
Criterion-level comparison (Group: Started Without Tutor) reveals a systematic improvement 
across nearly all evaluated aspects of the essays (Fig. 6). 

The largest positive effect (uplift of 15.2%) was observed in criterion (o): “Conclusions, a 
bottom-line or take-home message” (p < 0.0094). It shows that Virtual Tutor plays a critical role in 
prompting students to adopt a more forward-looking and analytical writing approach. 

In contrast, smaller improvements (around 2–4%) were observed in more fundamental or 
surface-level aspects such as: (a) “Content of the essay is adequate to its title” (+2.2%, p<0.21), 
(f) “Organization of the essay is appropriate” (+3.4%, p<0.11), and (g) “The writing makes good 
sense, is continuous and logically consistent” (+3.1%).

Several other criteria also demonstrated notable improvements (7% -10%), including (e) “The 
work is complete”, (i) “Definition of the subject with intuitive explanations”, (j) “Discussion of the 
background and related topics”, and (p) “Conclusions, a bottom-line or take-home message” 
criteria. Cluster analysis using k-means and silhouette in Matlab did not find any significant 
clustering of the 16 criteria.

Virtual Tutor consists of the following parts: eBICA component, 
Visualization component (based on UE5), Interaction Module 
(RESTful API-based), and Generation module utilizing OpenAI 
services (Fig. 1).

Fig. 1. Overview of the Virtual Tutor architecture.
The eBICA cognitive architecture (Fig. 1: BICA Server) 
makes decisions and controls other components. The module 
implements SRL using moral schemas of eBICA (Fig. 2). The 
module runs on a Debian 12 laptop (3.3 GHz, 2 GB RAM).

Fig. 2. Moral schema of Virtual Tutor
Moral schemas rely on semantic spaces defined in terms of 
intensions (Fig. 4). Here an intension denotes a connotation, 
or the meaning of a speech act considered as a "sign”.

Fig. 3. The neural network architecture responsible for labeling 
speech acts along intension scales (intension antonym pairs).

Fig. 4. Projection of intension scales onto the first 3 principal 
components in the computed embedding (lines originate at 0).

Experimental Design and Procedures
Participants were 48 undergraduate (4th year) NRNU MEPhI 
students majoring in Software Engineering: 7 women and 41 
men, all native Russian speakers, white, 21 to 23. 
Essay topics were selected from the participants’ field of 
study. They were: (1) “The role of open-source projects in the 
development of software ecosystems”, (2) “The importance of 
documenting code and projects”.

The main three factors influencing essay writing were: tutor 
(whether Virtual Tutor was used or not), topic (whether the 
topic of the essay was 1 or 2), and order (was it the first or the 
second essay written by a particular student). 
Procedure. The 48 participants were divided at random into 4 
groups of equal size, assigned to 4 separate classrooms. Each 
group was assigned a unique task configuration to balance all 
combinations of the 3 factors. Each essay writing took 30 min.
Interaction with Virtual Tutor. Students used a browser chat 
window on personal laptops to interact with the Tutor (Fig. 5). 
Entered essay text was analyzed by the Tutor for a feedback. 
Result evaluation. Each essay was assessed on 16 criteria 
using GPT (OpenAI) via custom prompts, scoring 0-100 on a 
Likert scale. Automated scores were spot-checked and 
validated manually. All were deemed acceptable. In addition, 
the validity of the method was confirmed in a separate study, 
showing a strong agreement between GPT-generated and 
human expert scores (Pearson r = 0.84-0.87, 95% CI).
Criteria. The 16 criteria (labeled a-p: Table 3) included two 
groups, one (a-h) globally descriptive, and another (i-p) 
focused on specific features. The focused group was used by 
Virtual Tutor in generating a guiding feedback for the student. 
The average score served as the measure of essay quality.

Recently, integrating cognitive architectures with 
Large Language Models (LLMs) has gained 
attention in developing intelligent tutoring systems 
(ITS) (Sarker, 2022; Niu et al., 2024; García-
Méndez et al., 2024). Simultaneously, 
advancements in LLMs have improved 
conversational agents, enhancing tutor 
adaptability and interactivity (Dong, 2023). 
Integration of these technologies resulted in tutors 
that facilitate deep learning through a meaningful 
dialogue (Steinert et al., 2024). However, 
developing cognitively plausible virtual tutors with 
strong language understanding remains 
challenging, requiring interdisciplinary approaches 
from Cognitive Science, AI, and ITS research.

