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Abstract

Artificial intelligence is included in several parts of education, and it serves as an impor-
tant tool for it. In this study, we present the initial design and pre-deployment formative
evaluation of an Al-powered educational chatbot, called TouriBot, from the perspective
of different stakeholders. TouriBot is part of a gamified learning environment created
specifically for students in primary education (ages 9-12). The application is intended to
support potential engagement with critical literacy-related tasks in the setting of misin-
formation. The evaluation involved three stakeholder groups, namely, in-service primary
school Information and Communication Technology (ICT) teachers (N = 112), ICT educa-
tional advisors (N = 13) serving as institutional pedagogical experts and user experience
(UX) experts (N = 8). No student data were collected in this evaluation phase. Structured
questionnaires assessed perceived usability and pedagogical value as well as behavioral
intention to use the tool. The results show that stakeholders evaluated the chatbot positively
regarding usability, pedagogical alignment and stated intention to use. ICT teachers indi-
cated high perceived usefulness and ease of use and strong intention to use the system in
their teaching environments. The user interface perception-based assessments from the UX
experts were mainly positive, and the ICT educational advisors highlighted the chatbot’s
alignment with the intended pedagogical goals. However, TouriBot had limitations and
drawbacks identified during this initial phase of the study. These stakeholder evaluations
provide perception-based feedback that can inform further system refinement and guide
student-centered evaluation in classroom settings.

Keywords: Al-supported educational chatbot; gamification; early-stage evaluation;
intercultural communication; perception-based study; primary education; human—computer
interaction; misinformation

1. Introduction

Recent progress in generative Al (GenAl) has reshaped how interactive learning tools
are built and used. Al-powered conversational agents are becoming increasingly popular
to facilitate interaction in learning environments [1]. Generative Al tools are conceptual
generators and design assistants. Thus, educational activities are required to develop
students’ critical thinking and digital skills. As a result, students can identify the pitfalls
and inaccuracies of artificial intelligence and respond critically rather than passively [2].
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Chatbots are frequently used in learning environments to support structured interac-
tion and self-directed learning. They function as conversational agents in diverse educa-
tional environments, providing opportunities for practice, feedback and increased student
engagement [3]. They were also developed at the primary school level based on static
databases of questions and answers and pre-defined knowledge bases. The emergence
of GenAl has transformed these systems into active agents that can provide contextual
feedback and more sophisticated forms of pedagogical scaffolding [4]. Large Language
Models (LLMs) have made chatbots more advanced, capable of providing adaptive, context-
sensitive responses and adapting to each learner’s needs in real time [5]. Recent research
indicates that the use of Al-supported chatbots in primary education depends on factors
such as pedagogical guidance, response quality and interaction design. This means that
user satisfaction and system usability should be evaluated systematically [6]. Nowadays,
Al-based educational chatbots rely on machine learning to generate structured and guided
interactions that meet teaching objectives, mainly in primary education [7]. These chat-
bots are used in class activities to help boost student engagement. They provide instant
feedback, which improves communication and interaction in a learning environment [8].
Gamification in education can also increase motivation when aligned with lesson objectives,
but it is most effective when the technology is well integrated and the instructional design
is carefully planned [9].

Artificial intelligence-based conversational agents are progressively shaping the field
of education. Ait Baha et al. [8] evaluated a chatbot as a virtual instructor for secondary
students and concluded that interaction with the chatbot helps maintain student engage-
ment. Previous studies of chatbots in different educational environments focused on user
experience, interface design and thorough evaluation of Al-based systems [8,10]. Elmaad-
away et al. studied a voice chatbot (Alexa) in primary schools and discussed the need for
interactive support and user involvement in chatbot-based learning [11].

Some promising advancements have been made; however, the efficacy and value of
Al-supported educational chatbots rely on aspects such as system architecture, adaptability
and user experience. Previous work has suggested that better algorithms, better inter-
faces and expert judgment are needed to make chatbots more effective and usable [12].
A diversity of professional opinions may help us understand how these systems work and
how they are acceptable for teaching, especially as more schools begin to adopt them.

Recent research explored general attitudes towards Al such as the effect of knowledge
about Al technologies on users’ opinions. Most of the literature focuses on general attitudes
instead of attitudes towards specific Al-based educational technology or the attitudes of
professionals with technical or user-experience skills [13]. For example, some studies use
methods such as the System Usability Scale (SUS) to assess usability, as in the Learning by
Building Chatbot environment. They generally help teachers design chatbots, though. They
do not analyze the satisfaction of users of a whole chatbot-based learning environment
with different stakeholder groups [14].

Chatbots are used in different educational contexts, and the results vary depending on
their design and how they are embedded in classroom practice. Research so far has been
primarily on performance data in experimental settings. Yet their use in certain contexts
and for particular design purposes remains poorly understood, notably in the case of
gamified environments for the development of critical thinking and online literacy skills.
Even fewer take a multi-perspective strategy that combines the thoughts of both UX experts
and educators.

Another major issue is the absence of early assessment of Al-supported educational
chatbots before they are deployed in schools. At this moment, few frameworks combine
education, usability and system-level insights. Much of the present research does not
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synthesize the perspectives of educators, UX experts and policy stakeholders in one analysis.
This lack makes it difficult to comprehend how to create, refine and evaluate these systems
prior to their usage in practical educational environments [3,12,14].

The present study addresses this gap through a multi-stakeholder evaluation of an
Al-supported educational chatbot integrated into a gamified learning environment. This
focuses on adult stakeholders’ perceptions of its pedagogical value, usability and potential
classroom applicability prior to subsequent evaluation with the intended users. This
approach may help clarify how such systems can be designed and refined through early-
stage stakeholder feedback before subsequent student-centered and classroom evaluation.

This need for early-stage, multi-stakeholder evaluation becomes even more critical
when Al-supported tools are intended for use by young students who face increasing
challenges when using digital content.

Young students are frequently exposed to vast amounts of visual and digital content.
This can be particularly challenging given that their cognitive abilities and media literacy
skills are still developing. Research shows that many students seem to have difficulty
distinguishing reliable, accurate news and information from misleading content in the
digital world [15-17]. Therefore, we can understand the importance of media education
and digital literacy. Students should be able to evaluate and interpret digital content [18].

In this sense, the present work proposes the development of an educational application
that integrates a chatbot within a gamified environment designed to support activities
related to the identification and critical evaluation of misinformation. It will not provide an
instant yes-or-no answer to whether information is misinformation or not but will guide
students through questions and hints intended to encourage information cross-checking.
The chatbot gives hints and feedback to students to help them engage in research, interact
and reflect [19,20].

Thus, the interaction is not limited to basic dialog. It applies the Socratic (Maieutic)
Method to turn the learner into an active citizen instead of a passive user of information.
The chatbot is not an expert in providing correct answers but a trained conversation
assistant who directs students with thoughtful questions and helps them to explore and
evaluate information [21].

This study relies on the methodological framework of Human-Computer Interaction
(HCI) Usability Evaluation and the Technology Acceptance Model (TAM) to perform a
broad and multi-perspective evaluation. HCI research is concerned with user-centered de-
sign and transparent interaction in digital systems, principles that are particularly relevant
for the evaluation of interactive educational technologies such as Al-supported educational
chatbots. When designing and evaluating chatbot interactions, the focus should not only be
on functionality but also on conversational clarity, perceived interaction style, transparency
and the ability to support user control and error recovery [22,23].

Along with that, TAM constructs are used to capture teachers’ attitudes towards the
proposed application [24]. The evaluation tool is oriented by two established frameworks
in educational game design: the Gaming Educational Balanced (GEB) Model, which helps
ensure gamification alignment, and the E-Guess model, which focuses on pedagogical
alignment [25,26].

Finally, this research follows a multi-stakeholder approach incorporating complemen-
tary but analytically distinct perspectives from ICT teachers, ICT educational advisors
and UX experts. In primary school classes, ICT teachers usually teach 1 h per week in a
computer lab nationwide. ICT educational advisors are a valuable resource for pedagogical
advice and assistance with the implementation and evaluation of ICT-related practices
in education. These roles empower both groups to evaluate the perceived pedagogical
consistency and usability of educational technological innovations.
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This study compares the views of three professional groups: ICT teachers, ICT educa-
tional advisors and UX experts. Each group considered a different part of the proposed
system. The outcomes may contribute to a deeper understanding of how Al-supported
educational chatbots are perceived by different stakeholder groups before being imple-
mented in classrooms. These data can also inform the design cycle and early improvements
to conversational agents and gamified learning environments. Based on a synthesis of
theoretical perspectives relevant to technology-enhanced learning and user-centered design,
the following research questions have been developed:

e ROQ1: How pedagogically valuable and usable is the Al-supported educational chatbot
application, according to ICT educational advisors?

e RQ2: How do UX experts perceive the usability and quality of interaction of the
chatbot, based on Nielsen’s usability heuristics?

e RQ3: How do ICT teachers evaluate the pedagogical value and usability of the chatbot?

e  RQ4: Which variables are associated with ICT teachers” perceived intention to use
the application?

e RQ5: What differences exist between ICT teachers and ICT educational advisors
regarding their evaluation of the system?

