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Abstract. Al-based chatbots are increasingly used to support self-directed
learning, vyet little is known about how their interaction strategies shape learn-
ing. Grounded in the theory of Desirable Difficulties, we conducted a mixed-
methods study investigating the effects of Traditional and Socratic interactions
on undergraduate students learning Object-Oriented Programming. We ana-
lyzed immediate learning, knowledge retention, information behavior, and user
experience. Exploratory findings suggest a trade-off between immediate per-
formance and retention stability: Traditional interactions favored higher per-
formance and greater efficiency, whereas Socratic interactions promoted more
exploratory behavior and more stable knowledge retention.

1. Introduction

Access to information has changed over the past decades. Search engines have long sup-
ported self-directed learning by enabling individuals to seek information and construct
knowledge about unfamiliar topics. More recently, Generative Artificial Intelligence
(GenAl) has further transformed this landscape [Hoppe et al., 2026], where Al-based
conversational systems are increasingly used to explain concepts, answer questions, and
support learning through natural dialogue.

Despite their educational potential, Al-based chatbots also introduce new chal-
lenges. Their ability to provide immediate, well-structured answers can reduce the cog-
nitive effort required during learning, encouraging passive information consumption and
creating a false sense of mastery [Gerlich, 2025, Lee et al., 2025]. This concern is con-
sistent with research on cognitive offloading, which suggests that delegating cognitive
processes to external systems can weaken memory encoding and long-term retention [Bar-
caui, 2025, Risko and Gilbert, 2016, Sparrow et al., 2011]. Consequently, an important
question emerges: how should conversational Al interact with learners to support durable
learning rather than simply deliver correct answers?

One promising perspective comes from the theory of Desirable Difficulties [Bjork
etal., 2011, Bjork, 1994] which argues that introducing manageable cognitive challenges
during learning can improve long-term retention, even when it reduces immediate perfor-
mance. Rather than minimizing effort, effective instructional strategies should encourage
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learners to actively retrieve, organize, and connect knowledge. Within conversational Al,
this suggests that the educational effectiveness of a chatbot may depend not only on the
quality of its responses but also on how those responses are managed.

A pedagogical approach aligned with this perspective is the Socratic method,
in which instructors stimulate reasoning through guided questioning instead of simply
providing direct answers [Paul, 1993, Reznitskaya and Gregory, 2009]. Recent studies
indicate that Socratic Al systems can promote critical thinking and cognitive engage-
ment [Fakour and Imani, 2025, Favero et al., 2024, Lee et al., 2026]. However, evidence
regarding their impact on measurable learning outcomes remains limited. Moreover, ex-
isting work has primarily focused on learning performance or user engagement in isola-
tion, leaving open the question of how different chatbot interaction strategies shape both
learning outcomes and the information behaviors through which learning occurs.

Motivated by these gaps, this paper investigates how two distinct chatbot interac-
tion strategies influence self-directed learning. We conducted a mixed-methods study in-
volving undergraduate students learning Object-Oriented Programming (OOP) concepts.
Participants interacted with either a Traditional chatbot that provided direct answers or a
Socratic chatbot designed to promote reflective reasoning through guided questioning. We
compared the two strategies considering immediate learning, delayed knowledge reten-
tion, interaction behavior, and user experience.! Our results provide evidence that chatbot
interaction strategies influence not only learning outcomes but also the ways learners in-
teract with Al during the learning process, highlighting interaction design as an important
dimension of Al-supported learning environments.

The rest of this paper is structured as follows: Section 2 reviews the theoretical
foundations of S&CAL, Desirable Difficulties, and Socratic pedagogy. Section 3 high-
lights the related works. Section 4 describes the experimental design. Section 5 presents
and discusses the findings. Section 6 concludes the paper.

2. Background

This section presents the theoretical foundations that support our study: Search and Chat
as Learning, the Socratic teaching method, and the theory of desirable difficulties.

