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The National Academy of Sciences recommends adapting engineering education to the new
century. One of its recommendations is that engineering schools introduce interdisciplinary learning
at the undergraduate level. An area that lends itself well to interdisciplinary learning is information
technology (IT). Sample IT courses are Computers and Information Systems and Databases.
Teaching IT courses to engineering students is more challenging than traditional engineering. Here
we focus on teaching a database course in a mechanical and industrial engineering curriculum, and
on the best practices to teach such a course. We make a threefold contribution. First, we discuss the
obstacles to teaching IT courses in engineering. Second, we provide a model to teach database
courses to engineering students. Third, we offer a blueprint to engineering educators who are

interested in or thinking about introducing such courses in their curricula.

Keywords: Engineering education; IT; databases; productive pedagogy; globalization

INTRODUCTION

ENGINEERING EDUCATION has been the
subject of change [1-5] to meet new demands
such as globalization and interdisciplinary know-
ledge [6-11]. Today’s engineering practice most
often requires engineers to be diverse and be
ready to work in engineering related fields such
as nanotechnology, software and others. The
National Academy of Sciences discusses Adapting
Engineering Education to the new century by
showing the desired Aspirations and Attributes
of Engineers of 2020 [1, 2]. Some of the engineer’s
desired attributes include strong analytical skills,
practical ingenuity, creativity, communication,
business and management, dynamism, agility, resi-
lience and flexibility and lifelong learning. Collec-
tively, these attributes promote the interdisciplinary
approach to engineering education.

The IT area can expose engineering students to
some useful concepts [12]. Within IT, databases are
important in modern computing and use of soft-
ware. Commercial and business applications rely
heavily on the use of databases, storage of massive
amount of product and customer data in databases
and retrieving information when needed from
these databases. All the common Internet applica-
tions, Web social networks and others, use data-
bases. Microsoft is shifting its popular Windows
operating system and Office into the Internet by
introducing Windows Live and Office Live services
[13]. Users of these services do not install any
software on their local computers. They pay per
use. This paradigm of computing shifts the burden
of storing data and files from the users to the
providers of the computing services, thus requiring
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the providers to manage and maintain large data-
bases and warehouses.

While databases are pervasive in software and
related applications, they are equally pervasive in
all engineering applications. Consider, for ex-
ample, mechanical and industrial engineering
applications. Commercial CAD/CAM software is
based on relational database concepts [14-20] to
store and manipulate files of parts and assemblies.
Industrial engineers create databases for many
applications including quality control, simulations,
human factors, etc.

Anecdotal observations by the authors based on
the IT courses that they teach, and the feedback
they receive in professional meetings, confirm the
need for engineers to learn database concepts.
Northeastern University provides its students
with experiential learning experience in the form
of its co-op program where students alternate
periods of work and study during their under-
graduate education. Co-op is mandatory for en-
gineering. Multiple students, especially industrial
engineering students, speak of their co-op jobs that
require databases. Sometimes, students outside the
authors’ department and, even the college of en-
gineering, take their database course.

COURSE DESIGN AND CONTENT

Design constraints

Teaching database courses in computer science
curricula is expected and required. However, teach-
ing databases to engineering students is quite differ-
ent. The subject is non-traditional for engineers.
The database concepts are abstract, and engineer-
ing students prefer a hands-on and problem-solving
approach. Moreover, there is a lack of database
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textbooks that are engineering-oriented. Lastly, it is
engineering faculty who teach such a course.

With these constraints, we set to design a
database course that blends both the concepts
and the practice of databases. The course is
designed on the premise that the effective practice
of databases and applications is grounded in
understanding the basic concepts of the subject.
Such a course begins by teaching the students the
difference between data and information. Know-
ing this difference provides the students with an
appreciation of why we invest time and money to
create databases. They get to understand that
databases store data. After they input and store
the data, they can query the database to retrieve
information to uncover trends and other valuable
knowledge hidden in the data.