2. Materials and Methods
2.1. Participants

The comprehensive evaluation of the proposed Al-supported educational chatbot
was performed with three different groups of stakeholders: ICT educational advisors, UX
experts and ICT teachers.

The sample consisted of 13 ICT educational advisors who specialized in computer
science education, with an average of 21 years of teaching experience. Most ICT advisors
were in the 50-59 age range, and a majority had advanced academic degrees, including a
PhD. Most participants had prior experience with educational evaluation methods, which
further emphasizes the professional relevance of this group to the study:.

This study involved 8 UX experts from user experience research, university settings,
and interface design. The group spanned a range of ages and included male and female
respondents, although one participant did not disclose gender. Most participants were
conducting research, followed by academics and user experience and digital design experts.
Their professional experience varied and included extensive involvement in developing
and evaluating digital systems.

Finally, this study enrolled 119 ICT teachers proficient in computer science for children
aged 9 to 12 years. For each stakeholder group, there was a self-report consistency check
at the end of the questionnaire to identify potentially unreliable responses. For the ICT
educational advisors and UX experts, no cases were excluded, and all responses were
retained for analysis. However, for the ICT teachers, four participants were excluded
for self-reported insincerity on the honesty-check item, and three additional cases were
excluded for incomplete data. The final dataset of ICT teachers comprised 112 valid
responses (N = 112).

Primary schools received an email invitation outlining the study’s aims, following
ethical approval, which was then forwarded to ICT teachers. Participation was voluntary,
and the sample was a convenience sample, so the findings are not statistically generalizable.

ICT educational advisors tend to be a small but highly qualified professional group
within the national education system. The official institutional framework [27] specifies
their role as supporting the implementation of educational policy, providing pedagogical
and didactic guidance to teachers, organizing professional development activities and
contributing to the assessment and enhancement of instructional methods. ICT educational
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advisors act as a bridge between educational policy and practice at the school level, helping
schools adopt digital tools while encouraging innovative teaching approaches. At the time
of this study, 29 ICT educational advisors served across the country. The invitation was sent
to everyone surveyed, and 13 advisors responded, which is about 45% of all advisors and
thus a significant percentage of the desired population. Their institutional responsibilities
and system perspective make their feedback especially important for evaluating school-
related best practices. To our knowledge, this study is one of the first to engage such
a large percentage of ICT educational advisors at a national level in the evaluation of
an educational technology application. The outcomes, however, should be viewed as
perspectives informed by experts, not as statistically generalizable results.

An invitation email was also sent to UX experts. Participants were selected based on
their background in UX/UI design, human-computer interaction or associated research
areas. During the data collection phase, we sent a reminder email to all invited participants
to encourage participation. The sample size for UX experts (N = 8) is small. The UX expert
component of the present study consisted of a perception-based assessment structured
around Nielsen’s usability heuristics rather than a formal task-based heuristic inspection.
Given the small sample, the findings are interpreted descriptively as the assessments of the
participating experts rather than as statistically generalizable estimates.

The present study describes the first design and multi-stakeholder evaluation phase of
the Al-supported educational chatbot. In this stage, no data were collected from students.
The evaluation focused on adult stakeholder perspectives on the system’s pedagogical
design and usability and involved ICT teachers, ICT educational advisors and UX experts.
Direct student-centered evaluation with the intended age group (9-12 years) represents
a separate empirical direction that may complement the present findings by examining
students’ interactions with TouriBot, its usability in classroom settings and age-appropriate
learning outcomes.

2.2. Research Design and Procedure

The tool used in this study was built with Genially [28], a cloud-based platform
that supports the creation of interactive, gamified digital content. The intervention
used an application called “Fake News Travels Fast” designed around practical problem-
solving and interactive scenarios that help students stay involved. Furthermore, a spe-
cially designed Al-supported educational chatbot was developed using the Chatbase
(https:/ /www.chatbase.co/, accessed on 21 September 2026) and integrated into a simu-
lated educational activity environment. The chatbot is called TouriBot. The application was
designed as a gamified learning scenario aligned with critical literacy objectives among
students aged 9-12. The “Fake News Travels Fast” application, as shown in Figure 1, was
developed and assessed in its initial phase, incorporating core pedagogical scenarios and
storytelling elements that have previously been evaluated in classroom settings in relation
to students’ engagement and critical thinking skills [29]. Our previous study examined the
original gamified application in a primary school setting and reported on student-centered
usability, experience and pre- and post-intervention outcomes for the original application,
not the chatbot extension evaluated in the present study. Building on that foundation, the
current study focuses on the chatbot extension and evaluates it through a multi-stakeholder
lens involving ICT teachers, ICT educational advisors and UX experts.

The application was enhanced with TouriBot within the game narrative, as shown in
Figure 2, which provides contextual prompts and feedback. In this scenario, students can
interact with the application to explore situations involving the identification of misleading
information and the evaluation of digital content. TouriBot aims to help users with the
activities, so it provides guidelines, hints and feedback. The application has a variety
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of activities, questions and interactive elements designed to encourage critical thinking,
discussion and decision-making. We embedded game-like features such as challenges and
progress bars to foster user engagement. In addition, TouriBot’s content and responses
were adjusted to the context of digital literacy and misinformation [30].
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Figure 1. Example of an activity in which students are asked to evaluate whether an image is real
or Al-generated. The original interface is in Greek. The task asks students to decide whether the
photograph is authentic or Al-generated.
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Figure 2. Example of the TouriBot conversational interface in one of the predefined activities. The

Just now

original interface is in Greek. The conversation illustrates the chatbot’s question-based guidance in
an image-authenticity task, prompting the user to examine visual details and reflect on whether the
image may be Al-generated rather than providing the answer directly. This conversation was created
for illustrative purposes and does not contain any participant data. The application followed a strictly
linear structure with no alternative pathways. All participants from the three stakeholder groups
progressed through the same predefined activities in the same sequence, and completing the full
sequence required approximately 15-20 min. Although exposure to the game activities was therefore
consistent across participants, interaction with TouriBot was not standardized. Participants were not
provided with predefined prompts or required to ask specific questions. Instead, TouriBot remained
available throughout the activities, and participants could choose whether and when to use the
chatbot during each activity and what questions to ask; however, they could not alter the predefined
sequence of activities. Therefore, all participants completed the same activities in the game sequence,
but the interaction with the chatbot depended on the individual choices. The procedure therefore
standardized participants’ exposure to the application but not the frequency, timing or content of
their interactions with TouriBot.
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Furthermore, they were asked to use a desktop or laptop computer because the ap-
plication was designed for computer workstations in a school computer lab and not for
mobile devices. All participants used the same fully integrated version of the application,
including TouriBot, to ensure consistency in the system version available for evaluation.
Participants accessed the application remotely via a shared link and completed the explo-
ration individually, at a time and location of their own choosing. After this exploration,
participants completed the evaluation questionnaire via Google Forms. This procedure
was designed to give participants personal experience with the system before reporting
professional perceptions.

2.3. System Architecture and TouriBot Design

TouriBot’s conversation engine is supported by the application programming interface
(API) of the GPT-40 Mini large language model (LLM). GPT-40 Mini was selected as the
underlying language model for the conversational component of TouriBot. The system
uses a retrieval-augmented generation (RAG) architecture that bases its responses on a
tailored knowledge base, rather than relying exclusively on general pre-trained data. The
system uses controlled prompts, retrieved passages and predefined interaction rules. These
features were intended to keep the dialog focused on the educational task. Figure 3 presents
the system architecture.

Al PROCESSING PIPELINE (RAG) CONTROL AND SAFETY LAYER

Embeddingand  VectorDatabase  Relevant Context
Semantic Search (Curated Retrieval
= oa) Guardrails and Moderation

o3 &Y E O

Instruction Layer Spp——
(System Prompt and System Response
Scaffolding Logic) Output Constraints Failure Handling (Pedagogically
—_— il (2:sentence limit, Socratic prompts) Siaga ginpeiy

*ZB_.@.

RESPONSE LAYER

Figure 3. The figure shows TouriBot’s architecture. Specifically, it illustrates the retrieval-augmented
generation (RAG) workflow, the constraints on the system’s prompts and the safety mechanisms
designed to support focused and pedagogically structured interaction.

2.3.1. Knowledge Base and Retrieval Pipeline

The functionality of TouriBot was based on a carefully selected collection of domain-
specific documents (N = 9) concerning institutional frameworks, custom-made pedagogical
materials and game-specific resources in alignment with the narrative and logic of the
gamified learning environment. The institutional part contains official European Com-
mission documents concerning online misinformation. The pedagogical materials contain
educational content on misinformation, fake news and image manipulation.

TouriBot uses semantic retrieval to identify passages in the knowledge base that are
relevant to a user query. The language model receives these passages as context when
generating a response. This process may improve contextual relevance. It does not establish
that every response is accurate or suitable for children aged 9-12.