2.1. Search and Chat as Learning

Research on learning through information systems has traditionally been framed within
the Search as Learning (SAL) paradigm, which recognizes that the information-seeking
process is not merely an information retrieval task but a learning process, in which effec-
tive search enhances learning outcomes, and learning equips individuals with the skills for
efficient searching [Machado et al., 2020]. In this context, learning-oriented search goes
beyond simple fact-finding, involving iterative processes such as sense-making, source
evaluation, and the integration of new information into existing knowledge structures.

Recent work extends the SAL paradigm by treating conversational interaction as a
learning process in its own right. Under perspectives such as Chat as Learning (Cal.) [Yu
and Liu, 2025] and Chat-and-Search [Tibau et al., 2024], learning emerges through itera-
tive dialogue, where each conversational exchange helps learners refine their understand-
ing while allowing Al systems to adapt subsequent responses. Compared with traditional

! All experiment data are available at: https://github.com/lapic-ufjf/socratic—ai/
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search, conversational systems therefore play a more active role in shaping the learning
process, although this also introduces challenges related to information reliability and
overreliance on Al-generated answers.

At the same time, research has explored how conversational Al can be combined
with traditional search systems. The Search+Chat paradigm integrates web search with
embedded GenAl components to support learning-oriented tasks [Yang et al., 2025]. The
findings suggest that users rely on chat for quick explanations and clarification, while still
using search engines to verify information and explore topics more deeply, highlighting
the complementary nature of these tools.

Taken together, these developments point to a broader paradigm, which we call
Search and Chat as Learning (S&CAL): an evolution of SAL encompassing learning
mediated by search engines and conversational Al, used independently, sequentially, or in
combination within the same learning process.

2.2. Desirable Difficulties

The concept of desirable difficulties provides a theoretical foundation for understanding
why effortful learning can lead to better outcomes. Introduced by Bjork [1994] and further
developed by Bjork et al. [2011], it posits that learning conditions that require greater
cognitive effort, when appropriately calibrated, enhance long-term retention and transfer.

Empirical research supports several forms of desirable difficulties, such as re-
trieval practice, spaced repetition, and generation tasks, which require learners to actively
reconstruct knowledge and, despite increasing perceived difficulty, strengthen memory
representations and transfer [Cepeda et al., 2006, Roediger and Karpicke, 2006].

Within S&CAL environments, this framework highlights a key trade-off between
efficiency and learning depth. Systems that prioritize immediate answers may reduce
cognitive effort and create a sense of understanding without promoting durable learning.
In contrast, interaction designs that introduce productive challenges, such as prompting
learners to think, explain, or predict, can foster more meaningful engagement.

In this regard, Socratic interaction can be seen as a natural instantiation of desir-
able difficulties. By replacing direct answers with guided questioning, Socratic Al-based
chatbots should encourage learners to actively process information and construct their
own understanding. This connection provides a principled basis for comparing Socratic
and traditional chatbot designs with respect to their impact on learning.

2.3. The Socratic Teaching Method

The Socratic method is a dialogical approach to teaching that relies on structured ques-
tioning to stimulate reasoning and uncover assumptions. Rather than providing direct
answers, the instructor guides learners through a process of inquiry in which understand-
ing is gradually constructed [Boghossian, 2006, Paul and Elder, 2019].

A key feature of this approach is its emphasis on active cognitive engagement.
Learners are encouraged to articulate their reasoning, examine inconsistencies, and refine
their ideas through dialogue. This process aligns with evidence from the learning sciences
showing that deeper learning occurs when learners actively construct knowledge rather
than passively receive it [Chi, 2009]. In practice, Socratic questioning promotes critical
thinking, argumentation, and metacognitive awareness [Reznitskaya and Gregory, 2009].
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In the context of S&CAL, the Socratic method offers a distinct interaction model
compared to both traditional search and answer-oriented chat systems. While conven-
tional systems tend to optimize for efficiency by delivering immediate responses, a So-
cratic approach introduces guided inquiry as part of the interaction itself. This shift posi-
tions questioning not as a limitation, but as a mechanism for supporting deeper engage-
ment and knowledge construction. As such, Socratic strategies can be operationalized in
Al-based systems to scaffold reasoning while preserving learner autonomy.

