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Abstract

Online-based course delivery has become an attractive option for expanding its reach to new
students and to added flexibility and convenience of existing students. Since the academic
semester of spring '03, the students at the University of New Haven (UNH) have had the
opportunity to enroll in such a course. It is the first course to be offered completely online by the
School of Engineering at the University of New Haven.

This paper presents and addresses many of the technical challenges that are encountered during
the process of developing and implementing an engineering course for online delivery at the
University of New Haven. This paper presents the procedure that was followed in transforming
a traditional course in Introduction to Engineering for delivery as a completely interactive online
course. The results show that there was no statistical difference in student learning between on-
campus and online students.

1. Introduction

The key to successful online and traditional classrooms is to analyze course material, determine
how well existing material will translate online, create new approaches to communicate with
students, and evaluate and rebuild the course as problems arise. The students at the University of
New Haven (UNH) have had the opportunity to enroll in an online engineering course since
spring '03. The study that compares the on campus with online students shows no significant
difference in the learning of students as shown through regular test and other course
requirements’. In all, students favored the flexibility and convenience of the online course. They
appreciated being well informed by the instructor of the expectations, objectives and concepts of
the course, and the overall organized nature of the course.

2. Course Description
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ES 107, Introduction to Engineering, is a three semester-hour course. It provides an introduction
to engineering through a realistic and hands-on problem-solving experience. It focuses on
engineering design process--the application of math, science, and technology to create devices
and systems that meet human needs. It provides an introduction to group work, to oral and
written communications and to engineering ethics. The course is required for all freshman-
engineering students, and a large number of non-engineering majors at the University of New
Haven take it as a scientific methodology elective. Consequently, an estimated 200
undergraduate students annually take the course in sections containing approximately 25
students. There is a relatively even mixture of sophomore, junior and senior students that enroll
in the class. The pre-requisite is college algebra.

The online version of Introduction to Engineering is designed to accommodate many students on
co-op assignments across the New England area. It also affords convenience for student with
unusual schedules and for students who do not live close to campus. In addition, a distance-based
format provides local full-time and non-traditional students with an opportunity to enroll and
participate in courses with added time flexibility.

Course Outcomes: Students should be able to

1. describe the various branches of engineering (civil, computer, electrical, industrial,
mechanical, and chemical engineering);

2. apply engineering problem solving techniques; and be introduced to some computer

applications used in engineering;

understand how to work efficiently as part of a team;

demonstrate an understanding of the "Design Process";

enhance written and oral communication skills

know engineering ethics.

kW

3. Online Development Software — Blackboard

The Blackboard system provides an easy-to-learn online site for communicating with students
via email, discussion boards, and announcements as shown in Figurel. Blackboard is a web
based educational software platform used by more than 2800 institutions in over 50 countries®.
Examples of Blackboard usage at other institutions have been documented. %***¢7
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Announcements

February 16 - 23, 2005
_ Wed, Dec 15, 2004 - Firal grade Fasted by lsmail Drabi

Dear Students:

our final grade is posted on the Blackboard. It was pleasure warking with you

Thank you for your time, your enthusiasm and your participation throughout the semester. | sincerely hope
Assighments that you got something out of this class. Keep on tinkering!

Drop Box Best wishes to all for a happy holiday

e

Prof. Orabi

CUS: Board
Thu, Dec 02, 2004 -- Firal Project due date “Imporant” Posted by Ismail Orabi

_ If you are unable to present your final project on December 13th at 1:00 prm, you may deliver your presentation
and test your prototype in one of my reqular classes. The in-class presentations and demaonstrations will be

held in room 227 (Buckman Hall at UNH) on the following dates: Wednesday December 8 at 11:30 am,
Thursday December 9th at 10:00 am and Thursday December 9th at 7:00 pm. These three times are provided
for your convenience, and you should select the best time for your presentation.

VIEWTODAY | VIEWLAST7DAYS | viEwLAST 20 Davs | viewaw
Faculty Inform: n
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@ Course Map