2.3.2. Prompt Engineering and Socratic Scaffolding

TouriBot’s intended conversational behavior was specified through a structured sys-
tem prompt that defined its role as a learning assistant rather than a direct problem solver.
It is expected to have a friendly tone that is pedagogically tailored to the students’ age. It is
designed to work as a learning assistant. The prompt was designed around a scaffolding
approach. The chatbot was instructed to avoid providing direct solutions and instead to
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use questions and step-by-step hints. The prompt also included instructions to provide
brief, constructive guidance when users indicated difficulty or frustration. Furthermore, the
output constraints were designed to keep the responses short, accessible and appropriate
for students aged 9-12. Finally, all generated content stayed focused on the learning goal of
evaluating online information, so that the chatbot always supports its educational purpose
(Table 1).

Table 1. Key system prompt rules and intended response constraints.

Category

Description

Role Definition
Pedagogical Strategy
Output Constraints
Answer Restriction
Domain Focus
Off-topic Handling
Failure Handling

The chatbot acts as a friendly educational assistant for students aged 9-12
Socratic scaffolding through reflective questioning
Maximum of two short sentences per response
The chatbot is instructed not to provide direct answers
Restricted to misinformation, fake news and critical evaluation
Redirects unrelated queries to the learning objective
Refers students to the teacher when no relevant answer is available

2.3.3. Guardrails and Moderation

We added multiple levels of interaction restrictions and filtering to reduce off-topic
responses and support alignment with the intended educational context. First, a strict
topic restriction mechanism limits TouriBot’s responses to the topic being discussed. If
students raised off-topic subjects or general questions, the system redirected them back to
the main learning objective. These constraints were intended to maintain topic alignment
and encourage responses appropriate to the intended age group. A mechanism that handles
off-topic questions also has predefined alternative answers, so that users are directed back
to the topic at hand.

2.3.4. Failure Handling and Response Control

The system uses methods to handle uncertainty and reduce the chance of providing
answers that are not supported by reliable information. TouriBot does not provide hy-
pothetical answers if the retrieval process does not find relevant information. Instead, it
gives general advice or suggests reaching out to the ICT teacher. The Control and Safety
Layer was designed to reduce the likelihood of unsupported or incorrect outputs, including
hallucination-like responses. The system was configured to use material retrieved from
the selected knowledge base. When retrieval did not return relevant material, the chatbot
was instructed to give general guidance or refer the student to the teacher. These controls
may reduce unsupported responses, but they cannot prevent them in every case. The
design includes topic restrictions, short-response rules and predefined handling of off-topic
questions. These technical mechanisms were implemented as design safeguards. However,
their effectiveness was not independently evaluated through a systematic benchmark of
retrieval accuracy, hallucination frequency, response robustness or age appropriateness in
the present study. They should therefore be interpreted as system-design features rather
than empirically validated performance characteristics.

2.3.5. Example Interaction

Table 2 presents a few examples of TouriBot’s interaction based on the implemented
Socratic scaffolding approach.
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Table 2. Examples of chatbot interaction based on the implemented Socratic scaffolding approach.

Student Input

TouriBot Response

“Is this picture real?”

“What do you notice about the source of the image? Can you find who created it?”

“Give me the answer.”

“I can’t give you the answer, but I can help you think about it.
What clues can you use to decide?”

“This looks fake.”

“What makes you think it might be fake? Can you find
something that supports your idea?”

TouriBot combines a selected knowledge base, a structured system prompt and prede-
fined interaction rules. The present study examined adult stakeholders’ views of this design.
Direct testing with students remains necessary. The next stage should test the chatbot’s
responses, usability and educational use with students and teachers in classroom settings.

2.4. Evaluation Instruments and Measures

We used structured questionnaires to examine stakeholders’ views of the application.
The questionnaires drew on established evaluation frameworks, with items adapted to the
TouriBot context. Thus, for assessing educational games, pedagogical suitability and accep-
tance of the technological system, we used, in the first section of the questionnaire included
questions based on the Gaming Educational Balanced (GEB) model, which examines key
dimensions of educational game design, such as attractiveness, perceived engagement, ap-
propriateness of difficulty levels, functionality of game mechanics and interface quality [25].
The second section of the questionnaire was adapted from the dimensions proposed in the
E-Guess model to check game usability. This section evaluates pedagogical consistency,
alignment with the cognitive domain of critical literacy and the perceived potential for stu-
dents to apply and self-assess their knowledge [26]. Finally, the section used the measures
of the Technology Acceptance Model (TAM) of Perceived Usefulness (PU) and Perceived
Ease of Use (PEOU) to identify the teachers” perceptions of the practicality and ease of
use of the application. The final section of the questionnaire measured participants’ stated
intention to use or recommend the application. These parts were rated using a five-point
Likert scale. The questionnaires produced ratings of user experience, pedagogical value
and stated intention to use the application [24]. The questionnaire was distributed to
the ICT teachers and the ICT educational advisors to elicit their evaluation of the system.
Questionnaire items were adapted from the theoretical frameworks above (GEB, E-Guess,
TAM) and tailored to the context of Al-supported educational chatbots. Each construct
was implemented using multiple items measuring engagement, pedagogical relevance,
usability, perceived usefulness and behavioral intention. The complete list of questionnaire
items is provided in Appendix A (Table A1).

The evaluation was conducted with adult stakeholders rather than the intended
student users, so items in the questionnaire about engagement, difficulty, learning relevance
or critical literacy were interpreted as the participants’ professional judgments about the
expected characteristics and appropriateness of the design. These ratings did not function
as direct measures of student experiences, usability, engagement, learning or critical literacy
skills. Thus, the questionnaire data reflect stakeholder perceptions that are used in a pre-
deployment formative evaluation and should not be interpreted as student-level evidence.

To further evaluate the interface, UX experts completed a Likert-scale questionnaire
structured around Nielsen’s ten usability heuristics. Rather than performing a task-based
inspection to discover and record specific usability issues, experts expressed their level of
agreement with statements based on each heuristic, providing a perception-based expert
assessment of the interface in relation to established usability principles [31]. This approach
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offers a way to gather structured expert impressions of the interface’s strengths and poten-
tial weaknesses, without requiring extensive user testing. It addresses key design areas,
including the perceived visibility of system status, consistency with common interface
expectations and the perceived flexibility and freedom of interaction. The assessment also
covers expert perceptions of error prevention, text legibility, interaction flexibility and the
clarity and simplicity of the visual design. Together, these design criteria provide a struc-
tured, perception-based overview of the interface’s perceived quality [32,33]. The complete
assessment tool used in this study is provided to readers in Appendix A (Table A2).

In addition to the perception-based usability assessment informed by Nielsen’s heuris-
tics, the UX evaluation also considered dimensions related to conversational interaction
quality, TouriBot’s persona, transparency and dialog repair [12,31,34,35]. A questionnaire
was developed to collect UX experts’ assessments of TouriBot’s interaction and conversa-
tion design. This instrument is based on the principles of conversation design and existing
frameworks for chatbot evaluation that identify conversational quality, social presence,
transparency and dialog repair as key dimensions of successful human—AlI interaction [34].
The full evaluation instrument for TouriBot’s interactions is presented in Appendix A
(Table A3).

In general, TouriBot was assessed using a multi-stakeholder approach involving ICT
teachers, ICT educational advisors and UX experts. Each group provided a different
perspective on the system, including pedagogical, strategic and usability perspectives. The
structure of the multi-stakeholder evaluation design is summarized in Figure 4.

UX experts

Usability
Interface Design

Chatbot Interaction
(Nielsen Heuristics)

Multi-Perspective Evaluation Framework

Usability,

Pedagogical
Value,
Adoption ICT
ICT Teachers Potential advisors

Classroom Use
Pedagogical Value
Technology Acceptance

Curriculum
Alignment

Educational Strategy,
Critical Literacy
Development

Figure 4. The figure shows the multi-stakeholder evaluation approach with the roles of ICT teachers,
ICT educational advisors and UX experts in assessing the application’s pedagogical value, usability
and stated intention to use.

We analyzed the findings from each stakeholder group based on their specific eval-
uation focus. We then discussed them together in the Discussion section. This multi-
stakeholder approach gave different but complementary perspectives on TouriBot. These
perspectives were used to examine different parts of the system, not to fully validate
the results.
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3. Results

Because this study is exploratory and perception-based, the results are reported as
descriptive and associative findings. These findings reflect stakeholder perceptions and do
not constitute evidence of actual classroom adoption, instructional effectiveness, or student
learning outcomes.

3.1. Evaluation of the ICT Educational Advisors on the Application (RQ1)

To answer RQ1, we calculated the means, standard deviations and 95% confidence
intervals to examine how ICT educational advisors rated TouriBot themselves. The results
indicate generally positive self-reported perceptions across all dimensions.