3. Related Works

The rapid adoption of GenAl in education has led to a growing body of research inves-
tigating its impact on learning, behavior, and outcomes. Existing work provides three
complementary perspectives on this problem: (i) the use of Al chatbots as learning tools,
(i1) concerns regarding passive learning and cognitive offloading, and (ii1) the design of
pedagogically grounded Al systems, particularly those inspired by the Socratic method.

A first line of research investigates Al chatbots as learning tools. Conversational
agents powered by large language models have been applied to support a wide range
of learning activities, including tutoring, question answering, and personalized feed-
back [Duong et al., 2024, Kasneci et al., 2023, Ogunleye et al., 2024]. Among these
studies, Blasco and Charisi [Blasco and Charisi, 2024] compared different Al interaction
strategies, including direct answers, step-by-step explanations, and Socratic questioning.
While Socratic interactions increased learner engagement and interaction frequency, they
did not significantly improve learning outcomes or knowledge retention compared with
answer-oriented systems. These findings suggest that interaction strategy alone is in-
sufficient to guarantee deeper learning and highlight the need to better understand how
different interaction styles influence the learning process.

A second research direction focuses on the potential drawbacks of Al-assisted
learning. Studies on cognitive offloading argue that learners increasingly rely on Al sys-
tems to perform cognitive tasks that would otherwise contribute to learning [Risko and
Gilbert, 2016, Sparrow et al., 2011]. Supporting this concern, a randomized controlled
trial found that students using ChatGPT as a study aid performed significantly worse on
a delayed retention test than those using traditional study methods [Barcaui, 2025]. This
effect was attributed to reduced cognitive effort during learning, weakening memory en-
coding and consolidation. These findings are consistent with the theory of desirable diffi-
culties [Bjork et al., 2011], suggesting that the immediacy of Al-generated answers may
inadvertently reduce the effort required for durable learning. Consequently, an important
open question is whether alternative interaction strategies can mitigate these effects while
preserving the benefits of conversational Al.

Motivated by these concerns, a third line of research investigates conversational
systems designed to actively promote learning rather than simply deliver answers. In par-
ticular, several studies have explored Socratic interaction strategies that encourage learn-
ers to construct knowledge through guided questioning [Degen, 2025, Fakour and Imani,
2025, Favero et al., 2024, Lee et al., 2026]. Across different educational contexts, these
systems have consistently been associated with greater learner engagement, reflection,
critical thinking, and metacognitive awareness. Nevertheless, evidence regarding their
impact on measurable learning outcomes remains inconclusive. Most existing studies
emphasize immediate performance, cognitive engagement, or perceived learning experi-

1946



XV Congresso Brasileiro de Informatica na Educagdo (CBIE 2026)
Anaisdo XXXVII Simposio Brasileiro de Informatica na Educacdo (SBIE 2026)

ence, while comparatively little attention has been given to delayed knowledge retention.

Taken together, these studies indicate that chatbot interaction design plays an im-
portant role in Al-supported learning. However, important gaps remain. Existing work
has largely examined learning outcomes, cognitive engagement, or critical thinking in iso-
lation, making it difficult to understand how different interaction strategies jointly affect
learning performance and learner behavior throughout the learning process. Moreover,
relatively few studies compare alternative Al interaction strategies while simultaneously
evaluating delayed knowledge retention.

To address these gaps, this work compares two contrasting chatbot interaction
strategies: a Traditional answer-oriented chatbot and a Socratic chatbot designed to scaf-
fold learner reasoning through guided questioning. Adopting a mixed-methods perspec-
tive within the S&CAL framework, we jointly examine immediate learning, delayed
knowledge retention, information behavior, and user experience. By combining quan-
titative learning measures with qualitative analyses of learner interactions, our study pro-
vides a broader understanding of how chatbot interaction strategies shape both learning
outcomes and the information behaviors through which learning unfolds.