Content

The course has three main parts. The first part
covers the concepts of data modeling and sound and
robust database design. The main coverage includes
design tools such as tables, Entity Relationship
Diagrams (ERDs), relational schema, normaliza-
tion and data dictionary. A table is the low level
entity for storing data in a database. Each table has
attributes, and each attribute is of a specific data
type. ERDs define the relationships between tables.
Without relationships, the integrity of a database is
compromised. That is, one table may point to
already deleted data in another table. Relational
schema show the detailed design of each table in the
database and connect its tables on the proper tables’
keys. The normalization concept removes data
redundancy from tables and fine tunes the table
structures. The data dictionary shows the data type
and format of each table attribute.

The second part of the course focuses on data
mining and warehousing via Sructured Query
Language (SQL). SQL enables us to extract infor-
mation and trends from databases. The user writes
an SQL query and executes it against the database,
as a statement or set of statements, to retrieve the
desired information. Here, students learn the basic
syntax of SQL and the available types of SQL
statements and when to use each type. We break
the SQL syntax into two groups: unconditional
SQL statements and conditional ones. We cover
the different types of statements within each group.

The third part of the course focuses on the use of
commercial database software for two purposes.
First, we use the database software to illustrate the
abstract concepts throughout the course. Second,
students use the software to fulfill the project
requirements of the course. There are two options
when it comes to selecting software: Windows-
based or open-source Linux/Unix-based. Students
are given the choice of selecting one option. The
entire class must select only one option because we
cannot support two options simultaneously in the
course. The Windows option uses Microsoft Access
software which is readily available through campus
computer labs. The Linux/Unix option uses

MySQL and PHP programming language. Engin-
eering students always select Access for two reasons.
First, they state that Access is used more by their co-
op employers. Second, engineering students, unlike
computer science students, do not like program-
ming in general. Their only exposure to program-
ming is taking a Matlab/C++ programming course
during their freshman year. They usually take the
database course during their third year.

Textbook and class material

Once the course design and content is finalized,
the next challenging task is to identify and select an
appropriate textbook for the course. After ex-
haustive search, we could not find a book that is
a perfect match for what we want to teach. The
majority of existing database textbooks fall into
two groups. One group includes textbooks that are
highly abstract. These are suitable for computer
science majors. The other group includes text-
books that focus primarily on teaching the
syntax and use of a given software such as
Access. Neither of these groups fits the philosophy
of our course. Nevertheless, we use the textbook by
Rob and Semaan [16]. We supplement the book by
many of our own notes, material and examples.

Course syllabus

The outcome of the above design constraints
and content is a four-hour semester engineering
database course offered by our department. The
course does not have any prerequisites. The course
details are as follows:

® Course Description. Examines the representation

of data and its creation and management in

engineering enterprises. Discusses the client/

server model of database access. Presents the

fundamentals of data modeling and manage-

ment, data mining and warehousing, multitier

applications and the use of the SQL query

language. Emphasizes the use and applications

of database systems in engineering including

design and manufacturing. Topics include

design schema of tables, records and fields of

databases, and SQL statements.

® Course Objectives. The Students are expected to

learn and demonstrate the following abilities:

1. To know the difference between data and
information

2. To understand ERDs for data modeling

3. To understand the client/server model of
database access

4. To understand database design schema of
tables, records, and fields

5. To perform data mining and warehousing
using SQL queries.

® Course Topics.

Database concepts and design tools
Relational schema

Normalizing database table structures
Implementation of database design
SQL queries.
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e Course Outcomes. At the end of the course, the
students should be able to:
1. Extract information from data
2. Design a database for a given problem;
including identifying database attributes,
tables and their fields, and table schema
Draw the ERD for a database
Draw the relational schema for a database
Understand the difference between the tables
types, i.e. INF, 2NF, 3NF, and BCNF
Perform normalization on a database design
. Write SQL queries to extract desired infor-
mation from a database
8. Use database software such as Microsoft
Access to implement a database design and
create a functional database application.
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COURSE DELIVERY

The main issues in delivering the database to
engineering students are the availability of soft-
ware and computer labs, integrating the software
into the course lectures and the use of a project
throughout the course. We cover each issue briefly.

