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Applying Engineering Economic Analysis  

to Contemporary Problems with Global and Societal Implications 

 

 
Abstract  

 
This paper describes the use of contemporary issues to teach students to solve problems in a 

global and societal context in an introductory engineering economic analysis course at the 

University of Pittsburgh. The goals of the project are to increase student understanding and 

awareness of contemporary decision making in engineering and ensure that students are able to 

apply the economic concepts and techniques being taught in the classroom to these decisions.  A 

form of the problem-based learning methodology is applied here. This project is also aimed at 

meeting the requirements of the ABET outcomes h. and j.  The paper describes this effort and 

reviews student self-report surveys regarding whether completing the course project contributed 

to their understanding of and ability to make decisions and solve contemporary problems.  The 

results show the benefits of this approach and the need to continue to refine such efforts in the 

classroom. 

 
Introduction 

 

The ability to complete an economic analysis is a core competency for any engineer employed in 

a decision-making role.  Engineers must be able to apply the body of knowledge that is taught 

under the heading of “engineering economic analysis” in contemporary problem solving 

situations.  As many engineering education researchers have pointed out, if we are to be 

successful in meeting ABET criteria and improving undergraduate engineering education, we 

must begin to teach students to be “problem solvers”. 
5, 6, 7

  Problem-based learning
9
 is a 

methodology in which complex open-ended problems requiring students to apply the course 

knowledge and skills are introduced.  These problems are typically posed before the knowledge 

and skills are actually taught in order to motivate learning.  Typically the problems are worked 

on in teams. The application of problem-based learning in engineering education is not new and 

has been proven to be successful in many programs.
1,2,4,8,10,12

  With the assignment described in 

this paper, we are attempting a form of problem-based learning by assigning a project during the 

first week of class.  This project requires the application of the techniques and methodologies 

taught throughout the semester and is completed in small groups. 

 

In the School of Engineering at the University of Pittsburgh, our three-credit introductory 

economic analysis course (IE 1040) is a service course taught to over 200 engineering students 

per year from all disciplines within the school. The course has traditionally required the 

completion of a project.  In the past, students were permitted to select their own project ideas; 

however this often led to students solving trivial, unrealistic, or non-contemporary problems.  In 

addition, little connection was made between the course learning objectives and the ongoing 

projects.  Beginning in the 2005-2006 academic year, students enrolled in the course are required 

to research and complete an economic analysis of an assigned problem.  Students chose from one 

of two contemporary problems that may be encountered in industrial organizations.  With the P
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limited choice of problems, the instructor is better able to show connections between course 

material and applications to the project. 

 

The goals of the project are to increase student understanding and awareness of contemporary 

decision making in engineering and ensure that students are able to apply the economic concepts 

and techniques being taught in the classroom.  This project is just one part of our efforts to meet 

the requirements of ABET in that it directly addresses two required outcomes.  “Engineering 

programs must demonstrate that their students attain: … (h) the broad education necessary to 

understand the impact of engineering solutions in a global, economic, environmental, and 

societal context … (j) a knowledge of contemporary issues.”
3
  Ideally, we would like to be able 

to require a separate course that directly addresses contemporary problem-solving in a global 

society.  Many of the University’s programs have offerings that might be suitable.  However, 

while the undergraduate faculty is considering this option, with an already cramped curriculum it 

is a difficult decision.  In addition, presenting students with contemporary engineering problems 

that require students to put them in a global, economic, environmental, and/or societal context 

may prove to be a better approach.  In this manner students are able to clearly see the relevance 

of these issues to their own field of interest.  This problem-based learning approach can also be 

used to address the department’s goal of an integrated curriculum.
11

 

 

Method 

 

In both the fall of 2005 and spring of 2006, students were required to choose one of the 

following two contemporary problems:  

 

1) Implementing RFID (Radio Frequency Identification) technology - In this case, 

students were to assume the role of Vice President of Operations or owner of a business 

that supplies products to a retailer such as Wal-Mart.  Their company is being asked to 

comply with standards that force them to include RFID on all of their products.  

 

2) Outsourcing production operations overseas - In this case, students were to assume the 

role of Vice President of Operations or owner of a large U.S. based manufacturing 

company.  The company must decide whether to outsource some or all of their labor 

intensive operations to China.   