4. Study Design

This section describes the pilot study, the chatbot configurations, the participant proce-
dures, and the evaluation measures.

4.1. Pilot Study

Prior to the main experiment, we conducted a pilot study involving 17 volunteer partic-
ipants who were not involved in the final study. The pilot study used music theory as
the learning domain and aimed to evaluate the experimental platform, collect preliminary
user experiences, and refine the Socratic instruction (prompt).

Analysis of interaction logs and participant feedback revealed that early versions
of the Socratic prompt occasionally produced excessive questioning, making conversa-
tions feel unnatural. Consequently, the prompt was redesigned to better balance guided
questioning and direct explanations while preserving active reasoning. Participants per-
ceived the music theory topics as having limited personal relevance, suggesting lower en-
gagement than in authentic learning scenarios. Thus, we designed the main study to adopt
OOP concepts, which are directly related to participants’ academic activities. The pilot
also revealed potential recall effects from identical immediate and delayed assessments,
leading us to subtly rephrase the retention-test questions, changing only their wording
while preserving conceptual equivalence.

4.2. Experimental Setup

The main study was conducted between April and May 2026 and involved 12 under-
graduate students, all aged 18 years or older, enrolled in Computing-related programs.
The learning activity focused on three OOP concepts: inheritance, polymorphism, and
abstract classes. These topics were selected because they were scheduled to be covered
in the participants’ course, ensuring immediate academic relevance. The experiment was
hosted on the Searchat Behavior 2 platform [Joel et al., 2025, Machado et al., 2024], which

2Searchat Behavior: https://github.com/lapic-ufjf/searchat-behavior
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supported task configuration, questionnaire administration, interaction logging, and con-
figuration export for replication. Across both experimental conditions, OpenAI’s GPT-4.1
served as the underlying language model.

The Traditional condition used the model without additional pedagogical prompt-
ing, providing direct responses without explicit instructional scaffolding. The Socratic
condition employed the following custom system prompt:

You are a Socratic tutor. Your goal is to help the student think for
themselves, guiding the conversation naturally.

General Guidelines:

* Prioritize guiding the student to build their reasoning skills.

* Prioritize questions that stimulate reflection and connect
directly to what the student has said.

* Avoid generic or out-of-context questions.

* Adapt to the student's level.

+ Ensure that the key concepts of the subject are covered.

Important Priority:
« If the student asks a direct question, answer clearly first.
* Only then, if it makes sense, ask a question to delve deeper.

Pedagogical Diagnosis:
* Ask the student about their prior knowledge before explaining.
* Always assess whether the student's question depends on more basic

concepts.
* If necessary, redirect the focus to these prerequisites before
explaining.
+ Use transitions such as: ''Before understanding X, we first need

to understand Y''.

When to explain:

* When the student asks.

* When there is confusion.

* When the conversation stalls.

How to explain:
* Be didactic.
+ Use analogies when useful, but without forcing.

Conversation flow:

* Prioritize naturalness over rigid rules.

« Don't follow a fixed script; react to the context.

* Don't ask questions if the student is still confused, clarify
first.

Balance:
*+ Combine questions and explanations in a fluid, not mechanical way.

Participants registered, provided informed consent, and completed a pre-
questionnaire on demographics and self-reported prior knowledge. Prior knowledge was
assessed using three self-assessment questions (one per target concept) rated on a Lik-
ert scale from —2 to +2. Most students (67%) reported limited prior knowledge. On the
aggregated scale (from —6 to +6), the average score was —2.6, with comparable levels be-
tween conditions (Traditional: M = —2.7, SD = 2.3; Socratic: M = —2.5, 5D = 2.5),
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consistent with most participants taking the course for the first time.

