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ABSTRACT
Students in introductory data management courses are often taught
how to write queries in SQL. This is a useful and practical skill, but
it gives limited insight into how queries are processed by relational
database engines. In contrast, relational algebra is a commonly
used internal representation of queries by database engines, but
can be challenging for students to grasp. We developed a tool we
call Relational Playground for database students to explore the
connection between relational algebra and SQL.

CCS CONCEPTS
• Applied computing → Interactive learning environments; •
Theory of computation → Database query languages (princi-
ples); • Information systems→ Relational database model;
Structured Query Language.
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1 INTRODUCTION
Interactive simulations have great potential to improve student
learning outcomes, as has been shown with visualizations in early
CS education [5]. Students can be presented with many examples
during class time but can struggle when asked to solve related prob-
lems on their own. Allowing students to explore provided problems
and problems they develop independently in more detail will pro-
vide the ability to deepen understanding of the material. This ability
to explore allows students to focus on their own individual under-
standing gaps, which may be different between students. We aim
to develop such an interactive simulation to explore relational data-
base querying. Although similar tools such as RelaX [6] exist, they
are not designed for novice users and do not incorporate some of
the novel features we explore.

The remainder of the paper introduces our learning goals for our
tool, an overview of its implementation and features, the response
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we have observed from students thus far, and plans for future
development.

2 LEARNING GOALS
While teaching an introductory database course at RIT, we observed
that students faced challenges in understanding the foundations of
relational database query processing. In particular, students were
taught to express queries using two methods:

(1) Structured Query Language (SQL), which uses English key-
words to express queries. Students have little trouble under-
standing different components of a query in isolation, but
struggle when these components are combined to form a
complex query.

(2) Relational algebra, which is a formal expression of database
queries, is the foundation of relational database theory. This
representation is also commonly used by database query
optimizers.

When teaching both of these languages to students, it is common
to show equivalent expressions in both languages to help students
make connections between constructs they are familiar with in one
language and those which are equivalent in the other.

When taking this approach while teaching, we found that stu-
dents could understand the examples explained to them, but still
struggled to formulate these equivalences on their own. Developing
a tool to allow students to explore these connections on their own
provides an endless source of examples that students can tailor to
address their specific gaps in understanding. A further problem
when teaching relational algebra is explaining its use in optimiz-
ing database queries. There are multiple possible ways a query
represented as SQL can be expressed in relational algebra. Since
relational algebra expressions represent specific steps which are
taken when executing a query, it is possible that a database ex-
ecuting one expression (sequence of steps) will produce a result
faster than one using another expression. When teaching students
relational algebra, especially at the graduate level, an important
topic is the explanation of how database systems optimize these
relational algebra expressions.

A tool which allows for exploration of the connection between
SQL and relational algebra queries also presents the opportunity
to show the differences between multiple relational algebra ex-
pressions which produce the same results. By showing multiple
expressions along with partial results of each step of query exe-
cution, students can explore these optimizations for themselves.
In our experience, the more examples students are presented, the
easier it is for them to develop a deep understanding of the material.
Our tool enables students to explore unlimited examples since they
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can view relational algebra expressions corresponding to their own
SQL queries.

3 USER INTERFACE

Figure 1: Screenshot of the Relational Playground interface

Our tool, which we have named Relational Playground, enables
students to explore the connection between relational algebra and
SQL on provided sample datasets. The user interface for our appli-
cation is shown in Figure 1. All queries are entered in SQL in the top
input, and as the queries are modified, the corresponding relational
algebra expression shown below is automatically updated. The SQL
subset supported by Relational Playground currently includes multi-
ple joins with filtering and projection. Our sample dataset currently
contains two foreign keys, which limits the number of meaningful
joins to three tables, but this can be expanded arbitrarily in the
future within reasonable bounds, considering the memory and com-
putational constraints of browser-based execution. However, we
believe that most important concepts of SQL and relational algebra
can be taught with relatively small queries.

To enable students to understand how data are processed at each
step in expression evaluation, they select any subexpression to high-
light it and view the data at that point during query execution. In
Figure 1, the user has the option of showing the results of executing
the join before filtering has been applied. If a student is unclear of
the effect of a relational algebra operator, viewing the data before
and after its application may be helpful in clarifying understanding.
For example, in Figure 1, a student may choose to click the selection
operator, which will update the data displayed below to show only
selected tuples from the join. The source relations available for use
in queries can be browsed on the right of the interface.

This browser-based tool is currently available online1 and the
source is in active development and available on GitHub2.