Since the number of ICT educational advisors was rather small (N = 13), we present
95% confidence intervals with the means to give a sense of the precision of these estimates.
As Table 3 and Figure 5 suggest, the scores on the five-point scale ranged from 4.19 to
4.38, which indicated high self-ratings across all variables across the board. Behavioral
intention was rated highest (M = 4.38, SD = 0.49). This may indicate that participants
had a high intention level to use the application. Furthermore, ease of use was rated
positively (M = 4.35, SD = 0.67), which shows that participants found the system easy and
accessible to use. The pedagogical content was also well rated (M = 4.32, SD = 0.46), which
shows that participants thought the educational content was suitable and appropriate. The
gamification elements were also rated positively (M = 4.29, SD = 0.44), indicating that
the game-based elements were perceived as engaging and appropriate for the learning
activities for which they were created. Perceived usefulness was rated the lowest (M = 4.19,
SD = 0.60) among all constructs, although it indicates a generally positive perceived value
of the application.

Mean Score of ICT Educational Advisors
w

Gamification Elements Pedagogical Content Perceived Usefulness Ease of Use Behavioral Intention

Figure 5. Mean scores of ICT educational advisors” evaluations across the five constructs. Error bars
indicate standard deviations.

The ICT educational advisors had a positive opinion of the usability, pedagogical fit
and intention to use TouriBot. However, these are perception-based evaluations from a
limited expert sample, and the perceived expert sample should not be seen as evidence of
actual system effectiveness or real-world adoption.
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Table 3. Descriptive statistics and 95% confidence intervals for ICT educational advisors’ evaluation
(N =13).

95% CI 95% CI
Measure Mean SD (Lower) (Uppen)
Gamification Elements 4.29 0.44 4.02 4.56
Pedagogical Content 4.32 0.46 4.04 4.59
Perceived Usefulness 4.19 0.60 3.83 4.55
Ease of Use 4.35 0.67 3.94 4.75
Behavioral Intention 4.38 0.49 4.09 4.68

Note. Confidence intervals are based on the t-distribution due to the small sample size.

3.2. Perception-Based Usability Assessment by UX Experts (RQ2)

To answer RQ2, UX experts completed a Likert-scale questionnaire structured around
Nielsen’s ten usability heuristics. The perception-based opinions of the UX experts were
expressed as averages and standard deviations. Interpretation levels were based on ranges
of mean scores (1-5) to provide an informative classification of the replies: 1.00-2.99
(low), 3.00-3.99 (moderate), 4.00—4.49 (high), and 4.50-5.00 (very high). The categories are
descriptive and are not intended to be viewed as objective performance benchmarks. These
statistics are provided only as descriptive summaries of the heuristic assessments of the
participating UX experts and should not be interpreted as population-level estimates given
the small expert sample (N = 8).

The perception-based expert assessment (as shown in Table 4 and illustrated in
Figure 6) showed generally positive UX expert ratings across most of the dimensions
structured around Nielsen’s usability heuristics. “Recognition rather than recall” (M = 4.88,
SD = 0.35), “help and documentation” (M = 4.75, SD = 0.46) and “match between the
system and the real world” (M = 4.63, SD = 0.52) received high scores. The ratings indicate
generally positive expert perceptions of the interface in terms of recognition, guidance,
and correspondence with familiar interaction patterns. Moreover, “user control and free-
dom” received M = 4.63 (SD = 1.06) and “consistency and standards” received M = 4.50
(SD = 0.76). The ratings also show positive expert ratings of user control and consistency
with common interface norms. However, the scores were lower for “flexibility and economy
of use” (M = 2.63, SD = 1.41) and “aesthetic and minimalist design” (M = 3.50, SD = 1.41).

Table 4. Results of the perception-based expert assessment structured around Nielsen’s ten usability
heuristics (UX expert ratings).

Heuristic Mean SD Interpretation
Visibility of system status 413 0.99 High
Match between the system and the real world  4.63 0.52 Very High
User control and freedom 4.63 1.06 Very High
Consistency and standards 4.50 0.76 Very High
Error prevention 4.25 0.71 High
Recognition rather than recall 4.88 0.35 Very High
Flexibility and efficiency of use 2.63 1.41 Low
Aesthetic and minimalist design 3.50 1.41 Moderate
Error recognition and recovery 4.13 113 High
Help and documentation 4.75 0.46 Very High

Note. The interpretation categories are based on predefined Likert scale ranges (1-5) and should be
considered indicative rather than absolute evaluations.
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Recognition rather than
recall
Figure 6. Mean UX expert ratings on questionnaire dimensions structured around Nielsen’s ten
usability heuristics.

UX experts gave the system comparatively low ratings for flexibility and efficiency
of use (M = 2.63), suggesting that the system was relatively rigid and linear and may
limit its ability to support diverse user tasks or interaction styles. The wide standard
deviation (SD = 1.41) indicates a range of opinions among experts, with some indicating
that the guided design was suitable for younger students, while others suggested that
more experienced users may find the limited interaction to be restrictive. Likewise, the
moderate rating for “aesthetic and minimalist design” (M = 3.50) indicates more mixed
expert perceptions of this aspect of the interface. The relatively large standard deviation
(SD = 1.41) indicates substantial variation in expert ratings of the visual layout’s clarity
and simplicity.

The UX expert ratings of TouriBot interactions were generally positive across the
evaluated dimensions, as shown in Table 5. Given the relatively small number of UX
experts (N = 8), we report 95% confidence intervals to determine the precision of the
mean values.

Table 5. Descriptive statistics and 95% confidence intervals for UX expert ratings (N = 8).

. . 95% CI 95% CI
Dimension Mean SD (Lower) (Upper)
Conversational clarity 4.00 0.97 3.19 4.81
Social presence and persona 3.75 1.08 2.85 4.65
Transparency and user control 3.88 0.88 3.14 4.61
Error recovery and dialog repair 4.63 0.38 431 494

Note. The confidence intervals are based on the t-distribution due to the small sample size.

The highest mean rating was obtained for error recovery and dialog repair
(M = 4.63, SD = 0.38), which suggests that, in general, the participants perceived the
chatbot as supportive when errors occurred or clarification was needed. The narrow confi-
dence interval further suggests consistency in these opinions. Conversational clarity was
also rated high (M =4.00, SD = 0.97). The responses show that TouriBot was, in general,
regarded as being clear and understandable. However, slightly lower scores were observed
for transparency and user control (M = 3.88, SD = 0.88) and for social presence and persona
(M =3.75,SD = 1.08). These findings suggest that, while TouriBot interaction is perceived
as functional and supportive, there is room to enhance its perceived personality and inter-
action style. Moreover, due to the small sample size (N = 8), we interpret these results as
expert-informed assessments rather than statistically generalizable findings on usability.
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3.3. ICT Teachers’ Evaluation of the Application (RQ3)

Descriptive statistics (frequencies and percentages) were calculated to summarize the
demographic characteristics of the participants. The demographic profile of the sample is
presented in Table 6.

Table 6. Demographic characteristics of ICT teacher participants (N = 112).

Variable Category n %
Gender Male 41 36.6
Female 71 63.4
Age 20-29 1 0.9
30-39 16 14.3
4049 57 50.9
50-59 34 30.4
60+ 4 3.6
Teaching Experience 0-5 years 16 14.3
6-10 years 23 20.5
11-15 years 12 10.7
16-20 years 21 18.8
21+ years 40 35.7
Education Level Bachelor’s Degree 38 33.9
Master’s Degree 69 61.6
PhD 4 3.6
Post-doc/Other ! 1 0.9
Prior Evaluation Experience Yes 45 40.2
No 67 59.8

! Note: The “Other” category includes participants with postdoctoral research status.

To evaluate the internal consistency of the questionnaire scales, we conducted a
reliability analysis on the full dataset of N = 112 participants (ICT teachers) using Cronbach’s
alpha (x) and McDonald’s omega (w) coefficients. The results indicated acceptable to
high internal consistency across all dimensions, with Cronbach’s « values ranging from
0.877 to 0.944 and McDonald’s w values ranging from 0.879 to 0.945. These internal
consistency estimates are broadly consistent with the reliability coefficients reported in
previous TAM research [36]. As shown in Table 7, all the questionnaire scales have strong
internal consistency. These internal consistency estimates should not be interpreted as
evidence of construct or discriminant validity.

Table 7. The reliability analysis of the questionnaire scales.

Evaluation Measure Items Cronbach’s « McDonald’s w
Gamification Elements 1-5 0.877 0.879
Pedagogical Content 6-12 0.910 0.913
Perceived Usefulness 13-16 0.944 0.945
Ease of Use 17-20 0.932 0.934
Behavioral Intention 21-23 0.912 0.917

Descriptive statistics (means and standard deviations) were calculated to analyze ICT
teachers’ perceptions of the application across the five aspects of the questionnaire in order
to answer RQ3.

As shown in Table 8, all evaluation measures received high ratings. The mean of
the ratings ranged from 4.22 to 4.44 on a five-point Likert scale, suggesting generally
positive self-reported evaluations of the program across the constructs. The 95% confidence
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intervals (Cls) were calculated to ensure the precision of these estimates. The confidence
intervals estimate the precision of the sample means. They do not correct for self-selection,
response bias or the use of a convenience sample.

Table 8. Descriptive statistics and 95% confidence intervals for ICT teachers (N = 112).

