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An Animated Introduction to
Relational Databases for Many Majors
Suzanne W. Dietrich, Don Goelman, Connie M. Borror and Sharon M. Crook

Abstract—Database technology affects many disciplines
beyond computer science and business. This paper describes two
animations developed with images and color that visually and
dynamically introduce fundamental relational database concepts
and querying to students of many majors. The goal is for
educators in diverse academic disciplines to incorporate the
animations in their existing courses, in order to meet their
pedagogical needs. The introduction of the animations was
assessed and evaluated within several contexts, including nonmajors courses offered by computer scientists as well as a course
on computational molecular biology. The evaluation indicated
that student knowledge of fundamental database concepts
improved significantly with the use of the courseware. The
animations provide visual learners with an engaging method to
learn the topics presented with the ability to replay the dynamic
presentation. Overall, the evaluation indicates the accessibility of
database topics across the disciplines as well as the specific
concepts that need further elaboration.
Index Terms—Computer science education, courseware,
querying, relational databases, visualization

I. INTRODUCTION

D

atabases are ubiquitous; they affect many disciplines
beyond computer science and business. Students of many
majors can benefit from an introduction to fundamental
database concepts that goes beyond information fluency [1].
For example, within the sciences, database methodology is an
enabling technology for computational statistics [2]. However,
many subfields are emerging outside of the sciences that
include the use of databases, such as computational journalism
[3]. Further, database educators have been challenged with
offering a database course for non-majors [4].
There is not enough time in an introductory database course
to include all the topics that database educators believe are
fundamental for majors [5]. Consequently, it is even more
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daunting to determine which fundamental database topics
should be covered for non-majors. An introductory database
course typically relies on computer science students having
had prerequisite courses that cover programming, data
structures, algorithms, and discrete mathematical structures.
This prior knowledge cannot be assumed for an
interdisciplinary audience. In addition, a course designed for
non-majors may not provide a universal solution given that
each university would face many factors in offering such a
course. The approach that is reported in this paper is the
development of courseware using Adobe® Flash® to create
animations with images and color that visually and
dynamically present the fundamental concepts of relational
databases. Two animations were developed to cover the
anticipated use of relational databases by many disciplines.
The first animation advocates the use of databases for
information storage and retrieval, highlighting databases’
advantages over spreadsheets. The second animation
illustrates principles related to retrieving data, including the
industry standard query language SQL. The goal is for
educators in diverse academic disciplines to incorporate the
animations in their existing courses, in order to meet their
pedagogical needs either as an in-class presentation by an
instructor or as a self-study online assignment for the student.
The animations and supporting resources are freely available
on the Web [6].
This paper reports on the design of the animations and the
evaluation of incorporating the animations as pedagogical
tools in various contexts. Section II gives an overview of the
use of visualization as an effective tool in computer science,
particularly in the area of databases. Section III outlines the
topics and goals of the introduction to relational databases
animation. This courseware was introduced for the first time
in several contexts in the 2010-2011 academic year, among
them non-majors courses offered by computer scientists and
courses on computational molecular biology. Since this was
the first time that the animations were introduced, pre- and
post-tests were designed to assess whether student knowledge
of fundamental database concepts improved from the use of
the courseware. This section also includes an evaluation of the
animation in its second year of use. A second animation
introducing students to querying relational databases,
including the use of the SQL industry standard, is described
and evaluated in Section IV. Section V provides a qualitative
content analysis of the open-ended learner feedback gathered
during the assessment process. Section VI concludes the paper
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with a discussion of this initial study and plans for future
work.
II. VISUALIZATION AS AN EFFECTIVE PEDAGOGICAL TOOL
The current research was influenced by prior work on the
topic by the authors and others. The incorporation of visual
learning [7] and animation [8] has been encouraged for years,
especially in the science, technology, engineering, and
mathematics (STEM) disciplines, to enhance learning and to
engage student interest. The book [9] supports the
effectiveness of animations to assist student learning. In
particular, it indicates that illustrated text has positive effects
on learning and that the dynamic visualization of ideas can
enhance cognitive meaning. Indeed, Robert Gagné, a
renowned contributor to instructional design, insists that
pedagogical media must be interactive [10]. In computer
science, program animation was found to improve the learning
