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Abstract: With the proliferation of artificial intelligence in education, Al-generated digital
educational resources are increasingly being employed as supplements for university teach-
ing and learning. However, this raises concerns about the quality of the content produced.
To conduct a comprehensive quality assessment, this paper presents an evaluation index
system for Al-generated digital educational resources by combining the Delphi method
and the Analytic Hierarchy Process. The initial quality indicators across the dimensions
of content, expression, and user and technical aspects are identified through a systematic
literature review of the recent research. Then, the Delphi method is utilized to modify the
quality indicators according to experts” opinions through two rounds of questionnaire sur-
veys. Subsequently, the weight coefficients of the quality indicators are calculated using the
Analytic Hierarchy Process. Finally, a quality indicator system for evaluating Al-generated
digital educational resources is developed, which comprises four dimensions and twenty
indicators. The findings reveal that content characteristics are of critical importance in
assessing the quality of Al-generated educational resources, followed by expression char-
acteristics as the second most significant factor, with user and technical characteristics
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also being recognized. Among the second-level indicators, “authenticity”, “accuracy”,
“legitimacy”, and “relevance” are accorded greater importance relative to other indicators.
The proposed system equips relevant stakeholders with a framework for selecting high-
quality AIGDERs and steering Al tools in line with educational standards. Finally, some
implications are provided to support the selection of high-quality Al-generated resources

and guidance on aligning these resources with educational standards.

Keywords: Al-generated content; digital educational resources; quality; evaluation index
system; AHP; Delphi method

1. Introduction

In recent years, artificial intelligence (Al) has achieved significant advancements, lead-
ing to transformations across various industries and facets of human life [1]. One major area
where Al has had a profound impact is content creation. With advancements and break-
throughs in generative language models, artificial-intelligence-generated content (AIGC)
that supplements conventional content creation methods like user-generated content (UGC)
and professional-generated content (PGC) has become a key focus worldwide [2,3]. AIGC
refers to a novel approach to the creation of content, such as text, images, videos, and other
forms of data, through artificial intelligence algorithms [4]. AIGC is achieved by extracting
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intent information from instructions provided by humans and generating the content ac-
cording to its knowledge and the intent information [5]. This streamlined content creation
process enables faster and more efficient generation of high-quality content [6]. Prominent
research organizations and companies in artificial intelligence, such as DeepSeek, OpenAl,
and DeepMind, have prioritized the development of AIGC [7]. ChatGPT-3.5, a generative
Al chatbot developed by OpenAl and launched in 2022, reached 1 million users within
a week of its launch [8]. DeepSeek R1, a surprisingly efficient and powerful Chinese Al
model, has drawn significant attention for its outstanding price—quality ratio and fully
open-source nature.

AIGC has brought profound transformations to various societal contexts, with uni-
versity education demonstrating substantial influence [9]. Numerous studies have demon-
strated the important role of AIGC in university teaching and learning, such as providing
wide varieties of customized educational resources, improving learning experiences, and
enhancing educational effectiveness [10-12]. Digital educational resources, one of the
pivotal components in modern university education, have increasingly been shaped by
the influence of AIGC. Educational resources generated by Al technology and operated on
varieties of digital platforms are called artificial-intelligence-generated digital educational
resources (AIGDERs). They have the potential to promote inclusive and efficient educa-
tion in universities. AIGDERs enable personalized learning by analyzing undergraduates’
abilities and learning styles to provide personalized feedback and recommendations for
continuous improvement [13]. AIGDERs are also a boon for rapidly evolving fields as
they can quickly incorporate the latest research and knowledge, keeping undergraduates
well informed. Additionally, AIGDERs can create engaging learning experiences through
interactive elements like simulations and virtual reality, fostering the innovative conscious-
ness and creative abilities of the undergraduates [14]. Although AIGDERSs provide many
benefits to university education, they concurrently pose potential risks and challenges.

Cognitive biases represent a significant concern in the application of AIGDERs [14,15].
AIGDERSs utilize probabilistic models to identify patterns within textual data and auto-
matically generate content based on syntactic rules. However, since AIGDERs fail to
comprehend language semantics, they may readily generate content that is fraught with
inaccuracy, bias, or unfairness [16]. A new term, “hallucination”, is used to describe the
occurrence of disinformation in AIGDERs [17]. According to data from GitHub, the Chat-
GPT series of platforms exhibit a 3% to 3.5% error rate, the LLaMA series of platforms
have an error rate of 5.1% to 5.9%, and Google’s PaLM platform has a notably higher error
rate of 12.1% [18]. Consequently, AIGDERs can inevitably lead to cognitive biases [19].
Scholars have emphasized the necessity of cautious engagement with AIGC platforms.
In addition, certain researchers have devised mathematical models to comprehensively
assess both their hallucinatory tendencies and creative capabilities. However, the absence
of standardized criteria and methodologies for evaluating AIGDER systems has led to
inconsistent practices and operational inefficiencies. Therefore, there is an immediate need
to establish a comprehensive evaluation system for AIGDERs.

