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The integration of artificial intelligence (AI) in education has demonstrated
potential for solving individualised learning challenges, particularly through
virtual assistants in natural science subjects. This study analyses students‘
interactions with an intelligent assistant integrated into the acid-base titration
II remote laboratory to characterise learning needs and identify assigned
roles during experimental activities. The intelligent assistant utilised OpenAI
GPT-4o, customised with laboratory-specific information. The analysis
of interactions was carried out using a mixed methodology combining
content analysis with descriptive statistical analysis. The interactions were
systematically categorised, revealing four main dimensions in the use of the
assistant which are development of remote experiences, data processing,
application and conceptual understanding, and guidance for the preparation
of laboratory reports. Students positioned the assistant mainly as a tutor for
procedural and calculation support, a conceptual support resource connecting
experimental practise with theoretical understanding, and a mediator in
scientific communication for report elaboration. This role diversification
responded directly to students’ main difficulties in experimental procedures,
concentration calculations, theoretical understanding, and scientific writing. The
study validates the necessity of AI-powered pedagogical support, demonstrating
the versatility of artificial intelligence in remote laboratories.

KEYWORDS
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1 Introduction

Artificial intelligence is becoming more important in education due to its
popularisation and greater accessibility in recent years. This expansion has demonstrated
its potential to solve long-standing problems such as individualised learning, adaptive
assessment, and support throughout the educational process. The integration of AI in this
field has been extensive, encompassing the utilisation of applications such as Khanmigo
and Duolingo, as well as the adoption of virtual assistants in the field of natural science
subjects (Dogru and Faulconer, 2025; Erümit and Sarialioglu, 2025).

The role of the virtual assistant depends upon the design and pedagogical strategy
with which they are integrated. They have been employed as virtual tutors where they
provide learning support, as academic assistants where they facilitate administrative and
organisational processes, as auxiliary motivators in virtual or hybrid classrooms in the
learning process (Gubareva and Lopes, 2020), as facilitators, allowing interaction with
educational resources in a multimodal way (Todericiu, 2025), in analysis and monitoring
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to record interaction data, progress levels, and reports that can be
used by teachers for decision-making (Sajja et al., 2023).

A variety of studies have demonstrated how AI is
revolutionising the field of chemistry and its education. A study
conducted by Berber et al. (2025) revealed that the most frequent
applications of AI in the field of chemistry are: predicting protein
structures, optimising processes to accelerate drug development,
and predicting ozone concentrations in the atmosphere using
machine learning. These advances highlight the necessity to
incorporate AI literacy into education in order to prepare students
for a field where these tools will become increasingly relevant to
their professional development.

1.1 Intelligent assistant integrated with
remote laboratories

The integration of artificial intelligence into the field of
education has been progressive, with the development of innovative
learning ecosystems resulting from the convergence of artificial
intelligence with various emerging technologies. Among the
documented applications, the integration of AI with augmented
reality and virtual reality (Lampropoulos, 2025) and the application
of AI in virtual laboratories (Paladines et al., 2021) are of
particular note.

However, despite this diversity of applications, one emerging
and relatively unexplored area is the integration of artificial
intelligence in educational remote laboratories. The pioneering
study in this area is being developed by the Remote Hub Lab at
the University of Washington (Hussein et al., 2024).

A remote laboratory is real equipment that is accessed via the
internet (Orduña et al., 2016), and is available at all times. There are
remote laboratories in the areas of physics, biology and chemistry,
and in the latter several developments have been made, including
the Acid Base Titration II (Idoyaga et al., 2024).

As mentioned, remote laboratories are available 24 h a day, 7
days a week, which presents the limitation that students do not have
the support of teachers during experimental activities, due to the
diversity of schedules in which they use these laboratories (Arias-
Navarro et al., 2024). Considering this limitation, a research project
is being developed focused on the integration of an intelligent
assistant to the remote acid-base titration II laboratory, with the
purpose of providing educational support to the student during the
experimental learning process.

The development of this research has been carried out in
three phases. Initially, a first study focused on the perspective
of teachers regarding the potential use of artificial intelligence in
remote laboratories (Lizano-Sánchez et al., 2025a). Subsequently,
a second study was carried out that evaluated the students‘
experience after using the integrated intelligent assistant in
the remote acid-base titration II laboratory (Lizano-Sánchez
et al., 2025b). The present article is the third phase, which
presents a detailed analysis of the students’ interactions with the
intelligent assistant. Together, the three studies provide valuable
information to optimise the operation of the assistant and establish
guidelines for the effective implementation of this technology in
remote laboratories.