of average students by “enabling them to build concrete
mental models” [11]. There have also been efforts in
visualizing various algorithms [12] and animations that
introduce multiple computer science topics [13]; however, the
topic of databases is not one of those presented.
A variety of database courseware is available [14] for
majors. One example is the WinRDBI educational tool [15],
[16] that evaluates both formal relational query languages
(relational algebra and relational calculus) and SQL over a
common database instance. There are also intelligent tutoring
systems, such as DB-Suite [17] (that includes SQL-Tutor),
NORMIT, and KERMIT; these cover SQL, normalization, and
Entity Relationship diagrams, respectively. ADVICE [18] is
an educational system supporting exercises with automated
correctness checking that covers a majority of the topics in a
database course for majors. The most closely related database
courseware is the Animated DataBase Courseware (ADbC)
project [19], [20]. However, the audience for ADbC consists
of computer science or business majors enrolled in a database
course. ADbC provides examples of in-depth database
concepts using a Web-based graphical user interface
implemented in Java (but not animation per se) to walk a
student through a particular technical concept meant for
majors only. The above database educational software targets
majors. Typically these are more complex tools that educators
use to enhance learning after having first presented the
concepts in class. This approach is in strong contrast to the
objective of the animation courseware presented in this paper,
which is meant to be the methodology used to introduce
students, especially those with no prior background, to the
fundamental concepts of databases. It is important to note that
in their database courses for majors the authors now also use
the animations to introduce the concepts, and then incorporate
some of the abovementioned tools to provide interactive
learning of the more detailed concepts.
Additional research on animation and visualization indicate
that its use can improve how quickly students learn or provide
additional motivation to learn [21]. Also, research on
visualization strongly encourages the use of an active learning
activity to further engage learners [22], [23]. Consequently,
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the incorporation of the animations in this research involved
the use of cooperative learning activities to reinforce the
learning objectives. As described in Section V, learner
feedback supported both the benefits of the visual approach
for motivation as well as the practice of the concepts through
active learning.
III. ANIMATION 1: INTRODUCTION TO DATABASES
A. Overview
The choice of topics for the animation that introduces
databases was strongly motivated by the research literature
[4], [24] and by the student’s intuition of spreadsheets.
Therefore, the underlying theme selected for the animation is
based on explaining some potential shortcomings of a
spreadsheet, and how relational databases can avoid those
issues. In this context, the term “spreadsheet” refers to a nonnormalized table, which may be vulnerable to redundancy and
anomalies. The final design of the animation was the result of
an iterative process, which was substantially influenced by
experience in teaching the concepts and feedback from the
visualization of the animation as it was developed.
Table I shows the order of topics included in the animation,
along with a brief description. After showing the ubiquity of
data, the animation relies on students’ intuitive understanding
of data storage in a spreadsheet. It shows how a spreadsheet
can easily answer some types of questions, but other types of
ad hoc questions require a copy of the data to be made for
further manipulation. When a spreadsheet stores repeated
information, there are some problems, known as “anomalies,”
that occur when data are inserted, updated, or deleted. The
concept of a database is introduced as providing efficient
shared access to persistent, related data, with a single copy of
the data and no unnecessary repetition. The original
spreadsheet is then broken down into smaller parts,
representing separate concepts. (In order to provide a gentler
introduction to a diverse audience, the relevant technical
terms, decomposition and normalization, are not used in the
animation.) Relations are introduced as these smaller
spreadsheets that do not suffer from the anomalies of the
larger one. The concepts of primary and foreign keys are
presented as a way to identify data uniquely, and to relate the
rows in different tables so as to answer queries; this is
illustrated by an example.
B. Assessment
The animation was introduced into various non-major settings
in two universities: a technology-based course for non-majors
(CST), a database course for non-majors (DB0), and a
computational molecular biology course (BIO). Table II
provides an overview of the topics covered in each course.
Both the CST and DB0 had no prerequisites, whereas the
prerequisite for the BIO junior-level course was one semester
of calculus. In the CST course, the instructor presented the
animation during class after covering Excel to explain the
difference between spreadsheets and databases, as well as to
introduce relational databases and querying before starting
coverage of databases using Access as a tool. Another class
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TABLE I

TABLE II
COURSE AND TOPIC OVERVIEW

TOPICS FOR INTRODUCTION TO DATABASES ANIMATION

Topic
Data
Spreadsheet
Questions

Description
An overview of how data are used in our everyday
lives.
An introduction to how data are stored using a
spreadsheet.
Examples of asking questions over data stored in a
spreadsheet.

