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Abstract

In light of the rapid adoption of text-to-image (T2I) tools in higher education, this study
develops a stimulus—organism-response (S-O-R) model to explain the sustainable and re-
sponsible use intentions of text-to-image generative Al tools in higher education. Focusing
on both university students and faculty, the model conceptualizes perceptions of ease of
use, information quality, and ethical awareness as external stimuli; technology- and eth-
ics-related anxiety as internal emotional states; and algorithmic trust, perceived risk, and
sustainable use intention as behavioral evaluations and responses. Grounded in the Stim-
ulus-Organism—-Response (S-O-R) framework, we integrate the Technology Acceptance
Model (TAM), Technology Threat Avoidance Theory (TTAT), and the DeLone-McLean
(D&M) model to propose a layered mechanism, with personal innovativeness serving as
a moderator. Utilizing 807 valid survey responses, we employed structural equation mod-
eling and fuzzy-set qualitative comparative analysis. The results reveal that (1) the overall
chain is supported: perceived ease of use, information quality, and ethical awareness pri-
marily influence sustainable use intention indirectly through anxiety, trust, and risk; (2)
although higher usability and quality do not alleviate anxiety, they coexist within a com-
plex pattern of trust amid anxiety; and (3) high levels of personal innovativeness diminish
the linear effects of trust and risk on intention. Configurational evidence further indicates
multiple pathways leading to high sustainable intention, whereas low intention is typi-
cally characterized by uniformly low perceptions, emotions, evaluations, and innovative-
ness. By framing sustainable adoption through a coupled trust-risk-anxiety lens, this
study extends the understanding of generative Al use in education and offers actionable
implications for promoting responsible and sustainable practices in universities.

Keywords: generative artificial intelligence; text-to-image (T2I) tools; sustainable use
intention; higher education

1. Introduction

The rapid advancement of generative artificial intelligence is transforming higher
education, particularly in image-intensive fields such as art and design. Text-to-image
(T2I) systems significantly reduce the time required to move from ideation to visual
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realization and are now widely used for coursework and instructional demonstrations.
However, their integration into classrooms has raised growing concerns regarding pri-
vacy breaches, copyright ownership, and the authenticity of generated images. Policy
frameworks—including UNESCO guidelines and the EU Artificial Intelligence Act—
stress that the educational use of Al must adhere to principles of fairness, transparency,
and accountability. Together, these developments suggest that instrumental benefits are
no longer sufficient to explain why students and instructors continue to rely on T2I tools
amid increasing ethical and regulatory scrutiny.

In the existing literature on Al-enabled educational technologies, much of the re-
search is grounded in the Technology Acceptance Model (TAM) or the Unified Theory of
Acceptance and Use of Technology (UTAUT), primarily concentrating on the initial deci-
sion to adopt these technologies. For instance, Scherer and colleagues employed meta-
analytic structural equation modeling to demonstrate that perceived ease of use (PEOU)
fosters teachers” adoption of digital technologies primarily by enhancing perceived use-
fulness (PU) [1]. Alturki and Aldraiweesh extended the Technology Acceptance Model
(TAM) by incorporating information quality and task-technology fit to clarify the factors
influencing graduate students” adoption of Google Meet [2]. However, this line of research
often remains confined to a binary perspective of “adopt versus not adopt” and rarely
integrates algorithmic trust, perceived risk, and ethics-related concerns within a unified
theoretical framework. Consequently, it offers limited explanatory power regarding how
users navigate the trust-risk trade-off as they transition from initial adoption to sustained
use.

In pedagogical applications of text-to-image (T2I) tools, Iranmanesh has highlighted
concerns related to creativity and risks to authenticity in architectural design education
[3], whereas Vartiainen focused on copyright issues and the construction of classroom
rules and norms [4]. Other studies in vocational and higher art education similarly high-
light a dual reality: T2I tools can significantly enhance the efficiency of concept exploration
and iterative design; however, they also raise important concerns regarding data bias and
the limited control over the generated outputs [2,5,6]. In parallel, research on Al ethics
and anxiety suggests that stronger Al-related ethical awareness heightens students’ sen-
sitivity to issues such as fairness, privacy, and plagiarism [7]. Ethics-related anxiety and
perceived ethical risks have often been found to suppress university students’ intentions
to use generative Al [8]. Teachers” anxiety related to Al has also been identified as a sig-
nificant barrier to its adoption and use [9,10]. However, some evidence suggests that mod-
erate concern may actually promote more cautious and norm-compliant behavior [11,12].
Collectively, these strands of research illuminate specific facets of text-to-image (T2I) use,
including performance improvements, ethical concerns, and emotional experiences. How-
ever, they have yet to develop a unified framework that explains how external perceptions
influence sustainable usage intentions toward T2I tools, particularly through the lenses of
anxiety, trust formation, and risk appraisal.

Given the multifaceted determinants of technology-related behavior, a single theo-
retical perspective is often insufficient. Accordingly, this study adopts a multi-theory in-
tegration approach by embedding the Technology Acceptance Model (TAM), Technology
Threat Avoidance Theory (TTAT), and the DeLone-McLean Information Systems Success
Model (D&M) within a unified Stimulus-Organism—Response (5-O-R) framework.
Within this framework, TAM captures the cognitive entry point of “how easy the tool is
to use,” thereby providing a foundational explanation for why users are inclined to en-
gage with the system.

TTAT, in turn, focuses on individuals’ threat appraisal and coping appraisal pro-
cesses when they perceive potential information technology threats [13,14]. This clarifies
the reasons behind users’ concerns and their motivation to discontinue use. Furthermore,
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the D&M model emphasizes the critical role of information quality in influencing user
satisfaction and continued use, thereby addressing the perceived reliability of the gener-
ated content [15,16]. Building on this integration, we propose a layered model encompass-
ing “perception-emotion—-evaluation—intention” (PEEI). In this model, perceived ease of
use (PEOU), information quality (IQ), and ethical awareness (EA) are conceptualized as
stimuli. Technology anxiety (TA) and ethics-related anxiety (EA2) are regarded as affective
responses. Algorithmic trust (AT) and perceived risk (PR) are framed as evaluative out-
comes, while sustainable use intention (SUI) represents the behavioral response. Addi-
tionally, personal innovativeness (PI) is introduced as a boundary condition. Guided by
this framework, we articulate the following research questions:

RQ1: In text-to-image (T21) supported instructional contexts, does the proposed perception—emo-
tion—evaluation—intention pathway hold true?

RQ2: What distinct mediating roles do technology anxiety (TA) and ethics-related anxiety (EAz2)
play within this mechanism?

RQ3: How does personal innovativeness (PI) moderate the relationships among algorithmic trust
(AT), perceived risk (PR), and sustainable use intention (SUI)?

RQ4: From a configurational perspective, which combinations of perceptual, affective, evaluative,
and innovativeness-related conditions lead to higher versus lower levels of SUI?

To address these questions, we analyze survey data from university instructors and
students using a complementary SEM—fsQCA approach. Structural equation modeling is
employed to test net effects and identify mediation and moderation pathways. Mean-
while, fuzzy-set qualitative comparative analysis reveals multiple equifinal configura-
tions that lead to high versus low SUI This dual-analytic approach not only enhances
theoretical understanding of the perception-emotion—evaluation—intention mechanism
within generative Al contexts but also provides empirical guidance for universities aim-
ing to develop governance and pedagogical strategies that promote the compliant, re-
sponsible, and sustainable use of T2I tools.

2. Literature Review, Integrated Theoretical Model, and Hypothesis
Development

2.1. Current Applications and Challenges of Generative Al Images in Education

Text-to-image (T2I) generative Al tools are revolutionizing design education in
higher education by significantly shortening creative cycles and improving exploratory
efficiency [17,18]. At the same time, they introduce significant risks, including copyright
disputes, data bias, and limited control over outputs [6,19]. The coexistence of and that
the traditional usefulness—ease-of-use framework is insufficient to explain how both stu-
dents and instructors manage trade-offs and sustain their intention to use over time.

Two notable limitations are evident in the current literature. First, many studies pri-
marily utilize the Technology Acceptance Model (TAM) or the Unified Theory of Ac-
ceptance and Use of Technology (UTAUT) to elucidate initial adoption. While these
frameworks emphasize approach-oriented motives, they often neglect the role of avoid-
ance psychology in the context of risk [1,2]. Second, although some studies consider infor-
mation quality or security-related risks, Researchers often treat quality, affect, and trust
as separate constructs. Consequently, there is limited empirical evidence supporting an
integrated pathway that links quality perceptions to affective responses, trust, and risk
appraisals. Existing models rarely capture the distinctive anxiety associated with image
generation. To address these gaps, we adopt a dual-motive avoidance perspective and
develop a complementary framework that integrates the Technology Acceptance Model
(TAM), the DeLone-McLean (D&M) model, and the Technology Threat Avoidance
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Theory (TTAT). The TAM, which focuses on ease of use, captures the cognitive entry
threshold; the D&M model, emphasizing information quality, serves as a benchmark for
trustworthiness; and the TTAT, addressing technology anxiety, represents defensive cop-
ing mechanisms. Building upon a layered framework of “perception-emotion—-evalua-
tion—intention,” we define algorithmic trust (AT) and perceived risk (PR) as parallel me-
diators and introduce personal innovativeness (PI) as a moderating factor [20]. Utilizing
a combined SEM—fsQCA approach, this study aims to elucidate the role of external per-
ceptions in driving SUI through anxiety and evaluative mechanisms. Additionally, it
seeks to identify the configurations of conditions that promote responsible use among
students and instructors in higher education.

2.2. Embedded Theoretical Foundation
2.2.1. Technology Acceptance Model (TAM)

The Technology Acceptance Model (TAM), proposed by Davis, posits that perceived
ease of use (PEOU) is a central determinant of users’ technology adoption and actual us-
age. In the realm of educational technology research, Scherer and colleagues further argue
that PEOU serves as a crucial link between users’ attitudes and their behavioral intentions
[1]. Across various contexts, including general Information and Communication Technol-
ogy (ICT) and immersive Virtual/Augmented Reality (VR/AR) learning environments,
substantial evidence supports the strong pathway from Perceived Ease of Use (PEOU) to
intention, and subsequently to actual use [21,22]. However, in rapidly evolving and com-
plex contexts such as T2I tools, the TAM alone may not adequately capture contextual
influences and individual differences. Consequently, researchers often extend the model
with complementary constructs to enhance its explanatory power [23].

