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Abstract – A dramatic increase in engineering student participation during the last decade 

indicates heightened student and faculty interest in engineering service experiences. The 

first step towards understanding why students are drawn to such opportunities is to 

examine how students perceive engineering service experiences as an important source of 

learning technical and professional skills involved in the engineering disciplines. The 

following study investigates how students compare their service experience with their 

traditional coursework experience as a source of learning professional and technical skills 

in engineering. Students’ perception of where they learned professional and technical 

knowledge or skills provides an insight into the potential impact service-based 

interventions creates. This study compares service experiences with traditional 

coursework-based learning to examine the impact of service on students’ perception of 

learning sources. Students participating in an eclectic and large variety of engineering 

service experiences were surveyed. Engineering students on average identified that 45% of 

what they have learned about technical skills and 62% of what they have learned about 

professional skills was gained through their engineering service experience. Female 

students credited service experiences as their source of both professional and technical 

skills significantly higher than male students, and were consistent across academic years. 

Engineering students’ perceive service-based learning experiences, relative to their 

traditional course-based learning, to significantly impact what they know about technical 

and professional engineering outcomes.  

 

Index Terms - service learning, technical and professional learning outcomes, self-perceptions 
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INTRODUCTION 

 

Engineering pertains to the human-built world with the goal of bettering life. This goal makes it 

important for engineering educators to introduce the idea of public service so that students can 

recognize the potential impact their profession can have on society. The inherent civic 

responsibility that comes along with being an engineer has led many engineering educators to 

expose students to engineering-specific service experiences. These naturally idiosyncratic 

learning experiences of service in the context of engineering education is slightly different across 

environments such as course-based, co-curricular, or extracurricular.
1
 Service is an umbrella 

term through which students learn engineering skills. What is lacking in the literature is a clear 

understanding of how students participating in service experiences perceive the opportunity as an 

avenue to learn engineering skills. This study fills this major gap in the literature by investigating 

the following two research questions: 

 

1. How do students rate their engineering service experience compared to traditional 

coursework as a source of learning technical and professional skills related to 

engineering?  

2. How do student perceptions of engineering service experiences as a source of learning 

vary by gender and academic year?  

 

We present a background and literature review that includes a definition and brief history of 

service in engineering education. We then present a theoretical framework examining 

perceptions of learning and engineering learning outcomes, followed by a description of the 

research methods used for instrument development and analysis. Finally, we present results 

regarding each research question and discuss limitations and implications of the research. 

 

BACKGROUND AND LITERATURE REVIEW 

 

It is important to first understand how service-based learning is defined before investigating its 

impact on education. The following section will define service-based learning broadly to clearly 

identify what it entails and the theory behind the approach. The definition, history, and 

implementation will provide a foundation for why service can provide a valuable learning 

opportunity for students and supply support for why a study of these efforts in engineering was 

greatly needed.  

 

Definition 

 

Service-based learning in engineering disciplines essentially utilizes service as a vehicle for 

professional and technical knowledge gains. A precise description of how service is used in 

engineering is difficult due to the diverse approaches taken by these programs in development, 

implementation, and outcomes. Experiences have been grouped into three categories: 1) course-

based service learning, 2) co-curricular service experiences, and 3) extracurricular service 

experiences. Course-based service learning is described as a method of teaching, pedagogy, 

philosophy, and academic strategy embedded in traditional classroom environments.
2-10

 Co-

curricular and extracurricular service experiences are activities partially embedded or 
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completely separated from a traditional classroom environment that students participate in on a 

voluntary basis. The explicit embeddedness of service-learning within the curriculum creates a 

clear divide between co-curricular and extracurricular service experiences.  

We define engineering service experiences (ESE) based on the overarching goals of the 

experience rather than on the proximity to the classroom. Programs defined as ESE for this study 

meet the criteria defined by Boyer
11

 and Jacoby
6
: (a) be personally meaningful and real to the 

student, (b) incorporate elements of active citizenship directed toward school and community, (c) 

have clearly stated educational objectives (d) promote skills associated with teamwork and 

citizenship (cooperative rather than competitive experiences), (e) focus on addressing complex 

problems in complex settings, (f) engage students in problem solving and critical thinking, (g) 

teach a specific context of an activity, and (h) allow students to react to their experiences to 

promote deep learning through reflection, while disregarding setting and assessment. These goals 

reflect the principle that “service, combined with learning, adds value to each and transforms 

both”
12

 – especially when students recognize the relationship between service and their own 

learning.
13

 Programs like episodic volunteering, add-ons to school curriculum, community 

service, or compensatory service assigned as punishment do not fully align with these goals.  