Anomalies

An introduction to some problems that may occur
when using a spreadsheet to store data.

Database

What is a database?

Breakdown

Illustrates how data from a spreadsheet can be broken
down into several parts to avoid anomalies.

Relations

What is a relation?

Keys

An introduction to primary and foreign keys, and how
a database uses them to identify and relate information.
A brief introduction to asking questions over a
database.

Queries

was devoted to discussing the topics introduced, using a
cooperative, in-class exercise. In the DB0 course, the
advantage of relational databases over alternate strategies was
illustrated quite early. The instructor presented the animation
in class and reinforced the coverage with the publisher’s
PowerPoint slides [24], as well as a cooperative in-class
exercise. In the BIO course, the animation replaced a static
PowerPoint presentation that introduced terminology and
concepts related to database management systems and
relational databases. A cooperative, in-class exercise
reinforced these topics, then further class time was used to
discuss the use of databases in archiving and sharing
molecular biology data. In all courses, the animation was
made available to students on a course management system,
and they were strongly encouraged to review the animation at
their own pace to support a graded assignment and exam
questions.
Pre- and post-assessments were designed to assess the
topics covered by the animation: spreadsheet anomalies, the
absence of anomalies in a set of normalized tables, the
identification of primary keys, the recognition of foreign keys,
and the identification of data and relationships for answering
queries. Table III summarizes the topics and concepts
assessed. For spreadsheet anomalies in questions 1 through 5,
students were asked to determine redundant data in the
spreadsheet and whether an insert, update, or delete operation
changes an existing row, changes multiple rows, results in a
loss of information, or cannot be represented. Given a
breakdown of the larger sheet into three smaller spreadsheets,
questions 6 through 9 prompted students to identify which of
the smaller spreadsheets would need to be revised to handle
the same four operations from questions 2 through 5.
Questions 10 through 12 asked students to identify primary
keys for each spreadsheet by asking which columns or
combination of columns would always identify a unique row
in the spreadsheet, even if the data in the cells change. Two of
the spreadsheets had a simple primary key consisting of a
single attribute, and the third sheet had a composite primary
key consisting of the combination of two attributes. Questions
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Course
BIO

Topic Overview
Molecular biology databases, genetic sequence
alignment, phylogenetic reconstruction, gene
prediction
Networks and how the internet works, XML (with
DTD), Excel, Intro to DB and Querying, XHTML

CST
DB0

Motivation for relational databases; terminology;
referential integrity; SQL DDL and queries; MSAccess; QBE; the E-R model

13 through 15 covered the determination of foreign keys, if
any, for each spreadsheet, by asking which columns or
combination of columns refer to values that uniquely identify
a row in another spreadsheet. The remainder of the questions,
16 through 20, asked students to indicate which spreadsheets
were needed to answer various types of questions, including
average, count, select, and join.
The pre- and post-tests consisted of the 20 questions
outlined in Table III. However, the order of the questions
within the topics and the order of the choices for each question
were different with the exception of the first question, which
asked students to identify the redundant data in the
spreadsheet. This identification is important for answering
questions 2 through 5 on anomalies. Both tests had enterprises
that represented two entities and a many-to-many relationship
between these entities, which is similar to the example
presented in the animation itself. The mapping of question
numbers to topic concepts shown in Table III provides a
framework for the following evaluation of the gathered
assessment data.
C. Evaluation
The animation was introduced in two successive years into
a diverse set of courses at two institutions. In both years, the
scores on the pre-assessment and post-assessment instruments
were on a scale of 0 to 20 and covered the same topics.
TABLE III
ASSESSMENT QUESTIONS FOR INTRODUCTION TO DATABASES
Question
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Concept
Identify redundant data
No anomaly [Update: single row]
Insert
Update: multiple rows
Delete
No anomaly[Update: single row]
Insert
Update: multiple rows
Delete
Simple
Simple
Composite
None
None
Composite
Count
Select
Join
Average
Select

