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Abstract

Database normalization is a key process for designing databases. However, it is one of

the most complex topics for students in IT undergraduate programs. This work

proposes a new software tool that supports students in the process of normalization.

This learning tool allows the students to see step by step how to carry out each normal

form up to the 3NF. This tool is based on data analysis of the input table as it is

explained in class, and not on analyzing the scheme or initial dependencies defined by

business rules. Thus, novel algorithms were developed to process the input table

(user-defined) as well as the tables created during the normalization process. The

software was tested in two Database courses, obtaining an important increase in the

performance of students who used the tool.
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1 | INTRODUCTION

Normalization is a process that takes an existing database
design with some anomalies and redundancies, and improves
it by decomposing relations, based on a known set of
dependencies. When the normalization is not applied,
database systems are usually inefficient and inaccurate.
According to a questionnaire survey among engineering
students [4], the most complex topics for students of careers
related to Computer Science have been database normaliza-
tion and relational algebra. The performance of most of the
students in our Database Systems courses confirms the results
of this survey.

In order to ease the students the comprehension of
databases concepts and improve their skills in database
design, several software tools have been developed on this
direction. For instance, to learn the entity-relationship
model [3], relational algebra for SQL [5], and to observe
the process of database normalization with predefined
examples [12], among other tools.

In this paper, we present a learning tool that explains
gradually the normalization process from an input table (a csv
file) with anomalies. The process implemented works with
existing data instead of a given schema for the following reasons:

1. We consider that students can understand normalization
better if they notice how redundancies are reducing by
visualizing the new arrangements of the original data.

2. According to 1NF, the domain of each field must contain
atomic values, but some tuples can have a set of these
values. We can detect this anomaly only by analyzing data.

3. The students of any course related to database design must
clear the concepts of primary key and functional
dependencies. They can prove this knowledge if they are
capable to identify them from any given dataset.

1.1 | Database normalization learning tools

Several existing educational tools perform database nor-
malization. To mention a few, JMathNorm [14] is a tool
developed over “Mathematica” and allows students to
normalize a database from the description of a scheme and
its functional dependencies given by the business rules. The
tool generates the maximum set of functional dependencies,
known as closure, and deletes the redundant dependencies
obtaining the minimal cover. Besides, the tool was
employed with students of a databases course, who used
it to validate the normalization process. However, this tool
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works from a description and not from the initial table
information. Another tool is called Normit [11], which is a
tutoring tool that is based on self-explanation, that is, the
student justifies each step of normalization and the systems
support the students when the justification is wrong, which
is performed by a comparison between the correct answers
and the ones given by the student. However, the number of
case studies are limited. Another kind of tutor-based
normalization tool has been created using expert sys-
tems [8]. This tool attempts to create a learning environment
by showing the normalization process adapted to each
single student. However, the student introduces the initial
scheme. A web-based tool [10] allows the student to
introduce a scheme and observe step-by-step the normali-
zation process. However, the student must introduce each
functional dependency to the system and, thus, making
difficult to test more complex examples.

All these tools are based on the database scheme, required
as input, to start the normalization process, that is, these tools
do not consider the initial data, but only the fields and the
relationships between them. However, students might learn
easily with a different approach: by applying the rules of each
normal form as they visualize the new arrangements of data.
The proposed learning tool considers as much as possible the
way the students learn normalization in class. The learning
tool intends to help students validating the results obtained at
each step of the normalization process, as well as
understanding the reasons for each result. Since, the tool
needs to carry out the normalization process, some related
algorithms must be studied in order to see if some of them
fulfill our needs.

1.2 | Normalization algorithms

Automating the normalization of databases has been of interest
to researchers in recent years. The studies are intended to
facilitate the representation of functional dependencies, the
identification of candidate keys, the selection of primary keys,
and the efficiency of the algorithms to normalize the tables.
There are algorithms capable to find a primary key among all
the candidate keys efficiently since they are based on
dependency graph; for instance [1] uses the dependency
matrix and thematrix of a directed graph to generate thematrix
of transitive dependencies. Other proposals are usually semi-
automatic, receiving as input the descriptions of the basic
functional units, and using a structure of linked lists in order to
link functional dependencies [7]. This strategy reduces
memory and increases processing speed. Another proposal
that allows users normalize up to 3NF considers all possible
candidate keys [6]. In a first stage, it eliminates functional
dependencies and then normalizes relations using fields as
input. Bernstein’s algorithm synthesizes 3NF relations from
functional dependencies [2], by finding a minimal cover for a

set of functional dependencies [9]. Finally, [13] introduces a
PROLOG-based normalization tool that records data obtained
from a relation in the form of facts. Most of state-of-the-art
normalization algorithms require a database schema to carry
out efficiently the normalization process.However, they do not
provide step-by-step feedback of the process and views of new
data arrangements, which we consider key elements for
learning normalization.

