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With so many publications already in the literature on 

lean manufacturing, why do I need to read yet another one? 

Everyone whoôs ever heard of lean already knows that the 

five-step principles are 1) identify value as seen by the cus-

tomer; 2) map the value stream and eliminate steps that do 

not create value; 3) create a tight sequence of product flow; 

4) establish pull from the next activity; and 5) continue the 

process until perfection is reached. So whatôs new here? Iôm 

glad you asked. In order to introduce the study in this issue, 

letôs look briefly at process simulation and modeling. For 

most people, these terms conjure up thoughts of computer 

simulations. But computer simulations are in vogue these 

days because, well, they work, and you donôt have to look 

very hard to find software packages that allow you to simu-

late common industry problems related to defects, product 

resource waste, and quality control. But simulation doesnôt 

always have to be on a computer; there are also paper-based 

activities and games that the students can play.  

 

The basic concept of six sigma is to model an accurate 

system for measuring process defects so that they can be 

eliminated in the real world. Similar to basic engineering 

principles, you come up with an idea for a better mousetrap, 

you run your idea through simulation software, then build a 

prototype of the model and see how well it actually catches 

mice. A defect, continuing the analogy, might be that after 

having caught three mice, some part of the trap breaks. Af-

ter some head-scratching and more simulations, you build 

and test your beta version, only to find that the trap material 

deforms after now six mice, thus allowing the little varmints 

to escape. And product resource waste? Perhaps youôre 

building a trap thatôs large enough to catch small bears, 

when in fact you only need one sized for a mouse. Quality 

control: After coming up with, say, a psi version that seems 

to work as conceived, you start manufacturing them for 

sale, only to find that customers are starting to return them. 

What happened? Well, did you check with the suppliers of 

your materials to make certain that their materials wouldnôt 

degrade before the end of your intended lifespan for the 

product? 

 

But letôs get back to the learning aspects of lean. How do 

people learn best, or perhaps most efficiently? Traditional 

lecture; blended learning; flipped classroom models; role-

play exercises? I donôt have enough room here to talk about 

all of the different ways that people learn. And, we already 

know that no one method works best for everyone. We also 

know that each method can be tuned, tweaked, or modified 

to yield the best results from a specific audience. So letôs 

turn to the model proposed by Dr. Brodke to see why this 

combination of format and substance may well be the best 

all-around process simulation model for learning lean prin-

ciples and, ultimately, being successful in implementing 

those principles. 

 

Looking in from the outside, and judging by published 

studies, one would believe that lean is alive and well, and 

that companies are at the top of their respective games. In 

fact, failure rates for lean implementations are reported as 

being as high as 50%, in some cases even higher; obviously 

unacceptable, when one considers the cost of training staff, 

changes in processes and tools, and even just updates to 

software. And, in spite of imparting effective leadership 

skills to managers, studies also report that those skills donôt 

always trickle down to the lower-level managers, the people 

who actually oversee what happens at the worker level. 

 

My area of expertise does not include lean manufacturing. 

However, I did participate in several of these process simu-

lation events presented by the author, and came away with a 

profound appreciation for her approach to the simulations. 

They were small enough (8-15 participants) to allow us to 

work and interact with each other; but, more importantly, to 

see how logistics, along with our own actions and those of 

the others, affected the on-going process in real time. At 

each of these events, the model changedðone time we sim-

ulated a hospital scenarioðbut the process was the focus. In 

fact, the models can easily be understood by people from 

virtually any field. That is, you learn the ñprocess,ò what 

can go wrong and how to fix it, not how to run a hospital.  

 

Finally, in the authorôs model, participants at all organiza-

tional levels are allowed to be frustrated, learn, try, fail, and 

try again in an environment that is fun, low-risk, and related 

to, but not the actual, work environment. As with the hospi-

tal scenario, the participants donôt learn how to run a hospi-

tal; they learn what to do if a defect is encountered, if there 

are wasted resources, and how to look for and evaluate qual-

ity control. Participants gain first-hand experience of trust-

ing each other to recognize problems, develop solutions, 

and implement changes in order to maintain the continuous 

improvement mindset required by lean.  
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guarding the environment. In the absence of specialized 

training in issues related to health, safety, and environmen-

tal impacts of nanotechnology, the tendency will be either to 

focus only on optimizing performance and costs, while in-

corporating nanomaterials without regard to health and safe-

ty concerns, or to be overly cautious and avoid using nano-

technology. Since nanomaterials are a new class of materi-

als, there exists a degree of uncertainty about long-term 

effects on health and the environment [1], which adds com-

plexity to decisions about the use of nanomaterials. Howev-

er, as noted by Marchant et al., ñsimply waiting for these 

uncertainties to be resolved before undertaking risk manage-

ment efforts would not be prudentò [2]. For these reasons, 

the quest to unlock the maximum potential of emerging, and 

potentially game-changing, nanotechnologies brings with it 

the need to anticipate and reduce negative consequences. To 

prepare the next generation of engineers and technologists 

to address these challenges requires education in identify-

ing, evaluating, and responding to health and safety risks, 

ethical implications and issues, and environmental and so-

cial impacts.  

 

There is a pressing need to investigate safety issues 

around the use of nanomaterials [3, 4]. The British Royal 

Academy of Engineering states that the possibility of nega-

tive environmental, health, and safety impacts from nano-

technology represents the most urgent concern about nano-

materials [5], and the United Nations urges greater attention 

to risks of nanotechnology [6]. A 2006 report from 

UNESCO states, ñThe most pressing near-term issues relat-

ed to nanotechnology are toxicity and exposure to humans 

and the environmentò [7]. To date, most nanoenvironmental 

health and safety (nano-EHS) research has consisted of 

acute toxicity tests in cell cultures, and much of it has fo-

cused on inhalation as a potential route of exposure [8, 9]. 

However, other exposure routes such as ingestion, absorp-

tion, and injection also exist.  

 

For instance, certain engineered nanomaterials (ENMs) 

have been shown in animal studies to translocate along the 

olfactory nerve into the brain [10,11], to cross the placenta, 

and to penetrate damaged or diseased skin. Once inside the 

body, certain ENMs have induced inflammatory responses, 

cardiovascular effects, pulmonary fibrosis, and genotoxicity 

[12-17]. Moreover, some carbon nanotubesðone of the 

most widely researched classes of ENMs from both a tech-

Abstract 
 

In this paper, the authors report on their work developing 

and implementing a set of modular courses initially devel-

oped to help foster ethical awareness in the next generation 

of engineers. New knowledge, new techniques, materials, 

systems, and devices have brought new industries, new so-

cial forms, and new ethical challenges. One important as-

pect of technological societies is the intentional pursuit of 

change and of new technologies. This requires that responsi-

ble engineers have heightened awareness of the health and 

safety risks, ethical and social considerations, and environ-

mental and humanitarian implications of their work. 

Through an NSF-funded project, an introductory and ad-

vanced curriculum was developed and tested for online and 

face-to-face course modules taught as full courses or in-

fused into existing courses. Drawing on the guidance of an 

advisory council, project personnel researched, developed, 

and tested courses and modules. The advisory council in-

cluded experts from industry and academia. One important 

aim of the project was the identification, recruitment, en-

gagement, preparation, and encouragement of students from 

traditionally underrepresented groups into careers in science 

and engineering, with a focus on nanotechnology. In this 

paper the researchers briefly survey the origin of the project, 

present some pedagogical considerations and how the re-

searchers developed the course modules, and review the 

deployment of these modules and the feedback from the 

first two years. 

