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ABSTRACT

Learning SQL is a common problem for many Computer Science
(CS) students, the steps involved are quite different to those
mastered when learning procedural or object-oriented program-
ming languages. The introduction of commercial products that
include shortcuts into the learning environment can initially
appear to benefit the student, however, transferring these skills
to a textual environment can be difficult for many students.
Computer Science students are required to build textual SQL
queries because the demands of complex queries can quickly
out grow the capabilities of graphical query builders available in
many software packages. SQL in Steps (SiS) is a graphical user
interface centred around the textual translation of a query; this
combination of a GUI and a clear representation of its textual
meaning has the potential to improve the way in which users
gain an understanding of SQL. SiS allows for an incremental
and evolutionary development of queries by enabling students to
build queries step by step until their goal is reached. A planned
evaluation of SiS hopes to quantify the extent to which the in-
troduction of such a user interface into the learning environment
can improve the students’ understanding of the language.

Keywords: learning SQL, education, learning environments,
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1 INTRODUCTION

Learning how to manipulate and retrieve information from a rela-
tional database is a core part of any CS course; however, it is well
recognised that this is a skill that many students find difficult to
master [24, 10, 2, 23, 22, 20, 16, 17, 11, 13]. There have been nu-
merous attempts to simplify the process of learning SQL through
the introduction of different software and educational techniques;
however, these systems are not without fault.

In this paper we first highlight the problem of learning SQL
before discussing some previous attempts to address this prob-
lem. In an attempt to avoid some of the flaws presented in the
literature we present a web-based system called SQL in Steps
(SiS) which is designed to allow students to independently build
SQL queries and explore the functionality of the language. SiS
utilises a graphical user interface which is closely coupled with
the textual translation of queries to allow users to build queries in
a graphical environment while gaining a concrete understanding
of how to construct textual queries.

2 THE PROBLEM OF LEARNING SQL

Learning SQL is an important skill CS students are required to
master, the ability to read, build and modify SQL is something
which is required in many computing, and some non-computing,
professions. Although learning SQL is a crucial skill it is well
recognised that it is is a problematic area for many students.

There are many possible reasons that contribute towards the
difficulties of learning SQL. The declarative nature of SQL can
be a difficult concept for students to grasp, particularly if they are
simultaneously learning procedural or object-oriented program-
ming languages alongside SQL [12, 23].

Learning and visualising the database schema is also a prob-
lematic area for many newcomers to SQL [17]. To be able to
effectively build a query over a relational database the user must
first be able to visualise where the different elements of data re-
quired are and how they can be extracted. Join operations are
common when querying relational databases, they are required to
extract information from directly or indirectly connected tables.
Visualising where these operations are necessary and how to ex-
ecute them is also a common problem for students learning SQL
[11, 17, 20].

SQL contains many powerful functions and misconceptions re-
garding any of these can lead to erroneous queries or those which
may not return the desired results when executed on a different
dataset [17].

3 RELATED WORK

The extraction of information from relational databases is a well
recognised problem that has prompted a broad range of research
over the past thirty years [24], two decades ago there began a se-
ries of attempts to improve the way students learn how to interact
with databases (e.g. [21, 11]). The vast majority of the exist-
ing work can be divided into two categories: systems designed to
analyse users queries and systems that use animation to illustrate
the process of query execution.

The analysis of queries involves parsing the user’s submitted
query and comparing it against an often predefined desired solu-
tion. Once analysis is complete these systems can offer useful
instructions or guidelines for the student to undertake or provide
a mark for the query submitted.

The animation of queries involves taking a fully formed query
and showing the various different steps taken to achieve the final
results. This process can be used to highlight the purpose of the
various different clauses within an SQL statement and allow the
user to gain an understanding of each component of a query.
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SQL allows users to build databases and manipulate their con-
tents through the use of various different statements. Many of the
educational tools reviewed focus only on the SELECT statement
as it is the most commonly used and can become the most com-
plex; there are also elements of the SELECT statement, such as
the WHERE clause, that are used in other SQL statements such
as UPDATE and DELETE [17, 22, 11, 4, 2, 20, 5]. By gaining an
understanding of the SELECT statement the user is likely to find
the transition to other statements easier.