Evaluation Measure Mean SD 95% CI 95% CI
(Lower) (Upper)
Gamification Elements 441 0.61 4.30 452
Pedagogical Content 4.36 0.64 4.25 4.48
Perceived Usefulness 422 0.79 4.07 4.37
Ease of Use 4.44 0.66 4.32 4.57
Behavioral Intention 4.29 0.79 4.14 4.44

Ease of use (M =4.44, SD = 0.66) was evaluated as the highest, followed by gamification
elements (M = 4.41, SD = 0.61) and pedagogical content (M = 4.36, SD = 0.64). Behavioral
intention also received a high evaluation (M = 4.29, SD = 0.79), while perceived usefulness
showed similarly positive responses (M = 4.22, SD = 0.79). The observed negative skewness
across constructs indicates a tendency toward higher ratings. This pattern may result from
response tendencies inherent in self-reported data, such as acquiescence bias or novelty
effects associated with evaluating a newly introduced system. These factors should be
considered when interpreting the generally high mean scores.

Given that the instrument was adapted for a context-specific application, the following
analysis is strictly exploratory; its results should be interpreted as preliminary indications
of the instrument’s internal structure, rather than as evidence of construct validity. To
explore the instrument’s preliminary internal structure in this sample, an exploratory
factor analysis (EFA) was conducted on the responses of ICT teachers (N = 112) using the
minimum residual extraction method with oblimin rotation.

The suitability of the data for factor analysis was confirmed by the Kaiser-Meyer—
Olkin (KMO) measure of sampling adequacy (KMO = 0.925), indicating excellent sampling
adequacy, and Bartlett’s test of sphericity (x? = 2486, df = 253, p < 0.001), which was statisti-
cally significant. A five-factor solution was specified based on the theoretical constructs of
this study and the examination of the scree plot, collectively explaining 72.8% of the total
variance. Factor loadings and item communalities (h?) were examined. Although several
items showed substantial primary loadings, others exhibited weak primary loadings or
cross-loadings. Communality values ranged from 0.406 to 0.874.

Table 9 gives limited support to the proposed five-factor structure. The items for
perceived usefulness formed the clearest group. Several other items had weak primary
loadings or loaded on more than one factor. The five constructs were therefore not clearly
separated in this sample. This may reflect overlap among the questionnaire domains,
although common method variance may also have contributed. The analysis is exploratory
and does not validate the instrument. We retained all items because they represented
parts of the theoretical framework, and most had adequate communalities. Some primary
loadings were below 0.40 [37]. Due to these substantial cross-loadings and the theoretical
overlap among domains, the extracted factors cannot be considered empirically indepen-
dent latent constructs in this sample. Consequently, the reliance on composite scores based
on the a priori theoretical framework introduces inherent limitations for subsequent infer-
ential analyses. These items require further examination in a larger, independent sample.
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Table 9. Factor loadings and communalities (h?) from exploratory factor analysis (EFA).

ltem  Gamification Pyeot  Jerewed  Pefasosial EBenavioal  w
Ql4 0.153 0.817 0.119 —0139 0870
Q13 0.795 0.140 0.810
Q15 0.791 0.812
Q16 0.790 0139 0804
Q12 0.291 0.454 0.406
Q11 0.174 0.139 0.327 0.305 0.617
Q18 0.996 0.874
Q19 0.825 0.851
Q20 0.801 0.768
Q17 0.671 0177 0193 0730
Q5 0.695 0.149 0.106 ~0.108 0.666
Q1 0.675 0.134 0182 0.655
Q 0.579 0.286 0.616
%) 0.572 0.186 0.167 0235 0626
Q7 0.410 0.109 0216 0.242 0235 0623
Q4 0.383 0.143 0.366 0115 0635
Q9 0.170 0.768 0.811
Q6 0.108 0.144 —0.114 0.736 0.671
Q10 0.281 0.597 0.734
Qs 0.333 0.143 0.596 —0181 0822
Q1 0.126 0.182 0353 0.118 0450 0823
Q23 0.162 0.241 0214 0.120 0423 0714
Q22 0.246 0.118 0.270 0.256 0347 0813

Loaflsings 3.36 4.05 492 3.34 1.07

% Variance 14.6% 17.6% 21.4% 14.5% 465%  72.8%

Note. Minimum residual extraction with oblimin rotation was used. All factor loadings with absolute
values > 0.10 are reported for transparency. h? represents communalities (1—uniqueness).

Because all questionnaire constructs were measured through self-report items collected
from the same respondents at one time point, Harman’s single-factor test was conducted as
a limited post hoc diagnostic check. An unrotated EFA including all teacher-questionnaire
items showed that the first factor accounted for 58% of the total variance. This result
indicates a substantial general factor and means that common method variance cannot be
ruled out. However, Harman's test does not distinguish method variance from conceptual
overlap among the measures or a general positive response tendency. The result is therefore
interpreted as an additional reason for caution, rather than as a quantitative estimate of
common method bias.

Despite these limitations, the original composite scores were retained for subsequent
analyses because they were specified a priori based on the theoretical frameworks that
informed the instrument design (GEB, E-Guess and TAM), rather than derived from this
sample-specific factor analysis. Consequently, the correlation and regression analyses
should be interpreted as exploratory analyses based on theoretically defined composite
measures, not as evidence regarding empirically independent latent constructs.

The results, as shown in Table 10, indicate moderate to relatively positive relationships
among the extracted factors, ranging from 0.156 to 0.694. These findings indicate overlap
among some of the factors extracted in this sample. The constructs were defined as
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conceptually distinct during the development of the instrument. However, the EFA results
indicate only partial empirical separation.

Table 10. Inter-factor correlation matrix derived from exploratory factor analysis (oblimin rotation).
The matrix summarizes how the extracted factors relate to each other based on the analysis.

cp Pedagogical Perceived Ease of  Behavioral
Gamification Content Usefulness Use Intention
Gamification 0.646 0.522 0.694 0.310
Pedagogical Content 0.627 0.566 0.259
Perceived Usefulness 0.503 0.189
Ease of Use 0.156

Behavioral Intention

Note. Values represent correlations between factors extracted using minimum residual extraction
with oblimin rotation. All correlations are positive.

Accordingly, these findings should be interpreted as exploratory and perception-based,
emphasizing the relationships identified within the dataset rather than substantiating
distinct or independent latent constructs.

3.4. Variables Associated with ICT Teachers” Reported Behavioral Intention to Use the
Application (RQ4)

To address RQ4, Pearson correlation analysis was conducted to examine the relation-
ships among the theoretically defined measures. This analysis was performed before the
regression analysis to explore the associations among variables.

As shown in Table 11, all variables were positively and significantly correlated. Per-
ceived usefulness (r = 0.789, p < 0.001), ease of use (r = 0.748, p < 0.001), pedagogical content
(r=0.755, p < 0.001) and gamification features (r = 0.730, p < 0.001) were found to correlate
strongly with behavioral intention. These positive correlations indicate that higher ratings
on these characteristics are associated with higher behavioral intention. However, caution is
warranted in interpreting these connections, as all variables were assessed using self-report
instruments within a single measurement context, which may have inflated the correlations
due to common method bias. Because the EFA showed limited factor separation, these
correlations should be viewed as associations among theoretically defined measures, not as
relationships between empirically validated independent constructs.

Table 11. Pearson correlation matrix of the theoretically defined measures.

Evaluation Measure Gamification Peggﬁ?egri:al I?:erfcsixeegs Ease of Use ]ii}t‘:ﬂ?;;l
Gamification —

Pedagogical Content 0.762 *** —

Perceived Usefulness 0.677 *** 0.818 *** —
Ease of Use 0.727 *** 0.705 *** 0.694 *** —

Behavioral Intention 0.730 *** 0.755 *** 0.789 *** 0.748 *** —

Note. *** p <0.001. The em dash (—) indicates diagonal elements for which correlations are not reported.

A regression analysis was performed to examine the patterns of association among the
variables, not to determine causal relationships. The multiple regression analysis was re-
garded as exploratory since the EFA did not clearly separate the elements, as demonstrated
in Table 12. Behavioral intention was used as the dependent variable, and gamification
elements, pedagogical content, perceived usefulness and perceived ease of use were used
as theoretically defined measures.

The purpose of the analysis was to examine how these variables relate in this sample,
not to prove predictive validity or to show relationships between truly independent latent
constructs. Given the empirical overlap and strong bivariate correlations among the
theoretically defined measures (r > 0.67), the multiple regression analysis was treated
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strictly as an exploratory analysis of the patterns of association. The resulting regression
coefficients may be influenced by shared variance among overlapping measures and should
therefore not be interpreted as isolated, independent effects of distinct latent constructs.

Following that, key regression assumptions were examined. The independence of
residuals was confirmed by a Durbin-Watson statistic of 1.86 (p = 0.420). Although the
Shapiro-Wilk test was significant (p < 0.001), visual inspection of the Q-Q plot (Figure 7)
indicated that the residuals followed the normality line closely enough to satisfy the
assumption for a sample of this size (N = 112). Linearity and homoscedasticity were also
verified through residual plot analysis.

