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A Comparative Review of Two Engineering Economics Sections:
One Traditional and One Online

Abstract

This paper analyzes success in meeting learning objectives in two sections of an undergraduate
engineering economics course where the professor, course schedule (day-to-day), lectures,
assignments, and assessments were constant throughout the semester. The only difference is the
online nature of one section and the face to face, traditional approach of the other. The results
indicate that the two sections performed similarly for almost all course topics, student assessment
of learning objectives and student outcomes, and final grades.

Introduction

As the quality and speed of internet systems and software have developed over the last several
years, distance education has evolved to primarily an online delivery mode. The anticipated
importance and central role of wide spread online engineering education can be seen by the
formation of the Sloan Consortium and its focus on the study of quality, scale, and breadth of
online learning®. A diverse literature is available to document the breadth of online engineering
courses available and studied. Representative examples include engineering graphics?, power
systems®, introduction to engineering®, and thermodynamics®. Online graduate programs are also
well represented in the literature as evidenced by examples on traditional engineering graduate
areas such as Whiteman®, who surveys online mechanical engineering masters programs, and
nontraditional engineering areas such as engineering management’.

While online courses have grown as a significant and viable element of higher engineering
education®, this has not yet led to a significant increase in engineering degrees granted. Recent
National Science Foundation (NSF) data notes, the number of engineering undergraduates
supplying the engineering workforce remains level as the national need for engineers increases’.

Studies continue to validate the effectiveness of online learning. For example, a recent study by
the Department of Education’® found that students learned more from online courses compared
to the traditional face to face classroom method. However, this study also found that students
learning improved more when multiple methods were employed combining features of face to
face instruction with online methods. Peercy and Cramer*! recently emphasized that this issue of
the use of technology, whether in an online, face to face, or hybrid context, holds great potential
to improve the quality of instruction in the present world of declining financial resources for
education. They further emphasize the importance of educational research and the exploration of
multiple approaches to teaching with technology from completely online distance learning to
minimal use of technology to hybrid methods.

Recently the question of distance education course format impacting affective (satisfaction) and
cognitive (knowledge acquisition) learning has been explored. Mackey and Freyburg*?found
that although cognitive learning in a graduate engineering online course was comparable with the
face to face version of the course, participation and social interaction was the most important
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factor influencing affective learning. They recommend consideration of methods to enhance
social presence to improve the combined learning experience and make distance learning more
enjoyable for students. A second study of an online engineering economics course had similar
findings in that students expressed dissatisfaction with the lack of social interaction in a fully
online course®,

Research Study Motivation and Focus

The origin of our study is based in a solidly pragmatic perspective. Similar to one of the key
motivations noted by the Peercy and Cramer*!, our engineering program must explore cost
effective ways to increase course availability from several perspectives:

e Although many students are able to take courses in the semesters planned when multiple
sections are available, there is also a significant number who are off schedule and need
“trailing” sections. Unfortunately, timing of face to face sections may conflict with other
needed courses and online versions offer scheduling flexibility which is impossible for
traditional sections.

e Faculty resources trail the numbers of students in the program. Online courses hold the
potential for use of part time faculty, who are working during standard face to face hours,
to manage a course and the content is fixed along with the learning outcomes. This
promotes the likelihood or reducing learning variability with potentially inexperienced
faculty.

Consequently, we selected engineering economics as the first trial course for online learning and
identified several research questions supporting contributions to a number of the issues noted in
the current literature discussed above:
e Can we document comparative learning outcomes between the online and face to face
learning environments?
e Can the online course format adapt to use the ABET assessment methods employed in the
face to face sections?
e Is the issue of affective learning a concern and what strategies can improve this factor?
e What technologies and formats are effective in delivering this course?

