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Abstract— This Innovative Practice Full Paper presents how
formative assessment using ePortfolio can enhance computing
students’ learning experiences and what influences the students’
preference regarding formative assessment method. The
international research literature reveals that ePortfolios
primarily are used in study areas such as teacher education,
creative disciplines, communication, and medicine. This study
contributes to ePortfolio research within the discipline of
computing education and introduces computing students to the
ePortfolio integrated into the LMS Blackboard. The students
are used to courses and associated assignments organized in
folders in the LMS, but they have no experience with the
integrated ePortfolio. We derive insight from thematic analysis
of 67 summative reflections written by the students at the end of
a course in Collaboration Technology and observation of the
students’ ePortfolios throughout the course. Findings in this
study reveal two aspects of formative assessment with the
ePortfolio that contributed to enhancing computing students’
learning experiences. First, considering the ePortfolio as a
process, the students gained professional identity, self-
assessment skills, and transferable metacognition skills. Second,
seen as a product, the ePortfolio provided the students with a
comprehensive overview of achievements across topics and
assignments in the course. The students perceived the two
aspects as so essential that if they could choose between the
ePortfolio and the traditional learning management system
(LMS) folder assessment method, they would have preferred the
formative assessment with the ePortfolio even though the
ePortfolio increases their workload.

Keywords—computing  education, ePortfolio, formative
assessment, computing students’ experiences, self-assessment

I. INTRODUCTION

Higher education learning environments tend to rely
heavily on summative assessment at the end of a semester or
academic year [1, 2]. Summative assessment makes students
focus mostly on aspects such as the final exam, the grade, and
the perfect research paper, while the steps in the learning
process often become invisible [3]. When these steps become
invisible, it can be challenging for students to recognize
evidence of employability [4, 5].

The ePortfolio (electronic portfolio) has been suggested
in the literature as a valuable instrument to help make the
previously unseen layers of learning and achievements
visible to students [6, 7, 8, 9]. ePortfolios are digital
containers capable of storing students’ examples of work, so-
called artifacts, both visual and auditory content, including
text, images, video, and sound [10]. As ePortfolios are easy
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to share with peers, teachers, and others and let them provide
feedback through a single electronic container, the ePortfolio
has significant communication advantages [10]. However,
the ePortfolio is not just a shareable container of student
assignments. It also includes on what the artifacts represent
and evidence for lifelong learning and skills in an academic
and professional context [11]. As the students need to judge
their work through reflections, the ePortfolio facilitates self-
assessment [9]. The ePortfolio has also proven to make
students able to articulate professional identity [12] and
heighten students’ levels of metacognition in relation to
connections to learning and connections to career or personal
goals [13, p. 6]. As the ePortfolio is a digital tool suitable for
both campus-/classroom courses and online courses, it is also
a tool that may be very relevant in the future when higher
education must offer study programs and courses that are
much more flexible than they are today to meet the diversity
of the student population [14].

Today, ePortfolios are embedded within several LMSs as
they provide a holistic approach to recording achievements
and provide formative assessment in line with professional
standards [15]. Although universities in Norway use LMSs
with an integrated ePortfolio, it is challenging to get a
complete overview of the usage. In Norway, the term
ePortfolio or electronic portfolio is used in a broader sense
than internationally. The term has also been used
inconsistently in Norwegian context. For example, the
European Institute for E-Learning (EIfEL) indicates that
Dysthe and Engelsen use ePortfolio in teacher education [16,
p. 15]. Dysthe and Engelsen do not use the term ePortfolio
but ‘digital portfolio’ and digital folders” [17]. Furthermore,
Hallam et al. point out that Norway has an ePortfolio vision,
but the government ICT policy does not mention ePortfolio
[18]. Much of the Norwegian literature refers to ‘digital
portfolios” or “digital folders” in an educational context and
according to Skyttermoen [19] with a focus on the use of
folders in learning processes and assessment of learning. The
ePortfolio is more than that because it is also a tool towards
working life. However, the ePortfolio and work context has
received modest attention in Norway [19].

There are several examples of how higher education
courses are organized and conducted using digital portfolios
or folders in the Norwegian educational context. Especially,
such approaches have been subject to research from the
perspective of teachers and educational intentions [20, 21,
22]. Typically, each course is organized in a digital folder



where course material is structured in a hierarchy of
subfolders. With the help of teachers’ feedback given in the
various sub-folders, students can make improvements and
then submit the assignments, which are subject to grading.
Although students in these cases are key participants in
formative assessment, student perspectives on such practices
are relatively under-researched [23].The international
research literature on ePortfolios is dominated by studies on
the use of ePortfolios in teacher education, creative
disciplines, communication, and medicine [24], and there is a
lack of studies on ePortfolio in Computing education.