Standardized Residuals
(=]

|
[\
I

-2 -1 0 1 2
Theoretical Quantiles

Figure 7. Q-Q plot of standardized regression residuals. Black dots represent the observed standard-
ized residuals and the diagonal line represents the theoretical normal reference line. The regression
model was statistically significant, F (4, 107) = 70.3, p < 0.001. The model accounted for 72.4% of the
variance in reported behavioral intention (R% = 0.724). All variables were collected from the same
respondents using the same self-report questionnaire at a single time point. Therefore, the relatively
high proportion of explained variance (RZ = 0.724) should be interpreted cautiously, as conceptual
overlap and common method variance may have inflated the observed associations. Accordingly, the
regression results should be viewed as exploratory associations among overlapping perceptions within
this sample and not as evidence of predictive validity, actual system adoption or educational effective-
ness. Within this exploratory model, perceived usefulness showed the largest standardized regression
coefficient ( = 0.390, p < 0.001), followed by ease of use (3 = 0.262, p = 0.002) and gamification elements
(B =0.199, p = 0.023). The coefficient for pedagogical content was not statistically significant when
the other measures were included in the model (§ = 0.100, p = 0.328). However, given the limited
empirical separation among the measures, differences among the individual coefficients should not be
interpreted as evidence of distinct or independent effects. In addition, the Variance Inflation Factor (VIF)
values ranged from 2.56 to 4.04, remaining below commonly used thresholds for severe multicollinearity.
Although the VIF values ranged from 2.56 to 4.04 and remained below commonly used thresholds for
severe multicollinearity, they do not eliminate concerns about conceptual overlap and limited empirical
separation among the measures identified in the EFA. Consequently, differences among the individ-
ual standardized coefficients should not be interpreted as evidence of differential importance among
distinct constructs.
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Table 12. Exploratory multiple regression analysis with reported behavioral intention as the depen-
dent variable.

Evaluation Measure B p VIF
Gamification 0.199 0.023 2.88
Pedagogical Content 0.100 0.328 4.04
Perceived Usefulness 0.390 <0.001 3.29
Ease of Use 0.262 0.002 2.56

3.5. Comparison of ICT Teachers and ICT Educational Advisors (RQ5)

In response to RQ5, Welch’s independent-samples t-tests were carried out to examine
whether there are any differences between ICT teachers and ICT educational advisors on
the five evaluation dimensions. Descriptive statistics were also calculated to accurately
represent the characteristics of the groups.

As shown in Table 13, both groups reported generally high self-reported evaluations
across all dimensions. ICT teachers reported slightly higher mean ratings for gamification
elements (M = 4.41) and ease of use (M = 4.44) than ICT educational advisors. Additionally,
ICT teachers recorded marginally higher scores in pedagogical content and perceived
usefulness, although the differences between the two groups were relatively small. In
contrast, ICT educational advisors reported a slightly higher behavioral intention rating
(M = 4.38). In general, the descriptive comparison suggests that both groups reported
generally positive perceptions of the application within the context of this evaluation.
However, the consistently high mean scores across both groups should be interpreted with
caution, as they may reflect response tendencies associated with self-reported data, such as
acquiescence bias or novelty effects.

Table 13. Descriptive comparison between ICT teachers and ICT educational advisors.

Group Mean Median SD SE
c ICT Teachers 441 4.50 0.608 0.0575
Gamification -
Elements ICT Educational 429 420 0.444 0.123
Advisors
q | ICT Teachers 4.36 4.43 0.636 0.0601
Pedagogica .
Content ICT Educational 432 4.29 0.456 0.126
Advisors
ICT Teachers 4.22 4.13 0.785 0.0742
Perceived ;
Usefulness ICT Educational ;9 4.25 059 0165
Advisors
ICT Teachers 4.44 4.75 0.664 0.0628
E f U i
ase ot Lse ICT Educational 435 450 0.673 0.187
Advisors
ICT Teachers 4.29 4.33 0.791 0.0747
Behavioral N
Intention ICT Educational -, 5 433 0488 0135
Advisors

Welch’s independent-samples t-tests were conducted to examine differences between
ICT teachers and ICT educational advisors across five evaluation dimensions: gamification
elements, pedagogical content, perceived usefulness, ease of use and behavioral intention.
The analysis included Welch's t statistic, degrees of freedom (df), significance level (p-value),
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the mean difference between the two groups, the standard error of the mean difference and
the effect size (Cohen’s d).

As shown in Table 14, Welch’s independent-samples t-tests indicated no statistically
significant differences between ICT teachers and ICT educational advisors across any of
the five evaluation dimensions (p > 0.05 for all comparisons). The calculated effect sizes
(Cohen’s d) were small across all comparisons. Consistent with these effect sizes, the
estimated group differences were small. However, the ICT advisor sample included only
13 participants, so the estimates remain imprecise, and small differences may not have
been detected.

Table 14. Comparison of ICT teachers and ICT educational advisors using Welch’s independent-
samples t-tests across the five evaluation dimensions.

Welch’s t df P Dilf\i/fl:raerrllce Diffzfence Cohen’s d
Gamification Elements 0.858 17.7  0.403 0.117 0.136 0.219
Pedagogical Content 0.329 179  0.746 0.046 0.140 0.083
Perceived Usefulness 0.146 172 0.886 0.026 0.181 0.038
Ease of Use 0.486 148  0.634 0.096 0.197 0.143
Behavioral Intention —0.621 202 0.542 —0.096 0.155 —0.146

Note. Welch’s independent-samples ¢-tests were used because of the unequal group sizes. Mean
difference = ICT teachers-ICT educational advisors.

In light of the limited factor separation observed in the EFA, the original composite
scores were retained solely as theoretically defined, context-specific summary measures.
They should not be interpreted as empirically validated or discriminant latent constructs.
Accordingly, the group comparisons reported here should be interpreted as exploratory
comparisons of theoretically defined composite measures within this sample.

4. Discussion

We chose to perform a multi-stakeholder evaluation prior to directly evaluating Touri-
Bot with its intended student users. This aligns with established instructional design
approaches and shows that professional stakeholder assessments can provide early for-
mative insights into the design and perceived usefulness of educational software [32].
This process provides an opportunity to examine TouriBot’s interaction design and peda-
gogical scaffolding and to identify potential issues before direct evaluation in classroom
settings [14,31]. Such an evaluation represents an initial formative step in examining the
newly integrated AI component and builds on our previous evaluation of the baseline
application with students [29]. Bringing Large Language Models (LLMs) into K-12 contexts
creates new opportunities but also raises ethical and instructional problems. Thus, forma-
tive evaluation can help identify potential interaction, usability and pedagogical concerns
before direct evaluation with young students [4].

Figure 4 presents the multi-stakeholder evaluation design and the distinct perspectives
contributed by the three stakeholder groups. Each group of participants had its own
perspective. They provide different but complementary insights into the overall operation
of the system. ICT teachers mainly commented on usability and classroom practicality,
but ICT educational advisors provided a broader pedagogical and strategic viewpoint.
Instead, UX experts focused more on the design of the user interface and basic principles
of usability.

The findings indicate generally positive participant perceptions of the system’s usabil-
ity and pedagogical value. However, this study did not directly assess student learning
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outcomes. The results should therefore be interpreted as adult stakeholders” perceptions of
TouriBot within a specific evaluation context and educational scenario, not as evidence of
educational effectiveness, student usability or readiness for classroom use.

The findings are discussed in relation to each research question. Research Question 1
(RQ1) explores the perspectives of educational advisors in the field of ICT. The results
showed that the ICT educational advisors evaluated the application positively in terms of
its perceived pedagogical value and usability. Research Question 2 (RQ2) examines the
perception-based usability assessment conducted with UX experts. Research Question 3
(RQ3) investigates ICT teachers’” perspectives. Furthermore, Research Question 4 (RQ4)
investigates the variables related to reported behavioral intentions, and Research Question 5
(RQ5) compares the evaluations of ICT teachers and ICT educational advisors across the
five theoretically defined measures.

The results of RQ2 showed that UX experts provided generally positive ratings on
most of the usability dimensions informed by Nielsen’s heuristics, while flexibility and
aesthetic design received comparatively lower ratings. ICT teachers in RQ3 reported rather
high ratings on TAM-based measures, including perceived usefulness and perceived ease of
use. The findings from RQ4 indicated that perceived usefulness, perceived ease of use and
gamification components were positively associated with ICT teachers’ expressed intention
to use the system. Perceived usefulness showed the strongest adjusted association in the
regression model (3 = 0.390, p < 0.001). Finally, no statistically significant differences were
detected in Research Question (RQ5) in the perceptions of ICT teachers and ICT educational
advisors about the educational value and usability of TouriBot.

Nevertheless, the high ratings across all components and the negatively skewed dis-
tributions indicate the need for careful interpretation. The observed pattern may partly
reflect response tendencies associated with self-report evaluation, including acquiescence
bias, as well as possible novelty effects associated with participants” exposure to a newly
introduced Al-supported educational chatbot. These potential influences were not mea-
sured directly and should therefore be regarded as possible sources of bias rather than
established explanations for the high ratings. These issues are discussed further in the
limitations section.