To ensure the quality of AIGDERSs in the context of the emerging digital world, this
study proposes a framework for evaluating their quality by integrating the Delphi method
with the Analytic Hierarchy Process (AHP). While Delphi seeks a convergence of opinions
among a group of experts, the AHP helps to solve complex decision problems using a
hierarchical structure. The integration of these two methods assists in systematically identi-
fying the evaluation criteria and then setting priorities among them. The procedures are as
follows. Through a comprehensive literature review, various dimensions and indicators
consisting of content, expression, and user and technical aspects are identified. Subse-
quently, a two-round questionnaire is disseminated among a panel of experts to affirm the
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validity of each indicator via the Delphi method. Then, the AHP is employed to determine
the weights of the identified quality indicators, resulting in an evaluation index system
that includes four dimensions and twenty indicators. The objective of this paper is to select
key indicators that can inform the development of strategies for stakeholders involved
in AIGDERSs.

The remainder of this paper is organized as follows. Section 2 provides a comprehen-
sive summary of the related literature. Section 3 describes and details the methodology.
Section 4 presents the research results. Section 5 presents a discussion and some implica-
tions. Section 6 provides the main conclusions.

2. Literature Review

Many previous studies have analyzed the quality of AIGDERs and the evaluation
criteria of digital educational resources.

2.1. The Quality of AIGDERs

As AIGC is increasingly widely used in the field of education, the quality of AIGDERs
has attracted more research interest. For example, Denny et al. suggested that Al-generated
resources could serve as viable supplementary materials in certain contexts [20]. Morales-
Chan et al. demonstrated AIGC’s capacity to substantially enhance the creation and
customization of digital educational materials [21]. Darko et al. compared two Al-powered
learning resources with traditionally human-created materials and concluded that the
integration of AIGDERs can significantly enhance the instructional processes traditionally
managed by humans [22]. However, Lund et al. stated that concerns have been raised
regarding the quality and accuracy of AIGDERs [22]. Salovich and Rapp claimed that
inaccurate information could significantly impact academic research and teaching [23].
These studies have made progress in the recognition that the quality of AIGDERs is
multifaceted, but they fail to provide a comprehensive framework for quality evaluation.
The absence of a quality evaluation index system may result in inefficient education
practices. Therefore, to ensure the utilization of high-quality AIGDERs, it is imperative to
develop a comprehensive framework for quality evaluation.

2.2. Evaluation Criteria of Digital Educational Resources

As the amount of digital educational resources available is rapidly increasing, many
previous studies have focused on the evaluation criteria of digital educational resources.
For example, Estrada-Molina et al. integrated general criteria from ISO/IEC 9241-11 and
ISO/IEC 9126-1 and pedagogical usability criteria when evaluating the usability of digital
educational resources [24]. Xie et al. thought that the evaluation criteria for educational
digital content should include four aspects: content relevance, pedagogical effectiveness,
technical support, and curriculum alignment [25]. Rozo and Real identified pedagogical,
technological, social, communicational, organizational, energizing, and ethical elements
that must be considered when designing and creating adaptive digital educational re-
sources [26]. Lee and Han summarized that the five decision-making criteria for selecting
and evaluating educational digital resources were the primary benefit holder, function of re-
sources, opportunity for improving skills, affordances, and constraints [27]. Almendro and
Silveira described a framework including pedagogical, technical, and content dimensions to
support the quality assurance and validation processes of open educational resources [28].
Although previous studies on the evaluation criteria and quality framework of digital
educational resources have made significant contributions, few have analyzed them from
the perspective of AIGDERs. Therefore, this study addresses this gap by proposing a
comprehensive framework for evaluating the quality of AIGDERs.
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3. Research Methods

The overall framework of this study is mainly divided into three steps: extraction of
quality indicators, confirmation of quality indicator sets, and establishment of the quality
evaluation index system, as illustrated in Figure 1.
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Figure 1. The framework of the evaluation study.

3.1. Systematic Literature Review

To evaluate the quality of AIGDERs, the factors that affect the quality are identified
using systematic literature review (SLR). SLR is a methodology that employs a standardized
analytical approach to summarize the current state and development tendency within a re-
search field or topic [29]. SLR follows a structured process proposed by Watson [30], which
includes predefined search criteria and systematic screening processes [31]. Compared to
traditional literature review, SLR has higher reliability because it addresses uncontrollable
issues such as subjectivity and bias [32].