2.2.2. Technology Threat Avoidance Theory (TTAT)

The Technology Threat Avoidance Theory (TTAT), introduced by Liang and Xue,
elucidates the manner in which individuals react to IT-related threats through a dual ap-
praisal process comprising threat appraisal and coping appraisal. When individuals per-
ceive a threat as challenging to manage, they may transition from problem-focused coping
strategies to more emotion-focused responses [24]. In the context of generative Al, prior
research indicates that perceived threats can significantly reduce the intention to use these
technologies. Conversely, effective avoidance or mitigation strategies can not only sustain
but also enhance continued usage [14]. In this study, we operationalize threat appraisal as
perceived risk (PR) and treat algorithmic trust (AT) as an indicator of perceived control-
lability. Additionally, we conceptualize technology anxiety and ethics-related anxiety
(TA/EA>) as affective responses that emerge under conditions of high threat. We examine
how these anxieties influence sustainable use intention (SUI) through the parallel path-
ways of AT and PR.

2.2.3. DeLone and McLean (D&M) Information Systems Success Model

The DeLone and McLean (D&M) model posits that information quality, system qual-
ity, and service quality are fundamental drivers of user satisfaction and the intention to
use [25,26]. In educational contexts, information quality (IQ)—commonly defined by ac-
curacy, relevance, and completeness—has consistently shown a strong correlation with
user satisfaction and the likelihood of continued use [16,27,28]. In the high-salience T2I
context, we consider IQ to be a crucial exogenous driver. On one hand, higher-quality
outputs enhance perceptions of the usability of the results [29]; On the other hand, IQ
constitutes a core input to trust and risk appraisals and —together with PEOU —jointly
shapes downstream constructs [5,6].
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2.2.4. Integrated Structure: Embedding Three Theories Within an S-O-R Framework

From a broad theoretical perspective, this study adopts the Stimulus—Organism—Re-
sponse (5S-O-R) framework (Figure 1). The S-O-R model posits that environmental stim-
uli (S) first influence individuals’ internal cognitive and affective states (O), which subse-
quently trigger behavioral responses (R). The S-O-R framework explains how external
factors shape behavior through internal cognitive and emotional processes [30,31]. In this
study, perceived ease of use (PEOU), information quality (IQ), and ethical awareness (EA)
serve as external stimuli—signals that influence learners’ attention, cognitive effort, and
initial appraisal of system reliability and legitimacy. Research has shown that usability
and information quality are key drivers of learning engagement and downstream emo-
tional responses [32-34]. The organism stage captures how learners process these cues
through perceptions and emotions. Technology anxiety (TA) and ethics-related anxiety
(EA2) reflect affective reactions to uncertainty, loss of control, and ethical ambiguity, while
algorithmic trust (AT) and perceived risk (PR) represent higher-level evaluations of relia-
bility and risk [35-37]. At the response level, sustainable use intention (SUI) refers not
only to continued use but also to doing so responsibly and in compliance with norms,
aligned with educational and ethical standards [4,37]. Importantly, the S-O-R framework
in this study is conceptually aligned with the core principles of cognitive learning theory,
particularly constructivism and its emphasis on active knowledge construction. Learning
with generative Al is not a passive process; rather, students engage in iterative cycles of
exploration, critical evaluation, and meaning-making as they generate, analyze, and refine
visual outputs [38,39]. Within the organism layer, internal states encompass not only emo-
tional responses but also cognitive engagement and reflective judgment. Thus, the S-O-R
model is well-suited to explain how external cues (e.g., usability, information quality, eth-
ical awareness) capture attention, trigger cognitive appraisal, and activate deeper pro-
cesses of self-regulation and critical thinking [33,40]. By linking the S-O-R model with
cognitive learning theory, the present framework explains how the interaction between
external stimuli and internal processing promotes sustainable and responsible behaviors,
supporting not only the intention to use but also the quality and normative aspects of Al-
driven educational practices.

Critically, the S-O-R model also accounts for individual differences: personal inno-
vativeness (PI) influences how users interpret stimuli and manage uncertainty, thereby
modifying the effects of trust and risk on SUI [37,41].

This framework has been widely applied to technology use and user behavior in dig-
ital environments. In our model, Perceived Ease of Use (PEOU), Information Quality (IQ),
and Ethical Awareness (EA) collectively constitute the stimulus layer. PEOU, derived
from the Technology Acceptance Model (TAM), captures perceived entry barriers related
to operational convenience; IQ, based on the DeLone and McLean model (D&M), reflects
perceptions of the accuracy and completeness of generated outputs; and EA, informed by
the Technology Threat Avoidance Theory (TTAT), represents context-sensitive awareness
of ethical issues such as privacy, copyright, and academic norms. Technology Anxiety
(TA) and Ethics-related Anxiety (EAz2) comprise the organism layer, capturing anxiety re-
sponses to technological uncertainty and ethical risks, respectively. Algorithmic trust (AT)
and perceived risk (PR) represent evaluative assessments of system controllability and
potential negative consequences. At the response level, sustainable use intention (SUI)
signifies the intention to continuously and normatively utilize Al image-generation tools.
Conceptually, the Technology Acceptance Model (TAM) (blue region) delineates the pri-
mary perception-intention pathway, while the Threat, Emotion, and Evaluation Theory
(TTAT) (magenta region) articulates a defensive channel involving threat, emotion, and
evaluation. Additionally, the DeLone and McLean Model (D&M) (yellow region) pro-
vides upstream indicators related to content credibility through information quality.
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Personal innovativeness (PI) is introduced as a moderating variable to capture individual
differences in the strength of evaluations that translate into intention. This integrated
framework establishes a clear theoretical division of labor and a coherent foundation for
the subsequent joint analysis using Structural Equation Modeling (SEM) and fuzzy set
Qualitative Comparative Analysis (fsQCA).

I
I S

I

I

5

I = PEOU

I

I

I IQ

I

I

| :| EA

E
e ——

Figure 1. Integrated theoretical framework embedding TAM, TTAT, and the DeLone-McLean

(D&M) model, illustrating the functional roles of each construct.

2.3. Model and Hypotheses

In the Technology Acceptance Model (TAM), perceived ease of use (PEOU) is defined
as the extent to which an individual anticipates that utilizing a system or tool will require
minimal effort. This concept reflects a subjective assessment of the system’s usability, in-
dicating that it can be employed with little difficulty or exertion [42,43]. In educational
technology settings, perceived ease of use (PEOU) is often demonstrated through tangible
usability cues, such as a user-friendly interface, an intuitive learning curve, and clearly
articulated operational steps [44]. Prior research in educational technology has consist-
ently demonstrated that Perceived Ease of Use (PEOU) significantly influences users’ at-
titudes, which subsequently affect their behavioral intentions. This finding indicates that
reducing perceived barriers to usage is a crucial factor in facilitating initial adoption and
promoting sustained engagement [22,23]. Evidence regarding emotion-related inhibitory
effects indicates a significant negative association between technology anxiety and per-
ceived ease of use (PEOU); higher levels of anxiety tend to reduce users’ perceptions of a
system’s usability [45,46]; Conversely, improving ease of use may, in practice, indirectly
alleviate technology anxiety [21,47]. In extended TAM research that incorporates trust,
scholars generally argue that systems that are easier to learn and whose errors are more
predictable are more likely to foster algorithmic trust (AT) [48]. In our context, PEOU can
be further specified as the extent to which prompts are learnable, parameters are control-
lable, and outputs are perceived as predictable [49]. Classroom-based action research in-
dicates that an prompting and human-AlI collaboration workflow can significantly reduce
cognitive load and enhance perceived process controllability [50]. In TTAT-informed set-
tings, it is generally assumed that when users perceive a generative tool as controllable
and easy to use, their threat appraisals decrease while their acceptance intentions increase.
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However, emerging evidence suggests that improvements in ease of use alone may not be
sufficient. When the quality of information and source transparency are inadequate, com-
bined with a lack of evaluative evidence, perceived risk and anxiety can rebound, offset-
ting the otherwise positive effects of ease of use [6]. Accordingly, we propose the follow-
ing hypotheses:

H1. Perceived ease of use (PEOU) positively influences algorithmic trust (AT) (PEOU — AT, +).
H2. Perceived ease of use (PEOU) negatively influences technology anxiety (TA) (PEOU — TA, -).
H3. Perceived ease of use (PEOU) positively influences ethics-related anxiety (EA2) (PEOU — EAs, +).

Information quality (IQ) is a fundamental construct within the DeLone-McLean
(D&M) Information Systems Success Model. It generally refers to the completeness, accu-
racy, relevance, timeliness, and understandability of a system’s outputs, emphasizing the
trustworthiness, sufficiency, and usability of the content produced for practical applica-
tions [15,51,52]. In this study, information quality (IQ) refers to learners” overall percep-
tions of the outputs produced by translation tools and the related disclosed information.
Research on information services in higher education shows that information quality is a
strong predictor of satisfaction and behavioral intention, exhibiting a robust positive cor-
relation with both initial use and continued use [28,53,54]. In educational settings, the
adoption and continued use of technologies are often facilitated by enhancing perceived
trustworthiness and usefulness. For example, studies examining university students’ use
of ChatGPT (OpenAl, San Francisco, CA, USA) show that information quality, credibility,
and satisfaction significantly reduce perceived risk and increase the intention to use the
technology. These findings also inform governance discussions related to academic integ-
rity [55-57]. In T2I-enabled teaching, research in design and craft education generally in-
dicates that stable algorithmic trust and sustained usage occur only when the generated
outputs closely align with learners” intentions and maintain consistent details [58]. Con-
versely, unstable quality and opaque provenance can amplify uncertainty, heighten tech-
nology anxiety, and impede classroom integration [18]. Synthesizing this evidence, we
propose the following hypotheses:

H4. Information quality (IQ) positively influences algorithmic trust (AT) (1Q — AT, +).

