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Abstract
For the past 3 years, the First-Year Engineering Program at the University of Notre Dame has
used electronic portfolios (ePortfolios) as an assessment tool for their Introduction to
Engineering course sequence. While each year the ePortfolio assignments have expanded, they
have been focused largely in three types of reflections: (1) student experiences within the college
but outside of the course, (2) the skills gained specifically through course projects, and (3) their
four year plan to be a successful engineering student as defined by the ABET a-k criteria.
ePortfolio assignments were initially included to allow students to reflect on their education,
develop evidence of their blossoming skills, and take control of their graduation plan. After the
first year of practice, there was a clear secondary benefit to the faculty and student advisors.
Anecdotally, student reflections provide faculty with a measure of student engagement with the
course and even possibly indicated retention into their sophomore year. For this reason, a more
formal assessment was needed to determine if student engagement could be measured through
ePortfolio reflections.
While students are engaged with their ePortfolios, data that describes their interaction with the
ePortfolio (number of times they log in, number of artifacts they submit, hits, comments, etc.) is
continually collected. This paper will focus on: (1) how ePortfolios have been folded into the
Introduction to Engineering course sequence, (2) if student reflections can be used as a measure
of engagement and engineering interest, and (3) what markers within an ePortfolio can predict
student retention. Specifically, study measures will consist of: (1) instructor categorization of
student reflections and evidence types used and (2) assessment of the ePortfolio data features
described above as they relate to student retention through the first year. Specifically, ePortfolio
data features are continually collected through the use of a computational mining tool. In an
initial study of the fall 2012 semester data, students who left the engineering track after one
semester had an average of 12.7 logins to the ePortfolio system. Students who left the
engineering track after two semesters and students who persisted into the sophomore year had a
significantly larger average number of logins, with 18.7 and 19.1, respectively. Future plans
include deeper exploration of ePortfolio features as markers of student interest in engineering,
specifically identifying students by mid-semester that are at risk for prematurely leaving the
engineering track and deploying intervention strategies for those students.
Introduction
The engineering education community is well aware of the current problems in retaining students
in engineering. Many reports indicate that less than half of the students who start in engineering
will obtain a degree in an engineering major.1 Therefore, many institutions have dedicated
significant time to identifying students at-risk of leaving engineering and implementing retention
strategies. Often, these identification methods include statistical methods centered on academic
performance or demographics; however, current theories on retention include many more
attributes that contribute to student attrition.2-4 While technical knowledge may play a part in

retention, studies have included attitude based variables, which increase the likelihood of
identifying at-risk students. Attitude based variables may include student-student interactions,
dorm life, personality type, and how the degree is meeting their expectations. Some have even
claimed that understanding students attitude about engineering and the university climate
provides the highest correlation to retention.5,6 Because it is already well documented elsewhere,
this study will not consider traditional academic data in assessing student retention. Instead, we
propose using electronic portfolios, or ePortfolios, as a method for assessing these more difficult
to understand attitudes with a future goal of identifying at-risk students in a timely fashion.
While student portfolios are not new methods of documentation for majors such as architecture
or art, they have been unexplored by the vast number of engineering schools. Although some
have folded them in as an assessment of communications skills,7,8 few have used portfolios as a
means to measure student engagement and their learning process throughout their degree.
Previous studies have proven the efficacy of the ePortfolio format as a method of engagement.
Many universities have implemented ePortfolios to enhance engagement and measure impacts of
programs.9,10 ePortfolios have even been shown to create shared ownership of student learning
between student and instructor by Chen and Black11 and been used as a tool in advising.12 We
will use ePortfolios to serve as a larger space for students to record their achievements in
engineering, starting with specific projects from the first-year engineering course and later being
used for advising within their engineering majors. Although the course will set a general
template, students are encouraged to treat the ePortfolio as their own creative space where they
can collect evidence of accomplishments and connect it to their learning and goals as a student.
While students are encouraged to continue the use of their ePortfolios throughout their university
careers, this paper will focus solely on students’ interactions with their ePortfolio during their
first-year.
In the two semester Introduction to Engineering course sequence, all students are expected to
create an ePortfolio following a course designated template. Each of the last 3 years has
included changes to the template based on instructor and student evaluation of assignments. The
course instructors have reflective exercises for future advisors to use as well as exploration
activities to aid students in major discernment. The current ePortfolio template included three
main sections, which were each updated throughout the course sequence:
(1) Engineering Advising – Required reflection on their engineering major choice and their
progress towards engineering skill areas. Seven skills areas were defined, each relating to
ABET accreditation required outcomes (a – k). Students are expected to create goals for
each skills area and reflect on their current progress towards those goals. Future advisors
could use this material to help identify opportunities for their advisees.
(2) Project Updates – Required updates following the completion of each course required
project. Minimally, students were asked to include a picture of their project and a
reflection on skills developed through the project. This space is expected to act as
evidence of how students are meeting their goals outlined in the advising reflections. For
instance, successfully completing a group project may be part of the evidence used to
describe their development in working well within a team.
(3) Engineering Exploration – Required reflections after attendance at eight engineering
related events that took place outside of the course. These events were a recent addition

