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ME424 Report: A Problem- and Project-Based Mechanical 
Engineering Course and Evidence of Effective Instruction 

Introduction and Review of the Literature 

When discussing promising products and processes that may perish before coming to 

market, Ford et al. [1] discuss a “valley of death” where such efforts die for lack of public or 
private funding. A similar gap exists in applying research-proven educational practices in the 

engineering education curriculum [2]. As depicted in Figure 1, “spanning the valley of death” 
between research-based engineering education practices and their widespread faculty adoption 
requires a bridge linking engineering students to problem- and project-based skills they will use 

in the workplace. 

 
Figure 1: E2R2P bridging the "valley of death" between engineering education and the workplace. 

Engineering education has typically been delivered via the transmission of information 
and theory through lecture, largely isolated from the active use of the knowledge acquired. While 

engineering fundamentals are certainly important, of equal importance is the integration of 
hands-on, practical learning to enhance the probability of transfer of these fundamentals to later 

courses and real-world engineering contexts. Upon graduation, engineering students ideally 
would leave their programs possessing skills, knowledge, and behavior that would transfer to the 
workplace in ways that helped organizations meet business goals. Although traditionally taught 

courses are effective at building knowledge, skills involving critical thinking, problem solving, 
working in teams, and communication to solve problems or seize opportunities that engineering 

organizations value in the workplace generally require different instructional approaches.  

Issues in engineering education are well known to engineering educators. Early and 
middle courses in the engineering curriculum may not prepare students for more project-oriented 
endeavors that appear in senior design courses—and the workplace. Thorndike and Woodworth 

[3] noted that transfer of performance between two contexts is a function of their shared 
similarities. Listening to lectures and solving problems in textbooks is quite dissimilar from 

meeting client requirements in a real project, whether this occurs in a senior design course or in 
the workplace after graduation. Stepich and Ertmer [4] describe a problem of university 
professional programs failing to prepare matriculating students for the realities of the workplace. 

Mills and Treagust [5] note that engineering school graduates have a “good knowledge of 
fundamental engineering science…but they don’t know how to apply that in practice” (p. 3). 
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Likewise, Jonassen et al. [6] acknowledge that different cognitive processes are involved in 
solving the ill-structured problems that present themselves in the workplace as opposed to the 

well-structured problems presented in the classroom. 

If the engineer of 2020 is a life- long learner with strong analytical skills, practical 
ingenuity, creativity, good communication skills, business savvy, and high ethical standards, then 

creative, competent, and ethical workplace practice needs to be the gold standard  [7]. Thus, the 
goal of education becomes both preparation for and the removal of barriers to desired workplace 
performance. In addition to helping students construct authentic skills and knowledge that they 

will use in the workplace, engineering education should also provide information about how to 
team with others and tools for doing so. Engineering education should provide access to the 

informal learning that occurs throughout a career as engineers interact with others comprising 
their community of practice. Students and faculty should be incented in ways that promote these 
desired behaviors.  

In recent years, the importance of engaging students in the learning transaction has come 
to the forefront; in this more constructivist model, students assume responsibility for their 
learning. The instructor becomes a “guide on the side” and the student assumes an active role. 

Skills that will ultimately be required on the job become the focus of learning, which becomes 
situated; i.e., “learning is based upon the notion that knowledge is contextually situated and is 

fundamentally influenced by the activity, context, and culture in which it is used” [8].  

Problem- and project-based learning are two examples of constructivist approaches. 
While traditional instruction is deductive, according to Prince and Felder [9, p. 123], “beginning 
with theories and progressing to the applications of those theories”, problem-based learning is an 

inductive method of learning. Teams of students are presented with an ill-defined, genuine 
problem and work collaboratively to determine a solution to it. In the process, students also learn 

to think critically, find and utilize appropriate learning resources, and demonstrate effective 
verbal and written communication skills [10]. Working as a team creates an interdependence 
among its members; in addition, research has suggested that women and minorities in particular 

prefer to work in teams and are more interested in solving problems of significance to society [7, 
11-18]. 

In recent years, the call for research to provide evidence to support engineering education 
practices has increased tremendously. According to Felder, Sheppard and Smith [19], rapid 
changes in technology, a globally competitive environment, and the increase in non-traditional 
students have outrun the usefulness of traditional methods of instruction. The publication of 

scholarly research in engineering education that can be utilized in multiple settings, particularly 
research “guided by theories grounded in cognitive science and educational psychology” [19, p. 