3.1.1. Literature Search

According to the PRISMA guidelines, SLR typically involves searching three or more
databases to retrieve literature [33]. To comprehensively acquire the necessary literature
data for evaluating the quality of AIGDERSs, four literature databases are selected: EBSCO,
Ei Compendex, Scopus, and Web of Science. These databases extensively cover leading
educational journals, and their inclusion criteria ensure that the literature within them
largely meets the quality requirements of SLR [34].

This study identified several relevant keywords from existing literature on AIGDERs
and selected appropriate terms for research focus. For example, the thematic search query
for the Web of Science is structured as follows: TS = ((“Artificial intelligence generated
content” or “AIGC” or “ChatGPT” or “Large language model*” or “Generative artificial
intelligence” or “Generative AI”) AND (“Education*”) AND (“Resource*” OR “Material*”)
AND (“Quality” or “Quality evaluation” or “Evaluation index system” or “Evaluation
criteria”)). As ChatGPT was released by OpenAl in November 2022, the search timeframe
is set from November 2022 to October 2024. For four chosen databases, appropriate filtering
tools are employed to refine the research results and avoid the occurrence of duplication [35].
Following the literature search, a total of 187 papers are retrieved from four databases
after deduplication.



Systems 2025, 13, 174

50f18

3.1.2. Manual Screening

The literature obtained in the initial search often contains papers that initially seem
relevant but may not be. For efficient analytical coding, manual screening is performed to
guarantee the quality and relevance of the selected literature. The review process carefully
follows the inclusion and exclusion criteria specified in Table 1. The manual screening
is not just a redundant step but a crucial one to rectify the potential flaws in the initial
automated filtering. For example, some databases, despite their sophisticated algorithms,
do not always accurately index all aspects of a publication. By manually checking, it is
possible to guarantee that the literature included is relevant to the research focus and
maintains a certain level of quality and consistency.

Table 1. Selection criteria.

Criteria Inclusion Exclusion

Scholarly articles, books, Conference proceedings,

Type of publication book chapters reports, PhD .theses, technical
papers, tutorials

Peer-reviewed Peer-reviewed Non-peer-reviewed

Content Full—text a nd complete Without in-depth discussion
information

Language English Non-English

I From November 2022 to

Publication year October 2024 Before November 2022
Al-generated educational Neither Al-generated

Primary topic resources and quality educational resources nor
evaluation quality evaluation

The manual screening process is conducted in two phases [35]. Initially, exclude
completely irrelevant literature after reading titles and abstracts. Subsequently, read the
full content of the selected articles to accurately identify the required literature. During this
in-depth screening, 54 papers from the databases were ultimately retained.

3.1.3. Analytical Coding

Upon completing the manual screening, a full-text analysis of the chosen literature
is conducted. From a comprehensive review of existing literature, information is col-
lected across multiple dimensions, and specific coding content involves creating codes that
accurately represent the information.

3.2. Delphi Method

The Delphi method, named after a Greek oracle who was famed for prophetic abilities,
was initiated by the Rand Corporation in the 1950s to forecast the effect of technology
on warfare [36]. The Delphi method is a systematic and qualitative method used to
gather opinions from panels of selected experts to achieve consensus on outcomes and
responses [37]. It is featured with anonymity and confidentiality. This method has the
capability to brainstorm from experts” opinions without face-to-face contact, which avoids
groupthink [38]. Moreover, location and time differences are not permitted to influence
the investigation [39]. The Delphi method has been widely used to identify and evaluate
indicators in education field. For example, Khan et al. established a consensus on the
curriculum viability indicators using the modified Delphi technique to provide a framework
for evaluating curriculum viability [40]. Seo et al. employed the modified Delphi method
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to refine key indicators for the course subject “Environment” in the secondary school
curriculum in South Korea [41]. Encouraged by these studies, the Delphi method is utilized
in this study to determine the indicators for the quality of AIGDERs.

3.2.1. Expert Selection

In the Delphi method, expert selection is critical for obtaining critical and reliable
results [42]. A group of 10 to 50 participants was originally suggested as appropriate for
Delphi studies [43]. The ideal size for a panel of experts is considered between 10 and
20 participants, which enables meaningful statistical analysis [44]. Delphi studies that
involve fewer panelists tend to have a very specific focus or seek outcomes that require
the participation of highly specialized experts [45]. Conducting a Delphi study with a
larger number of experts can be logistically challenging and may lead to increased response
fatigue, potentially compromising the quality of feedback [46]. Based on these principle,
15 experts are selected in this study. The experts are expected to have up-to-date knowledge
and extensive work experience in the relevant field, and they are willing to participate in
the Delphi process [47]. Each participant is chosen based on their extensive experience and
recognized expertise in Al and education. Moreover, these experts are teachers of different
disciplines from Sichuan University, Chengdu University of Technology, Xihua University,
and Yibin University. Their collective knowledge ensures a comprehensive understanding
of AIGDERSs.