 

Introduction 
 

In the last decade, nanotechnology has made numerous 

inroads into mainstream society through products such as 

coatings on cell phones, antimicrobial socks, static-free 

pants, self-cleaning toilets, automobile paints, solar paint, 

lighter and stronger baseball bats, lighter and damage-

tolerant wind turbine blades, and fuel cells. More efficient 

methods of producing nanomaterials have been developed 

and production volume has increased. These efforts are 

bringing down the cost of nanomaterials. As the cost of na-

nomaterials decreases, more products using nanomaterials 

are being developed. However, tomorrowôs engineers and 

technologists will also need to responsibly establish guid-

ance for the safe handling of nanomaterials and for safe-



ððððððððððððððððððððððððððððððððððððððððððððððïðððð 

ððððððððððððððððððððððððððððððððððððððððððððððïðððð 

6                                    TECHNOLOGY INTERFACE INTERNATIONAL JOURNAL | VOLUME 17, NUMBER 1, FALL/WINTER 2016 

nological and toxicological perspectiveðhave even been 

shown to induce asbestos-like effects in rodents [18, 19].  

 

While the effects of one type of ENM in one laboratory 

study should not be generalized to other ENMs, the hazard 

literature as a whole supports caution. NIOSH (2009) 

stressed that, ñnanomaterials present new challenges to un-

derstanding, predicting, and managing potential health risks 

to workers as with any material being developed, scientific 

data on health effects in exposed workers are largely una-

vailableò [20]. According to the Nanotechnology Law Re-

port of Summer 2009 [21], the EPA provided two proposed 

Significant New Use Rules (SNUR) under Section 5(a) of 

the Toxic Substance Control Act (TSCA) for multi-walled 

and single-walled carbon nanotubes [22]. These revisions to 

the law have significant implications that will lead to new 

safety standards to ensure the safety of workers, minimize 

future litigation, and address public skepticism about nano-

technology. In a 2005 report, Nanoforum urges us to identi-

fy and understand the risks, to specify what knowledge 

should be shared, who should have access, and to protect 

the public [23]. 

 

Safety issues in nanotechnology, including toxicity and 

risk, are sometimes narrowly understood as simple technical 

issues. However, from the beginning of the National Nano-

technology Initiative in the U.S. [24], research has focused 

on the multiplicity of factors that influence safety. Research 

indicates that safety concerns are inseparable from policy, 

ethics, economic, environmental, and regulatory concerns 

[25-29]. Thus, addressing safety concerns requires that these 

concerns be placed in a broader context. Beyond research 

on nano-EHS, educational efforts are needed to prepare nan-

otechnology researchers and workers, and to inform citizens 

in a world where nanomaterials play an important role [30-

33].  

 

Professors at two public four-year Carnegie Masters-L 

public universities in the southwest, one of which has a new 

Materials Science and Engineering doctoral program, took a 

proactive approach and created a proposal to the Nanotech-

nology Undergraduate Education Division of The National 

Science Foundation (NSF). The goal of the project was to 

prepare students to make informed and knowledge-based 

decisions about when and how to use nanomaterials, which 

materials to use, how to ensure a safe workplace, and how 

to identify and evaluate environmental impacts. Special 

attention was given to creating learning situations and mate-

rials conducive to nurturing members of underrepresented 

groups in the study of technology and engineering [34, 35], 

and to encourage consideration of real-world experiences 

[36]. The initial funding period was two years, (summer of 

2012-2014), with an extension approved through 2015. 

Goals and Objectives of the Project 
 

The primary goal of the project was to educate engineer-

ing and technology undergraduate students in nanotechnolo-

gy safety, including societal, ethical, environment health, 

and safety issues [25-27, 37, 38]. Teaching these topics sup-

ports the importance assigned by the CDC National Institute 

for Occupational Safety and Health to understanding, pre-

dicting consequences, and managing current and new nano-

materials. Additionally, the modules developed serve ABET 

student learning outcomes, including as ethics, environmen-

tal issues, knowledge of contemporary issues, and lifelong 

learning. The two institutions developed objectives that 

were feasible and did not overcommit the facultiesô ability 

to conduct the project effectively. The objectives were 

ǒ Develop two modular undergraduate-level courses 

dealing with nanotechnology environment, health, 

ethics, and safety awareness, which would be offered 

in their entirety online to Institution One students, 

and as modules inserted separately into other courses 

to Institution Two students. These courses will better 

prepare undergraduate students to advance to gradu-

ate nanotechnology programs and to work with nano-

materials in their future careers. 

ǒ Build on pedagogical research by employing a varie-

ty of teaching methods to engage students, particular-

ly women and Hispanic students, including hands-on 

training, socially relevant case studies, plant tours, 

videos, and guest lectures. 

ǒ Elucidate emerging needs in nanotechnology envi-

ronmental health and safety, and incorporate them 

into basic education that can be immediately em-

ployed in industry. 

ǒ Promote interdisciplinary interactions among engi-

neering, engineering technology, science, and indus-

trial management/technology majors. 

ǒ Develop interdisciplinary and multi-institutional re-

search teams. 

ǒ Assess the effectiveness of the newly developed cur-

riculum using a rigorous formative and summative 

assessment plan. 

ǒ Establish a Nanotechnology Advisory Council that 

will assist in providing current information related to 

research and tools in nanotechnology environment 

health and safety, and ensuring that the educational 

efforts serve the needs of industry. 

 

Student Demographics 
 

The project targeted the minority population of Hispanic 

and African American undergraduate students at two four-

year universities in the Southwest. Women were also target-
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ed to participate in the project at both institutions. Students 

participating in the project majored in industrial technology, 

manufacturing, engineering technology, electrical, mechani-

cal, civil and environmental engineering, construction man-

agement, and concrete industry management. During the 

2012-2014 academic school years, the project impacted 

over 1200 students.  

 

Construction of Modules 
 

Modules were developed by the grant team and carefully 

reviewed by the Nanotechnology Advisory Council (NAC). 

The NAC consisted of upper-level managers and research-

ers from industries that produce nanomaterials for aerospace 

and material engineering. The advisory board was employed 

to ensure quality of the content in the modules and to bring 

an industry perspective to assist in validating the modules 

and helping ensure that the content reflects current condi-

tions of the use of nanomaterials. In addition, a survey was 

sent out to each NAC committee member to evaluate the 

quality of the content for continuous improvement. Table 1 

shows a survey of the topic-specific modules developed for 

each course. Once the modules were constructed, they were 

implemented in existing courses at both institutions. Table 2 

shows a summary implementation of introductory and ad-

vanced modules in existing engineering and technology 

courses at both institutions. 

Pedagogical Considerations 
 

Project personnel had the opportunity to design new 

teaching tools to reach a rapidly changing student popula-

tionðone that is shaped by generation-specific experiences 

and expectations [39-42], and one that is increasingly di-

verse. Course modules were developed in light of research 

on these changes. Research shows that young workers are 

likely to feel pressure to act in ways that are unsafe or un-

ethical [43]. Further research reveals that members of the 

current cohort of students, known as the millennial genera-

tion [39], have fewer resources (intellectual, psychological, 

social, and moral) to resist pressure to cut corners or to oth-

erwise transgress safety and ethical norms than have mem-

bers of previous generations [44]. For these reasons, some 

experts conclude, ñIn view of the [generational] differences, 

millennials face special challenges in the workplaceò [45]. 

