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     Abstract—This Work in Progress Innovative Practice Paper 
addresses three challenges we face when teaching freshmen: a) 
how to present a wide variety of sub-fields in electrical 
engineering, b) how to establish the relevance of electrical 
engineering to things they care about, and c) how to relate 
electrical engineering to students' experiences. We are attempting 
to address these through a mentorship program involving recent 
alumni working with teams of freshman electrical engineering 
students. Mentors are expected to: (i) come to class and speak 
about their job experience, (ii) meet with their teams early in the 
term to help them get started with their projects, (iii) provide a 
mock job or internship description to which the students apply 
by providing resumes and cover letters, (iv) giving feedback on 
their mock applications, and (v) be available by email or other 
means to answer questions throughout the quarter. While 
mentors were enthusiastic, some student teams were not as 
engaged as we had expected. Mentors suggested keeping students 
more accountable. Students were more concerned about more 
structured meetings with mentors and having clear expectations. 
We agree with these suggestions and are working on their 
implementation. Overall, our initial results are encouraging 
enough for us to continue developing this program further.  
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I. INTRODUCTION AND BACKGROUND 

The student experience during the freshman year has been 
recognized as one of the keys to not only attracting more 
students into engineering and improving retention, but also to 
forming some significant attributes of successful engineering 
graduates [1]. Portland State University is an urban university, 
and its Electrical and Computer Engineering (ECE) 
department serves a relatively large and very diverse student 
population including a large fraction of transfer and part-time 
students. We redesigned our freshman year roughly 10 years 
ago, as explained in [2].  We decided to offer three freshman 
ECE-oriented classes immediately instead of general classes 
designed to cover all the traditional engineering disciplines as 
in the earlier college-taught course. The first one – ECE 101 
Exploring Electrical Engineering - was meant to be the 
gateway into the ECE program, one that would be more 
inviting to students. Instead of trying to filter them out of the 
program, we would present them with a spectrum of 
engineering challenges that are fun to work on [3]. We also 

wanted to make our program more attractive to undecided and 
traditionally under-represented groups of students. Given that 
active student learning in the form of hands-on projects and 
lab-based approaches are very effective [4]-[6], we designed 
the three freshman courses with this in mind.   

There are many challenges to teaching ECE 101. For 
example, concerns about students’ math preparation and 
problem-solving skills have been reported previously [7].   A 
large (typically about 80 students) diverse class will contain 
students of various ages and experience, from a few traditional 
freshmen straight out of high school to those who are working 
and with families of their own. Roughly half of our students 
work part or full-time. Some students are already familiar with 
the engineering profession, but many have little idea of the 
range of job opportunities available within the broad category 
of electrical engineering, and what those jobs actually entail.   

An interesting approach to addressing some of these issues 
was presented by Ott [8] where freshman CS students were 
asked to maintain email contact with their industry mentor and 
were given a set of specific tasks to complete. We liked the 
exploratory nature of this approach but thought that face-to-
face interaction would be even better. We also have a very 
effective capstone program [9] where students work with 
industry mentors, so we could potentially build on our 
experiences in running that program.  The particular 
challenges addressed in this paper are:  

1. how to introduce students to the wide variety of sub-
fields in electrical engineering,  

2. how to establish the relevance of electrical 
engineering to things that students care about, and  

3. how to relate electrical engineering to students' 
experiences.   

The last two items relate to student motivation, which we 
hope will lead to the development of intrinsic motivation. 
Motivation is well known to relate to success and retention, 
e.g. [10]. Within the self-determination framework, there are 
three factors that lead to a sense of intrinsic motivation: 
feelings of autonomy, competence, and relatedness [11],[12]. 
Our approach to mentorship primarily addresses relatedness, 
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but other components of the course are designed to address the 
other two factors as well. For example, by allowing students to 
select their projects we enhance their sense of autonomy.  

