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ABSTRACT
This study discusses the integration of digital storytelling and the
narrative approach into a University level Computer Science course.
The pedagogical intervention took place on a project basis. The
plan involved student work in groups for the production of digital
stories in three phases, including an abstract, a manuscript and a
�nal story. The overall instructional design included workshops
and lectures, online tutorials, and group work. The students were
assigned to explore the topic of recursion. Face-to-face meetings for
the coordination of group work were emphasized during lectures,
workshops and project instructions.

The study uses qualitative research methods and the �ndings
indicate two main patterns of group work. The �rst pattern follows
from loose coordination and division of tasks among group mem-
bers at the initial stages of the project. This results in documentary-
like and program-based video stories. The second pattern involves
tighter collaboration with face-to-face meetings for common task
completion, video recording and editing, and manuscript improve-
ment. This mode of work results in short-�lm style stories where
recursion is well-represented. In both patterns, however, the videos
present external rather than internal examples of recursion. As a
result, the digital stories represent what the code does instead of
how it does it.
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1 INTRODUCTION
While curricula open up to make room for Computer Science (CS)
nowadays, computer scientists and theorists (e.g. [2, 6, 12, 26]) point
out the need to include both social and technical aspects in the way
we think about the �eld. As, for example, software-based technolo-
gies increasingly shape our social, political and economic lives, the
need becomes more and more pressing to view CS elements, such
as algorithms, not only technically, but also embedded culturally,
contextually and ethically [12].

This perspective would require an interdisciplinary approach
in the CS curricula. The integration of digital storytelling (DST)
as a pedagogical method informed by the principles of narrative
approach would �t well with the need for interdisciplinarity. The
narrative approach focuses on the development of plot and charac-
ter for telling stories with digital technologies that can be shared
with peers and other interested audiences. Concerning implementa-
tion, this view raises questions about what methods and techniques
would best �t with the principles of narrative DST in combination
with a socio-technically grounded CS education.

Earlier studies on DST in schools [10, 15, 18, 19, 21, 23, 24, 27–30]
have shown the potential of the method to open up spaces for stu-
dent involvement in group work to tell and share video stories with
peers online. As the process requires to deal with heterogeneous
elements for the synthesis of stories with a beginning, a middle
and an end [11, 22], the students enter a process of resigni�cation
and, thus, develop a deeper understanding of the object of study
in a contextualized way [27, 29]. In addition, previous research
has shown that the process allows storytellers to structure their
personal narratives in time [8, 32] through the accounts of events
and the building of characters that DST entails. Based on these
considerations, we assumed that the DST pedagogy would open
up the opportunity for students with CS as part of their major and
minor studies to work together, set shared purposes and use digi-
tal technologies to tell stories based on CS concepts and content.
As CS concepts are abstract, our hypothesis was that the task to
build stories and characters for coherent and clear representations
would lead students to more concrete con�gurations. Thus, the
students were asked to look for manifestations of recursion in real
life and in nature. In this way, the approach to recursion would be
contextualized and, thus, more practical than theoretical.

Although there have been studies on DST in Higher Education
[9], to our knowledge, its pedagogical integration in CS courses has
not been studied to the point of writing. In addition, in the case of
[20]’s study with university students, storytelling is scripted and
concerns the development of a speci�c software rather than the
narrative structure. Our study, however, focuses on student’s own
work with story lines and characters authored and developed in
groups. It would be interesting, therefore, to examine how narrative
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DST works for students who select the course for their major or
minor studies and get involved in the project on a voluntary basis.

As this is an initial study, the overall goal is to explore DST
integration by raising questions andmaking hypotheses concerning
content, group work and narrative development. Thus, rather than
giving de�nitive answers, the study aims to set the ground in terms
of methods and frameworks of analysis to be further tested and
enriched in future interventions.

2 THEORETICAL BACKGROUND
Digital storytelling (DST) is a 21st century metaphorical adjective-
noun phrase that signi�es mapping of two domain areas in the
meaning making process. In this mapping, ’digital’ signals the com-
parison between the domain of technology and that of telling sto-
ries [28, 29]. Here, storytelling involves multiple modes of expres-
sion through language and other symbols and media. Contrary to
traditional visual and cinematic storytelling, digital technologies
nowadays o�er the possibility for interactive ways of telling sto-
ries online through the use of web-based platforms and internet
services (e.g., [16]). In terms of language and communication, this
means that sometimes the adjective of the metaphorical phrase is
more marked (i.e., more important, thus, capitalized here, DIGITAL),
when the storytellers are more interested in the technologies used.
Other times, storytellers pay more attention to the development of
the narrative, the story line and the characters. In these cases, the
noun is more marked (i.e., STORYTELLING).