By 2025, millennials will make up the majority of the U.S. 

workforce [46].  

 

Research gives some guidance in designing ethics and 

safety education for the current generation of students. Be-

cause of experience with information technologies, millen-

nials typically have a significant skillsets with IT that they 

bring to the classroom and workplace. Millennials tend to 

have short attention spans, lack of experience in prioritizing, 

and are unpracticed in systematic or reflective thinking [47]. 

UT Tyler Courses 

that were taught 

Texas State Courses 

that were taught 
Introductory Modules Advanced Modules 

TECH 3304: Introduction to 

Nanotechnology Safety* 
PHIL 1320: Society and Ethics 

2A. Ethics of Science and Tech-

nology 

2B. Applications of 

Nanotechnology 

TECH 4314: Principles 

of Risk Management of Na-

noscaled Materials* 

TECH 4380: Industrial Safety 3A. Societal Impacts 
3B. Assessing Nanotechnology: 

Health and Risk 

 
ENGR 2300: Materials 

Engineering 

4A. Ethical Methods and 

Processes 

4B. Sustainability Nanotechnology 

Development 

 
ENGR 2300: Materials 

Engineering 

5A. Nanomaterials and 

Manufacturing 
5B.Environmental Health and Risk 

 
MFGE/EE/TECH 4392: Micro-

electronics Manufacturing-I 

8A. Military and National Secu-

rity Implications 
 

 IE 4380: Industrial Safety 
9A. Nanotechnology Issues in 

the Distant Future 
 

 
MFGE 4367: Polymer 

Properties and Processes 
 

3B. Assessing Nanotechnology: 

Health and Risk 

 
MFGE 4399: Polymer 

Nanocomposites 
 

7B. Nanotechnology Risk 

Management 

Table 1. List of Introductory and Advanced Modules 

Note: *All introduction and advanced modules were used for TECH 3303 AND TECH 4314 
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These studies indicate that millennials are likely to resist, or 

even ignore, authoritarian or strongly hierarchical approach-

es to education. At the same time, millennials are found to 

respond well to clear structures and explicit support, includ-

ing greater access to and interactions with instructors, to 

value experiential learning, and are motivated by a sense of 

purpose and meaning [48]. Howe and Strauss [48] describe 

the millennial studentsô personality traits as special, shel-

tered, confidant, team-oriented, conventional, pressured, 

and achieving.  

 
Table 2. Infusion of Introduction and Advanced Modules in 

Existing Engineering and Technology 

A significant goal of this project was to encourage and 

mentor students from traditionally underrepresented groups 

to pursue careers in engineering. For this reason, the re-

searchers integrated teaching techniques and strategies that 

research suggests are particularly helpful to such students. 

These include group projects, including group researched 

and written case-studies; guest speakers to discuss industry, 

government, and experiences from outside the academy; as 

well as other interactive learning approaches such as panel 

discussions, plant tours, and laboratory visits. Recent re-

search indicates that the researchers could meet the antici-

pated shortfall in engineers in the U.S. if students who start 

as engineering students completed their degrees in engineer-

ing. A significant number of students, who begin university 

in engineering and STEM fields, complete degrees in non-

scientific fields [49]. Among those who switch away from 

STEM are many women and underrepresented minorities. 

According to the studies, there are two primary causes for 

the move away from studying STEM. First, there can be a 

tension between the emphasis on individual success and on 

winning found in traditional STEM education and the val-

ues of many new students from underrepresented groups, 

which include a priority for group success and non-

competitive advancement. [49, 50].  

 

Second, traditional forms of education, quite common in 

contemporary STEM disciplines, that emphasize abstract 

principles, and in which teaching is often focused on the 

authority of the individual instructor, are not the most con-

ducive for learning when a student best approaches prob-

lems through practical examples and concrete situations 

[51]. This learning style is best supported by using integrat-

ed lessons and by integrating simulations or projects that 

show the relationship of concepts to the real world. Further-

more, Camacho and Lord [50] demonstrated that Hispanic-

Serving Institutions (HSIs) are very effective in nurturing 

and advancing Latino engineers to degree completion.  

 

Assessment of Student Learning Outcomes 
 

Assessment surveys were developed for the each module 

and a post-survey at the end of each course. The develop-

ment of the module survey consisted of three- and four-

point Likert scales, four questions for the Module Overall 

section, and three questions for the Module Materials sec-

tion. There was a demographic section to fill out for the 

module and course surveys along with an open response 

question to gather strengths and weakness for each module 

and for the course. The open responses provided valuable 

descriptive information for continuous improvement for the 

modules. The purpose of the surveys was to obtain the stu-

dentsô perceptions of learning experiences for each module 

and for the entire course. 

 

Collection of Data 
 

Institutional Review Board approval at both institutions 

was obtained. In the fifteenth week of each semester course, 

the end-of-course surveys were disbursed to students to col-

lect the summative data. Then, SPSS was used to generate 

and parse the quantitative data into frequencies for gender, 

age, ethnicity, major, classification, and student perception 

for each question for the module-specific and end-of-course 

surveys. An external evaluator conducted face-to-face focus 

groups with students to collect in-depth perceptions 

(qualitative data) of the studentsô learning experiences in a 

nanotechnology safety course.  

Introductory Modules Advanced Modules 

1A-What is Nanotechnology 

and Nanoethics? 

1B-Overview of Occupational 

Health & Safety 

2A-Ethics of Science and 

Technology 

2B-Applications of 

Nanotechnology 

3A-Societal Impacts 
3B-Assessing Nanotechnology 

Health Risks 

4A-Ethical Methods and 

Processes 

4B-Sustainable 

Nanotechnology Development 

5A-Nanomaterials and 

Manufacturing 

5B-Environmental Risks 

Assessment 

6A-Environmental 

Sustainability 

6B-Ethical and Legal Aspects 

of Nanotechnology 

7A-Nanotechnologyin Health 

and Medicine 

7B-Developing a Risk 

Management Program 

8A-Military and National 

Security Implications 

8B-Presentations of papers or 

case studies 

9A-NanotechnologyIssues in the 

Distant Future 

9B-Hands-on training in safe 

handling practices of 

engineered nanoparticles 

(engineering, use of PPE). 
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Once the data were collected and a report developed, the 

project team met and read all of the data in the report, and 

considered feedback from the NAC, to make the necessary 

changes each semester to enhance the quality of the mod-

ules. The information from the reports was used to generate 

the official report to the project director at the Nation Sci-

ence Foundation-Nanotechnology Undergraduate Division 

for each year of the study. 

 

Demographic Data and Results of Student 

Perceptions 
 

Demographic and student perceptions, based on the end-

of-the-semester survey, are presented in this section. The 

data illustrated covered summer 2012, fall 2013, and spring 

2014. Additional results (how easy were the modules to 

understand; overall quality of module materials; ability to 

provide real-world experience; and overall rating of the 

course), are also included. 

 

Institution One 
 

At Institution One, the instructor used all of the introduc-

tory and advanced modules for TECH 3304 and TECH 

4313.  
 