Need for database software and computer labs

Many engineering departments have, or have
access to, computer labs with Microsoft Office
suite, including Access, installed in a network
configuration for students to use. While the soft-
ware and lab availability are not a problem, the
logistics for securing and using a computer lab for
the course add an extra dimension to administering
the course. A lab needs to be reserved early in
advance. The number of students allowed to
register for the course at a given semester is
determined by the number of computer seats
available in the lab.

Database software integration into the course

This is always a sticky issue. The central debate
is not whether to cover software in the class or not,
but when to begin the coverage and how much. We
investigated the timing of coverage by testing two
hypotheses over two separate semesters. Our
hypothesis for the first experiment is ‘Students
should learn ALL the database concepts before
beginning to introduce and use database software’.
With this hypothesis in mind, we set to cover
database design concepts, tables, redundancy,
ERDs, relational schemas, normalization and
data dictionary.

As the semester progressed we observed the
students’ interest and attitude towards the course.
At the beginning of the semester, the students were
upbeat and excited about the course and the topic.
As time went on, they lost interest and were
struggling to stay motivated in the computer lab.
They also complained directly to the instructor
that the material is dry and does not make sense,
and that they should use database software early in
the course. Students struggled to appreciate the

database abstract concepts such as the value of
creating relational schema for a database, and the
value of establishing the right type of referential
integrity between tables. Moreover, they could not
understand well the table joins and their types
(equijoin, left outer join, and right outer join).
Following the disappointing results of the first
hypothesis, our hypothesis for the second experi-
ment was ‘Students should learn BOTH the data-
base concepts and use the database software
simultaneously’. Our rationale was to use the soft-
ware whenever possible to illustrate the concepts
immediately after introducing them. This
approach worked well. Students stayed motivated
and attentive throughout the semester. They were
engaged with the course and proactive. They
would ask questions, and we would answer them
theoretically and demonstrate the answer using the
software. In retrospect, the success of this
approach is attributed to its ability to accommo-
date different learning styles of students as
discussed in the best teaching practices for engin-
eering students such as T4E (Teaching Teachers
To Teach Engineers) teaching model and its
successors EXCEEd (Excellence in Civil Engineer-
ing Education) and ExcEEd (Excellence in Engin-
eering Education) [21-28]. Simply stated,
engineering students learn best by doing.

Amount of software coverage

While we agree with the students on using soft-
ware tools early in the semester, we differ greatly
on how much of it we should cover. The use of
software requires teaching so students can use it,
meaning it takes time away from the course main
mission: teaching, not training, the students. Our
view on software is that it is a tool and students
should acquire just enough skills to use it effec-
tively. The students’ view is quite the opposite;
they view it as a necessary skill that makes them
more marketable when they seek co-op jobs. Once
we explain our view to the students, they are
convinced.

Class projects

Two interrelated projects were assigned to the
class as part of the student learning process and
experience. The projects allow the students to
practice the concepts they learn in class and
apply them first hand. The projects’ theme is to
design and build a database application. Students
are free to select the application as long as it meets
the projects’ requirements. The application
consists of two main parts: front end and back
end. The back end is the database itself; its tables
and relational schema. The front end is the graphi-
cal user interface (GUI) that the database users
utilize to store data and/or retrieve information
from the database. The students use Access to
implement their application.

The first project is the midterm project and
concerns the design (using the abstract concepts)
and creation (using Access) of the back end of the
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application. The timing and the scope of the
midterm project are ideal because they coincide
with finishing the database design concepts. The
second project is the final project and concerns the
design (using menus) and creation (using Access) of
the front end (GUI) of the application. Students are
required to use Access in both projects. By the time
the students begin the final project, they know how
to create SQL queries and GUIs in Access. Students
are able to create SQL queries in Access via either of

its two modes: Design View or SQL View. Students
may start composing a query in the Design View
and finish it by manually editing it in the SQL View.
Students are able to do the editing because they
understand the syntax of SQL queries.