Students who were involved in such programs were not included in this study. Only engineering 

service opportunities that reflect these goals and have the potential to enhance student learning 

outcomes desired by engineers were included. 

 

History of Service Learning in Engineering 

 

The use of service to enhance learning can be traced back to the mid-1800s, but it wasn’t until 

1964 that the term service learning was first used by the Oak Ridge Associated Universities as a 

way to describe their community service programs.
14

 This application of the term grew as many 

institutions in the United States adopted the terminology, leading to a number of educational 

programs focused on service learning.  Federal programs, such as the University Year for Action 

(1972) and the National Center for Service Learning (1970) continued the growth in popularity 

of service-based educational efforts.  In 1985, Campus Compact was formed as a consortium of 

college and university presidents who supported the value of service in education and on their 

campuses.  Today, service-learning efforts have grown substantially at the elementary, 

secondary, and higher education levels.   

The use of service in engineering education in the United States began in the 1990’s (e.g., see 

Tsang et al.
15

 and Duffy
16

). These service-based efforts have included course-based service 

learning, co-curricular service experiences, and extracurricular opportunities used in a number of 

engineering disciplines at various different institutions.  Some examples of exemplary programs 

include: 

• Engineering Projects in Community Service (EPICS) is a program developed in 1995 at 

Purdue University. The program now exists at many other institutions as well as 

numerous high schools across the country (engineering.purdue.edu/EPICSU). 

• The Service Learning Integrated throughout a College of Engineering (SLICE) program 

at the University of Massachusetts Lowell is an example of incorporating service learning 

into existing required courses. Undergraduates must take at least one course with a 

service experience in every semester (slice.uml.edu). 
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• Engineers Without Borders (EWB) is a humanitarian, capacity-building organization 

which partners with developing communities to improve their quality of life (www.ewb-

usa.org). 

• Engineers for a Sustainable World (ESW) is an organization that seeks to foster 

sustainable methods to improve the world’s condition and quality of life through 

engineering (www.eswusa.org).  

 Engineering learning opportunities that utilize a service component have increased in the 

United States based on the need to reconsider the priorities of the professoriate,
17

 a desire to 

improve human conditions to fulfill higher education goals,
18

 and to meet the interest and 

demand of students and faculty across the nation. The increase in opportunities has also placed 

greater emphasis on studying the impact of these interventions to maximize the benefits of 

service experiences and to measure the value added.
19-20 

 

THEORETICAL FRAMEWORK 

 

An assessment on the impact of service requires an understanding of not only ‘how to’ assess but 

also ‘what to’ assess. The theoretical framing for this study includes a description on the 

importance of using perceptions as a lens to investigate impact as well as a discussion on what 

skills it is believed engineering graduates should possess upon graduation. 

 

Perceptions of Learning 

 

Engineering students encounter many formal and informal learning experiences throughout their 

higher education. This makes it extremely difficult to pinpoint exactly where a student learned a 

particular set of knowledge or skills. Self-perceived sources of learning are a measure of where a 

student believes he or she has learned a specific skill or understanding. Self-perception is used 

for this study to identify sources of learning on a student’s own account as a best available 

approach.  

Two theories address how individuals self-attribute various sources of learning outcomes:  

a) According to Bem’s Self-Perception Theory, “Individuals come to ‘know’ their own attitudes, 

emotions, and other internal states partially by inferring them from observations of their own 

overt behavior and/or the circumstances in which this behavior occurs.”
21

 Learning is often 

influenced by multiple circumstances, or sources, that the learner internally gages as contributing 

factors to the learned skill or understanding. Overt behavior (behavior easily observed by others) 

and situational cues (contextual cues in the environment that signal to a person that an action or 

event may occur) influencing the knowledge learned provide the individual with indications of 

the perceived impact for each source. Full realization of what accounts for understanding is then 

linked to what the individual attributes to the understanding.  

b) Of additional importance is how individuals attribute certain events to what they know. 