Demographics of Respondents: TECH 

3304ðIntroduction to Nanotechnology 

Safety 
 

Tables 3-6 illustrate the demographic results from TECH 

3304ðIntroduction to Nanotechnology Safety (Summer II 

Session) at Institution One. There were 25 students enrolled 

for the course, with 15 students completing the survey. For 
Table 3, the majority of respondents for the summative 

course data were men. Table 4 illustrates that there were 

slightly more students who reported to be traditional stu-

dents (18-23) than the other age groups for the course. Ta-

ble 5 shows that TECH 3304 had more Caucasian students 

enrolled. Table 6 shows that there were more ñotherò stu-

dents (business, management, and nursing majors) than in-

dustrial technology students enrolled for the course. 

 
Table 3. Gender 

Table 4. Age 

Table 5. Ethnicity 

Table 6. Major 

Student Perceptions: TECH 3304ð

Introduction to Nanotechnology Safety 
 

Tables 7-10 summarize student perception results for the 

course, based on a three-point Likert scale. Table 7 illus-

trates that the students were ranked good to excellent for the 

modules easy to understand. Table 8 shows that the students 

found the quality of module materials to be excellent. Table 

9 shows that the majority of the students found that the 

course modules provided information about and insights 

into real-world experience. The majority of the students in 

TECH 3304 rated the course excellent across the integration 

of the modules. 

 
Table 7. How easy were the modules to understand? 

Respondents by Gender  

Gender No. of Respondents 

Male 10 

Female 5 

Respondents by Age  

Age No. of Respondents 

18-23 6 

24-30 4 

31-35 3 

36-40 2 

Respondents by Ethnicity  

Ethnicity No. of Respondents 

 Caucasian  12 

African American 1 

Asian Pacific 1 

Other 1 

Respondents by Major  

Major No. of Respondents 

Industrial Technology 4 

Other 11 

Understandability of the Modules  

Likert Scale No. of Respondents 

Neutral 1 

Good 5 

Excellent 9 
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Table 8. Overall quality of module materials 

Table 9. Ability to provide real-world experience 

Table 10. Overall rating of the course 

Demographics: TECH 4313ðPrinciples of 

Risk Management 
 

Tables 11-14 show the demographic results from TECH 

4313 ï Principles of Risk Management for Nano Scaled 

Materials (Spring 2014) at Institution One. There were 33 

students enrolled for the course, of which 21 completed the 

survey. Table 11 illustrates that the majority of respondents 

in TECH 4313 reported they were male. Table 12 shows 

that traditional-aged students, 18-23 years old, comprised 

the majority of respondents in the course. Table 13 shows 

that ethnicity, 57% of the students taking the survey identi-

fied themselves as Caucasian, the largest single ethnic 

group, while 14% identified as African American, 24% as 

Latino, and one student as Asian Pacific. Table 14 shows 

that the majority of respondents were industrial technology 

majors. 

 
Table 11. Gender 

Table 12. Age 

Table 13. Ethnicity 

Table 14. Major 

Student Perceptions: TECH 4313ð

Principles of Risk Management 
 

Tables 15-18 provide student perception results based on 

a four-point Likert scale. Table 15 shows that the majority 

of the students reported the modules as excellent for being 

easy to comprehend. Ninety percent ranked the modules 

good or excellent on ease of understanding. Table 16 shows 

that 95% of the students rated the quality of the module 

materials good to excellent. Table 17 reveals that the stu-

dentsô perception of the modules containing real-world ex-

perience examples/content was excellent. Ninety percent of 

students ranked the modules good or excellent on providing 

information about and insights into real-world experience. 

Table 18 shows that the majority of the students rated the 

course good to excellent, when the modules were integrated 

into the course. 

 

Institution Two 
 

Selected modules were used in four different engineering 

and technology courses and one philosophy course at Insti-

tution Two in the spring semester of 2014. The philosophy 

course is a required part of the core curriculum for all stu-

Quality of Module Material  

Likert Scale No. of Respondents 

Neutral 1 

Good 3 

Excellent 11 

Real-World Application  

Likert Scale No. of Respondents 

Neutral 2 

Good 5 

Excellent 8 

Course Rating  

Likert Scale No. of Respondents 

Neutral 2 

Good 4 

Excellent 9 

Respondents by Gender  

Gender No. of Respondents 

Male 13 

Female 8 

Respondents by Age  

Age No. of Respondents 

18-23 15 

24-30 5 

36-40 1 

Respondents by Major  

Major No. of Respondents 

Industrial Technology 19 

Other 2 

Respondents by Ethnicity  

Ethnicity No. of Respondents 

Caucasian 12 

African American 3 

Latino/Hispanic 5 

Asian Pacific 1 
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dents, and the project modules were part of a special section 

with registration restricted to engineering and technology 

students. 

 
Table 15. How easy were the modules to understand? 

Table 16. Overall quality of module materials 

Table 17. Ability to provide real-world experience 

Table 18. Overall rating of the course 

Demographics 
 

Tables 19-22 depict the demographic results from stu-

dents who were enrolled in engineering and engineering 

technology courses and who experienced the integration of 

introduction and advanced nanotechnology safety modules 

at Institution Two. There were 500 students enrolled for the 

courses with the modules, of which 479 completed the sur-

vey. 

Table 19 shows that, at Institution Two, the male student 

population was significantly larger than the female popula-

tion with experience of the nanotechnology modules. Table 

20 shows that the traditional-aged student population of    

18-23 year-olds was the majority at Institution Two. Table 

21 shows that 53% of students enrolled during the report 

period reported Caucasian as their ethnicity, while 47% self

-reported as being ñotherò. Twenty-nine percent were Lati-

no/Hispanic and 9.6% were African-American. Table 22 

shows that, for majors, 52% of students enrolled in course 

sections covered by this report were engineering majors. 

 
Table 19. Gender 

Table 20. Age 

Table 21. Ethnicity 

Student Perceptions 
 

Student perception is portrayed in Tables 23-25for the 

introductory and advanced nanotechnology safety modules 

integrated into engineering, engineering technology, and 

industrial technology at Institution Two. Student percep-

tions were based on a five-point Likert scale. 

 

Understandability of Modules  

Likert Scale No. of Respondents 

Fair 1 

Neutral 1 

Good 8 

Excellent 11 

Overall Module Quality  

Likert Scale No. of Respondents 

Neutral 1 

Good 10 

Excellent 10 

Real-World Application  

Likert Scale No. of Respondents 

Neutral 2 

Good 7 

Excellent 12 

Overall Rating of Course  

Likert Scale No. of Respondents 

Neutral 1 

Good 8 

Excellent 12 

Respondents by Gender  

Gender No. of Respondents 

Male 397 

Female 82 

Respondents by Age  

Age No. of Respondents 

18-23 379 

24-30 80 

31-35 13 

36-40 5 

40 and Above 2 

Respondents by Ethnicity  

Ethnicity No. of Respondents 

Caucasian 255 

African American 46 

Latino/Hispanic 139 

Asian Pacific 14 

Other 25 
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Table 22. Major 

Table 23 reveals that the majority of student perceptions 

from the five-point Likert scale were good to excellent, in-

dicating that the modules were written with sufficient detail 

and at the correct level to facilitate learning. Table 24 shows 

that the majority of student perceptions from Texas State 

University indicated good to excellent on the quality of 

module materials for the courses. Table 25 shows that a 

majority of student perceptions indicated ñgoodò to 

ñexcellentò for the instructors, providing real-world experi-

ence illustrated in the modules. The majority of the students 

rated ñgoodò to ñexcellentò on using the modules for the 

engineering and technology courses at Institution Two. 