The contributions of the proposed tool are the following:

1. It helps the students identify data redundancies and
anomalies by providing views of the resulting tables as
each normal form is applied.

2. It provides a description of the violations found at each
normal form, as well as how to address each one of them.
These violations include the following: duplicate records,
multivalued fields, partial dependencies to the primary
key, and transitive dependencies.

3. It supports the students to discover the primary key and
functional dependencies allowing them to reinforcing or
proving their knowledge in these main aspects.

4. It is not limited to certain predefined tables, it is possible to
create a new input table following a comma-separated
format file and uploading it to the application.

5. It keeps a log of activities per student; therefore, it is
possible to monitor the usage of the application.

2 | DATABASE NORMALIZATION

The normal forms make possible to find a set of fields that
uniquely identify tuples at a table; such set of fields is known as
theprimary keyof the table.Normal forms include the following:
First normal form (1NF), Second Normal form (2NF),
Third normal form (3NF), Boyce-Codd normal form (BCNF),
Fourth normal form (4NF), Fifth normal form (5NF), and
Domain-Key normal form (DKNF). In most of the cases,
transforming a database into 3NF would be enough to avoid
insertion, deletion, andupdate anomalies, since they contemplate
the most common issues related to data redundancy.

The 1NF makes sure that a table holds the properties of a
relation. Thus, a table in 1NF has the following properties:

1. No cell has more than one value.
2. All the values at the same column belong to the same

domain (integers, dates, strings, . . .).
3. There are no duplicate groups of data or rows.
4. Each column has a unique title denoting field names. If a

column is untitled, we consider it as part of a multivalued
field whose name is on the first titled column to the left.

5. The table has a primary key that might be composed by one
or more columns. The value of the primary key on each
row is unique.
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In this work, we assume that the input dataset holds the
first three properties, since they represent no difficulty for
students to solve. Therefore, the algorithm proposed focuses
on achieving properties 4 and 5, that is, handling multi-valued
fields and finding the primary key.

The focus of the 2NF is to find functional dependen-
cies between non-key fields and the primary key. Thus, in
order to consider a table T in 2NF, it has to follow two
rules:

1. T is in 1NF.
2. Every non-key field is fully functionally dependent on the

primary key of T.

For every partial key dependency found <k, f>, the non-
key field f is removed from T and added to a new (or existing)
table T’ where k is the primary key.

A table T is in 3NF if the following holds

1. T is in 2NF.
2. T does not have transitive dependencies, that is, there are

not non-key fields functionally dependent on another non-
key field.

For every functional dependency found <f1, f2>, the non-
key field f2 is removed from T and added to a new (or existing)
table T’ where f1 is the primary key.

FIGURE 1 Tabular view of the input table Videogames

FIGURE 2 Read-table window
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3 | NORMALIZATION ALGORITHM

The present section introduces the algorithms proposed to
handle every step of the normalization process up to 3NF, as
well as some definitions and notations employed.

3.1 | Definitions

A table T has fields, rows of data, a primary key, and functional
dependencies. Prior to the first normal form, fields are referred
as columns. Some of the fields may be marked which means
that they are not candidate to be part of a primary key.

T [r, f] refers to the value stored at row r, field f in table T.
The primary key of a table T is a set of fields defined by no other
field atT. A functional dependency is a pair <φ, f>, such that f is
a field defined by a nonempty set of fields φ. Finally, a database
Db is a set of tables, such that there is no two tables with the

same primary key. AlgorithmMain enlists the steps required to
normalize a given table up to the Third Normal Form. Each step
is explained in detail along the present section.

3.2 | Functional dependencies

Finding functional dependencies is a common task for all the
steps enlisted before. Thus, prior to the algorithms, we
provide the following definitions and functions.