Attribution Theory explains how individuals attribute various causes to events and behaviors. It 

is how an individual interprets situational cues and how these cues relate to their thinking and 

behavior that determines what they hold responsible for the given behavior.
22-24

 A student’s 

belief about where he or she learned a given concept is therefore highly influenced by the 

importance placed by the student on a specific intervention.  
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       Student self-perceptions were used to identify the impact their ESE had on their attainment 

of particular engineering learning outcomes  which provided a measure beyond a grading system 

of knowledge attainment. 

 

Engineering Learning Outcomes 
 

Engineering institutions (e.g. colleges and universities) have many desired learning outcomes or 

skills they expect students to learn through undergraduate and graduate level education. Any 

pedagogical intervention that is introduced into the curriculum should be designed with certain 

learning goals in mind. ABET, Inc.,
25

 recommend that engineering programs must demonstrate 

that their graduates have:  

a. an ability to apply knowledge of mathematics, science, and engineering,  

b. an ability to design and conduct experiments, as well as to analyze and interpret data,  

c. an ability to design a system, component, or process to meet desired needs,  

d. an ability to function on multidisciplinary teams,  

e. an ability to identify, formulate, and solve engineering problems,  

f. an understanding of professional and ethical responsibility,   

g. an ability to communicate effectively,  

h. the broad education necessary to understand the impact of engineering solutions in a 

global and societal context,  

i. a recognition of the need for, and ability to engage in, lifelong learning,  

j. a knowledge of contemporary issues, and 

k. an ability to use the techniques, skills, and modern engineering tools necessary for 

engineering practice. 

 

Additional learning outcomes were suggested in the 2005 report from the National Academy 

of Engineering Center for the Advancement of Scholarship on Engineering Education (NAE 

CASEE).
26

 The report mentions that the engineering education community emphasizes four 

additional student outcomes: 

l. an ability to manage a project, including a familiarity with business, market-related, and 

financial matters,   

m. a multidisciplinary systems perspective,   

n. an understanding of and appreciation for the diversity of students, faculty, staff, 

colleagues, and customers, and   

o. a strong work ethic.  

 

Prior to this study, Pierrakos, Borrego, and Lo
27-28

 used these fifteen criteria to construct a 

50-item instrument entitled the “National Engineering Students’ Learning Outcomes Survey 

(NESLOS).” This instrument measured students’ perceptions of their technical–engineering 

subject-matter knowledge generally focused on the application of mathematics, science, and 

design concepts and professional–personal skills such as communication, teamwork, and lifelong 

learning outcomes. Items on NESLOS were written to assess knowledge and skills pertaining to, 

but not limited to: (1) problem-solving, (2) writing and oral communication skills, (3) 

understanding and applying knowledge, (4) teamwork, (5) confidence gains, (6) organization and 

management skills, and (7) interest and engagement of project. Two parallel studies were 

conducted using NESLOS to determine the impact of: (1) engineering senior design projects , 
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and (2) cooperative (co-op) experiences on student technical and professional skills. Students 

used NESLOS to record how helpful the experience was in enabling them to achieve technical 

and professional skills. Senior capstone project participants identified a greater gain in 

professional skills than in technical skills. Female students in this sample were shown to have 

statistically higher ratings for both professional and technical skills than their male classmates. 

After participating in an engineering co-op experience, participants (mostly rising seniors) had a 

greater gain in professional skills than in technical skills. Professional skill items were decidedly 

higher ranked by females. 

Pierrakos et al. suggest in their two studies that the use of the NESLOS instrument would 

greatly enhance our understanding of how students perceive service as a source of learning; 

however, neither study included any evidence to ensure the validity and reliability of the 

instrument had been tested and confirmed. The current research intends to extend the work of 

Pierrakos et al. to not only study perceived learning from service, but to also test and validate the 

measure.  

 

RESEARCH METHODS 

 

A nationwide sample of students participating in various forms of engineering service 

experiences across the United States was assembled for the study to avoid program bias. 

Students were recruited through a service-based network by asking “authority” figures – 

professors, program managers, and student officers – associated with recognized service courses 

and programs to identify and solicit their students to participate in the study. To ensure the 

recruited students had both engineering service and traditional course experiences, the authority 

figures were asked to confirm their program’s alignment with three specific characteristics 

(shown below) which were derived from the  eight criteria defined by Boyer
11

 and Jacoby
6
: 

 

1. Projects must be authentic to the students. The project can be within a single discipline or 

multi-disciplinary with components and participants spanning across the disciplines of 

engineering, math, technology, sciences, arts, and humanities. Projects can be initiated by 

the academy or by the affected community. The service experience can be practiced 

under a variety of project scenarios, but requires a formal connection of service and with 

the learning institution. 