Discussion 
 

The data presented cannot be generalized to other institu-

tions that may offer nanotechnology safety. According to 

Tables 23-25, students at Texas State University and The 

University of Texas at Tyler were very satisfied with the 

nanotechnology safety modules integrated into the technolo-

gy, engineering, and engineering technology programs. 

 

Students were exposed to a different technology, rather 

than learning the typical content in technology, engineering, 

and engineering technology programs. Most importantly, 

students were able to establish a connection with nanotech-

nology and what types of technologies are associated with 

nanotechnology. Furthermore, students realized the im-

portance and dangers of handling nanomaterials. 

 

Conclusion 
 

The project was successful for the first two years for both 

Institution One and Institution Two. The development and 

integration of nanotechnology safety modules were needed 

to laterally diffuse innovative materials into the mainstream 

of engineering, engineering technology, and industrial tech-

nology programs.  

Major No. Respondents 

Engineering 250 

Engineering Technology 72 

Industrial Technology 19 

Computer Science 2 

Science (Physics/Chemistry/Bio/

Math) 
21 

Other 115 

Understandability of Modules 

  Poor Fair Neutral Good Excellent 

ENGR 2300 MOD 2A&3A 0 1 5 19 4 

ENGR 2300 MOD   1A&3A 2 1 6 18 5 

IE 4380 MOD 3B 0 0 0 10 4 

IE 4380 MOD 4B 0 1 0 9 4 

IE 4380 MOD 6B 0 0 0 6 8 

MFGE 2332 MOD 6A 0 0 3 19 4 

MFGE 2332 MOD 9A 0 1 0 10 10 

MFGE 2332 MOD 6A 0 0 3 7 9 

MFGE 2332 MOD 9A 0 0 1 5 11 

MFGE  4392 MOD 3B 0 0 1 4 3 

MFGE 4392 MODULE 4B 0 0 0 2 2 

PHIL 1320 MOD 2A 0 3 10 37 25 

PHIL 1320 MOD 3A 0 2 6 32 19 

PHIL 1320 MOD 4A 0 1 4 17 17 

TECH 4380 MOD 3B 0 6 15 17 7 

TECH 4380 MOD 4B 1 8 7 15 2 

TECH 4380 MOD 6B 0 3 8 13 6 

Table 23. How easy were the modules to understand? 

Note: óAô modules=Introduction óBô modules=Advanced 
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Table 24. Overall quality of module materials 

Note: óAô modules=Introduction óBô modules=Advanced 

Overall Quality of Modules 

  Poor Fair Neutral Good Excellent 

ENGR 2300 MOD 2A&3A 0 0 1 22 6 

ENGR 2300 MOD 1A&3A 1 2 10 14 5 

IE 4380 MOD 3B 0 0 0 8 6 

IE 4380 MOD 4B 0 0 1 8 5 

IE 4380 MOD 6B 0 1 0 4 9 

MFGE 2332 MOD 6A 0 0 2 16 8 

MFGE 2332 MOD 9A 0 2 1 10 8 

MFGE 2332 MOD 6A 0 0 3 10 6 

MFGE 2332 MOD 9A 0 0 0 6 11 

MFGE 4392 MOD 3B 0 0 0 5 3 

MFGE 4392 MOD 4B 0 0 1 2 1 

PHIL 1320 MOD 2A 0 1 7 33 34 

PHIL 1320 MOD 3A 0 0 6 25 28 

PHIL 1320 MOD 4A 0 0 5 15 19 

TECH 4380 MOD 3B 2 5 14 16 8 

TECH 4380 MOD 4B 0 5 10 15 3 

TECH 4380 MOD 6B 0 3 10 13 4 

Table 25. Ability to provide real-world experience 

Note: óAô modules=Introduction óBô modules=Advanced 

Real-World Applicability 

  Poor Fair Neutral Good Excellent 

ENGR 2300 MOD 2A&3A 1 1 0 14 13 

ENGR 2300 MOD 1A&3A 4 1 6 12 9 

IE 4380 MODU 3B 0 0 0 8 6 

IE 4380 MOD 4B 0 1 0 8 5 

IE 4380 MODU 6B 0 0 0 5 9 

MFGE 2332MOD 6A 0 1 3 14 8 

MFGE 2332 MOD 9A 0 0 2 8 11 

MFGE 2332 MOD 6A 0 0 1 8 10 

MFGE 2332 MOD 9A 0 0 0 4 13 

MFGE 4392 MOD 3B 0 0 1 5 2 

MFGE 4392 MOD 4B 0 0 0 2 2 

PHIL 1320 MOD 2A 0 0 6 24 45 

PHIL 1320 MOD 3A 0 0 1 15 43 

PHIL 1320 MOD 4A 0 0 2 7 30 

TECH 4380 MOD 3B 0 10 9 16 10 

TECH 4380 MOD 4B 2 4 6 17 4 

TECH 4380 MOD 6B 1 2 5 13 9 
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The studentsô positive responses from the course surveys 

at both institutions may shed light on new knowledge that 

students were excited to receive. In addition, students may 

have welcomed new and innovative information provided 

through nanotechnology safety courses that have not been a 

part of traditional STEM courses. Integrated learning, repe-

tition of material in varied contexts, and student enthusiasm 

and engagement are all indicators of better learning environ-

ments and are strongly correlated with better and long-term 

learning outcomes [51-54]. 

 

The efforts of the project team and NAC moved this pro-

ject toward self-sustainability and made important contribu-

tions to strengthening engineering, engineering technology, 

and industrial technology programs at both institutions. The 

next step in self-sustainability for this program, to ensure its 

continued success, is to build a system for ongoing review 

and renewal, so that new information can be added to the 

modules. An additional challenge is better integrating the 

knowledge and insights of non-team members who infuse 

and teach modules in their courses at Institution Two. Per-

haps the development of these modules can be a catalyst for 

faculty in other STEM areas to incorporate nanotechnology 

safety modules into their courses. Through this project, an 

educational effort of NSF, the project team has planted a 

seed to help with the cultivation of a nano-EHS workforce 

in the U.S. This is needed to support current and future en-

deavors for worker and public safety in the development 

and use of nanomaterials. 
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Abstract 

 

In this paper, the author presents an approach for integrat-

ing industrial projects into an engineering course. The goals 

of this approach were to bring the expertise of engineers in 

the field to the classroom and improve teaching and learning 

processes through real-life projects, where theories come to 

life through real problems and real data, and are taught by 

faculty partnered with industry experts. This approach was 

intended to make the course current, engaging, and motivat-

ing to the students, as well as to spark curiosity in students 

and demonstrate the usefulness of the theory being studied. 

The junior-level computer-aided engineering (CAE) course 

was used, where several automotive and industrial products 

were chosen for the homework assignment and term pro-

jects. To illustrate the use of the developed methodology, a 

case study of a windshield wiper system was provided. The 

students had to take on real challenges to solve engineering 

problems defined by the industry partners in the area of 

product design and analysis. Faculty and students toured 

industrial facilities to better understand the products and 

engineering issues, and engineers from the companies come 

to the university to deliver guest lectures. Structural anal-

yses of the products were carried out using the finite ele-

ment method (FEM). Improved designs were proposed by 

the students for material savings, cost reduction, and struc-

tural integrity. Such collaboration provides a valuable learn-

ing experience for the students and enhances their problem-

solving skills. A course assessment was used to measure the 

effectiveness of the approach. 