Definition 1. Let f1, f2 be two fields from a table T. We say
that f2 is functionally dependent upon f1, or simply f1
defines f2 if no two tuples exist in T with the same value at f1
but different value at f2.

The following function determines if f1 defines f2. The key
idea is to find a contradiction, that is, two rows with the same
value at f1 but different value at f2.

DefinesFF (T, f1, f2) returns:
false, there exist two rows r1, r2 such that: T [r1, f1] = T [r2,

f1] and T [r1, f2] ≠ T [r2, f2].
true, otherwise.

FIGURE 4 Table Videogames in 1NF. The fields in red make up the primary key

FIGURE 3 Edit-fields window

Algorithm Main. Main algorithm.

Input: a table T.

Output: the corresponding database in Third Normal Form.

1. T←Load from file

2. T1NF←To1NF(T)

3. Db2NF←To2NF(T1NF)

4. Db3NF←{}

5. For each table T in Db2NF do:

a. Db3NF←Db3NF←To3NF(T)

6. Return Db3NF
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Definition 2. Let f and F be, respectively, a field and a set
of fields from a table T. We say that f is functionally
dependent upon F, or simply F defines f if no two tuples
exist in T with the same value at each field from F but
different value at f.

The following function determines if a set of fields F1

defines a field f2. The key idea here is to find two rows with
the same values at all the fields in F1, but different value at f2.

DefinesSF (T, F1, f2) returns:
false, there exist two rows r1, r2 such that: ∀f ∈ F1, T [r1,

f] = T [r2, f] and T [r1, f2] ≠ T [r2, f2].
true, otherwise.

3.3 | Primary key discovery

A primary contribution of this work is the fact that the input
dataset does not include information about the primary key:
an algorithm has to be developed. Algorithm FindPK finds a
set of non-marked fields from a table T such that none of them
is functionally dependent upon another field in T. It defines
three sets of field indexes:

1. Andf contains fields that are not functionally dependent
upon other(s) at each step of the algorithm. Initially, this set
contains all the fields.

2. Adef is the complement of Andf.
3. Ap contains fields candidate to be the primary key. Unlike

Andf, Ap does not include marked fields.

The algorithm iteratively builds field subsets of length 1 to
field-count. Subsets containing fields already in Adef are
discarded. For each field f in Andf functionally dependent to
the current subset is removed from Andf and Ap, and added to
Adef. Such dependency is added to table T since it will be used
in further steps. At the end, Ap contains only non-marked
fields not defined by any other, that is, the primary key.

FIGURE 5 Tables resulting from converting Videogames into 2NF

Algorithm FindPK find the primary key of a table and store it
inside the table.

Input: a table T.

1. Let Andf be a set containing the fields at T.

2. Let Ap be a set containing all the non-marked fields at T.

3. Let Adef ← Ø

4. Let l ← 1

5. For each φ ⊂ Ap such that: |φ| = l, ¬∃f ∈ (φ ∪ Adef):

a. For each f ∈ Andf \φ and DefinesSF (T, φ, f):

i. Adef ← Adef ∪ {f}

ii. Add the pair <φ, f> to the functional dependencies in T.

b. For each f ∈ Adef:

i. Andf ← Andf \{f}

ii. Ap ← Ap\{f}

6. l ← l + 1

7. If l < |Andf| goto step 5

8. Set Ap as the primary key of T.
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3.4 | First normal form

Algorithm 1NF converts a given table into the First Normal
Form. The main purpose of this algorithm is to handle the
multivalued fields. For a better understanding of the
algorithm, consider the 4-column table T=<a, ?, b, ?>
containing twomultivalued fields. The corresponding table in
first normal form T’ should have only two fields and more
rows. Thus, for each row <r1, r2, r3, r4> in T, the following
rows are added to T’: <r1, r3>, <r2, r3>, <r1, r4>, <r2, r4>,
corresponding to all the two-tuples that can be built with all
the different values at columns corresponding to a and all the
different values at columns corresponding to field b. At the
end of the algorithm, the primary key of the table is found.

The following sets and functions are employed in the
algorithm:

Let C= {1, 2, . . .,M} be an ordered set of index columns
at table T.

Let D= {d1 = 1, d2, . . ., dN} be an ordered set of titled
columns, such that each di ∈ C.