Next, we discuss the course design and implementation of 
the mentorship program, followed by some initial observations 
and data.  

II. COURSE DESCRIPTION 

By the end of the ECE 101 course students are expected to 
have attained these learning outcomes: 

1. Solve engineering problems 

2. Perform research on areas of electrical engineering 

3. Write technical reports and summaries 

4. Perform simple lab experiments 

5. Complete a project involving both design and 
technical elements 

6. Work on a team 

The class meets for two 90-minute lectures and one three-hour 
lab each week over a 10-week quarter.  In the lecture class, 
speakers from both the faculty and local industry present an 
overview of different fields and career opportunities in 
electrical engineering.  Some basic technical content such as 
simple circuits and logic gates is introduced, and we have 
lately been adding more math review.  There are presentations 
and class activities on communication, ethics, teamwork and 
project management and design. 

     Students first do a short “mini-project” to help teams learn 
to work together, then a larger project for the rest of the term.  
Students work in teams of four to six.  For the larger project, 
they have a choice of a Rube Goldberg machine with some 
electrical elements, or they can propose a project of their own 
choice.  Students generally find the project creative and fun. 
Teams demonstrate their project and submit a final report at 
the end of the term. 

In the lab, students are introduced to building circuits on 
breadboards, and to basic lab bench equipment such as a DC 
power supply, multimeter, function generator and 
oscilloscope.  They are also introduced to the software 
programs LTSpice and MATLAB.  All the labs are fairly 
simple, but we believe being exposed to the lab environment 
in a slower-paced, non-threatening introductory course will 
make the more rigorous labs they experience in later classes 
less intimidating. 

III. THE MENTORSHIP PROGRAM 

     In the Fall 2016 term, we started a program to involve 
recent alumni working in local industry as mentors in ECE 

101.  We contacted graduates of our department still working 
in the Portland area, and asked them to volunteer as mentors in 
the class.  One mentor was assigned to each team, and the 
mentors were asked to do several things.  First, they were 
asked to talk about their job experience.  This could be each 
mentor talking to their own team, or a panel of mentors all 
presenting to the class as a whole, depending on how the 
individual instructor arranged it.  Second, mentors provide a 
realistic job or internship description to which the students 
“apply” by submitting resumes and cover letters.  The mentors 
then give feedback on the students’ applications.  Third, 
mentors meet with their teams in-person at least once, but 
ideally two or three times, throughout in the term to help 
students with their projects.  This could involve giving 
feedback on project ideas, discussing any teamwork or 
organizational issues, and reviewing the project proposal and 
report.  More than just technical project assistance, these 
meetings are meant to provide a chance for students to make a 
personal connection with a working professional in their field.  

     We have tried to minimize the time commitment for the 
mentors in the hope of attracting a sufficient number, given 
that more than a dozen are needed each term. Below is an 
outline of typical mentor-team interactions over a 10-week 
term.  

Week 2: mentors assigned and email given to students 

Week 3: teams collectively contact mentor and set up meeting 

Week 4: get acquainted; mentor discusses career, work 
environment, etc.; discuss student project plans 

Week 5: teams present draft of their project 

Week 6: further discussion of the project; resumes given to 
mentor 

Weeks 7 & 8: mentor gives feedback on resumes; teams 
update mentor on their project progress  

Week 10: if possible, mentor comes for final project demo  

IV. MENTORSHIP PROGRAM RESULTS 

     Overall, mentors involved in the program have been happy 
to be involved.  Many alumni are eager to give back and share 
their experiences with other students.  There was wide 
variation in the amount of interaction, however, stemming 
primarily from job and time constraints. Some mentors took 
students for company on-site visits, while others had to 
communicate remotely due to unexpected travel and other 
commitments.  

The students have not been as eager as we had hoped they 
would be.  Students seem happy to meet the mentors when 
they come to class, but they are reluctant to reach out to the 
mentors with email questions or to request additional 
meetings.  Most submitted resumes and cover letters when it 



was made a graded homework assignment, but few 
participated in the exercise when it was optional. 