Topic
Spreadsheet
Anomalies
(SA)
Database
Anomalies:
None
(DA)
Identify
Primary Keys
(PK)
Identify
Foreign Keys
(FK)
Identify
Data for
Query
(QU)
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SA
PreScore

0.8

TABLE IV
INTRODUCTION TO DATABASES YEAR 1 ASSESSMENT OVERVIEW
Pre
Post
p-value
Label
(Mean)
(Mean)
(paired
Course
n
Semester
t-test)
BIO
32 Spring
BIOS11
14.281
15.016
0.051
CST
11 Fall
CSTF10
12.318
13.455
0.014
DB0
14 Fall
DB0F10N
12.607
16.250
0.000
17 Fall
DB0F10Y
13.735
16.912
0.000
22 Spring
DB0S11N
12.841
17.182
0.000
22 Spring
DB0S11Y
12.727
15.977
0.000
All

118

2010-2011

13.260

15.837

0.000

PK

FK

QU
C lass
BIOS11
C STF10
DB0F10N
DB0F10Y
DB0S11N
DB0S11Y

0.6

0.4

0.2

0.0
SA

Year 1
Table IV summarizes the pre- and post-assessment
information gathered. The pre-assessment and post-assessment
instruments were administered in the course offerings, and the
post-test was a graded in-class exercise. The column labeled
“n” provides the number of students participating in the study
in each class. Since there were two sections of the databases
for non-majors course (DB0) offered by the same instructor in
each of two semesters, a decision was made to use the
animation in just one offering, so as to gather some additional
information in this initial assessment of the animation. The N
suffix represents the section in which only traditional teaching
methods were used, i.e., the control group, and the Y suffix
represents the introduction of the animation, i.e., the treatment
group. When registering for the course, students were unaware
of the experiment and chose which DB0 section to attend
based on the day and time that the course was offered. The
mean pre-total and post-total scores are given, with the
associated p-value for a paired analysis of the pre- and postscores by student. The hypothesis of interest is whether the
student post-scores are significantly higher than student prescores. The small p-values indicate that for each class the
improvement of the mean post-score over the mean pre-score
is statistically significant. Note that prior experience was not
explicitly accounted for in the design of this study. However,
conducting an analysis on the differences between pre- and
post-scores by student (i.e., paired data), minimizes the effect
of each student’s individual ability on the results.
An examination of the control and treatment groups in DB0
is also warranted. In the Fall 2010 semester, Table IV shows
that the treatment group outperformed the control group.
However, in the Spring 2011 semester, the control group
outperformed the treatment group. A two-sample t-test for
independent samples was performed to compare the

DA

PostScore

1.0

Mean

However, the instrument was refined in the second year, from
a multiple-answer paradigm to straightforward multiple-choice
questions, considered effective at assessing student learning
and comprehension [25]. The results are therefore presented
by year.
The evaluation of the animations followed Human Subjects
protocols, so the results shown in aggregate are for students
agreeing to participate in the study - almost all of them. The
fact that opportunities for gathering assessment data over the
two-year period relied on course scheduling and sabbatical
constraints at two universities had the effect of reducing
subject numbers for the second year.
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DA

PK

FK

QU

Fig. 1. Introduction to Databases Year 1 Mean of Pre- and Post-Scores
by Topic and Class. Illustrates improvement in pre- and postscores by topic as well as the accessibility of the topic to various
majors.