3.1 Analysis of queries

There are numerous systems that analyse the input provided, the
following is a brief overview of a selection of these existing sys-
tems.

SQLTutor [17] is an early example of a system designed to
analyse queries submitted by students; the main focus of SQL-
Tutor is to improve upon the basic error messages provided by
the majority of database applications. Error messages provided
by database applications are a well recognised problem for new
users of SQL [17, 22, 20, 2], SQLTutor uses a series of manu-
ally predefined questions and answers to provide more meaning-
ful and contextual error messages.

A more recent system which analyses users queries is LEARN-
SQL [1], this system focusses on the fact that there are often mul-
tiple possible solutions to a query. Because of this LEARN-SQL
operates by comparing the output of a users query against that
of a model query rather than the contents of the query itself. An
additional benefit of LEARN-SQL was an attempt to reduce the
work load of teachers by introducing automatic marking.

The analysis of students queries is frequently coupled with a
pool of predefined questions and answers [17, 22, 20], these are
compiled by the teacher and every time a student uses the system
they are allocated a question. Once a user attempts a question
their answer is compared to the model answer and feedback or a
score is provided to the user. If the input of questions is detailed
enough and the system has a comprehensive knowledge of SQL
then it can offer clear feedback as to where the user can improve
their query. The downside of using pools of predefined queries is
undoubtedly the time overhead of initially setting up the system
as a teacher has to define and answer all the questions before the
system can be used; it could also be argued that this approach
limits the desire to explore the database and focusses on specific
tasks.

The analysis of users queries for feedback is often contin-
ued into providing assessment support for teachers of the lan-
guage. Assessment is used in varying degrees in SQLator [23],
WinRDBI [6], AsseSQL [20], LEARN-SQL [1] and SQLify [5].
SQLator [23] and AsseSQL [20] use binary gradings while Rus-
sell et al. [22] offers a percentage, SQLify [5] continues this to
offer peer reviewing between students.

3.2 Animation of queries

The animation of queries can be used to illustrate how the final
result of a query is achieved rather than it simply being presented
to the user without any intermediate steps. A typical set up for an
animation based system would involve a textual input field where
the query is entered; after execution the system will analyse the
query and perform a series of animations illustrating how the final
result set is found.

Work such as eSQL [11] and SAVI [2] adopt a system similar
to a programming language debugger in that they contain step op-

erations to advance to the next animation and continue operations
to view the final result set. The user submits a query and, assum-
ing the query contains no errors, the query is executed in stages
allowing the user to visualise how the final result set is achieved.
eSQL uses an algorithm to select a subset of the entire database
which will accurately illustrate the execution of the query. The
steps involved in the animation of a query are generally very sim-
ilar and consist of animating each clause, these animations are
often performed in an order different to that which they actually
appear. The SELECT clause is the first component of a textual
query but, for animation purposes, it is more logical to illustrate
this step towards the end of the animation.

The problem of animated systems is that they require that a
fully formed SQL query be submitted before animation can take
place. These systems seem more appropriate for the illustration
of examples rather then the process of learning SQL. Unless com-
bined with meaningful error messages or examples it could be
difficult for a novice user to “get off the ground” with many ani-
mated systems.

3.3 Commercial products

In an attempt to avoid using a textual interface with little support
for teaching SQL many institutes revert to using database man-
agement applications such as Microsoft Access [15], HeidiSQL
[9] or phpMyAdmin [19]. The main problem with using such sys-
tems stems from the aims of this software; they are designed for
the management of information within relational databases, not
to teach users how to construct textual queries. Such systems are
“not designed for educational purposes but for the professional
management of databases” [8] and as a result they often intro-
duce problems when the users are required to transfer their skills
to textual queries [14, 10]. In addition, it is possible for students
to use the Query By Example builder available in many software
packages to form queries and then use the SQL translation to sub-
mit the textual queries for grading without any understanding of
their meaning [3].

