120th ASEE Annual Conference & Exposition

FRANKLY, WE DO GIVE A D*MN

ATLANTA

Paper ID #5854

Development of a Mobile App for Engineering Economics
Prof. Weihang Zhu, Lamar University

Weihang Zhu is an Associate Professor of Industrial Engineering at Lamar University. His research in-
terests include Engineering education, Mobile app development and Computational optimization. His
website is at http://martime.lamar.edu/personal/zhu

Dr. Alberto Marquez, Lamar University

Alberto Marquez is assistant professor in the Industrial Engineering Department at Lamar University.
His previous academic appointment was Department Chair of Industrial Engineering at Tecnologico de
Monterrey in Mexico City.

His research interests include modeling for decision making and optimization, with applications to sup-
ply chain, heuristic algorithm development, effective modeling and training for decision making. His
publications encompass the developing of decision support systems for supply chain design; manufac-
turing, transportation and warehousing optimization, manufacturing capacity modeling and forecasting,
simulation, scheduling, inventory policy, and process design and optimization.

He got his Ph.D in Industrial Engineering at Arizona State University in 1999 with a Fulbright-Conacyt
scholarship.

Prof. Julia Yoo, Lamar University

Julia Hyunjeong Yoo is an Assistant Professor in the Department of Professional Pedagogy at Lamar
University. Dr. Yoo received her doctorate in Educational Psychology at the University of Texas at
Austin. She also earned her M.A. degree in Program Evaluation at the same institution. She is a former
elementary school teacher. Her research interests lie in the areas of teaching effectiveness and learners’
study strategies.

(©American Society for Engineering Education, 2013

T'6TY '€ abed



Development of a Mobile App for Engineering Economics™

Abstract: This paper presents the development and the preliminary assessment results of a
mobile app for the Engineering Economics course. The mobile app consists of 5 tabs: E-book,
calculator, reference tables, conceptual questions and practice problems. The E-book is a
summary of the key concepts of Engineering Economics. The calculator provides functions to
solve basic engineering economics problems with formulas. The tables allow the users to
compute discrete compound interest factors. The conceptual questions give the users an
opportunity to review and quiz key concepts. The practice problems generate problems with
random parameters allowing learners to practice as much as they want. The same mobile app has
been developed for both Apple i0S and Google Android platforms. We will release our
developed apps to the public after full assessment in the College of Engineering at Lamar
University. It will give students more opportunity to learn and practice Engineering Economics
whenever they have spare time. The preliminary assessment results in Fall 2012 semester are
presented in this paper. Surveys and interviews are conducted with randomly selected students to
get a better understanding of the impact of the mobile app. The authors are now in the process of
transforming the app into game-style. Further development and improvement with formative
assessment is planned in the next three years.

* Acknowledgment: This project is partially supported by a grant from the National Science
Foundation DUE-1140457 to Lamar University.

1. Introduction

Engineering Economics is a core class in engineering and is often required in engineering
curriculums. The material taught through this class is also covered on the Fundamentals of
Engineering (FE) exam, which is the first step to be a Professional Engineer (PE). This course
teaches skills required to analyze profits, costs, and the time value of money through many
different methods and devices. The challenge for educators is that engineering economic analysis
is primarily concerned with problem solving methods that seem to be non-intuitive for many
students. There have been proposal for alternative teaching methods including Internet
integration with other courses®, and a mechanics analysis of the cash flows®. Another challenge is
that students have a misconception that Engineering Economics is not related to the field of
engineering. However, the survey results have shown that our graduates believe that it is one of
the most useful courses in the engineering practice. Therefore, it is critical to design innovative
instructional approaches for this course to improve student retention in engineering.

Based on our needs assessment, the students need: 1) more explanation of abstract concepts

Z2'6T'ce abed



with better illustrations and practical scenarios; 2) more channels for interaction with the
instructor and classmates; 3) ubiquitous access to learning materials at their own pace.
Smartphone apps can potentially help busy students by providing ubiquitous access to
multimedia learning materials along with more channels for interaction.

A smartphone is a mobile phone that offers more advanced computing ability and
connectivity than a contemporary basic feature phone. Smartphones run complete operating
system software, providing a platform for application developers. Apple iOS and Google
Android are two examples of popular smartphone platforms. Today, smartphones offer
multi-touch screen interfaces featuring many small apps with different functions. Some of these
small apps are educational applications via online market places such as the Android Play store
and the Apple app store. A search in the Apple app store returns one simple Engineering
Economics app with only six problems. A search in the Android Play store yields only one
simple outdated app, last updated in March 2009. Both were developed for assisting students as a
simple reference for Engineering Economics equations and calculations only.

The rest of the paper is organized as follows. Section 2 introduces research background
information. Section 3 explains the current progress of our mobile app for Engineering
Economics. Section 4 discusses the preliminary assessment of the current app. Section 5
concludes the paper and suggests future work.