Let F:D→ 2C be a function that maps titled columns with
one or more consecutive columns, such that: F(dk) = {dk,
dk+ 1, . . ., dk+1− 1}

3.5 | Second normal form

Algorithm 2NF converts a given table into the SecondNormal
Form. The focus of this algorithm is to handle partial
dependencies to the primary key. The result of this algorithm
is not a table but a database, that is, a set of tables, because
partial dependencies has to be removed from the original table
and added to new ones.

FIGURE 6 Database normalization up to 3NF. The tables are free from transitive dependencies

Algorithm 1NF convert a given table into the First Normal Form

Input: a table T.

Output: the corresponding table in First Normal Form

1. Let T1NF be a new empty table with N columns

2. For each row r in T, do:

a. For each <ci1, ci2, . . ., ciN> such that: cik ∊ F(dk), dk ∊ D,
do:

i. Let r’ = <T[r, ci1], T[r, ci2], . . ., T[r, ciN]>

ii. Add r’ to T1NF

3. FindPK (T1NF)

4. Return T1NF
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3.6 | Third normal form

Algorithm 3NF converts a given table into the Third Normal
Form. The focus of this algorithm is to find functional
dependencies between non-key fields such that the definer
field is not marked. For each dependency found, The defined
field is removed from the table and moved to another table
which primary key is the definer field. This process is run
iteratively over all the tables created until no functional
dependencies between non-key fields are found.

4 | USING THE TOOL FOR
LEARNING NORMALIZATION

In the classroom, the normalization process is explained to
students considering the input table data instead of its scheme.
Each student must be able to identify the rules that have to be
applied step by step in order to translate the table into 3NF.
Later, the instructor gives the students several exercises with
different level of complexity allowing them to observe and
understand how to apply each normal form. The presented
tool seeks to support this process.

The tool was developed as a desktop application using
Java SE 7. Each student and teacher uses his/her ID in order to
have access to the tool. Previously, all of themwere registered
in a MySQL database that also stores the usage of the tool.

The tool allows students to load a table given inCSV format;
immediately the tool, displays the initial table and identifies the
multivalued fields and duplicate rows. We assume the initial
table has enough data diversity to identify functional
dependencies. Figure 1 depicts a tabular view of an input table:
Videogames. The first rowcorresponds to the nameof the fields;
the second row indicates themarked fields using characterX; the
remaining rows store the table data. Multivalued fields cover
more than one column, but only the first one is titled.

The student can select one or more fields which,
according to a specific context, should not be considered
part of a primary key of any table eventually, since no other
field is functionally dependent upon them even though the
available data suggest otherwise. Typical cases include
money, date, and time values, but also description fields such
that there exist another field that identifies them. Figure 2
shows how the student can mark and unmark fields using the
Edit-fields window. This selection can be done every time the
user desires, but the normalization process is restarted.

In addition, this window allows the user to change the
order of the fields. This is particularly important when the
diversity of data is not enough for an algorithm to
determine that a field should not define another. For
instance, consider a table containing the fields: Custom-
erId and CustomerName; it is clear that CustomerName is
functionally dependent upon CustomerId, and not vice versa;
however, if all the given customer names are different, any of the

Algorithm 2NF convert a given table into the Second Normal
Form

Input: a table T.

Output: the corresponding database in Second Normal Form

1. Let k be the primary key of T

2. Let DT be the set of functional dependencies in T

3. Let Dk be an initially empty set of partial dependencies to k

4. For each dependency <φ, f> in DT, do:

a. If φ ⊂ k then Dk ← Dk ∪ {<φ, f>}

5. Let Db be an initially empty database

6. For each dependency <φ, f> in Dk, do:

a. Get table Tφ from Db such that φ is the primary key

b. If there is no such table, create it and add it to Db

c. Add field f to Tφ

d. Remove column f from T

7. For each table T’ in Db, do:

a. Copy data from T to T’ considering only the fields at T’

b. Remove repeating rows from T’

8. Add T to Db

9. Return Db

Algorithm 3NF Convert a given table into the Third Normal Form

Input: a table T.