 

In both cases students were to do a complete economic analysis of the situation using the 

techniques taught throughout the semester.   Students were asked to address questions such as:  

What are the costs and economic benefits?  What are the costs of not implementing the project?  

Do the benefits outweigh the costs?  Is this an economically profitable project or decision?  In 

addition, students were specifically asked to consider the societal implications of implementing 

the RFID technology or outsourcing operations and determine what role these implications might 

play in the decision.  No particular economic analysis techniques (present worth analysis, rate of 

return analysis, benefit/cost ratios, etc.) were required.  Instead students were encouraged to 

determine on their own what methods and techniques covered during the semester might be 

applied to their case.  Students worked in groups of three or four.  The scenarios described above 

were purposely left open-ended and the project topics were not further defined by the instructor 

so as to allow for some creativity and require the students to do some research to find the data 
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needed for a complete economic analysis.  Throughout the semester, the instructor would point 

out when techniques and methods being taught might be applied to the project. 

 

The students were required to submit a short mid-semester report to ensure that they had begun 

researching and planning their approach to the analysis.  Final project reports were due the last 

week of class.  Students were given a general outline to be used in writing their reports (see 

Figure 1).  The projects were graded using a pre-defined grading rubric based on this outline and 

using a total of 100 points.   

 

Once the projects had been submitted, students were asked to complete a short survey to evaluate 

the effectiveness of the project as a learning tool.  The survey was aimed at determining whether 

students felt that the project increased their understanding and awareness of global, societal, and 

contemporary problems and the application of the course material.  

 

 

 
Figure 1:  Project Report Formatting 

 

 

The survey identified students by course section, discipline, and which project they worked on.  

The following four questions were asked: 

 

1. The IE 1040 Semester Project was useful in teaching me to apply the concepts learned in 

the course to a real world problem 

2. The Project increased my knowledge of contemporary problems and issues in 

engineering 

3. The Project increased my awareness of the societal implications of engineering decision-

making 

The report should include the following: 

 

The Situation and Decision: 

• Description of the situation 

• Specific economic decision(s) involved 

• Societal implications of the decision 

• Description of available data 

• Assumptions you have made 

 

The Solution: 

• Description of the economic analysis techniques that are applicable to the 

problem or situation and calculations associated with those techniques 

• What decision you would make 

 

Note that since you may not have complete information about the situation, you may use 

reasonable estimates of various figures in your analysis.   
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4. The Project increased my awareness of the global implications of engineering decision-

making 

 

A five point Likert scale (1 – Hardly at all; 2 – To a small degree; 3 – To a moderate degree; 4 – 

To a considerable degree; and 5 – To a high degree) was used.   

 

Results 

 

Only the results from the fall semester (2005) are available at the time of this writing.  Two 

sections of the course were offered.  Section 1 consisted of primarily Civil Engineering (CE) 

students with a final enrollment of 74 students.  The survey data for Section 1 consists of 58 CE 

students and 15 from other departments in the School of Engineering.  Section 2 was a dedicated 

Industrial Engineering (IE) student section with a final enrollment of 63 students.  The survey 

data for Section 2 consists of 43 IE students and 9 from other departments.  Section 1 met once a 

week for 2½ hours per session while Section 2 met twice a week for 1 hour and 15 minutes per 

session.   

 

The average grade on the project was 84.5 with a standard deviation of 4.1 in Section 1 and 84.9 

in Section 2 with a standard deviation of 3.7.  There was no statistical difference in the grading 

for the two sections.  In the fall of 2004 (when students selected their own projects and no 

requirements regarding global or societal implications were given) the Section 1 average was 

higher at 88.86 with a standard deviation of 4.43 and a sample size of 43 (p-value = 0 when 

compared to the same section in the fall 2005 semester).  The section 2 average was also higher 

in fall 2004 than in fall 2005 (average of 88.6, standard deviation of 3.74, sample size of 42 and 

p-value = 0).  It appears that the additional requirements to address the global and societal issues 

did affect overall student performance on the projects. 