 

Introduction 

 

Kettering University offers one of the largest co-operative 

educational programs in the U.S. The corporate sponsors of 

Kettering Universityôs co-op students include the U.S. Ar-

my, General Motors, Ford, Fiat Chrysler Automobiles, as 

well as aircraft companies and their suppliers that included 

United Technology, Moog, IBM, Whirlpool, and over 600 

other companies. These companies that sponsor Kettering 

Universityôs co-op students represent a diverse cross-section 

of U.S. industries. The changes that have been taking place 

in these industries, including evolving industry needs and 

challenges, are immediately reflected in the classroom at 

Kettering, because the students bring valuable experience 

into classroom discussions after each alternating 3-month co

-op term with the corporate sponsors. Kettering students 

were divided into two sections: A-Section and B-Section. 

Students rotated the academic and work terms every three 

months. For example, when the A-Section students were 

taking classes in school during the summer term, the B-

Section students worked with the co-op employers. In the 

fall term, the B-Section students returned to school, and the 

A-Section students went work at the co-op companies. 

Moreover, many students conducted research on projects 

with the co-op sponsors when it was time for them to work 

on the senior theses. It is critical to bring real-life projects 

and industrial expertise to the classroom in order to stimu-

late student skills in creative thinking and problem solving, 

thereby achieving the desired educational outcomes of a 

balanced engineer. The main theme of this study was to 

develop a teaching model that integrates industrial projects 

into the curriculum. 

 

The advantages of this teaching methodology are numer-

ous, and affect the students, faculty, and even the industrial 

partners, as summarized below: 

¶ Courses can truly reflect real-life engineering chal-

lenges. 

¶ Courses can be interdisciplinary by engaging profes-

sors in academia and engineers in the field with 

unique expertise. 

¶ Students are able to work with real issues of product 

design in the classroom. 

¶ The problem-solving process allows students to see 

the professors as learners as well as teachers, and 

demonstrates that learning is a lifelong endeavor. 

¶ The level of classroom discussion and interaction is 

improved when a co-instructor is there asking ques-

tions and asking for clarification. This interaction is 

beneficial for students, who might have trouble artic-

ulating the questions or may lack confidence to ques-

tion the professor, who is seen as ñthe expert.ò 

¶ Students have the opportunity to see what the jobs 

would be like after graduation. 

¶ It is beneficial and inspiring for students to solve real 

engineering problems. 

¶ Students have good models of teamwork when seeing 

professors collaborating with workplace engineers. 

¶ Working with new people and learning more about 

different products is very stimulating for both faculty 
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members and students, and the enthusiasm makes the 

classes more interesting. 

¶ It is beneficial for companies to have many different 

solutions to engineering problems at a very low cost 

or, ideally, no cost. Very often the students look at 

the projects from very different perspectives, which 

might lead to innovative solutions. 

¶ Companies can find future recruits through this kind 

of interaction with students, and students also have 

the opportunity to see if the companies and products 

fit their future interests. 

 

Certainly there are a lot of challenges in this teaching 

model, as noted here: 

¶ The schedule of university classes may be very dif-

ferent from that of the current product development/

launch in the companies. Therefore, the conflict of 

priorities in educational institutes and industrial com-

panies will have to be resolved and agreed upon. 

¶ It would be difficult for all parties involved if the 

professors and engineers, administration, and man-

agement were not compatible. Faculty should never 

be forced into teaching with industrial collaboration. 

¶ Preparation time for such endeavors can be limited 

and the logistics can be complex. 

 

Computer-aided engineering, often referred to as CAE, is 

the use of computer technology in engineering tasks such as 

design, analysis, simulation, and manufacturing. This course 

was used as a template to illustrate this teaching methodolo-

gy. The CAE course included, but was not limited to, the 

areas listed below: 

¶ Computer-aided design (CAD), such as solid model-

ing and assembly modeling 

¶ Stress analysis of components and assemblies using 

finite element analysis (FEA)  

¶ Thermal and fluid-flow analyses using computational 

fluid dynamic (CFD) 

¶ Process simulation in manufacturing, such as casting, 

molding, and forming 

¶ Computer-aided manufacturing (CAM), such as 

graphic numerical control and SLA 

¶ Optimization of products and/or processes 

 

CAE, a junior-level mechanical engineering core course 

offered at Kettering University, is used to demonstrate the 

process of incorporating industrial projects. The course 

learning outcomes (CLO) of CAE are listed below. Upon 

completion of the CAE course students will be able to:  

¶ Apply the fundamental principles of statics and me-

chanics of materials in engineering design.  

¶ Apply modern analytical techniques to mechanical 

systems.  

¶ Apply computational techniques to mechanical sys-

tems. 

¶ Demonstrate effective communication skills through 

technical presentations and reports.  

 

Current Course Situation 
 

During the first three weeks of the 11-week CAE course 

at Kettering University, students work on solid modeling, 

sketching, assembly modeling, drafting, and advanced CAD 

topics, including parametric part design and inter-part as-

sembly modeling. Figure 1 shows one such example for 

CAD; a valve assembly. Students are required to design 

each of the components, including the valve housing, shaft, 

retainer, plate, and crank. All parts are then placed in the 

assembly and mated properly. Advanced CAD techniques 

for this project include expressions and control parameters 

set at the assembly level so that the entire assembly can be 

adjusted automatically, based on the diameter of the main 

flow hole, the length of the crank, and the number of fasten-

ers. 

Figure 1. Valve Assembly 

 

Over the course of the subsequent weeks, the main educa-

tional focus is on developing student skills in using FEA for 

the design of parts and assemblies. The fundamental tech-

niques of FEA are introduced and applied to various struc-

tural components. Students perform analytical calculations 

based on traditional solid mechanics analytical approaches 

and compare the analytical solution to the numerical simula-

tions developed in the FEA module of the software. Figure 

2 shows the stress contour plot of a hook under a load. In 

this problem, one can see that an analytical solution can 

over-simplify the situation, when compared to results ob-

tained from an FEA. Similar situations exist in the other 

assignments of the course; namely, the caster FEA of Figure 

3 and the fixture FEA of Figure 4 assignments. 
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Figure 2. Finite Element Analysis of a Hook 

Figure 3. Finite Element Analysis of a Caster Frame 

 

Proposed Course Outline 
 

Figures 1-4 show that these assignments are traditional 

and general engineering problems that the students can 

solve by applying skills in engineering design and analysis. 

In order to make the course more current, engaging, and 

motivating to the students, as well as to spark curiosity in 

students and demonstrate the usefulness of the theory, there 

was a strong need to bring the real-life projects from the 

studentsô co-op work to the classroom. The following CAE 

course outline and template demonstrate this approach with 

great success. The process for teaching with industrial col-

laboration involves the following steps: 

¶ Choose topic/theme 

¶ Choose industrial partners 

¶ Define course learning outcomes 

¶ Outline matching/mapped activities 

¶ Choose project with input from industrial partners 

¶ Choose guest lecturers 

¶ Provide field trip at industrial site 

¶ Design assessments 

¶ Construct timeline for development 

Figure 4. Finite Element Analysis of a Fixture 
 

Table 1 shows the template of the CAE course outline, 

where the weekly topics are tabulated. There were two two-

hour class periods per week for eleven weeks. This template 

can be modified for other courses and project types. 

 

Best Practices 
 

There are many challenges in planning this kind of team 

teaching. Some of the best practices are summarized below: 

¶ Do not underestimate time requirements. 