Participants were randomly assigned to either the Traditional or Socratic condition
and instructed to use the chatbot as their primary learning resource throughout the activ-
ity. After completing the learning task, they were redirected to the immediate post-test.
Participants completed a delayed retention assessment one week later. Although partici-
pants were informed that their learning would be evaluated, they were not told the content
or format of the assessments in advance. The delayed retention test was not announced
beforehand to better capture naturally retained knowledge and reduce expectancy effects.

The experiment was conducted in a classroom during a 2-hour session. Students
were instructed to use only the provided system for learning, without consulting external
resources, and to reserve at least 30 minutes for the final assessment. At the end of the ses-
sion, participants completed an immediate 10-question post-test designed to assess both
conceptual understanding and the ability to apply the target concepts in object-oriented
software development, followed by a questionnaire regarding their experience using the
chatbot as a learning tool. One week later, participants completed a 10-question knowl-
edge retention test. Both the immediate and delayed assessments were scored using the
same three-point rubric, where 0 indicated an incorrect answer, 1 a partially correct an-
swer, and 2 a fully correct answer. Final scores were normalized to the [0, 1] interval

according to Score = 55 >°;2; % where ¢; denotes the score assigned to question i.

The study adopted a mixed-methods design, combining quantitative and qualita-
tive analyses of learning outcomes, information behavior, and user experience. Given
the limited sample size, quantitative comparisons were treated as exploratory and con-
ducted using non-parametric methods, which do not assume normal distributions. For
learning outcomes, between-group differences (Traditional vs. Socratic) were examined
using the Mann-Whitney U test, within-group changes between immediate and reten-
tion assessments using the Wilcoxon signed-rank test, and effect sizes for between-group
comparisons were estimated using Cliff’s .

To assess information behavior, we analyzed participants’ interaction logs consid-
ering session duration and the total number of submitted prompts. From these measures,
we derived additional indicators, including prompts per minute as a proxy for interaction
intensity, and immediate post-test scores per prompt and per minute as exploratory mea-
sures of interaction efficiency. Given the limited sample size, between-group comparisons
for these variables were also conducted using the Mann-Whitney U test, complemented
by Cliff’s ¢ effect sizes. In addition to the quantitative analysis, the study employed a
qualitative analysis to examine information-behavior patterns in participants’ interactions
with the chatbot. Session transcripts were systematically coded using an inductively con-
structed coding scheme to identify recurring interaction patterns. The resulting scheme
comprises seven interpretive codes organized around two main axes: cognitive engage-
ment and interaction regulation. Finally, user experience was analyzed through descrip-
tive thematic analysis of four open-ended questions covering users’ overall experience,
the perceived adequacy of the knowledge provided for the post-questionnaire, impres-
sions of the chatbot’s interaction strategy, and additional comments.

5. Results and Discussion

This section presents the results and discussion according to the learning outcomes, in-
formation behavior, and user experience.
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5.1. Learning Outcomes

Figure 1 presents the immediate and delayed retention scores for each participant, to-
gether with the group means and the average individual change (zA). In the immediate
post-test, the Traditional condition achieved a higher average score than the Socratic con-
dition (M = 0.625 vs. M = 0.492). After one week, however, the Traditional group’s
average score decreased to M = 0.458 (SD = 0.166), whereas the Socratic group showed
a comparable average score (M = 0.508, SD = 0.186). This pattern is reflected in the av-
erage individual change, which was negative for the Traditional condition (zA = —0.167)
and close to zero for the Socratic condition (o = +0.017). Individual trajectories pro-
vide additional descriptive context: five of the six participants in the Traditional condition
exhibited lower delayed scores, whereas the Socratic condition displayed more hetero-
geneous trajectories, including improvements, stable performance, and declines. Given
the small sample size, these individual patterns should be interpreted only as descriptive
illustrations of the observed group-level changes.

Traditional Socratic
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Figure 1. Individual learning trajectories from immediate to retention.