2. Research Background

Research indicates that students have a difficulty in developing the deep-level understanding
required to achieve insight into the principles and rules underlying specific facts or results®.
Engineering Economics concepts are not intuitively clear for engineering students since they are
required to understand the concept of giving different values to the same amount of money if
considered at different times. To address the difficulties, instructors have been pursuing different
teaching aids such as project-based learning® and simulation and multimedia to help convey
these concepts”.

Multimedia is defined as ‘presenting both words (such as spoken or printed text) and pictures
(such as illustrations, photos, animation, or video).” The theory of multimedia learning suggests
that ‘people can learn more deeply from words and pictures than from words alone’®, Mayer’s
cognitive theory of multimedia learning, Sweller’s cognitive load theory and Schnotz’s
integrative model of text and picture comprehension focus on the process by which people build
mental representations from words and pictures. Our design of the smartphone apps will follow
the instructional design principles derived from the cognitive load theories.

€61y s abed



Technology used for teaching Engineering Economics: Since personal computers became
available in homes and schools, development in educational technology has progressed at an
accelerated pace’. The types of technology that are now being used in Engineering Economics
instruction fall into one or more of the following categories: 1) Specialized financial calculators®;
2) Spreadsheets (MS Excel); 3) Instructional software, including simulators and modeling
software”; and 4) Internet applications for class management™. Engineering Economics learning
resources found on the Internet can be classified as: 1) Web pages, 2) Video lectures, 3)
Multimedia PowerPoint presentations, d) Electronic books™.

Smartphone Apps: A small application that runs on a smartphone is called an app. For
different operating systems (platforms), the app development tools are different. For example,
Apple apps are typically developed within the X-code environment in Objective-C programming
language and can be deployed to iPhone, iPod Touch or iPad. Another example, Android apps,
are typically developed in Java language and deployed to Android devices. Other smartphone
systems include Symbian and Windows Mobile. Typically, one app compiled and built for one
platform cannot be used on a different platform. Several cross-platform development tools, such
as PhoneGap?, exist for some types of mobile apps.

No suitable apps can be found in the Android Play or Apple app stores to assist Engineering
Economics learning in a comprehensive way. Consequently, little has been done to help us
understand how the smartphone apps can be best used to assist the learning process and how this
understanding can help developers to design better apps to assist learning. This is the key
research problem that this project will address.

3. Development of the Mobile App

The authors developed the first version of the Engineering Economics mobile app to
reinforce and improve the understanding of fundamental principles of Engineering Economics
through the use of the smart phone apps outside the classroom individually or collaboratively.
The example topics include time value of money, cash flow modeling, applications of interest
rates, decision making, effects of taxes and depreciation.

The current app consists of 5 tabs/sections:
e E-Book: This is an E-Book consisting of several sections of key notes relevant to
materials covered in this course (Figure 1).
e Calculator: This consists of 10 calculators specific to different types of common
problems (Figure 2).
e Tables: This can generate interactive reference tables. Once the user enters the
necessary parameters, a reference table of compounding interest factors is generated.
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One may use the electronic table instead of looking up a reference book (Figure 3).

e Concepts: This is a list of key concepts. One may touch a concept and be prompted
with a question to check one’s understanding of this concept (Figure 4).

e Practice: This is a list of the practice problems that are used to reinforce the key
concepts. Users are asked to solve different sets of problems, from the simple
questions on time values of money (Figure 5), to Sensitivity Analysis (Figure 6), to
Monte Carlo Simulation (Figure 7) and to Supply Demand Equilibrium (Figure 8).

Carrier & 6:13 PM [

=) R
DO

Engineering Economics*

Welcome!
Introduction
Time value of money
Present value
Annual value
Future value
Gradients
Geometric Series

Effective interest rates

Rate of Return

Other Performance Measures
Micro Economics

Formulas

Video lectures

Glossary

" 8 & & 8 8 8 8 8 " " 8 8

Figure 1. The first tab: Engineering Economics E-Book
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Figure 3. The third tab: Engineering Economics Reference Tables
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Figure 4. The fourth tab: Engineering Economics conceptual questions
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You want to withdraw a single sum of
£7.872.66 from an account at the end of 11
years. This withdrawal will deplete the
account., What single sum of money must you
deposit today if the account earns 5.7%
compound interest?

New | | Solution | |Answer 4,278.55

P=7.872.66(F[P, 5.7%, 11)

Practice

Figure 5. The fifth tab: Engineering Economics practice problems
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The mitial investment is $355.84. The annuity
is $73.5. The number of year is 2. The interest
rate is 6.19%. The salvage value is $170.01.
Calculate the present worth. If the initial
investment is changed by 17%, what is the
change in the present worth?

New | | Solution | |Answer -60.49

Present Worth = -355.84 + 73.5 *
(P|A,6.19%,2) + 170.01 * (P|F, 6.19%, 2). You
will need to change one parameter in this
formula to calculate the new present worth.
The difference between the two results is the
answer. Press the curve Button to view the
Sensitivity Analysis curve plot. You may zoom
or move the curves.