to the course sequence, allowing students more in-class time to discern their major
choice. Events included seminars, engineering student group meetings, professional
development activities, etc. and were executed by various groups within the university,
some during class time, but most throughout evening hours. Reflections were expected
to capture why they attended the event and how that contributed to their growth as a
student.
In addition, students are encouraged to add other details and information to their ePortfolio that
would be appropriate for a professional setting. Students are especially urged to include other
course projects, internships, or personal accomplishments that they feel appropriate.
While students are expected to complete all ePortfolio assignments as a portion of the course
grade, they are graded largely for completion. Student engagement and effort towards
assignments is widely variable; therefore, by exploring student responses and interaction with the
ePortfolio system, student engagement may be a measurable quantity.
Methodology:
The data evaluated and discussed in this paper was collected from student ePortfolio assignments
completed within the first-year engineering course sequence at the University of Notre Dame.
Below, the study setting and methodologies are described in full.
Setting
The University of Notre Dame is a medium sized, Midwestern, private institution with a
traditional student composition, i.e. the vast majority of students complete their undergraduate
studies in four years and are in the age range of 18-22. The overall student body is 53% male and
47% female, while the College of Engineering is approximately 75% male and 25% female.
First-year students are admitted to the First-Year of Studies program regardless of their intended
future major. Students select their major (whether engineering or something else) near the end of
their first-year when they register for classes for the upcoming fall semester. Beyond admission /
selection into the university as a whole, there are no admission or selection criteria for entering
any of the disciplines of engineering; rather, it is based on student interest alone.
With few exceptions, first-year students that are considering an academic pathway within
engineering complete a standard first-year curriculum, including the two-semester course
sequence, “Introduction to Engineering,” taught within the College of Engineering. Each year the
course sequence has enrollments of approximately 450 – 550 students. The course has two main
objectives: 1) to expose students to the engineering profession and engineering major options,
and 2) to demonstrate the processes of planning, modeling, designing, and executing specified
project deliverables. The course curriculum uses a project based learning approach, with

students completing a total of three group projects across the two semester sequence. While
students do have some exposure to various engineering disciplines, very little of the course is
dedicated to detailed descriptions of individual major options. Instead, various ePortfolio
assignments were used to encourage student exploration of engineering majors.
Methods
In order to assess student engagement, a multi-part assessment was conducted. Students
completed ePortfolio assignments throughout the fall and spring semesters; however, this study
will focus on Fall 2012 and Fall 2013 data.
Student ePortfolio assignments from the Fall 2013 semester were read and graded by instructors
of the first-year course. A common rubric was shared between all instructors for three midsemester assignments, assessing students based on perceived interested and engagement with the
course. First, students were expected to attend and reflect on two events outside of the
engineering course by the end of October. Both engineering exploration assignments were
assessed for each student on the four point scale described in Table 1.
TABLE 1: Rubric for Student Interest in Engineering Based on Engineering Exploration
Reflections.
Rating
0
1

2

3

Interest Measure
No rating could be discerned by reflection
Interest seems low and easily dissuaded from continuing in engineering.
May state interest in major outside of engineering. Possibly mentions things
unrelated to engineering as reasoning.
Does show some preference for engineering but may also mention other
major possibilities. May indicate that he/she didn’t know what engineering
was.
Relates exploration towards engineering and possibly even specific fields.
May emphasize determining what type of engineering he/she wants to major
in. Student seems likely to continue on in engineering.

Additionally, a project update assignment was assessed in two parts –students’ reflections on
their project and the evidence they provided. Evidence was considered to be any item added to
the ePortfolio in addition to the written reflection (i.e.: pictures, video, coding segments, and
project reports). Minimally, students were expected to write a 2-3 sentence reflection and include
a picture of their finalized project. The rubric used is included in Table 2.

TABLE 2: Rubric for Engagement with Course Project Based on ePortfolio Project Update
Rating
1
2
3

Reflection
Missing any reflection or short and
shallow
Some reflection given and apparent
time spent on activity
Reflection deep and detailed – effort
and interest clear

Evidence
No evidence or single required picture only
Some pictures or diagrams included.
Obvious effort shown
High amount of evidence shown, often
including multimedia such as videos,
pictures and programming segments.