H5. Information quality (IQ) negatively influences technology anxiety (TA) (IQ — TA, -).
H6. Information quality (IQ) positively influences ethics-related anxiety (EA2) (IQ — EAz, +).
H7. Information quality (IQ) negatively influences perceived risk (PR) (IQ — PR, -).

Ethical awareness (EA) refers to an individual’s ability to recognize and understand
the ethical issues related to the use of artificial intelligence (Al). This includes an appreci-
ation of and concern for principles such as fairness, transparency, privacy, accountability,
and academic integrity [7,59,60]. In this study, EA measures learners’ sensitivity to ethical
issues that arise when text-to-image (T2I) tools are used in educational settings, particu-
larly concerning copyright, fairness, and privacy [61]. In higher education, academic in-
tegrity and ethical awareness are consistently recognized as fundamental components of
responsible Al use. Previous research in university settings indicates that increased ethical
awareness enhances students’ attention to issues such as copyright, privacy, and bias. This
heightened awareness subsequently amplifies the salience of threat cues, increasing the
likelihood of experiencing tension and concern related to technology use, commonly
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referred to as technology anxiety (TA) [62,63]. Most studies conceptualize Ethical Aware-
ness (EA) as a cognitive process occurring during the initial “recognition” phase. As EA
increases, individuals are more likely to evaluate ethical threats more rigorously during
the subsequent “judgment” stage, which, in turn, elevates their perception of risk (PR)
[64]. Accordingly, we propose the following hypotheses:

H8. Ethical awareness (EA) positively influences perceived risk (PR) (EA — PR, +).

HO. Ethical awareness (EA) positively influences ethics-related anxiety (EA2) (EA — EAz, +).
H10. Ethical awareness (EA) positively influences technology anxiety (TA) (EA — TA, +).
H11. Ethical awareness (EA) positively influences algorithmic trust (AT) (EA — AT, +).

The Technology Acceptance Theory (TAT) posits that when individuals face poten-
tial information technology (IT) threats, they first undergo a process of threat appraisal,
followed by coping appraisal. These evaluations collectively generate motivational
tendencies that either encourage individuals to avoid the technology or continue using it
[14,24,65]. In this study, technology anxiety (TA) is defined as the tension and apprehen-
sion students experience when using or anticipating the use of T2I tools, arising from un-
certainties about the system and its generated outputs. This anxiety is not solely due to
operational difficulties; rather, it reflects subjective concerns about the system’s reliability
and the controllability of the process. These concerns can reduce perceived controllability,
which in turn affects both algorithmic trust and perceptions of risk [47,48]. Consistent with
the perspective articulated by Jinlei Li and colleagues, higher technological anxiety (TA)
tends to undermine positive evaluations of a system’s capability and controllability. This,
in turn, reduces algorithmic trust (AT) and increases perceived risk (PR) [48]. Similarly,
the TTAT-based evidence presented by Chenhui Liu and colleagues indicates that in-
creased perceptions of threat and uncertainty lead to heightened avoidance tendencies
and intensified negative evaluations [14]. To extend the Technology Acceptance Theory
(TTAT), we introduce a new construct called ethics-related anxiety (EA2). This construct
is defined as the moral unease and anxiety concerning the potential ethical implications
of Text-to-Image (T2I) technology use. These implications include issues related to copy-
right attribution, training data provenance and privacy, bias, representational fairness,
and academic integrity. EAz effectively captures the emotional tension experienced during
specific usage episodes [63,64]. Prior studies employing structural equation modeling
(SEM) with university samples indicate that ethical awareness (EA) increases perceived
ethical risk (PR). Furthermore, higher levels of PR subsequently elicit stronger ethics-re-
lated anxiety (EA2) and suppress behavioral intentions, consistent with Threat Appraisal
Theory (TTAT), which posits a sequence of threat appraisal leading to affective responses
that subsequently influence behavioral tendencies [7,14,64]. In generative Al educational
settings, Zhu and colleagues introduced the constructs of “Al ethics anxiety” (AIEA) and
“perceived ethical risk” (PER), finding that both significantly inhibit behavioral intention
and actual use. They further suggested that perceived risk may indirectly reduce use
through ethics anxiety, providing path-level evidence supporting the sequence PR —
AIEA — reduced use [64]. Empirical evidence from higher education populations simi-
larly identifies as a significant barrier to readiness and adoption intention. This supports
a proximal mechanism whereby risk-triggered anxiety leads to reduced adoption and con-
tinuance tendencies [66,67]. However, the relationship between affective factors and the
intention to use sustainably remains debated, with empirical findings varying across dif-
ferent technologies and contexts. Therefore, it is necessary to re-examine these pathways
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specifically within T2I-enabled educational settings. Accordingly, we propose the follow-
ing testable hypotheses:

H12. Technology anxiety (TA) negatively influences algorithmic trust (AT) (TA — AT, -).
H13. Technology anxiety (TA) positively influences perceived risk (PR) (TA — PR, +).

H14. Ethics-related anxiety (EA2) negatively influences the intention to use sustainably (SUI)
(EA2 — SUI -).

H15. Perceived risk (PR) positively influences ethics-related anxiety (EA2) (PR — EAz, +).

This study extends the Technology Acceptance Model (TAM) by incorporating algo-
rithmic trust. Algorithmic trust refers to users’” positive expectations regarding a techno-
logical system’s competence and reliability under conditions of uncertainty. In this con-
text, it reflects the degree to which students and instructors believe that the generative
model can consistently produce usable outputs and that the platform offers responsible
safeguards, thereby fostering a sense of security and encouraging continued use [68,69].
In immersive intelligent learning environments, factors such as ethics and transparency
can enhance trust propensity, which in turn positively influences students’ intentions to
adopt and use the technology [11]. Perceived risk is users’ subjective appraisal of potential
negative consequences—such as privacy leakage, copyright and attribution disputes, con-
tent distortion, and bias—and constitutes a key pathway through which adoption and
continued use are inhibited in educational contexts [70]. It focuses on assessing the likeli-
hood of adverse outcomes. In generative Al teaching contexts, perceived risk (PR) specif-
ically refers to students” and instructors” overall judgment of uncertainties and potential
harms associated with text-to-image (T2I) tools across data, content, and accountability
dimensions [6,71-73]. As previous TAM-extension research published in Frontiers in Psy-
chology suggests, trust and perceived risk often function as parallel safety channels that
jointly predict both adoption and continued use [48]. Accordingly, we propose:

H16. Algorithmic trust (AT) positively influences the intention for sustainable use (SUI) (AT — SUI, +).
H17. Perceived risk (PR) negatively influences the intention to use sustainably (SUI) (PR — SUI, -).

Personal innovativeness in IT (PIIT) refers to an individual’s consistent tendency to
be among the first to adopt new information technologies. It is a key trait that explains
who is more willing to take risks and experiment with novel tools [20,74,75]. In higher
education Al adoption, Tang’s research demonstrates that personal innovativeness (PI)
not only directly increases teachers” intention to use Al but also significantly moderates
the relationship between internal barriers and adoption intention. This suggests that
highly innovative individuals can partially offset the negative effects of these obstacles
[76]. In Al-service continuance settings, Salih and colleagues report that trust is a key pos-
itive driver of sustainable use intention (SUI), which is significant. Their findings also sug-
gest that personal involvement (PI) itself increases continuance intention, indicating that
individuals with high PI are more inclined to engage persistently and deeply with novel
Al services [12]. Building on evidence that personal innovativeness (PI) can mitigate the
detrimental effects of barriers and strengthen continuance intentions, we propose PI as a
boundary condition that moderates the relationship between evaluation and intention.
Specifically, Plis expected to positively moderate the attitude (AT) — service use intention
(SUI) link, meaning individuals with high PI are more willing to continue using the tool
at a given level of trust. Conversely, Pl is expected to negatively moderate the perceived
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risk (PR) — SUI link, indicating that individuals with high PI are less likely to disengage
when facing the same level of perceived risk. This framework extends prior findings from
the education adoption and Al service continuance studies [12,76]. As with TA and EA,
empirical findings on PI across technologies and contexts are not fully consistent, making
it necessary to re-examine these moderation effects in T2I-enabled educational settings.
Accordingly, we propose:

H18. Personal innovativeness (P1) positively moderates the effect of algorithmic trust (AT) on sus-
tainable use intention (SUI), such that PI strengthens the relationship between AT and SUL

H19. Personal innovativeness (P1) negatively moderates the effect of perceived risk (PR) on sus-
tainable use intention (SUI), meaning that higher PI weakens the negative impact of PR on SUI.

Building on these hypotheses, we develop an integrated theoretical model that com-
bines the Technology Acceptance Model (TAM), the Technology Threat Avoidance The-
ory (TTAT), and the DeLone-McLean (D&M) framework, thereby specifying a four-layer
psychological mechanism encompassing perception, emotion, evaluation, and intention
(Figure 2). Specifically, perceived ease of use (PEOU), information quality (IQ), and ethical
awareness (EA) serve as external inputs that initially elicit affective responses —technol-
ogy anxiety (TA) and ethics-related anxiety (EA2)—which subsequently influence algo-
rithmic trust (AT) and perceived risk (PR) through two parallel evaluative pathways, ul-
timately shaping sustainable use intention (SUI). Here, TA captures general anxiety aris-
ing from technological uncertainty, whereas EA2 denotes a second-order anxiety triggered

by ethical risks.
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Figure 2. Layered “Perception-Emotion-Evaluation-Intention” framework.

Beyond the main chain, the model retains a PR — EA: feedback link consistent with
TTAT, indicating that heightened perceived risk further amplifies ethics-related anxiety.
This specification aims to capture the mechanism’s dynamic features rather than intro-
duce a logical inconsistency within the four-layer structure. Additionally, personal inno-
vativeness (PI) is modeled as a moderator to reflect individual differences in the strength
of the evaluation — intention translation.
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3. Methodology

This study employs a mixed empirical approach that integrates structural equation
modeling (SEM) and fuzzy-set qualitative comparative analysis (fsQCA) to examine the
“perception—emotion—evaluation-intention” mechanism within an educational context.
The model consists of a perception layer (PEOU, IQ, EA), an emotion layer (TA, EAz2), an
evaluation layer (AT, PR), and an outcome layer (SUI), with personal innovativeness (PI)
serving as a moderator. Utilizing cross-sectional data collected via 7-point Likert scales,
the analytical strategy unfolds in two stages. First, SEM is applied to assess linear net ef-
fects among constructs, the proposed sequential mediation structure, and moderation ef-
fects. Second, fsQCA complements the limitations of a purely linear approach by identi-
fying non-linear, equifinal configurations that result in high versus low SUL By triangu-
lating net effects (SEM) with configurational effects (fsQCA), this study aims to reveal key
pathways and actionable governance levers that promote the sustainable use of T2I tools
in higher education.