Group work. Group work has been extensively researched in CSEd
with encouraging results concerning students’ motivation, creativ-
ity, critical thinking etc. [3, 31] Based on previous research expe-
rience in the �eld, in this study we look into group work as an
inherent element of narrative DST. Narrative DST is a process of
multiple story lines. It is actually about stories within stories and,
therefore, in group work students synthesize the stories of their
own development. When students take up a project voluntarily,
they do so to earn credits to contribute to the overall grading of
the course. The starting point therefore is mainly utilitarian. Group
work however is more than the sum of required outputs per group.
More importantly, it is about developing a sense of belonging, or be-
ing part of a whole (i.e., the group, the class, the university). Group
work therefore is not only about content knowledge production; it
is about identi�cation as well. Based on insights of group theorists
in social psychology and psychoanalysis (e.g. [5, 14, 17]), high levels
of identi�cation can increase leadership in the group. This, in turn,
generates more possibilities for innovative/creative thinking.

Based on these, another research interest of the study is to inves-
tigate how group work relates to the development of the narrative
and the representation of the central concept in the students’ digi-
tal stories. For this purpose, we will de�ne levels of identi�cation
on the basis of time spent on common tasks and in face-to-face
meetings and the types of leadership developed in the groups. To
do so, we will draw from data resulting from student manuscripts,
interviews and digital stories.

Topic: recursion. In this study, we depart to examine how the elab-
oration of the plot (i.e., story line) and character development re-
late to the representation of the central concept (i.e., recursion),

Figure 1: The �rst lecture in week 1 (w1) introduced the
project brie�y. Workshops (WS) introduced the project and
DST in a more detailed level. Deadlines (DL) and feedback
(fb) were planned according to the face-to-face meetings.

when the students work in DST groups. In other words, we look
into whether and to what degree deliverables such as abstracts,
manuscripts and �nal stories result in a balanced version of the
metaphor, where both parts of the phrase are marked (i.e., DIGITAL
STORYTELLING). Our selection of recursion as the central theme
of DST was based on the fact that the concept is fundamental for the
Data Structures and Algorithms course. Although other themes are
possible, many notions are related to or are dependent on recursion.
In addition, our previous experience of integrating DST into the
course ([29]) showed that it was challenging for students to deal
with both selecting from a long list of topics and the complexity of
the DST process itself. Narrowing down the options reduced the
overall complexity. Moreover, assigning only one topic served the
research purposes. In this way, it was possible to compare students’
digital stories in terms of character and narrative development.

3 AIMS AND METHODS
This study aims to discuss and analyze the implementation of a
digital storytelling (DST) project within a narrative framework
and group work. To do so, we will focus on the organization of
student group purposes and patterns of work, and the development
of plot and character in video stories aiming to explain recursion
to peers and other audiences. The study aims to seek responses to
the following research questions:

(1) In what ways do students develop the plot and the main
character(s) in their digital stories?

(2) What role does student group work play in the development
of digital stories?

(3) In what ways does student group work and narrative devel-
opment relate with representations of recursion?

Course context and participants. This study draws from the Data
Structures and Algorithms course targeting 2nd year CS minor
students in Aalto University, Finland. The prerequisite for this
course is at least one programming course (typically taught in
Python). Many students enroll in this course even though it is not
compulsory in their study program. However, not all registered
students complete the course. For the Fall term 2018, the total
enrollment was 289 students. About half of the students (140) passed
the course. The low percentage is due to the fact that the course is
not compulsory for most of the students.

Figure 1 shows the course time line and events. During the 12
week semester, the course had 6 lectures, 2 workshops, and weekly
lab sessions (students divided to 6 lab groups). The focus of one
of the 6 lectures was on the basics of DST, building the narrative
structure and developing the story-line/plot and the characters.