A. Student Survey 
To get more feedback on the course and student learning 

we have been administering an end-of-term survey dealing 
with students’ assessment of their own learning, i.e., their self-
efficacy. This part of the survey consists of seven multiple 
choice questions and utilizes a five-point Likert-like scale 
from Strongly Agree to Strongly Disagree. In addition, we 
also ask students which of the eight components of the course 
they find most helpful for their learning. This is also scored on 
five-point scale from Very Helpful to Complete Waste of 
Time. To gather student feedback regarding the mentor 
program, in Fall 2017 we added the open-ended question 
“Comment on your interaction with team mentor and how we 
may improve it.” Based on the collected comments, we intend 
to add another multiple-choice section about the mentorship 
program in future surveys.  

Three questions from this survey are given in Table I which 
address student self-efficacy with respect to parts of their 
projects, such as working on a team or defining a project 
management plan. These three were selected to include here 
because these are the parts that mentors worked on with 
students.  

TABLE I.        MEAN SCORES ON STUDENT SURVEY REGARDING 
THEIR CONFIDENCE IN THEIR ABILITY TO PERFORM SOME 
PROJECT-RELATED TASKS.   

Task Mid-Term 
End of 
term 

complete a project involving 
design and technical elements    

4.03* 4.11

work on a team 4.18 4.33

define and implement project 
management plan 

3.9 4.11

*1 = Strongly Disagree, 5 = Strongly Agree 

     The survey was administered twice: half-way through the 
course, and a second time after the final exam. The initial mid-
term survey happened around the time when student teams 
started interacting with their mentors. To avoid survey fatigue, 
for the 2nd survey we encouraged only students who did not 
take the first one to take it.  The higher numbers for the second 
set, even though they are different students, do on average 
reflect an increase in student confidence by the end of the 
course. 

     In the comments section, students were asked to comment 
on their interaction with mentors.  To help with the analysis 
we categorized comments into a) mostly positive, b) mixed, 
and c) mostly negative.  There were 67 enrolled students; 40 
took the mid-term survey and 28 of these provided comments 
on mentor interactions.  A further 17 took the survey at the 

end of term and 13 of these provided comments.  Obviously, 
the latter group is more relevant regarding the effectiveness of 
our mentorship program, but the mid-term results can be used 
to detect any implementation problems.   

     Of the first 28,  we would categorize 12 as mostly positive, 
characterized by comments such as “good interaction” or 
“very helpful”.  Another 14 either didn’t comment on the 
interaction (i.e., they only made suggestions for improvement) 
or they gave what we considered a mixed response, part 
positive and part negative.  For example, they found the first 
meeting interesting, but subsequent meetings unhelpful, or 
they had a good email exchange, but were frustrated by being 
unable to arrange a face-to-face meeting.  Lastly, two 
comments described the interactions as either confusing or 
unnecessary, which we considered mostly negative.   

     In the end of the term survey, eight of 13 comments were 
mostly positive, with comments like “Team mentor really 
helped to enforce concept of project management & its 
importance” and “Awesome, they were very helpful!”  The 
remaining five were mixed, and none of the comments were 
negative. 

Suggestions from students generally fell into two 
categories:  

1. better defining of the mentor role, expectations and 
responsibilities, and  

2. more meetings, and help with scheduling meetings.   

B. Mentor Survey 
Only four of the 14 mentors responded to a five-question 

survey.  The results are diverse and the sample is small, but 
the answers and comments are still informative.  The 
responses are summarized in Table II below. To the statement 
on student engagement, one mentor commented that 
engagement varied among the members of the team.  Another 
noted that engagement was strong at the beginning but fell off 
at the end. Mentors were also asked the number of meetings 
they had with their teams: two had one meeting, two had three 
meetings. 

