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Abstract—This full research paper contributes to current
work on fostering the collaborative disposition among computing
and engineering students. Collaborative work is essential in
computing and engineering, given the scope and complexity of
the projects within these fields. However, little is known about
how to cultivate this disposition in the undergraduate classroom.
The motivation of this research is to identify the categories
of behaviors that students associate with being collaborative.
The research questions for this study are: 1) What do students
describe as collaborative practices applied to their coursework?
and 2) What do students report as factors that prevent them
from being collaborative?

In computing courses at three institutions, students were asked
to complete programming assignments and complete a reflection
prompt after each assignment that asked “Describe an example
of you being collaborative when completing this assignment.
Otherwise, describe the circumstances that prevented you from
being collaborative”. Responses were qualitatively/thematically
analyzed resulting in the identification of ten categories of col-
laborative behaviors and nine categories of factors that impeded
collaborative behavior.

The significance of the study is that it deepens understanding
of the collaborative disposition and identifies conditions that
promote or discourage it. The results of this work will help
educators design classroom interventions that will facilitate the
development of the collaborative disposition among computing
and engineering students.

Index Terms—Undergraduate, multi-institution, professional
dispositions, qualitative analysis

I. INTRODUCTION

The collaborative disposition is one of eleven dispositions
identified in the ACM/IEEE Computing Curricula (CC2020)
report [1] as being critical to all students completing comput-
ing degrees. According to CC2020, one who embodies the
collaborative disposition is viewed as “a team-player” and
“willing to work with others”. A disposition is a mindset or
attitude that encourages and facilitates positive behavior(s),
such as those that lead to successful collaboration. A dis-
position involves the ability to apply a behavior along with
both a recognition of the opportunity to apply a behavior and
the inclination or willingness to apply the behavior [2]. The
collaborative disposition is not to be confused with collabora-
tion skills, which are the specific, demonstrable behaviors or

Mihaela Sabin
University of New Hampshire
Manchester, NH, USA
mihaela.sabin@unh.edu

Stephanos Matsumoto
Olin College of Engineering
Needham, MA, USA
smatsumoto @olin.edu

Bonnie K. MacKellar
St. John’s University
New York, NY, USA

mackellb@stjohns.edu

Amruth N. Kumar
Ramapo College of New Jersey

Mahwah, NJ, USA

amruth@ramapo.edu

abilities needed for successful collaboration, such a teamwork,
communication, and problem solving. Educators and employ-
ers agree that professional dispositions are important; what
is not fully understood is how to teach or instill dispositions
to/in students. The good news is that research has shown that
dispositions are malleable [3], giving hope to educators and
motivating this work. The ultimate goal of this research is to
gain an understanding of how to foster dispositions among
students.

In this study, we investigate how students view the col-
laborative disposition by identifying the behaviors students
associate with being collaborative. An understanding of how
students view being collaborative, and the awareness of fac-
tors that prevent students from being collaborative, will aid
educators in crafting educational experiences and pedagogic
materials that are useful in fostering/instilling dispositions in
students. The research questions that guide this study are:

RQ1: What do students describe as collaborative practices
applied to their coursework?

RQ2: What do students report as factors that prevent them
from being collaborative?

II. RELEVANT BACKGROUND

The concept of disposition first emerged in educational
theory research. Dewey proposed the idea of “habits”, as “an
acquired predisposition to ways or modes of response” ([4,
p-42], cited in [5]), which was similar to the more recent
concept of disposition. Perkins et al. [2] proposed a definition
of disposition with three components: inclination (a person’s
tendency towards a behavior), sensitivity (a person’s alertness
to occasions in which a behavior is needed), and ability
(a person’s ability to engage in the behavior). Freeman [6]
describes a similar model of disposition, composed of values,
intention to act, strategies of carrying out the action, and
the context in which the action takes place. Our view of
professional dispositions as values, beliefs, and attitudes that
lead to desirable behaviors in the workplace is related to
these earlier definitions. Similar definitions can be found in
computing education literature [7]-[10]. Being collaborative
is frequently mentioned as very important to employers and



therefore is heavily studied in computing education research.
For example, Babb et al. [11] conducted a literature search
that found that the collaborative disposition was one of the
two most studied dispositions.

Collaborativeness has been studied as both a skill and a
disposition. The importance of collaboration as a skill is
evidenced by several general-purpose assessment instruments
(Program for International Assessment (PISA) [12], Assess-
ment and Teaching of 21st Century Skills [13], and those by
Educational Testing Service [14]). For example, in the PISA
assessment, collaboration is seen as a collection of compe-
tencies: establishing and maintaining shared understanding,
taking appropriate action, and establishing team organiza-
tion [15]. In contrast, others focus on collaborativeness as
a disposition. For example, a study based on a systematic
literature review and feedback from industry professionals [7]
identified collaboration, communication, and teamwork as
interrelated professional dispositions. A similar study [8] iden-
tified collaborativeness as comprising three dispositions: being
sociable, being a team player, and being able to navigate
social dynamics. Fransen et al. [16] and Li [17] emphasize
the concept of team orientation, defined as team members’
attitudes towards teamwork. In this study we also focus on
collaborative as a disposition.

