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ABSTRACT

This study aimed to examine the effect of digital literacy on perceived interactivity in learner—artificial
intelligence interaction, with particular emphasis on the mediating roles of self-efficacy in web
information retrieval and self-efficacy in human-robot interaction. This applied study employed a
descriptive-survey design. The statistical population comprised all elementary school teachers in
Rudsar, Iran, from whom 234 participants were selected based on the Krejcie and Morgan sample-
size table using stratified random sampling. Data were collected using the standardized questionnaire
developed by Ren et al. (2025), which assessed digital literacy, perceived interactivity in learner—Al
interaction, self-efficacy in web information retrieval, and self-efficacy in human-robot interaction.
Instrument reliability and validity were evaluated using Cronbach’s alpha, composite reliability, and
average variance extracted, all of which met acceptable criteria. Data were analyzed using SPSS and
SmartPLS through partial least squares structural equation modeling (PLS-SEM). Digital literacy had
significant positive effects on self-efficacy in web information retrieval ($=0.415, t=7.627), perceived
interactivity in learner—Al interaction (f=0.319, t=5.135), and self-efficacy in human-robot
interaction ($=0.501, t=9.705). Self-efficacy in web information retrieval (f=0.341, t=4.473) and self-
efficacy in human-robot interaction ($=0.253, t=3.775) also significantly and positively affected
perceived interactivity. Bootstrap analysis further demonstrated significant indirect effects of digital
literacy on perceived interactivity through self-efficacy in web information retrieval (=0.142,
t=3.051, p<0.001) and self-efficacy in human-robot interaction (p=0.127, t=2.497, p=0.003),
confirming both mediating pathways. Digital literacy enhances teachers’ perceived interactivity with
artificial intelligence both directly and indirectly by strengthening their confidence in retrieving and
evaluating web-based information and interacting effectively with intelligent systems. Accordingly,
teacher development programs should integrate digital literacy training with strategies designed to
strengthen information-retrieval competence and self-efficacy in interactions with Al-based
technologies.
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EXTENDED ABSTRACT
INTRODUCTION

The rapid expansion of digital technologies and the increasing integration of
artificial intelligence (Al) into educational environments have transformed conventional
patterns of teaching, learning, information access, and learner engagement. Al-based
systems, particularly generative Al tools and large language models, are no longer limited
to peripheral technological functions; rather, they increasingly operate as interactive
components of contemporary learning environments by supporting information retrieval,
content generation, problem solving, personalized feedback, instructional assistance, and
adaptive learning. This transformation has intensified the reciprocal relationship between
human and artificial intelligence in education and has made the quality of user—Al
interaction an important determinant of the educational value of intelligent technologies
(1). Although tools such as ChatGPT offer substantial opportunities for enhancing access
to information, providing individualized explanations, and supporting learning processes,
their effectiveness depends considerably on users’ ability to formulate appropriate
requests, evaluate generated responses, identify inaccuracies, and critically assess
algorithmically produced information (2). Similarly, the educational potential of generative
Al cannot be fully realized merely through access to technology; users must possess
sufficient digital competence and critical judgment to interact with intelligent systems
effectively and responsibly (3). Within this context, perceived interactivity in learner-Al
interaction has emerged as a significant construct representing the extent to which users
perceive an intelligent system as responsive, controllable, engaging, and capable of
providing interactions consistent with their individual learning needs. Perceived
interactivity can influence engagement and continued use of digital learning environments
because users who experience greater responsiveness, control, and reciprocal
communication are more likely to participate actively in technology-mediated learning (4).
In Al-supported learning environments, such interactivity is particularly dependent on the
learner’s capacity to guide the interaction, refine prompts, interpret system responses, and
modify communication strategies when the output is incomplete or inappropriate.
Consequently, the growing educational application of Al has increased the importance of
Al literacy, prompt-related competence, digital literacy, and critical thinking as essential
foundations for meaningful human—Al interaction (5). Among these capacities, digital
literacy appears especially important because it includes not only operational skills but also
information searching, source evaluation, digital problem solving, information