The UN points out several competencies achieved
through computing education as essential for realizing
sustainable development [25, p. 118]. As such, Computing
education is of high importance and relevance for several of
the benefits illustrated by ePortfolio usage elsewhere, and it
will thus be worthwhile to study ePortfolio in the computing
education context. This study contributes to ePortfolio
research within the discipline of Computing education. In this
study, we introduce students from two different bachelor
programs in the area of computing to the ePortfolio integrated
into the LMS Blackboard. The students are already used to
courses organized in folders in Blackboard, but they have no
experience with the integrated ePortfolio. Based on prior
knowledge about the ePortfolio when it comes to self-
assessment, professional identity, and metacognition skills,
this study explores the following two research questions
(RQ):

e (RQl) How can formative assessment using
ePortfolio enhance computing students’ learning
experiences?

e (RQ2) What influences the students’ preference

regarding formative assessment method?

By increasing our knowledge and understanding of how
formative assessment using ePortfolio can enhance
computing students’ learning experiences, we can help
instructors make more informed decisions regarding course
design and assessment.

II. BACKGROUND AND RELATED WORK

Assessment can serve many different purposes. While
assessment methods such as diagnostic assessments are used
before and sometimes after a course and summative
assessment happens at the end of a course or a program,
formative assessment facilitates students’ needs during
learning processes without grading. Through formative
assessment, teachers monitor students’ progress and provide
feedback during tasks or activities [26, 27].

ePortfolios used for formative assessment have been
shown to improve students’ learning [28, 29] and have been
pointed out as a tool for formative feedback as they facilitate
peer and tutor feedback [30].

A primary part of formative assessment is feedback [31,
32, 33], which is seen as one of the most vital factors
influencing learning [26, 34]. The role of formative feedback
is to help students see what they know and what they can do
and plan strategies for improvement [32, 35, 36]. Formative
feedback is thus essential in a learning process, but formative
feedback can also facilitate the development of self-
assessment skills [37]. Through self-assessment, students
judge their work to improve performance and identify
discrepancies between current and desired performance. Self-

assessment thus occurs when students assess their
performance. Through feedback, teachers can help students
identify standards/criteria that apply to their work and
strengthen students’ ability to evaluate their work against
expected goals [38].

Self-assessment is also a topic that often occur in relation
to ePortfolios, and especially related to reflection on artifacts
and what they represent [11]. There is a consensus that the
ePortfolio is both a product and a process as the development
of an ePortfolio consists of both several activities and
finished results [39]. Reflection is one of the activities and is
fundamental to the development of an ePortfolio [6, 7, 9, 10].
However, Slepcevic-Zach and Stock [40] find in a study
among students in a master’s Program for Business Education
and Development that reflection represents a great challenge
for students [40]. To meet this challenge among students in
Health Sciences and Biosystems Engineering programs, Ring
et al. [9] developed a reflection model, the “What? So what?
Now what?” with guiding questions intended to make the
students think about what they have done, what they learned
and what they are capable of because of what they have
learned [9]. Such guidance questions can also facilitate self-
assessment because the students need to judge their work
[38], which can further facilitate metacognitive skills that
help students recognize their strengths and need for
improvement [41].

ePortfolios can support students’ development of
metacognition skills as the ePortfolio provides the student
with a space to develop awareness learning and thinking
processes as well as an ability to monitor, assess, control, and
change those processes [42]. Such skills are generally
referred to as metacognition [43, 44]: thinking about one’s
own thinking or the ability to plan, monitor, and evaluate
one’s own learning processes [45]. A study by Bowman et al.
[13] revealed that students who developed ePortfolios had
heightened levels of “metacognition in relation to
connections to learning and connections to career or personal
goals” (p. 6) compared to students who wrote paper-based
portfolios. In the study by Bowman et al. all students were
prompted to reflect on skills gained from the first year of a
study program [13]. According to Harman [43], reflections
can encourage metacognition, which is often recognized by
both students and teachers when students are required to
explain what they have done, how they did it, and why it was
important [43]. For self-assessment the ePortfolio can be an
essential facilitating factor, which can further lead to the
development of metacognition skills.