3.2.2. Delphi Survey

According to Delphi method, two rounds of questionnaires are sent to 15 selected
experts. The first round is mainly to consult the rationality of each indicator. The selected
experts are invited to score and put forward suggestions for modification. According to the
experts’ scores and opinions from the first round, the index system is modified accordingly.

The Delphi questionnaire involves two sections: one part collects the backgrounds of
the experts, while the other one includes quantitative Likert-scale and qualitative semi-open
questions. The Likert-scale questions comprise one of the essential rating scales used as a
measurement tool in the importance of the recommended indicators, with options ranging
from 1 (very important) to 5 (very unimportant) [48]. Then, the degree of consensus among
the experts can be assessed. The open-ended questions are intended to collect possible
recommendations if the experts think the indicators are not appropriate.

Expert reliability is represented by coefficient of expert authority, which is indicated
by Cr. The range of Cr is between 0 and 1; the higher Cr means the the higher reliability of
the expert consultation. In general, Cr < 0.70 is regarded as acceptable degree. Cr can be
obtained using Equation (1).

(Ca+Cs)

Cr=-—F—" (1)

where Ca represents reasons for expert’s judgment and Cs represents the expert’s familiarity
with the indicators. To collect these data, experts are required to provide a 5-level score on
the familiarity of the indicators and a 3-level score on the reasons for judgment (3 means
large impact, 2 means medium impact, and 1 means small impact) during consultation.
The aspects of evaluation include practical experience, logical reasoning, understanding of
international and domestic conditions, and intuition.

3.3. The Analytical Hierarchy Process

The AHP, first developed by Thomas L. Saaty in the 1980s, is one of the most widely
used multiple-criteria decision-making tools [49]. It provides a structured procedure for
assessing the importance of multiple criteria and assigning priorities to alternatives on
a predefined scale for the given alternatives [50]. In this technique, depending on the
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qualitative judgments of experts and users, the priorities of criteria could be established
through the pairwise comparison matrix [51]. The AHP method is the most commonly
used for multi-criteria weighting. For example, Yildiz et al. used the AHP method to
evoke experts’ perspectives regarding the relative importance of the criteria for GIS-based
offshore wind farm site selection [52]. Chen et al. used the AHP to generate the weights of
indicators for hazard, vulnerability, and restorability, and then established a multi-method
evaluation approach for urban flood risk assessment [53]. Inspired by these studies, the
same panel of 15 Delphi experts provide the pairwise comparisons for the AHP method
though the second round of questionnaires, and the AHP method is used to determine
the weights of the quality indicators for AIGDERSs in the following four steps during the
decision-making process.

Step 1: Create hierarchies. Decisions are broken down into a three-level hierarchical
structure model, which consists of the objective level, the criterion level, and the solution
level. The quality of AIGDERs is the objective level. Content characteristics, expression char-
acteristics, user characteristics, and technical characteristics comprise the criterion level.

Step 2: Establish priorities. The relative priorities are assigned by the participants
based on pairwise comparisons at each hierarchy level for each criterion compared with
the pairwise criterion. The participating experts are invited to construct a judgment matrix
by comparing the criteria pairwise using Saaty’s 1-9 scale method of importance degree
evaluation. Table 2 shows Saaty’s 1-9 scale of pairwise comparisons and the meaning. The
relevant importance of two criteria are determined by conducting pairwise comparisons,
as shown in Table 3.

Table 2. Saaty’s 1-9 scale of pairwise comparisons.

Scale Meaning

i factor is as important as j factor
i factor is moderately more important than j factor
i factor is strongly more important than j factor
i factor is very strongly more important than j factor
i factor is extremely more important than j factor
,4,6,8  The relative importance of i factor and j factor is between adjacent levels

N O N 01 Q=

Table 3. The pairwise comparison judgment matrix.

C1 G, ... Cn
G Ci/¢G Ci1/C Ci/Cn
G G /G G /G G /Cn
Cn Cn/Cy Cn/Co Cn/Cn

Note: C;/C; is just shorthand for the relative importance of C; to C;.

Step 3: Check the consistency. Amax represents the largest eigenvalue of the matrix A
and can be calculated as v (AW)
AW);

2

Y @

i=1

S| =

)\max =

where 7 is the matrix order, W is the eigenvector, and W; is the eigenvalue of criterion I.
Amax is employed as a critical validating parameter to quantify the consistency, which can

be calculated as
Amax — 1

Cl= n—1

)

where CI stands for consistency index.
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To assess the consistency of the response, Saaty created random matrices for various
matrix dimensions and calculated their random index (RI), which is a random index
determined by the number (1) of involved criteria, as shown in Table 4.