1.2 Customisation of the assistant

The intelligent assistant was built using the OpenAI Assistants
API, which has evolved over the past few years. It was progressively
adapted to the new versions and features, up to the GPT-4o
model (May 40) (OpenAI., 2024) used in this study. OpenAI has
newer models, such as GPT-4.1 (May 2025) (OpenAI., 2025a), o3-
mini (January 2025) (OpenAI., 2025b) or o1 (September 2024)
(OpenAI., 2025b), which are often better in benchmarks covering
science (and in particular Chemistry) such as GPQA Diamond
(Rein et al., 2023), and most of the newer ones have a lower cost
than GPT-4o. However, for the sake of consistency throughout the
experiments, all the experiments in this article were made using the
same model (GPT-4o). There are also newer models (e.g., GPT-5,
August 2025) (OpenAI., 2025c) that are not available in the OpenAI
Assistants API. Other companies (Anthropic -Claude-, Google -
Gemini-, DeepSeek -R1 and V3.1-, Meta -Llama-) have also newer,
more advanced models at the time of this writing.

However, even if it is very tempting to use the latest model every
time there is a new update, it is also impossible to draw conclusions
if every experience uses a different model. For this reason, the
authors decided not to upgrade the models until the current study
was completed.

From a technical standpoint, our assistant comprises three
main components, all hosted and integrated within the LabsLand
remote-laboratory platform, which also hosts the acid-base titration
II experiment:

• User interface (UI): developed with Angular and
Web Components, providing a familiar assistant-style
chat experience so that students can interact with
minimal adaptation effort, while allowing flexibility for
experimentation and future extensions.

• Server-side component: deployed in LabsLand’s
infrastructure, this handles communication between the
UI and the OpenAI API through a custom protocol, manages
authentication, logs all interactions, and stores data securely.

• Instructor and administrator configuration interface: a
web-based UI that allows teachers to provide contextual
information, laboratory descriptions, procedural guidance,
and behavioural constraints (e.g., “do not give complete
numerical solutions”) that tailor the assistant’s behaviour to
educational purposes.

The assistant’s context included:

• Information about the laboratory setup, instruments, and
safety guidelines;

• Excerpts from the instructors’ laboratory manual;
• Instructions preventing the model from directly providing

numeric results to promote reasoning instead of answer-
giving.

All student messages were routed through the LabsLand
backend, which handled authentication, storage, and moderation.
The assistant itself had no Internet access or control over physical
equipment, and could only respond to textual questions related to
the experiment.
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FIGURE 1

Structure of the Acid-Base Titration experimental activity used in the chemistry course at the CBC of the University of Buenos Aires.

FIGURE 2

Systematic process for creating categories and dimensions from student interactions with the intelligent assistant.

The objective of this study is to analyse students’ interactions
with the intelligent assistant integrated into the acid-base titration
II remote laboratory, to characterise the learning needs that arose
during the experimental activity and to identify the roles that
students assigned to the assistant through their usage patterns.

2 Methods

A mixed methodology was employed. For the qualitative
element of the study, a content analysis approach (Bardin,
1986) was used to analyse the students’ interactions with the
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assistant, in order to establish categories and emerging dimensions.
Furthermore, a descriptive statistical analysis (Hernández et al.,
2014) was conducted to quantify occurrence frequencies, identify
distributions, and visualise the primary learning barriers through
graphical representation of data.

2.1 Participants

The study involved 150 students enrolled in the Common Basic
Cycle at the University of Buenos Aires. All participants were taking
the introductory Chemistry course, which covers fundamental
chemistry concepts and introduces Analytical Chemistry and
Organic Chemistry. This represented the students’ first exposure
to both remote laboratories and experimental activities in general.
Throughout the course, students conducted experimental work
through remote laboratory platforms. While the use of the remote
laboratory to perform the experimental activity was mandatory,
students had the opportunity to choose whether or not to use the
intelligent assistant.

2.2 Experimental activity

The students were tasked with conducting an experimental
acid-base titration activity, which consisted in a document divided
into two sections, available in the learning management system
of the course. The initial section focused on the utilisation of
hydrochloric acid as a titrant, while the subsequent section centred
on the use of acetic acid samples as a titrant. The section of
particular relevance to this study was the second part, in which the
intelligent assistant was employed.