Finally, this paper will explore the results of using a data mining tool with the ePorftolio system
to act as a predictor of student retention. While results from the evaluation measure will be
presented, this paper will not go into detail of the mining tool and classification algorithms used.
However, full details on the experimental techniques explored can be found in Aguiar et al.13
While many ePortfolio features and student academic features have been considered in this
previous work, only the most important features of the ePortfolio tool will be detailed here. For
this work, we focus on the number of times a student has logged into the ePortfolio system,
pieces of evidence included, and ePortfolio hits. Note that ePortfolio hits are the number of visits
to a student’s ePortfolio pages which may originate from the ePortfolio owner or external
visitors. At this time, we are unable to discriminate between these two types of visits; however,
we suspect that ePortfolio hits are largely coming from the owner of the ePortfolio as he/she
creates content, edits pages, and makes assignment corrections.
Results
Instructor Based Assessment
The primary purpose for starting this study was to determine if anecdotal observations by course
instructors correlated to the retention of students. In many cases, student ePortfolio assignments
appeared indicative of student retention. In this formalized examination, each of the eight
instructors assessed their own small group sections (30-35 students in each section, ~2 sections
per instructor) resulting in a total of over 400 students rated. The authors note that ratings bias
may be present from having instructors act as the only raters for each student. Each instructor
was given the same rubric and an initial training session for rating student responses. Any bias
present is believed to minimally impact the rating results and overall conclusions of this study.
Three examples below depict how the rubric from Table 1 correlated to statements made in the
ePortfolio. As shown in these three examples, ratings were often determined by specific phrases
that indicated student major choices.
Rating of 3 (Attended a Society of Women Engineers Event)
Apart from discerning between the different disciplines, the girls also helped in giving advice

about what our engineering experience at Notre Dame will be like and how to make it
successful…Overall, this event was extremely helpful in strengthening my confidence that
chemical engineering, even just engineering in general, is a good major for me.
Rating of 2 (Event held for Integrated Business and Engineering Minor)
I realize there is more that I can do with an engineering major than I previously knew. Although
I am not totally sure that I want to major in engineering, I am confident that engineering will not
inhibit my ability to change fields, but open me to new job opportunities.
Rating of 1 (Attended lecture by Dean of college of Engineering)
This event initially peaked my interest due to the fact that I was unsure of whether I wanted to
pursue engineering further or not….At the conclusion of the Dean’s lecture, I had a rejuvenated
sense of what I want to do with my life… I want to pursue business like my father, not
engineering like my brother.
Additionally, project reflections were used to gauge student engagement with the first-year
engineering course. Due to length, examples of project reflections can be found in the appendix.
Multimedia, such as video and programming code, are not included here.
Table 3 below reports the mean rubric scores for all students enrolled in the Fall 2013 course as
well as those that have continued into the Spring 2014 engineering course (indicated as
“Retained in Engineering”) and those who left the program sequence after the fall course
(indicated as “Left Engineering”).
TABLE 3: Ratings of Student Engagement Based on Instructor Evaluation
All Students Retained in Left
Engineering Engineering
2.37
2.38
2.06
Exploration 1
2.47
2.5
2.09
Exploration 2
2.10
2.11
1.93
Project Reflection
1.80
1.82
1.63
Project Evidence
It should be noted that the retention rate from the first semester of this course is ~85%, resulting
in very similar populations for the “All Students” and “Retained in Engineering” groups. For all
assignments evaluated, the full student population and the retained population scoring is nearly
identical. In contrast, those who left engineering had, on average, lower scores in each of the
four assignments evaluated. However, only Exploration 1 (p<0.1) and Exploration 2 (p<0.05)
assignments indicated statistically significant differences between those who remained in
engineering and those who left after the first semester.
Data Mining

Number of ePortfolio Logins

A computational tool was used to analyze features from students’ ePortfolios following the
completion of the 2012-2013 academic year. In Figure 1, the number of times a student logged
in to the ePortfolio system during the Fall 2012 semester was compared for three student groups:
(1) students who remained in an engineering major into sophomore year, (2) students who
dropped after the spring semester of their first-year, and (3) students who dropped after the fall
semester of their first year.
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Figure 1: Number of ePortfolio logins during the Fall 2012 semester.
There was no statistical difference between the first two student groups – those that remained in
the engineering course sequence throughout their first-year. However, there was a statistically
significant difference in the number of logins for a student that dropped after only one semester
(p<0.005).
Additionally, pieces of evidence submitted during the Fall 2012 semester were also compared.
Because previous studies had revealed little difference between those students who left after the
spring semester and those who were retained into sophomore year, these two groups were
combined for future assessments into the group “Retained in Engineering”, as shown below in
Figure 2.
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Figure 2: Number of pieces of evidence submitted during Fall 2012 Semester
Again, there is a statistically significant difference between the students who continue in
engineering and those who leave (p<0.05). Students who were retained in engineering had on
average only one more piece of evidence than those who did not; however, requirements of
ePortfolio assignments would play an important role in the pieces of evidence expected from a
student.
Finally, Figure 3 below shows the number of hits on each ePortfolio during the Fall 2012
semester. In this case, those that were retained had over five times as many hits as students who
left engineering after the fall semester (670 hits compared to just 126 hits).
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Figure 3: Number of ePortfolio hits during the Fall 2012 semester