Furthermore, self-assessment is also a crucial factor in
professional development [46]. Tan et al. [47], define
professional identity as “the self that has been developed with
the commitment to perform competently and legitimately in
the context of the profession, and its development can
continue over the course of the individuals’ careers” [p.
1505]. Guder [48] argues that professional development is a
process that builds on the experiences of the professional
through assessment and reflection learning [48]. Such an
approach is in line with what Ring et al., found: reflection
helped the students develop professional identity [9]. In turn,
professional identity can also enhance students’ motivation to
learn [49]. Still one single learning experience or a course is
just a piece of professional identity but is nonetheless



essential for student development of a holistic professional
identity [50].

III. METHODOLOGY

A. Research case

The research was carried out at a large university in
Norway. Two bachelor study programs were involved in this
study: one campus-based and one web-based study program.
Both bachelor programs offer courses that combine Business
and Computer Science knowledge. Two undergraduate
courses in Collaboration Technology, each belonging to one
of the aforementioned bachelor study programs, were the
venues for our data collection in this study. We denote them
as Course C and Course W, respectively.

Both courses C and W have a 4-week module on CSCW
(Computer Supported Cooperative Work) and digitalization,
followed by an 8-week module on user-centered design
(UCD). The courses have a practical orientation, with project-
related assignments playing an essential part towards the
intended learning outcomes. The intended learning outcomes,
both at the study program level and at the individual course
level, were developed at the university, as a result of the
implementation of the European Framework for Lifelong
Learning (EQF), [51].

There are altogether five mandatory assignments: one
small introductory assignment (including writing a team
collaboration contract), one CSCW assignment and three
assignments related to UCD. The students work in teams of
3-4 on the assignments, which are handed in and approved
for the group as a whole. Fig 1 is from one of the students’
ePortfolios and visualizes how the course was organized in
the ePortfolio with assignments submission (artifacts), and
reflections. In this particular case, the reflection of
assignment 2 were selected and shown in the right pane of the
figure.

2 Work assignment 1 Computer supported co-

operative work (CSCW2
1. Team Contract

Reflection
2. Computer supported  cscw
co-operative work The was related to and applying theory In practice

(CSCW) through the tool Teams based on issues related to collaboration technology (coordination

and situation awareness).

3. User-centered We first discussed what we should do and distributed tasks in the group to solve the task.

We held several group meetings to discuss progress and further work. My job in the group
development

work was to I topics related to situati
have helped to compile the final answer and was responsible for submitting the

in Teams. In addition, |

4, Scenarios and
personas

asslgnment at the right time.

I learned how | could use theory from CSCW ta assess which technology Is most sultable
for collaboration based on the group that will use the technolegy. Cellaboration Is
performed today in many ies using i

5. The website in Office
365/ Sharepoint

so it will be very
relevant for me to have an overview of and about

and what it takes to succeed,

I ¢an help Improve collaboraton processes In a work context by analyzing which tools are
best sulted. | can alse analyze which actors and maln functions the collaboration should
consist of for more efficient collaboration in an organization,

Fig. 1. An example of the organization of the course in the ePortfolio.

In the spring semester 2021, Course C had 55 students
divided into 15 assignment groups, whereas Course W had
26 students working in altogether 8 groups. In total, 81
students participated in the two courses, and 67 students
gave informed consent to participate in the study.

B. Research site and context of the case

For the spring semester 2021, we made the following
changes:

e Due to the COVID pandemic, both courses were

conducted in the digital classroom integral to the LMS.

e FEach assignment was extended to include an individual
reflection part, which was to be entered into the
ePortfolio. The ePortfolios would then be the basis of
individual assessment (pass/fail) in the courses.

e The first assignment included setting up the portfolio
itself (integral to the LMS in use in the course). A link
to the individual ePortfolio was to be included in each
of the submitted group assignments. The individual
reflection was based on an established approach to
reflection (the what- so what- now what model),
relating explicitly to achieved competencies and
learning outcomes. The following guiding questions
were added to each assignment:

What did we do / what was the assigned task?
What was my contribution to the group work?
What did I learn from the assignment?

How can I apply what I have learned to a future
job context?

O O O O

e The main part of the teachers’ feedback on the
assessments would be directed at the work done in the
group. Additionally, feedback was to be given on the
students’ individual reflections from the ePortfolios.
The feedback on the individual reflections was given
at the same time as the feedback on the group work
and was visible to the whole group. The form of this
feedback was intended to acknowledge and
encourage the reflection while not judging the
contents.

e After the five assignments, there would be a final
individual exam assignment (pass/fail) for the
students with a summative reflection on learning, the
reflection activities, and the use of ePortfolio and
other aspects of the course. The students would get a
passing grade if they answered the questions
sufficiently well. The following guiding questions
were added in the exam assignment for research
purposes:

1 What do you think are the three most important
things you have learned in this course?

2 What do you think about the reflection tasks
throughout the course in terms of your own
learning and your own awareness of what you
have learned?