7] has increased considerably.  

While instructor use of these approaches may be more prevalent, their discussion in the 
literature seems more limited in scope. While student satisfaction with these instructional 
approaches may be interesting, there are other important factors to consider: 

 The effectiveness of the instruction. 

 The motivational design of the instruction. 
 Students’ motivation to complete the instruction. 
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Instructional Effectiveness 

For learning to transfer from one course to the next and to the engineering workplace, the 
assessments that instructors use need to be authentic. In other words, assessments that measure 

student performance and mastery and the practice exercises that prepare them for the 
assessments should require students to complete activities that are similar to those they encounter 

on the job [20]. Seen this way, students need to work in teams to complete “real-world” 
engineering projects. As these performances can be complex, instructors will need to employ 
job-focused rubrics to measure student performance. 

Other measures of instructional effectiveness could assess the knowledge that engineers 
share as part of various communities of practice. Many organizations use communities of 
practice as engines for innovation, but of utmost importance is the idea that communities of 

practice provide a place for novice engineers to continue to improve their skills and knowledge 
with the help of other more seasoned engineers. Korte [21] identifies this improvement process 

as the socialization of newcomers into an organization and states that it “is a critical process 
influencing what they learn about their work, as well as their performance, satisfaction, and 
commitment to the organization” (p. 27).  But the question remains why should this process wait 

until newly minted engineers enter the work force? The ability to relate with and engage in an 
engineering community of practice during education will speed up this socialization process 

while allowing engineering students to fine-tune their skills prior to graduating by identifying the 
areas that they need to improve. 

Tohidinia and Mosakhani [22] contend that knowledge sharing contributes to the 
achievement of desired organizational outcomes and offers a competitive advantage. They also 

believe that the possession of knowledge beneficial to the organization makes employees more 
valuable (p.611). In a study of factors that contribute to increased knowledge sharing, Tohidinia 

and Mosakhani surveyed 500 participants drawn from ten of Iran’s 50 major oil companies. They 
found that individuals who felt knowledge sharing positively effects the achievement of desired 
outcomes were more likely to share their knowledge. The research also discovered that 

anticipated reciprocal relationships contribute to positive attitudes toward knowledge sharing. 
Tohidinia and Mosakhani went on to suggest that organizations should make a systematic effort 

to improve knowledge sharing behavior. Based on this information, Tohidinia and Mosakhani 
created and validated a model of knowledge sharing (see Figure 2) based on their survey results 
[22, p. 622].  
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Figure 2: Validated model of knowledge sharing in Iranian oil companies. 

Motivational Design of Instruction 

While it may be common to measure student satisfaction as part of a course evaluation, 
the value of this measure can be limited. Keller [23-25] contends that effective instruction 
employs a motivational design that 

 Attracts and maintains student attention 
 Demonstrates the relevance of what students learn to important personal goals. 

 Provides adequate demonstrations, coaching (including error detection and correction), 
and feedback so students feel confident in applying what they have learned. 

 Produces satisfaction with the learning experience. 

Seen this way, satisfaction is an outcome produced by gaining and maintaining attention, 
providing relevant instruction, and providing enough practice and assessment opportunities to 

feel confident in one’s newly developed skills. Keller came to call this model ARCS: Attention, 
Relevance, Confidence, and Satisfaction. 

Student Motivation to Complete Instruction 

In their meta-analysis of the effects of incentives on workplace performance, Condly, 
Clark, and Stolovitch [26] found three motivational factors at work when people complete job 
tasks: 

 Willingness--actively choosing to do work rather than “intending” to do it. 
 Calibration--working smarter by investing more “mental effort” to create new approaches 

and tune old. 
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 Persistence--Completion of tasks in the face of distractions and competing pressures. 

Test Case: The ME424 Course 

ME424 is a senior-level course that is designed to provide an application-oriented 
approach to thermal and fluid science concepts using a systems design format.  Two projects 
were selected for use as representative of engineering topics in thermal/fluid sciences including: 

(1) piping design of the cooling water for air handling units in a small building using a hardy 
cross solution method, (2) the design and fabrication of a miniature wind turbine.  The wind 
turbine devices were tested in a wind tunnel at 23 mph as part of a competition for overall 

performance and cost performance. Mathcad software was used by the students extensively for 
the analysis of these projects.  An initial project to develop a hydrometer device was used as an 

introduction to Mathcad, the application of the project rubrics and the overall project format. 