performance of the control and treatment groups within each
semester (e.g., Test 1: DB0F10N vs. DB0F10Y; Test 2:
DB0S11N vs. DB0S11Y). Each test indicated no statistical
significance in the difference of the means of these groups.
Based on the results discussed in [21], this result is not
uncommon. The introduction of animations itself does not
necessarily improve learning but may provide additional
motivation to learn. In addition, an examination of the
composition of the students in these Spring semester courses
shows that the control section included mathematics and
engineering majors, as well as some students who later
declared computer science as a major. The treatment section,
on the other hand, included several students who withdrew
from the course.
These initial evaluation results, illustrating the statistical
significance of the rise from mean pre-score to mean postscore for each class, are encouraging, and further examination
of the results prove interesting. The average scores for the preand post-assessment questions were broken down by
animation topic, as shown in Fig. 1. Overall, the chart visually
shows the improvement from the pre- to the post-tests. By and
large, all of the charts strikingly illustrate the same ranking of
student performance on the group of topics from highest to
lowest: Querying, Database Anomalies (None), Spreadsheet
Anomalies, Primary Key, and Foreign Key. This is a
significant result of the assessment process, in that it provides
valuable insight for database educators. Students of many
majors can identify the tables required for answering a query
(QU) and the tables that are modified for an insert, update, or
delete operation on the database (DA). The identification of
anomalies in a non-normalized spreadsheet was somewhat
problematic. The concepts of primary and foreign keys appear
to be the most difficult for students.
Year 2
Table V summarizes the pre- and post-assessment results
for the second year, which consisted of one offering of CST
and two offerings of DB0, one section per semester. Table V
provides the mean pre- and post-exam scores per class for the
multiple-choice assessment. The p-values for a paired t-test
are also given. Again, the hypothesis of interest is whether the
student post-scores are significantly higher than student pre-
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TABLE V
INTRODUCTION TO DATABASES YEAR 2 ASSESSMENT OVERVIEW
Pre
Post
p-value
Label
(Mean)
(Mean)
(paired
Course
n
Semester
t-test)
CST
9
Fall
CSTF11
12.778
16.000
0.001
DB0
13
Fall
DB0F11
14.385
18.308
0.000
10
Spring
DB0S12
15.583
18.333
0.000
All

32

2011-2012

14.371

17.600

0.000

scores. Here, too, the small p-values indicate that for each
class the improvement of the mean post-score over the mean
pre-score is statistically significant.
A similar breakdown of the mean pre- and post-assessment
question scores by topic and class is shown in Fig. 2. For the
most part, this chart has a similar shape to that of Year 1 (Fig.
1). Both figures show the same ranking in difficulty of the
animation topics from highest to lowest: Querying (QU),
Database Anomalies (DA), Spreadsheet Anomalies (SA),
Primary Key (PK), and Foreign Key (FK).
SA
PreScore

1.1

DA

PK
PostScore

1.0

FK

QU
Class
CSTF11
DB0F11
DB0S12

0.9

Mean

0.8
0.7
0.6
0.5
0.4
0.3
0.2
SA

DA

PK

FK

QU

Fig. 2. Introduction to Databases Year 2 Mean of Pre- and Post-Scores by
Topic and Class. Illustrates similarity to Year 1 results with same
ranking in difficulty of the animation topics.

IV. ANIMATION 2: INTRODUCTION TO QUERYING
Databases provide for efficient storage and retrieval of data.
The second animation emphasizes the retrieval through the use
of queries. The ultimate goal is to help students understand the
logic and concepts of retrievals and to apply them using the
industry-standard query language SQL. Therefore, based on
years of teaching experience and related literature [5], [24],
topics, among them set operations and relational algebra, were
chosen to explain the foundation of SQL. These topics are
introduced in a visual and user-friendly approach so that
students can understand how SQL works. This design was also
the result of an iterative process that included feedback from
the visualization of the animation as it developed.
A. Overview
Table VI shows the sequence of topics for the querying
animation. Initially, the animation reviews the primary and
foreign key relationships between the tables that are used to
assist in the querying process. The coverage starts by
considering the design of the query at a higher level, similar to
the QBE panel provided by the MS-Access desktop database.
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TABLE VI
INTRODUCTION TO QUERYING ANIMATION TOPICS
Topic
Query

Description
Motivation to identify data and relationships.

Sets

Common set operators.

Filtering

Operations to horizontally and vertically filter data.