¶ There will always be ñfires,ò so plan for them. 

¶ Keep open communication; when in doubt, ask for 

approval from management and administration. 

¶ Remember that the challenges that the students en-

counter are not unlike situations that will be found in 

industryðdo not underestimate the value of this 

learning. 

¶ Make the development of the team a top priority. 

Donôt just assume that the team will work well to-

gether. 
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¶ Set clear goals for the team that all members agree 

upon, and then ensure that its activities lead to those 

goals. 

¶ Communicate clearly and honestly to survive and 

grow stronger from conflict. 

¶ Honor individual and team success through adminis-

trative support. 

¶ Assume responsibility for assigned roles. 

¶ Be prepared for team discussions and work. 

 
Table 1. Course Template of Teaching with Industry Experts 

Guidelines 
 

Guidelines for both the faculty and guest lecturers are 

summarized below: 

¶ Provide time estimates and orientation for guest lectur-

ersðbe a coach. 

¶ Attend all class sessions with guest lecturers. 

¶ Help the engineers to understand how your students 

learn best. 

¶ Be approachable and seek regular feedback from stu-

dents.  

¶ Communicate the plan of delivering the lectures. 

 

Suggested Activities 
 

The following activities are very helpful for both the fac-

ulty and guest lecturer: 

¶ Discuss course topics or pre-reading. 

¶ Visit industrial sites and meet engineers in the field 

as much as possible. 

¶ Present research papers. 

¶ Have students set the performance criteria and expec-

tations for grading. 

¶ Present projects. 

 

Checklist 
 

The following issues should be discussed and decided 

upon before beginning in order to prevent conflict later and 

make the team more efficient from the start: 

¶ What is the scope of the industrial project integra-

tion? 

¶ What are the IT requirements? 

¶ What is the approval timeline? 

¶ Is information obtainable in a timely manner? 

¶ Is there a confidentiality issue with the industrial 

projects? 

¶ Is it an appropriate level of challenge, based on the 

background of students in class? 

¶ What materials, books, and supplies are needed? 

¶ Who provides what, how to get it? 

¶ Who should teach what? 

¶ What content should be divided? 

¶ What content should be taught jointly? 

¶ How would the students' work be graded? 

¶ Who grades which papers? 

¶ What is the grading system? 

 

Case Study: Windshield Wiper System 
 

In order to demonstrate the team teaching approach, an 

automotive windshield wiper system design and analysis 

project was chosen as a case study. Automotive windshield 

wiper systems, in conjunction with washer systems, are 

used in vehicles to remove contaminants such as rain, sleet, 

snow, and dirt from the windshield. Figure 5 shows that a 

typical wiper system consists of an electric motor, a linkage 

to transform the rotational motion from the motor to oscilla-

tory motion, and a pair of wiper arms and blades. The areas 

of the windshield that must be wiped by the wiper system 

are mandated by federal motor vehicle safety standards, 

FMVSS 104 [1].  

 

The new CAE project was the design and engineering 

analysis of automotive windshield wiper systems. Students 

designed the main components using CAD software. For 

critical components, such as wiper arm, pivot shaft, rocker 

arm, etc., the engineering analysis would be performed us-

ing FEM to meet the product specifications. Students pre-

Wk First class period Second class period 

1 
Introduction to class 

/Selection of project teams 

Overview of industrial 

project with engineers/

presentation  

2 Lecture 1, assignment 1 Lecture 2, assignment 2 

3 Guest lecture-topic 1 
Progress report/pres.  

on projects 

4 Lecture 3, assignment 3 Lecture 4, assignment 4 

5 Lecture 5, assignment 5 Assessment/exam 1 

6 Guest lecture-topic 2 Lecture 6, assignment 6 

7 Lecture 7, assignment 7 Lecture 8, assignment 8 

8 Lecture 9, assignment 9 
Progress report/pres. 

on projects 

9 Progress Review Assessment/exam2 

10 Lecture 10, assignment 10 Lab, Q and A 

11 Lecture 11, assignment 11 Lecture 12, assignment 12 

Final Final presentation Final exam 
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sented the projects and wrote technical reports at the end of 

the term. The following steps demonstrate the process of 

this new teaching and learning approach. 

Figure 5. A Typical Wiper System 
 

Step 1. Definition of Student Learning 

Outcomes by Faculty and Engineers 
 

It is critically important to define, design, and align the 

class activities with the studentsô learning outcomes. For 

this course, the studentsô learning outcomes included the 

following items: 

¶ Improve problem-solving skills in real-life projects. 

¶ Apply knowledge learned on engineering mechanics. 

¶ Apply engineering principles to reduce cost in mate-

rials and manufacturing, and the mass of products. 

¶ Apply skills in computer-aided engineering (CAE). 

¶ Develop environmentally friendly products. 

 

Step 2. Project Orientation by Engineers 
 

For this study, faculty teamed up with the automotive 

windshield wiper system expert to redesign the wiper prod-

ucts that have snow load failures. Figure 6 shows a typical 

wiper-arm-and-blade structure. Figure 7 shows how the 

wiper arm and the lever are mounted on the pivot shaft that 

is located in the pivot housing assembly. The pivot housing 

assembly includes grommet, retainer, washer, O-ring, bear-

ings, spring washers, pivot shaft, lever, and ball stud. 

 

Step 3. Design and Analysis of Windshield 

Wiper Systems by Students Supervised 

Jointly by Faculty and Engineers 
 

Supervised jointly by the faculty members and engineers 

from industry, different project teams performed their own 

designs approved by the teaching team. Figure 8 shows a 

depiction of the stress analysis of the wiper arm [2, 3]. 

Figure 6. Wiper Arm and Blade Assembly 

Figure 7. Frame and Pivot Housing Assembly 

Figure 8. Wiper Arm Stress Distribution by FEA 
 

The pivot shaft is the most critical component in the pivot

-shaft assembly, because the wiper-arm-and-blade assembly 

is mounted on the pivot shaft, and the lever is connected in 

the middle. If the pivot shaft fails, the whole wiper system 

will lose its performance, even its function. Figure 9 shows 

the stress and displacement results. Using the rolled steel 

material properties, the wiper arm is safe in this design. 
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Figure 9. Pivot Shaft Stress and Deformation by FEA 
 

Step 4. Solutions for Overload Problems 

by Students Supervised Jointly by Faculty 

and Engineers 
 

Figure 10 shows how snow and ice often build up on 

windshields in winter. The snow/ice stack can literally block 

the wiper arms and blades and, therefore, the wiper system 

load will increase significantly. Such an excessive load, 

often referred to as snow load, will cause either fatigue or 

catastrophic system failure. Figure 10 shows a broken rock-

er arm illustrating such a failure. 

Figure 10. Windshield Wiper under Snow Load Breaking a 

Rocker Arm 
 

Figure 11 depicts a proposed solution [2-7], based on the 

research of the current author, who is also the faculty in-

structor of this course. In this illustration, the hatched area 

represents a snow/ice pack above the cowl screen, which 

restricts the normal motion of the system. Once the arms 

have contacted the restriction, the loading in the system 

increases as the motor torque approaches the motorôs stall 

torque. However, once the critical load is reached in the 

connecting rod, the rod will buckle, limiting any further 

increase in system loading, thereby allowing the crank to 

rotate through the reversal position. In the illustration, the 

connecting rod is shown in the post-buckled configuration. 