@& control Panel Warm Wishes,
Prof. Orabi
Wed, Dec 01, 2004 -- Firal Design Project Submission Deadiine- 13 days jeft Fostad byilsmiail DTahi
Please remember that there are only 13 days left to corplete the final deign project. The oral presentation =
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Figure 1: Announcement Page with Links to Other Menus.
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COURSES > INTRODUCTION T0 ENGINEERING-FALLD4ONLINE... * COURSE DOCUMENTS EDIT WIEN
Week # 1: Sept. 110 - Learning Unit #1
= @ -- This learning unit contains some introductory materials including History of Engineering- Fields of Specialization - Engineering
Faculty Information Functions and Engineering Disciplines
i BT Week # 2:Sept. 13- 17 - Learning Unit # 2 =
@ This leaming unit contains: Computer Tools, Overview of Electrical and Computer Engineering, Overview of Mechanical
urse Inform; il £
ngineering
Week # 3: Sept. 20- Sept 24 - Learning Unit# 3
_ This leaming unit contains Group Dynamics and Effective Group Wark, Waorkshop: Effective Communication & Presentation
Assignments
Skills- Inta to PowerPoint
DropJo Week # 4: Sept 27- Oct 1 - Learning Unit #4
@ This leaming unit contains Overview of Civil Engineering, Engineering and Society, The Design Process, Application of the
Degign Process and Problem solving methodology.
Week# 5: Oct. 4.8 - Learning Unit # 5-Design a Truss Bridge with a Computer.
T iy @ The YWest Point Bridge Designer will introduce you to engineering through an authentic, hands-on design experience. This
software provides you with the tools to model, test, and optimize a steel highway bridge, based on realistic specifications,
constraints, and performance criteria. Developed and offered by the United States Military Academy, West Point, New York
@) course Map - Best scores for wphd2002-2003
@ i http:#bridgecontest. usma. edu2002results. htm
o West Point Bridge Designer Analysis
0
wphdsoln.doc ¢ 705138 Bytes)
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Figure 2: Course Documents Page with Links to Other Menus.
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Class documents and assignments can be easily posted for student access 24 hours a day, 7 days
a week as shown in Figures 2 and 3. A separate area for students allows the instructor to create
forums with a separate discussion board as shown in Figures (4a-4b).

In Blackboard, the Discussion Board tool has allowed the instructor to set up an area where
students and instructors can post and respond to messages. As an example Discussion Board
Forums are shown in Figure 4a. Students have used the Discussion Board to post their replies
and comments for each other or for the instructor Figure 4b. The instructor has posted a
discussion topic each week and each student has been required to participate in the discussion at
least once per week. These responses have been posted in Blackboard and can be seen by the
entire class at any time. The quality of participation, questions, comments, and discussion are
monitored and guided by the instructor.
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Announcements
Faculty Information @'

Syllabus
#2 : Bad Designs - Due on Sept. 20

Course Information H¥W2 Bad Designs Project 1 15 04.doc (20720 Bytes)

Course Documents
= Lab1: Powerpoint Presentation -- Due on October 11
Assignments </ Lah1l  Great Engineering Presentations 8 15 04 doc (30208 Bytes)

Drop Box

Assignment # 1 Surfing the Internet : Due date: Sept. 13

Lah # 2 - West Point Bridge Designer -- Due date has been extended to Oct. 18

Lab2 WP2002 1 15 04.doc ¢ 236544 Bytes)
Dowenload and install the award-winning YWest Paoint Bridge Designer software ? Yersion 2002 from the website located at
http:/bridgecontest usma. edu/downld2002 htm Use this software to design a bridge. - Use the Digital Drop Box on the
Blackboard to upload the bridge design for judging.

External Links

= Lab3: Bridge Prototype -- Due date has been extended to Nov, 1st
Tools Lab 3 Bridge Design 10 13 04 online.doc (224256 Bytes )
l
@ Course Map Assignment # 3: Velocity, acceleration and Newton's laws --Due on Nov. 11
@ control Pans| Flease disregard the due date of Nov. Sth, which listed in the assignment.
— Assi # 4: Graphing/Statistics and Excel - Due date: Nov, 22
% HEE .doC ¢ 38400 Bytes )
N7 HW 4 Excel 11 08 Odhti.d i
|
D =2 A& S B | Powersd by Blackboard I E=ECT

Figure 3: Assignments Page with Links to Other Menus
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7 x| Genetically Engineered Food
Course Informai
Share your thoughts and ideas on the future of DNA and genetically-altered food. Post your opinion by Sept. 27 [ 36 Messages |
Course Documents [ All read |
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| The Importance of Space Exploration
rop Box
This is a forum in which you can share with the class your thoughts about space exploration after shuttle [ 35 Messages |
Caolurnbia tragedy. Post your opinion by Oct. 4 [ All read |
T

g
E Technology in the Classroom
1

This is a forum in which you can share with the class your thoughts regarding technology and women. Post [ 32 Messages |
Tools

& course map | 0 -] Digital Surveillance Remove

@ Control Panel

your opinion by Oct. 11 [ All read |
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Figure 4a: Discussion Board Forums
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Current Forum: Today's Visions of the Science of Tomorrow Read 2 times
Status : Locked