In the education literature, collaboration has been studied
in the context of collaborative and cooperative problem solv-
ing. Collaborative problem solving is defined as an activity
involving two or more people who need to solve a problem
or accomplish a goal which can not be achieved individually;
it requires both social skills and cognitive skills [15], [18].
Cooperative problem solving is an activity that is handled
through division of labor - participants may meet to coor-
dinate but typically work in parallel [18], [19]. The terms
collaborative and cooperative in the context of problem solving
have often been used interchangeably. In this study of the
collaborative disposition we are mindful of both collaborative
and cooperative problem solving.

III. METHODS

We conducted a thematic content analysis of student re-
sponses to an open-ended question about how students were
collaborative (or not) while doing coursework. The analysis
addresses the research questions posed in Section I. The
participants in the study were students enrolled in three
undergraduate computing courses at three institutions of higher
education in the US. The institutional review boards of the
participating institutions approved the research study (IRB-
FY2022-53, IRB-FY2022-65, and IRB-627).

We conducted the study during four consecutive terms over
two academic years, 2022-2023 and 2023-2024. A total of
174 students consented to participate in the study, of whom
160 responded. They were enrolled in two lower level courses
(Computer Science I, and Data Structures Fundamentals)
and one upper-level course (Database Management Systems).
The profiles of the institutions varied: public versus private,

residential versus commuting, and liberal arts versus profes-
sional versus comprehensive. By collecting data from multiple
courses at different institutions over multiple terms we could
capture the perceptions of being collaborative from a wide
variety of students.

A. Data Collection

In each course, three to four assignments were enhanced
with a reflective exercise, required of all students, including
those who had consented to participate in the study. The
reflective exercise presented students with a definition of
being collaborative: “Collaborative means to work with other
people as a group, exchange, share and discuss ideas, thoughts,
feedback and solutions to a given problem or task.” Following
the definition, an open-ended reflection prompt asked students
to either give an example of how they were collaborative while
completing the assigned work, or to describe circumstances
that prevented them from being collaborative. Over the four
academic terms of the study, 160 participants, enrolled in
10 sections, provided 364 responses to the reflection prompt.
Table I shows the distribution of course sections, participating
students, and their responses across the three courses from
which data were collected. Three of the six authors taught
all of the sections except for one section, which was taught
by an author’s colleague. The participants included 96 male,
36 female, 27 Asian, 17 Black, 70 White, 14 Hispanic, 107
computing majors, and 25 non-computing majors.

TABLE 1
COURSE SECTIONS, PARTICIPANTS, AND STUDENT RESPONSES IN THIS
STUDY
Course CS1 Data Database Total
Structures  Management
Sections 5 1 4 10
Participants 89 4 67 160
Responses 238 4 122 364

B. Data Analysis

Mayring’s qualitative content analysis [20] was used to iden-
tify categories of collaborative behaviors (RQ1) and categories
of factors that prevented students from being collaborative
(RQ2). For analysis, each complete student response conveyed
one meaning and was treated as one coding unit. A total of 364
coding units were analyzed (corresponding to the responses
shown in Table I).

The authors of this paper comprised the study’s research
team. Three researchers independently analyzed the first 100
responses by starting with an initial set of seven deductive cat-
egories of collaborative behavior: general communication and
exchange, problem-related communication, interactive prob-
lem solving during group collaboration, independent problem
solving during group collaboration, asking for help, assisting
others, and sharing resources. These categories were built prior
to this study [21], [22], from analyzing student responses
collected from reflective exercises over a short period of time



of two academic terms. After the initial set of responses were
analyzed independently, the researchers met multiple times,
discussed their interpretation of student responses, raised ques-
tions about the categories’ definitions, and determined that the
initial set of deductive categories did not fit the responses.

Two of the three researchers continued the analysis inde-
pendently by applying a deductive-inductive approach to the
entire dataset. Then they worked together to systematically
compare the data across emerging and refined categories.
During an iterative process, they identified and analyzed new
patterns, and repeatedly revised and narrowed down categories
until they reached consensus [23]. Of the 364 responses, 72
described factors that prevented students from being collabo-
rative. These responses were analyzed inductively by another
team of two researchers, who followed the same process:
coding independently first, and then continuously comparing,
rewording, and reconstructing categories. In the end, the entire
team met in multiple sessions to discuss and finalize the
categories’ names and definitions.

To ensure the trustworthiness of the analysis process and
to build credibility [24], the researchers spent extensive time
in their application of the constant comparative method [25].
Credibility was also promoted by two triangulation methods
[26], [27]: 1) data triangulation of multiple sources from
different courses at different institutions, over four consecu-
tive academic terms; 2) investigator triangulation through the
participation of six researchers from different institutions. The
researchers maintained rigorous and meticulous documenta-
tion of the research steps and the rationale behind category
development to ensure the transparency and dependability of
the analysis process.

IV. RESULTS

The coding unit for data analysis was a complete individual
student response. Student responses, quoted verbatim in this
section, are identified as R#, where R signifies a response and
# represents the unique ID of the response. There were 160
participating students who contributed 364 responses to re-
flective exercises that accompanied 3 to 4 assignments during
an academic term. Of those responses, 234 included descrip-
tions of students’ perceived collaborative behavior. These 234
responses were coded into ten behavioral categories, whose
names and definitions are listed in Table II. The response
frequency for each category is shown in parentheses by the
category name. Of the remaining 130 responses, 72 indicated
the student was not collaborative (see Section IV-B below and
Table III). In the remaining 58 responses, we did not find
sufficient information to determine collaborative behaviors or
factors preventing collaboration and thus they were excluded
from our analysis.