There are many recent and ongoing studies of engineering economics education within the
literature. For example:

e A study was conducted comparing the principles of engineering economics to the
principles of engineering mechanics and how students fared when taking one class before
the other.

e A discussion of the importance and significance of teaching and course structure of
undergraduate engineering economics™> *°.

e A discussion of the future of engineering economics that includes increased incorporation
of spreadsheet analysis while limiting traditional engineering economics topics" %,

e Adiscussion for online (distance education) of engineering economics®, with
corresponding studies for the structure of undergraduate®® and graduate®* courses.

The paper presented here differs from the above studies in that it provides a side-by-side
comparison of two sections, one face to face and one traditional, with results including final
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grades, learning objectives, and student outcomes. The next section begins examination of these
questions with an overview of how the two sections of engineering economics were structured.

Methodology- Course and Section Structure

Every effort was made to keep the two sections consistent in as many areas as possible with the
obvious exception of the delivery mode. The face to face section held class sessions on Tuesday
and Thursday from 2:00PM-3:15PM and had 37 students. The online section had 27 students
and held Centra (online chat/ white board system) Q&A sessions at 6:00PM on Tuesday and
Wednesday with half the class targeted to each time period to assure manageable numbers.
Blackboard was the course management system for both sections and all assignments were
submitted online through the assignment feature. Other consistent factors include the same
instructor, identical PowerPoint notes provided, identical homework assignments, consistent
weekly topical schedule, textbook, and online quizzes using a lockdown browser (Respondus).
The primary difference was that the face to face section had a live lecture and the online section
had specifically made videos produced with Camtasia screen capture software.

In general, most weeks covered one chapter in the text. The general sequence of activities
involved:

e Coverage of course topics either by lecture or by video using consistent power point
slides. Figure 1 provides a screen capture of a typical video.

e For the online section, Centra chat / white board sessions were held on Tuesday and
Wednesday. An example screen capture is shown in Figure 2. These sessions were
archived for possible future access by students.

e Anonline, self-evaluation quiz for each chapter was available from Thursday to Sunday
night. The quiz system presented approximately 12-15 short answer and computational
problems randomly selected from a test bank. They simulated test questions and covered
important topics from each chapter. Students had two attempts and were provided correct
answers for missed questions. The quizzes employed a “lockdown” browser system
which did not allow access to outside software such as email or websites.

e Homework assignments were due in PDF format on blackboard by Sunday at midnight.

e Tests (two and a final exam) were conducted in a face to face format for both sections.

Results of analysis of survey questions and final exam questions are discussed in the next
section.

Results

This section examines results from the two sections using two data sets: student surveys and final
exam questions or specific assignments. For the online section, several questions specific to the
online experience are also examined. To provide context, final grades are discussed first.
Overall, the average final grade for the face to face section was 79.7 and 78.1 for the online
section. Figure 3 presents the histogram of the final grade distribution and shows that the online
section had a higher percentage of final grades below 60 with 3 of 27 compared to 2 of 36 for the
face to face section. On the other end of the spectrum, over 17% of the face to face section had a
grade higher than 90 compared to 11% for the online section. Although not significant, Figure 3
shows a slight but consistent pattern of lower scores from students in the online section. This
indicates the theme of lesser satisfaction with the online course noted by earlier references'® *2,
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Figure 2: Centra Chat Session Screen Capture.
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Table 1 presents the questions which were completed by the students prior to the final exam. On
the left side, the questions represent the specific learning objectives for the course. For the
learning objective questions:

e The first nine of these were also evaluated by specific, quantitative, embedded questions
from the final exam and the survey.

e Learning objectives 10-13 were evaluated by specific assignments and the survey. The
course is classified as a “Writing Intensive” course per university requirements and
required completion of three writing assignments.

a. Two were individual assignments covering a twelve page research paper on the
grand challenges of engineering and a business memo analyzing a fixed/ variable
cost problem.

b. The second memo was produced by a team of three or four students analyzing
ratios from a set of financial statements.