A Mann—Whitney U test comparing immediate post-test scores indicated a near-
significant difference between conditions (U = 30.5, p = 0.053), favoring the Traditional
condition, with a large effect size (Cliff’s 6 = 0.694). In contrast, no statistically sig-
nificant difference was observed in the retention test (U = 14.5, p = 0.627), with a
small effect size (Cliff’s 6 = —0.194). Within-group comparisons using the Wilcoxon
signed-rank test indicated a decrease in performance for the Traditional group between
the immediate and delayed assessments (/W = 1.0, p = 0.063), whereas no meaningful
change was observed for the Socratic group (W = 6.5, p = 0.786). Although these
findings should be interpreted with caution given the limited sample size, they suggest
distinct learning dynamics between the two interaction strategies: the Traditional condi-
tion appears to support stronger immediate performance, whereas the Socratic condition
may contribute to more stable knowledge retention.
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5.2. Information Behavior

Information behavior was analyzed using both quantitative and qualitative approaches.

5.2.1. Quantitative Information Behavior

Information behavior also differed between conditions, as summarized in Table 1. Partic-
ipants in the Traditional condition interacted with the chatbot for an average of 36.98
minutes and submitted 13.83 prompts, whereas participants in the Socratic condition
spent more time interacting (43.29 minutes) and submitted more prompts (18.33). To
further characterize interaction intensity, we computed prompts per minute. Participants
in the Socratic condition interacted more actively (0.42 prompts/min) than those in the
Traditional condition (0.37 prompts/min). We estimated learning efficiency in two ways:
immediate post-test performance per prompt and per minute of interaction. In both cases,
the Traditional condition exhibited higher efficiency, suggesting that participants exposed
to direct responses achieved stronger short-term performance with less interaction effort.

Table 1. Information behavior by condition.

Condition Time (min) # Prompts Prompts/min Score/Prompt Score/Min
Traditional 36.98 13.83 0.37 0.045 0.0169
Socratic 43.29 18.33 0.42 0.027 0.0114

Mann-Whitney U tests indicated no statistically significant differences between
conditions in total interaction time (U = 12.0, p = 0.485) or prompt count (U = 10.0,
p = 0.310). Similarly, no statistically significant difference was observed for interaction
intensity measured as prompts per minute (U = 11.0, p = 0.394). However, descriptive
measures consistently suggested greater engagement in the Socratic condition, reflected
in longer interaction sessions, more prompts, and higher interaction intensity.

Taken together, these findings suggest distinct information behavior induced by
chatbot interaction strategy. The Traditional condition appears to have encouraged more
direct information-acquisition behavior, characterized by shorter, less intensive interac-
tions, coupled with stronger immediate performance and greater efficiency. In contrast,
the Socratic condition appears to have promoted a more exploratory and reflective inter-
action pattern, characterized by longer sessions, greater conversational engagement, and
more stable retention over time. It suggests that the interaction strategy may influence not
only learning outcomes but also the information behavior through which learning occurs.

5.2.2. Qualitative Information Behavior

The coding scheme was developed inductively by the two first authors, who coded each
transcript turn by turn, first independently and then comparing interpretations. Emerging
codes were merged and refined through systematic comparison across turns and partic-
ipants; ambiguous cases were resolved by consensus, and discrepancies between data
and code definitions prompted revisions to the criteria rather than forced classifications.
Table 2 summarizes the seven resulting interpretive codes.
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Table 2. Qualitative coding scheme
Code Definition

Active Elaboration Learner produces new content from received information, such as
rephrasing, generating examples, or connecting concepts

Difficulty Signaling Learner indicates lack of understanding, either locating the
specific point of confusion or not

Unelaborated Learner signals receipt or understanding without producing new
Acknowledgment content
Method Resistance Learner refuses or questions the model’s pedagogical strategy

rather than its content

Session Regulation Learner takes or cedes control over the direction of the
conversation

Explicit Metacognition Learner monitors and verbalizes their own learning process

Instrumental Use Learner uses the model as a punctual technical reference rather

than as a sequential tutor

The qualitative analysis revealed distinct interaction patterns across conditions.
Table 3 summarizes the distribution of interpretive codes based on 74 user turns in the
Traditional condition and 93 in the Socratic condition.