The workshops aimed to give time to the groups to present their
ideas and plans and receive feedback from peers and the instructors
for revisions and improvements. During the �rst workshop, the
groups presented draft ideas, while the plans were more concrete in
the second workshop. In addition, group formations became more
stable in the second workshop. As some group members withdrew
their participation in the project, members who decided to stay
had to be integrated into other groups to meet the threshold for
participation (i.e., 3-5 students/group).

For other activities than group work, the course had lab sessions.
The lab sessions were targeted to students seeking help for the
weekly assignments, most of which were automatically graded. The
course has a long history of using automatically graded assignments,
which also has changed the student behavior during the years. Many
students take the course almost completely on-line, which makes
unnecessary to travel to campus or meet other students. Especially,
automatic assessment [1, 13] is very well received by the students,
and it has shaped the course participation a lot.

In addition to automatically graded assignments, the course had
a range of voluntary extra exercises, assignments, and a project for
those aiming to best grades (i.e., above 3/5). Although, almost all
the assignments were supposed to be individual work, DST was
utilized to produce a framework for the project done in small groups.
However, it was not the only voluntary exercise, and students
needed to consider which options to take in case they wanted to
pursue the best grade 5/5. Thus, we assume the project attracted
especially those students more willing to participate in team work
compared with those who might prefer individual work.

During the course period (October-December 2018), 64 unique
students (22 %) participated in closed labs at least once. In addition,
as blended learningmethods were applied ([4]), the students had the
option to ask for guidance in an on-line discussion forum integrated
into the learning management system. 184 students enrolled into
the discussion forum during the course (64 %). Thus, the preferred
mode to study and ask for support for individual work was on-line.

Demographics. The students were mainly minor students from
the School of Business (BIZ), School of Chemical Engineering
(CHE), School of Electrical Engineering (ELE), School of Engineer-
ing (ENG), and School of Science (SCI). Twelve groups (44 out of 289
students, which is 15 % of the students) started the DST project and
submitted an abstract (First Draft). Each of the 12 groups consisted
of 3-5 students. 8 out of 12 groups submitted a manuscript that
included a draft plan of DST tasks. 7 groups out of 8 completed
their project by submitting a video. These 7 groups also submitted
an improved version of their text-based manuscript along with
the digital story. In addition, each student reviewed other groups’
manuscript and digital story after submitting their own.

Our study focuses on the 28 students in these 7 groups (appr.
10 % of the whole course). The overall male–female ratio was not
signi�cantly di�erent in project groups compared to the whole
course (about 79 % compared with 21 % in both). All groups had
male members, and 4 groups had 1–2 female members. The average
age was 25 years. The ages varied between 20 and 39 years. The two
oldest students were in the same group. In the rest of the groups, the
ages varied between 20 and 27 years. The average age is quite high.
This is natural as the course is typically took in the second year,

and many students drop it and try again. 5 out of the 28 students
that took the project were in this course the second or third time.

16 out of 44 did not complete the project, which is 36 %. This
is rather high percentage, but it is explained by the fact that the
project was not a compulsory part of the course. In addition, the
course included other tasks that could be taken in order to achieve
the desirable grade. Students had the chance to compare work load
in di�erent tasks and make the �nal decision to take the project or
not. Some students felt that the work load for the project was too
high compared to other alternatives.

The estimated work load was based on European Credit Transfer
and Accumulation System (ECTS). The course was 5 credit point
course, and one credit point—that is approximately 25–30 hours of
work—was allocated to the project. Thus, a group having 4 members
should have invested all together some 100–120 hours to the project.
This was monitored in each phase as the groups were expected to
report time-on-task in each submission. In the team up phase, they
needed to plan their timings in the abstract. In the manuscript and
the �nal submission, they needed to report on the time-on-task for
each member.

Data analysis. The study aims to o�er an analysis of content of
data resulting from students’ interviews, manuscripts and digital
stories. There were 7 manuscripts (i.e., abstracts and reports) and 7
digital stories in video format, resulting from the work of 7 groups.
Out of these, 4 groups and 11 students participated in 4 interviews.
Each interview lasted approximately 40-45 minutes. For research
purposes, the interviews were transcribed and anonymized. The
transcriptions were sent to the participants to check and comment.
The participantsmade it explicit underwhat copyright and licensing
they shared their digital/video stories on the Web, with teachers
and peers, and other audiences.