Date: Mon Sep 20 2004 9:08 pm

Suhject: Re: Advice to President Bush

urse Documents Dear Mr. President,
One presszing issue that | believe needs to be addressed in the near future is the energy crisis. This issue is seemingly coming to a head at
this time due to our failing relations with nations that have supplied our country with fuel in the past. Although, it has been said that these

[0pH0 nations only supply approximately 15% of our fuel, it is a great deal of fuel to lose due to the high demand on energy in this country.
C icati
When | was working for Congressrman Sam Farr (D) of the 17th district of California, the idea of tapping into the resources of ANWR was
intraduced. The issue with this is that ANWR is a declared reserve for many endangered animals and any sort of disturbance would interrupt
the balances established in this area and could bring great harm to these animals

External Links

|

@ course Map
& Control Panel

There is a pressing need to find an alternative form of energy or for evaluation of our current energy use. Ve also need to examine why our
nations energy use is so much higher than any other nation. For instance we may look into making things that are more fuel efficient more
affordable instead of mare expensive (i.e. hybrid cars). The solution to this problem will not be found very easily, but it is definitely something
that needs to be addressed befare the problem becomes unbearable.

Thank you,
Jamie Ratimi

A4 Previous Message  Mext Message b
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A

Figure 4b: Discussion Board thread with Links to Other Menus.
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4. Course Format Description

The course lecture notes are provided, assignments are given and collected, and quizzes
are conducted all on a regular schedule via Blackboard. The tests are available for four
hours on the test dates for the online course. Quizzes have a time limit that is designed to
be sufficiently restrictive to prevent the students' answering questions by spending a lot
of time looking up the material in the text. Students are only allowed one attempt for a
quiz and have to complete it within the specified time limit.

The course format is as follows':

e The online-based course is offered almost exclusively on the web. The class
meets once at the end of the semester to present the final design projects. An
optional brief meeting at the beginning of the semester is also held to go over the
Blackboard tutorial and course syllabus similar to the ones in the traditional
format, as well as for testing purposes. Course materials in the form of lecture
notes, text-based supplementary materials, discussion groups, and testing are
offered through the Internet. Blackboard is used as the course delivery platform.

e The online-based course is composed of twelve learning units. After each
learning unit is completed, a timed homework is assigned and submitted online,
and graded by the instructor. Three tests are administered online during the
semester and graded electronically. Grades are posted on the Blackboard grade
book.

e A threaded discussion is given weekly during the semester. The forums present
issues regarding current events in technology and engineering. Students are given
deadlines to post their opinions regarding the issue.

e Each student is required to write three to five paragraphs about the issue at hand.
In addition, each student is required to respond to at least one post from another
student in the class. The quality of participation, comments and suggestions are
graded and posted in the Blackboard grade book.

5. Course Statistics Access / Application

The "Course Statistics" tool in the Control Panel is a useful tool to find out which parts of the
course are being utilized. There are several options available. For instance, you could use
Blackboard Course Statistics to generate reports and obtain a summary of the course usage and
utilization of the main areas (content, communication, groups, and student tools)®. For more
specific reporting, you can also use the tracking tool to identify if each student opened the
handouts, PowerPoint files, and other documents you made available in the course site. In order
to use the tracking tool, you have to select it when you upload each file. This allows Blackboard
to track the file during the semester.
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A report can be generated to view the overall course statistics (Figure 5), number of accesses

over time (Figure 6), user accesses by hour of the day (Figure 7), and user accesses by day of the

week (Figure 8). The Digital Drop Box (Figure 9) was used to grade assignments and extra-
credit problems submitted by students.
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Figure 5: Overall Course Statistics for the online version of Introduction to Engineering
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Figure 6: Number of Accesses over Time — from September to December 2004.
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Figure 9: Student Files in the Digital Drop Box.
7. Instructional Materials

Computer-based instructional tools are used in both modes of teaching. It is challenging to use
these tools in a way that would be interesting for the students and enhance their learning skills.
The main delivery tools are PowerPoint, MS words and Excel. Animation and simulation
software are also used in both sections. Excel’s built in function is used to help students to build
confidence in their understanding of the relevant topics.

