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Effectiveness of in-class
excel-based active learning
activities for transportation
engineering courses

Promothes Saha*

Department of Civil and Mechanical Engineering, Purdue University Fort Wayne, Fort Wayne, IN,
United States

Recently, transportation engineering industry members showed concern
that students lacked the skills to solve real-world engineering problems
using spreadsheet data analysis. In response to the circumstances shown
by industry members, this study investigated how to engage students in a
better way by incorporating spreadsheet analysis during class and helping
them learn the course topics. Helping students link theoretical knowledge
to real-world problems can be a challenge. In this effort, in-class activities
and worksheets were redesigned to integrate with Excel to solve example
problems using built-in tools, including cell references, equations, data
analysis tool pack, solver tool, conditional formatting, charts, etc. The
effectiveness of this technique was investigated using students’ evaluations
of the course, enrollment data, and students’ comments. Based on the
data of those criteria, it is evident that spreadsheet activities may increase
student learning.

engineering, active learning, transportation, excel, spreadsheet

Background

Industrial Advisory Board (IAB) members at the study university play a critical
role in improving an engineering program by guiding the program’s direction and
ensuring the needs of their workforce are met. Encouraged by accreditation standards,
many departments conduct an annual survey to receive feedback from IAB members
on improving their program so that students are ready to work in the industry upon
graduation. Recently, civil engineering IAB members specialized in transportation
engineering showed concern that is graduating students lack the spreadsheet skills
needed for solving real-world engineering problems. In response to this concern, this
study investigated how to help students learn Excel to solve transportation engineering
problems as a part of the lecture.
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The primary objective of this study is to help students
learn Excel spreadsheets for solving transportation engineering
problems. The in-class worksheets were reshaped to achieve
the objective, incorporating Excel spreadsheets to solve example
problems and hand calculations. For the Excel activity, students
are provided the data in an Excel spreadsheet. Students use
that data to solve the same worksheet problem using built-in
Excel tools, including cell references, equations, data analysis
tool pack, solver tool, conditional formatting, charts, etc.

Literature review

Previous studies suggested that active learning is a standard
method to foster students learning in engineering (Nickels,
2000; Douglas and Chiu, 2009; McCloskey and Bussom, 2013;
Anitha and Rao, 2014; Ssemakula et al, 2018). Different
active learning techniques include think-pare-share (TPS),
group assignments, reciprocal questioning, the pause procedure,
the muddiest point technique, the devil’s advocate approach,
group discussions, formative quizzes, and lecture summaries,
etc. (Nickels, 2000; Douglas and Chiu, 2009; McCloskey and
Bussom, 2013; Anitha and Rao, 2014; Ssemakula et al., 2018).
Among the techniques, TPS is the most used technique in many
engineering classes where solving example problems are a vital
component of the lecture (Nickels, 2000). According to this
technique, a specifiv topic is presented to the class, and students
take notes. Then, an example problem related to the covered
topic is ready to be solved. Sometimes, students are provided
a handout known as an in-class worksheet listing the example
problems that will be solved during class.

McCloskey and Bussom (2013) studied active learning
in the business curriculum using an Excel spreadsheet. This
study reviews how Excel spreadsheet was used in business
classes to learn problem-solving techniques and the active
use of spreadsheets. Several previous studies, from science to
engineering to political science, investigated how to engage
students better (Smith et al, 2005; Heller, 2010; Marshall
and Nykamp, 2010; Peters and Beeson, 2010; Popkess and
McDaniel, 2011). McCloskey and Bussom (2011) studied
students’ engagement in the learning process using an Excel
spreadsheet. Uddin et al. (2017) learned how to use Excel to
teach physics. In this study, Excel was used as a simulating
tool. Several aspects of Excel were demonstrated in this article.
All these studies suggest that Excel can be an excellent tool
to enhance student learning. To the author’s knowledge, no
studies were found investigating the effectiveness of Excel on
student learning in engineering classes. This study investigated
student learning in civil engineering classes, especially in the
transportation area.