2. Service must be intentional and appropriately developed. Service can range from local 

industry to a developing, rural community. The service is grounded in the needs of the 

community, but must be jointly developed by all stakeholders, most specifically the 

students and the affected community. The service effort creates, nourishes and sustains 

the overall effort. Service is the component that deepens the experience of the project and 

serves as the basis for the partnership that is developed between the stakeholders’ efforts. 

3. Learning is the primary goal in carrying out the project and is enhanced by the nature of 

the service effort. Learning must occur for all stakeholders, but must not be formally 

assessed. However, planned reflection must occur to bring learning to the forefront and 

deepen the learning.  

 

The three criteria were used to simplify the authority figure’s evaluation of their program. Initial 

recruitment reached out to students at over 100 institutions across the United States participating 

in various bonafide ESEs.  
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The online survey administered through SurveyMonkey
©

 recorded a final sample of 261 

undergraduate student responses. Entries excluded from analysis were non-undergraduate 

engineering student responses, incomplete surveys, and any respondent who rated all items on a 

given construct scale with the same scores. The last stated reason was employed to avoid using 

responses done quickly with little thought and consideration for the questions (Note: The items 

used in this study were a small part of a much larger survey).  

The 261 students who comprised the study sample hailed from 87 different institutions across 

the U.S. with the number of students ranging from two to twenty per institution.  Students’ ages 

ranged from 18 to 32 years old (M = 20.5 ± 2.1). Their experience with engineering service 

ranged from one to four years (M = 1.8 ± 1.0). Students included first-years (n= 30), sophomores 

(n = 54), juniors (n = 66), and seniors (n = 111) majoring in a variety of engineering disciplines 

(see Table I). The majority of the students were Caucasian (~77%) with a close to 1:1 ratio of 

males to females (132:129).  

A random sampling strategy of students that could represent a national sample of engineering 

service experiences was not used. This strategy was not employed to avoid the expense of 

carrying out such a process and identifying the exact pool of engineering service experiences 

offered at thousands of institutions in the U.S. A comparison with the general engineering 

population also could not be implemented because the male-female composition of the sample 

indicates proportionally higher numbers of female students possibly participating in engineering 

service experiences. This is in sharp contrast with the national average of women enrolled in 

engineering programs across the U.S. 

 

TABLE I. 
PARTICIPANT MAJORS 

Major n 

Aeronautics, Astronautics, or Aerospace Engineering 2 

Agricultural Engineering 1 

Bioengineering, Biomedical, or Biosystems Engineering 26 

Chemical Engineering 29 

Civil Engineering 59 

Computer or Software Engineering 6 

Electrical Engineering 13 

Environmental Engineering  25 

General Engineering 4 

Industrial Engineering 6 

Materials or Material Science Engineering 27 

Mechanical Engineering or Engineering Science &  

Mechanics 
56 

Ocean Engineering 1 

Systems Engineering 3 

Engineering Psychology, Financial Engineering 3 

TOTAL 261 

 

Learning Outcomes Assessment 

 

Instrument Design. The NESLOS instrument was modified to create a new instrument capable of 

identifying how students perceive different sources of learning. Changes were made to improve 
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the validity of the new instrument for the construct related to sources of learning and control the 

length of the instrument. First, the instrument was condensed from fifty items to sixteen to 

reduce the amount of time required to complete the entire survey and minimize the number of 

items it would take to achieve appropriate validation and reliability requirements for the source 

of learning instrument. Sixteen items were deemed the minimum number of items necessary to 

ensure that each of the key technical and professional skills identified in the ABET Criterion 3 a-

k and NAE CASEE report were still included (see Appendix). The scale was then changed to a 

100-point scale with ten unit increments to provide a far more fine-grained assessment of the 

construct. The overall scale ranging from zero to 100 has been used as a common performance 

scale throughout educational systems because the population of interest, students, have a comfort 

level in being scored in school on a 100-point scale.
29

 Finally, the scale required modification in 

order to identify the impact of their service experience(s) relative to their traditional coursework. 