Users can often fail to see the need for a textual system when,
from their perspective, the graphical system performs all the nec-
essary tasks with less opportunity for error. Although the initial
perception of graphical systems may be that they offer the same
capabilities of textual ones but with less chance of error but this is
not the case, as students move to more advanced queries they are
likely to build queries that are beyond the capabilities of graphical
query builders.

4 SQL IN STEPS (SIS)

In an attempt to address the issues uncovered in the literature
SQL in Steps (SiS) was developed. The main focus of SiS is to
allow the student to build an SQL SELECT statement in small
steps using a GUI while gaining an understanding of the textual
query they are building in the background. The user interface
is designed with the textual translation at the forefront. Every
change made to the user interface prompts a change in the textual
translation which, in turn, refreshes the results of the query in its
current state.

Cembalo et al. observed that students often solve procedural
problems by breaking them down into smaller steps and stated
that this could not be done for SQL: “this approach cannot be
followed with SQL, because in a complex query there are no in-
termediate steps to solve separately, but instead temporary sets of
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data which result from the execution of the different operators of
the same query”[2]. SiS introduces these intermediate steps and
allows the student to easily visualise the temporary sets of data
which they can build upon to refine their query.

Bringing the textual translation of a query to the forefront and
avoiding an excessively abstract user interface we address the dif-
ficulty of transferring from a graphical to a textual environment.

Although SiS can loosely be categorised as an animated system
it is different to others previously discussed in that it guides the
user towards incrementally building a query before submitting it
to view the results. This guidance through the process of building
a query provides the user with the steps taken to achieve the final
result set, this differs from other animated systems in that the
steps are prompted entirely from the user and not through the use
of predefined stages. The student can choose to build their SQL
SELECT statement in any order they desire, for instance, they
could build the WHERE clause (and view its effects) then add
some ordering information before continuing to further refine the
WHERE clause.

4.1 Textual translations and live results

The aim of teaching SQL is to provide students with an under-
standing of SQL such that they are capable of building textual
queries independently, from the students perspective this can ini-
tially seem a daunting task. As previously discussed, attempts to
simplify this process have involved introducing students to graph-
ical systems before transferring to a textual user interface, how-
ever, this can make for a difficult transition.

SiS attempts to avoid this problem by allowing the user to build
a query using a simple user interface while the textual translation
remains clear and up to date. SiS’ use of a textual translation in
conjunction with live results enables the user to gain confidence
in the different clauses of SQL, their syntax and their effect on
the results. If a query were to contain an error or return no results
this information is displayed to the user.

Through the development of AsseSQL Prior et al. identified
the problem of students being unable to build a mental picture of
the intermediate stages in building an SQL query: “One of the
difficulties for a student is conceptualising and visualising the re-
sult of an executed SQL statement” [20]. This can lead students
to make false assumptions about a query they have written only
to build on those false assumptions until they execute their query
and attempt to debug the problem. Enabling a user to clearly vi-
sualise the intermediate stages of a query is the basis upon which
many animated systems are created but SiS continues this pro-
cess further by illustrating every change made to the query rather
than grouping them together. The live updating UI allows the
user to immediately identify the effect of each change made and
also increases the likelihood that they will identify the cause of
any errors.

The user interface for SiS is intentionally not overly abstract
and closely follows the structure of an SQL clause. This allows
the user to easily map the functions of the user interface to the
different components of an SQL statement. For instance, to se-
lect attributes for the SELECT clause involves selecting attributes
using a check-box, selecting relations to be used in the query is
done by clicking on a graphical representation of the database
structure (Figure 1).

4.2 Database visualisation

When learning SQL students may be exposed to a wide variety
of different database structures, they may be introduced to more
complex schemas as their understanding increases. A common
problem faced by many new users is the need to visualise the
database schema before querying it; students should not be pe-
nalised for failing to remember the structure of a database but
should be encouraged to learn how to best utilise the various dif-
ferent database schemas.