3 Did you understand the purpose of submitting
work assignments in the ePortfolio and writing
associated reflections?

4 If you had to select between the two options
below, which option would you prefer and why?
o Assignments (with reflection) and feedback

take place in the ePortfolio.
o Assignments (without reflection) are
delivered in the LMS as you are used to.

The exam was conducted in the digital exam system
Inspera Assessment.

C. Data collection and analysis

The data collected and reported on in this study are from
students’ ePortfolios, individual reflection assignments, and
summative reflection from the exam assignment. In total, 67
students gave informed consent to participate in the study.
For each student, we analyzed five assignment reflections



(ePortfolio reflection) and one individual exam assignment
for each student (summative reflection). Table I summarizes
data collected and analyzed.

TABLE L DATA ANALYZED
Data Analysed Number of reflections
Assignments ePortfolio reflection 67*5 (335)
Exam assignment Summative reflection 67

In contrast to the summative reflections, which provide
in-depth information, the ePortfolio reflections show if the
experiences described in the summative reflections are
consistant with the students’ ePortfolio reflections.

Three (3) researchers were involved in the project.
The first author designing the use of ePortfolio in the course
and had no relation to the students apart from information
provided about the research. The second author was a teacher
in the course, while the third author had no connection to the
course.

The students’ reflections were downloaded from Inspera
and anonymized before being imported into NVivo for
thematic analysis and coding by the first author. The data
analysis was performed in sequential steps with several levels
of analysis [52]. We applied Tesch’s Eight steps [53, pp. 142-
145] in the coding process to identify codes with a
combination of predetermined topics and emerging topics,
starting with getting a sense of the data by reading through all
the reflections. The first eight summative reflections were
read to identify underlying meanings in the information and
write thoughts in a separate document in NVivo. Related
topics then were clustered together and abbreviated as codes.
To see if new codes and categories should be added, we tested
the preliminary organized scheme. Next, we turned topics
into themes to group associated related codes to avoid
unstructured codes without context. Fig. 2 presents the high-
level code structure.

= (O self-assessment
= () Feedback

+ (O Fellow students' feedback from teachers

1 (O Metacognitive skills
(O Communication of skills and competencies
O Experiences fram assigment reflection to summative reflection
O No trace of metacognition
+ (O Professional identity
O some trace of metacognition

+ () Fellow students’ reflactions
© Learning outcomes
- () The ePortfalio
« (O Transferred skill to the summative exam
= () Preferred solution
O The ePortfolio
O The LM folder method
O The traditional folder methad with reflection

(O Comprehensive overview
o (O Creates awareness
() Displays progression
(O Everything in the course gathered in one place
O understanding of purpose

O Updated cv ¢ (O Understanding of purpose

& O workload = O Reflaction
= ) Visible reflection and feedback ) Leaming awareness
O Copying ¢ O Less challenging when repeated
7 (O Group dynamics ) No benefit from reflecting
& O Holds back ) Helecting s Fanbiaeeicaming

= (O Leamn from fellow students' reflections ) Remember learning

©) Learn fram others teacher feedback

# (O Make individual efforts visible

() Puts more effort into the reflections
Q) Feedback

(O Did not read the feedhack

O Improved assignments

O Motivated

O Use of feedbac

O Used all types af feedback

¢ O The guidance questions

O value is perceived after reflections

= (O Leaming outcomes
= (O Achieving goals
) Assessments without the leaming outcame
O Linked ta job relevance
= (O The value of leaming outcomes
= (O Useful for the reflectians

Fig. 2. The high-level code structure.

D. Ensuring quality of the study

The data were cross-examined and read by multiple
scholars to support reliability, and additional themes were
added based on agreement between the researchers when a
new code was discussed. The second author examined the
themes and codes identified in the first eight reflections, and
lessons from the evaluation were implemented before
continuing with the coding of all the students’ reflections.
These reflections were then analyzed, and themes and codes
were cross-checked through periodic and shared
observations. The students’ reflections were analyzed
separately to ensure that the codes were in line with the
associated context. Only the second author was involved in
teaching and grading. The students’ summative exam was
assessed before analyzing the data. In addition, the second
author did not gain access to the data until after
anonymization.