Several papers were studied related to how to use Excel
spreadsheets for solving engineering problems and financial
analysis efficiently (Nickels, 2000; Douglas and Chiu, 2009;
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McCloskey and Bussom, 2013; Anitha and Rao, 2014).
Microsoft Excel has many tools, including Visual Basic for
Applications (VBA). VBA is developed explicitly for Excel and
is currently used for many applications, including financial
analysis, engineering problems, data management, etc. Sprego
(Spreadsheet Lego) is a simplified version of VBA that
helps to solve advanced engineering problems (Nickels, 2000;
Douglas and Chiu, 2009; McCloskey and Bussom, 2013).
McCloskey and Bussom (2013) conducted a case study on
the effectiveness of teaching spreadsheet management using
Sprego. Results indicated that Sprego could be used for solving
advanced problems easily efficiently. Also, S. Abramovich
studied students’ ideas in the digital era (Anitha and Rao,
2014). The primary projective of this study was to contribute to
Technology-immune Technology-enabled (TITE) mathematics
education research efforts by using Wolfram Alpha and
Microsoft Excel spreadsheet.

Methodology

The primary requirement to execute the activities related to
Excel is that students need a computer to work on the activities
during class. If the classes are taught in a traditional classroom,
students must to bring their laptops, or the course must be
taught in a computer lab. For this study, the methodology has
two main steps: (1) Develop the worksheets; (2) Evaluate the
effectiveness of the learning strategy. The overall methodology
can be seen in Figure 1.

Students
worksheets at the beginning of a typical lecture class. In-

are provided with handouts and in-class
class worksheets include the description of example problems,
and handouts provide the tables, figures, and equations needed
to solve the problems. The class starts with discussing a topic;
then, students try to solve a problem provided in the in-class
worksheet. After that, the instructor solves the problem with the
students’ help, followed by creating an excel spreadsheet to solve
the same problem using built-in Excel tools. The spreadsheet
should produce the outputs by only changing the inputs. At the
end of the lecture, students must submit their in-class work,
including a worksheet and an Excel spreadsheet. First, students
are learn how to use Excel tools to solve engineering problems.
Students’ evaluation shows that students enjoy solving the
problems using Excel spreadsheets, and most importantly, they
mentioned that it helped them understand the problem better.
Also, it was noticed that Excel activities help energize students
to be active in the middle of a class. Students need to bring their
laptops to class. A Wireless internet connection is also beneficial
for downloading the necessary files for the class.

In this study, two courses were considered, transportation
planning and transportation engineering. Both courses are very
similar in terms of course assessment. The following section
discusses only the transportation planning course as an example.
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FIGURE 1
Study methodology.

In-class Activity: To illustrate the application of the gravity model, consider a study area
consisting of five zones. The data have been determined as follows: the number of productions
and attractions has been computed for each zone as shown in Matrices 1, 2, and 3. Assume Kij
is the same unit value for all zones. Finally, the friction factor values are shown in Matrix 3 for
each travel time increment. Determine the number of zone-to-zone trips through two iterations.

Matrix 1: Productions and Matrix 2: Travel Time Matrix Matrix 3: Friction Factor
Attractions
TAZ | Productions | Attractions TAZ |1 |2 |3 |4 |5 Travel time | Friction
1 234 1080 1 4 12 | 8 15| 21 (min) Factor
2 76 531 2 6 |3 9 23 | 14 3 87
3 602 76 3 20| 7 4 10 | 25 4 45
4 432 47 4 12|18 | 8 4 17 7 29
5 472 82 5 24 119|123 |15|8 10 18
15 10
20 6
25 4

FIGURE 2
Sample in-class activity from the transportation planning course.

In the analysis section, the data from both courses are presented. CE 401 trans po rtation p lanni ng
The courses will be referred to as Transportation Planning and

Transportation Engineering for discussion purposes. Both are This course was a small, technical elective class taught at

junior/senior-level courses, respectively. a public university in the Midwest. As the prerequisite of this
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TABLE 1 Solution to the in-class activity shown in Figure 2.

TAZ 1 2 3 4 5 Total
1 199 2 15 2 16 234

2 35 25 12 3 1 76

3 147 350 78 19 8 602
4 330 90 4 6 2 432

5 369 90 7 5 1 472
Total 1,080 531 76 47 82

course is a junior-level transportation engineering course only
senior-level students usually take this course, and is offered once
a year in the fall semester. From 2018 to 2020, the enrollment
was 6, 7, and 10 students, respectively. The course assessment
included two exams (40%), weekly quizzes (5%), homework
assignments (25%), course project (20%), and class participation
(10%). Class participation comes from the in-class worksheets,
and Excel spreadsheet analysis is a significant part of the in-
class worksheets.