Table 4. Random index (RI) for different values of n.

n 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.52 0.89 1.11 1.25 1.35 14 1.45 1.49

The consistency ratio (CR) was calculated to assess the consistency of a pairwise
comparison matrix considering its random index (RI) and consistency index (CI), shown as

I

R=—
¢ RI

(4)
When CR < 0.1, the consistency of the judgment matrix is acceptable [54,55] unless
the judgment matrix needs to be revised until the consistency requirement is satisfied.
Step 4: Synthesize these priority values. Each priority value is multiplied by the
weight for that criterion, and they are aggregated to obtain a set of overall priorities for
each criterion in the hierarchy.

4. Results
4.1. The Initial Identified Quality Indicators

Using the SLR, Table 5 illustrates the four dimensions for coding and offers a descrip-
tion of the quality indicators coded within each dimension. Information is collected across
the four dimensions for coding: content characteristics, expression characteristics, user
characteristics, and technical characteristics. Specifically, content characteristics are derived
from a comprehensive review of the existing literature on high-quality educational content,
such as [56,57]. Expression characteristics are identified through research on the expression
of AIGC in educational settings, such as [58]. User characteristics are developed based
on user-centered design principles and research on how users interact with AIGC, such
as [31,59,60]. Technical characteristics are determined by considering the technological
requirements of modern educational tools, such as [17,61]. For each indicator in the four
dimensions, the frequency of its occurrence in the literature is counted. The codes are
ranked based on their frequency, providing a clear picture of the relative importance of
each theme. These codes are then used as input indicators for the Delphi and AHP methods
in the subsequent methodological steps.

Table 5. List of codes.

Dimension Specific Coding Content

Authenticity, accuracy, specifications, relevance, novelty,

Content characteristics . A
diversity, timeliness

Expression characteristics Legitimacy, knowledgeability, logicality, comprehensible
User characteristics Achievement, acquisition, compatibility, friendliness
Technical characteristics Conciseness, stability, human-analogy, security, big data

4.2. Analysis of the Delphi Survey

Through the first round of questionnaires from the selected experts, the expert consul-
tation results are analyzed based on the mean value. Those indicators with mean values
greater than 3 are retained. Moreover, the feedback from the experts regarding the refine-
ment of the evaluation criteria has been incorporated. The descriptions of some indicators
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have been revised, and and the newly proposed indicators put forward by the experts have
been integrated into the framework. The “diversity” indicator is excluded due to its concep-
tual overlap with other metrics and insufficient specificity for targeted evaluation. Similarly,
the “human-analogy” indicator is eliminated as it may not guarantee the fairness of the
quality judgment. To enhance terminological precision, the “knowledgeability” indicator is
revised to the “normativity” indicator to emphasize adherence to established standards,
while the “specifications” indicator is redefined as the “disciplinarity” indicator to clarify
alignment with domain-specific rigor. The “computation power” indicator is introduced
to evaluate generative Al’s functional efficiency in processing and synthesizing data. The
“experience feeling” indicator is incorporated to underscore the pedagogical significance
of evaluating learning processes alongside outcomes. According to Equation (1), the Cr
value representing the expert authority coefficient of the first round is between 0.7 and 1.0,
with an average value of 0.885. Consequently, a new set of twenty indicators have been
established based on the initial round of responses from a panel of selected experts through
a questionnaire survey. They are authenticity, accuracy, disciplinarity, relevance, novelty,
timeliness, legitimacy, normativity, logicality, comprehensible, achievement, acquisition,
compatibility, friendliness, experience feeling, conciseness, stability, security, computational
power, and big data.

In the second round of questionnaires, the revisions collected from the first round
are incorporated. Experts are consulted to evaluate the importance of the indicators with
Likert-scale questions. Based on the calculations, the Cr value of the second round varies
from 0.7 to 1.0, with the average being 0.85. Given that the Cr values for the two rounds
of questionnaires do not exceed 0.7, the results of the expert consultations have high
authority and credibility. Following two rounds of expert questionnaires, the evaluation
index system of AIGDERs has been established, including four first-level dimensions and
twenty second-level indicators.

4.3. Determination of the Weight for Identified Quality Factors Using AHP

The AHP method is used to determine the weights for the quality of AIGDERs.
Figure 2 shows the constructed hierarchical model used in this study.

| the Quality of AI-Generated Digital Educational Resources |

[ Content characteristics | | Expression characteristics|] |  User characteristics | [ Technical characteristics |
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Figure 2. The constructed hierarchical model used in this study.