As part of an NSF-sponsored effort to promote the adoption of evidence-based 
instructional approaches, the E2R2P team modified the ME424 Thermal and Fluids Systems 

Design course to employ problem- and project-based learning. ME424 traditionally used a 
lecture-based format with a project at the end of the semester. During the fall 2011 semester, 
however, the team redesigned this course to include authentic problem- and project-based 

learning activities. Learning about engineering in this more authentic environment should reduce 
the time required for graduates to achieve competent performance in the engineering workplace. 

These design activities spawned the following research questions. 

RQ1: How can a rubric measure authentic engineering performance in student projects?  

RQ2: To what extent do engineering students entering the course share knowledge with each 
other? 

RQ3: To what extent is the motivational design of two course projects successful? 

RQ4: To what extent were students motivated to complete the two course projects? 

Methods 

To assess the effectiveness of this instruction, the researchers collected several student 
learning measures, including the use of rubrics to assess authentic learning activities, a self-

assessment survey indicating the extent to which students see themselves sharing knowledge 
within a community of practice, and a survey investigating motivational factors associated with 

course learning activities. 

Materials:  

Two Project Rubrics administered in Blackboard. Two separate project rubrics were used at 
different point in the project to assess student performance of functional engineering practices.  

The Preliminary Design Review (PDR) rubric in Figure 3 was used approximately half way 
through each project to assess the ability of each student team to formulate an engineering 

problem from the given information.  This included developing a schedule, identifying design 
requirements, and evaluating concepts.  The Critical Design Review (CDR) rubric in Figure 4 
was used at the end of each project to evaluate the ability to generate an engineering solution 
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from the evaluation performed in the PDR phase.  Each student team was assessed on their 
ability to link engineering requirements to modeling results, a final design and ultimately a 

reporting document for a technical audience. The research team collected a set of measures using 
two rubrics to assess the authentic learning activities that students completed and demonstrated 

mastery of the course’s task-focused instructional objectives. Analysis of these data continues 
during the time the team writes this manuscript. 

 
Figure 3: Preliminary Design Review (PDR) rubric. 
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Figure 4: Critical Design Review (CDR) rubric. 

Knowledge Sharing Survey Administered via Qualtrics. The research team adapted a validated 
knowledge sharing survey created by Tohidinia and Mosakhani [22] to measure student 

knowledge sharing. The survey was based on the theory of planned behavior (TPD); items asked 
participants to rate their ability to engage with other students and characterize the nature of any 
engineering relationships they have developed. The Likert rating scale used in the survey ranged 

from 1 (strongly disagree) to 5 (strongly agree). To modify this survey for student use, the 
E2R2P, the team dropped all items with factor loadings below 0.8 and revised the wording of 

survey items to use the term “engineering student” instead of “members” and “organization.” 
The resulting knowledge sharing survey consisted of 44 items and appears in Appendix A. 

Motivation Survey Administered via Qualtrics. The E2R2P team adapted Keller’s Instructional 
Materials Motivation Survey [27], which measures the extent to which instruction employs the 

ARCS model of motivational design. The survey enables participants to use a 5-point Likert 
scale to rate the extent to which a given instructional activity gained and maintained their 

attention, appeared relevant, produced confidence, and resulted in satisfaction with the learning 
event. Unlike the knowledge sharing measure, this instrument has not been validated using any 
form of confirmatory factor analysis. The overall internal consistency estimate based on 

Chronbach’s alpha is .96, with subscale estimating ranging from .81 (relevance) to .92 
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(satisfaction). In the interest of keeping the survey short enough that students would complete it, 
the research team used 17 of 36 questions. To measure individual student motivation, the team 

added items to the survey to measure willingness and calibration. Owing to an error, the team 
omitted survey items associated with persistence. The resulting motivation survey appears in 

Appendix B. 