management, and the purposeful and responsible use of technological resources. Empirical
findings suggest that digital literacy strengthens the benefits of adaptive learning
technologies, personalized feedback, and interactive Al tools by facilitating more active
engagement with intelligent learning environments (6). Teachers’ and students’ perceptions
of generative Al are likewise related to their level of digital preparedness, suggesting that
inadequate digital literacy may limit the educational benefits of Al even when such tools
are technically accessible (7). Evidence from educational settings further indicates that
digital skills can mediate the relationship between Al literacy and educational service
quality (8), while Al literacy may contribute to higher-order thinking through greater
behavioral engagement and peer interaction among student teachers (9). Nevertheless,
digital competence alone may not be sufficient to explain differences in the quality of Al
interaction. A psychologically important mechanism is self-efficacy, defined as
individuals’ beliefs regarding their capability to successfully perform domain-specific
activities. Studies have shown positive relationships between digital literacy and academic
self-efficacy (10), as well as associations among digital literacy, academic self-efficacy,
and academic adjustment (11). Self-efficacy has also been identified as an important
mechanism connecting digital competence to desirable educational and professional
outcomes (12, 14). Two forms of self-efficacy are particularly relevant to interaction with
Al. The first is self-efficacy in web information retrieval, which concerns confidence in
searching for, locating, evaluating, and using information obtained through online
resources. This construct reflects not merely objective skill but users’ confidence in their
capacity to successfully execute information-retrieval activities (13). The second is self-
efficacy in human—robot interaction, which refers to individuals’ confidence in their ability
to communicate with, control, and effectively use intelligent technological agents.
Research in smart teaching environments has shown that digital information literacy self-
efficacy can play a meaningful role in shaping teachers’ engagement with technologically
advanced educational settings (15). More directly, recent evidence indicates that digital
competence, self-efficacy, and related psychological factors are significantly associated
with perceived interactivity in Al-supported learning contexts (16). However, relatively
limited attention has been given to the simultaneous mediating roles of self-efficacy in web
information retrieval and self-efficacy in human-robot interaction, particularly among
elementary school teachers. Therefore, the present study aimed to investigate the effect of
digital literacy on perceived interactivity in learner—Al interaction, with the mediating roles
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of self-efficacy in web information retrieval and self-efficacy in human—robot interaction
among elementary school teachers in Rudsar.

METHODS AND MATERIALS

This applied study employed a descriptive-survey design. The statistical population
consisted of all elementary school teachers employed by the Department of Education in
Rudsar in 2025. Based on the Krejcie and Morgan sample-size table, 234 teachers were
selected through stratified random sampling. Data were collected using the standardized
questionnaire developed by Ren et al. (2025), which measured four principal constructs:
perceived interactivity in learner—Al interaction, digital literacy, self-efficacy in web
information retrieval, and self-efficacy in human-robot interaction. Perceived interactivity
was assessed using 17 items across four dimensions consisting of responsiveness, learner
control, learning engagement, and personalization. Digital literacy was measured using 10
items representing technical literacy and digital skills. Self-efficacy in web information
retrieval was measured using eight items, whereas self-efficacy in human-robot interaction
was assessed using 13 items across the two dimensions of self-efficacy in robot control and
self-efficacy in robot use. All items were scored on a five-point Likert scale ranging from
strongly disagree to strongly agree. Content validity was evaluated by academic experts
and specialists, and a preliminary study with 15 participants was conducted to assess
instrument reliability. Cronbach’s alpha coefficients exceeded 0.70 for all constructs.
Composite reliability and average variance extracted were also evaluated and supported
the reliability and convergent validity of the measurement model. Data collection was
conducted after obtaining informed consent from the participants. Descriptive statistics
were used to summarize the data, and the Kolmogorov-Smirnov test was applied to
examine distributional assumptions. Because the data were non-normally distributed,
partial least squares structural equation modeling was used to evaluate the measurement
and structural models. SPSS and SmartPLS were used for data analysis. The structural
model included direct paths from digital literacy to perceived interactivity, self-efficacy in
web information retrieval, and self-efficacy in human—robot interaction, as well as paths
from both self-efficacy variables to perceived interactivity. Indirect effects were assessed
using bootstrapping.

FINDINGS

A total of 234 elementary school teachers participated in the study. The structural
model showed that all hypothesized direct relationships were statistically significant.
Digital literacy had a positive and significant effect on self-efficacy in web information