Consider for example the fundamental concept of stress analysis of a cantilever beam. The task
for this exercise is to develop a spreadsheet that will tabulate the maximum fiber stress at any
point along the beam. The user should have the ability to change the following variables: (F, L,
t, w). When any change is made, the graphs should automatically update. An example of a
spreadsheet is provided below in Figure 10.
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12 |IHPUT: OUTPUT:
14 |BeamWidth 075  inches X Moment | Stress
15 inches Ib-in psi
16 |Beam Thickness 050 inches 1] 25 500
17 1 20 G40
18 |Beam Length 500 inches 2 15 450
149 3 10 320
20 |Farce on End of Beam 500 pounds 4 5 160
21 5 0 ]
22
73 Stress & Moment Distribwution ina
Cantilevered Beam
24 1000 50
25
a5 a0 Zo Mloment+ 40
o - —r— Shress $
a0 & gog i* an 2
29 A\.\ 2 £
30 & 900 u\&\? <0 E
e
32 200 10
D T T T T 7 D
gg 0 1 2 3 4 g
6 Distance Along Beam [z]. psi

Figure 10: Stress & Moment Distribution in a Cantilevered Beam
6. Sample online Test Questions:

Figure 11 shows the sample test questions. The questions focus on problem solving skills.
Students record their answers for each question. Figure 12 shows the results of assessment after
the student submits their test. An X or check indicates whether the question is incorrect or
correct, respectively. The number of points received for each question is displayed beside the
question number.
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() Preview Assessment: Quiz #2 online-fallo4 - Netscape =] x|

Question 13 Multiple Choice 3 points
In Figure, what is the total energy of the sledder (=100 kg) at the top of the hill?

| Conservation of Energy: Potential and Kinetic

E= PE=mgly

e

2000 Joules
© 95310 Joules
19620 Joules
€25

Question 14 True/False 2 points
Unit of energy and wark is 1 N-m = 1J {Joule)
© True
" False

Question 15 True/False 3 points
An object at rest will remain at rest and an object in motion will remain in motion unless acted upon by an external force.
© True
" False
DA % Do [ Sk

Figure 11: Sample online Questions
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Given Answer: 19620 Joules
Correct Answer: 19620 Joules

Question 24 Multiple Choice [F of 2 pointis)
If a man has mass of 85 kg on earth. YWhat is his mass on the roon if the acceleration due to gravity is equal 5.3 /52,
% Given Answer:  « 95kq
Correct Answer:  95kg

Question 25 Multiple Choice 3 of 3
ORA S D o &

=

Figure 12: Sample online Questions Results
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&. Discussion:

It is an interesting and rewarding experience to develop and teach this online course. The course
is offered simultaneously with an on-campus section that is also taught by the same instructor.
This allows the direct comparison of the performance of students in the two modes of teaching.
The students in the two classes are comparable since they are all drawn from the same pool of
students who are already enrolled in our regular programs. The tests and assignments are almost
identical in both sections taught by the same instructor with minor variations in the questions.

It is observed that online students have a higher drop out rate (12%) than traditional students
(5%). This is consistent with other observations that attrition rates tend to be higher with online
courses. However, tests and assignments show no significant difference in the learning of
students. The results are much more consistent between the two sections. Figure 13 shows the
performance on a total of five identical homework assignments given to the two course sections
during the semester.

Homework Performance Comparison

@ Online Section
100 B Campus section
90 -
80
70
60
50
40
30 -
20
10

HW #2 HW#3 HW#4 HW #5 Mean

Figure 13: Homework Performance Comparison

The homework and labs were done under similar conditions with the students given one or two
weeks to complete each assignment. As Figure 13 shows, there was no significant difference in
performance. Figure 14 shows a significant difference in lab performance (hands-on projects). It
is likely that the on-campus students spent more time on the projects than online students.
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The performance on the tests was also compared. As shown in Figure 15, it was found that the
results were comparable except for test #2. Test #2 was focusing on engineering mechanics. The
reason for this discrepancy may be the difference in background of the students in the two
sections.
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Figure 14: Lab Performance Comparison
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Figurel5 Test Performance Comparison
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The comparable performance in the tests was particularly interesting. The conditions for taking
quizzes were quite distinct for the two course formats. The tests were available for twenty-four
hours on the test dates for the online course and administered in class for the traditional format
section. Quizzes had a time limit that was designed to be sufficiently restrictive to prevent the
students' answering questions by spending a lot of time looking up the material in the text.
Students vlvere only allowed one attempt for a quiz and had to complete it within the specified
time limit .

8. Conclusion

In the last four semesters, an online Introduction to Engineering Course has been developed and
taught at the University of New Haven in the School of Engineering and Applied Sciences.
While the online course of ES107 appeals to many students due to the flexibility and
convenience it offers, not all students are suited to online learning. The course assessment shows
that the online courses should be offered only for those students who have the necessary self-
discipline and study skills, and are somewhat proficient in computer usage. Online courses
should be targeted to independent, motivated learners, who want an alternative to face-to-face
teaching.

The majority of online students are able to learn the material as effectively as the traditional
student but have the added flexibility and convenience to obtain information in or out of the
classroom. According to the students' comments, they consistently enjoy the new teaching
method and like the flexibility.
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