Participants: 

Participants in this study consisted of a convenience sample comprised of 57 
undergraduate students in the Fa11 2011 ME424: Thermal & Fluids Systems Design class, a 

required part of the senior core curriculum in Mechanical & Biomedical Engineering at Boise 
State University (BSU).  All students had previously passed undergraduate courses in 

thermodynamics, heat transfer and fluid mechanics.  Subjects were 72% male and 14% female, 
between 21 and 38 years old. All signed an informed consent form approved by the University’s 
Internal Review Board. 

Procedures:  

The completion of each of the above surveys was requested as a homework assignment 
after the feedback was returned for each project.  This pattern resulted in the inability to collect 

data for the wind turbine project, for which the CDR was due on the last day of the course.  The 
students were typically provided a window of approximately 1 week to access the survey data in 

Qualtrics.  To separate the data collection from the instructor, survey completion grades were 
entered by a graduate assistant.    

Results and Discussion 

Knowledge Sharing Survey: 

Results. Fifty-one of the 57 students in the ME 424 course returned completed knowledge 

sharing surveys (response rate = 82%) during the second and third weeks of the course. Given 
the 44 items on the survey and the number of students in the course, the researchers eschewed 
any inferential hypothesis testing owing to the lack of adequate statistical power for an omnibus 

test. Given the exploratory nature of this effort, they employed a descriptive statistical analysis. 
In addition to calculating means and standard deviations for each survey item, they also 

calculated grand means and average standard deviations for each factor. Appendix A contains the 
descriptive analysis of the compiled survey data. 

Mean student responses to survey items ranged between Neutral (scores in the 3s) and 
positive (scores in the 4s). With the exception of one item, there were no mean responses 

indicating disagreement with sharing knowledge with other students. All standard deviations 
were less than 1.0, indicating that there were no bimodal distributions in the item responses. 

Grand means associated with Tohidinia and Mosakhani’s [22] factors also ranged between 
neutrality and agreement with knowledge sharing (3s and 4s, respectively).  

Tohidinia and Mosakhani [22] found that Anticipated Reciprocal Relationships and 
Perceived Self-Efficacy positively influenced Attitude Toward Knowledge Sharing. Grand 
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means for the first two factors indicated overall student neutrality (MG = 3.96 and 3.82, 
respectively), even though students indicated agreement with several items: 

 Anticipated Reciprocal Relationships  

 4. My knowledge sharing would expand scope of my association with other 
engineering students (M = 4.08). 

 6.  My knowledge sharing would create strong relationships with engineering 
students who have common interests (M = 4.06). 

 Perceived Self-Efficacy 

 7.  My knowledge sharing would help other engineering students solve their 

problems (M = 4.02). 
 11.  My knowledge sharing would help engineering students attain performance 

objectives (M = 4.45). 

Student responses to items measuring Attitude Toward Knowledge Sharing also indicated 
agreement (MG = 4.15). In particular, students agreed that  

 12. Sharing knowledge with other engineering students is good (M = 4.45). 
 14.  Knowledge sharing with other engineering students is valuable (M = 4.39). 

Tohidinia and Mosakhani [22] found that Organizational Climate positively influenced 
Subjective Norms About Knowledge Sharing. Student responses to items comprising both 
factors was neutral (MG = 3.64 and 3.81, respectively). The only item garnering positive student 

responses was agreement that “People whose opinions I value (e.g. instructor, mentor, colleague, 
etc.) would approve of my knowledge sharing” (M = 4.02). 

Tohidinia and Mosakhani [22] reported that Attitude Toward Knowledge Sharing, 
Subjective Norms About Knowledge Sharing, and Perceived Behavioral Control positively 

influence Intention to Share Knowledge. The grand mean associated with Perceived Behavioral 
Control was positive (MG = 4.06). Students responded that  

 25.  It’s possible for me to share my knowledge (M = 4.00). 
 26.  If I wanted to I could share my knowledge (M = 4.12). 

 27.  It is mostly up to me whether to share my knowledge with others (M = 4.12). 
In a similar vein, students reported that they intended to share knowledge with other students 

(MG = 4.07). They agreed that 

 30.  I am likely to share my knowledge with my colleagues in future (M = 4.16). 

 31.  I will try to share my knowledge with my colleagues (M = 4.18). 
 32.  I plan to share my knowledge with my colleagues (M = 4.04). 