This was accomplished with a double-sided scale where the extremes represent 100% for one 

intervention and 0% for the other intervention (e.g. 10CL/90SE represented a response 

identifying 10% from traditional coursework learning and 90% from a service experience. Note: 

a clear distinction was made in the instructions for students to include a service-learning course 

experience as a service experience and not a traditional course). A student who chooses the 

50CL/50SE option holds the perception that their service experience and their coursework 

learning have equally accounted for their attainment of the given skill. This way, students were 

made to compare the two sources of learning directly on the same item. Students were also given 

the option to associate the given skill with experiences outside of their traditional coursework 

and service experience by choosing ‘I already had that skill.’ 

 

Validity and Reliability of the Source of Learning Instrument. Prior to analyzing the student 

results, the modified-NESLOS instrument was tested for validity and reliability. Confirmatory 

factor analyses were used to ensure the presence of two underlying factors within the fifteen 

items. Factor analysis produced two distinct factors (see Table II): 1) technical skills (TS) 

consisting of six items such as ‘apply math, science, and engineering knowledge’ (see items 1-6 

in Appendix); and 2) professional skills (PS) consisting of ten items such as ‘communicate 

effectively with others’ (see items 7-15 in Appendix) – determined using only factors with 

eigenvalues greater than one.
30

 Reliability for each factor was tested using internal consistency 

(αTS = 0.846; αPS = 0.905); both factors displayed reliability appropriate for analyzing survey 

responses.
31

 Further validation and reliability testing was conducted in a previous study.
32

 

TS and PS mean factor scores on a scale from zero to 100 were used to estimate students’ 

perception of learning source where lower scores represent greater attributions to traditional 

courses and higher scores represent greater attributions to service experiences. Mean scores 

obtained from the instrument were tested using a two-step process. First, multivariate analyses of 

variance (MANOVA) were used to identify significant differences in perceived learning sources 

of TS and PS factors from service-related experiences versus traditional courses.  In this analysis, 

gender and academic year were considered as independent variables. Second, if gender or grade 

level was shown statistically significantly influencing the TS and PS outcomes, then t-tests (used 

for gender) and 1-way analysis of variance (ANOVA)s (used for academic year) were conducted 

to further break down the amount of differences among groups identified by gender or grade 

level. The assumptions for analysis of variance testing were tested to ensure an accurate 

interpretation of the results. Student responses to the instrument were assumed to be 

independent. Students’ factored scores on TS and PS were normally distributed based on the 
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frequency and normal quantile plots, and were homoscedastic based on Box’s M test. In other 

words, the scores displayed statistically equal variances between student groups defined by 

gender and academic year. 

TABLE II 
FACTOR LOADINGS FOR EACH ITEM. 

Item  
Factor 1 

(TS) 

Factor 2 

(PS) 

1 0.641  

2 0.750  

3 0.790  

4 0.779  

5 0.749  

6 0.803  

7  0.794 

8  0.778 

9  0.769 

10  0.716 

11  0.760 

12  0.718 

13  0.752 

14  0.725 

15  0.704 

16  0.629 

 

 

RESULTS 

 

The first research question asks how service students perceive service as a source of learning 

relative to traditional coursework. To address this question, an analysis of the mean scores for 

service as a perceived source of learning TS and service as a perceived source of learning PS was 

conducted for the 261 engineering service students who participated in the study. Engineering 

students on average identified that 45% (± 19.1) of what they have learned about technical skills 

– differentiating between technical skills and technical content – and 62% (± 18.4) of what they 

have learned about professional skills was gained through their engineering service experience. 

This suggests that students perceive their service experience to have contributed to 45% and 62% 

of what they know about technical skills and professional skills, respectively. A closer look at 

the scores using standardized z-scores reveals a linear trend when professional and technical 

skills are plotted against one another for each individual student (see Figure 1). The trend 

suggests that students who believe their service experience to have value toward one set of skills 

also perceive the experience to have value toward the other set of skills. Vice versa, if students 

do not see value toward one set of skills they are likely to not perceive value toward the other set 

of skills. 
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FIGURE 1 
STUDENT PROFESSIONAL SKILL (PS) AND TECHNICAL SKILL (TS) Z-SCORES PLOTTED AGAINST ONE ANOTHER 

CREATING REGIONS OF LOW AND HIGH IMPACT. 