Some responses are descriptive of a primary behavioral
category along with one or two secondary categories. For
example, in this response “I do reach out to my tutor, and ask
professor for clarification when working on the assignment. I
do reach out to the course tutor for a help, and track discord
discussion with classmates.” (R204), the primary theme relates

to help, specifically asking for help. A secondary category in
support of reaching out for help is using tools, such as Discord,
to monitor discussions that complement help from a tutor
or course instructor. Other secondary categories, which were
mainly associated with group collaboration primary categories,
include communication and problem solving. The following
response is an example of interactive formal group collabora-
tion (primary category). It illustrates that students integrate the
feedback received in their project, while emphasizing commu-
nication (secondary category) in support of their collaboration:
“An example of myself being collaborative when completing
this assignment can be seen in our communication discussing
what we are doing for the assignment. Me and my group
member communicate with each other to decide what we
are doing in the project and discuss the feedback given from
previous assignments” (R52).

A. RQI: Behaviors for Being Collaborative

Table II lists ten categories of collaborative behavior stu-
dents described in their responses. The first three categories
characterize group collaboration behaviors. These categories
showcase that students worked collectively as a formal group
to co-create products (interactive formal group collaboration),
worked with others outside of a formal group (informal group
interaction), and worked with a formal group but split the
workload into individual contributions (independent formal
group collaboration). The following four categories, asking
for help, assisting others, unsolicited help, and helping each
other, share help-related behaviors. The last three categories
represent collaborative behaviors that are neither indicative of
the explicit involvement of a particular group, nor focused
on help-related behaviors. These categories were identified as
primary themes in responses by which students paid exclusive
attention to communication, problem solving, and using tools
as collaborative behaviors.

1) Interactive formal group collaboration: In this category,
students work together in a formal group as a team or partners
to complete a variety of tasks spanning all parts of a typical
project: “An example of me being collaborative during this
assignment would be me coming together with my partner and
brainstorming our ideas. At time [sic] there may have been a
difference in ideas, but we came together to form one product.
We both used our knowledge to the best of our abilities to
aid in the completion of our project” (R162). Common types
of student interactions included brainstorming or exchanging
ideas, providing and discussing feedback, jointly making de-
cisions, and working together synchronously on a design or
implementation task.

The exchange of ideas and feedback often happened at
the same time through a process of “bouncing ideas off one
another” throughout the work: “me and my partner went
through many revisions and back-and-forth exchange during
the creation and alteration of the many tables and the table-
population in order to get it to a level we were both satisfied
with” (R450). At times, teammates also discussed external
feedback, such as from the instructor: “My partner and I



TABLE II
BEHAVIORAL CATEGORIES FOR BEING COLLABORATIVE

Name Definition
Group collaboration categories
Interactive Formal group of a team or partners working together

formal group
collaboration (60)
Informal group
interaction (46)
Independent
formal group
collaboration (36)

and co-creating work products

Working interactively with others without a formal
group

Formal group working independently and building
work products by merging individual contributions

Help-related categories

Asking for Reaching out to other individuals for guidance on
help (35) problems/issues encountered with the assignment.
Assisting Giving input and sharing insights with classmate(s)

others (10) regarding coding errors, project solution, or concept
understanding

Having partner or classmate help without being

Unsolicited help

7 asked
Helping each Offering and getting help in a reciprocal manner
other (6)

Supportive categories
Communication Talking, sharing ideas, and keeping contact with
(19) peers, group members, friends, or others

Problem solving
arn
Using tools (4)

Identifying, discussing, and resolving problems or
issues

Supporting collaboration through the use of re-
sources, such as Discord or Google Docs

viewed each others assignment and chose one of the 2 to
improve based on the feedback we received. From there we
worked on every feedback the teacher provided and came to
an agreement on the ER Model” (R21). Teams exchanged
multiple rounds of feedback and used this feedback to iterate
on their work: “For our table schema we did it on a google
docs [sic] and as we went along we commented on each’s con-
tribution making corrections and suggestions” (R45). While
many joint decisions made by the team were technical and
related to the design or implementation of the final product
(R21), some decisions concerned the team’s approach to the
project or code: “My team was constantly bouncing ideas
off of each other in relation to how we should format our
code, and what approach we should take when it comes to
completing a project / phase” (R247).

Synchronous collaboration took many forms, involving a
range of tools and tasks. Sometimes this collaboration was in
person and in a formal class setting: “Working with partners
in lab, using communication with them to achieve goals”
(R335). In other instances, students communicated through
text (both SMS and messaging apps), calls (phone and video),
and collaboration tools (most commonly Google Docs). This
sometimes involved pair/group programming: “Being the main
screen in which I typed out code while leading a discussion
on how to write the code for problem 1 with my group
members” (R187). Sometimes, collaboration would help to
find or prevent bugs in students’ code: “Small syntactical
errors would affect our database’s ability to run as intended, so
it was important to have an extra set of eyes” (R458). And this

collaboration was sometimes deliberate, organized in advance
and with a specific purpose such as verifying the final product:
“My partner and I set up meeting times for us to work on
the project together. When we translated the ER model into
tables, we went through each of the entities together, making
sure weren’t missing any information” (R152).