Again, there is a statistically significant difference between the students who remain in
engineering at least through the spring semester and those who leave during or after their first
semester in engineering (p<0.005). In fact, of all ePortfolio measures currently under study, the
number of ePortfolio hits is the strongest indicator of student retention when looking at the end
of the semester.
Discussion/Future Work
The instructor based assessment indicated that student interest in engineering can be determined
through fairly simple reflective exercises. Reflections on course projects offered minimal
distinguishable characteristics between students that leave and those that are retained. We
believe this is a result of the group nature of these projects, where all students from a project
group had the same evidence available to use in their ePortfolio at the time of the reflection.
Reflective assignments that focused on out of classroom events had more distinguishable
markers for retention. We believe these assignments contained better markers due to the
reflection requirements. For the Engineering Exploration assignments, students were asked to
include personalized reasons for attending events and the growth they experienced because of it.
These types of reflections led more naturally to student responses that included their doubts,
interests, and career aspirations.
With many universities experiencing a rise in class sizes, reading multiple reflections from every
student in a timely manner is likely not a practical solution to increase retention, though these
reflections are useful additions when advising and interacting with students. The cost in staff
and faculty time would be immense and place a heavy burden on those within the course if this
were the only means of identifying at-risk students. Instead, using a combination of a
computational tool and instructor reading would provide with a much needed balance in the cost
of faculty involvement.
Data mining has provided a few much needed indicators of student retention. Many of the
features that appear to be clear markers here are tied to the course requirements. For instance,
students had eight ePortfolio assignments over the course of the semester, two of which had
opportunities to go back and make corrections. If students fulfilled just the course requirements,
they would be expected to login 10 times – where the average for students that drop is 12.69.
Additionally, the course has only two assignments were pieces of evidence are required as part of
the grade. Those who leave after one semester had an average of just 2.64 pieces of evidence.
Perhaps unsurprisingly, being near the minimum requirements may be an indication that students
are not engaged with the course, signaling a waning interest in engineering.
The strongest indicator of student retention though was number of hits on a student ePortfolio.
Additionally, this large difference in number of hits cannot be directly correlated to expectations
set from the course. While many of these hits may come from an instructor viewing the
ePortfolio, it is not expected that instructor views would vary widely from student to student.
Self-created hits, on the other hand, could vary greatly between students. Those who are more
engaged with the course and their ePortfolio may spend more time documenting their projects
and explorations. In addition, coming back to edit and update multiple ePortfolio pages would
indicate that the student considers documenting and reflecting on their engineering experience an

important part of their education. Most students also leave their ePortfolios open to other
members of the university community. Therefore, if they are creating authentic, meaningful
entries, other students and faculty may be more likely to visit and read their ePortfolio. Finally,
students who are engaged with the course and their ePortfolio may use this to show off their
work to friends, family, and possible employers. Overall, a high hit count on an ePortfolio
would indicate a truly living document that is an authentic reflection of the student owner.
Collectively, we interpret the data mining results to indicate that ePortfolios can accurately
measure interest and engagement; however, not all ePortfolio markers will be of equal utility.
Both the course requirements and the student buy-in to the process will be important
characteristics that need to be considered when identifying the relevant features at different
universities. Currently, this identification has occurred after the semester ends, when it is likely
too late to intervene with the students who choose to leave engineering, but future work will
focus on similar analysis in a timely fashion for intervention. Using ePortfolio hits and logins,
data which is easily attainable in real time, we can determine the markers of an at-risk student.
By allowing the computational model to flag these students, the instructor’s time commitment
for very thorough evaluation is decreased to only those students flagged by the data mining tool.
This could provide faculty then with a chance to carefully assess why a student is choosing to
leave engineering and help him/her determine if it is a premature choice (i.e. – leaving because
of one midterm grade) and intervene with strategies already in place at the university.
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Appendix

Figure A1: Example of Initial Reflective Exercise in ePortfolios

Figure A2: Example of Expected Reflection for Engineering Exploration Assignment

Figure A3: Robotics Course Project Reflection Example with Multiple Pieces of Evidence

Figure A4: Robotics Course Project Example with Single Piece of Evidence

Figure A5: Robotics Course Project Example with Linked Multimedia Evidence