Tohidinia and Mosakhani [22] found that Intention to Share Knowledge and Level of 

Information and Communication Technology (ICT) Usage positively influence both Knowledge 
Collection and Knowledge Donation. While students largely agreed that they intended to share 
knowledge, their survey responses indicated neutrality towards their use of the technical 

infrastructure for sharing knowledge (MG = 3.63). Interestingly, the only negative student 
responses to the knowledge sharing survey appeared in this factor. Students disagreed with the 

statement that “33.  Engineering students widely use Boise State's library databases to access 
knowledge” (M = 2.76). Conversely, students agreed that “35.  Engineering students widely use 
the internet to communicate with colleagues” (M = 4.47). 



10 

 

Student responses indicated more willingness to collect knowledge than donate it (MG = 
4.14 and 3.59, respectively). Mean scores associated with knowledge donation indicated 

agreement with the following statements 

 42.  When I need certain knowledge, I ask my colleagues about it (M = 4.31). 

 44.  I ask my colleagues about their abilities when I need to learn something (M = 4.06). 
 45.  When one of my colleagues is good at something I ask him/her to teach me how to 

do that thing (M = 4.22). 
In contrast, students were neutral towards all of the items associated with knowledge donation. 

Discussion. The revised version of the Tohidinia and Mosakhani [22] survey measuring student 
attitudes towards sharing knowledge with their peers appears worthy of further investigation. On 
the whole, it appears that students entering the course have positive attitudes about sharing 
knowledge, and they feel that their ability to share knowledge lies within their personal ability to 

control. Consequently, they intend to share their knowledge with other students. However, 
Tohidinia and Mosakhani [22] contend that knowledge sharing involves both knowledge 

collection and donation. Entering students seem more willing to collect knowledge from their 
peers than donate to it. 

This situation represents a potential opportunity to target information and interactive 
learning activities towards those areas where student responses indicated neutrality towards 

factors involved in knowledge sharing. For example, the inclusion of classroom lectures by 
practicing mechanical engineers in the community might show how they exchange knowledge 

with other engineers in the workplace.  Likewise, it may be prudent to provide access to 
reference librarians and the courses they offer to help students make use of online databases. 
Such activities may demonstrate the value of reciprocal relationships, self-efficacy, subjective 

norms about knowledge sharing, and technology use. In a similar manner, the instructor may be 
able to improve the organizational climate of the course in ways that improve knowledge 

sharing. For example, the instructor could specify expectations that students on teams will share 
their knowledge and provide feedback about the extent to which they are doing so. Course grades 
and other reinforcements could reinforce knowledge sharing as well. Creating a range of 

instructional interventions to counter student neutrality towards knowledge sharing, their end-of-
course ratings may improve. 

It is also important to note that a 50-person class will never provide adequate statistical 
power to replicate Tohidinia and Mosakhani [22] survey validation procedure, which employed 
structural equation modeling. Obtaining a sample size large enough for such an analysis would 
require student participation across a larger college of engineering—or across engineering 

colleges in multiple universities. It is conceivable that a validated version of the revised survey 
could be used as a measure of instructional effectiveness for an entire college. Student responses 

over their university tenure should show increased knowledge sharing with each year of college. 
A combination of a validated student knowledge sharing survey and the original version of the 
survey that Tohidinia and Mosakhani validated could measure knowledge sharing from 

educational into business settings. Together, these combined measures could provide a “tool set” 
for measuring this phenomenon throughout student and professional engineering careers. 
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Motivational Survey 

Results. The E2R2P team administered the motivation survey to measure both the motivational 
design of the instruction and students’ individual motivation to complete the pipe network and 

wind turbine projects. To measure the motivational design of the instruction associated with the 
two projects, the team employed factors from Keller’s [23-25] ARCS model. Keller’s 

Instructional Materials Motivation Survey [27] measures four factors: Attention, Relevance, 
Confidence, and Satisfaction. Each item was associated with a 5-point Likert scale. The team 
also collected data measuring the motivational factors that Condly, Clark, and Stolovitch [26] 

investigated:  Willingness to undertake an effort, calibration of an appropriate level of effort to 
complete it, and persistence in completing it. Forty-six students completed the survey for the 

pipe network (81% response rate); forty-four students completed the survey for the wind turbine 
(77% response rate). 