Table 3. Interpretive code frequencies by condition

Code T %T S %S
Active Elaboration 34 459 33 355
Session Regulation 24 324 42 452
Difficulty Signaling 15 203 13 14.0
Instrumental Use 14 189 12 129
Method Resistance 10 135 19 204
Explicit Metacognition 10 135 7 175

Unelaborated Acknowledgment 5 6.8 9 9.7
T =74 turns (Traditional); S = 93 turns (Socratic)

Active Elaboration was the most frequent code in both conditions (45.9% vs.
35.5%), suggesting that active content production was not exclusive to either interaction
style. The richest elaboration episodes emerged from reading code excerpts, in which
learners formulated hypotheses, connected concepts, and corrected their own work.

The most pronounced contrast was observed in Session Regulation (32.4% vs.
45.2%). Learners in the Socratic condition frequently redirected the conversation, speci-
fied response formats, or ceded control to the model, reflecting active negotiation over the
interaction. A similar trend was observed for Method Resistance (13.5% vs. 20.4%). In
the Socratic condition, learners typically bypassed the model’s questions and rephrased
their requests without explicitly rejecting the strategy, whereas in the Traditional condi-
tion, resistance mainly took the form of conceptual critique, with learners questioning the
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insufficiency or inaccuracy of the explanations received.

Conversely, Difficulty Signaling (20.3% vs. 14.0%) and Explicit Metacognition
(13.5% vs. 7.5%) were more frequent in the Traditional condition. Two Traditional par-
ticipants showed persistent difficulty with no observable uptake, suggesting direct content
delivery was not always sufficient to promote understanding. The lower metacognition in
the Socratic condition may reflect that the model assumed part of this regulatory function
through verification questions.

Taken together, these patterns suggest that the two interaction styles were asso-
ciated with qualitatively distinct behavioral profiles: the Traditional condition favored
active elaboration and explicit metacognition at the cost of greater difficulty signaling,
while the Socratic condition promoted learner-driven session regulation and method re-
sistance, reflecting a more negotiated dynamic between learner and model.

5.2.3. User Experience

Overall, participants in both conditions evaluated the chatbot positively. However, the-
matic analysis revealed qualitative differences that were organized into three comparative
categories: perceived pedagogical role of the chatbot, perceived nature of the interaction
and attribution of responsibility for learning.

The first category, perceived pedagogical role of the chatbot, distinguishes how
each group characterized the tool’s function. Traditional condition participants described
the chatbot predominantly in functional terms, highlighting speed, objectivity, and clar-
ity: “quick and straightforward” (T1) and “answered my questions directly with simple
examples” (T4). In contrast, Socratic condition participants perceived a more active ped-
agogical role: “the chat responses guided me in a very good way toward learning” (S1)
and “the interaction felt like a conversation with a teacher” (S6).

The second category, perceived nature of the interaction, complements this pat-
tern. In the Traditional condition, the interaction was described as transactional and simi-
lar to other available conversational systems: “extremely common, as good as GPT, Gem-
ini, etc.” (T5). In the Socratic condition, participants perceived a more dynamic and
adaptive interaction: “at the end of each response, it always asked a question to check if
I had really understood” (S1) and “the Al adapted to the language style” (S6).

The third category, attribution of responsibility for learning, revealed the most no-
table contrast between conditions. In the Traditional condition, three participants sponta-
neously framed learning quality as dependent on the user’s ability to formulate questions:
“it is entirely the user’s responsibility [. .. | they must know the best ways to use prompts”
(T2), “it depends more on asking the right questions” (T5), and “you need to know at
least a little about what you are studying” (T6). In the Socratic condition, this percep-
tion did not emerge; the only participant who raised the topic (S3) instead called for a
more directive, system-guided structure: “I believe it should guide me through topics
pre-established by the educator”.

