
SoftwareX 22 (2023) 101346

M
C

f
d
s
g
a
k
h

h
2

Contents lists available at ScienceDirect

SoftwareX

journal homepage: www.elsevier.com/locate/softx

Original software publication

ChatbotSQL: Conversational agent to support relational database
query language learning
Rubén Pérez-Mercado, Antonio Balderas ∗, Andrés Muñoz, Juan Francisco Cabrera,
anuel Palomo-Duarte, Juan Manuel Dodero

omputer Science Department, University of Cadiz, Spain

a r t i c l e i n f o

Article history:
Received 26 November 2022
Received in revised form 24 February 2023
Accepted 24 February 2023

Keywords:
Conversational agent
Databases
SQL
Data scientists

a b s t r a c t

SQL is a key programming language for data scientists, but its learning is sometimes challenging,
especially if the learner does not have a proper computer science background. This article introduces
ChatbotSQL, a conversational agent that aims to support the autonomous learning of the SQL language
for database querying. ChatbotSQL proposes exercises and guides about the steps to be taken by the
learner in case of doubts, providing customised feedback. ChatbotSQL has been created on top of
IBM Watson Assistant and is available in a web platform. Students in a higher education database
subject used ChatbotSQL extensively, showing a positive perception of its usefulness in supporting the
resolution of complex queries.
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1. Motivation and significance

Learning programming languages can be particularly complex
or students, leading some students to become demotivated and
isengaged [1]. The literature review has shown that interactive
ystems such as chatbots can keep students motivated and en-
aged in their learning by allowing them to study in an exciting
nd comfortable environment [2]. Conversational agents, also
nown as chatbots, are computer programmes that are able to
old a chat conversation with a user about a specific topic as
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if they were a real person [3,4]. Chatbots have shown to have
a significant impact on learning performance and teamwork [5].
Indeed, some studies indicate that the use of chatbots in program-
ming could help to improve the students’ autonomous work [6],
as well as their cognitive load and learning outcomes [7]. This
article presents ChatbotSQL, a conversational agent to assist in
learning the SQL database programming language.

This research takes place in the scientific field of Learning
Technologies. ChatbotSQL aims to support students’ difficulty in
learning the relational data model [8] and practising it by solving
problems requiring complex SQL queries [9]. ChatbotSQL supports
students who need to know SQL as a primary subject in computer
science (in particular, data scientists, not computer engineers).

Specifically, this research takes place in a context where learners
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Fig. 1. SQL learning platform architecture.

re driven to do much of their learning autonomously [10]. To be
ffective, software that supports autonomous learning must be
nteractive and provide personalised feedback [11].

The first version of ChatbotSQL assisted degree students with
ingle-table queries, obtaining positive evidence of its impact on
utonomous learning [12]. However, the students requested that
hatbotSQL also helped them with more complex nested or join-
ype queries. This article presents the 2.0 version of ChatbotSQL,
ncorporating support for nested and join queries.

To the best of the authors’ knowledge, there is another work
sing chatbot technology for SQL learning [13]. It combines gami-
ication with a chatbot in which the students have to solve quests
n an alternate reality game by means of interactions with the
ot using the SQL language. However, the chatbot is limited to
5 SQL queries and the interaction is constrained by the game
arrative, whereas our tool allows for more flexible interactions.
ther tools that also aim to support SQL language learning such
s SQLzoo [14] or SQLeasy [15] do not provide personalised inter-
ction and feedback, being only oriented towards query execution
nd presentation of results.
The rest of this article is structured as follows. Section 2 de-

cribes ChatbotSQL. An example of use is presented in Section 3.
he evaluation is shown in Section 4. Section 5 depicts the impact
f ChatbotSQL, and conclusions are drawn in Section 6.

. Software description

The ChatbotSQL client–server web architecture and its main
eatures are introduced in this section.

.1. Software architecture

ChatbotSQL is developed in Node.js. It connects to a web
latform based on the Laravel framework (see Web Application in
ig. 1) and to an instance of IBM Watson Assistant to process all
he messages received. The numbers in brackets in the following
aragraphs refer to the arrows in Fig. 1.
The learning platform uses three MySQL databases: System

atabase (SBD) stores the platform data, i.e., exercises, logs and
sers. Testing Database 1 (TDB1) and Testing Database 2 (TDB2)
re used to run the queries. The platform supports two user roles:

Student and Lecturer. The lecturer can create and modify exercises
and, for each exercise, incorporate a solution query and hints for
the students (2).

At the beginning of each exercise, ChatbotSQL displays the
statement to be solved. If the student attempts to solve the
exercise (1), the platform runs both the student’s query and the
solution query on TDB1 (4). Then, the same process is repeated
with TDB2 (5). The reason for checking in two databases is that
some incorrect queries can return the same result-set as the
solution only for a specific database. As a result of adding a
copy of the database with different records, the correctness of
the issued query can be double-checked. This way, if the result-
set with the issued query and the result-set with the solution
query are the same for each database, the student has solved
the exercise. Otherwise, the platform gives some feedback to the
student.