 Overall, student responses indicated neutrality towards the motivational design of the 

two projects (MG in the 3s), with the grand means associated with each factor improving from 
the pipe network to the wind turbine projects. Likewise, the standard deviations for each factor 
decreased from the first project to the second, indicating improved performance associated with 

decreased variability. Student responses to items measuring Attention indicated that the 
instruction did not gain and maintain their attention. Responses to items measuring the 

Relevance of the pipe network project indicated that this effort held less relevance for them than 
the wind turbine (MG = 3.79 and 4.11, respectively). Responses to items measuring Confidence 
and Satisfaction indicated student neutrality. 

Whereas the ARCS data measured the motivational design of the instruction, the Condly, 
Clark, and Stolovitch [26] portion of the survey measured individual student motivation to 
complete the two projects. Student responses indicated they were willing to complete both 

projects (MG = 4.39 and 4.28, respectively). Responses indicate an improved ability to calibrate 
the amount of time (MG = 2.11 and 3.25, respectively) and level of effort (MG = 2.5 and 3.32, 
respectively) associated with each project. The researchers did not collect data measuring student 

persistence in completing each project. Interestingly, the Standard deviations associated with 
these items exceeded 1.0 on a 5-point Likert scale, indicating bimodal distributions. One group 

of students calibrated the appropriate time and effort; another did not. There were few scores in 
the middle of the distribution (3 = No Opinion). 

Discussion. Student responses to the motivational survey indicate this instrument provides useful 
data that the instructor can use to improve the motivational design of the two course projects. 

There are strategies for improving each ARCS factor, and the instructor could employ them in 
combination. Likewise, the instructor could provide feedback to the class describing the 

individual motivational factors. Willingness alone does not complete projects. There are different 
ways to calibrate and expend an appropriate level of smart effort associated with successful 
project completion. There are different strategies that individuals can employ to improve their 

own and team persistence. 

This measure of instructional effectiveness will require additional work to make it ready to serve 
this role. Additional study will be needed to determine whether the 15-item version of the survey 

the researchers employed to decrease survey completion time and improve participation captures 
the same variance as Keller’s 36-item survey. Analysis of the individual motivation scores also 
indicates that this portion of the instrument could be improved by adding additional items 



12 

 

associated with each of the three factors. Likewise, a full confirmatory factor analysis of the full 
motivation survey is required to validate it, and this effort would require a large sample drawn 

from across multiple engineering universities. 

Conclusions 

If engineering educators agree that their job is to build engineering skills that transfer to 
later classes and the engineering workplace, then associated measures of instructional 
effectiveness become paramount. While student satisfaction with learning experiences is one 

potential measure, it is not necessarily the best nor the only measure that engineering educators 
should employ. One place to start is to base assessment rubrics for authentic projects on the 

workplace activities that practicing engineers complete and the standards they must meet.  If 
engineering educators also accept the responsibility for introducing student engineers to the 
larger community of engineering practice, then measures associated with knowledge sharing 

become increasingly important. Being able to measure improvements in knowledge sharing 
associated with individual classes, engineering departments, and university programs could be of 

interest to students, educators, boards of education, accrediting agencies, and employers alike. 

If engineering educators agree that constructivist instructional strategies such as problem- 
and project-based learning have a role to play in developing technical and teaming skills that 
prepare students for future coursework and the engineering workplace, then they should also care 

about the overall quality of these instructional experiences. There are a variety of methods to 
measure instructional quality. Of them, the motivational design of the instruction they create and 

students’ motivation to complete this instruction is also important. Improving the motivational 
design of learning experiences can produce effective learning that gains and maintains attention, 
provides opportunities to build relevant skills, practice them to levels of confidence, and 

satisfaction with the learning experience. Feedback about individual motivations can provide 
valuable feedback about willingness, calibration, and persistence that students can use to refine 

their future project efforts.  
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Appendix A: Compiled Knowledge Sharing Survey Data 