Output: the corresponding database in Third Normal Form

1. Let Db be an initially empty database

2. For each pair of fields f, g of T not in the primary key (f< g),
do:

a. If f is not marked and DefinesFF (T, f, g) then key ← f,
defined ← g

b. Else if g is not marked and DefinesFF (T, g, f) then key ←
g, defined ← f

c. Else goto step 2

d. Get table Tk from Db such that key is the primary key

e. If there is no such table then

i. Create Tk and add it to Db

ii. Copy values at field key from T to Tk

f. Add field defined to Tk

g. Copy values at field defined from T to Tk

h. Remove defined from T

3. Add T to Db

4. Remove repeating rows from each table T’ in Db

5. If Db has more than one table then

a. Let Db’ be a new database

b. For each table T’ in Db, copy each table in To3NF’ (T’) to
Db’

c. Return Db’
6. Else return Db
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fields can define the other. In such a case,CustomerId should be
placed after CustomerName so that the functional dependence
CustomerName −>CustomerId is not tested.

Figure 3 shows the feedback provided by the tool after
loading the table Videogames. There we can see that field
Platform is multivalued since it covers up to four columns.

Figure 4 shows the results of applying the 1NF to table
Videogames. The primary key <Platform, Condition, Genre>
was detected and there are no longer multivalued fields.

Figure 5 shows the results of applying the 2NF to table
Videogames: all the non-key fields must be functionally
dependent upon all the key fields. Since field Price depends
only on key fields Condition and Genre, it was removed from
the original table and added to a new table with primary key
<Condition, Genre>. Similarly, the fields Title, Rating

Categories, and Publisher are functionally dependent upon
the key fieldGenre. Thus, theywere removed from the original
table and added to a new table with primary key <Genre>. At
the end, the original table kept only the key fields.

Figure 6 shows the results of applying the 3NF to each of
the tables created at 2NF. We can see that a new table with
primary key <Title> was created. This is because the table
with primary key <Genre> contains in 2NF two non-key
fields, Rating Categories, and Publisher, which are function-
ally dependent upon another non-key field, Title.

The resulting tables might still have transitive dependen-
cies, that is, a non-key field defines one or more non-key
fields. Thus, the previous process must run as many times (or
iterations) as necessary to remove all the transitive
dependencies at the new tables created.

FIGURE 7 Test of using the normalization tool with an example taken from [12]
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Once the initial table is converted into the
Third Normal Form, the resulting database (set of tables)
is now free from insertion, deletion, and/or update
anomalies, and can be exported to a CSV file which
contains all the tables that were created in the
normalization process.

5 | RESULTS

Two criteria were employed to test the proposed tool:

1. The effectiveness of the algorithms proposed, and
2. The impact of the tool as a learning support.

FIGURE 9 Grades obtained considering the normalization tool

FIGURE 8 Grades obtained without the normalization tool
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In order to prove that the developed algorithms produces
the expected solution, some non-normalized tables taken
from the book [9] were used. In all the test cases, the expected
results were achieved, considering a minimal set of fields to
mark. Figure 7 presents an example from this book as well as
the resulting tables in 3NF produced by our tool.

During the term Spring 2015, a midterm test specific to
evaluate the normalization process was applied to 56 students
enrolled in the Databases Systems course, representing a
sample of 90% of the total. The test consisted in normalizing a
given table, including the results at each step up to the 3NF.
The grade distribution of the students can be observed in
Figure 8. During the term Fall 2015, the tool was delivered to
the teachers and students of this course, and the same written
test was applied to the non-repeating students considering the
same sample size as in spring 2015. The grade distribution is
shown in Figure 9.

It is notable how the grades have increased after endowing
the students with the normalization tool which was employed
during the teaching learning process (see Figure 10).
According to the recorded logs, the tool was used 6,609
times, indicating an average of 103 times per student.

6 | CONCLUSIONS AND FUTURE
WORK

Although database normalization is an essential skill for IT
professionals, enhancing student performance on this topic is
key for developing better software engineers.We developed a
support-learning tool that allows students to observe step-by-
step normalization process from the initial state to 3NF. The

proposed tool differs from other tools because it applies the
rules on an input table (CSV file) instead that on a defined
structure. In addition, novel algorithms have been proposed
that make possible the identification of functional, partial, or
transitive dependencies by analyzing directly the input data;
these algorithms are capable of finding the primary key at
each normal form. The proposed tool helped the students to
understand the normalization process obtaining a consider-
able improvement in grades with respect to the students that
did not use this tool. Future work includes the incorporation to
the tool of the following normal forms: Boyce-Codd, 4NF,
and 5NF.
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