Joining

More ways of combining tables of data that require a
form of filtering.
Introduction to querying using SQL.

SQL

The first step is to identify the tables needed to answer a
query; the next step is to combine the tables correctly to get
the answer. The possible operations on the data provide the
sequence of topics leading up to the coverage of SQL.
Specifically, the common set operations of union, intersection,
and negation are visualized as a method for combining data in
the tables. Additional operations on the data can include
filtering the data to choose only some rows or columns. The
terms horizontal and vertical filtering provide a gentle
introduction to the select and project operators of relational
algebra. The join operator is then introduced as a Cartesian
product followed by a horizontal filtering of the result, which
is usually based on the primary-foreign key relationships
between the tables. With this foundation, the animation
introduces the basic select-from-where statement of SQL with
a step-by-step construction of an SQL textual query with the
corresponding visual QBE design.
B. Assessment
Pre- and post-test multiple-choice assessment instruments
were designed to aid in the evaluation of the effectiveness of
the querying animation. The pre- and post-tests for querying
used the same enterprises as the assessments for the
introduction to databases. Instead of database tables, a
pictorial representation of the database schema was given with
the primary keys indicated by a yellow key. The foreign key
relationships were explicitly stated. Table VII provides a
summary of the assessment questions. The first three questions
provide an English description of a query and ask the students
to choose the set-based concept required to answer that
question: union, intersection, or negation. Questions 4 through
TABLE VII
ASSESSMENT QUESTIONS FOR INTRODUCTION TO QUERYING
Question
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Concept
union
intersection
negation
horizontal
vertical
both
join with filtering
filtering only
join only
select
from
where
1 table
2 tables
3 tables

Topic
Set
Operations
(SO)
Filtering
Operations
(FO)
Join
Operations
(JO)
SFW
Concepts
(SC)
Identify
SQL Queries
(SQ)
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Course

TABLE VIII
INTRODUCTION TO QUERYING ASSESSMENT OVERVIEW
Pre
Post
Label
(Mean)
(Mean)
n
Semester

CST
DB0

9
13
10

All

32

Fall
Fall
Spring

CSTF11
DB0F11
DB0S12

2011-2012

5.333
7.615
6.400

8.333
12.154
13.400

p-value
(paired
t-test)
0.036
0.003
0.000

6.594

11.469

0.000

6 emphasize filtering by determining which concept would be
applied to achieve the desired fields in the result of the query:
horizontal only, vertical only, both horizontal and vertical
filtering, or neither. Similarly, questions 7 through 9
emphasize natural joins and ask which concepts are required
to answer the query with the desired fields: natural join only,
horizontal filtering only, vertical filtering only, or a
combination of the above. Questions 10 through 12 ask
students to relate the clauses of a generic SQL query to the
concepts of horizontal filtering, vertical filtering, or Cartesian
product. The last three queries elicit students to choose the
correct SQL specification for the described query. The queries
range from a simple query involving one table to a query with
three tables.
C. Evaluation
The querying animation was introduced in the second year in
three courses: the technology-based course for non-majors
(CST) and two offerings of the database course for non-majors
(DB0) across two semesters. All offerings used the animation.
The scores on the pre-assessment and post-assessment
instruments were on a scale of 0 to 15, with each multiplechoice question being graded as 0 or 1 – incorrect or correct.
Table VIII provides the mean pre- and post-test total scores by
class, and includes the p-values for a paired t-test. The small
p-values provide evidence that the improvement in the mean
post-scores for the student over the mean pre-scores is
statistically significant.
An analysis of the pre and post question scores by querying
topic and class shown in Fig. 3 illustrates the improvement
between the pre and post assessments. Unlike the introduction
to databases animation in which the class graphs of the preand post-test question scores by topic had similar structure, the
querying animation shows more variability between classes.
FO
PreScore