We guide the students throughout the projects
by holding discussions in the class and by provid-
ing them with grading rubrics, one for each
project. Each rubric has hard and soft require-
ments. As a sample, Figure 1 is the grading rubric

Six hard requirements (70% of total project grade).

dictionary)

Score
1. Business Plan: biz description, biz rules 30
2. Entity Relationship Diagram, complete with relationships and cardinalities 30
3. Relationship Schema (screenshot from Access) 30
4. Normalization. If normalization gives ‘strange’ results and you would like to override the results (e.g. keep a 30
table in 2NF instead of breaking it to two in 3NF, you must justify and explain in details your decision. The
goal is to have a robust DB design.
5. Data Dictionary 30
6. Include (minimum): 50 (15, 15,
— 4 Tables (both design and data views screenshots) 10, 10)

— 2 Queries (design, SQL, and datasheet views screenshots)

— One of each: single valued, multi-valued, derived, and composite attributes
(describe and explain). If you do not have multivalued type, you must justify and explain in details why not. Also,
you cannot implement derived attributes in Access, just explain the attribute and how to calculate it.

— One of each: text, number, AutoNumber, Date/Time, Yes/No entity types (include and show in Data

Total: | 200

DB design & content (15% of total project grade)

Score

1. Business Practices are followed and the general database design makes logical sense. 50 pt each
2. Content—the database designed applies to the business description provided, all data is relevant to the project.
3. Relationships—the relational schema applies all types of relationships (1:1, 1:M, M:N) at least once, all tables
are related somehow, well thought out design. If you do not have M:N relationship, you must justify and explain
in details why not.
4. Engaging and interesting
The database is expressive and interesting, the business plan is well thought out and applicable.

Total: | 200
Database Theory Questions (15% of total project grade)

Score

1. Describe/discuss the expandability/scalability of your DB design. Is your design robust enough to handle future | 50 pt each
growth? Offer example of an additional piece of data being added to a table.
2. Pick one of your DB relationships, describe/discuss how the relationship prevents bad data and deletion of
records
3. Did you make any fields that are required ‘not nullable’? If yes, why did you do so, if not why not? Discuss
and be specific to your DB. Note: Access provides ‘Required’ property in table design view.
4. What did you learn from the project, how much time did you spend on it? How many revisions did your DB
take before achieving your objectives? Discuss

Total: | 200

Fig. 1
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Fig. 2. Main menu of Gym and Health Spa Application.

for the midterm project: ‘“This rubric shows what
you are expected to complete for the midterm
project, and how it will be graded.’

Sample projects

Students do a great job on their projects because
they own them; students work in groups of two
and select their own projects. Students are given
the choice of working individually. However, we
explain to them the pros and cons of team work
and encourage them to work in groups as this
mimics professional life after they graduate. Here
are sample projects from the last course:

1. Gym and Health Spa Application—this allows
the gym staff to track arrival times of the gym
members in order to determine the busiest times
of the day/week—a graph of the gym traffic vs.
time of day is posted for the convenience of
members. As an additional service, members
have the option to track their workout progress
in the gym. Figures 2 and 3 show the application.

A. Zeid and S. Kamarthi

2. Library Loan Application—this creates a data-
base to allow a library to track book loans and
returns effectively. The database replaces the
current card catalog and enables a library to
expand its services to town residents. Figures 4
and 5 show the back end of the application.
Figure 6 shows a user form to search for a book.

3. A Bank Application—allows a bank to issue
accounts and loans to its customers. The bank
does not require a customer to open an account
to obtain a loan. A customer may have multiple
accounts. Figure 7 shown an SQL query and its
results.