Factors Items N Min Max M SD 

Anticipated 
Reciprocal 
Relationships 

2.  My knowledge sharing would strengthen 
the ties between me and existing engineering 
students 

51 3 5 3.98 0.51 

3.  My knowledge sharing would get me well-
acquainted with new engineering students 

51 2 5 3.98 0.51 

4.  My knowledge sharing would expand 
scope of my association with other 
engineering students 

51 3 5 4.08 0.44 

5.  My knowledge sharing would facilitate 
cooperation among future engineering 
students 

51 2 5 3.71 0.64 

6.  My knowledge sharing would create 
strong relationships with engineering 
students who have common interests 

51 2 5 4.06 0.68 

Factor Averages    3.96 0.56 

Perceived Self-
Efficacy 

7.  My knowledge sharing would help other 
engineering students solve their problems 

51 3 5 4.02 0.51 

8.  My knowledge sharing would create new 
business opportunities for engineering 
students 

50 2 5 3.24 0.77 

9.  My knowledge sharing would improve 
processes engineering students use to 
complete projects 

51 2 5 3.76 0.68 

10.  My knowledge sharing would increase 
engineering students’ productivity 

51 1 5 3.63 0.8 

11.  My knowledge sharing would help 
engineering students attain performance 
objectives 

51 3 5 4.45 0.54 

Factor Averages    3.82 0.66 

Attitude Toward 
Knowledge Sharing 

12. To me sharing knowledge with other 
engineering students is good 

51 3 5 4.45 0.54 

13.  To me knowledge sharing with other 
engineering students is an enjoyable 
experience 

51 2 5 3.94 0.81 

14.  To me knowledge sharing with other 
engineering students is valuable 

51 3 5 4.39 0.51 

15.  To me knowledge sharing with other 
engineering students is pleasant 

51 3 5 3.82 0.77 

Factor Averages    4.15 0.66 
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Factors Items N Min Max M SD 

Organizational 
Climate 

16.  Engineering students cooperate well with 
each other 

51 2 5 3.80 0.69 

17.  Engineering students have a strong 
feeling of "one team" 

51 1 5 3.41 0.88 

18.  Engineering students encourage 
suggesting ideas for new opportunities 

51 1 5 3.73 0.67 

19.  Engineering students appreciate 
knowledge sharing with an appropriate 
reward system 

51 2 5 3.63 0.8 

20.  Engineering students support open 
communication among colleagues 

50 1 5 3.80 0.76 

Factor Averages    3.64 0.76 

Subjective Norms 
About Knowledge 
Sharing 

21.  People who influence my behavior (e.g. 
instructor, mentor, colleague, etc.) think that 
I should share my knowledge 

51 2 5 3.80 0.78 

22.  People who are important to me (e.g. 
instructor, mentor, colleague, etc.) think that 
I should share my knowledge 

51 2 5 3.86 0.8 

23.  People whose opinions I value (e.g. 
instructor, mentor, colleague, etc.) would 
approve of my knowledge sharing 

51 3 5 4.02 0.68 

24.  It is expected (e.g. by instructor, mentor, 
colleague, etc.) of me that I share my 
knowledge 

50 2 5 3.56 0.76 

Factor Averages    3.81 0.76 

Perceived Behavioral 
Control 

25.  It’s possible for me to share my 
knowledge 

51 2 5 4.00 0.57 

26.  If I wanted to I could share my knowledge 51 2 5 4.12 0.65 

27.  It is mostly up to me whether to share 
my knowledge with others 

51 1 5 4.12 0.82 

28.  Sharing my knowledge is within my 
control 

50 1 5 3.98 0.84 

Factor Averages    4.06 0.72 

Intention to Share 
Knowledge 

29.  I intend to share my knowledge in the 
near future 

50 2 5 3.90 0.84 

30.  I am likely to share my knowledge with 
my colleagues in future 

50 3 5 4.16 0.51 

31.  I will try to share my knowledge with my 
colleagues 

51 3 5 4.18 0.59 

32.  I plan to share my knowledge with my 
colleagues 

50 2 5 4.04 0.75 

Factor Averages    4.07 0.67 
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Factors Items N Min Max M SD 

Level of ICT Usage 

33.  Engineering students widely use Boise 
State's library databases to access knowledge 

51 1 5 2.76 1.12 

34.  Engineering students widely use 
Blackboard to access knowledge 

51 1 5 3.86 1.08 

35.  Engineering students widely use the 
internet to communicate with colleagues 

51 3 5 4.47 0.61 

36.  Engineering students widely use Boise 
State's computing resources to share 
knowledge with other students 

51 1 5 3.82 1.03 

37.  Engineering students widely use Boise 
State's computing resources to share 
knowledge with people outside the university 