The questions on the right of Table 1 represent the ABET a-k outcomes which are specifically
targeted by the program assessment plan. Student responses covered a 1-5 scale with 5 being
strongly agree, 4 agree, 3 neutral, 2 disagree, and 1 strongly disagree.

Figure 4 summarizes the comparative results between the two sections. In general, the responses
matched well with the exception of question eight (depreciation and taxes) and nine (inflation,
purchasing power, real and actual dollars). As will be seen in the discussion on actual test
results, these did not show significantly different test performance results. It should also be
noted that these were the final two topics covered during the course.

Figure 5 presents the overall score on the embedded final exam questions by section and learning
objective. When contrasting this graph with the student survey results in Figure 4, it is consistent
in showing the lower confidence in learning objectives 8 and 9. Objective 7, although not an
area of student low student confidence in the survey, was not a high score area in the final exam.
None of these results in Figure 5 show a statistically significant difference between online and
face to face courses at the 95% confidence level. However, objective 9 test scores were different
at the 93% level.

Table 2 contains questions related to the general operation of the two courses. Questions 22-25
were asked of both sections while questions 26-28 were only asked of the online section.
Question 22 was in a format which requires a numerical value for the hours of study per week
required. For Question 22, responses for the online section averaged 5.1 hours per week while
the online group indicated an average of 5.5 hours per week. Question 27 regarding attendance
at Centra sessions had response options ranging from 5 always to 1 never. The remaining
questions in Table 2 had the same scale as noted above with 5 strongly agree to 1 as strongly
disagree, 3 being neutral.
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Table 1: Student Survey Questions Common to Both Sections.

Learning Objective Questions

ABET Assessment Plan

1. I am able to analyze fixed and variable costs including break even
calculations and overhead cost allocation.

2. 1 am able to Apply cost estimating methods such as cost indices, learning
curves, sizing scale factors, per unit, and segmented approaches.

3. 1 am able to describe the type of information in balance sheets and income
statements and use this to analyze important financial ratios.

4. 1 am able to perform compound interest calculations using nominal and
effective interest rates including continuous compounding.

5. 1 am able to analyze project and investment alternatives using the
concepts of equivalent cash flows: present, annual and future worth.

6. 1 am able to apply the principles and methods of discounted cash flows to
value project and investment alternatives.

7. Evaluate engineering project and investment alternatives using rate of
return methods such as IRR, B/C analysis, and payback period.

8. | am able to analyze various methods of depreciation and influence of
depreciation on investment tax alternatives.

9. I am able to analyze the impact of inflation (real and actual dollars) in
project analysis and use price index methods (CPI for example) to reflect
these changes.

10. I am able to use integrated spreadsheet software (excel) to solve
engineering economics problems.

11. I am able to analyze global, societal, and ethical issues related to
choosing approaches to solve engineering problems.

12. 1 am able to function effectively on a project team to solve an
engineering problem and write a report.

13. I am able to communicate effectively using business memos and research
papers.

14. 1 am able to identify, formulate and solve
engineering economics problems.

15. I have improved my written communications
skills through this course.

16. | have improved my understanding of
contemporary issues related to engineering
economics.

17. | have improved my ability to design a
system, component, or process to meet desired
needs.

18. | have improved my ability to function on
multidisciplinary teams.

19. | have improved my understanding of
professional and ethical responsibility.

20. | have improved my understanding of the
impact of engineering solutions in a global and
societal context.

21. | have improved my ability to apply
mathematics, science and engineering principles.
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Table 2: Survey Questions related to General Course Issues.

General Class Organization Questions

assignments for this course?

for this course.

24. The instructor was effective in teaching the subject matter of this course.

25. The end of chapter quizzes (Respondus) were useful in helping me evaluate my chapter
knowledge.

26. The online format for this course including the videos was effective in learning the
materials.

27. How often did you attend the Centra help / discussion sessions? (5- always, 1 never)
28. | learned as much in the online section as | would have in a face to face traditional
section.