Figure 12 depicts a connecting rod of length L, the cross-

sectional area, A, and cross-section moment-of-inertia I. 

The elastic modulus of the material is denoted as ñEò. The 

ends of the rod are free to rotate, due to the socket-ball 

joints. The external compressive load, P, is applied at the 

centroid of the cross section. 

Figure 11. Windshield Wipers with a Flexible Linkage 

Figure 12. A Flexible Linkage 
 

As the load is increased, assuming that the elastic limit of 

the material is not reached, a critical point is encountered at 

which the rod deforms laterally. In this configuration, the 

rod supports the load via bending. The applied load at which 

this transition occurs is referred to as the ñcritical loadò or 

ñPcr.ò Pcr can be determined by ñIò for a given cross sec-

tion, L, and Youngôs modulus, E, of the material, as given 

by Equation (1) [8]: 

 

(1) 

 

The wiper linkage mechanism can, therefore, be designed 

with the flexible connecting rod. The spherical sockets at 

both ends of the linkage are over-molded plastic parts to 

provide for ball-socket joints [2, 5, 7]. The composite mate-

rial is selected per the following specifications: 

¶ Resin specification: thermoset polyester (21% by 

weight) 

¶ Fiber specification: 113 yield E-glass roving (75% by 

weight) 

¶ Filler content (4% by weight) 

 

The monotonic mechanical properties of the materials are 

listed here: 

¶ Elastic modulus: 43 GPa (6.2 Mpsi) 

¶ Ultimate strength: 1140 MPa (165 ksi) 

¶ Strain at fracture: 2.6% 

¶ Specific gravity: 1.92 

2

2cr

EI
P

L

pÖ
=

 ðððððððððððððððððððððððððððððððððððððððððððððððððð

INTEGRATION OF INDUSTRIAL PROJECTS INTO ENGINEERING EDUCATION                                                                                23 



ððððððððððððððððððððððððððððððððððððððððððððððïðððð 

ððððððððððððððððððððððððððððððððððððððððððððððïðððð 

24                                    TECHNOLOGY INTERFACE INTERNATIONAL JOURNAL | VOLUME 17, NUMBER 1, FALL/WINTER 2016 

The flexible connecting rod undergoes a maximum tensile 

load of 1000N at motor stall. Figure 13 shows how the 

stress and deformation are calculated by the students using 

FEA.  

 

Assessment 
 

To measure the technical role of students as 

ñcollaboratorsò in the team projects, the assessment method 

of direct observation was used and three key performance 

indicators were selected from a published list of attributes 

[9]. These attributes were: 1) respecting individuals with 

diverse backgrounds, perspectives, and skills important to 

the efforts; 2) valuing roles, accepting role assignments, and 

supporting others in the roles; and, 3) contributing to the 

effective cooperation of the team in its development of con-

sensus goals and procedures. These attributes were mapped 

to corresponding rows in an analytical teamwork rubric. 

Table 2 shows the adapted, modified rubric. 

 Beginning Developing Accomplished Exemplary 

K
e
y
 
P
e
r
f
o
r
m
a
n
c
e
 
I
n
d
i
c
a
-

t
o
r
 

 

Listens to other 

teammates 

Always talking - never  

allows anyone else to speak 

Usually doing most of 

the talking - rarely  

allows others to speak 

Listens but sometimes talks 

too much 

Listens and speaks a 

fair amount 

Fulfils team 

roles/duties 

Does not perform any duties 

of assigned team role 

Perform very few  

duties 
Perform nearly all duties 

Performs all duties of 

assigned team role 

Cooperate with 

teammates 

Usually argues with  

teammates 
Sometimes argues Rarely argues 

Never argues with 

teammates 

Table 2. Key Performance Indicator Rubric 

ABET Criteria 
Exceeds  

Requirement 

Meets  

Requirement 

Partially 

Meets 

Requirement 

Does not 

Meet 

Requirement 

Not 

Applicable 

(a) An ability to apply knowledge of math, science and 

engineering 
89% 11%    

(b) An ability to design and conduct experiments, as 

well as to analyze and interpret data  
89% 11%    

(c) An ability to design a system, component or process 

to meet desired needs within realistic constraints 

such as; economic environmental, social, political, 

ethical, manufacturability or sustainability 

    NA 

(d) An ability to function on multidiscipline teams     NA 

(e) An ability to identify, formulate, and solve engineer-

ing problems 
100%     

(f) An understanding of professional and ethical re-

sponsibility 
    NA 

(g) An ability to communicate effectively 100%     

(h) The broad education necessary to understand the 

impact of engineering solutions in a global, econom-

ic, environmental, and social context 

    NA 

(i) A recognition of the need for, and an ability to en-

gage in lifelong learning 
    NA 

(j) A knowledge of contemporary issues     NA 

(k) An ability to use the techniques, skills and modern 

engineering tools necessary for engineering practice 
89% 11%    

Table 3. ABET Assessment Rubric 2016 
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Figure 13. Linkage Stress and Deformation by FEA 
 

Based on direct assessment of the students, over 80% of 

the class measured ñExemplaryò in all three key perfor-

mance indicators selected for the technical role of Collabo-

rator. The other 20% of the class measured Exemplary in 

two key performance indicators, and Accomplished in one 

key performance indicator. When this was compared to the 

program target of all graduating students measuring Accom-

plished, this signified that it was clear that pedagogical in-

terventions, such as integrating industrial projects into engi-

neering courses, can indeed enhance student movement to-

ward achieving educational objectives and outcomes. The 

comments of the students on the course evaluations suggest-

ed that such innovative classroom techniques may also have 

increased their enthusiasm and engagement. 

        

ABET criteria were used to assess the CAE course learn-

ing outcomes (CLO). The five CLOs were mapped to the 

ABET criteria (a, b, e, g, k). Table 3 shows the results of 

spring 2016 assessment results, after integrating industrial 

projects with the teaching approach presented here. All stu-

dents met or exceeded requirements in the ABET assess-

ment rubric, which was a huge improvement compared to 

the assessment results of 2014 (see Table 4) before this new 

course portfolio was used. In 2014, 10%-20% scored in 

ñPartially Meets Requirements.ò 

ABET Criteria 
Exceeds  

Requirement 

Meets  

Requirement 

Partially 

Meets 

Requirement 

Does not 

Meet 

Requirement 

Not 

Applicable 

(l) An ability to apply knowledge of math, science and 

engineering 
70% 10% 20%   

(m) An ability to design and conduct experiments, as 

well as to analyze and interpret data  
70% 10% 20%   

(n) An ability to design a system, component or process 

to meet desired needs within realistic constraints 

such as; economic environmental, social, political, 

ethical, manufacturability or sustainability 

    NA 

(o) An ability to function on multidiscipline teams     NA 

(p) An ability to identify, formulate, and solve engi-

neering problems 
80% 10% 10%   

(q) An understanding of professional and ethical re-

sponsibility 
    NA 

(r) An ability to communicate effectively 70% 10% 20%   

(s) The broad education necessary to understand the 

impact of engineering solutions in a global, eco-

nomic, environmental, and social context 

    NA 

(t) A recognition of the need for, and an ability to en-

gage in lifelong learning 
    NA 

(u) A knowledge of contemporary issues     NA 

(v) An ability to use the techniques, skills and modern 

engineering tools necessary for engineering practice 
70% 10% 20%   

Table 4. ABET Assessment Rubric 2014 
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