The second part of the experiment required the utilisation
of the acid-base titration II remote laboratory. The laboratory
was allotted 1 h to carry out the experimental activity, which was
structured in the following manner (Figure 1):

1. Introduction: Includes theoretical concepts about acetic acid
as a weak carboxylic acid and its medical and industrial
applications. It also includes supplementary resources with
further information.

2. Case study: This section presents a problem situation,
students must resolve a case from the Pathological Histology
laboratory, in which titration solutions are required to detect
human papillomavirus.

3. Objectives and procedure: Define the purpose of the practice,
as well as the steps to follow. Includes two videos, one that
provides an explanation of the remote laboratory and another
that explains the use of the intelligent assistant.

4. Report guidance: Provides specific guidance for each section
of the report.

5. Report preparation: Data analysis, findings and their
explanation from a scientific point of view.

The students had the possibility to repeat the laboratory
experience as many times as necessary, and they were given

informed consent to carry out the corresponding analysis of
the interactions.

2.3 Analysis and creation of categories

The messages that the students sent to the assistant were
extracted from the Labsland database, where all interchanged
messages are automatically stored. A total of 308 conversations
were recorded, with a total of 818 interactions from the 150
students. These were then subjected to a systematic process in order
to construct categories based on Glaser y Strauss (1967) Constant
Comparative Method, with researcher triangulation. Initially, 18
categories were identified (Figure 2), followed by a refinement
stage in which five categories with information that did not fit
the study objectives were eliminated. Subsequently, categories
which were found to have similar meanings or functions were
grouped together. Three were integrated into a category designated
“calculation” two into “theory” and a further two into “help
with report.” The emerging categories were grouped into four
dimensions that reflect the different types of support that students
needed during the experimental activity, which are detailed below.

2.3.1 Development of remote experiences
- Procedure: Questions about the methodological steps and

sequence of actions to carry out the laboratory practise.
- Equipment: Questions about the used instruments and

materials, including technical characteristics such as
equipment capacities and volumes.

- Remote Laboratories: Queries related to access, navigation and
use of the remote laboratory platform.

2.3.2 Data processing
- Data collection: Questions about how to record, measure and

collect experimental values during titration.
- Calculations: Questions on mathematical formulae and

procedures for determining concentrations, pH and
unit conversions.

2.3.4 Application and conceptual understanding
- Theory: Conceptual questions on chemical fundamentals of

titration such as colour changes, acid-base reactions and
equivalence point.

- Application in real contexts: Questions relating practical
situations and clinical applications of acetic acid to experience.

- Examples: Request for practical demonstrations and
illustrations to gain a better understanding of concepts
and procedures.

2.3.5 Guide to preparing the laboratory report
- Help with reporting: Questions about how the laboratory

report is written, including how it is structured, the words
used, and how the results are presented.
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TABLE 1 Total number of interactions classified according to dimensions and categories.

Dimensions Categories Interactions by category Total interactions by
dimensions

Development of remote experiences Procedure 82 134

Equipment 37

Remote Laboratory 9

Data processing Data collection 73 199

Calculations 136

Application and conceptual understanding Theory 169 187

Application in real-world contexts 4

Examples 13

Guide to preparing the laboratory report Assistance with report 123 124

Total number of interactions 646 646

FIGURE 3

Grouping according to frequency of interactions by level of importance of the “Procedure” category.

Subsequently, a descriptive statistical analysis was carried out
to calculate the frequencies of the patterns in the categories with
the highest number of interactions. The data obtained from this
analysis were grouped by levels of importance (minor, moderate
and critical). For this purpose, graphical visualisations were created
with RStudio. This quantitative analysis enabled the identification
of specific patterns of frequent queries and the determination of
the most relevant difficulties in each thematic axis, thus providing
information about the challenges faced by the students during the
experimental activity.

4 Results and discussion

After the debugging process of the students’ interactions
with the assistant, 646 queries were obtained (Figure 2). The
analysis of these interactions yielded four dimensions, comprising
various categories (see Table 1). These dimensions facilitate the
identification of the primary roles assigned to the assistant
by students during the learning process. It is important

to note that not only was the type of support requested
identified, but also the areas in which students concentrated
their needs.