During a debriefing meeting after the Fall 2017 term, 
mentors made the following suggestions: 

1. Mentors could work with students while they are 
deciding on what to do for their final project 

2. Have mentors work with students on some kind of 
"risk assessment" table for their project - will it be 
finished on time, how cool is it, cost, what are 
individual team members' background, etc.  

3. Have students work on project steps needed along the 
way  



4. Instructor could tell students to document their 
thinking on Trello (a collaborative project 
organization tool [13]) 

5. Find ways to make students more accountable for 
interactions with mentor but also in class 

TABLE II.         MENTOR SURVEY RESULTS 

Strongly 
agree 

Agree Neutral Disagree 
Strongly 
disagree 

1. Students were very much engaged 

1  2  1 

2. Providing more specific deadlines and tasks would be helpful 

 1 2  1 

3. Having students produce CV and cover letter is useful and 
appropriate at this stage 

3   1  

4. By the end of my interaction with them, students had a pretty 
good idea what ECE is about 

 1 2 1  

 

The overall response from the mentors, both from written 
comments and discussion, was that students needed to be more 
responsible and accountable, setting tasks and deadlines for 
themselves.  Mentors can help with this but should not set the 
tasks for the students.  

V. DISCUSSION AND CONCLUSIONS  

Overall, while many students seemed to enjoy interacting 
with their mentors and found them helpful, they were not as 
engaged with their mentors as we hoped they would be.  In 
general, students seemed intrigued by the idea at first, and 
most seemed engaged when meeting their mentors for the first 
time.  But the program did not maintain momentum, and 
engagement and satisfaction decreased.  Students were 
frustrated when they had difficulty scheduling in-person 
meetings with their mentors, and many were not clear on just 
what the mentors were supposed to be doing.  The benefits of 
networking, of understanding the day-to-day life of an 
engineer, and of having a valuable industry connection for the 
future were not clear.   

Students who took the effectiveness survey at the end of the 
quarter did report increased confidence in their abilities to 
complete projects, work on teams and define and implement a 
project management plan, all things the mentor helped with.  
While this is a promising indication, it is not direct evidence 
that the mentors are responsible.  Comments from students 
who took the survey at the end of the quarter were more 
positive (62%) than those who took it mid-way (43%). In the 
next academic year (Fall 2018) the survey will have multiple-

choice questions directly asking about the mentor program, 
and we will have more quantitative data.   

We collected feedback from seven out of 14 mentors, 
through a survey and discussions.  Mentors initially expressed 
great excitement and eagerness to take part in the program and 
to share their enthusiasm and experience with freshman.  In 
the survey, mentor responses to specific questions varied 
widely.  The overall impression though is that they did not get 
the engagement from students we all had hoped for.  They 
mostly agreed that students need stronger project management 
skills to handle a term-long project, such as breaking down 
tasks, creating a schedule and meeting milestones.  However, 
we believe it would not be beneficial for mentors to do this for 
students, but that students need to learn these skills for 
themselves, with mentor guidance. 

We strongly believe that this program still has great 
potential, but that we need to make some improvements to 
increase the engagement of and benefit to students.  Some 
ideas we are trying this year include having  

1. mentors commit to at least two face-to-face meetings,  

2. mentors help students set up a project plan and 
schedule and  

3. students check in weekly with their mentor via email or 
other platform with a status report and questions.  

Other improvements in future work include increasing the 
sample size for both student and mentor feedback in order to 
obtain more statistically significant data, and revise survey 
questions to better address the mentoring program and its 
objectives specifically.  We also need to better relate the 
mentor program tasks, such as the job application assignment, 
to the course outcomes, with the aim of improving student 
motivation.   

We believe that students have much to gain from the 
personal interaction with a young professional engineer, and 
we hope to continue to improve the program.  We hope 
students will come to appreciate the benefits of having an 
industry contact and the valuable advice and feedback being 
provided.  
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