3.1. Measurement

The integrated theoretical model incorporates multiple constructs, each grounded in
established literature and specifically adapted for the application of generative Al in edu-
cational settings. As summarized in Table 1, we present the theoretical definitions, meas-
urement dimensions, representative sources, and key adaptation decisions for each con-
struct in this study. This documentation aims to ensure measurement consistency and
contextual validity while providing reusable indicators for subsequent SEM and fsQCA
analyses.

Table 1. Theoretical foundations of the main constructs and adaptation notes.

Construct

Theoretical Measurement
Basis Source

Adaptation Notes

Perceived Ease of Use

Information Quality

Ethical Awareness

Technology Anxiety

Ethical Anxiety

Algorithmic Trust

Perceived Risk

D&M [77]

Al ethics [7]

TTAT [64]

TAM [12]

The original scale was used to assess learners’ “ease-of-learning” experi-

TAM [22] ences in VR learning systems. In this study, it was adapted to capture per-

ceived ease of use when using T2I tools.

The original scale, grounded in the D&M model, measured the complete-
ness and accuracy of information outputs. In this study, we replaced “sys-
tem information” with learners’ perceived quality of “generated images
and related disclosures/annotations.”

The original scale assessed university students’ ethical awareness regard-
ing Al use and academic integrity. We retained its core meaning while
contextualizing items specifically to the use of T2I tools in teaching and
learning.

The original scale measured anxiety and tension in the use of information
technologies. In this study, it was contextualized to capture uncertainty-

TTAT [47] driven anxiety in complex generative tasks —specifically, concerns that

T2I tools may produce stochastic outputs, make errors, or be difficult to
fully control.
The original scale assessed ethics-related anxiety when using generative
Al products. In this study, we restricted the context to educational use of
T2I tools, focusing on concerns about copyright, content compliance, aca-
demic integrity, privacy, and fairness.

The original scale captured users’ trust appraisals regarding the reliability
and controllability of Al services. We adapted the wording to assess
whether T2I tools are perceived as trustworthy and dependable in teach-
ing and learning contexts.

The original scale measured perceived risk regarding potential negative

TTAT [14] consequences of using Al systems. We tailored it to the educational T2I

context by emphasizing risks such as misleading generated content,
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Sustainable Use Inten-
tion

Personal Innovative-
ness in IT

unclear copyright/attribution, and overall outcome uncertainty, which
represent salient risk types for Al-generated imagery in education.
The original scale assessed users’ intentions to continue using Al services
and their willingness to recommend them. We adapted it to measure in-

TAM [78] . . . . . .
tention to continue using—and to do so in a compliant, responsible man-
ner—T2I tools in future teaching and learning activities.
The original scale measured individuals” proactive tendency to try new IT.
PIIT [79] We retained the original structure and simply contextualized it to T2I

tools.”

3.2. Sample and Data Collection

Participants in this study included university students and instructors who had prior
experience with text-to-image (T2I) tools, such as Midjourney and Stable Diffusion. Par-
ticipants in this study included university students and instructors with prior experience
using text-to-image (T2I) generative Al tools, such as Midjourney and Stable Diffusion.
The research protocol was approved by the Ethics Committee of Wuhan University, and
informed consent was obtained from all participants before data collection.

Given the uneven accessibility and adoption of text-to-image (T2I) tools across aca-
demic contexts, a combined convenience and snowball sampling strategy was employed.
An online questionnaire was administered via Wenjuanxing, a widely used professional
survey platform in China, and distributed through course-related groups, academic com-
munities, and peer referrals. No monetary incentives were offered, and participation was
entirely voluntary. A total of 956 responses were initially collected. To ensure data quality,
responses were screened using predefined criteria, including the removal of cases with
unrealistically short completion times, patterned or invariant responses, and underage
participants. After data cleaning, 807 valid responses were retained for analysis. This sam-
ple size meets common recommendations for multivariate statistical techniques and pro-
vides sufficient statistical power to estimate the proposed integrated model.

3.3. Data Analysis

This study employed a hybrid analytical approach that integrates structural equation
modeling (SEM) and fuzzy-set qualitative comparative analysis (fsQCA). First, we con-
ducted SEM using Mplus 8.3, applying confirmatory factor analysis to assess the reliabil-
ity and validity of the measurement scales. Next, we estimated the structural paths in the
full model, examining the relationships from external perceptions (PEOU, IQ, EA) to af-
fective responses (TA, EAz), evaluative appraisals (AT, PR), and ultimately to sustainable
use intention (SUI). We focused particularly on the mediating roles of algorithmic trust
and perceived risk, as well as the moderating effects of personal innovativeness (PI) on
these key relationships.

Second, we utilized fsQCA 3.0 to perform fuzzy-set qualitative comparative analysis
(QCA) from a configurational, set-theoretic perspective. The condition variables—per-
ceived ease of use (PEOU), information quality (IQ), emotional appeal (EA), trust in tech-
nology (TA), emotional appeal squared (EA?), attitude toward use (AT), perceived rele-
vance (PR), and perceived intention (PI)—as well as the outcome variable (SUI), were cal-
ibrated into fuzzy sets. We examined multiple equifinal configurations that lead to high
SUL This approach complements the results obtained from structural equation modeling
(SEM) by transcending a singular linear logic. By triangulating the linear net effects iden-
tified through SEM with the configurational multiple pathways revealed by fsQCA, we
not only quantify key relationships but also illuminate complex causal patterns and mech-
anisms [80]. Collectively, these complementary strands provide robust, multifaceted evi-
dence for a more comprehensive understanding of the “perception-emotion—evaluation—
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intention” process underlying the use of T2I tools by both students and instructors in
higher education.

3.4. SEM Results
3.4.1. Reliability and Validity Assessment

Before conducting the structural path analysis, we first evaluated the reliability and
validity of the measurement model using confirmatory factor analysis. The results of the
measurement model are summarized in Table 2. Composite reliability (CR) was employed
to assess the internal consistency of each latent construct, while average variance extracted
(AVE) served as an indicator of convergent validity. As extended by Alturki and Al-
draiweesh, all standardized factor loadings were significant and fell within an acceptable
range (approximately 0.655-0.824, with most exceeding 0.70), indicating that the items
were effective indicators of their respective constructs [81]. The CR values for all con-
structs ranged from 0.873 to 0.926, surpassing the recommended threshold of 0.70, thus
demonstrating satisfactory internal consistency. The AVE values ranged from 0.502 to
0.634, all meeting or slightly exceeding the commonly accepted cutoff of 0.50 (with the AT
construct showing the lowest AVE of 0.502), suggesting that each construct explained a
substantial proportion of the variance in its indicators, thereby providing evidence of ad-
equate convergent validity [82]. Discriminant validity was assessed using the Fornell-
Larcker criterion by comparing the square root of each construct’s AVE with its correla-
tions with other constructs [83]. In all cases, the square root of the AVE was greater than
the corresponding inter-construct correlations, indicating that each latent construct shared
more variance with its own indicators than with any other construct, thereby supporting
the satisfactory discriminant validity of the measurement model.

Table 2. Reliability and validity assessment of the measurement model.

S.E.

Item FaCt,o r (Standard Squared Ml,lltiple CR AVE
Loading Correlation
Error)
PEOU PEOU1 0.789 0.03 0.623 0.920 0.616
PEOU2 0.775 0.031 0.601
PEOU3 0.786 0.03 0.618
PEOU4 0.79 0.03 0.625
1Q 1Q1 0.774 0.031 0.601 0.895 0.551
1Q2 0.757 0.031 0.574
1Q3 0.718 0.031 0.516
1Q4 0.719 0.031 0.518
EA EAl 0.762 0.031 0.581 0.895 0.552
EA2 0.773 0.031 0.598
EA3 0.708 0.032 0.501
EA4 0.726 0.031 0.527
AT AT1 0.712 0.031 0.508 0.873 0.502
AT2 0.765 0.031 0.585
AT3 0.699 0.032 0.489
AT4 0.655 0.033 0.429
PR PR1 0.704 0.032 0.496 0.899 0.561
PR2 0.754 0.031 0.57
PR3 0.797 0.03 0.635
PR4 0.739 0.031 0.547
TA TA1l 0.681 0.032 0.465 0.911 0.594
TA2 0.787 0.03 0.62
TA3 0.797 0.03 0.636
TA4 0.811 0.03 0.659
EA2 EA21 0.781 0.03 0.611 0.918 0.612

https://doi.org/10.3390/su18031657



Sustainability 2026, 18, 1657 14 of 32

EA22 0.797 0.03 0.636
EA23 0.782 0.03 0.612
EA24 0.769 0.03 0.592

SUI SUI1 0.79 0.03 0.625 0.926 0.634
SUI2 0.824 0.029 0.68
SUI3 0.783 0.03 0.613
SUI4 0.788 0.03 0.622

PI PI1 0.789 0.03 0.623 0.921 0.619
PI2 0.787 0.03 0.62
PI3 0.8 0.03 0.64
P14 0.771 0.03 0.595

3.4.2. Structural Model Fit Assessment

To evaluate the overall fit of the structural model, we reported the chi-square to de-
grees-of-freedom ratio (x2/df), the root mean square error of approximation (RMSEA), the
standardized root mean square residual (SRMR), the comparative fit index (CFI), and the
Tucker-Lewis index (TLI) [84]. As shown in Table 3, the x?/df ratio was below the com-
monly accepted threshold of 3. Both RMSEA and SRMR were below 0.08, indicating low
residuals and a good approximate fit, while CFI and TLI exceeded the conventional crite-
rion of 0.90 [84]. Collectively, these indices suggest that the proposed structural model fits
the data well, providing a solid foundation for subsequent testing and interpretation of
the hypothesized paths.