We have provided detailed descriptions in reporting on
the study to contribute to trustworthiness so that readers can
draw informed conclusions about applicability in their
contexts [46]. As summative reflections are self-reported
data, they have limitations because people tend to be biased
when they report their own experiences [54]; therefore, we
have used the students’ ePortfolios for triangulation. Ethical
approval was granted by the Norwegian Centre for Research
Data (NSD) (279991). Examining the data from the
summative exam, our subjective view is that students were
not afraid to be honest. We have however no guarantee that
everyone was. In addition, there are some limitations to the
case study methodology, where only one institution is
involved. Future research is needed to explore the results
from this study in other educational contexts.

IV. RESULTS

Our analysis shows that most students prefer the
ePortfolio (70%) over the traditional LMS folder assessment
method (16%), but some students suggested a middle ground
between the ePortfolio and the traditional LMS folder
assessment method. From the thematic analysis, we identified
results along two central dimensions of formative assessment
with ePortfolio, corresponding to the posed research
questions. First, as a product, the ePortfolio provided students
with a comprehensive overview of achievements across
topics, modules, and assignments in the course. Second, as a
process, students became able to assess their performance,
gained increased professional identity, and developed
transferable metacognitions skills, which made students more
aware of what they had learned in the course and made them
able to connect learning to a job context. Further in this
chapter, we look at findings related to the preferred formative
assessment method of the two essential dimensions of
formative assessment with ePortfolio.

A. Preferred formative assessment method

The observation of the students’ portfolios showed that
although the students were not used to ePortfolios, adding
artifacts, and writing reflections, they quickly adopted the
method. When asked which solution they prefer: the
traditional LMS folder assessment method or the ePortfolio,
only a few students say they prefer the traditional method.
Table II shows an overview of the number of students who
prefer the different assessment methods.



Although students were given only two alternatives, the
traditional LMS folder assessment method and the ePortfolio,
some students (11%) added a third option: The traditional
LMS method with reflection. In addition, a few students (3%)
believed that if assignments were to contain reflections, it was
irrelevant whether the assessment took place in an ePortfolio

or by using the traditional LMS folder assessment method.

TABLE II. PREFERRED ASSESSMENT METHOD
Assessment Preferred Text excerpts from the
methods assessment students’ summative

method reflections
The ePortfolio 70% “The ePortfolio is a proof of

learning  that is otherwise
difficult to obtain with grades.”
“I prefer assignments in the
LMS that we are used to
because it is the method, we
have used throughout the study
program. It may be beneficial to
use the ePortfolio, but if it is
introduced just to get a change,
1 think it is unnecessary and
confusing.

“I think it is best with the LMS
method but combined with

The traditional | 16%
LMS method

The traditional | 11%
LMS method with

reflection reflection. I think it is great to
conduct self-assessment, but [
am more used to submitting in
the LMS.”

Irrelevant 3% “If the assignments are to

contain reflections, I believe
that they should be delivered at
the same time, regardless of
whether it is

with a portfolio or as an
additional document in the
submission through the LMS.”

B. Comprehensive overview

The comprehensive overview was one of the reasons why
most students (70%) preferred ePortfolio over the traditional
LMS folder assessment method. Another reason the students
themselves describe is that they experienced that the
development of the ePortfolio made them more aware of what
they have achieved through the course. In particular, they
pointed out that through the ePortfolio and the reflections,
they became able to see the relevance of what they learned
related to a job context. In the summative reflection, several
students pointed out that this was a completely new experience
for them that they had never experienced in other courses.

The students who prefer the traditional folder assessment
in the LMS justify it with the increased workload of using the
ePortfolio, that they are not used to the ePortfolio, and that the
ePortfolio is not used in other courses. These students’
summative reflections indicate that they may not have
understood the purpose of developing an ePortfolio.
Arguments such as “the ePortfolio are not used in other
courses” and “the ePortfolio is perceived as a change just to
get a change in the course” confirm that the purpose is not
perceived. The increased workload is also pointed out by some
students who prefer the ePortfolio. However, these students
experience such great value of the ePortfolio for their learning
that increased workload is not perceived as a challenge. These
students experienced the comprehensive overview as
particularly important for their learning because layers of
learning and achievements became visible across topics,

modules, and assignments in the course. The comprehensive
overview also appeared to the students as important when they
apply for a job in the future, as this student describes:

“The e-portfolio has increased my understanding of what 1
learned and led me to see the relevance of what I learned in
a job context. When applying for a job, it is important to
emphasize your competencies. The ePortfolio and the
reflection notes have given me a comprehensive overview of
achievements and made me more aware of my competencies
as I now know how I can present to an employer.”