PEDAGOGICAL APPROACH

We utilize the Productive Pedagogy (PP)
approach [29, 30] as a framework to deliver the
highest intellectual quality for student learning.
We apply the four elements of PP throughout the
semester as follows:

1. Intellectual quality. We engage the students in
complex understanding as opposed to ‘spoon
feeding’ them. We guide them into higher-order
thinking, deep knowledge, deep understanding
and clear idea communication. We provide
them with core knowledge in the classroom
and encourage them to investigate further out-
side the classroom. One student wrote: “We
really learned how to do it [create Access
forms, macros and reports] on our own, and
that was actually very gratifying/” We design the
homework problems and exams to help the
students develop their critical thinking about
databases. One student wrote: ‘I feel as though
the homework assignments were, for the most
part, productive and thought provoking. They
aided us in developing our database design

=
i Employee Information Report : Report g@
Employee Information Report
Report Date arnd Tirme: 127112007 11:03 26 204
Emploves D las lase St fuiani e e Chake o=t Pawv
100 Baker Barmy 15- Ceec-0100 htanager 45,000 OO
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103 Russa E 0z-Jan-01 Fror Deshk $23,000 00
104 Blurme Betsy D4-htar-02 Trainer $29.000 00
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106 Baker Bonnie 01- Dec-07F Secretary F20,000 OO
107 Hale Laumen 20- Mow07 Fadility Planner FF0,000 OO
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110 Dean s =y 01-Jan-D4 Frort Desk F24.000 DO

Fig. 3. Employees information report.
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i=! GetTransactions : Select Query

ELECT TRANSACTIONS, TRANS_DATE AS [Date], TRANSACTIONS. TRANS_TYPE AS Type, TRANSACTIONS, TRANS_AMCUNT AS Amount, PAYMENTS,LOAN_ID AS LoanID
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ROM TRANSACTIONS LEFT JOIN PAYMENTS ON TRANSACTIONS. TRANS_ID = PAYMENTS. TRANS_ID

RDER BY TRANSACTIONS. TRANS_ID;

ERE (({TRANSACTIONS, ACCOUNT _ID)={Forms]![CustomerForm]![SelectedAccount]))

(a) SQL View

! GetTransactions : Select Query

TRANS_ID
ACCOUNT_ID

= | Type: TRANS_TYPE Amount: TRANS AM  |LoandD: LOAN_ID TRANS_ID ACCOUNT_ID
TRANSACTIONS TRANSACTIONS TRANSACTIONS PAYMENTS TRANSACTIONS TRANSACTIONS
Ascending
=] =] =] [m]

R T

[Forms]![CustomerFoer|

(b) Design View

El GetTransactions : Select Query

LoaniD

(c) Query Results

Fig. 7. A left outer join SQL query.

skills from nothing into skills that can at the
very least build a meaningful and functional
database application’.

. Relevance and connectedness. This element
means helping the students to value what they
learn and relate and connect the classroom
material to their past experiences and the real
world. We, the instructors, always discuss data-
base problems from consulting activities or case
studies that we can find. Also, we invite and
encourage students from the class who have
had database related co-op experience and
jobs to share them with the students in the
class. One student wrote about the course: ‘I
knew NOTHING about databases comingin. ..
and could design one to be used on co-op.’
Another wrote: ‘We feel that as we might have
thought that creating the ERD was stupid and
pointless, now we see the value it added.’

. Socially supportive learning environment.
Here, we involve the students to influence the
class activities and how they are implemented.
We explain the issues to the students, give them
choices and ask them to vote on what to do. A
case in point: we needed to decide which soft-
ware option to select—Microsoft Access or
MySQL and PHP. Students chose the former
as we discussed earlier in the paper. In this
regard, two students wrote: ‘We're glad the
class took a turn to learning SQL/Access
because we feel that this knowledge will allow

us to expand our job capabilities both on our
last co-op and in industry in a few years.’
Another social aspect includes encouraging
peer-to-peer learning inside and outside the
classroom. We encourage students to brain-
storm together on course activities, but yet
work independently on writing and document-
ing their work in preparation for future exams.
We also encourage students to work in groups
of two for the course projects. One student
wrote about working in groups: ‘In total, we
spent approximately 10 hours on this final
project . . . so if the project had been done by
only one of us it would have likely taken in
excess of 15 hours.’