Through pairwise comparisons of the criteria, a collection of preference relations are
constructed. The priority weights of alternatives are obtained by analyzing the given
comparison matrices. Taking the questionnaire results of expert 1 as an example, judgment
matrices of the evaluation indexes are shown in Tables 6-10. The questionnaire responses
from other experts have also been utilized to construct the similar judgement matrixes of
different indexes.
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Table 6. Judgment matrix of the first-level evaluation indexes.
Content Expression User Technical
Characteristics Characteristics Characteristics Characteristics
Content characteristics 1 3 2 3
Expression characteristics 1/3 1 1/2 1
User characteristics 1/2 2 1 2
Technical characteristics 1/3 1 1/2 1
Table 7. Judgment matrix of the second-level evaluation indexes in content characteristics.
Authenticity Accuracy Disciplinarity = Relevance Novelty Timeliness
Authenticity 1 1 5 3 3 4
Accuracy 1 1 5 3 3 4
Disciplinarity 1/5 1/5 1 1/3 1/3 1/2
Relevance 1/3 1/3 3 1 2 3
Novelty 1/3 1/3 3 1/2 1 1
Timeliness 1/4 1/4 2 1/3 1 1
Table 8. Judgment matrix of the second-level evaluation indexes in expression characteristics.
Legitimacy =~ Normativity = Logicality = Comprehensible
Legitimacy 1 2 1/3 1/2
Normativity 1/2 1 1/5 1/4
Logicality 3 5 1 2
Comprehensible 2 4 1/2 1
Table 9. Judgment matrix of the second-level evaluation indexes in user characteristics.
Achievement Acquisition Compatibility Friendliness Experience Feeling
Achievement 1 3 5 2 2
Acquisition 1/3 1 2 1 3
Compeatibility 1/5 1/2 1 1/3 1/2
Friendliness 1/2 1 3 1 1
Experience feeling 1/2 1/3 2 1 1

Table 10. Judgment matrix of the second-level evaluation indexes in technical characteristics.

Conciseness Stability Security Computational Power Big Data
Conciseness 1 3 2 5 3
Stability 1/3 1 2 4 3
Security 1/2 1/2 1 3 2
Computational power 1/5 1/4 1/3 1 1/2
Big data 1/3 1/3 1/2 2 1

The consistency results of the five mathematical judgment matrices are 0.0039, 0.0248,
0.0079, 0.0495, and 0.0352, respectively. Since all these values are below the threshold of
0.10, the matrices are considered to be consistent. Similarly, the consistency of the judgment
matrices derived from the questionnaire results of other experts has also been verified.
After synthesizing these priority values, the quality evaluation index system of AIGDERs
is shown in Table 11.
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Table 11. The quality evaluation index system of AIGDERs.

First-Level Indicator

First-Level Weight Second-Level Indicator Second-Level Weight =~ Rank

Authenticity 0.1851 1
Accuracy 0.1070 2
- Disciplinarity 0.0529 8
Content characteristics 0.503 Relevance 0.0672 4
Novelty 0.0347 12
Timeliness 0.0560 6
Legitimacy 0.1040 3
. - Normativity 0.0411 11
Expression characteristics 0.251 Logicality 0.0506 9
Comprehensible 0.0554 7
Achievement 0.0566 5
Acquisition 0.0286 13
User characteristics 0.137 Compatibility 0.0151 19
Friendliness 0.0179 16
Experience feeling 0.0187 14
Conciseness 0.0455 10
Stability 0.0181 15
Technical characteristics 0.109 Security 0.0157 17
Computational power 0.0142 20
Big data 0.0154 18

5. Discussion and Implications
5.1. Discussion

The proposed method simplifies the complex problem of evaluating the AIGDER
quality into simple dimensions and various indicators. The evaluation index system
includes four dimensions (content, expression, and user and technical characteristics) and
contains a total of twenty indicators. The weights for the four dimensions and the various
indicators are illustrated in Figures 3 and 4.

Content characteristics I 0.503
Expression characteristics N (.25
User characteristics NN 0.137
Technical characteristics I 0.109

0.00 0.10 0.20 0.30 0.40 0.50 0.60

Figure 3. Analysis of the weights for the four evaluation dimensions.

Content characteristics have the highest weight, with the value being 0.503, indicating
their great importance to the quality of AIGDERs. This finding aligns with the prevailing
viewpoint that content plays a vital role in the application of AIGDERs within higher-
education institutions [13]. Among all the indicators, the panel of experts assigns the top
ranks to “authenticity” (Rank 1) and “accuracy” (Rank 2). The sum of their weights is
0.282, which occupies a considerable part. AIGDERs have posed challenges regarding the
authenticity and accuracy of information in the era of digital information explosion [62].
Distorted information has appeared within artificial intelligence systems and has been a
topic of significant interest [17]. Therefore, authenticity and accuracy are very important
considerations. Although “novelty” (Rank 6) is considered as the least important indicator
within the content characteristics, it is also essential to ensure that the content is appealing
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and offers a fresh perspective. Other notable indicators include “relevance” (Rank 3),
“timeliness” (Rank 4), and “disciplinarity” (Rank 5).