One argument that often appears in the students'
summative reflection is the contrast they experience between
the ePortfolio, and the feedback and assessment linked to the
LMS folder structure when they try to get a holistic picture of
their learning outcomes. One student describes the difference
between the traditional method and the ePortfolio as follows:

"Submissions in Blackboard, as we are used to, are not
organized in an effective way. I constantly have to navigate
in and out of different assignments and folders, and it does
not give a complete picture of the total learning outcome I
have received from the courses. The e-portfolio, on the other
hand, provides an overall picture that acted as a motivating

factor concerning the effort I put into the course.”

C. The ePortfolio as a prosess

1) Self-assessment

Many students (84 %) describe that the process of
reflecting on the artifacts made them more aware of what they
had learned and how they could relate it to a job context.
Students describe this experience as a factor that motivated
them to learn and improve their performance in the course.
When they saw through the reflections how what they had
learned could be relevant to a particular job context, the
motivation to improve their performance in the course
increased.

In addition, multiple students experienced that the
ePortfolio facilitated self-assessment as they became aware
of what they have learned and able to plan improvements for
future assignments (i.e., metacognition in relation to learning
which helped the students to recognize strength and needs).
According to these students, four aspects linked to the process
of developing ePortfolios served as tools for self-assessment:
the intended learning outcomes, the formative feedback
provided by the teachers, access to fellow students'
reflections, and fellow students' feedback from the teachers.
In the first instance, before submitting the assignment, the
students assessed their work against the learning outcome.
Then, they assessed their work against feedback from the
teacher and feedback fellow students received from the
teachers, as the following quote illustrates:

"The learning outcome helped me evaluate what [
experienced that I had learned and wrote in the reflection
before submitting the reflection. It was also helpful to read

fellow students’ reflections and the feedback other students

received as it gave me several different types of feedback that
I could take with me to the following assignment: mine, the
others, and the teachers."



Fig. 3 shows how students initially assessed their
achievements described in their reflections against the
intended learning outcomes, and then after submission, they
assessed their work against feedback from the teachers and
further assessed their work against fellow students’

Recelves reflection
wisignment

How can I apply what I have learned to a future job context?
The first reflection is from assignment 2, and the second
reflection is from assignment 4:

Reerives feedback
Mrom feacher

Reflections are visible for the Self
teacher and fellow students

Writes reflection

Checking the
intended lenrning

Sulsmits reflection

Improves refllection based on
the infended learning outcome

Fig. 3. The two-step self-assessment process.

reflections and the teacher’s feedback to these reflections.
The arrow between step 1 and step 2 represents how the
students bring experiences in one assessment cycle into the
next one. Thus, the two-step self-assessment is repeated
separately for each assessment.

The most significant challenge the students saw in the fact
that the reflection was visible to fellow students was that
many students might hold back if there were disagreements
in a group. Interestingly, in making this point, the students do
not write anything about having experienced this themselves,
but they think that those who experience disagreements in
their group might have written about it if the reflections were
not visible to others. On the other hand, none of the students
mentioned in the summative reflection that they experienced
disagreements, although the summative reflection was not
visible to fellow students.

2) Metacognitions skills and professional identity

The students’ summative reflections reveal that the
guiding questions provided for the ePortfolio reflections
worked well for most of them. However, the students’
ePortfolio revealed that most students experienced some
challenges initially. It was especially challenging for the
students to relate learning to a job context. As the individual
reflections in the ePortfolios indicated that students might not
have read the learning outcomes described for the course
before writing the reflections, they received a reminder in the
initial feedback to read the learning outcomes. In the
summative reflection, some students confirmed that they did
not use the learning outcomes when writing reflections
because they forgot to do so. These students point out in their
summative reflection that there should have been given more
reminders throughout the course. However, as the students
conducted more reflections, they became better at describing
how they can apply what they learned in a job context (i.e.,
metacognition concerning connections to career).

The following examples are from one student's e-portfolio,
where the student has reflected on the last guiding question:

rep: d for each as t Feedback visible

»
for fellow students

Checking ihe
teacher's
Teedback

Checking fellow
stmdents' feedback
from the teachers

Checking fellow
udents
ecilons

“I have learned a lot through Assignment two. General
competence in coordination is crucial for understanding
the context and complexity of different tasks and
situations. The knowledge will, among other things,
provide a greater understanding of the situation and
make it easy to deliver.”