22. About how many hours per week on average did you spend preparing, studying, or doing

23. Please rate the textbook used in the course: | found the textbook was a valuable resource

Analysis of questions 23-25 is contained in Figure 6 and this highlights a statistically significant

difference (p < 0.01) in the perception of the usefulness of the end of chapter quizzes (question
25). The face to face section was very positive but the online section had 30% (8 of 27) of the
class that was negative or very negative on the usefulness of these quizzes. Figure 7 further
expands the responses to this question and shows that over 90% of the face to face section was
positive or neutral about the online chapter quizzes while only 70% of the online section was
positive or neutral about these quizzes.

4.50
4.30
4.10
3.90 -
3.70 -
3.50 -~
3.30 -~
3.10 -~
2.90 -
2.70 -
2.50

W FF

Average Response

23. Textbook 24. Instructor was 25. Respondus
valuable resource effective chapter quizzes
useful

Course Operation Questions

Figure 6: Comparison of Course Analysis Questions.
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Figure 7: Distribution of Responses for Question 25- Chapter Quizzes.

Questions 26-28 in Table 2 were only asked of the online section and results of these responses
are presented in Figure 8. Scores were acceptable but lower than hoped for (especially question
28) considering typical student response to these surveys and the fact that the grade distribution
and level of learning was equivalent by all measures. Close analysis of the 27 responses shows a
group of 8-9 students who did not respond positively to the online environment while 12 students
were consistently positive about these three questions.

4.10

3.90

3.70 -
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3.30 ~

3.10 -~

Average Score

2.90 -

2.70 -

2.50 -

26.0n line format  27. Frequency of Centra 28. Equivalent learning
effective Attendance

Figure 8: Online Course Question Response.

To further explore the relationship between these three answers and to determine whether the
low rating of the online chapter quizzes was also a part of this general low response trend,
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correlation coefficients for these questions were investigated. Results are shown in Table 3 with
statistically significant correlations between (quizzes- video format), (quizzes —learning), and
(format- learning). In general for 30% of the online class students (8-9 students), if you did not
like the videos, you did not like the quizzes (respondus) and believed your learning was not as
much as if you were in a face to face class. On the other hand for 45% of the class (12 students)
there was a positive relationship in that all were answered with a high value (4 or 5).

Table 3: Correlation Coefficients for Online Course Questions 25-28

25. respondus 26.format 27. centra
26.format 0.351
0.073

27. centra -0.228 0.129

0.252 0.520
28. learning 0.504 0.718 0.021

0.007 0.000 0.916
Top number is the Pearson correlation coefficient
Bottom is the P value

Discussion and Conclusions

The overall conclusions indicate that the two sections were comparable in almost all aspects
(e.g., final course grades, student assessment of learning objectives, student assessment of ABET
student outcomes, final exam questions). The only statistically significant differences were the
embedded final exam question assessment of inflation (at the 93% confidence level, but not at
the 95% confidence level) with the online section being lower than the face to face section, and
the student assessment of the online chapter quizzes with the online section being lower than the
face to face section. The final course grades were slightly lower for the online section when
compared to the face to face section, but not statistically significant. These results are consistent
with prior published results™ 1212,

With regards to the additional survey questions for the online section, approximately 30% of the
online section students had negative responses for the online chapter quizzes. These same
students then had a much more likely negative response on questions 26-28 regarding the online
format, online attendance, and equivalent learning. However, the same consistency was shown
for the approximately 45% of the online section students who had positive responses for the
online chapter quizzes. These students then had a much more likely positive response on
questions 26-28.

Future work includes comparing the sections using students’ overall GPAs and repeating the
analysis over multiple semesters to determine if the online delivery can be perfected to ensure
equivalent learning (both actual based on embedded test and exam questions and perceived based
on student survey responses). In addition, future work includes surveying students before and
after the course with regards to both the course content and the personal interactions.
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