The CE 401 course structure included two 1 h and 20-
min class periods per week and involved some active learning
exercises in the form of calculation-based problems in every
class. During a typical class, students learn a topic through
lectures and then work on a relevant calculation-based example
problem. Usually, the problems are iteration-based, which
means the answer from each iteration will be close to the
solution. As the number of iterations increases, the accuracy of
final the answer increases. Because of the nature of the problems,
it was observed that an Excel spreadsheet could be of great
help in getting the final answer quickly and easily. In-class
activities included hand calculations and then developing an
Excel spreadsheet to get the same answer from hand calculation.
At the end of the lecture, students must submit their in-class
work. The whole in-class activities were graded out of 10%.

The instructor created the in-class activities involving
Excel spreadsheet using real-world data on local transportation
networks obtained from different transportation agencies,
including city governments and metropolitan planning
organizations. The activities were like the standard end-of-
chapter problems regarding the steps and equations required.
As the data used for the activities are on the local transportation
network, students can relate to the problems better, as evidenced
by the student’s comments from the student course evaluations.

TABLE 2 Summary of Students’ comments for CE 401.

10.3389/feduc.2022.879174

TABLE 3 Students’ comments on the Excel spreadsheet.

Fall 2018, Transportation planning

“Continue to incorporate the assignments and activities using Excel, solver,
statistical analysis, and other practical applications. Reserve a computer lab
once a week.”

Fall 2019, Transportation planning

“The lab portion was accommodating on seeing information we learned”
“Maybe labs every other week rather than every week.”

Fall 2020, Transportation planning

“I like the idea of the lab building off of the lecture and vice-versa. I have had
some classes in the past where the lecture and the lab were on separate topics

»

so having it two connected is very nice.” “Please maintain or even increase
the amount of Excel-type lab work. I found this beneficial and have learned a
lot.” “step by step or posting the lab steps on how to do it would be SO
HELPFUL. This would help me learn and recreate what I did on Excel
because I have no idea how to recreate any labs we did.”

Spring 2021, Transportation engineering

“I love that the material was all organized in a clear pattern. It made it easier
to follow along when using multiple tools to aid in learning (Excel,
PowerPoint, Textbook) that otherwise would have been a struggle to keep up
with.”

After the lecture, the solution to the Excel activities was posted
on the course website.

Excel-based problems are also a significant part of
homework assignments. Weekly homework assignments
comprised of 3-5 homework problems. 1-3 problems were
created by the instructor that requires an Excel spreadsheet, and
those are very similar to the in-class problems.

In the exams, 70% of the exam grades are open books, and
the remaining are closed books. The open book part consists
of calculation-based problems like homework problems, but in
a short version so that students can solve them during exam
without an Excel spreadsheet. Students are not allowed to bring
their laptops during exams to solve the problems, but they can
use other course materials, including homework assignments,
handouts, books, and lecture slides.

In transportation planning courses, sometimes example
problems require several iterations to get the final answer. For
instance, sample example problems can be seen in Figure 2. The
solution to the problems can be seen in Table 1. In the solution
matrix (see Table 1), 25 values (5 rows x 5 columns) needed to
be calculated. The same set of equations is used to get each value
of all 25. Using a spreadsheet, the solution can be obtained very
quickly and easily.

The effectiveness of using Excel spreadsheets was divided
into two categories: (1) instructor observations from a

Semester # of classes incorporated Total comments Comments related Comments in favor of
Excel activities to Excel activities Excel activities

Fall 2018 5 5 1 1

Fall 2019 15 2 2 1

Fall 2020 15 4 3 3
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transportation planning course and (2) Before-after analysis of
student data. These two categories are discussed and supported
by the data below.

Instructor observations

The incorporation of Excel activities was seen to serve
two benefits. First, students practiced learning to solve
real-world problems from hands-on experience. Second,
students

expressed enthusiasm for working on Excel

activities, as evidenced by in-class discussion, in-class
engagement, and students’ course evaluations, which will
be discussed later.

Overall, creating Excel-based in-class activities appeared to
motivate students. The instructor plans to continue this active

learning technique in future semesters.

Before-after analysis of student
data

Two primary indicators were investigated to assess the
effectiveness of incorporating Excel activities, including (1)
student comments and (2) overall instructor ratings. In the
following subsections, these two indicators were discussed.