1.1

JO

SC
PostScore

1.0

SO

SQ
C lass
C STF11
DB0F11
DB0S12

0.9

Mean

0.8
0.7
0.6
0.5
0.4
0.3
0.2
FO

JO

SC

SO

SQ
Topic

Fig. 3. Introduction to Querying Mean of Pre- and Post-test Scores
by Topic and Class. Illustrates the improvement of preand post-test assessments by class and topic.
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Querying builds on the fundamental introduction to databases
in the first animation and involves more advanced topics. The
most difficult topic appears to be the join operations, which is
one of the harder concepts for students to understand in the
classroom, too. The most improved topic is that of SQL
queries (SQ), which illustrates that most students were able to
identify the correct specification of queries in SQL after
viewing the animation and participating in learning activities
in support of the animation.
V. LEARNER FEEDBACK
In addition to the assessment data gathered and evaluated
for the pre- and post-tests, learner feedback was compiled as
an important component of the evaluation [22]. In particular,
the open-ended comments from the students were particularly
encouraging. The following are a representative sample of the
77 comments volunteered by students:


Absolutely loved all the animations. I know I am a
visual learner and having the animations was a huge
help. Especially in this type of class where a lot of the
information is complex to explain with just words and
lecture. Really like the scroll feature and that the
animation could be rewound or fast-forwarded by
dragging along the bottom. Overall, excellent.
 The animation was a very helpful way to visualize the
processes that normally occur “unseen.” The best
example I can think of was its method of showing
normalization, as it showed with each step certain
fields being blanked out and implemented in a new
table.
 Those little flash animations were definitely very
helpful in learning some of the various concepts. It
helped that the animations were dynamic, helping some
concepts stick better than they would from a textbook
or slideshow.
 The textbook and PowerPoint slides were not really
helpful in my understanding. Going back to the
animation was extremely helpful as it showed in a
logical manner how queries work in both QBE and
SQL.
 The animation was useful because it was available at
all times and it could also be repeated multiple times if
the repetition was necessary for comprehension.
Some students reinforced that although the animations are
helpful, practice is essential to learning:
 I believe that ultimately the hands-on labs on queries
and SQL queries was the most successful at helping us
understand queries. However, the animation also was
helpful in that it illustrated what needed to be done and
what was meant by a certain query.
The importance of practice coincides with the cooperative
learning approach of this research as well as the
recommendations of [22].
A qualitative content analysis [26], [27] was performed on
the open-ended comments gathered in the assessment
timeframe. A data-driven, inductive approach was used to
determine the categories and subcategories in the coding
frame shown in Table IX. The main categories are Helpful,
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TABLE IX
CODING FRAME FOR QUALITATIVE CONTENT ANALYSIS
OF LEARNER FEEDBACK
Categories
Helpful

Code

Subcategories

H1
H2
H3
H4
H5
H6
H7
H8

Helpful/useful/beneficial (no specific reason)
Visual learner
Visualization/dynamic presentation
Repeatable for learning and studying
Interactive replay capability
Better than slides
Better than textbook
Helpful in understanding: Redundancies

H9

Helpful in understanding: Anomalies

H10

Helpful in understanding: Breakdown

H11

Helpful in understanding: Relations

H12

Helpful in understanding: Keys

H13
H14

Helpful in understanding: Queries
Helpful in understanding: SQL

H15

Liked the change of pace from lecture/slides

I1
I2
Improvements

I3

Not enough depth of topic coverage
Improvement in visual presentation (color,
clutter)
Difficult to understand: Redundancy

Needed

I4
I5

Difficult to understand: Anomalies
Difficult to understand: Foreign keys

I6

Difficult to understand: Joins

N1
N2
N3
N4
N5

Practice better
Text better
Slides better
Instructor better
Not helpful (no specific reason)