Table 3. Structural model fit indices.

Evaluation Index RMSEA CFI TLI SRMR x2/df
Standard value <0.08 >0.9 >0.9 <0.08 <3
Actual value 0.029 0.912 0.928 0.056 1.688

3.4.3. Path Analysis and Hypothesis Testing

We tested the proposed hypotheses using structural equation modeling (SEM), with
a significance level set at p < 0.05. Table 4 shows that among the 19 hypothesized paths,
H3, H4, H6-H11, H13, and H15-H17 were statistically significant and aligned with the
predicted directions. This evidence provides strong support for the proposed mechanism
of perception—emotion-evaluation-intention. Additionally, several statistically signifi-
cant paths emerged in directions contrary to our initial predictions; we will explore these
unexpected patterns in Section 4.2.

Table 4. Structural path estimates and moderation effects.

Path Estimate S.E. Est./S.E. p-Value Hypothesis Test Result
EA - TA 0.337 0.028 11.875 0.000 H10 supported
PEOU — TA 0111 0.021 5.414 0.000 H2 significant buttlir; ;he opposite direc-
Q> TA 0267 0.026 10.46 0.000 H5 significant effect_ in the opposite di-
rection
EA — EA2 0.236 0.084 2.812 0.005 H9 supported
PEOU — EA2 0.196 0.023 8.421 0.000 H3 supported
IQ — EA2 0.137 0.03 4.625 0.000 H6 supported
PR — EA2 0.25 0.118 2.118 0.034 H15 supported
PEOU — AT 0.009 0.019 0.496 0.620 H1 not supported
IQ — AT 0.501 0.028 17.608 0.000 H4 supported
TA — AT 0112 0.037 3,049 0.002 Hi12 s1gn1ﬁcant.effe?t in the opposite
direction
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EA — AT 0.433 0.03 14.447 0.000 H11 supported
IQ - PR -0.045 0.018 —-2.499 0.012 H7 supported
EA — PR 0.476 0.027 17.318 0.000 H8 supported
TA — PR 0.552 0.043 12.839 0.000 H13 supported
AT — SUI 0.21 0.034 6.181 0.000 H16 supported
EA2 — SUI 0.414 0.046 9.078 oopp 4 significant effectin the opposite
direction
PR — SUI -0.174 0.043 -4.071 0.000 H17 supported
AT x PI — SUI -5.852 2.067 —2.831 0005 8 significant effect in the opposite
direction
PR x PI — SUI 462 1.808 2 507 0.011 H19 s1gn1ﬁcant.effec':t in the opposite
direction

In contrast, hypothesis H1 was not statistically supported. Furthermore, although
hypotheses H2, H5, H12, H14, and the moderation hypotheses H18-H19 reached statisti-
cal significance, their estimated directions contradicted the original predictions. These un-
expected findings suggest that technology anxiety, ethics-related anxiety, and personal
innovativeness operate in a more nuanced way within T2I-enabled educational contexts
than the baseline hypotheses anticipated. The structural paths depicted in Figure 3 con-
firm the overall logic of the proposed model while clarifying the causal relationships
among the latent constructs, thereby providing empirical support for the integrated
framework.

B

\‘ f 0.789

0.78
.800.
A7

PEOU1L | TAL | | TA2 ‘ l TA3 ‘ | TAd |

17

0.6810.7870.797 0.811 2
I

0,009 » AT
0.111 0. 112\

suin

s T Y
3 m m m
E Q Q o

= C

= 75 N

© o & o

N g Ny

o 3

S\& /8
o
~
=
N
o
S
@
a
o
@
©
©
o
@
o
v.n

=]
'

E m

= @
ﬁ

By
o/c
3 3 3
= N

0.790
Sui2

H 8
@ ~

Q

m m
H E
o =

EA4

d[:

0.757.
0.718
0.719

0.762
0.773,
0.708
0.726

GﬂA

0. 33
0. 137

0.774 0. 196

0.236
EA

0.433

-0.045|

0.552

0.2

0.414

-0.174

0.4761

0.7810.7970.782 0.769

%
2 3B
2
0
c
®

m
!!}b
w

EA21 EA22 EA23 EA24

0.7040.7540.797 0.737

sul4

Figure 3. Structural equation model (SEM) path diagram.

3.4.4. Moderation Analysis

To examine the moderating role of personal innovativeness (PI), we incorporated the
interaction terms AT x PI and PR x Pl into the structural model (see Table 4). The results
indicate that the interaction effect of AT x PI on sustainable use intention (SUI) was sig-
nificant (3 =-5.852, p < 0.01), as was the interaction effect of PR x PI on SUI ([ = 4.620, p <
0.05). Notably, both effects contradicted the hypothesized directions: PI weakened the
positive relationship between algorithmic trust and sustainable use intention, while it

https://doi.org/10.3390/su18031657



Sustainability 2026, 18, 1657

16 of 32

moderated (i.e., attenuated) the negative relationship between perceived risk and sustain-
able use intention.

3.4.5. Mediation Analysis

We tested the indirect effects using bootstrap resampling with 95% confidence inter-
vals (CIs). An indirect effect was considered significant when its CI did not include zero
[85,86]. As reported in Table 5, multiple serial mediation paths were supported. For in-
stance, the paths PEOU — TA — AT — SUl and IQ — TA — AT — SUI both demonstrated
positive indirect effects. Although these pathways increased TA, the positive associations
between TA — AT and AT — SUI culminated in an overall positive indirect influence,
indicating a pattern of “anxiety-driven, compliance-like acceptance” in T2I-enabled edu-
cational contexts.

Moreover, information quality exerted significant positive indirect effects on Sustain-
able Use Intention (SUI) through two evaluative channels: Attitude (AT) — SUI and Per-
ceived Risk (PR) — SUI. Ethical awareness exhibited a dual mechanism: it positively in-
fluenced SUI through the trust pathway (AT and Trust Awareness (TA) — AT — SUI),
while simultaneously generating a negative indirect effect through the risk pathway (PR
— SUI). Overall, technology anxiety, algorithmic trust, and perceived risk served as cru-
cial links connecting external perceptions to sustainable use intention, thereby providing
empirical support for the proposed perception-emotion—-evaluation-intention mediation
mechanism.

Table 5. Bootstrapped mediation (indirect) effects results.

Exogenous  Mediator Mediator Mediator Outcome Indirect 95% Bootstrap 95% Bootstrap

Variable 1 2 3 Effect CI(LL) CI (UL)
PEOU TA AT SUI 0.002 0 0.01
1Q TA AT SUI 0.006 0 0.02
IQ AT SUI 0.105 0.014 0.205
IQ PR SUI 0.008 0.001 0.051
EA AT SUI 0.092 0.024 0.178
EA TA AT SUI 0.009 0.001 0.021

EA PR SUI -0.083 -0.226 -0.003

The results of the Structural Equation Modeling (SEM) reveal the primary mecha-
nisms of perception, emotion, evaluation, and intention. However, the directions of sev-
eral path coefficients do not fully align with the conventional expectations derived from
the Technology Acceptance Model (TAM) and the Technology-Trust-Attitude Theory
(TTAT). This discrepancy suggests the presence of more complex psychological processes
and causal structures within the context of generative Al Since SEM is based on assump-
tions of linearity and symmetric effects, it may not adequately capture equifinal pathways
and boundary conditions that arise from various combinations of antecedent factors [87].
Therefore, we also employed fuzzy-set qualitative comparative analysis (fsQCA) to inves-
tigate the configurational antecedents of high versus non-high System Usability Index
(SUI) scores and to provide complementary interpretations and robustness checks for the
SEM findings [88].

3.5. fsSQCA Results
3.5.1. Calibration of Variables

In fuzzy-set qualitative comparative analysis (fsQCA), calibration is a critical step
that converts raw scale scores into set-membership scores ranging from 0 to 1 [89,90]. We
applied the direct calibration method, guided by both theoretical expectations and
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empirical distributions, using the 75th, 50th, and 25th percentiles of each variable as
thresholds for full membership, the crossover point, and full non-membership, respec-
tively. To reduce ambiguity for cases exactly at the crossover point (membership = 0.50),
we slightly adjusted this value to 0.501. After calibration, all conditions (PEOU, 1Q, EA,
AT, PR, TA, EAz, and PI), as well as the outcome (SUI), were expressed as fuzzy-set scores,
providing the basis for subsequent necessity and sufficiency analyses. The specific cali-
bration thresholds are presented in Table 6.

Table 6. Calibration thresholds for each variable.

Variable Full Membership  Crossover Point Full Non-Membership

PEOU 5.750 5.000 4.000
IQ 5.750 5.000 3.750
EA 5.750 5.000 4.000
AT 5.750 5.000 4.000
PR 5.750 5.000 4.000
TA 5.750 5.000 4.000
EA2 5.750 5.250 4.000
PI 6.000 5.250 4.000
SUI 5.750 5.250 4.000

3.5.2. Single-Condition Necessity Analysis

Before conducting the configurational sufficiency analysis, we first examined
whether any single condition was always present when the outcome occurred, thereby
determining if it constituted a necessary condition. Accordingly, we performed necessity
analyses for both high SUI and non-high SU]I, testing each condition along with its nega-
tion and calculating consistency and coverage (see Table 7). Following established con-
ventions, we used a consistency threshold of 0.90 or higher as the benchmark for necessity.

As shown in Table 7, neither high nor non-high SUI conditions, including their nega-
tions, reached the 0.90 consistency threshold. This finding suggests that no single factor
can be considered a necessary condition in this study; rather, high SUI appears to result
from combinations of various conditions. Although the consistency values for PI, TA, and
EA:> were relatively higher than those of other factors, they still did not meet the necessity
criterion. Overall, these results support a configurational interpretation, indicating that
learners’ sustainable use intention is shaped jointly by multiple co-occurring conditions.
This underscores the need for further exploration through sufficiency-based configura-
tional analyses to identify distinct pathways.