The first dimension, Development of remote experiences,
groups the interactions related to instructions on the execution of
the practise, configuration of the equipment and more technical
doubts about the utilisation of the laboratory. Some examples of
these interactions are:

- OK, I’m at the second stage, what do I do? (Procedure)
- What is the stopcock valve? (Equipment)
- How to use this remote laboratory? (Remote laboratory)

The category with the most interactions in this dimension was
“Procedure” with 84 interactions. An analysis of the students’ most
frequently asked questions about the procedure (Figure 3) revealed
that the most critical problems (40.2%) were concentrated in the
“Start of the experiment” with 22 interactions (26.8%), indicating a
lack of clear initial orientation and uncertainty about the first step.
As illustrated in the “General procedure,” 11 interactions (13.4%)
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FIGURE 4

Grouping according to frequency of interactions by level of importance of the “Calculation” category.

were indicative of a lack of clarity regarding the sequence of actions
and the presence of a need for detailed instructions.

These types of questions show that, although students have
access to a laboratory guide and introductory videos, they still
require real-time support from the assistant, acting as a tutor
who can clarify sequences and confirm steps, reducing obstacles
to the progress of the experimental activity. Furthermore, the
diverse interactions facilitate the assistant in adapting the responses
to the particular needs and levels of understanding exhibited by
each student. The utilisation of these technological models that
promote personalised learning enables students to advance in
the development of competences in accordance with their prior
knowledge and skills (Alamri et al., 2021).

The second dimension of Data processing is concerned with
the interactions that are focused on the recording of data and
subsequent calculations for the analysis of results. This dimension
has been identified as the one with the highest number of
interactions, suggesting that it is a primary area of concern within
this subject matter. This is further substantiated by the following set
of questions:

- How do I read the volume of the burette to find out V, and what
would be the initial volume? (Data collection)

- Hello, what is the formula to calculate the initial concentration
of the reaction? (Calculations)

- How do I know what value to put in each unknown in the
formula? (Calculations)

In this dimension, the category with the majority of interactions
is “Calculations” with 129 interactions. Figure 4 demonstrates
that 39.7% of the total queries refer to the same fundamental
problem concerning the calculation of the molar concentration
of the substance, with a total of 54 interactions. Together with
the 25 queries pertaining to mass/volume concentration (18.4%),
these elements account for 58.1% of the total. This finding serves
to confirm that concentration calculations represent the major
difficulty experienced by students in this experiment, ranking at the
critical level of importance.

These results are consistent with a study by Raviolo et al.
(2021) in which half of the first-year students taking their
first chemistry subject demonstrated an absence of a clear
conceptual understanding of molarity. These findings underscore
the urgent need to develop more effective pedagogical strategies and
educational resources that address these conceptual difficulties in
concentration calculations. The teaching of fundamental concepts
in this area has the potential to enhance students’ comprehension
of acid-base titration.

In addition, other queries were directed to the application of
formulas and data interpretation, which, although not the majority,
are equally important for the analysis. These queries show the
difficulty of students in interpreting equations and identifying the
values to be used for each variable, which is consistent with the
study by Towns et al. (2025) where they reveal the difficulty of
chemistry students in connecting mathematical calculation with
the chemical phenomenon being studied, as well as the importance
of emphasising the connexions between calculus and chemistry to
improve learning and teaching.

In summary, these results reveal that, despite the fact that
the data collection procedures are in the laboratory guide, the
interpretation, manipulation and analysis of data remains a
challenge. This trend confirms that students positioned artificial
intelligence in a tutorial role that not only guides the step-by-step
development of the activities, but also offers differentiated support
according to the requirements of each student (Lin et al., 2023).

It is important to highlight that, although the assistant is of
great help in the understanding, interpretation and validation of
the results, it is necessary to make sure that the reasoning of the
studied contents continues to be encouraged. In other words, the
assistant needs to be configured in a way that allows it to have a
guiding function, avoiding providing direct solutions, especially in
the case of calculations. This requires that teachers have a greater
appropriation of the use of artificial intelligence tools (Zawacki-
Richter et al., 2019).

The third dimension of Application and conceptual
understanding includes interactions that establish links between
chemical concepts and application in everyday contexts, as well
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FIGURE 5

Grouping according to frequency of interactions by level of importance of the “Theory” category.

as requests for examples that allow a deeper understanding of the
theoretical underpinning:

- What is the reason for the colour change? (Theory)
- How do I know the equivalence point and the end point? As

there are times when you can see that it changes colour and then
becomes transparent (Theory).