4 QUERY OPTIMIZATION
One of the unique features of Relational Playground is the ability to
support logical query optimization. Since the entire environment
runs on a small dataset in the user’s Web browser and not on a
1https://www.relationalplayground.com
2https://github.com/dataunitylab/relational-playground

Figure 2: Post-optimization view in Relational Playground

server, we do not attempt to optimize based on query runtime, since
it can be unpredictable in this environment. We also attempt to
simplify the optimization process by avoiding optimizations that
rely heavily on statistics. Instead, we focus on common heuristics
that can demonstrate the intuition behind optimization. In doing so,
we also avoid considering the time required to run the optimizer
itself. Since our focus is on fairly simple queries, this has not proven
to be an obstacle. The first optimization we focus on is predicate
pushdown past joins, as our experience has shown that this is
the simplest possible explanation for students to understand. This
pushdown tends to result in amore optimal query plan, independent
of any statistics on the tables involved.

Our rule for predicate pushdown simply matches a filter which
appears after a join and checks for a predicate involving only one
of the relations as input to the join. If such a match is found, the
predicate is moved past the join. Although this is a simple optimiza-
tion, the ability to enter any query and see possible effects allows
students to develop intuition about how the optimization works.
This is similar to the database optimization curriculum presented
by Davis [3] but we are able to automate the optimization step.
Although this eliminates the need for students to perform the opti-
mization manually, we believe that the added exploratory element
is beneficial to student learning. To explore the optimization pro-
cess, students can toggle optimization as shown in Figure 2. Since
optimization of relational algebra is often taught in the form of
tree transformations, we also allow students to view the expression
formatted as a tree as in Figure 3. Toggling query optimization on
and off in tree view allows students to easily see how the expression
tree is transformed by optimization.

Figure 3: Tree view of optimized relational algebra expression
.
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5 STUDENT RESPONSE
We piloted this tool in a section of Introduction to Big Data, which
is a required course for computer science graduate students who
wish to take any further classes in data science. Of the students who
interacted with the tool and completed the survey (𝑛 = 10), 80%
claimed that the tool was at least somewhat useful in improving
their understanding of relational algebra. Most of these students
used the tool to study for tests, and many used it multiple times
throughout the semester. We note that this survey was performed
before the implementation of query optimization, as described in
the previous section. We plan to send a revised survey to students
who interact with the updated version of the tool and seek more
detailed feedback.

6 RELATEDWORK
As mentioned above, the RelaX [6] relational algebra calculator
is the closest to our tool. RelaX also allows students to enter SQL
queries and view the corresponding extended relational algebra
expression. The subset of SQL currently supported by RelaX is
larger than supported by Relational Playground due to its use of
extended relational algebra, but a key difference is that RelaX does
not support query optimization. We believe that our query opti-
mization support is particularly useful for understanding how rela-
tional algebra is used in practice by query optimizers. The Umbra
demonstration interface [8] allows users to view the steps in query
optimization, but focuses on describing the specific capabilities of
its particular engine rather than providing concise examples.

Taking the opposite approach of Relational Playground, RA [9]
allows the conversion of relational algebra expressions to SQL
queries. RA has been used for tasks such as presenting small coun-
terexamples for incorrect SQL queries [7]. In our setting, converting
relational algebra to SQL could prove useful for enabling bidirec-
tional editing of relational algebra and SQL.

7 FUTUREWORK
Relational Playground currently supports a limited subset of SQL,
including nested select-project-join (SPJ) queries corresponding
to basic relational algebra operators. We would like to expand the
supported SQL subset to include queries, aggregation, grouping,
sorting, and basic arithmetic. Other possible extensions include
temporal relational algebra [4] to support streaming SQL. We are
interested in exploring the creation of an editor for relational al-
gebra expressions to enable bidirectional conversion between SQL
and relational algebra. This will allow students to better understand
the connection between these two languages.

We plan to add more heuristic query optimizations to Relational
Playground. For example, Apache Calcite [2] contains more than
100 optimization rules. Although many of these are likely too com-
plex for our setting, we expect that several of these rules will prove
useful. Furthermore, each rule is currently applied without explana-
tion. Users can see expressions before and after optimization, but
there is no indication of how optimizations are applied. It would be

helpful to provide the opportunity to toggle individual optimization
rules, as well as show how each rule matches the original relational
algebra expression and how the optimized expression is generated.

In the future, it is also expected that this tool could be expanded to
make connections to other non-relational database systems. For ex-
ample, when teaching the connection between NoSQL and NewSQL
systems, which are evolutions of the relational databases students
have already studied, many operators similar to those used in rela-
tional algebra are applicable in these contexts. This aspect of future
work is similar to TriQL [1] which allows users to view queries
for databases using a variety of data models, but does not include
relational algebra or query optimization. Future extensions to this
tool could be extremely useful in this context.

Finally, we would like to better evaluate the usefulness of Rela-
tional Playground in improving student understanding. We plan
to include both additional surveys with a larger sample size and a
controlled study in which students are assessed on relevant learn-
ing outcomes with and without access to our tool. In addition, we
plan to interview students to determine possible usability issues
and improvements.
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