51 1 5 3.24 0.97 

Factor Averages    3.63 0.96 

Knowledge Donation 

38.  When I learn something new, I tell my 
colleagues about it 

51 2 5 3.53 0.76 

39.  I share the knowledge I have, with my 
colleagues 

51 2 5 3.82 0.59 

40.  I think it is important that my colleagues 
know what I am doing 

51 2 5 3.57 0.76 

41.  I regularly tell my colleagues what I am 
doing 

51 1 5 3.45 0.92 

Factor Averages    3.59 0.76 

Knowledge Collection 

42.  When I need certain knowledge, I ask my 
colleagues about it 

51 3 5 4.31 0.51 

43.  I like to be informed of what my 
colleagues know 

51 2 5 3.96 0.66 

44.  I ask my colleagues about their abilities 
when I need to learn something 

51 2 5 4.06 0.73 

45.  When one of my colleagues is good at 
something I ask him/her to teach me how to 
do that thing 

51 2 5 4.22 0.7 

Factor Averages    4.14 0.65 
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Appendix B: Compiled Motivational Design Survey Data 

A
R

C
S Facto

rs (K
e

lle
r 1

9
8

7
) 

Factors Items 
Project 1: Pipe Network  Project 2: Wind Turbine 

N Min Max M SD  N Min Max M SD 

Attention 

3. There was something interesting at the 
beginning of this project that got my attention. 

46 2 5 3.7 0.81  44 3 5 4.50 0.59 

6. This project was so abstract that it was hard 
to keep my attention on it. (Reversed item) 

46 1 5 2.7 0.81  44 1 5 2.45 1.04 

15. I was persistent in giving this project 
sufficient attention from beginning to end. 

46 1 5 3.5 1.07  43 2 5 3.72 0.85 

Factor Averages    3.3 0.90     3.56 0.83 

Relevance 

5.  Completing this project successfully was 
important to me. 

46 3 5 4.41 0.69  44 3 5 4.41 0.62 

9. The content of this project is relevant to my 
interests. 

46 1 5 3.11 0.95  44 2 5 4.02 0.79 

13.  The content of this project will be useful 
to me. 

46 2 5 3.85 0.79  44 3 5 3.91 0.60 

Factor Averages    3.79 0.81     4.11 0.67 

Confidence 

4.  After reading the introductory information, 
I felt confident that I knew what I was 
supposed to learn from this project. 

45 3 5 3.6 0.86  44 2 5 3.98 0.73 

7.  As I worked on this project, I was confident 
that I was learning the content. 

46 2 5 3.72 0.89  43 2 5 3.88 0.70 

14. The good organization of this project 
helped me be confident that I would learn this 
material 

44 2 5 3.57 0.73  43 2 5 3.65 0.72 

Factor Averages    3.63 0.83     3.84 0.72 
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Satisfaction 

8. I enjoyed this project so much that I would 
like to know more about this topic. 

46 1 5 2.87 1.07  44 2 5 4.00 0.81 

10.  The exercises in this project were too 
difficult. (Reversed item) 

46 1 5 2.98 0.95  44 1 5 2.20 0.88 

11.  The wording of feedback after this project 
helped me understand where I could improve  

46 2 5 3.54 0.86  43 2 5 3.35 0.69 

12.  It felt good to successfully complete this 
project. 

45 1 5 4.42 0.84  44 3 5 4.41 0.62 

Factor Averages    3.45 0.93     3.49 0.75 

C
o

n
d

ly C
lark, an

d
 

Sto
lo

vitch
 (2

0
0

3
) Facto

rs 

Willingness 
16.  To what extent do you feel you were 
willing to complete this project? 

46 3 5 4.39 0.58  43 2 5 4.28 0.67 

Calibration 

17.  When you began the project, to what 
extent do you feel you accurately gauged the 
amount of time the project would take? 

45 1 5 2.11 1.13  44 1 5 3.25 1.10 

18.  When you began the project, to what 
extent do you feel you accurately gauged the 
amount of effort the project would take? 

46 1 5 2.5 1.19  44 1 5 3.32 1.05 

 Factor Averages    3.00 0.97     3.62 0.94 
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