2) Informal group interaction: Informal group interaction
refers to the situation in which collaboration does not occur as
part of a formal group (e.g., project team or pair programming
group) and is not specifically and solely about asking for
or obtaining help. It can occur in many contexts: in the
classroom or lab, outside of the classroom, over time in
various circumstances, working together to solve a problem,
sharing ideas, or while studying. It often occurs in person,
but also occurs in online forums such as Slack or Discord, as
well as by phone calls or text messaging. Many responses
described working together synchronously to complete an
assignment. An example is this response “[student name] and
I completed the assignment in one sitting. We communicated
over the phone with [student name] using the word processor
to document our answers” (R40). Another group of responses
described sharing ideas, for example “There was a classmate
next to me that was working on passwords 4words at the same
time that I was and we had shared ideas on how to complete
this section of the project” (R219). Other responses included
instances of students learning from others and interacting in
study groups.

3) Independent formal group collaboration: While the
background literature [15], [19] distinguishes between collabo-
ration and cooperation and this category is clearly cooperation,
we are including it as a category under collaboration because
we are interested in how students view collaboration and it
appears they view cooperation as a form of collaboration. In
this category, students make sure that they are on the same
page with respect to task allocation and the final product.
As summed up by one response: “We talked about what had
to be done, separated the work then checked each other to
make sure we agreed on everything” (R54). In allocating tasks,
dividing the work evenly was repeatedly mentioned: “we split
the number of tables that we had to create so i (sic) did one and
he did one” (R62). The tasks allocated were not necessarily the
same: “...He completed the tables, while I created the SQL
database” (R454). Individual tasks were also not necessarily
done in parallel: “My partner and I take turns in doing the
assignment” (R293).

In some cases, teammates would share information or
exchange ideas during their individual tasks: “We were collab-
orative by keeping each other updated on our progress during
the project and made sure that we both had up to date tables
and information” (R92). In addition to task management, this
was also useful for coordinating dependent tasks: “As soon as
my partner finished his part he updated me immediately so I
can begin working on mine” (R149).

Periods of individual work were followed by a “merge” step
to join the work into an intermediate or final product. This
included ideas and prototypes: “... We worked independently



and brought our ideas together in brain-storming sessions
which helped us merge ideas and concepts” (R88), or “... We
looked at each other’s and discussed what we liked and didn’t
like about each other’s models and we worked on what we
should create next” (R178). At the conclusion of a project, this
merge step involved checking that the final product worked as
intended: “...Upon completion, we did a final check if the
database and queries run correctly” (R85).

4) Asking for help: There are four forms of collaborative
behavior involving help: asking for help, assisting others,
unsolicited help without explicitly asking for it, and helping
each other (see Table II). In all the help-related categories,
students interacted with one or more classmates, peers, friends,
partners, Discord participants, or relatives. Only responses
in the asking for help category named tutors and teachers
as individuals to whom students directed their call for help.
Programming issues were prevalent among student responses
across all four forms of help. Response R185 exemplifies
asking for help with a programming task: “During problem
3 of the recent project, I reached out to a fellow classmate on
how to incorporate a new function into the code.”

The majority of the help-related responses are in the asking
for help category (35 out of 53). This category has the widest
range of motivations for engaging in collaborative behavior,
such as being stuck or unfamiliar, finding the right approach
or different ways to understand or apply knowledge, thinking
of new ideas when solving a problem, or studying for a test.
For example, a student said: “I ask other people how they
solved the same problem as me to find different ways that I
hadn’t thought of before” (R418).

5) Assisting others: Giving input, exchanging knowledge,
or understanding concepts were among the motivations of
the students who assisted others: “I have been collaborative
with my classmates before and after class by talking to them
and helping exchange knowledge on how to perform certain
aspects of coding” (R304). Here is an example that describes
an instance of assisting others with coding: “I answered
[student name]’s question about the count() method in discord
and helped clarify his confusion” (R107).

6) Unsolicited help: In some cases, students received help
with reviewing or explaining code, or learned from partners
without explicitly asking for help: “There were areas of
knowledge that I was shaky on that my partners knew well, I
learned from them during those ~ (R414).

7) Helping each other: Other instances describe reciprocal
help: “Before exams, we help each other to understand to
understand the material better” (R436).

8) Communication: Responses in this category describe
collaborative behaviors centered on communication, such as
checking up on status, keeping in touch, comparing or bounc-
ing ideas, or giving feedback: “I often try to converse with
friends about an assignment a little bit if I get stuck to
see if any conversation on the topic helps clear same stuff
up” (R384). All the responses in this category focus specif-
ically on communication, rather than elaborating on group
interaction (tasks and work products) or help activities, or

detailing on problem solving steps or tasks. Students reported
communication with group members, peers in the lab, partners,
classmates, friends, or other people. Most responses identified
project partners or group members, which might suggest that
the communication facilitated a group interaction. However,
besides the attention given to communication as a form of
collaboration, the responses had no information about collab-
orative group activities, and thus the communication category
was applied. Meeting out of class time, talking over the phone,
texting, and sharing files or a working environment were
among the modalities that facilitated student communication.

9) Problem solving: Responses in this category focus on
solving problems or resolving issues that students identified
in their assignment work: “For the homework problem #I,
[student name] and I had to collaborate to figure out to do
one of the sections and get it the right way” (R188). With
a peer or within a group, problem-solving activities involved
figuring out a solution and pulling in their collective knowl-
edge. Similar to communication and using tools categories, the
problem-solving category is also a frequent secondary theme
in group collaboration categories.