  

Averages varied for perceived learning of technical and professional skills between female 

and male students as well as across academic years. These differences were further investigated 

to answer the second research question. 

Table III presents the mean scores (M) with standard deviations (SD) in terms of gender and 

academic year for the sample. The total sample size for each group (n) is noted because students 

who chose the option ‘I already had that skill’ were removed from the analysis. This option was 

chosen for at least one item by less than 5% of the respondents in the sample. 

 

TABLE III  
PERCEIVED SOURCES OF LEARNING FACTOR MEAN SCORES WITH STANDARD DEVIATIONS 

 Technical Skills Professional Skills 

 N M SD n M SD 

Gender       

Males 126 29.9 (-0.20) 17.6 (0.91) 113 42.9 (-0.14) 18.6 (0.98) 

Females 123 37.6 (0.21) 19.8 (1.05) 107 48.2 (0.15) 17.7 (1.00) 

Academic Year       

First-year 28 35.4 (0.09) 19.3 (1.01) 26 42.3 (-0.17) 21.5 (1.04) 

Sophomores 49 36.1 (0.13) 18.7 (0.91) 45 48.8 (0.18) 15.4 (0.81) 

Juniors 63 31.6 (-0.11) 20.9 (1.12) 55 43.3 (-0.12) 18.6 (1.00) 

Seniors 109 33.2 (0.02) 18.1 (0.96) 94 46.0 (0.03) 18.9 (1.07) 

  

Technical Skills 

Professional Skills 

High Impact on PS 

Low Impact on TS 

Low Impact on PS 

Low Impact on TS 

High Impact on PS 

High Impact on TS 

Low Impact on PS 

High Impact on TS 
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A two-way MANOVA revealed a significant main effect for gender, but not for academic 

year (see Table IV). There was no significant interaction effect between gender and academic 

year. The effect size (partial Eta
2
) for gender accounts for 4.2% of the total variance, which is 

overall classified as weak; however, power to detect the effect for gender was 0.77. The results 

indicate that student perceptions of their source of learning for both TS and PS significantly 

differed by gender and were not different across academic years. 

 

TABLE IV  
MANOVA SUMMARY TABLE FOR A TWO-WAY BETWEEN-SUBJECTS DESIGN WITH PERCEIVED SOURCES OF LEARNING 

FACTORS AS OUTCOMES, GENDER AND ACADEMIC YEAR AS PREDICTOR VARIABLES 

Source of Variation Wilks’ Lambda df F ratio Eta2 Power 

Gender 0.958 2 4.521* 0.042 0.766 

Academic Year 0.972 6 0.998 0.014 0.396 

Interaction 0.990 6 0.330 0.005 0.143 

* ρ ≤ 0.05      

 

Given the overall significance of gender on the source of learning PS and TS factor-scored 

variables, the main effects of gender were examined for each factor using independent sample t-

tests. The Levene’s Test, which tests the assumption of equal group error variances, was not 

significant for technical skills (p = 0.216) or professional skills (p = 0.734) suggesting the 

equality of the group variances. The t-test results confirmed that the mean scores for females 

were significantly higher on the technical skills factor [tTS (248) = 3.286, p (2-tailed) ≤ 0.001] 

and professional skills factor [tPS (219) = 2.145, p (2-tailed) ≤ 0.05]. The t-test results suggest 

that the observed mean differences in Table III for female perceptions of service on their 

technical and professional skills is significantly greater than their male classmates. 

The lack of an overall significance of academic year and the interaction on the PS and TS 

factor variables was also further examined using ANOVA and mean plots. The one-way 

ANOVA results confirmed the lack of a significant effect of academic year on the perceived 

sources of learning for the TS factor [FTS (3,248) = 0.651, p = 0.583] and the PS factor [FPS (3, 

219) = 1.038, p = 0.377]. The results suggest that service students at any academic year perceive 

their service experience to have the same level of impact on their learning of technical and 

professional skills throughout their academic engineering education.  