“The competence I have gained related to M365, and
SharePoint is truly relevant if I get a job in a company
that uses these solutions. At the same time, experiences
with various IT solutions are probably meaningful
experiences no matter what job I apply for after my
education. In addition, I have learned about scenarios
related to IT solutions, which enables me to implement
excellent user-centered development. The different
methods and working methods I have learned are relevant
to use in a future job, especially related to developing
different solutions focusing on the users.”

A few students (6%) wrote in the summative reflection
that they did not experience any benefit from reflecting. The
students who say they did not experience any benefits from
reflecting are the same ones who did not understand the
purpose of developing an ePortfolio. These students’
summative reflections are characterized by short answers and
a small or no degree of reflection. It did not emerge from
these students’ summative reflections that they read fellow
students’ reflections or fellow students’ feedback from the
teachers. The summative reflection of those who confirm that
they understand the purpose of both the reflections and the
ePortfolio and reading other students’ reflections and fellow
students’ feedback from the teachers are of better quality than
the reflection of the students who did not. The following
example is an excerpt from one of the students’ who reflects
on important skills learned from the course:

“Learning about user-centered development has taught
me how to develop a website with the user in focus and



strategies to achieve this. I have also gained more
knowledge about digitization and how to use digital
solutions in a job context, which will allow me to plan
more effective collaboration in an organization."

The quote above also illustrates two interesting findings.
First, it relates to personal identity as the student sees him-
/herself in a job context where the work the student performs
is related to what the student learned in the course. Second,
the students identified what they perceived as the most
important learning. The students described in their own
words what was the most impotent learning in the course. On
top of that, several students also connected their learning to a
job context in the same way as they were told to do in the
ePortfolio reflections. Thus, these students’ reflections
indicate that they have begun to develop a professional
identity.

In addition to the students’ experiences described above,
the students’ summative reflection indicates that they have
transferred the metacognition in relation to career to other
contexts such as the summative reflection and to a job
context. Without encouragement, several students (78 %)
reflected in the same way in the summative reflection as they
did in the ePortfolio reflections, which may indicate that the
students have developed transferable metacognition skills
through the course. Some students also point out that the
reflections provide good training in explaining to employers
what they can do after education.

V. DISCUSSION

We identified results within two central dimensions of
formative assessment with ePortfolio that can enhance
computing students learning experiences (RQ1): as a product,
the ePortfolio provided the students with a comprehensive
overview of what they have learned, and as a process,
students became able to assess their performance, gain skills
in relation to professional identity and developed transferable
metacognitions skills. What influences the students’
preference regarding formative assessment method (RQ2)
can be linked to both the two central dimensions:
as a process, the ePortfolio created awareness of what the
students had learned and as a product, the ePortfolio created
a comprehensive overview of achievements across topics and
assignments.

In many regards, our findings confirm previous findings
about computing students’ experiences. To begin with, our
results strengthen the claim that the ePortfolio makes
invisible learning visible to students [7, 8, 9]. Furthermore,
the students experienced the reflections, as conducted in this
study, challenging, which also aligns with previous findings
[40]. Like students from other disciplines [9, 40], computing
students will need guiding questions for reflection to make
them able to connect past, present, and future.

Most challenging for the students were the last guidance
questions, where students had to reflect on how they could
apply what they learned to a future job context. As the
students repeated the individual reflections throughout the
course, it became easier for them to explain what they had
done, how they did it, and why it was relevant in a job
context. Reflections can encourage metacognition, which is
often recognized when students are required to explain what

they have done, how they did it, and why it was important
[43]. This was confirmed by our study. Our findings also
point to the benefits of reflection as a repetitive assignment;
reflecting on questions of the kind used in our study
repeatedly through a course helped the students transform
metacognitive skills into other contexts. As our study showed
when the students were asked what the most important
learning was, most of them linked it to a job context.
Indications that they have developed transferable
metacognition skills are confirmed by the fact that students
describe the ePortfolio reflections throughout the course as
training in explaining to employers what they can do because
of their education. When computing students describe this
experience as a factor that increased their motivation to learn
and improve their performance in the course, our findings
indicate that the development of metacognition skills
connected to career facilitated by using ePortfolio for
formative assessment can enhance computing students’
learning experiences.

Another aspect of formative assessment with ePortfolio
which this study has shown to enhance computing students’
learning experiences, is the self-assessment process
facilitated by the ePortfolio [40]. A key finding in our study
is how the ePortfolio made students conduct self-assessment
and improve their work based on fellow students’ reflections
and fellow students’ feedback from the teachers without
being encouraged to do so. It is not new that guidance
questions such as those we used in this study facilitate self-
assessment [9] or that formative feedback can facilitate the
development of self-assessment skills [37]. However, a key
finding in our study is that the ePortfolio encouraged students
to conduct self-assessments without being asked to do so.