This work introduces a Virtual Tutor designed to 
enhance students' essay writing skills. The 
system integrates the eBICA cognitive 
architecture (Samsonovich, 2013, 2018, 2020) 
with advanced LLMs, specifically GPT-4o, and is 
grounded in the principles of Self-Regulated 
Learning (SRL: Zimmerman & Kitsantas, 2005; 
Panadero, 2017). By combining these 
technologies, the system fosters the development 
of adaptive, context-sensitive learning strategies 
that promote learner autonomy and critical 
thinking. Results demonstrate a lasting positive 
impact of the Virtual Tutor on essay quality. 
It is expected that the developed Virtual Tutor will 
be equally effective in other educational domains, 
highlighting the substantial potential of combining 
SRL, cognitive modeling, and advanced LLMs in 
educational technology.
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The primary objective of the 
experiment was to test the 
hypothesis that Virtual Tutor 
improves the quality of essays 
written by students. First, collected 
data were subject to the ANOVAN 
variation analysis (Table 1). It was 
found that out of the three factors 
(tutor, topic, order) only tutor 
had a significant effect on the 
average essay score: the quality 
of writing with the help of Virtual 
Tutor was higher (p<0.011). No 
significant interaction between the 
three factors was found.

Results of a more detailed analysis are the following. In the 
group where students wrote their first essay without Virtual 
Tutor and the second essay with its assistance, a statistically 
significant improvement (Table 2) was observed in the essay 
quality. These findings reveal a positive effect of Virtual Tutor.

Conversely, when students first used the Tutor and then wrote
an essay independently, no significant difference in the quality 
was found (Table 2), indicating they likely retained and applied 
the acquired writing strategies without further assistance.

Across all comparison groups, essays written with Virtual Tutor 
assistance showed significantly higher quality scores than 
those without it (t = 2.63, p < 0.0101), supporting the 
hypothesis of a positive impact of Virtual Tutor on essay quality.
These results indicate that the Tutor is especially effective in 
enhancing the depth and structure of essays—particularly in 
areas that require comprehensive knowledge integration, 
technical elaboration, and a broader societal or forward-looking 
context. Such criteria are typically more challenging for 
students without guidance, as they require not only factual 
recall but also abstraction and synthesis. 
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METHODS & DESIGN

Factor Sum of Squares d.f. Mean Square F-score P-value
Tutor (used or not) 273.75 1 273.753 6.76 0.0109*
Topic  (1st or 2nd topic) 31.98 1 31.978 0.79 0.3766
Order (1st or 2nd essay) 48.61 1 48.611 1.20 0.2762
tutor:topic 22.31 1 22.310 0.55 0.4599
tutor:order 0.47 1 0.472 0.01 0.9142
topic:order 18.47 1 18.475 0.46 0.5012

Main findings can be summarized as follows.
1. Virtual Tutor significantly improved the quality of written 

essays (p<0.011). 
2. Effect persisted following a single experience with Virtual 

Tutor. 
3. The most substantial impact (15.2% improvement) of Virtual 

Tutor was on the criterion (o): "Conclusions, a bottom-line or 
take-home message". Moderate but consistent improvement 
(7-10%) was observed for criteria that require higher-order 
thinking, specifically: (e) completeness, (i) subject definition, 
(j) background discussion, and (p) clear conclusions.

Take-home message:  The BICA+LLM+SRL integration works 
for educational technologies.

CONCLUSIONS

Table 1. ANOVAN table (d.f. stands for “degrees of freedom”).

Group Mean Score (Task 1) Mean Score (Task 2) T-statistic P-value

Started with Tutor 78.71 76.78 1.0547 0.2971

Started w/o Tutor 75.5 80.20 -2.6443 0.0124*

Table 2. Comparison by Initial Tutor Condition.

Fig. 6. Comparison of average scores by criterion A - Average Score for criteria (a)–(h), 
B - Average Score for criteria (i)–(p).

Fig. 5. A: User interface of Virtual Tutor. B: 
Student working with Virtual Tutor. Video is 
available: https://youtu.be/QGga-DikGbI

First group of criteria Second group of criteria
(a) Content of the essay is adequate to its title. (i) Definition of the subject with intuitive explanations.
(b) The topic is sufficiently covered. (j) Discussion of the background and related topics.

(c) Main points are well-chosen. (k) Discussion of questions or problems and existing 
solutions.

(d) Arguments are sound. (l) Characterization of the state of the art.
(e) The work is complete. (m) Description of methodologies or technical details.
(f) Organization of the essay is appropriate. (n) Discussion of a broad impact on technology/society.

(g) The writing makes good sense, is continuous 
and logical. (o) Discussion of future trends and perspectives.

(h) Authors own point of view is articulated. (p) Conclusions, a bottom-line or take-home message.

Table 3. Essay evaluation criteria.
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