The mean plots of the technical (see Figure 2) and professional skills (see Figure 3) factors 

for males and females across academic year were plotted to test the lack of a significant 

interaction between gender and academic year. The similar gender gap across the academic years 

for both the technical and professional skills factors visually displays no interaction exists 

between gender and academic year. This was confirmed using a two-way ANOVA of the 

interaction (gender*academic year) [FTS (3, 248) = 0.406, p = 0.749; FPS (3, 219) = 0.212, p = 

0.888].  
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FIGURE 2  
MEAN TECHNICAL SKILLS FACTOR SCORES WITH STANDARD ERROR FOR EACH GENDER ACROSS ACADEMIC YEAR 

 

 
 

FIGURE 3 
 MEAN PROFESSIONAL SKILLS FACTOR SCORES WITH STANDARD ERROR FOR EACH GENDER ACROSS ACADEMIC YEAR 
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DISCUSSION 

 

The student sample perceiving service to account for 62% of what they learned about 

professional skills and 45% of what they learned about technical skills relative to traditional 

coursework learning suggests value in service offerings. Students crediting service as a source of 

learning professional skills more than technical skills is to be expected because the aim of many 

service experiences is to make the practice of professional skills a major component of the 

experience. Traditional coursework can often overlook the importance and need for students to 

learn professional skills. The results may relate to many courses teaching engineering science 

topics from an abstract theoretical perspective rather than a practical approach. The approach 

neglects the need for context and connections to the real world, which contrarily is a major 

tenant of service experiences. Real world professional skills may be learned more effectively 

through service because such experiences try to make the learning of professional skills visible to 

students. 

While traditional coursework learning was identified to have a larger impact for technical 

skills, the relative time (e.g. one semester compared to 8 semesters) spent on service compared to 

traditional coursework suggests service to be an important experience in this cohort of students’ 

engineering education. Students in this sample varied from one to four years of participation in 

anywhere from one to two different service experiences. Regardless of time and type of 

experience, the identified linear relationship showed students to have typically felt the same way 

about the impact of service on technical and professional skills whether positive or negative. 

This result could be tied to the use of various engineering service experiences or it could suggest 

that service experiences are not the best means of learning for all engineering students. We 

believe that the type of service experience is not the reasoning behind the perceived value toward 

learning, but instead based on student expectations for the type of educational experiences they 

receive. The interests and learning styles of students weighs heavily on whether such experiences 

are effective.  

Gender analysis identified those female students who participated in learning through service 

opportunities rated the contribution of service experiences to their learning of both technical and 

professional skills significantly higher than their male classmates. This finding can be explained 

by the reported tendency of females, more so than males, to seek activities that help people.
33, 34

 

This could be one reason, as demonstrated by the voluntary sample obtained for this study, for 

why females are highly attracted to service opportunities as part of their academic engineering 

education. As a result, this research also suggests that service experiences can be used to attract 

females into STEM disciplines.  

An analysis across academic year identified that there were no significant differences 

between the perceptions of first-years, sophomores, juniors, and seniors regarding the impact of 

service. This suggests that a service experience can be undertaken at any point in a students’ 

higher education resulting in the same perceived contribution to their technical and professional 

skills. The effect also shows that current service experience offerings do not expand across 

academic years. This may change if more opportunities are present allowing more students to 

participate in more hours as they move to higher-grade levels. A longitudinal study of programs 

like UMass-Lowell’s Service Learning Integrated throughout the College of Engineering 

(SLICE) program, which implements a series of service experiences for students throughout the 

curriculum, would be an interesting analysis to provide an in-depth understanding of gained 

professional skills.  
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What this study reveals is a need for service experiences to address the ABET and NAE 

outcomes often overlooked in traditional coursework. Engineering degree programs often talk 

about developing students into well-rounded individuals by requiring them to take courses in the 

humanities. If we want engineering students to develop into more conscious and active citizens 

we should look to service experiences as an approach to integrate such disciplines into real 

projects in order to achieve this goal.  

 

LIMITATIONS 

 

This study was intended to observe students perceptions of service experiences from a collective 

perspective. The conscience decision to combine a variety of service experiences into one group 

without a control group was purposefully conducted to avoid service-type bias. Grouping all 

service experiences together accomplishes a general assessment of service, but does include 

some drawbacks. One limitation is the inability to separate students participating in different 

types of programs at different institutions. The smaller impact on technical skills compared to the 

impact on professional skills may be related to the type of service and the environment in which 

the service occurs. While learning of technical skills is always implicit in the activities that 

engineering service students perform, the rigorous education of technical skills is not always an 

enforced requirement of some extracurricular service activities. This could in fact diminish the 

learning of technical skills for some experiences. These groups were not separated in part to 

show an overall effect rather than a programmatic impact. Studying a larger group of students at 

one institution with a variety of service opportunities would combat this limitation; however, it is 

rare that students who participate in service opportunities only participate in the service 

experience without simultaneously taking traditional courses.  