10) Using tools: Being collaborative was supported
through the use of tools. Four responses focused exclusively
on this aspect of collaboration. Students mentioned Google
Docs and Discord chat service, for example: “I read through
the discussions that occurred on discord [...] I still learned
and interacted with my classmates” (R99). This category was
also identified as a secondary theme in many of the other
categories, in particular group collaboration categories.

B. RQ2: Factors for Not Being Collaborative

Of the 364 total responses, 72 responses were classified as
the student did not apply the collaboration disposition. These
responses were categorized into emergent themes, as shown
in Table III. Each theme is described below.

1) Assignment structure: The most prevalent category for
not being collaborative was that the assignment and/or course
structure did not permit collaboration, did not encourage
collaboration, or did not require collaboration. In some cases,
students clarified the assignment was assigned as individual
work: “I wasn’t collaborative on this assignment because |
had no need to be. This assignment was assigned individually
and I did it at home away from anyone who I may have
collaborated with usually had I gotten stuck” (R205). Others
referenced the lack of group work in the course culture, such as
“There has been no group work so no collaboration” (R327).
This response explains that while laboratory exercises were
completed in formal groups, it was not clear that the out-of-
class course assignments were intended to be collaborative:
“As this was a homework assignment and not a lab, I was
not aware that collaboration was an aspect of this assignment.
Because of this, I completed this assignment on my own,
though I did ask a clarification question over discord” (R211).

2) Situational barriers: Some students described situations
that prevented them from being collaborative. One student
indicated an unresponsive partner: “This portion of the project



TABLE III
FACTORS PREVENTING STUDENTS FROM BEING COLLABORATIVE

Name Definition

Assignment or
course structure

To the student, the structure of the assignment and/or
course does not need the collaboration disposition to

(33) be applied or the assigned work is individual
Situational Circumstances such as illness created a barrier to
barriers (9) being collaborative

Self-sufficiency ~ Given their own skills, student believes that they do
9) not need to apply the collaboration disposition
Referred to Answered question about being collaborative when
reflection vs completing the reflection prompt vs the course as-
assignment (7) signment

Identity A component of the student’s self-described identity
misalignment (5) is misaligned with applying collaboration disposition
No particular Simply stated they worked on the assignment alone

reason (4)

Competing Other commitments (work, personal) prevent them
commitments from applying collaboration disposition

€))

Insufficient The student is not motivated to apply the collabora-
motivation (1) tion disposition or to participate in the course.
Unsuccessful The student tried, but could not successfully apply
effort (1) collaboration disposition (e.g., due to lack of under-

standing or getting stuck on a problem)

proved to be difficult to find an example of collaboration for.
This was due to my partner, for unknown reasons, not re-
sponding to my requests to work on the project. However, this
provided me with a fantastic opportunity to better learn and
understand the material” (R160). Another response showed
a student had no one with whom to work. One response
stated the student worked at home instead of on campus. A
few responses mentioned they did not have time to start on
the assignment in class when collaboration typically occurred
or that they missed the class session when the collaboration
happened. For example, one response states: “I was ill and felt
like I did not have the capacity to effectively communicate or
reach out to other classmates” (R259).

3) Self-sufficiency: If the response indicated that the student
could complete the assignment without help and did not need
to collaborate, the response was coded as indicating “self-
sufficiency”. This response exemplifies this situation: “I didn’t
collaborated with anyone on this homework, because the topic
was very familiar to me and we had done a few of this type
of work before” (R136). Another response mentioned that the
student ran into issues, but figured them out on their own: “I
didn’t think to ask for help in discord when running into an
issue, i (sic) brute forced my way into an answer by looking
up the different methods and built in function in python to see
what tools i (sic) had to complete the assignment” (R200).

4) Referred to reflection vs. assignment: As the authors
coded the responses, it was clear that some students answered
the reflection prompt about being collaborative with respect
to completing the reflective exercise instead of completing the
course assignment. Students referred to the reflective exercise
as a survey. Here is an exemplar for this category: “I can not be
collaborative on this assignment due to it being a one person

survey” (R325).

5) Identity misalignment: Responses in this category show
that students had work-style preferences for working alone
versus working with others. Here is an example: “I have social
anxiety so collaborating is difficult” (R323). Other responses
indicated a preference for working alone: “I usually work on
my homework by myself and prefer to work alone therefore
my own preferences would be the circumstance preventing me
from being collaborative” (R406).

6) No particular reason: Responses in this category simply
stated they were not collaborative because they worked alone
on the assignment. They did not include a reason why they
chose to work alone. For example, one response stated: “I was
not collaborative because I worked alone” (R404).

7) Competing commitments: Three responses mentioned
other tasks that prevented them from being collaborative. Two
mentioned workload for other classes. One mentioned the
need to spend time on homework on the weekdays and with
family on the weekends. This category is similar to situational
barriers, but specifically included workload reasons and not
other types of situational barriers. One response states “I was
running late for my project due to heavy workload during
the weekdays and my family was here so I had to spend
sometime on the weekends with the family. Due to this I was
not able to collaborate with anyone for this project” (R118).
Another states “I needed to get this homework assignment
done quickly so I could move on to other work. While it
posed some interesting challenges that I would have liked to
have seen some different perspectives on, I wasn’t willing to
wait around for Discord responses” (R142). The final response
in this category states “I was not able to collaborate with
anyone for this assignment because of work from other class
and exams from other classes” (R144).

8) Insufficient motivation: Just one response was coded into
this category: “I was not collaborative because I have lost
all motivation for this course and did not do the homework
problems” (R140).