Student comments

Every semester, the university conducts an anonymous
student course evaluation for every course in the final quarter
of the semester. After submitting the final grades, the instructor
receives the results, so the survey respons cannot impact
grades. In the course evaluation, students rate their instructor
by answering 11 questions and writing comments on four
topics. One of the four topics was “Please identify and
explain aspects of the course that you encourage the instructor
to maintain in the future.” For this study, the students
responses were investigated to identify those related to the
Excel activities. Table 2 shows the quantitative summary of
the comments for CE 401. In the fall of 2018, Excel activities
were introduced in five lectures on CE 401 Transportation
Planning. From the students course evaluation, one student
suggested adding more Excel activities in future semesters.
The comment is: “Continue to incorporate the assignments
and activities using Excel, solver, statistical analysis, and other
practical applications. Reserve a computer lab once a week.”
Based on this comment, the instructor incorporated Excel
activities once a week (50% of total meetings) for Fall 2019. In
fall of 2019, two comments were received, and both were related
to Excel activities. One favors of continuing Excel activity,
and the other suggested having these activities every other
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week. In 2020, four comments were received, three of them
were related to Excel activities, and all were in great favor
of continuing Excel activities. The comments can be seen in
Table 3. In 2021, Excel activities were also introduced in the
CE 301 Transportation Engineering course. Only one comment
on Excel activities was received (see Table 2). Overall, students
liked the idea of the Excel activities building off the lecture
and found this extremely helpful in enhancing their learning.
As per the students’ suggestion, the instructor also realizes
that a handout providing step by step explanation of using an
Excel spreadsheet to solve the problem would be helpful for
future reference.

Overall instructor ratings

Overall instructor ratings was investigated to assess the
effect of incorporating Excel activities from 2018 to 2021
(Appendix Al). Tables 4, 5 present two courses enrollment
data and overall student evaluation from 2018 to 2021. In
the fall of 2018, the instructor started to teach CE 401 and
incorporated Excel activities in only five lectures. Students’
course evaluations may also indicate their effectiveness.
Students’ evaluations of CE 401 increased from 3.11/4.0 in
2018 to 3.6/4.0 (ratings on a Likert scale of Poor = 1 to
Excellent = 4) in 2019, which may indicate the effectiveness
of incorporating Excel activities during lectures. Similarly, for
CE 301, student evaluations also increased from 2.89 to 3.9.
It is important to note that no other major changes were
made in instructing the course except the incorporation of
Excel activities.

TABLE 4 Before-after comparison of implementing Excel
spreadsheet, CE 401.

After
implementing
Excel activities

Before
implementing
Excel activities

Fall 2018 Fall 2019 Fall 2020

Number of students* 6 7 10

Average student evaluation 3.11 3.6 3.39

*Number of students represents both the number of participating and the evaluating
students.

TABLE 5 Before-after comparison of implementing Excel
spreadsheet, CE 301.

Before After

Spring 2019 Spring 2020 Spring 2021

Number of students 15 10 19

Average student evaluation 3.11 2.89 39
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Conclusion

In this study, an active learning technique using Excel
spreadsheet analysis was investigated in two transportation
engineering courses to determine whether it fosters students’
learning. A worksheet was developed by listing calculation-
based example problems for every lecture. Students are assigned
to work on those example problems by hand calculation during
class time. Then, students created an Excel spreadsheet to solve
the same problem using different built-in tools, including solver,
cell referencing, data analysis, conditional formatting, charts,
built-in functions, etc. The effectiveness of this technique was
investigated using students’ course evaluations and comments.
Results concluded that the technique was very effective in
fostering students learning.
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# Question Fall 2018 Fall 2019 Fall 2020 Spring 2019 Spring 2020 Spring 2021
2.3 Class content 3.2 3.6 3.25 3.27 2.88 3.7

2.4 The textbook 2 3.6 3 3.18 2.63 3.6

2.5 Film, other aides and lab facilities 2.6 3.6 3.5 3.36 2.86 3.8

2.6 Assignments related to course goals 32 3.8 3.5 3.18 2.75 3.6

2.7 Exams measured my understanding 3.2 3.6 3.38 3.09 2.63 3.6

2.8 Course overall 3.2 3.8 3.43 3.18 3.13 3.8

32 Instructor’s knowledge of subject 3 3.8 3.63 2.73 3.13 3.7

33 Instructor’s ability to present material 34 3.6 3.63 3.45 3 3.7

34 Instructor’s concern for students 3.6 3.6 3.38 3.55 3.13 35

35 Instructor’s enthusiasm for subject 3.4 3.4 3.25 3.27 2.63 39

3.6 Instructor overall 34 32 3.38 3.27 3 35

Average 3.11 3.6 3.39 3.23 2.89 341
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