retrieval (=0.415, t=7.627), indicating that higher levels of digital literacy were associated
with greater confidence in searching for and retrieving information from web-based
sources. Digital literacy also had a significant positive effect on perceived interactivity in
learner—Al interaction (f=0.319, t=5.135), demonstrating that teachers with stronger digital
literacy perceived their interactions with Al systems as more responsive, controllable,
engaging, and personally relevant. The strongest direct relationship in the model was
observed between digital literacy and self-efficacy in human—robot interaction ($=0.501,
t=9.705), indicating that digital literacy substantially increased teachers’ confidence in
interacting with intelligent technological agents. Furthermore, self-efficacy in web
information retrieval had a positive and statistically significant effect on perceived
Interactivity in learner—Al interaction (f=0.341, t=4.473), while self-efficacy in human-
robot interaction also positively predicted perceived interactivity (p=0.253, t=3.775). The
model explained 17.2% of the variance in self-efficacy in web information retrieval, 25.1%
of the variance in self-efficacy in human-robot interaction, and 38.8% of the variance in
perceived interactivity in learner—Al interaction. Predictive relevance was supported by
positive Q2 values of 0.080 for self-efficacy in web information retrieval, 0.191 for self-
efficacy in human—robot interaction, and 0.237 for perceived interactivity. Bootstrapping
analysis further confirmed significant indirect effects. Digital literacy exerted a significant
indirect effect on perceived interactivity through self-efficacy in web information retrieval
(B=0.142, t=3.051, p<0.001), and the corresponding bootstrap confidence interval did not
include zero. A significant indirect effect was also identified through self-efficacy in
human—robot interaction ($=0.127, t=2.497, p=0.003), with a confidence interval
excluding zero. Thus, both forms of self-efficacy independently mediated the relationship
between digital literacy and perceived interactivity in learner—Al interaction. Because the
direct effect of digital literacy on perceived interactivity remained significant after the
mediators were included, the findings indicated partial mediation.

DISCUSSION AND CONCLUSION

The findings demonstrate that digital literacy is a central determinant of teachers’
perceived interactivity with Al and that its influence operates through both direct and
indirect pathways. Teachers with higher digital literacy appear better equipped to
understand technological functions, formulate appropriate requests, assess Al-generated
information, and modify interaction strategies when necessary. These competencies can
increase users’ sense of control and responsiveness during Al interaction and can therefore

produce a more favorable perception of interactivity. Digital literacy also had a substantial



Porfarzollah & Pali Study and Innovation in Education and Development, Vol. 7, Issue 3: 2027

positive effect on both forms of self-efficacy examined in the study. This suggests that
competence in digital environments is not limited to objective operational ability but also
strengthens individuals’ confidence in their capacity to perform information-related and
technology-mediated tasks. Repeated successful experiences with searching, evaluating,
managing, and using digital information may reinforce teachers’ confidence in retrieving
information from the web. Similarly, familiarity with digital tools may reduce uncertainty
when interacting with intelligent agents, thereby strengthening confidence in human-—robot
interaction. The comparatively large path coefficient between digital literacy and human—
robot interaction self-efficacy suggests that general digital competence may be particularly
important for reducing psychological distance from Al-based systems.

The results also showed that both forms of self-efficacy directly improved perceived
interactivity. Teachers who were more confident in retrieving information from the web
were likely to formulate more precise information needs, evaluate Al responses more
effectively, compare generated content with other sources, and continue searching when
initial responses were incomplete. As a result, they may experience Al interaction as more
manageable and productive. Likewise, teachers with higher self-efficacy in human-robot
interaction are likely to approach intelligent systems with greater confidence, persist when
difficulties occur, modify commands, and experiment with alternative forms of interaction.
Such behaviors can increase perceptions of responsiveness, learner control, engagement,
and personalization. The mediation findings are particularly important because they
indicate that digital literacy does not influence perceived interactivity exclusively through
technical competence. Part of its effect is transmitted through teachers’ beliefs about their
own capability to search for information and interact successfully with intelligent
technologies. Thus, possessing digital skills and believing in one’s ability to apply those
skills are complementary conditions for effective Al interaction.

Overall, the study supports a multidimensional interpretation of successful learner—
Al interaction in which technological competence and psychological confidence operate
together. Digital literacy provides the practical resources required to navigate Al-supported
environments, whereas self-efficacy facilitates the active use of those resources in real
interaction. The simultaneous mediation of web information retrieval self-efficacy and
human-robot interaction self-efficacy further suggests that information-related confidence
and interaction-related confidence represent distinct but complementary mechanisms.
From an educational perspective, these findings indicate that simply providing teachers
with access to Al tools is unlikely to guarantee meaningful adoption or high-quality



interaction. Professional development programs should therefore move beyond basic
technical training and incorporate opportunities for teachers to develop information-search
strategies, critically evaluate Al-generated content, practice iterative prompting, manage
errors, and gain successful experience interacting with intelligent systems. Such
experiences may strengthen both digital competence and self-efficacy and, in turn, improve
teachers’ perceptions of Al as a responsive and controllable educational resource. In
conclusion, digital literacy significantly enhances perceived interactivity in learner—Al
interaction both directly and indirectly through self-efficacy in web information retrieval
and self-efficacy in human-robot interaction. Strengthening these interconnected
competencies can provide an important foundation for more confident, critical, and
effective use of artificial intelligence in educational practice.
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