Table 7. Single-condition necessity analysis for high SUI and non-high SUI

. High SUI Non-High SUI
Condition - -
Consistency Coverage Consistency Coverage

PEOU 0.776 0.763 0.367 0.340
~PEOU 0.329 0.356 0.744 0.758
1Q 0.751 0.764 0.363 0.348
~IQ 0.360 0.375 0.754 0.740
EA 0.729 0.752 0.368 0.357
~EA 0.377 0.387 0.745 0.722
AT 0.758 0.786 0.342 0.334
~AT 0.357 0.365 0.781 0.752
PR 0.785 0.782 0.358 0.336
~PR 0.334 0.356 0.768 0.771
TA 0.825 0.832 0.312 0.296
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~TA 0.301 0.317 0.823 0.816
EA2 0.813 0.855 0.287 0.284
~EA2 0.319 0.322 0.854 0.811
PI 0.845 0.868 0.289 0.280
~PI 0.299 0.308 0.864 0.840

3.5.3. Configurational Sufficiency Analysis (fsQCA)

In fuzzy set Qualitative Comparative Analysis (fsQCA), sufficiency analysis is used
to identify combinations of conditions that are sufficient to produce a specific outcome by
constructing and minimizing a truth table [91]. In this study, we focus on high sustainable
use intention (SUI) as the outcome set. We generated a truth table in fsQCA and applied
specific thresholds to ensure both solution robustness and interpretability: a frequency
cutoff of 7, a consistency cutoff of 0.80, and a PRI consistency cutoff of 0.85. The configu-
rations that met these criteria were then minimized to derive configurational pathways
leading to both high SUI and non-high SUI, as detailed in Tables 8 and 9.

Table 8. Configurational solutions leading to high sustainable use intention (SUI).

Construct H1 H2 H3 H4 H5 He H7
PEOU o o o o ) &®
1Q ° ° ° ° X (%)
EA ° ° ° ° R (%)
AT o o o o &® o
PR ° ° ° ) ® )
TA ° ° ° ° ° ° °
EA2 o o o o o o
P1 o o o o o o o
Raw
coverage 0.459 0.463 0.462 0.462 0.475 0.087 0.084
Unique
coverage 0.011 0.014 0.011 0.013 0.025 0.022 0.015
Consistency 0.956 0.957 0.959 0.960 0.959 0.944 0.954
Solution 0.574
coverage
Sol.utlon 0.948
consistency

Note: @ core presence; ® peripheral presence; @ peripheral absence; blank = “don’t care” (may be

present or absent).

Table 9. Configurational solution for non-high sustainable use intention (SUI).

Construct NH1

PEOU ®
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1Q by

EA ®
st ®

PR ®

TA ®

EA2 ®
5 ®
Raw coverage 0.529
Unique coverage 0.529
Consistency 0.972
Solution coverage 0.529

Note: ® indicates the absence of a core condition; & indicates the absence of a peripheral condi-

tion.

As shown in Table 8, the analysis identified seven configurations (H1-H7) that are
sufficient to produce a high intention of sustainable use (SUI). The overall solution demon-
strates high consistency (0.948) and substantial coverage (0.574), indicating that these
combinations account for a significant proportion of high-SUI cases within the sample.
Structurally, information quality (IQ), ethical awareness (EA), and ethics-related anxiety
(EA2) emerge as core or peripheral conditions in most configurations, interacting syner-
gistically with perceived ease of use (PEOU), algorithmic trust (AT), technology anxiety
(TA), perceived risk (PR), and personal innovativeness (PI). This observation highlights
the concept of configurational equifinality, where multiple distinct pathways can lead to
the same outcome.

In the symmetric analysis of non-high sustainable use intention (SUI) as the outcome,
only one dominant configuration (NH1) emerged (Table 9). This solution exhibits very
high consistency (0.972) and substantial coverage (0.529). Its defining feature is the core
absence of perceived ease of use (PEOU), attitude (AT), and purchase intention (PI), ac-
companied by generally low levels of information quality (IQ), engagement attitude (EA),
and engagement attitude squared (EA?). Unlike the diverse pathways associated with
high SUI, the antecedents of non-high SUI are more concentrated, indicating that high and
non-high SUI are not simply mirror images but demonstrate clear causal asymmetry. Spe-
cifically, while multiple combinations can promote high SUI, insufficient sustainable use
intention is primarily characterized by the simultaneous breakdown of the “ease of use—
trust-innovativeness” chain. Finally, robustness checks—conducted by adjusting the con-
sistency and PRI thresholds and increasing the frequency cutoff —produced stable config-
urational structures, thereby supporting the robustness and interpretability of the fsQCA
findings [92].

4. Discussion
4.1. Addressing the Research Questions

To present the results more clearly and minimize confusion between SEM paths,
fsQCA configurations, and hypotheses, this section is organized around the four research
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questions (RQ1-RQ4). Table 10 summarizes the main empirical findings for each question,
while the following subsections elaborate on these patterns and offer psychological and
technological interpretations grounded in prior research.

Table 10. Summary of empirical findings by research question.

RQ Main Findings SEM Results fsQCA Results
Multipl fi tions lead
Perception-related factors (PEOU, IQ, PEOU, IQ, and EA increase toii 111?1 glc;[(l)nin%lcl)i\a/ifnia ca
RQ1 EA) influence both emotion and evalua-TA and EA2. PEOU’s effect & C &
. . g vorable perceptions and
tion components. on AT is not significant. .
manageable anxiety.
TA_ medlétes perception — evaluation TA increases PR and AT; Esz contributes to high SUI
RQ2 — intention. EAz operates closer to the ) . with elevated AT and man-
. . . EA: directly influences SUI
terminal stage, influencing SUIL ageable PR.
PI in high-SUI con-
High PI weakens the impact of AT on . _ appearsin ug .SU con
) PI moderates the impact of figurations, mitigating the
RQ3 SUI and reduces the negative effect of
AT and PR. dependence on trust and
PR on SUL .
risk.
High SUI. emerges from mu1.t1p1e equifi- . . Low SUI linked to low per-
nal combinations of perceptions, affec- High SUI linked to favorable . .
RQ4 ceptions, trust, anxiety, and

tive responses, and personal innova-  perceptions,

tiveness.

PIL.

RQ1. Does the overall “perception—emotion—evaluation—intention” chain hold?

Building on the S-O-R framework, we modeled perceived ease of use (PEOU), infor-
mation quality (IQ), and ethical awareness (EA) as external stimuli; technology anxiety
(TA) and ethics-related anxiety (EAz) as affective responses; algorithmic trust (AT) and
perceived risk (PR) as evaluative outcomes; and sustainable use intention (SUI) as the be-
havioral intention.

Results from SEM reveal significant effects of perception-related factors on both emo-
tional and evaluative components. Specifically, PEOU, IQ, and EA enhance TA and EA,
with IQ and EA further boosting AT and influencing PR. However, PEOU’s relationship
with AT was found to be insignificant, which challenges previous findings in TAM, where
ease of use is expected to positively impact trust. In the context of generative Al this result
suggests that increasing ease of use may not directly enhance trust but could instead lead
to anxiety-driven engagement, where users, despite ease of use, feel a lack of control over
the generative process [30]. Both AT and PR exert opposite effects on sustainable use in-
tention (SUI), with AT positively predicting SUI and PR having a negative effect. Multiple
serial indirect effects following the sequence perception — emotion — evaluation — in-
tention are confirmed through bootstrapping analysis, indicating that sustainable use in-
tention is primarily shaped by combined affective and evaluative processes rather than
direct perceptual effects.

Complementary evidence from fsQCA further indicates that no single condition is
necessary for a high intention of sustainable use. Instead, high SUI emerges from multiple
equifinal configurations involving different combinations of favorable perceptions, affec-
tive states, evaluative judgments, and personal innovativeness. Taken together, the results
from SEM and fsQCA consistently support the existence of a perception-emotion-evalu-
ation—intention mechanism, while highlighting its configurational and non-linear nature
within the T2I educational context.

RQ2. What mediating roles do technology anxiety and ethics-related anxiety play?
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Within the proposed 5S-O-R framework, technology anxiety (TA) and ethics-related
anxiety (EA2) serve as pivotal affective links connecting external perceptions to the down-
stream trust-risk-intention process. SEM results reveal that perceived ease of use (PEOU),
information quality (IQ), and ethics-related anxiety (EA) significantly predict technology
anxiety (TA). This suggests that when T2I tools are perceived as more user-friendly, capa-
ble, and ethically framed, students may experience increased anxiety regarding their tech-
nological competence and the potential consequences of their use. TA, in turn, exerts a
dual influence: it increases perceived risk (TA — PR) while, contrary to conventional ex-
pectations, it also positively predicts algorithmic trust (TA — AT), indicating a pattern of
under anxiety. This finding contrasts with the expectations set by the Technology Threat
Avoidance Theory (TTAT), which typically posits that anxiety suppresses trust [40]. In
generative Al environments, anxiety can activate coping mechanisms such as verification
and risk assessment, which contribute to the development of [93]. Consistent with this,
multiple serial indirect effects of the form perception — TA — (AT/PR) — sustainable use
intention (SUI) are supported by bootstrap tests, positioning TA as a central emotional
conduit through which perceptions shape sustainable use intention.

In contrast, EA> directly influences the intention for sustainable use through an emo-
tion-to-intention pathway. Its key antecedents include PEOU and PR; more user-friendly
tools and higher perceived risks evoke greater ethical concerns, such as those related to
academic integrity and copyright issues. The direct link from PR to EA:z provides substan-
tial evidence for this escalation from to Notably, EA2 does not mediate effects through
trust; instead, it directly and positively predicts System Use Intention (SUI) (EA2 — SUI),
thereby reversing the previously hypothesized negative direction. The fsQCA results fur-
ther support these findings. In high-SUI configurations, EA2 co-occurs with high AT and
manageable PR, indicating that moderate ethical anxiety can encourage continued en-
gagement. This complements the SEM results, which suggest that anxiety-driven trust
plays a central role in promoting responsible use in generative Al contexts. Rather, it may
act as a form of responsibility activation, motivating sustained engagement under height-
ened self-regulation and normative awareness.