Figure 6. One practice problem: Sensitivity Analysis
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Min | Max
Initial Investment||250.87||628.85
Annuity 32.56 ||64.36
life 9 7
MARR 4.15  ||8.21
Salvage value [|51.42 ||195.36

New | | Solution | |Answer 69.67%

Present Worth = -[Initial Investment] +
[annuity] * (P|A,[MARR]%,[life]) + [salvage]
* (P|F, [MARR]Y, [life]). Press the curve
Button to view the Sensitivity Analysis curve
plot. The following is a sample table of
random problem results used to plot the
histogram.

Carrier T 6:16 PM -

. Practice

A supplier has marginal cost of $38.66 at 22.86
units, and $302.55 at 2.1 units. The
consumers have a marginal utility of
$460.35/unit at 39.84 units and $20.14/unit at
86.27 umts. Find the equilibrium quantity.

New | | Solution | |Answer 64.67

Please refer to the plot for solution hints.
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Figure 8. One practice problem: Supplier Demand Equilibrium

Practice

The app has been developed for two platforms: Apple iOS and Google Android. The above
figures are screenshots for the iOS platform. The interface on the Android platform is similar.

8'6T Sz abed



4. Preliminary Assessment Results with Students

To see the effectiveness of our developed mobile application and its implementation in
teaching and learning, we have conducted pre and post assessment with the student participants.
In pre-assessment, students were asked to share their preference and current use of technology
through an online survey. In post-assessment, students’ perceived effectiveness of the app and
their learning experience with the app were assessed through interviews and an online survey.
The pre-assessment was conducted at the beginning of the semester, and the post-assessment was
conducted toward the end of the semester.

Student participants. A total of 44 students (53.5% White/Caucasian, 18.6% African
American, 20.9% Hispanic, 9.3% Asian/Pacific Islander, 2.3% Native American, and 2.3% other
racial backgrounds) who were taking an Engineering Economics course in Fall 2012 participated
in this study. A majority of the respondents were male (79.5%), and their mean age was 18 (SD =
3.04; range = 18-29). Their classifications were as follows: 2.3% freshmen, 31.8% sophomores,
38.6% juniors, and 27.3% seniors.

Our pre-assessment results have shown that the majority of students generally enjoyed using
technology (86.3% agreed or strongly agreed), and they believed that the use of technology could
enhance their learning (84.1% agreed or strongly agreed). However, it is noteworthy that some
students (23.3%) have reported that they preferred traditional lectures with no or minimum
technology. Another finding is that although many students (81.4%) reported themselves as
smartphone owners, students who used their smartphones as learning tools were very rare. The
most frequently used functions were texting, making phone calls, and using Internet.

Our post-assessment results have shown that more than half of the students (56.4%) believed
that generally the Engineering Economics course was more difficult than other college courses.
Regarding the usefulness of our developed mobile app, many students identified areas of the
helpfulness of the app in the following order: repeated practice of problems, improving problem
solving skills, knowledge comprehension, grasping concept definitions, and knowledge
application.

The developed app has been assessed by a small number of students as a pilot study. The
distribution was limited to these students through Ad-hoc distribution, that is, it was not available
in Apple App store or Google Play yet. Through a number of survey and interviews, besides
many bug-fixes, the following general results are summarized:

1) Itis necessary to link concept questions and practice problems with specific sections in

the E-book.

2) ltis preferred to link concept questions and practice problems with corresponding videos,
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since this course is sometimes taught online anyway.
3) A gaming or competition style of game app is more attractive to students. This will
engage students to the app more closely and frequently.

The pilot study also revealed some hindrance in using the app. For example, some students
said that they were technologically challenged, meaning that they were inherently afraid of
technology and preferred traditional paper-and-pen style learning. Some students reported that
they were only interested in knowing whether the app was useful for the exam, rather than
whether they could learn knowledge. For example, if the practice problem was not similar to the
exam problem, they reported reduced enthusiasm in using it.

5. Conclusion and Future Work

Overall, students have shown a strong interest in using mobile apps that can assist their
learning, and we believe that our findings behoove educators and researchers to develop and
utilize smartphone applications because of its great potential to be used as a learning tool. Our
study results have shown that students seemed to rely heavily on traditional lectures for their
learning. Although students reported that they preferred to learn with technology, they also said
that they preferred lectures with no or minimum technology. We believe that further investigation
is needed to find out the reasons for the discrepancy.

Regarding the development of a mobile app for an Engineering Economics course, our
designed app has implemented many modules to help students reinforce the key concepts and
improve their problem-solving skills. The pilot study results provide many valuable inputs that
allow continuous improvement of the app. The authors are currently working on a new app with
a more engaging game interface. The purpose of the new app is to attract students to maintain
their interest and to increase their time of using the app to improve their academic performance.
After the new app is fully tested and assessed, it will be made available freely through Apple App
store and Google Play.
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