To familiarise the user with the structure of the database they
are querying SiS presents them with a graphical representation
of the database structure. This illustration can be zoomed in and
out to discover details such as the attributes within a relation and
the connections between relations. As previously discussed, this
part of the user interface is not only used as a prompt when the
user is interrogating the database but is also used as a means to
build the FROM clause. The use of this visualisation, which is
visible at all times, provides the user with the ability to quickly
build queries and explore the database without studying lengthy
descriptions of the database schema.

4.3 Automatic contextual help

Examples and demonstrations are an invaluable tool when learn-
ing any computer language [7], SQL is no exception. Descrip-
tions of queries and examples of how their results can be achieved
can provide an insight into new features of SQL that are difficult
to understand otherwise. However, if a student is learning within
one domain and their examples are given within another they can
disorient and confuse the user. SiS includes the ability to provide
contextual examples for all clauses within the database the user
is using, SiS will analyse the structure and contents of the cho-
sen database and automatically produce a series of simple queries
that can provide the user with an insight into the correct usage of
each clause.

4.4 Customisable

To ensure SiS remains relevant and doesn’t overwhelm users
large portions of it are customisable. Many of the features of
SiS can be enabled/disabled within a configuration file; this al-
lows an administrator to configure SiS such that it is only capable
of simplistic queries using a limited set of SQL functionality if
the more advanced features are not required.

The implementation of SiS using SQLite enables a wide range
of databases to be used by simply adding the database files to a
directory which the system can access. This allows for the quick
customisation of the system to meet the needs of various different
users, as users become more confident with SQL more complex
databases can be introduced, this allows teachers to easily expose
students to a wide variety of different database structures while
they learn SQL.

4.5 Web based

In recent years there has been a trend towards software that can
be run in a web browser; ease of distribution and cross platform
compatibility make it an appealing option for a wide array of ap-
plications.

Like SQLator [23], SAVI [2], AsseSQL [20] and SQLify [5]
SiS has been developed from the ground up as a web based tool,
built using HTML, SQLite, JavaScript and PHP. The use of web
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Figure 1: The SiS learning environment

based software means that students do not have to install any spe-
cialist software and can access the tool from any computer con-
nected to the internet.

4.6 Boolean visualisation

Building Boolean expressions is an important aspect of creating
an SQL query, they are used in the WHERE and HAVING clauses
of the SQL SELECT statement (along with the WHERE clause
in other statements) and a good understanding of them is crucial
in ensuring the desired results are returned. The understanding of
Boolean expressions is something that many novice users strug-
gle with [18], CS students must build a strong understanding of
such expressions to become confident in many key skills includ-
ing writing SQL statements.

To allow the user to visualise their Boolean expressions in a
more graphical sense SiS introduces a graphical representation
of Boolean expressions called the sandpit (Figure 2). As with
all elements of SiS the idea of the sandpit is intentionally closely
linked to its textual counterpart; each individual component of
a Boolean expression is represented using a single widget on
screen, the user can input their criteria on this widget. Individual
widgets are combined together by drawing boxes around them,
these boxes represent any Boolean expressions and their associ-
ated parenthesis, boxes can be in an AND or an OR state and can
contain a mixture of both widgets and other boxes enabling them
to build complex Boolean expressions in a graphical environment
closely linked to its textual counterpart.

4.7 Limitations

Mitrovic et al. identified how many elements of the SELECT
statement are also found in other statements [17]. Because of
this (like [17, 22, 11, 4, 2, 20, 5]) SiS focusses entirely on the
SELECT clause.

Due to limitations introduced by the graphical representation
of sub-queries SiS currently has limited support for them, it al-
lows for the inclusion of sub queries in the FROM clause alone.

5 TYPICAL USE CASE OF SIS

After selecting their chosen database the user is presented with a
graphical representation of the database and the UI for building
the SELECT clause. To explore the structure of the database the
user can use the zoom buttons above the graphical representation
of the database schema, this will offer more or less information as
required. If the graph becomes too crowded for the screen space
available they can maximise the graph and view it in full screen
mode.