Content characteristics

Authenticity 0.1851
Accuracy 0.1070
Disciplinarity 0.0529
Relevance 0.0672
Novelty 0.0347
Timeliness 0.0560

Expression characteristics
Legitimacy 0.1040
Normativity —m— ().04] ]
Logicality m—— (0506
Comprehensible m———— ().0554

User characteristics

Achievement 0.0566
Acquisition 0.0286
Compatibility 0.0151
Friendliness 0.0179
Experience feeling 0.0187
Technical characteristics
Conciseness 0.0455
Stability 0.0181
Security 0.0157
Computational power 0.0142
Big data 0.0154
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

Figure 4. Analysis of the weights for the twenty evaluation indicators.

Expression characteristics are assigned the weight of 0.257 and placed second to
content characteristics. Expression characteristics refer to the expression of AIGDERs in
language and form. AIGDERs adapt to rapidly changing expression through achieving
efficient processing and automatically extracting information [63]. “Legitimacy” (Rank 1) is
the most influential factor in expression characteristics. It indicates that AIGDERs demon-
strate respect for the diverse values and beliefs of stakeholders, maintain impartiality in
their operations, and ensure equitable treatment of opposing viewpoints and interests [64].
Furthermore, “comprehensible” (Rank 2) demonstrates significant importance as AIGDERs
should be easily comprehensible by users with varying literacy levels [65]. “Logicality”
(Rank 3) means that AIGDERs are supposed to demonstrate self-organizing and deduc-
tive logical reasoning skills. In particular, when encountering certain highly specialized
problems, expression logic is of great concern [59]. Other noteworthy indicators include
“normativity” (Rank 4).

The weight assigned to user characteristics is 0.137, which is marginally higher than
that of technical characteristics. The primary purpose of AIGDERs is to meet users’ re-
quirements and sequentially to improve the learning outcome and learning quality. For
educators, effective interaction with Al is crucial as it enhances efficiency and produces
the most relevant information [66]. For students, these AIGDERSs can transform obscure
concepts into more concrete and comprehensible forms, which significantly enhances
students” understanding of content and classroom engagement [67]. In this dimension,
the panel acknowledges the paramount importance of “achievement” (Rank 1) as a key
indicator of users’ aspects. Achievement denotes the extent to which a learner has attained
or accomplished the short- or long-term educational goals. Another important indicator is
“acquisition” (Rank 2), which indicates whether access is convenient. “Experience feeling”
(Rank 3) is considered to be important as AIGDERs have the advantages of personalized
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learning, efficiency improvement, and time-saving, which can enhance learning experiences
for both students and teachers [61]. Furthermore, “friendliness” (Rank 4) is identified as a
significant influencing indicator. As researched by Maheshwari, users’ inclination to adopt
Al-generated content is influenced by their perception of its user-friendliness [60]. Al-
though compatibility positively influences the adoption intention of Al-generated content
[68], it is worth noting that “compatibility” (Rank 5) is considered to be the least influential
factor in user characteristics.

Technical characteristics have the lowest weight of 0.109, but they cannot be ignored
in AIGDERs’ application. It is also evident from the previous study that university teach-
ers acknowledge technical aspects when effectively leveraging AIGC tools [61], and the
technical efficiency of AIGDERs in education has been extensively researched and em-
phasized [69,70]. Among the indicators in technical characteristics, experts emphasize the
significance of “conciseness” (Rank 1) in improving the quality of AIGDERs. “Conciseness”
represents the user-friendly and intuitive nature of the AIGC interactive interface and is
a criterion for readability [71]. Other important indicators are “stability” (Rank 2) and
“security” (Rank 3). AIGDERs rely on complex algorithms and models, and this raises
concerns about the stability of AIGC technology [72]. Meanwhile, the current AIGC tools
come in both online and locally deployed versions, and the computational and genera-
tive processes are often viewed as black boxes, leading to concerns about the security of
AIGDERs [73]. “Big data” (Rank 4) and “computational power” (Rank 5) are afforded the
lowest importance. “Big data” does not only refer to a large amount of data but, more im-
portantly, contains multiple types of data that require processing and analysis via complex
algorithms [74]. Based on the above data and the user’s behavioral information, generative
Al can continuously enhance the quality of the generated content. “Computational power”
is crucial to support the large-scale deployment of AIGC technology in education [75,76].
Especially in the case of high concurrency and high traffic, computing power can ensure
that the AIGC platforms respond to user requests in time and provide high-quality services.

