluation indicators using relevant CMM knowledge to flexibly
adapt the framework and more precisely evaluate regional ICTE development. Finally,
while the proposed framework contains established dimensions and indicators, further
studies could delve into each indicator’s feasibility regarding data-collection practices
and/or strengthen the CEF-ICTE through more in-depth interviews.
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