For the analysis, we moved inductively from more concrete to
more abstract codes, themes and categories [7, 25]. With regard to
the frameworks of analysis, we used thematic analysis to code and
categorize interview data. Following transcription, excerpts from
the interview data set were highlighted and coded manually. Then
the coded excerpts were transferred to an Excel worksheet and set
into larger categories and themes. A similar process was used for
manuscript data. Then categories from interview and manuscript
data were compared. In addition, discourse analysis was applied to
the manuscripts in order to get a better insight into attributes of
categories. When, for instance, the focus was on character develop-
ment, we looked into the structure of student written expression in
the manuscripts. Some manuscripts hardly mentioned the charac-
ters. Some others used complex main sentences and subordinate
clauses with action verbs to elaborate on character development.
To cross-examine �ndings we moved abductively back and forth
from manuscripts to video stories to student interviews.

For reliability, both authors/researchers went through all the
data sets. One researcher coded for group work and narrative devel-
opment, then discussed emergent themes and categories with the
other researcher. The same process was repeated for the analysis
of representations of recursion where the other researcher took the
lead. It was a joint decision what data to include andwhat to exclude
from this paper. Although, the process was performed inductively,
the description and discussion of results follows a deductive logic.



4 FINDINGS
In the following Subsections 4.1-4.3, we describe our observations
from three di�erent point of views. These correspond to the three
research questions we have. The results are combined in Table 1.

4.1 The narrative in digital storytelling
Types of digital stories. The analysis shows that group work had
di�erent orientations in planning and decision making about char-
acter development and story elaboration, and resulted in three types
of digital/video stories. (1) Short �lms (G4 and G7). Two groups
describe their story as short �lm aiming to educate and inspire au-
diences by combining unfamiliar (i.e., recursion) with familiar (e.g.,
Koch snow�ake) elements into brief and fun videos. In addition to
educating audiences, the short �lms aim to increase group’s own
awareness and knowledge of the topic through the articulation of
de�nitions, properties and features in easily understandable lan-
guage and format. To this end, the students use real-world examples
in such ways that no prior knowledge of the concepts is required.
(2) Documentary-style stories (G1 and G2). Two groups came up
with videos that give emphasis rather on a ’fact-based’ representa-
tion of recursion than a character-plot interaction. The narrative is
linear and built on alternating still images. The storytelling is done
through voice over (G1), and with a student-actor who provides
the account of events (G2). (3) Program-based stories (G3, G5 and
G6). The narrative here is based on selection, which means that it
is built on if–then–else (i.e., conditional) basis. When a character
meets an issue, for instance, possible solutions are not presented or
elaborated in detail. Instead, the narrative moves forward into the
next character or the next event based on a programmed condition.
Typically the submissions of this type of story was not a manuscript
(PDF) including a link to the video, but a zip �le including also the
software to execute the story (e.g., an interactive game).

Character development. For character development, we looked into
language use in student manuscripts. For instance, G7 use action
verbs and complex grammatical structures and adverbials to de-
scribe how characters develop: The story deals with Essi, who is a
student who always leaves preparing for an exam to the very last
minute... Having heard of recursion she panics and leaves her room
to �nd assistance... In a similar way, G4 develop their characters
through action verbs and elaborate structure. The narrative in these
stories indicates a change in the characters’ thinking and action
and, therefore, the development is visible and clear. However, other
groups’ (e.g., G2) characters remain �oating between a presenter’s
and a narrator’s role. In this story, the character’s role to plot devel-
opment is not clear, although there is alternation from one event to
the next. However, the story is a linear account of facts rather than
a recon�guration of the storytellers’ ideas.

In stories where characters are not well-developed, an account
of actions is missing or the need for a character is not explicit, e.g.,
in G3 story. This might relate to the fact that G3 work was more
independent and based on a clear task division. This organization,
although based on a well-articulated rationale, came up with un-
clear character whose relation to the events of the story was loose.
Following a similar pattern, G5 work results in a mythical char-
acter whose purposes and actions remain unde�ned. Contrary to
the way the narrative develops in G3 story, which is also based on

the logic of conditional branching, the plot in the former is rather
linear and closed-ended. Overall, in conditional-based stories, the
main character is male and, instead of developing a ’life of his own’,
revolves around a right/wrong decision before moving on to the
next choice.