Finally, contrasting these perceptions with the measured outcomes reveals a note-
worthy mismatch: although participants in both conditions evaluated the chatbot posi-
tively and perceived it as an adequate learning support, overall assessment scores were
modest, and the Traditional group in particular declined in delayed retention. This gap
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between perceived and actual learning is consistent with concerns that the fluency and im-
mediacy of Al-generated explanations may create a false sense of mastery [Gerlich, 2025,
Lee et al., 2025], leading learners to overestimate their understanding [Barcaui, 2025]. It
also reinforces the need to complement self-reported experience with objective learning
measures when evaluating Al-based learning tools.

6. Concluding Remarks

This work investigated how different Al chatbot interaction strategies influence learning
within the context of S&CAL. Motivated by concerns that direct-answer Al systems may
create a false sense of mastery, this work proposed a Socratic chatbot grounded in Desir-
able Difficulties theory and compared it against a traditional answer-oriented chatbot in
the self-directed learning of OOP concepts.

Exploratory findings suggest a trade-off between immediate performance and re-
tention stability. Participants interacting with the Traditional chatbot achieved higher
immediate performance and greater interaction efficiency, whereas those using the So-
cratic chatbot exhibited more stable knowledge retention over time. Qualitative analyses
complement these findings by showing that the two interaction strategies fostered dis-
tinct learning behaviors: Traditional interactions tended to support more direct informa-
tion acquisition, whereas Socratic interactions promoted greater learner regulation of the
conversation, negotiation of the interaction process, and more exploratory engagement.
Together, these findings indicate that chatbot interaction strategies shape not only what
learners retain, but also how they engage with Al during learning. More broadly, our
findings support the view that conversational Al should be understood not merely as an
information delivery mechanism, but as an interaction environment whose pedagogical
design shapes learners’ cognitive and information behaviors.

This study has important limitations, most notably the small sample size, which
limits statistical power and generalization. Nevertheless, the consistency between quan-
titative trends and qualitative observations suggests that the identified patterns are mean-
ingful and warrant further investigation.

Future work includes conducting larger-scale longitudinal studies, evaluating dif-
ferent knowledge domains, exploring hybrid interaction strategies that balance direct ex-
planations with guided questioning, and investigating how personalization and adaptive
Socratic prompting may influence engagement, cognitive effort, and long-term retention.
Future studies may also explore multimodal conversational environments and investigate
how conversational learning behaviors evolve over extended periods of use.

Another promising direction involves developing interaction-based learning met-
rics that estimate learning outcomes directly from conversational interactions. In tradi-
tional SAL research, metrics such as Degree of Knowledge Gain (DKG) attempt to esti-
mate learning outcomes from search interaction logs [Tibau et al., 2026]. Similar metrics
adapted to conversational environments could help automatically estimate the probability
of meaningful learning based on features such as prompt structure, interaction depth, re-
flection patterns, and conversational dynamics. Such metrics would be particularly valu-
able for real-time adaptation of Al tutors, allowing systems to dynamically adjust their
pedagogical strategies according to learners’ interaction patterns.
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Ethical Practices

All participants were undergraduate students who voluntarily agreed to take part in the
study and signed an informed consent form prior to the experiment. No sensitive personal
data were collected, and participant identities were anonymized in all analyses and re-
ported results. Furthermore, the experiment was treated as an extra activity, in which the
concepts studied using Al tools were subsequently reviewed in the course’s classes.

Statement on the use of Artificial Intelligence

The authors used Al-based tools to assist with language refinement and grammar cor-
rection. All scientific content, methodological decisions, interpretations, and conclusions
were independently developed, reviewed, and approved by the authors, who assume full
responsibility for the final content.
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