Formative assessment is not a new concept and has
existed long before the ePortfolio appeared. The same applies
to feedback, reflection, and learning outcomes described for
courses and study programs. Likewise, it is possible to
organize reflections through courses, feedback, and processes
for self-assessment without an ePortfolio. However, another
key finding in our study is that students experience that the
ePortfolio provides a much clearer picture of the total
learning outcome achieved than the traditional LMS folder
assessment method. The advantage of formative assessment
with ePortfolio was perceived by most students as so valuable
for their learning and relevant for the future when applying
for a job that they would select the ePortfolio over the
traditional LMS method even if the ePortfolio increases the
workload.

The course described in this paper was conducted
digitally due to the COVID pandemic; however, formative
assessment with ePortfolio can be performed in the same way
in classroom teaching as in a digital environment. For
instance, the study by Ring, Waugaman, and Brackett [9], and
Slepcevic-Zach, and Stock [40] are case studies conducted in
physical classrooms.

A. Implications and recommendations

Based on our findings, we would like to highlight five
implications for educators who plan to integrate ePortfolio for
formative assessment. The presented recommendations can
also work as pointers for future research since whether they
do have a positive effect on formative assessment and



students” development of e-portfolio remains to be

investigated.

1) The intended learning outcomes. Because the intended
learning outcomes are what the students will learn and prove
that they have achieved in assignments, and further is an
essential tool for students’ self-assessment process, the
intended learning outcomes should be easy to access. By
adding the learning outcome to the ePortfolio, students get
easy access to it, and the students will also be reminded to
look at the learning outcome when writing reflections.

2) Self-assessment. We can not assume that students in
fact evaluate their work even if given tools through the
ePortfolio that simplify the self-assessment process.
However, teachers can motivate students to look at fellow
students’ work and fellow students’ feedback from teachers,
e.g., when the ePortfolio is introduced to the students or
through mandatory peer review. For further research, we
recommend looking more closely at a more strategic way to
carry out the two-step self-assessment process and, in
addition, how to implement the two-step process in courses
that do not involve group work.

3) Visible reflections. Some students may feel uncertain
or anxious when asked to share their reflections with fellow
students. In our study, one of the reasons the student became
better at explaining what they are capable of was by reading
fellow students’ reflections. When graduating and applying
for a job, employers will ask them to explain what
competencies they hold as they have practiced in their
reflections to become better at focusing by reading fellow
students’ reflections. To institutions and teachers planning to
introduce the ePortfolio for their students, we recommend
addressing the benefits by reading fellow students’
reflections and visualizing their value of this type of practice.

4) Motivation/encouragement. There will always be
students who do not use all the available resources for self-
assessment unless they are directly encouraged. Therefore,
there should be more focus on engaging all students in
reading each other's reflections, e.g., through mandatory peer
assessment, even if giving students access to see fellow
students’ reflections in itself can encourage self-assessment.

5) Formative assessment values and the ePortfolio. One
of the benefits of formative assessment is the feedback
students receive during a course that enables them to see what
they know and what they do and plan for improvement. Our
study found formative assessment values achieved without
much teacher involvement (e.g., plan for improvement
because they gained access to fellow students’ reflections).
Further research should look at how the ePortfolio can extract
some of the value in formative assessment in courses with a
high number of students, where it is challenging to carry out
such a form of assessment.

VI. CONCLUSION

This study has explored how formative assessment with
ePortfolio can enhance computing students’ learning
experiences and what influences which method the students
prefer of the ePortfolio and the traditional LMS folder
assessment method.

The results along the two central dimensions of the
ePortfolio as a product and process can enhance computing
students’ learning experiences through comprehensive
overview, self-assessment, transferable metacognitions
skills, and professional identity. As the students developed
metacognition related to learning and carrier, they became
motivated to learn and improve performance. When it comes
to professional identity, one course will only provide just a
piece of a holistic professional identity; however, we find that
pieces of professional identity can also enhance computing
students’ learning experience as this was a motivating factor
for improving performance.

A key finding in our study is how the ePortfolio made
students conduct self-assessments. Such a finding is essential
and shows the opportunities in the ePortfolio for computing
students. Our study led to students improving their work
without being encouraged or required to do so because,
through the ePortfolio, they gained access to tools that
enabled them to carry out self-assessments. The results within
the two aspects were perceived as so essential by the students
that most preferred formative assessment with ePortfolio
instead of the traditional LMS folder assessment method.
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