 

Overall the students did well on the project; however a closer look at the grading does reveal that 

the majority of points were lost for a weak analysis of the non-economic issues such as the 

global and societal impacts of the two decisions situations.  Thus while students did an admirable 

job on the economic analysis techniques (including gathering appropriate data, identifying 

alternatives, developing potential outcomes and differences in cash flows, applying present 

worth analysis, rate of return, or B/C ratios, and making a decision), they did not do a good job 

when it came to considering the non-economic impacts of their decisions.  Such issues as public 

concern over privacy (in the RFID case) and poor public relations for a company as a result of 

job cuts (in the outsourcing case) were mentioned, but little effort was made to estimate the 

actual economic effects of these issues and how they might impact the final decision.  Although 

it is not clear why this is true, the most likely conclusion is that the students simply do not know 

how to determine the economic consequences of qualitative benefits and disbenefits.  

Traditionally, when we teach cost estimation the focus is on those expenses and revenues that 

can be easily put in quantitative terms. 

 

The results of the self-report survey (Table 1) do show that while they may not have done a 

superior job of analyzing and describing the global and societal implications, the students did 

believe that the project increased their knowledge or awareness of them.  Most of the average 

scores from the survey are well above 3 on the 5 point scale.   
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Overall the outsourcing project scored better when it came to applying the course material, 

increasing student knowledge of contemporary problems, and increasing student awareness of 

the societal and global impacts of engineering decision making.  There is a statistical difference 

(p-value = .04) between the two projects (outsourcing verses RFID) on the response to question 4 

(awareness of global implications).  This result is not unexpected since the RFID project could 

easily be analyzed without considering global implications while the outsourcing project, by 

definition, requires this consideration.   

 

There was also a statistical differences in this data between Section 1 and Section 2 for the RFID 

project on the questions of knowledge of contemporary issues (p-value = .002) and the question 

of awareness of societal implications (p-value = .033).  More students in Section 2 felt that the 

project increased their understanding of the issues.  One explanation available for this difference 

is the difference in the way the two sections are taught.  There was less time for the instructor to 

emphasize these issues in Section 1 due to the University calendar.  The difference may also be 

due to the level of importance that is placed on the course by IE students versus CE students.  

Although the course is required for both groups, it is seen as a core course for the IE students. 

         

  Question 

 Sample 

Size 

1:  

Application 

2:  

Contemp. 

3:  

Societal 

4:  

Global 

Section 1 Outsourcing Averages 24 3.50 3.33 3.54 3.42 

Section 1 RFID Averages 49 3.41 3.29 3.35 3.06 

Section 2 Outsourcing Averages 28 3.93 3.68 3.71 3.64 

Section 2 RFID Averages 24 3.92 4.00 3.83 3.33 

Outsourcing Averages 52 3.73 3.52 3.63 3.54 

RFID Averages 73 3.58 3.52 3.51 3.15 

Overall Averages 125 3.64 3.52 3.56 3.31 

Table 1:  Results of self-report survey 

 

Conclusions and Future Work 

 

Problem-based learning is an ideal teaching methodology that can be used to address the ABET 

outcomes discussed earlier and was effective to some degree in this case.  To increase the 

effectiveness of the approach, additional classroom time must be spent on integration of concepts 

so that students are better able to address the global and societal issues in their projects.  If time 

and resources permit, the syllabus should allow for a complete lecture or two on topics such as 

business decision-making in a global society as well as the social impacts of those decisions.  

One approach might be to bring in a guest speaker with expertise in these areas that could help 

students identify the issues and determine how they play a role in engineering decision making.  

In addition, the instructor must continue to search for additional contemporary problems in 

which economic analysis can be applied and for which there are societal and global implications.  

This requires a concerted effort on the part of the instructor during course preparation. 

 

While it is recognized that the project described here was limited to one school and one course, it 

is also believed that the idea presented clearly has applications at other schools and in other 
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courses.  Any introductory course aimed at teaching basic engineering techniques for decision 

making can include comprehensive problem solving that requires students to apply the 

engineering tools as well as consider other global and societal impacts of their decisions. One 

such example is an introductory probability and statistics course.  While a straightforward 

statistical analysis might show that that the use of alternative fuels statistically increases gas 

mileage, a decision to develop these fuels cannot be made without considering cost (economic 

impacts) or environmental impacts. 

  

We will continue to refine the engineering economic analysis course project requirements while 

also considering how to introduce similar content in other courses.  In the end, as with any 

successful undergraduate engineering program, we would ideally like to produce graduates that 

are able to step into industry not only with an ability to use modern engineering tools but with 

excellent problem solving skills.   
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