The second limitation of the study is the use of student perceptions to identify change. 

Student bias, both positive and negative, toward their service or traditional course experiences 

may exist prohibiting them from accurately attributing the circumstances that occur in their lives. 

Their perceptions can be skewed by their inability to truly identify the root cause of a learned 

skill. The assessment of service experiences and other new forms of educational practices 

requires a new, not yet formulated learning paradigm.
35

 Most service experiences occur in 

parallel with traditionally taught courses. Student perceptions are in essence the best means to 

measure impact at this time. A control group could be added, but was ruled out in this study 

because an equivalent sample of self-selecting students does not truly exist. Students who 

participate in other extracurricular engineering activities or only non-service coursework learning 

would fail to fully control for the differences of service students. Even studying the same 

students longitudinally would present the impossible task of extracting the impact of the service 

alone. A true control group would only be possible if a course were taught with half of the 

students randomly being assigned to a service version and the other half being assigned to a 

coursework only version. This approach is feasible, but viewed by the authors as an unfair 

experience for the students who may or may not desire a service experience. A follow-up study 

that determines an appropriate control group would be interesting to further validate these results 

if an equivalent group could be determined. 
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CONCLUSIONS & IMPLICATIONS 

 

This study was designed to investigate the perceptions students have about the impact of service 

on their learning. Academic engineering education affords engineering students with a variety of 

experiences designed to learn recommended technical and professional skills. The analysis of 

this particular cohort of engineering students identified service to have a substantial impact on 

their learning no matter the proximity to the classroom, for how long they participated, or at what 

stage in their education they participated in the experience. Students identified that 45% of what 

they learned about technical skills and 62% of what they learned about professional skills was 

learned through their service activity. The impact was identified to be even more important for 

females (49% for TS and 65% for PS) who identified significantly higher perceptions of service 

as a source of learning compared to their male classmates (41% for TS and 59% for PS).  

Based on the positive student perceptions of service as a source of learning, engineering 

educators should be encouraged by the identified effects of service as a pedagogical approach. 

The perceived impact on professional and technical skill learning suggests that any form of 

service can provide a useful pedagogical strategy or educational intervention for many 

engineering students and may facilitate the attainment of learning outcomes currently advocated 

by ABET. The value placed on these opportunities by this sample of students should be 

considered encouraging when deciding the direction of a given institution’s engineering 

education and should drive institutions to implement and offer service experiences for their 

students.  
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APPENDIX - Modified National Engineering Students’ Learning Outcomes Survey (NESLOS) 

 
Directions: Rate how helpful your engineering service experience (SE) was compared to your coursework 

learning (CL) in enabling you to achieve the following skills. Choose the option that best depicts the 

percent impact from engineering learning-through-service and coursework. 

 

Ex. 10CL/90SE = 10% impact from coursework/90% impact form engineering service experiences 

0CL/100SE   60CL/40SE 

10CL/90SE   70CL/30SE 

20CL/80SE   80CL/20SE 

30CL/70SE   90CL/10SE 

40CL/60SE   100CL/0SE 

50CL/50SE   I already had that skill (please list from where) 

 

1. Apply math, science, and engineering knowledge. 

2. Design a system, component, or process to meet desired needs. 

3. Design an experiment. 

4. Analyze and interpret data. 

5. Apply techniques, skills, and modern engineering tools in practice. 

6. Conduct (or simulate) an experiment. 

7. Communicate effectively with others. 

8. Operate in the unknown (i.e. open-ended design problems). 

9. Function within a team 

10. Engage in critical, reliable, and valid self-assessment (i.e. reflection). 

11. Persevere to complete an engineering design task. 

12. Maintain a strong work ethic throughout an engineering design project. 

13. Understand the impact of your engineering design/solution in a societal and global context. 

14. Identify potential ethical issues and dilemmas of a project. 

15. Knowing what you want to do after graduation (get a job, go to graduate school, etc…) 

16. Recognize the need for life-long learning 