The plot. To understand how plot was elaborated, we looked into
event descriptions in the manuscripts. The plots in short �lms
were well-articulated with complex structure. Also, the program-
based story of G3 uses complex sentences and dependent clauses.
However, despite the elaborate expression, the background of this
story is made available only in the manuscript, whichmight lead the
audience to a partial understanding of what is going on, unless the
written text is available. For G3, getting the concepts straight meant
the process would be smooth enough not to not have to go back and
start all over again. This plot elaboration seems to have happened
on a random basis at the expense of concept representation. The
students in G7 expressed similar views in the interview about the
narrative-concept relation. Despite this overlap, their short story
balanced character development and plot elaboration, and resulted
in clear representations of central concepts.

Another indication of a well-elaborated plot is the element of
surprise. Some groups recognized the need to include elements of
surprise through accounts of unexpected events leading to di�erent
con�gurations of the story. Adversities, however, remain under-
developed in the G5 programmed story and mainly concern the
obstacles the character falls over when running the maze. Groups
4 and 7 also use adversities, only in a more elaborate way. For in-
stance, G4 write, However, Admin ends up in the trouble as there
is no safely way to get back down. Admin’s travel partner Network
Specialist o�ers to help ...

4.2 Group work in narrative digital storytelling
Joint planning and decisions involved dividing the work into more
concrete tasks. As G1 write in their manuscripts: As a group, we
quickly decided that the work packages for the project involved voice
acting, script writing, research, video editing and organizational tasks.
As a group it was determined that this division of work packages
covered everything related to the project. Splitting the tasks led to
di�erent tactics among the groups similar to those described by
Waite et al. [31] as: Sequential segmentation (SS, "I work on it for a
while, then pass it along to you."); Parallel segmentation (PS, "We
break it up and everyone does a piece."); Natural selection (NS, "We
each carry it out and then choose the best result, or we choose
the best person and let them do it."); and, Collaboration (Co, "We
interact closely during the task.").

As Waite et al. [31] put it: "In each of the �rst three cases, the
members of the group are e�ectively working alone. Working alone
is our students’ preference [...] and therefore whenever they are
given a task they actively employ one or more of those three tactics
regardless of the intent of the professor." However, we can see real
collaboration as well, for example, in G7. As the members of this
group said in their interviews: I-ee 3: I’ve done quite a few group-
works during my studies and this one was di�erent... In these you just
divide the tasks, everyone does their own part and then you just put
things together. In that sense, this was a nice change. . .



Table 1: Narrative development, group work (GW) and representations of recursion.

Type of story Character Plot Tactics GW Recursion in video R. in manuscript
Short �lm (G4, G7) well-developed well-elaborated Co CP, MR clear clear
Documentary (G2) not clear linear Co CP, MR clear not de�ned
Documentary (G1) not clear linear PS CF explicit misconception not de�ned
Program (G5) not well-developed well-elaborated Co, NS CP, Am no misconceptions no misconceptions
Program (G6) not well-developed well-elaborated Co, NS CP, Am no misconceptions not de�ned
Program (G3) not well-developed random PS, NS CP, FL no misconceptions no misconceptions

Overall, the way tasks were allocated and the time students spent
together on face to face (f2f) group work resulted in di�erent types
of group leadership and identi�cation, i.e., an individual’s sense
of belonging to the group. See Table 1. We denote the leadership
centripetal (CP) in case we see distributed type of leadership in
collaboration, or centrifugal leadership (CF) that typically occur in
case the tactics is sequential segmentation (SS), parallel segmen-
tation (PS), or natural selection (NS). For identi�cation, we have
analyzed the group work in order to observe mutual recognition
(MR) among group members.

Group work and leadership. Most groups (G4-G7) both shared and
divided into distinct tasks. Two groups (G2 & G3) had only shared
tasks, while G1 split the work into completely distinct tasks, which
they coordinated through di�erent Web platforms and software
(e.g., telegram, google docs, WhatsApp). This allocation led to a
centrifugal leadership (CF), in the sense that, although the overall
purpose was met (i.e., the digital story was completed and submit-
ted), evidence for a common purpose is scant. The fact that the
members of G1 hardly met f2f kept identi�cation at low level.