The pattern of the results is broadly consistent with TAM, in which perceived useful-
ness is expected to be associated with behavioral intention. In the exploratory regression
model, perceived usefulness showed the strongest adjusted association with behavioral
intention. However, this result should be interpreted carefully. The high correlations among
ratings across the measured dimensions, the weak factor separation in the EFA, and the
fact that all the data came from one self-report questionnaire at a single time point suggest
that overlap among the theoretically defined measures and shared method variance may
have influenced the observed associations.

Accordingly, the regression results should be understood as indicating adjusted as-
sociations rather than as evidence of causal relationships. The theoretically informed
associations with behavioral intention are based on self-reported perceptions and do not
provide evidence of actual system adoption. Instead, they reflect participants’ reported will-
ingness to use the system under the study’s conditions. These findings should therefore not
be interpreted as evidence of instructional effectiveness or learning impact, but rather, as
indicative of perceived system characteristics within a pre-deployment evaluation context.

Notably, despite the low expert ratings for flexibility (M = 2.63) and moderate ratings
for aesthetics (M = 3.50), both ICT teachers and ICT educational advisors reported relatively
high stated behavioral intention. This pattern indicates a descriptive difference between
the perspectives captured by the stakeholder-specific measures. However, because the
stakeholder groups had different professional roles and completed different evaluation mea-
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sures, and because the UX expert group was small, this pattern should not be interpreted as
evidence of a systematic discrepancy between perceived usability and behavioral intention.

The relatively high ratings for perceived ease of use reported by ICT teachers can be
considered alongside the UX expert ratings structured around Nielsen’s usability heuristics.
These assessments provide different but complementary perspectives: the TAM-based
measures capture ICT teachers’ perceptions of the usefulness and ease of use of TouriBot,
whereas the heuristic-informed expert assessment provides descriptive information about
specific aspects of the interface that may warrant further design attention. These frame-
works are therefore treated as complementary evaluation perspectives rather than as an
integrated model or as mutually validating measures.

Previous research on expert-based usability evaluation has shown that judgments may
vary across evaluators [38]. The present study did not examine inter-evaluator agreement.
Therefore, the UX ratings are interpreted descriptively as the assessments of the participat-
ing experts rather than as definitive estimates, consistent with a cautious approach to the
interpretation and communication of quantitative HCI findings [39].

TouriBot was designed to provide guidance and hints without directly providing an-
swers, reflecting the intended scaffolding strategy of the system. However, the effectiveness
of this approach has not been empirically evaluated with students.

From a human-computer interaction perspective, usability may influence participants’
perceptions of the system’s potential educational value, as reported in this pre-deployment
evaluation context. From a design perspective, reducing unnecessary cognitive demands
may help learners focus on task-relevant information, while appropriate guidance can
support structured engagement with learning activities. In this sense, these principles
informed the design rationale of the interface. However, the present study did not measure
students’ cognitive load or engagement. Accordingly, whether these design features
support engagement with critical literacy-related learning objectives requires empirical
evaluation with the intended student users in classroom settings [40,41].

Among the dimensions informed by Nielsen’s heuristics, recognition rather than
recall received the highest UX expert rating (M = 4.88, SD = 0.35). This indicates that the
participating experts generally perceived the interface as minimizing the need for users to
rely on memory by making relevant options visible. In contrast, flexibility and efficiency of
use received the lowest rating (M = 2.63, SD = 1.41), indicating that the participating experts
perceived limited flexibility in accommodating different user levels or interaction needs.

The perception-based usability assessment revealed that two dimensions rated com-
paratively lower than the others, which may warrant attention before student-centered
evaluation in classroom settings. First, low expert ratings for flexibility and efficiency
of use (M = 2.63), and second, moderate ratings for aesthetic and minimalist design
(M = 3.50). Particular attention should be given to the low scores for flexibility and
efficiency of use, which suggest that the UX experts who participated perceived limitations
in the system’s ability to adapt to different interaction methods or levels of user experience.
Given the perception-based nature of the assessment, this finding should be interpreted as
an indication of a potential area for further design refinement rather than as evidence of an
objectively established usability problem.

Additionally, the moderate aesthetic evaluation suggests that the environment needs
improvement in areas such as organization and minimalism, thereby reducing the visual
noise created by non-essential elements. Thus, these aspects can be regarded as indicators
and directions for enhancement rather than mere weaknesses. Therefore, we may conclude
that there is a need for a clearer interface, better visual consistency and more flexible
interaction routes, while keeping the original design focus of the system for students
aged 9-12.
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In order to collect complementary but analytically separate stakeholder viewpoints in
an early formative evaluation, this study used pedagogical evaluation measures, heuristic-
informed UX assessments and TAM-based measurements. These frameworks served as
complementary conceptual lenses for organizing the evaluation rather than as an integrated
theoretical model tested by the present data.

4.1. Limitations and Scope of the Evaluation

This study presents an early formative evaluation of an Al-supported educational
chatbot. It focused on perceived usability, pedagogical value and potential classroom
applicability. This research did not include in vivo classroom implementation and direct
measurement of student learning outcomes. The interpretation of the findings should take
into account several sampling-related limitations. The sample of ICT teachers (N = 112)
was one of convenience and voluntary participation, which means that there is a possi-
bility of self-selection bias. Participants with a higher interest in educational technology
may have been more likely to participate in this study, and this potential self-selection
should be considered when interpreting the consistently high ratings observed across the
measured dimensions.

The expert samples were relatively small. They comprised 13 ICT educational advisors
and 8 UX experts. The UX expert sample (N = 8) was used for the perception-based usability
assessment. However, because of its small size, it can yield only limited quantitative
questionnaire results. This implies that the reported means and standard deviations for
the UX evaluation should be interpreted descriptively as summaries of the participating
experts’ assessments rather than as statistically generalizable estimates.

Although the ICT advisors’ sample includes a large portion of the national population
(approximately 45%), the findings are presented as informed expert opinions rather than
evidence typical of a larger population. The findings are further limited by the use of
self-reported data, which may be vulnerable to response biases such as social desirability
and acquiescence. Consequently, the observed associations among the theoretically defined
questionnaire measures may partly reflect shared method variance and conceptual overlap
rather than relationships among clearly distinct constructs. Therefore, the high reported
intention to use the system should be interpreted as an indicator of perceived acceptance in
the research context rather than as evidence of actual classroom implementation.

The adapted questionnaire also has limitations regarding construct validity. As re-
ported above, the EFA offered only limited support for the intended five-factor structure,
with several items showing weak primary loadings or loading on more than one factor. In
addition, the questionnaire has not been tested on a different group of participants. The
post hoc Harman test identified a dominant general factor accounting for 58% of the item
variance. Together with the high correlations among the theoretically defined measures
and limited factor separation, this finding indicates that shared method effects, conceptual
overlap and general evaluative response tendencies may have contributed to the observed
associations. Given the limited factor separation, high correlations among the theoretically
defined measures and potential shared method variance, the individual regression coeffi-
cients should not be interpreted as unique or empirically isolated effects of distinct latent
constructs. The high proportion of variance accounted for by the exploratory regression
model (R? = 0.724) should also be interpreted in light of these measurement limitations.

Furthermore, this study took place in a specific sociocultural and educational setting.
This may limit the transferability of the findings to other educational systems, pedagogical
techniques or technical systems.

In addition, the evaluation was based exclusively on adult stakeholder perceptions
and did not include direct evaluation with students, who are the intended users of the
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system. ICT teachers and educational advisors can provide professionally informed recom-
mendations of pedagogical design and possible classroom application, but their judgments
cannot substitute for the experiences of the intended student users. More specifically,
ratings of the questionnaire items on expected levels of engagement, difficulty, usability,
relevance to learning and support for critical literacy are professional perceptions and not
direct evidence of suitability, experience or educational effectiveness at the student level.
Thus, direct evaluation with primary school students is necessary to examine how the
intended users interact with and experience TouriBot in practice.

While all participants followed the same predefined sequence of activities, their inter-
action with TouriBot was not standardized. Participants could choose whether and when
to use the chatbot during each activity and what questions to ask, but they could not alter
the predefined sequence of activities. This flexibility reflects TouriBot’s intended role as an
on-demand support tool, since it cannot be predetermined whether, when, or at what point
an individual learner may require assistance. Nevertheless, this design may have resulted
in differences in the frequency, timing and content of chatbot interactions and, consequently,
in different levels of exposure to TouriBot before completing the evaluation questionnaire.
This variability should therefore be considered when interpreting participants” evaluations.

A further limitation is the absence of a dedicated system-level technical evaluation
of TouriBot. Although retrieval-augmented generation and response-control mechanisms
were incorporated into the system design, the present study did not systematically assess
the retrieval accuracy, hallucination frequency, prompt robustness, age appropriateness,
or consistency of the intended Socratic interaction strategy. The present study focused on
perception-based and UX evaluation rather than technical validation of the underlying
Al mechanisms. Therefore, the reported stakeholder and UX assessments should not be
interpreted as evidence of system-level technical performance.