- In what products can acetic acid be found? (Application in
real-world contexts)

- Can you give me an example of what my hydrochloric acid table
should look like? (Example)

The category with the most interactions in this dimension is
“Theory” with 170 interactions. Figure 5 shows that the critical
problems (40.8%) are found in the identification of the titrant with
25 queries (14.8%), the equivalence point and end point with 23
queries (13.6%) and colour changes with 21 queries (12.4%). This
demonstrates that there is confusion about which substance acts as
a titrant, the differentiation between an acid/base, and difficulty in
understanding the role of each reagent.

Problems were also encountered in identifying when to stop
titration, as well as interpreting the different shades at the
exact moment of change. This reinforces the importance of
giving a clear explanation of the mechanisms of colour change,
defining basic terminology with examples and relating concepts
to real applications. This approach facilitates the development
of connexions between prior knowledge and new scientific
experiences, enhancing knowledge acquisition (Pozo Municio,
2023).

The utilisation of tools such as remote laboratories has the
potential to reinforce these aspects by affording students a range of
degrees of freedom to experiment. This is due the fact that students
can modify the variables of the experiment by selecting different
configurations and, especially, they can repeat the practise as many
times as they consider necessary. This, together with the integration
of the intelligent assistant, allows users to clarify any doubts that
arise with the appropriate immediacy that only this type of tool
can generate.

The students adopted the assistant as a conceptual support
resource, utilising it to facilitate the gradual construction of
learning within a conceptual framework. These interactions reveal
that students employed artificial intelligence as a bridge between
the experimental component and the conceptual understanding of
chemical phenomena.

In the same category, interactions were presented that ask for
the generation of images as examples, for a deeper understanding
of the experimental activity:

- Can you use pictures? (Example)
- Show me a picture of the experiment (Example)

At the time of the study, the GPT-4o model was used, however,
the function of generating images was not configured. The above
interactions demonstrate the importance of using multimodal
educational resources, which are fundamental to optimise learning
as they take advantage of multiple sensory channels simultaneously,
which increases comprehension and retention of information.
According to a study by Luo (2023) the combination of multiple
sensory stimuli promotes cognitive performance and engagement
in learning. Moreover, this approach facilitates the establishment of
diverse learning pathways that are able to adapt to the individual
styles and requirements of learners.

In the final dimension, Guide to preparing the laboratory
report, interactions related to the writing and presentation of
the final report are presented, showing the need for support in
aspects of scientific communication. The most frequently asked
questions include:

- In which verb tense should the report be in the introduction
section? (Help with report)

- How do I make the table for the lab? (Assistance with report)
- How do I put together the report? (Assistance with report)

This dimension has a single category, “Assistance with
report” An analysis of the most frequently asked questions
(Figure 6) showed that 45.5% of the queries (critical level of
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FIGURE 6

Grouping according to frequency of interactions by level of importance of the “Assistance with Report” category.

importance) were related to the elaboration of tables with 21
interactions (17.1%), conclusions of the report with 18 interactions
(14.6%) and objectives of the experiment with 17 interactions
(3.8%). The above queries evidence problems in organising and
structuring experimental data, difficulty in connecting results with
experimental objectives and lack of clarity about the purpose of
the experimental activity. This finding indicates that students face
the challenge of documenting and scientifically communicating
their results.

Laboratory reporting constitutes a fundamental skill in science
education, as it involves the ability to organise and present
the results of experimental activity, as well as developing skills
to argue and communicate those results in an effective way
(Gormally et al., 2022).

This finding reveals that the assistant not only acts as a resource
to solve technical or conceptual doubts, but that students used it
as a mediator in scientific communication. This emerging role is
significant in demonstrating how students utilised the assistant to
develop communicative competencies and refine technical writing
skills, which are an essential component of chemistry education
(Tilstra, 2001).

An analysis of the temporal patterns of utilisation of the
intelligent assistant was conducted (see Table 2). The temporal
analysis was constrained to the initial interaction of each
student with the assistant in each laboratory session; subsequent
interactions within the same time range were excluded to avoid
biassing the results. The total number of interactions recorded is
296, which exceeds the number of participating students (N = 150).
The observed discrepancy can be attributed to the fact that a
proportion of students returned to the laboratory on multiple
occasions and utilised the assistant. The average number of sessions
per student was found to be 1.93, indicating the presence of
supplementary reinforcement or practise sessions.