ChatbotSQL receives the information about the student’s in-
teraction (6) and sends it to the IBM Watson Assistant (8). After
receiving a response from the Assistant, ChatbotSQL displays it to
the user. The student may also directly ask for hints or help (7).
The platform stores all the interactions between ChatbotSQL and
the student in SDB (3).

It is worth noting that the possible objectives of the user (in-
tents) and some keywords that are useful for the user’s purpose
(entities) must be defined beforehand in the Assistant. When
the Assistant receives a message, it identifies the intent and the
entities, and then it uses them to return to the user a meaningful
response selected from the Dialog (the set of nodes that model
the conversation flow of the Assistant).

2.2. Software functionalities

ChatbotSQL main operation mode (Exercises mode) proposes
the students exercises defined by the lecturer. But students can
also freely practise SQL queries (Playground mode).

In the exercise mode ChatbotSQL gives customised information
to the student at the beginning of an attempt, after proposing
a query to solve an exercise and after answering a student’s
question. In the following paragraphs, the numbers in brackets
refer to Fig. 2.

At the beginning of each attempt, the platform retrieves the
data about the exercise (1, 2 and 3) and sends it to ChatbotSQL
2
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Fig. 2. Sequence diagram of ChatbotSQL.

4). It sets up the IBM Watson Assistant context with information
bout the exercise (5) and displays the statement of the exercise.
When the user proposes a query to solve an exercise (7), it

s stored (16) and executed (on testing databases), comparing
he result-sets to that of the solution (8–15). If the query pro-
uces a MySQL error, it is stored (17) and the platform informs
hatbotSQL (18). Similarly, if the query was syntactically correct
ut it was not a solution for the exercise, the platform identifies
ifferences between them (i.e. compares the fields, tables, clauses,
liases and expressions used in both queries) and proposes a hint
or ChatbotSQL to help the student (18).

ChatbotSQL sends the hint message to the Assistant (19), and
t decides which message should send back to the user (20) and
hus stored (21).

Finally, the student can also directly interact with ChatbotSQL
22). When ChatbotSQL receives a message, it is forwarded to
he Assistant (24). It returns the customised answer (a hint for
n exercise, information about clauses of functions, etc.), and the
tudent’s message and the response are stored (23 and 26).

. Illustrative examples

The following example shows the interaction of a student
olving one of the advanced SQL queries, namely an outer join,
ncluded in ChatbotSQL 2.0. Specifically, an outer join query is a
uery that join records from two tables according to a common
ield in both tables.

.1. Chatbotsql welcome

When ChatbotSQL indicates the statement to be solved (see
ig. 3, beginning of the conversation in the right column) the
tudent can perform all types of queries. It includes being able

to list the available tables using the ‘‘SHOW TABLES’’ instruction,
as well as using the ‘‘DESCRIBE’’ SQL clause to know the structure
of the tables.

3.2. Error handling

In Fig. 3, the platform displays a generic error message in the
upper area with a red background after the student proposed a
wrong solution. The student can see the specific error message
returned by the database in the result-set area. Finally, in the con-
versation with ChatbotSQL, it gives the student a hint: ‘‘Have you
used the GROUP BY clause?’’. In fact, the student forgot to perform
the GROUP BY aggregation in the proposed query. ChatbotSQL
gives such specific feedback by interpreting the error message
provided by MySQL.

3.3. Hint management

Now, the student has doubts about how the GROUP BY clause
works, types the following message: ‘‘can you give me a hint about
the group by clause?’’ (Fig. 4, right column). Then, ChatbotSQL
answers with the following message: ‘‘You have to group the
records, for this you must incorporate the GROUP BY clause, and
include all those columns that must have the same value for the
records of each group.’’.

3.4. Correct completion of the exercise

After receiving the hint, the student refines the query incor-
porating the GROUP BY clause. Fig. 4 shows how ChatbotSQL
informs the student that the query is correct with the mes-
sage ‘‘You nailed it!’’, whereas the result-set shows the records
returned.
3
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Fig. 3. Response from the platform and chatbot when the student enters a wrong query.

Fig. 4. Screenshot of the platform and chatbot when the student entered the correct query.

. Evaluation

The evaluation took place at the University of Cadiz (Spain), in
fourth semester compulsory course on Databases for the Com-
uter Engineering degree, during the 2021–22 academic year. The

majority of the students were around 20 years, and this was
their first database-related course. ChatbotSQL, whose use was
completely voluntary, was available from the third week of the
course after students were given some basic instructions about
its use.
4
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Table 1
Precision, Recall and F1-Scores for the student–chatbot interaction.