Previous studies had a more general focus on digital educational resources. For exam-
ple, Atenas and Havemann evaluated the effectiveness of repositories for open educational
resources (ROER) regarding the following 10 quality indicators: featured resources, user
evaluation tools, peer review, authorship of the resources, keywords of the resources, use of
standardized metadata, multilingualism of the repositories, inclusion of social media tools,
specification of the creative commons license, and availability of the source code or original
files [77]. Mhouti et al. presented the four dimensions of digital learning resource quality—
academic quality, pedagogical quality, didactic quality, and technical quality—and de-
scribed how each dimension could be interpreted to evaluate digital learning resources [78].
In contrast, this study specifically targets Al-generated digital educational resources. This
specificity enables exploring the unique characteristics and challenges associated with
resources created by artificial intelligence, such as the influence of Al algorithms on content
quality and user—Al interaction aspects. The proposed evaluation framework presents the
final set of overall priorities for alternative indicators, thus helping stakeholders to make
decisions. For example, it can help educators and educational institutions to select the
best-quality resources. If a particular AIGDER has high overall priority values based on
the AHP analysis, it is more likely to be a high-quality resource and a better choice for use
in university teaching and learning.

5.2. Managerial Implications

The theoretical implications of this study are multifaceted. Firstly, this paper provides
a comprehensive framework for assessing the quality of AIGDERs and enriches educational
evaluation theory. The quality evaluation index system includes four dimensions (content,
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expression, and user and technical characteristics) and twenty indicators, contributing to
the literature by simplifying the complex problem of quality evaluation into manageable
dimensions. This is a response to researchers’ calls that educators should critically evaluate
any Al-generated content and adapt it to their specific teaching contexts [79]. Secondly, the
study’s findings highlight the importance of content characteristics as the most significant
factor in the quality assessment of AIGDERs. This aligns with the growing recognition
among scholars that content is central to effective learning [80].

On the practical side, the evaluation index system established in this study offers
educators and educational technologists an instrument to assess and select high-quality
AIGDERSs for university teaching and learning. Recognizing the relative importance of
each dimension and indicator, educators are empowered to make informed decisions about
which resources are more likely to enhance teaching quality and learning outcomes. More-
over, the insights from our Delphi survey and the AHP analysis can guide the development
of Al algorithms to better align with educational standards and users’ needs. For instance,
the emphasis on user characteristics suggests that Al tools should be designed not only for
effectiveness but also for user-friendliness, promoting a positive learning experience. The
study’s findings have implications for educational policy as well. Policymakers can use
the evaluation index system to develop guidelines for the integration of AIGDERs, which
leads to more effective use of technology in education and helps to bridge the gap between
traditional teaching methods and innovative technological advancements.

6. Conclusions and Future Study

The increasing incorporation of AIGDERs within university settings has become a
notable trend. Concurrently, this development has sparked concerns regarding the quality
of AIGDERs. To ensure the utilization of high-quality AIGDERSs, this paper developed
a comprehensive evaluation framework for AIGDERs by combining the Delphi method
and the AHP. A systematic literature review of the recent literature on AIGDERs was
conducted to identify criterion-level indicators, encompassing the dimensions of content,
expression, and user and technical characteristics. Then, two rounds of questionnaires
were sent to a panel of knowledgeable experts to confirm the rationality of each indicator
using the Delphi method. Subsequently, the weights for the identified quality indicators
were determined through the AHP, and the evaluation index system including four di-
mensions and twenty indicators was obtained. The findings underscored the paramount
importance of content characteristics in the quality assessment of AIGDERs. Moreover,
expression characteristics were considered to be the second most important factor, and
the importance of user and technical characteristics was properly recognized. Among the
second-level indicators, the experts regarded “authenticity”, “accuracy”, “legitimacy”, and
“relevance” more important than other indicators. The proposed system provided relevant
stakeholders with a framework to select high-quality AIGDERs and guide Al tools towards
educational standards.

However, this study has two main limitations. Firstly, the quality evaluation indicators
of AIGDERs may not be comprehensive enough. This study employed the Delphi method
and the AHP to construct the evaluation index system, which included four first-level
dimensions and twenty second-level indicators. However, these methodologies are heavily
dependent on the subjective assessments of experts, potentially resulting in unstable and
biased results. In future research, multiple samples will be used and the number of partici-
pants will be increased to provide diverse inputs to the study. It will incorporate a broader
range of professionals, including educators from different educational levels, instructional
designers with varying specializations, and Al researchers with a focus on educational
applications. Secondly, the quality evaluation index system of AIGDERs proposed in
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this study has not yet been tested for reliability, validity, and empirical application. In
future research, to make the evaluation index system more convincing, different levels of
universities and various types of courses will be selected for empirical analysis. Thirdly,
as large-group decision-making methods have been applied to solve complex decision-
making problems [81], incorporating these methods is considered in future research. For
example, large-group decision-making methods could be applied to the weighting process
of different factors in our evaluation model.

The proposed evaluation framework is a starting point aimed at evaluating AIGDERs.
Future research will conduct case-specific applications to test and verify the validity of
the framework. In the short term, a pilot test of the framework will be carried out in a
select few educational institutions. Then, the implementation will be expanded to a larger
scale. In the long term, the framework will be continuously refined and updated based on
feedback from the field.
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