9) Unsuccessful effort: This response showed the student
tried, but could not figure out how to complete the assignment:
“I was not collaborative because I couldnt (sic) figure out how
to complete the assignment” (R147).

V. DISCUSSION

While the primary aim of our study is to understand student
perceptions of the collaborative disposition (namely, behaviors
and barriers), our long-term aim is to help educators better
foster the collaborative disposition in their teaching. With this
in mind, we discuss guiding principles for educators, based
on several key themes we observed across our results from
Section IV. The next three subsections roughly align with the
constructs of sensitivity, inclination, and ability described in
the dispositions model of Perkins et al. [2].

A. Create and Highlight Collaboration Opportunities

As described in Section IV-B, one of the most common
barriers to collaboration was a student’s perception that a



task or assignment was not meant to be done collaboratively.
While students were at times asked to complete assignments
individually, in some cases, students were not aware that
collaboration was allowed, and indicated that they would
collaborate if given the opportunity: “...If the assignment
called for collaboration I would be all for it” (R255). In
some cases, the type of assignment (e.g., lab or homework)
led students to perceive that collaboration was not allowed
Some students also perceived some types of collaboration
(e.g., asking peers for clarification) as acceptable even if they
did not perceive the assignment as allowing collaboration.

Fostering collaboration, then, requires not only creating as-
signments that allow or require collaboration, but also drawing
attention to these aspects of the assignment, and being clear
about what kinds of collaboration are allowed or prohibited.
This may include clarifications on when collaboration is
allowed (e.g., what kinds of assignments), what behaviors
are permitted (e.g., providing problem-solving approaches
versus sharing code), or who is allowed to collaborate (e.g.,
teammates versus other classmates).

Even outside of these more formal opportunities to col-
laborate, the responses we analyzed also demonstrate that
students find, and make use of, a wide range of opportunities
to informally collaborate. Informal collaborations can occur
remotely using messaging apps or shared documents, and
may also occur spontaneously in class as students share a
working space and help one another understand concepts or
solve problems. These opportunities may arise due to course
structure (e.g., lab sessions where collaboration can occur in
person), but may also be created by students themselves (e.g.,
study groups).

By creating spaces for these informal collaborations,
whether in person or remote, in class or out of class, instructors
can create and facilitate further opportunities for their students
to collaborate. Even when these spaces are created by students,
instructors can facilitate collaboration by highlighting these
opportunities or providing students with the ability to do so
(e.g., a classwide messaging server).

B. Emphasize the Value of Collaboration

Our results show that even if students recognize the opportu-
nity to collaborate, they may not be motivated or incentivized
to collaborate. In some cases, they may feel that they can
easily complete the assignment on their own, or they may
prefer working alone. In some cases, students do not view
collaboration as worth the effort: “...I would enjoy working
with a group but with all of the assignments mainly being for
1 person it is just easier to do it by yourself” (R229). In other
cases, students may be discouraged from collaborating to avoid
potential academic integrity violations. For topics, courses, or
programs in which collaboration is highly valued, instructors
can explicitly signal this value by creating learning objectives
or assignment requirements centered on peer collaboration.
Additionally, instructors could explicitly reward exemplary
collaboration, such as for providing high-quality information

or feedback on course messaging platforms (e.g., Canvas,
Discord).

Where collaboration is an explicit learning objective, it is
important to consider the overall context of the assignment
within the course or the course within the overall program. Par-
ticularly in early courses, instructors may prefer that students
work to build foundational technical skills as individuals, and
emphasize this objective more strongly relative to collabora-
tion. Dispositions are developed over time [5], and our results
reflect this, with students not collaborating even in courses
that attempt to foster this disposition (Sec. IV-B). Instructors
should thus consider their own course and program contexts,
and make intentional decisions about which dispositions to
foster in their respective courses, and to what extent.

Even in the absence of learning objectives or formal col-
laboration requirements, however, our results demonstrate that
students collaborate in a wide variety of ways to achieve
a range of desired outcomes, including the generation of
good ideas, help understanding concepts, refinement of designs
through feedback, debugging, testing, and preparing for exams.
Even for students who could solve problems on their own,
collaboration highlighted alternative solutions, which can be
valuable in deepening understanding. Instructors can help stu-
dents more clearly see the value of collaboration by explicitly
drawing attention to these benefits of collaboration, as well
as through the design of learning activities that promote these
insights, such as pair programming or peer feedback exercises.

C. Teach and Foster Collaboration Practices

Our results indicated that some types of collaboration were
built explicitly into the course or assignment structure: ... we
had to discuss the feedback given related to our ER models
and use that feedback to create a finalized version” (R4).
Instructors can teach specific techniques for these types of
tasks, providing students with the opportunity to practice
these techniques in class (potentially with some scaffolding).
Even in the broad range of informal collaborative behav-
iors described above, instructors can highlight approaches
or techniques for more effective collaboration. This may be
particularly useful for activities such as reviewing design/code,
pair programming, or debugging, where the individual and
collaborative analogs of these activities differ significantly.

We see from our results that students primarily perceive
collaboration as behaviors centered around communication
with peers. Few reported collaborating by communicating
with others, such as tutors, teaching assistants, or instructors,
even though these could help accomplish the same tasks.
Instructors may thus find it useful to have students explore,
and thus more deeply understand, collaboration techniques,
such as by contrasting their perceived collaborations with
other types of communication, or by teaching techniques
from existing literature, which puts greater emphasis on the
confluence of cognitive and social skills for collaboratively
solving problems [15], [18].