. Recognition of difference. We interpret differ-

ence here as between students in cognition and
understanding speed of material covered in the
class. Difference also encompasses the different
styles of student learning; some students under-
stand better at an abstract level, while other are
visual and like hands-on activities. With this in
mind, we blend all teaching approaches from
abstract, to visual, to hands on in such a way to
meet all student learning styles, needs and
cognition needs. One student wrote: ‘I had a
lot of fun! This is a very useful skill and I think I
will definitely use it in the future.’” Another
wrote: ‘I feel like I learn a lot of things from
Database by using Access. The text book is very
helpful, and the TA is very helpful. The pro-
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fessor writes all the detail on the board during
lecture which is good for us.’

While most students were satisfied, some voiced
their concerns (three out of 38). One student wrote:
‘We found it frustrating to try to apply a certain
type of query to our database where it was clearly
not needed, and would never be practical to
implement’. Another wrote: ‘Stress the join query
a little bit more’. And a third: ‘Spend less time in
the course talking about database design and
theory and more time actually working with
Access’.

PERFORMANCE CRITERIA
The performance criteria are the specific

measurable activities required to confirm that we
have achieved the course outcomes. We listed these

110 1
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at the beginning of this paper. The corresponding
performance criteria (one-to-one mapping) to
achieve these outcomes are:

—_

Find information in a given problem.

2. Create table schema, fields and records to store
given data.

3. Sketch ERD using a tool such as Word or
Visio.

4. Sketch the relational schema between tables of
a database using database software such as
Microsoft Access.

5. Evaluate the tables of a database and classify
them based on their NF type.

6. Convert all tables of a database to the preferred
3NF type.

7. Use the SELECT and action queries of SQL.

8. Use Microsoft Access to evaluate different data-

base designs and to implement the class projects.
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ASSESSMENT

We assess the students’ performance in the
course via both formal and informal assessment
tools. Formal tools include homework, exams and
projects. The percentage split is 20 per cent home-
work, 50 per cent exams, and 30 per cent projects.
We give nine sets of homework that we grade and
return to the student with constructive feedback.
We average about one homework per week. Each
weekly homework corresponds to the weekly mate-
rial coverage. We give two exams during the
semester. These exams are closed book and test
the abstract concepts of the course. Students are
allowed one page of notes for each exam to
eliminate the need for memorization; we emphas-
ize critical thinking in the exams. As for the
projects, we assign two separate, but related,
projects as we discussed earlier in the paper.
Each project is worth 15 per cent of the total
course grade. Each project is graded based on a
rubric published at the time of assigning the
project, so students know what is expected of
them. We have included the midterm project
rubric in the paper as a sample. All students’
work is graded and returned to them in a timely
fashion to provide feedback before the next assign-
ment. Informal assessment tools include class
discussions and in-class hands-on activities.

In addition to assessing the students, we also like
to assess the course itself. Formal course assess-
ment includes the students’ evaluation mandated
by the university at the end of the semester.
Informal course evaluation includes asking
students occasionally to provide their candid feed-
back about the course and encourage them to
recommend changes in the teaching style to meet
their learning needs.

EVALUATION

We make a conscious effort to use all the
assessment tools at our disposal to continually
evaluate student performance and course progress
during the semester. We listen to the students’
complaints about the course load and make adjust-
ments if needed. We adjust the course speed as
well. Students seem to grasp the material well and
seem motivated and interested as evidenced by
their attendance and grades. Attendance is
always high in the class. Grades are always very
good, e.g. average grade in exams is between 80
and 85 out of 100. Figures 8 and 9 show the class
grade distributions for an exam and the final grade
respectively.

CONCLUSION

The paper presents an effective learning model
to teach databases and other IT subjects to engin-
eering students. The model is based on the right
balance of theory and practice to deliver the course
material in a way to make students understand and
apply what they are learning, and at the same time
enjoy their learning experience. One student wrote:
‘Databases are much more complicated than we
previously thought’. Another wrote: ‘Thanks to
this project, we now have the confidence to design
an entire database and have even considered using
our newly honed skills for personal/professional
project in the future’. Yet, another wrote: “That
concept [join query] is so important to DB design
because it answers why we must use relationships
(the good vs. bad design). Overall, great job. I had
fun.” Other students wrote: ‘Both of our experi-
ences during class and homework time was bene-
ficial for our learning and overall, a pleasant
experience!’
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