To build their first valid query the user must select a table (or
series of connections for a query containing a join), as soon as this
selection is made they can view the results of this simple query in
the results panel below its textual translation. After selecting a ta-
ble or series of tables the contents of these are immediately shown
to the user allowing them to adjust their FROM clause to ensure
they only use the information required for the query. Details of
the SELECT clause can be refined by choosing various attributes
from the tick boxes available or adding customised ones using
the aggregate function builder. Selecting the FROM tab at the top
of the page allows the user to customise the from clause, if the
query only consists of one table this will offer little opportunity
for customisation but if multiple relations are used the user can
change the join type, again viewing the results as the changes are
made.

To filter out some of the records shown the user can select the
WHERE (or the HAVING tab for filtering by aggregate func-
tions) tab and use the builder to construct a sandpit of widgets and
boxes representing a Boolean expression, as with all aspects of
SiS, and changes made in the sandpit prompt immediate changes
to the textual translation and results.

The GROUP BY and ORDER BY tabs contain very similar
user interfaces to that on the SELECT tab, a series of check boxes
can be used to build a grouping or ordering clause. The LIMIT
tab simply offers a simple input for two numbers, the number of
desired results and any offset.

If the user is unsure of how any of the clauses should be con-
structed or what their purpose is they can click the question mark

22                              SYSTEMICS, CYBERNETICS AND INFORMATICS        VOLUME 13 - NUMBER 4 - YEAR 2015                             ISSN: 1690-4524



Figure 2: The sandpit used for visualising Boolean expressions

icon found on every tab. This will open the contextual help which
offers a described example of how to use the statement the user
is struggling with.

6 FURTHER WORK

It is our intention to involve a selection of first year CS under-
graduates with a trial involving the use of SQL in Steps. The
user study will involve attempting to quantify the improvements
gained by using SiS in conjunction with traditional teaching tech-
niques over using traditional techniques alone. The undergradu-
ate database course involves introducing the students to various
theoretical and practical concepts, in the past the students have
been taught using the textual interface of Microsoft Access and
a text based interface to SQLite or MySQL. The structure of the
study will involve a small assessment of the students ability at the
start of the course (many will score very low as they may have
little or no experience with relational databases), the sample will
then be randomly divided into two groups, the first will continue
without any use of SiS, the second will have access to SiS when-
ever they wish. The databases set up with SiS will be the same as
those databases the students will be learning with. At the end of
the course the students will again be tested, if a greater improve-
ment is seen by those students using SiS then investigations will
be made to deduce whether this is as a result of the involvement
of SiS or a simple coincidence. As well as attempting to quantify
the benefits introduced by SiS a focus group involving a selec-
tion of SiS users will take place after the study ends; the aims of
this focus group will be to gather qualitative data regarding the
positive and negative features of SiS as well as discussing future
design iterations.

7 CONCLUSION

In this paper we have provided a brief overview of some exist-
ing technologies which have attempted to improve the way in
which students learn SQL. This existing work can loosely be di-
vided into two different categories, those systems that operate
by analysing submitted queries for feedback and/or marking and
those that use animation as a means to break down the process of
building SQL statements into easy to process steps. After high-
lighting some strengths and weaknesses within the existing liter-
ature we introduce SQL in Steps (SiS), an online environment de-
signed to improve the way in which users learn SQL by combin-
ing a graphical user interface centred around a textual translation

with fast and frequent updates. Every change made to the user
interface prompts a change in the textual translation of a query,
this enables to user to clearly see how changes to the UI force
changes in the textual query and, in turn, the results of the query.
The frequency of updates allows the user to easily identify when
errors have been introduced to the query allowing them to quickly
identify and understand them. Transferring users from graphical
user interfaces to textual ones is a well recognised problem, in an
attempt to ease this the user interface in SiS is intentionally not
hugely abstract, the close coupling between the UI and its tex-
tual equivalent is intended to make the transition from graphical
system to textual as painless as possible.

The completion of a planned user study involving a series of
first year undergraduates hopes to confirm the potential of intro-
ducing SiS into the learning process of SQL.
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