Describe Show Select From Join Where/having Order by Group by Other

Precision 100% 100% 98.32% 100% 100% 98.76% 100% 99.01% 83.47%
Recall 50% 93.75% 89.31% 80% 97.06% 98.35% 100% 100% 54.03%
F1-Score 66.67% 96.77% 93.60% 88.89% 98.51% 98.56% 100% 99.50% 65.60%

Table 2
Students’ consideration about ChatbotSQL support in solving complex queries.
Query type Strongly

disagree
Disagree Neutral Agree Strongly

agree

Nested 0.0% 6.9% 27.6% 20.7% 44.8%
Join 0.0% 6.9% 24.1% 31.0% 37.9%

Table 3
Use of ChatbotSQL concerning passing the exam.
Chatbot use Pass Fail Total

Yes 58 6 64
No 28 15 43
Total 86 21 107

The lecturers defined 24 query exercises on the ChatbotSQL
latform distributed as follows: 10 beginner, 9 intermediate and
advanced level. The following usage data was collected:

• 64 students used ChatbotSQL, resulting in a total of 2,226
attempts to solve query exercises.

• Out of the 2,226 attempts, 1,638 were successful (i.e., the
proposed query solved the exercise).

• In trying to solve the query exercises, the 64 students had
9,930 interactions with ChatbotSQL.

.1. Student–chatbot interaction

An analysis of the keywords contained in the messages showed
hat in the 77.30% of all messages, the students were asking for
hint. In general, the precision, recall and F1-score for the user

ntention are higher than 80% for all keywords (see Table 1). The
ccuracy was 88.10%.
Note that the category ‘‘other’’ in Table 1 comprises the rest of

he messages (referring to function names, databases concepts,
tc.). If the system responds with a generic message, or the
esponse was not related to the user’s concern, it is considered
rong, reducing the recall and F1-score of this category.

.2. Student perception

At the end of the course, students were asked whether Chat-
otSQL had helped them specifically solve nested and join queries
see Table 2). Results were positive in both cases, with 65.5%
greeing and strongly agreeing for nested queries and 68.9% for
oin queries.

To validate the results of the students’ perceptions, we con-
ucted a quasi-experiment based on the SQL exam of the course.
ut of the 107 students taking the SQL exams for the course, 86
assed (80.37%) and 21 failed. But if we consider only the results
f the students who used ChatbotSQL to prepare for the exam,
e get that out of the 64 students who used it, 58 (90.6%) passed
hile only 6 failed (Table 3).
To correlate these results with the use of ChatbotSQL, let us

onsider as a null hypothesis (H0) that the fact that a student

passed the course. On the contrary, the alternative hypothesis
(H1) will be that there is indeed a relation between the student
using ChatbotSQL and passing the course.

To validate H0, the Chi-square test was used, and a p-value
of 13.99 was obtained. This value is higher than the significance
threshold calculated for 0.001 (X2 > 10.82). Therefore, we can-
not accept H0, and we assume that there is a relation between
students having used ChatbotSQL and having passed the course.

Based on these results and the improvement over the previous
work [12], we can confirm that the aim of this work has been
achieved, i.e. that ChatbotSQL shows evidence of being able to
help the student with the most complex queries.

5. Impact

Current research related to Intelligent Tutoring Systems (ITS)
points to the use of chatbots as one of the most recommended
options, as they offer personalised, human-like tutoring through
natural language [5,16]. Other ITS involving observation of stu-
dents’ behaviour (eye-trackers, navigation between applications,
etc.) are a more indirect manner of eliciting possible difficulties
encountered during a learning process. Therefore, following this
current trend in ITS, in this work we decided to approach our
tutoring system as a chatbot.

Although chatbots are increasingly popular in education, their
applications in supporting programming languages learning is
limited. The works found in this area are conversational agents
whose knowledge base is limited to a FAQ, which, once it detects
a question, returns the associated answer [17]. In our proposal,
ChatbotSQL provides students with personalised feedback based
on the their proposed solution. ChatbotSQL has shown to be effec-
tive in learning SQL language, and invite to further research in this
area. On the one hand, ChatbotSQL can be used to improve and
expand database learning strategies. SQL is key for data scientists,
and learning SQL query techniques requires a notable amount of
training and practice, ideally performed through virtual learning
platforms [18]. In addition, the learning of SQL needs to consider
the ever-expanding database landscape brought about by Big
Data, enabling learners to gain a better view of data in a wider
range of systems and applications [19]. On the other hand, this
research invites to develop and use chatbots for learning other
computer programming languages [20,21].

6. Conclusions

This research has developed and evaluated ChatbotSQL, a chat-
bot that helps students solving complex SQL queries and supports
their autonomous learning. ChatbotSQL has been tested with
university students, and the analysis of the collected interactions
has shown a high accuracy in matching students’ hint requests.
Additionally, the results of the student evaluation show that they
have a positive perception of ChatbotSQL’s usefulness, suggesting
that it can be a valuable tool for improving SQL learning. Further-
more, the quasi-experiment conducted in this research suggests a
possible improvement in student performance, although further
research in other contexts is needed to confirm this conclusion.

In future research, we will explore the effectiveness of Chat-
botSQL in SQL learning and to determine the extent to which it
as used ChatbotSQL is independent of the fact that he/she has

5
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an contribute to improving student performance in this area.
verall, we consider that ChatbotSQL is a valuable tool to support
eaching of other programming languages, being a great potential
o further explore the use of chatbots in education and training.
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