On the other hand, the groups that shared or both shared and
divided tasks, developed a centripetal (CP) type of leadership. This
means that leadership was distributed among the group members.
More particularly, in addition to attending lectures and workshops,
G2 and G7 spent more than 2 and 4 hours in face-to-face (F2f)
meetings, respectively. F2f time allows to grow this something in
common that makes group identi�cation between group members
possible [14]. Spending time together, therefore, seems to have led
to more concrete sets of common purposes. As a result, mutual
recognition (MR) among group members has also grown. Mutual
recognition became evident in groups 2, 3 and 7 interviews, where
the members acknowledged one another’s work and contributions.
This means that the degree of identi�cation is higher in these cases.

Also, in the case of G3, where the group looked up to the peer
with more working hours on programming, leadership is more
focused (FL) than distributed. It seems that a kind of transference
has occurred in this case, in the sense that the students recognize
a certain binding quality in their peer. Although this is a di�erent
enactment from the case of G7, where all the members are poles of
leadership, both G3 and G7 are evidences of student interest in – at
least– as much in the object of study as in the grading points. It is
therefore the object of study (i.e., programming) that constitutes an
element of uni�cation as well. Finally, in the cases where time spent
together remains uncon�rmed (i.e., in interviews or manuscripts,
G5 and G6), mutual recognition is ambiguous (Am), despite the fact
that group leadership seems to be centripetal.

4.3 Representations of recursion and code
None of the digital stories covered or visualized stack frames or
some other representation for how to implement recursion in com-
puting. This was partially due to the assignment: we explicitly
asked examples of recursion in nature. Thus, the projects show
more external examples of recursion than internal implementation
details even though many projects included also source code. Thus,
the digital projects focused on showing what the code does rather
than how it does it. Another reason for this might be in the fact
that the students were minor CS students. Major students might
have di�erent approach to technical representations.

One of the challenges in representing recursion is that its outer
behavior does not di�er from iteration, i.e. for- and while-loops in
algorithms. This seems to be very hard to grasp for the students,
but even harder to express in their digital stories. In addition, some
of the stories included explicit function calls, but it was unclear
if they were recursive or just a function calling another function,
calling another function, etc. This shows up in some projects which
hold explicit misconceptions about recursion even though they got
feedback during the project. For some reason, they did not pay
attention to the critic received.

We also evaluated the manuscripts and videos according to the
accuracy of the terminology as well as representation in Table 1. In
some videos and manuscripts we can see (explicit) misconceptions
such as missing base case (or cases) or the recursive steps do not
reach the base case(s). Some representations had possible miscon-
ceptions related to the fact that neither the manuscript nor the
video made it clear whether the story actually represents recursive
or iterative process. This is kind of implicit misconceptions as the
task was to represent recursion. The groups did not make adequate
distinction between these two. The third category includes the rest
of the stories that were considered correct. They cannot be misin-
terpreted to be iterative processes even though there is no actual
recursive algorithm represented in the manuscript. However, most
of this type of stories included also recursive code fragments to
illustrate recursion.

5 DISCUSSION AND CONCLUSIONS
Table 1 combines the results and it is sorted according to the type of
story. The groups that produced short �lms developed a centripetal
(CP), distributed type of leadership, while mutual recognition (MR)
among group members was high. More particularly, in relation to
types of stories, digital stories that were categorized as short �lms
displayed well-elaborated characters and well-developed plots. In
addition, the representations of recursion were very clear both in



Table 2: Types of DST. There seems to be correlation among emphasis of DST, types and accuracy of digital stories.

Emphasis Type of story Identi�cation Narrative Representation/recursion
DIGITAL STORYTELLING Short �lm high well-elaborated well-represented
digital STORYTELLING Documentary high fact-based but linear and unclear no explicit misconception

Documentary low fact-based but linear and unclear explicit misconception
DIGITAL storytelling Programmed high/NS well-thought plot but loose characters possible misconceptions

the manuscript and video. In documentary-like stories, the plot was
fact-based and linear with ambiguous characters whose develop-
ment remained unclear. The groups that produced this story genre
displayed two types of leadership. When the leadership was moving
outside the group and was, therefore, centrifugal (CF), the level
of identi�cation was low. This group work resulted in an explicit
misconception of recursion. On the contrary, the documentary-
like story of the group with tighter coordination of activities and
face-to-face meetings displayed no explicit misconception. It seems,
therefore, that face-to-face collaboration in�uences the group nar-
rative, which, in turn, in�uences the grasp of the central concept.