Finally, as we described in Section I'V-B, a variety of factors
can hinder students in being collaborative. In the case of



formal teams, if a student fails to be collaborative, this also
affects their teammates. Instructors may thus find it helpful to
teach students techniques not only for collaboration, but also
for navigating team conflicts that may arise.

VI. LIMITATIONS

The authors designed the study, methods, and data collection
protocols to be generally applicable to several institutional
contexts, a variety of courses, and several types of assignments
and projects. However, interpreting responses without knowing
specifics about how students were directed to work and the
assignments themselves proved challenging for the research
team. For example, the research team did not have access to the
course assignment descriptions, if assignments had individual
or group submissions, the duration of the assignment, and
the general working mode in the course (individuals, pair
programming, formal groups).

Another limitation of this study is the student population
from which the data was collected. Even though data was col-
lected from three institutions and three courses, most students
were enrolled in lower-division courses. CS1 and Data Struc-
tures are more foundational courses in which collaboration
may not be as heavily emphasized. The lower-division students
in this study (93 of 160) may not have as much experience
working in formal teams. The balance of the lower-division
versus upper-division student populations impacts the types
and frequencies of collaborative behaviors that were reported.

VII. CONCLUSION

This study analyzed 364 student reflections to more deeply
understand student perceptions of their own practices asso-
ciated with collaborativeness, and factors that prevent them
from being collaborative. The study identified ten types of
collaborative behaviors and nine factors that hinder students’
collaborativeness. These findings provide insights into how
students perceive their own collaborativeness. These results
highlight a need to more thoroughly explore the extent to
which students are not only aware of opportunities to be
collaborative, but also motivated to be so. Employers highly
value the collaborative disposition and associate it with the
practice of teamwork. Instructors play a role in instilling
the collaborative disposition by providing opportunities that
enable students to develop the skills required to be effective
and confident collaborators, making them more valuable in the
workplace. These results can inform the design of courses and
learning experiences that allow students to practice this critical
disposition.

ACKNOWLEDGMENT

The work was supported in part by the National Science
Foundation under Awards 2216121, 2216031, 2215970, and
2215166.

REFERENCES

[1]1 A. Clear, A. Parrish, J. Impagliazzo, P. Wang, P. Ciancarini, E. Cuadros-
Vargas, S. Frezza, J. Gal-Ezer, A. Pears, S. Takada, H. Topi, G. van der
Veer, A. Vichare, L. Waguespack, and M. Zhang, “Computing curricula
2020, ACM/IEEE, New York, Tech. Rep., 2020, http://www.cc2020.
net/.

[4]
[5]

[6]

[7]

[8]

[9]

(10]

(11]

[12]
[13]

[14]

[15]

[16]

[17]

(18]

D. N. Perkins, E. Jay, and S. Tishman, “Beyond Abilities: A Disposi-
tional Theory of Thinking,” Merrill-Palmer Quarterly, vol. 39, no. 1,

pp. 1-21, 1993.

C. Dede and A. Etemadi, “Why dispositions matter
for the workforce in turbulent, uncertain times.”
2021. [Online]. Available: https://pz.harvard.edu/resources/

why-dispositions-matter- for-the-workforce-in-turbulent-uncertain-times
J. Dewey, Human nature and conduct: An introduction to social psy-
chology. New York: Henry Holt and Company, 1922.

R. Raj, M. Sabin, J. Impagliazzo, D. Bowers, M. Daniels, F. Hermans,
N. Kiesler, A. N. Kumar, B. MacKellar, R. McCauley, S. W. Nabi,
and M. Oudshoorn, “Professional competencies in computing education:
Pedagogies and assessment,” in Proceedings of the 2021 Working Group
Reports on Innovation and Technology in Computer Science Education.
New York, NY, USA: Association for Computing Machinery, 2022, p.
133-161.

L. Freeman, “Teacher dispositions in context,” in Dispositions in Teacher
Education, Diez, Mary E. and Raths, James, Ed. Charlotte, NC:
Information Age Publishing, Inc., 2007.

R. Garcia, A. Csizmadia, J. L. Pearce, B. Alshaigy, O. Glebova,
B. Harrington, K. Liaskos, S. J. Lunn, B. Mackellar, U. Nasir, R. Pettit,
S. Schulz, C. Stewart, and A. Zavaleta Bernuy, “An international
examination of non-technical skills and professional dispositions in
computing — identifying the present day academia-industry gap,”
in 2024 Working Group Reports on Innovation and Technology in
Computer Science Education, ser. ITICSE 2024. New York, NY, USA:
Association for Computing Machinery, 2025, p. 124-174. [Online].
Available: https://doi.org/10.1145/3689187.3709610

D. Tagare, S. Janakiraman, M. Exter, S. Duan, M. Sabin, and J. Tavakoli,
“Dispositions that computing professionals value in the workplace:
Systematic literature review and interviews with professionals,” in
Proceedings of the 2023 ACM Conference on International Computing
Education Research. New York: ACM, 2023, p. 270-283.