Overall, Trustworthiness Assessment (TA) primarily mediates the pathway from
perception to intention through the complete sequence: perception — emotion — evalua-
tion — intention. In contrast, Emotional Assessment 2 (EAz) contributes via a downstream
pathway from emotion directly to intention. Together, TA and EA2 form a nuanced affec-
tive mechanism that illustrates how external perceptions shape sustainable usage inten-
tions—offering an explanation that goes beyond the simplistic anxiety-as-barrier model.

RQ3. How does personal innovativeness moderate the evaluation—intention links?

In this study, PI is positioned as a moderating variable in the evaluation-intention
stage, influencing the relationships among AT, PR, and SUI Contrary to the hypothesized
direction, SEM results reveal that as PI increases, the positive impact of AT on SUI weak-
ens, while the negative effect of PR on SUl is significantly diminished. These findings sug-
gest that users with high innovativeness rely less on traditional evaluative cues (e.g., trust
and risk), and their engagement with T2I tools is driven more by intrinsic motivation to
explore new technologies and maintain competitiveness. This aligns with prior research
on personality traits and technology adoption [37]. In other words, highly innovative us-
ers’ continuance intentions are less dependent on linear assessments of trust and risk [94].
Their SUI appears to be driven more by an intrinsic inclination to experiment with new
technologies, maintain competitiveness, and explore emerging tools. In contrast, users
with low PI rely more heavily on evaluative cues: higher trust leads to stronger intention,
whereas higher risk more readily deters continued use.
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The fsQCA results reinforce this interpretation at the configurational level. As illus-
trated in Table 8, PI emerges as a core present condition across all seven high-SUI config-
urations (H1-H7). In contrast, in the non-high SUI solution (NH1; Table 9), P1 is absent as
a core driver. This pattern indicates that high PI functions less as a mere amplifier and
more as a buffer: it mitigates the marginal dependence of SUI on trust and risk, allowing
innovative users to maintain engagement even when trust has not fully stabilized and
risks remain unresolved. Substantively, PI encapsulates a key learner profile—those who
are more inclined to persist amidst uncertainty in generative-Al contexts—and provides
a theoretical foundation for designing differentiated, user-segmented interventions aimed
at promoting responsible and sustainable use.

RQ4. From a configurational perspective, which condition combinations lead to high versus low
surz

The fsQCA results indicate that high sustainable use intention (SUI) is not driven by
a single key variable but emerges from multiple conjunctural combinations. Across the
high-SUI solutions, conditions involving perceptions (Perceived Ease of Use [PEOU], In-
formation Quality [IQ], and Engagement [EA]), affective responses (Technology Anxiety
[TA] and Engagement Anxiety [EA:]), evaluative appraisals (Attitude [AT] and Perceived
Risk [PR]), and individual traits (Personal Innovation [PI]) co-occur in various synergistic
patterns. Notably, PI and EAz frequently appear as present—and often core—components
across most pathways, suggesting that students who exhibit both innovation-oriented
traits and ethical vigilance are more likely to maintain usage across diverse perceptual
and evaluative states. High-SUI configurations also typically involve significant levels of
technology- and ethics-related anxiety, a relatively higher degree of algorithmic trust, and
risk perceptions that remain within a manageable range. This implies that sustainable use
does not require zero anxiety or zero risk; rather, it is achieved through a calibrated bal-
ance of vigilance and trust.

In contrast, non-high sustainable use intention (SUI) is characterized by a single dom-
inant configuration marked by a generally low profile across the system. This includes
low perceived ease of use, poor information quality, limited ethical awareness, minimal
technology- and ethics-related anxiety, low algorithmic trust, and low personal innova-
tiveness. Substantively, this configuration reflects a state of global under-activation, in
which students neither perceive the tool as particularly useful or salient nor demonstrate
sufficient trust, alertness, or willingness to experiment. The stark contrast between the
multiple pathways leading to high SUI and the singular pathway associated with non-
high SUI highlights causal asymmetry. Enhancing sustainable use intention likely re-
quires cultivating multiple across perceptions, affect, appraisals, and learner traits,
whereas low intention is more likely to arise when these conditions are persistently misa-
ligned or collectively absent.

4.2. Unexpected Findings and Conflicting Paths

Our findings revealed unexpected results that challenge established assumptions in
TAM and TTAT. Specifically, hypotheses H2 and H5 suggest that PEOU and IQ do not
alleviate technology anxiety (TA). This contradicts the TAM assumption that easier-to-use
and higher-quality systems reduce user anxiety. This phenomenon, referred to as the
“ease-of-use paradox, explained through the S-O-R framework, where ease of use and
output quality can amplify perceived anxiety when users encounter uncertainty about the
system’s underlying logic. These results extend prior research on anxiety-driven trust [40],
The findings show that anxiety can enhance trust rather than diminish it. H12 further re-
vealed that TA does not negatively impact trust as expected; instead, it fosters algorithmic
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trust (AT), suggesting that anxiety-driven engagement promotes trust development. Sim-
ilarly, H14 demonstrated that ethics-related anxiety (EAz) does not inhibit sustainable use
intention (SUI), but rather enhances it. This finding suggests that concerns over ethical
behavior and privacy actually motivate users to continue using the tool in a more respon-
sible and compliant manner, as previously indicated in studies on ethical anxiety [93]. The
observed counterintuitive effects challenge traditional TAM and TTAT assumptions. For
example, the increase in anxiety associated with higher perceived ease of use (PEOU) and
information quality (IQ) contradicts the common assumption that greater usability re-
duces anxiety. This finding calls for a theoretical re-interpretation, especially in the context
of generative Al, where the dynamics of anxiety and trust may differ from those in tradi-
tional technology adoption models.

The paradox of ease and control: ease of use as a trigger of The positive effects of
perceived ease of use (PEOU) and information quality (IQ) on technology acceptance (TA)
(H2 and H5) suggest that, in technology-to-image (T2I) contexts, usability and high-qual-
ity outputs may function less as stress relievers—as typically assumed in Technology Ac-
ceptance Model (TAM) research—and more as amplifiers of anxiety. With T2I tools, stu-
dents can generate highly complex, stylized images through brief prompts. This low-in-
put, high-output contrast can induce a sense of reduced agency. On one hand, strong sys-
tem performance elevates expectations regarding the quality of produced outputs; on the
other hand, the black-box generative logic of the model complicates the anticipation of
output quality and associated risks. As these tools become easier to use and more capable,
students may become increasingly aware of their limited understanding of the underlying
mechanisms, which can be perceived as a loss of control—an anxiety stemming from the
perceived technology-driven displacement of user agency.

Exceptionally high perceived IQ may intensify a form of cognitive dissonance: when
outputs appear highly polished, learners may struggle to distinguish between what was
by me and what was by the model. This can lead to a high-fidelity trap, where realism and
refinement obscure authorship, effort, and accountability. In this context, ease of use is no
longer merely a facilitator; instead, it may increase engagement and reliance while simul-
taneously exposing users to uncertainty regarding provenance, controllability, and unin-
tended consequences. Consequently, ease of use transforms into a gateway that leads
learners from low-entry interactions into a high-uncertainty, high-stakes domain. This
mismatch—characterized by high capability but low controllability —provides a coherent
explanation for the escalation of technology anxiety as text-to-image (T2I) tools become
more user-friendly and their outputs appear increasingly high in quality.

Vigilant Trust through Active Engagement: Anxiety as a Catalyst for Calibrated
Trust. Hypothesis 12 suggests that technology anxiety (TA) positively predicts algorith-
mic trust (AT). Although this relationship may appear paradoxical, it offers valuable the-
oretical insights within the context of generative Al and may indicate an evolution in hu-
man-Al interactions during complex higher education tasks. Rather than resulting in
abandonment or generalized distrust, anxiety can trigger defensive coping mechanisms.
When students express concerns about potential model errors or unintended outcomes,
they are more likely to shift from passive recipients to active verifiers. This shift involves
frequent checking, correcting, and iterative refinement of human-Al interactions. Through
this process of repeated verification, learners not only manage risks but also accumulate
performance evidence that validates the tool’s functional competence in practice. Conse-
quently, the trust established in this context is unlikely to be blind reliance; instead, it
resembles calibrated trust—a form of confidence developed under heightened risk aware-
ness and sustained interaction. In this regard, anxiety may disrupt complacency associ-
ated with practices and serve as a catalyst for deeper engagement, ultimately reinforcing
trust.
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Sustainable Use Within Ethical Boundaries: Ethics-Related Anxiety as a Driver of
Compliant Continuance. H14 demonstrates a positive association between ethics-related
anxiety (EA2) and sustainable use intention (SUI), indicating that moderate ethical unease
does not necessarily inhibit usage; rather, it can motivate compliant continuance. In higher
education settings, once students recognize the importance of copyright attribution, au-
thorship norms, academic integrity, and related accountability issues, they typically do
not respond by discontinuing use altogether. Instead, they tend to adopt more cautious
practices to mitigate ethical risks. For example, they may explicitly disclose Al assistance
in assignments, retain intermediate outputs as evidence of the process, and incorporate
substantial human editing and post-processing. Heightened sensitivity to ethical risks
thus drives learners to seek a workable balance between continued use and adherence to
rules, resulting in a bounded form of sustainable use. In other words, ethics-related anxi-
ety functions both as a constraint and a protective mechanism: it curbs reckless misuse
while supporting long-term use within normative and institutional frameworks.

These counterintuitive effects can be theoretically grounded in the foundational logic
of the 5-O-R model, TAM, and TTAT. The S-O-R model emphasizes that external stim-
uli—such as high usability and superior information quality—do not always lead to
straightforward behavioral outcomes; instead, they may provoke complex internal cogni-
tive and emotional responses, including increased anxiety or vigilance, particularly in un-
certain Al environments [30,31]. According to TTAT, moderate anxiety can serve a defen-
sive and adaptive function by prompting users to be more attentive, engage in verification,
and develop through active engagement [93]. Likewise, ethical anxiety can trigger coping
appraisal processes, promoting responsible and compliant behaviors, as demonstrated in
the recent literature on generative Al and education [38]. These mechanisms demonstrate
that user anxiety and ethical concerns, when properly channeled, do not undermine but
rather support sustainable use intentions —aligning with recent expansions of TAM and
S—-O-R frameworks [37,95].