Group work and narrative development in programmed stories
overall con�rm this �nding. It seems, however, that the stories
were in the middle of the way. Although the characters were better
de�ned than in documentaries, they were not as well-developed as
in short �lms. Although, the plots were well-elaborated, they were
conditional with binary alterations of a ’yes/no’ type. Moreover, the
type of leadership seems to have been centripetal. There was scant
evidence concerning time spent together or how common tasks
were dealt with or if common tasks existed at all. Thus, mutual
recognition remains questionable for two out of the three groups
of this category. Contrary to this, the third group’s interview pro-
vided evidence of mutual recognition. Moreover, this group is an
example of Natural Selection type of tactics. However, this group
work resulted misconceptions in the description of recursion in the
manuscript. A possible explanation could be that misconception
went unnoticed, as, along with leadership, the ’responsibility’ for
successful task completion was transferred to a single peer/leader.

Overall, the students who were interviewed described the multi-
layered task of representing recursion by using digital technologies
and telling stories as a positive learning experience. During inter-
views, the participating students expressed the belief that they had
grasped a better understanding of recursion through the process of
documenting ideas in narrative form (i.e., abstracts, manuscripts
and video stories). Developing the story line seemed to be more
important than characters at �rst; however, three groups mentioned
that the role of the character became clearer to them during the sec-
ond workshop. Then they made changes by further elaborating the
stories. As this was an initial study, measurement of the learning
outcomes mainly took place through the interviews. Nevertheless,
as we see the digital stories themselves as documentation of learn-
ing, we will use insights from the representations of recursion to
build our future endeavors. Besides, this was one �rst step to better
understand di�erences between automated assessment and qualita-
tive evaluation (e.g., through peer feedback). Future interventions,
then, could include control and experimental groups to compare the
two types of evaluation of learning a common concept. Considering
the above, three versions of DST have resulted in relation to types

of stories, group narratives and representations of recursion (See
Table 2) :

DIGITAL STORYTELLING. Group work that displays recursion
in short �lms relates to a high level of identi�cation and a narra-
tive of mutual recognition. Leadership is distributed among group
members and the development of characters and plot are of equal
importance. In this approach, the representation of recursion is
both clear and accurate.

digital STORYTELLING. These emerge out of documentary-style
stories, with a fact-based representation of recursion, alternating
still images and an elaborated, but linear, plot. In this case, the
use of digital technologies was narrow in the production and/or
the editing process. Technology overall seems to have played a
minor role, as there was no code in the groups’ manuscripts. This
result correlates with two distinct types of leadership. Centrifugal
leadership keeps the level of group identi�cation low and comes up
with a misconception in the representation of recursion. Centripetal
leadership leads to an accurate representation of recursion.

DIGITAL storytelling. This version emerges out of programmed
stories, where a lot of attention was given on programming and
code development. In these stories, the use of technology played an
important role. However, character development was unclear and
loose, although the plot well-elaborated. In addition, identi�cation
with the group leader and natural selection of leadership seems to
relate with misconceptions in the way recursion was represented
in the video story.

5.1 Validity issues
The project was not the only voluntary exercise to achieve the best
grade 5/5, thus many students considered carefully which options
to use. As a voluntary exercise, this brings certain bias to the pop-
ulation. This is evident if we look at the �nal results. 23 out of
28 students (82 %) have passed the course at the time of writing.
The rest 5 have not taken the �nal exam or re-exam, which is re-
quired to pass the course. Thus, the percentage is going to be even
higher after the last re-exam in September. This is signi�cantly
di�erent from the overall passing rate that is around 50 %. Thus,
we can conclude that those students taking part in the project were
not only more motivated to achieve a good grade, but also more
motivated to pass the course compared with students that did not
choose the project. Moreover, due to the low number of groups, our
�ndings are more hypotheses than de�nitive results. It would be
good to see replication studies in the future to con�rm or falsify
our �ndings. This would help us to �gure out how to introduce this
kind of project work in HE including continuous orientation and
motivation, support for group work (e.g., workshops), encourage-
ment to attend campus events, etc. At least we can say that DST is
a promising approach to allure some students back to campus.
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