4.2. Future Research

Building on the limitations discussed above, future research should incorporate more
systematic documentation of participants’ interactions with the chatbot, such as logs that
record the frequency, timing and type of use, while maintaining TouriBot’s intended on-
demand support function.

Given the limited factor separation observed in the present study, further research
should refine the questionnaire and examine its dimensional structure in larger, indepen-
dent samples to determine whether the theoretically defined measures can be more clearly
distinguished empirically.

In addition, future multi-stakeholder research should move beyond parallel assess-
ments of separate stakeholder groups toward a more integrated evaluation design that
brings together the perspectives of ICT teachers, ICT educational advisors, UX experts and
students within a common analytical framework.

Dedicated system-level evaluation should also complement the present perception-
based findings by systematically examining retrieval accuracy, hallucination occurrence,
prompt robustness, age appropriateness and consistency of the intended Socratic interac-
tion strategy.

Future research may also extend the present evidence through direct student-centered
and classroom-based evaluation of TouriBot, including observational evidence and direct
assessment of learning outcomes. Together, these complementary directions would address
key limitations of the present study and provide a more comprehensive basis for examining
TouriBot across methodological, technical and educational dimensions.
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5. Conclusions

This study represents an initial formative evaluation based on the perspectives of ICT
teachers, ICT educational advisors and UX experts. It examined perceived pedagogical value,
usability and potential classroom applicability from these adult stakeholder perspectives.

Specifically, ICT teachers and ICT educational advisors generally reported positive
perceptions across the evaluation measures. UX experts gave generally positive ratings
across most aspects assessed through the heuristic-informed and conversational interaction
measures. They also reported noticeably lower ratings for aspects such as interaction
flexibility and aesthetic and minimalist design.

The principal contribution of this study is the multi-stakeholder formative evaluation
of TouriBot, an Al-supported educational chatbot integrated into a gamified learning en-
vironment addressing misinformation in primary education, from three complementary
professional perspectives: ICT teachers, ICT educational advisors and UX experts. By
bringing together classroom-oriented, broader pedagogical and UX perspectives, this study
provides a broader formative view of perceived pedagogical value, usability, potential class-
room applicability and interface-related strengths and limitations. This multi-stakeholder
approach does not constitute an integrated validation framework. Rather, it provides com-
plementary formative evidence that can inform subsequent research and system refinement.

The present study does not provide evidence of student learning outcomes or class-
room effectiveness. Although the findings derive from a single application evaluated
within a single national and educational context, they identify specific areas for further
refinement, particularly interaction flexibility and interface design.
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Appendix A. Questionnaire Instruments
Appendix A.1. Teacher and ICT Advisor Questionnaire

The questionnaire used in this study was developed by adapting items from the
Gaming Educational Balanced (GEB) model, the E-Guess model, the Technology Acceptance
Model (TAM) and the UTAUT framework.

The instrument was originally developed in Greek and translated into English for
reporting purposes. All items were adapted to reflect the specific context of TouriBot em-
bedded in a gamified learning environment, focusing on critical literacy. The questionnaire
reflects participants’ perceptions and does not represent or replace learning outcomes.
Several changes and adjustments were made before distributing it to the experts to ensure
its validity, clarity and alignment with the educational content and pedagogical objectives.
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The instrument represents an adapted, context-specific questionnaire and should be consid-

ered appropriate for exploratory and formative evaluation purposes rather than as a fully

validated measurement scale.

Table Al. Teacher and ICT advisor questionnaire items.

Code Item Statement Framework
Q1 The application is perceived as attractive and engaging CEB
for students.
The difficulty level is perceived as appropriate and
Q2 . GEB
supportive of student engagement.
Q3 The application is perfglved as motlvatlng students to CEB
participate actively.
Q4 The game elements are percen{ed as supporting the GEB
learning experience.
Q5 The interface is perceived as appropriate for students GEB
aged 9-12.
Q6 The pedagogical cont'ent is pergen{ed as aligned with critical E-Guess
literacy principles.
Q7 The activities are percelv§d as a.ppr.oprlate for the intended E-Guess
learning objectives.
Q8 The application is per(.:elved as supporting meaningful E-Guess
learning experiences.
Q9 The application is perceleed as connecting learning with E-Guess
real-life contexts.
Q10 The application is percellved as allow1.ng students to reflect E-Guess
on their understanding.
Q11 The learning acthlth are pe.rcelved as engaging E-Guess
and interactive.
Q12 The pedagogical content is perceived as appropriate for the E-Guess
target age group.
Q13 The application is p?rceived as useful. for supporting critical TAM
literacy-related skills.
Q14 The application is perc.elved as helpmg students TAM
evaluate information.
Q15 The application is perceive.d as SI'Jpp'orting the achievement TAM
of learning objectives.
Q16 The application is pt.erceived as supporting the TAM
learning process.
Q17 The application is perceived as easy for students to use. TAM
Q18 Learning to use the application is perceived as easy. TAM
Q19 The application is perceived as clear and understandable. TAM
Q20 Navigation within the application is perceived as easy. TAM
Q21 I'would recommend this application for classroom use. UTAUT
Q22 I intend to use this application in my teaching practice. UTAUT
Q23 I'would encourage other educators to use this application. UTAUT

Note. Questionnaire items adapted from the GEB model [25], E-Guess framework [26], TAM and
UTAUT-based behavioral intention constructs [24]. All items were contextually adapted to evaluate

TouriBot in primary education.

https:/ /doi.org/10.3390/asi9100204


https://doi.org/10.3390/asi9100204

Appl. Syst. Innov. 2026, 9, 204

27 of 30

Appendix A.2. UX Experts” Evaluation Instrument

The perception-based usability assessment completed by UX experts was informed by

Nielsen'’s ten usability heuristics. Each heuristic was operationalized as a perception-based

statement and rated using a five-point Likert scale.

Table A2. Nielsen heuristics-based questionnaire.

Code Heuristic Item Statement
The system is perceived as clearly
H1 Visibility of system status communicating its current
status to the user.
The language and symbols used are
H2 Match with the real world perceived as familiar
and understandable.
The system is perceived as allowing
H3 User control and freedom users to undo, redo, or navigate
freely between actions.
The system is perceived as consistent
H4 Consistency and standards and aligned with established
design standards.
H5 Error prevention Th(? system is perceived as
preventing errors before they occur.
The system is perceived as
Hé6 Recognition rather than recall minimizing memory load by
making options visible.
H7 Flexibility and efficiency The system is perceived as adaptable
to both novice and experienced users.
HS Aesthetic and The interface is perceived as clear
minimalist design and free from unnecessary elements.
H9 Error recognition and recovery Error messages are perceived
as clear and helpful.
H10 Help and documentation Help and support are perceived as

available and useful when needed.

Note. The questionnaire items represent perception-based adaptations of Nielsen’s ten usability

heuristics for TouriBot [31].

In addition to heuristic evaluation, UX experts assessed the perceived quality of TouriBot

interactions using perception-based items grounded in conversational design principles.

Table A3. TouriBot interaction evaluation.

Code Dimension

Item Statement

C11 Conversational Clarity

The chatbot responses are perceived
as clear and understandable for users
aged 9-12.

C12 Conversational Clarity

The chatbot responses are perceived
as relevant to the context of
each activity.

C13 Conversational Clarity

The chatbot is perceived as providing
sufficient but not excessive
information during interactions.
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Table A3. Cont.

Code

Dimension

Item Statement

C14

Conversational Clarity

The interaction with the chatbot is
perceived as coherent and
naturally flowing.

C15

Social Presence and Persona

The chatbot is perceived as having a
clear role and communication style.

Cl6

Social Presence and Persona

The chatbot’s communication style is
perceived as friendly and
pedagogically appropriate for users
aged 9-12.

C17

Social Presence and Persona

The chatbot persona is perceived as
supporting user engagement
and interest.

C18

Transparency and
User Control

Users are perceived as understanding
why the chatbot provides specific
responses or guidance.

C19

Transparency and
User Control

The user is perceived as maintaining
a sense of control during interaction.

C20

Transparency and
User Control

It is perceived as clear when the
chatbot provides information,
guidance, or support.

C21

Transparency and
User Control

Users are perceived as able to
recognize when the chatbot makes an
error and how to proceed.

C22

Error Recovery and
Dialog Repair

When users do not understand a
response, the chatbot is perceived as
providing appropriate clarification.

C23

Error Recovery and
Dialog Repair

In cases of incorrect or inappropriate
responses, the chatbot is perceived as
not discouraging the user.

C24

Error Recovery and
Dialog Repair

The chatbot is perceived as
supporting the smooth continuation
of interaction after errors.

Note. Items C11-C14 (Conversational Clarity) were informed by conversational communication
principles and chatbot interaction research [12,34,35]. Items C15-C17 (Social Presence and Persona)
were informed by media equation and social presence perspectives in human—-computer interac-
tion [12,35]. Items C18-C24 (Transparency and User Control; Error Recovery and Dialog Repair) were
informed by established usability principles and the chatbot interaction literature [12,31]. All items
were specifically developed and adapted to the educational context of an Al-supported educational
chatbot, called TouriBot, for students aged 9-12 years and were intended for UX expert evaluation.
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