Taken together, these counterintuitive relationships do not simply invalidate the
Technology Acceptance Model (TAM) or the Technology Threat Avoidance Theory
(TTAT); rather, they delineate a generative Al user profile characterized by accompanying
anxiety. Sustainable Use Intention (SUI) does not emerge in an idealized vacuum free of
anxiety. Instead, it is sustained amid dynamic tensions, such as usability but limited con-
trollability, coupled with vigilance, and use constrained by compliance. This pattern re-
fines the applicability boundaries of TAM in the era of artificial intelligence and offers a
complementary theoretical lens for understanding the mixed feelings that often accom-
pany human-AlI collaboration in educational practice.

Alternative Explanations

While our explanations are primarily grounded in the S-O-R framework, TAM, and
TTAT, it is important to acknowledge other possible mechanisms. For instance, gradual
user adaptation may reduce technology anxiety and recalibrate trust as students and in-
structors gain more experience with T2I tools [33,38]. Contextual factors, such as institu-
tional policies, academic discipline norms, or recent changes in educational governance,
may also affect how ethical anxiety is processed and how sustainable use intentions de-
velop [39,95]. Peer influence and social learning could further shape compliance behavior
and ethical risk assessment. Recognizing these alternative explanations highlights the
need for future research using longitudinal, multi-method, and cross-contextual designs
to fully capture the complexity of sustainable Al tool adoption in education.

The theoretical implications of our findings are clear and distinct. Our SEM results
indicate that perceived ease of use and information quality —factors typically assumed to
reduce user anxiety —actually increase technological anxiety in T2I contexts. This reveals
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an and extends the Technology Acceptance Model (TAM) by demonstrating that usability
and output quality can heighten, rather than alleviate, feelings of uncertainty and lack of
control in Al-mediated creative tasks.

Moreover, the observed positive pathway from anxiety to algorithmic trust and sus-
tainable use intention challenges the inhibitory perspective of Technology Threat Avoid-
ance Theory (TTAT). In our sample, moderate anxiety prompts verification, risk appraisal,
and norm-compliant behaviors —what we describe as than disengagement. This finding
supports an updated view in which anxiety acts as a motivator for responsible and active
engagement, rather than merely as a barrier.

Finally, the fsQCA results demonstrate that multiple causal configurations—such as
combinations of high trust with moderate anxiety or high usability with strong personal
innovativeness—can lead to a high intention for sustainable use. This finding reveals the
limitations of linear, single-path models and underscores the need for more nuanced, con-
text-sensitive frameworks to better understand diverse user adaptation in generative Al
environments.

Taken together, these results extend classic technology acceptance and threat-avoid-
ance models by incorporating nonlinear, context-dependent pathways and demonstrating
how psychological mechanisms interact to support responsible and sustainable Al use in
education.

4.3. Practical Implications

Curriculum design should directly address the observed “ease-of-use paradox”: our
SEM results indicate that both higher perceived ease of use (PEOU) and information qual-
ity (IQ) are associated with increased technology anxiety (TA), rather than its reduction.
Effective pedagogical interventions include integrating guided reflection, explicit trouble-
shooting modules, and iterative critique of Al-generated work. Instead of attempting to
suppress anxiety, educators should help students recognize and transform moderate anx-
iety into attentive and responsible engagement. (Supported by H2 and H5 SEM findings)

Educational technology platforms and digital tool providers should develop systems
that combine high usability with features promoting transparency and risk awareness.
The fsQCA configurations indicate that sustainable use intention (SUI) is highest when
strong algorithmic trust (AT) is balanced with the ability to perceive and manage risk (PR).
Design elements such as process tracing, uncertainty visualization, edit logs, and trans-
parent Al disclosures empower users to make informed, norm-compliant decisions,
thereby mitigating hidden risks while fostering functional trust. (Supported by high-SUI
fsQCA pathways)

Support mechanisms should specifically target individuals with lower personal in-
novativeness (PI), as the absence of PI consistently characterizes low SUI configurations
in our data. Institutional policies can emphasize onboarding tutorials, structured peer
mentoring, scaffolded tasks, and formative feedback to gradually build confidence among
low-PI learners. Targeted ethics training should go beyond abstract principles to empha-
size practical guidelines for Al use, disclosure, and revision. (Supported by non-high SUI
fsQCA configuration)

The overall implementation environment should strive to balance fostering trust, in-
creasing risk awareness, and maintaining moderate anxiety as a positive motivator. A
supportive, transparent, and norm-based ecosystem will encourage rational, reflective,
and sustainable adoption of T2I tools across diverse learner profiles. (Integrated
SEM/fsQCA results)
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4.4. Limitations and Future Directions
4.4.1. Limitations

This study is limited by its focus on Chinese university students and instructors,
which may restrict the generalizability of the findings to other cultural and educational
contexts. Institutional norms, technology governance, and academic integrity policies in
China may influence user perceptions and behaviors differently; therefore, mechanisms
such as anxiety-driven trust and ethics-related compliance should be considered context-
sensitive. The analysis treats students and instructors as a single group, potentially ob-
scuring differences in psychological responses and adaptation pathways across user roles
or academic disciplines. Conducting multi-group analyses could clarify whether mecha-
nisms like vigilant trust or compliant continuance vary by role or field. Additionally, the
focus on high-creativity T2I tasks means the findings may not generalize to other genera-
tive Al applications (e.g., text or code generation) that have distinct cognitive demands
and error tolerance profiles. As this study is cross-sectional, it does not capture the evolu-
tion of psychological mechanisms over time; thus, longitudinal and cross-cultural studies
are necessary to assess the persistence and transferability of patterns such as the ease-of-
use paradox or anxiety-driven trust. Finally, although measurement tools adapted from
TAM and TTAT showed reliability in this context, further refinement will be required as
generative Al becomes more embedded and user experiences diversify.

4.4.2. Future Directions

Future research should encompass multiple generative Al tasks, utilize multi-group
and longitudinal study designs, and develop more nuanced measurement instruments.
Such efforts will clarify how core psychological mechanisms function across different
roles, tasks, and cultural contexts, thereby strengthening the evidence base for responsible
and sustainable Al use in education.

5. Conclusions

As T2]I generative Al tools become increasingly integrated into higher education, this
study synthesizes the TAM, TTAT, and the DeLone and McLean Information Systems
Success Model within an S-O-R framework. By combining SEM and fsQCA, we clarify
how perception, emotion, evaluation, and intention interact to shape the SUI of Al image-
generation tools among university students and instructors.

The results reveal that sustained use of generative Al is influenced not only by per-
ceptions but also by affective and evaluative processes. Perceived ease of use, information
quality, and ethical awareness collectively increase both technological and ethical anxiety.
Additionally, information quality and ethical awareness enhance algorithmic trust and
influence perceived risk. Notably, anxiety does not merely inhibit use; instead, it can foster
vigilant trust through repeated verification and active engagement. Ethical anxiety is pos-
itively associated with responsible and continued use, indicating that moderate concern
about ethical issues motivates compliance rather than avoidance.

The study also demonstrates that user-friendly tools may increase users’ anxiety, but
this anxiety does not diminish trust. Instead, it fosters a form of calibrated trust, developed
through continuous human-AlI interaction and critical evaluation. In generative Al con-
texts, anxiety serves both as a source of tension and as a catalyst for responsible practice
[96].

The configurational analysis reveals that there is no single pathway to high SUI. High
intention arises from various combinations of perceptions, trust, manageable risk, moder-
ate anxiety, and personal innovativeness. Conversely, low SUI reflects a lack of activation
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across these dimensions, emphasizing that sustainable use is facilitated not by the absence
of anxiety but by the presence of perceived value, trust, and willingness to engage.

This study refines classic models of technology adoption by demonstrating that anx-
iety and trust can coexist, and that responsible, sustainable use arises from a dynamic
balance of vigilance and engagement. The methodological integration of SEM and fsQCA
provides a comprehensive framework for examining diverse user pathways. Practically,
the findings suggest that promoting responsible adoption of T2I technology requires im-
proving information quality and transparency, strengthening Al and ethics literacy, and
encouraging reflective, vigilant engagement—rather than attempting to eliminate all anx-
iety and risk.

Author Contributions: Conceptualization, B.X. and Y.L.; methodology, B.X. and ].Z.; software, B.X,;
validation, B.X.; formal analysis, B.X.; investigation, B.X., Y.H. and X.Z.; resources, ]J.Z. and Y.L,;
data curation, Y.H. and X.Z.; writing —original draft preparation, B.X.; writing—review and editing,
J.Z.and Y.L.; visualization, B.X.; supervision, Y.L.; project administration, Y.L. All authors have read
and agreed to the published version of the manuscript. All authors have read and agreed to the

published version of the manuscript.
Funding: This research received no external funding

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and was approved by the Ethics Committee of the School of Information Manage-
ment, Wuhan University, China, on 3 October 2025. The committee did not issue a protocol number;

a signed and stamped approval form is on file with the authors.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the

study.

Data Availability Statement: The survey data underlying this article contain information that could
compromise the privacy of research participants and are therefore not publicly available. De-iden-
tified datasets and analysis code can be obtained from the first author (B.X.) or the corresponding
author (Y.L.) upon reasonable request and subject to approval by the Ethics Committee of the School

of Information Management, Wuhan University.

Acknowledgments: During the preparation of this manuscript, the authors used ChatGPT (OpenAl,
San Francisco, CA, USA) to assist with language polishing and improving the clarity of expression.
The authors have carefully reviewed and edited all Al-assisted text and take full responsibility for

the content of this publication.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
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Al Artificial Intelligence

T21 Text-to-Image

5-O-R Stimulus-Organism—Response

TAM Technology Acceptance Model

TTAT Technology Threat Avoidance Theory
UTAUT Unified Theory of Acceptance and Use of Technology
ICT Information and Communication Technology
VR/AR Virtual/Augmented Reality

PU Perceived Usefulness

PEOU Perceived Ease of Use

1Q Information Quality

EA Ethical Awareness
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EA2 Ethics-Related Anxiety
TA Technology Anxiety
AT Algorithmic Trust
PR Perceived Risk
SUI Sustainable Use Intention
PI Personal Innovativeness
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