The results show that more than half of the uses of the assistant
(58.78%) are concentrated in the ranges from 16:00 to 23:59 h
(174 interactions). This temporal window aligns with periods that
fall outside the conventional teaching workday. This finding is
consistent with the observations of Matarrita and Concari (2018)

TABLE 2 Number of first interactions by time range.

Schedule range
(hours)

Interactions Percentage (%)

00:00–05:59 20 6,76

06:00–09:59 14 4,73

10:00–15:59 88 29,73

16:00–23:59 174 58,78

Total 296 100

who asserted that remote laboratories, due to their uninterrupted
accessibility, are often employed by students in instances where
they do not have direct teaching assistance available.

Overall, the categories show that students gave the assistant
roles as a tutor, conceptual support resource and mediator in
scientific communication, and these roles allowed for guidance
in data analysis and clarification of conceptual doubts. These
uses demonstrate the versatility of AI in remote laboratories,
but also raise challenges about the balance between guiding and
fostering autonomy. A future line of improvement could include
the incorporation of multimedia resources such as images and
diagrams to enrich the assistant’s answers. Furthermore, it would
be beneficial to configure the assistant to guide the student
in problem solving through reflective questioning and gradual
support, enhancing students’ self-regulated learning.

4 Conclusions and future perspectives

The use of the intelligent assistant integrated into the remote
acid-base titration II laboratory revealed that students assigned
different roles to the artificial intelligence according to their
learning needs. Through the analysis of the interactions, it was
identified that students positioned the assistant mainly as a
tutor to solve procedural and calculation doubts, a conceptual
support resource to connect experimental practise with theoretical
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understanding, and a mediator in scientific communication to
guide the elaboration of laboratory reports. This diversification of
roles arose in direct response to the main difficulties identified
in students which were specifically in understanding experimental
procedures, concentration calculations, theoretical understanding
and scientific writing.

The study shows that in order to make better use of
remote laboratories, it is necessary to continue integrating
Artificial Intelligence tools as a component to enhance
student performance, teacher support and optimise these
educational resources.

In the future, we plan to improve the results with both
exogenous improvements (by current trends in the field) and
endogenous improvements (that we build). Among the exogenous
improvements, these companies, which are competing, are
constantly improving the models with multiple releases per year.
To measure these, different benchmarks are used, such as GPQA
Diamond (Graduate-Level Google-Proof Q&A Benchmark), which
is focused on biology, physics, and chemistry. Google-Proof in
this context means that you cannot search for the solution, and
human experts (with a PhD in the field, or pursuing a PhD)
are obtaining in this benchmark 65% or, after retrospectively
identifying mistakes, 74% of the correct answers [4]. The model
used in this contribution (GPT-4o, May 2024) gets results
of 53%. OpenAI o1 obtains 78.0%. The latest GPT-5 reports
obtaining 85.7% (OpenAI., 2025c), Claude 4 Opus 83.3%, Gemini
2.5 Pro 83.0% (Anthropic., 2025). As these models get closer
and closer to 100% of the answers, newer benchmarks will
need to be created where human experts in the field score
lower and lower, as it has happened with other previous
benchmarks (e.g., SQuAD, SuperGLUE) once they lose their
discriminative power.

Additionally, the APIs provided by these companies are also
improving and switching between models. For example, GPT-5
now (OpenAI., 2025c) is announced as the multipurpose model
where it will take longer to reason for more complex prompts and
will take shorter for prompts that can be solved faster, probably
using simpler models internally. This makes it easier for developers
to create better assistants like the one described in this article.
Regarding endogenous improvements, we are planning to provide
the assistant with more information, such as what the student is
doing in the laboratory, and upload screenshots and laboratory data
to the assistant so that it can provide a better explanation of what
is happening.

Hallucinations are indeed a known issue in generative AI. The
system, however, is designed to remain compatible with different
large language models (LLMs), and the risk of hallucinations
depends heavily on the specific engine used. As new, more
reliable models emerge, we expect the frequency of hallucinations
to decrease, improving performance in similar educational
applications. The risk is low, relevant cases are rare, and there is
no safety risk or direct interaction with the chemical equipment.

Finally, the frequency and patterns of use of the assistant
validate the need to provide pedagogical support precisely when
the teacher is not available, to facilitate greater appropriation
of concepts and improve knowledge acquisition during
experimental activities. This analysis provides the necessary
basis for implementing improvements to the assistant and

facilitating its scalability to remote laboratories in other areas such
as physics and biology.
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