Not
as
Helpful

Improvements Needed, and Not as Helpful. Each category has
multiple subcategories corresponding to specific reasons for
belonging to the category. Note that a code has been assigned
to subcategories to assist in charting the results. One openended comment may map to several subcategories. For
example, coding the first comment results in a count for visual
learner (H2) and another for interactive replay capability (H5).
The code H1 corresponds to a miscellaneous helpful comment
where a specific reason was not given. Similarly, the code N5
corresponds to a miscellaneous “not as helpful” comment. Fig.
4 indicates the counts in each of the subcategories. The top
four subcategories illustrate that students find the animations
helpful, particularly due to visualization, and appreciate the
ability to repeat the animation for learning and studying. In
addition, 70 of the 77 comments (91%) included a mapping to
the Helpful category, whereas three of 77 (4%) comments
mapped only to the Improvements Needed category and four out
of 77 (5%) mapped only to the Not as Helpful category.
VI. CONCLUSION, DISCUSSION, AND FUTURE WORK
The design and evaluation of the animations presented in
this paper represent a significant first step in introducing
fundamental database concepts to students of many majors.
The animations provide visual learners with an engaging
method to learn the topics presented with the ability to replay
the dynamic presentation. The evaluation indicated that
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student knowledge of fundamental database concepts
improved significantly with the use of the courseware. In
particular, the evaluation of the Introduction to Databases
animation indicates that students of many majors can identify
the data needed to answer various types of queries. Also, the
evaluation of the Introduction to Querying animation
illustrates that students of diverse backgrounds are able to
recognize the correct specification of a basic SQL query.
These results provide evidence to support future work in
making databases accessible to a wider audience. In addition,
the learner feedback confirmed that the animations assisted the
learning process by visualizing complex concepts. The
animations have also been presented in various venues in
regional and international conferences [28]-[31], and have
been well received.
Another potential use of these animations may be for the
Computer Science Principles project [32], which is a
collaborative effort of computer science educators to design a
new introductory-level college course on computing. Seven
“big ideas” have been formulated in support of the learning
objectives for this course; “Big Idea III” states that “data and
information facilitate the creation of knowledge.” The
expectation is that these animations can provide a resource for
coverage of data within the context of CS Principles.
An additional objective of this on-going project is to
provide the capability for educators to customize the
animation with an example of their own choice. The
animations described in this paper have a fixed scenario based
on students, courses, and students taking courses. The
customized example must also represent two entities and a
many-to-many relationship between these entities. The
customization uses XML to specify the text and data for the
example scenario with a companion XML Schema Definition
(XSD) that verifies the format of the XML, which is loaded
into the animation using the XML capabilities provided by the
object-oriented programming language (ActionScript 3)
supported within the Flash development environment.
To facilitate the customization and long-term flexibility of
the project, the animations were refined and implemented
using Flash Builder, which is also known as FLEX. FLEX is a
framework for building Flash animations that uses XML for
defining the visual components and ActionScript to implement
the underlying logic. This redesign in FLEX allowed the
incorporation of formative feedback received from workshops
to refine the animations. In particular, discrete steps were
introduced within the topic that can be selected to restart the
animation at that point. This concept of segmentation supports
positive learning effects by providing meaning to the structure
of the animation [33]. The original versions (Version 1.0) of
the animations assessed in this paper are available on the Web
site [6]. The revised versions (Version 2.0) are also available,
including customizations for computational molecular biology
(CMB) and geographic information systems (GIS). There are
also resources for each customization that include an Access
database instance as well as the SQL standard statements for
creating and populating the database, since the animations are
also useful for introducing these concepts to majors.
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Fig. 4. Counts for Subcategories in the Coding Frame. The top responses are in the Helpful category, indicating that
students find the animations helpful, particularly due to visualization, and appreciate the ability to repeat the
animation for learning and studying.

There are several directions for future work. One objective
is the design of a customizable, self-assessment framework to
incorporate formative feedback into the animations. The
planned framework will give students the ability to respond to
questions as part of the animation to increase their level of
comprehension. Responding involves answering questions
about the learning outcomes of the visualization, and studies
indicate that responding significantly improves learning over
just viewing [22]. The proposed self-assessment for the
animations should focus on improving the student’s
comprehension of the learning outcomes of the animations,
while encouraging the student to continue to use the animation
to reinforce learning. This ideal is known as a mastery goal in
cognitive theory [34] versus a performance goal that focuses
on a grade. Another objective is the development of tools to
assist in the customization of the animation and the selfassessment framework. Though the customization process is
feasible for computer scientists, visual and user-friendly tools
are necessary and crucial to the adoption and broader impact
of the animations for other disciplines.
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