S. Frezza and S. Adams, “ Bridging Professionalism: Dispositions as
Means for Relating Competency across Disciplines ,” in 2020 [EEE
Frontiers in Education Conference (FIE). Los Alamitos, CA, USA:
IEEE Computer Society, Oct. 2020, pp. 1-5. [Online]. Available:
https://doi.ieeecomputersociety.org/10.1109/FIE44824.2020.9274058

L. Tubino and A. Cain, “Fostering and assessing dispositions by
providing grades a meaning in a computing education context,” in
Proceedings of the 2024 on Innovation and Technology in Computer
Science Education V. I, ser. ITICSE 2024. New York, NY, USA:
Association for Computing Machinery, 2024, p. 436-442.

J. Babb, D. Yates, and L. Waguespack, “On becoming: Why disposition
distinguishes information systems education from training. a com-
mentary on model curricula,” Information Systems education Journal,
vol. 23, no. 1, Jan. 2025.

PISA 2022 Assessment and Analytical Framework. OECD, Aug. 2023.
E. Care, C. Scoular, and P. G. and, “Assessment of collaborative
problem solving in education environments,” Applied Measurement in
Education, vol. 29, no. 4, pp. 250-264, 2016. [Online]. Available:
https://doi.org/10.1080/08957347.2016.1209204

L. Liu, J. Hao, A. A. von Davier, P. Kyllonen, and J.-D. Zapata-Rivera,
A Tough Nut to Crack: Measuring Collaborative Problem Solving. 1GI
Global, 2016, pp. 344-359.

A. Graesser, B.-C. Kuo, and C.-H. Liao, “Complex problem
solving in assessments of collaborative problem solving,” Journal
of Intelligence, vol. 5, no. 2, 2017. [Online]. Available: https:
/Iwww.mdpi.com/2079-3200/5/2/10

J. Fransen, A. Weinberger, and P. A. Kirschner, “Team Effectiveness
and Team Development in CSCL,” Educational Psychologist, no. 1, pp.
9-24, 2013.

S. Li, J. Poysa-Tarhonen, and P. Hakkinen, “Students’ collaboration
dispositions across diverse skills of collaborative problem solving in
a computer-based assessment environment,” Computers in Human Be-
havior Reports, vol. 11, 2023.

F. Hesse, E. Care, J. Buder, K. Sassenberg, and P. Griffin, A
Framework for Teachable Collaborative Problem Solving Skills.
Dordrecht: Springer Netherlands, 2015, pp. 37-56. [Online]. Available:
https://doi.org/10.1007/978-94-017-9395-7_2



[19]

[20]

[21]

[22]

[23]

[24]
[25]
[26]

[27]

[28]

[29]
[30]

[31]

[32]

(33]

[34]

[35]
[36]

[37]

[38]

[39]

P. Dillenbourg, M. Baker, A. Blaye, and C. O’Malley, “The evolution of
research on collaborative learning. learning in humans and machines,”
SpadaE. ReimanP.(Eds.), Towards an interdisciplinary learning science,
pp. 189-211, 1996.

P. Mayring, “Qualitative content analysis: Theoretical foundation, basic
procedures and software solution,” Leibniz Institute for Psychology,
Klagenfurt, Austria, Tech. Rep., 2014.

N. Kiesler, B. K. MacKellar, A. N. Kumar, R. McCauley, R. K. Raj,
M. Sabin, and J. Impagliazzo, “Computing students’ understanding
of dispositions: A qualitative study,” in Proceedings of the 2023
on Innovation and Technology in Computer Science Education V. 1,
ser. ITICSE 2023. New York: ACM, 2023, p. 103-109. [Online].
Available: https://doi.org/10.1145/3587102.3588797

M. Sabin, R. McCauley, B. MacKellar, and A. N. Kumar, “Using vi-
gnettes to categorize behaviors that students associate with dispositions,”
in Proceedings of the Frontiers in Education Conference, ser. FIE 2024.
New York: IEEE, 2024.

C. E. Hill, S. Knox, B. J. Thompson, E. N. Williams, S. A. Hess, and
N. Ladany, “Consensual qualitative research: An update.” Journal of
counseling psychology, vol. 52, no. 2, p. 196, 2005.
Y. S. Lincoln and E. G. Guba, Naturalistic inquiry.
1985.

B. G. Glaser, “The constant comparative method of qualitative analysis,”
Social Problems, vol. 12, no. 4, pp. 436-445, 1965.

N. K. Denzin, “Triangulation 2.0,” Journal of Mixed Methods Research,
vol. 6, no. 2, pp. 80-88, 2012.

M. Q. Patton, “Enhancing the quality and credibility of qualitative
analysis,” HSR: Health Services Research, vol. 34, no. 5, Part 2, pp.
1189-1208, 1999.

M. Sabin, A. N. Kiesler, Kumar, B. K. MacKellar, R. McCauley,
T. VanDeGrift, and S. Matsumoto, “The self-directed disposition: What
computing students say,” in Proceedings of the 2025 Conference on
Innovation and Technology in Computer Science Education, ser. ITICSE
2025. New York: ACM, 2025, p. 103-109.

C. S. Alexander and H. J. Becker, “The Use of Vignettes in Survey
Research,” Public Opinion Quarterly, vol. 42, no. 1, p. 93, 1978.

D. Arnstine, Philosophy of Education: Learning and Schooling. New
York: Harper & Row, 1967.

M. Barr, “How to learn a new language: A novel introductory pro-
gramming course,” in Proceedings of the 7th Conference on Computing
Education Practice. New York, NY, USA: Association for Computing
Machinery, 2023, p. 9-12.

M. Barr, Ed., Approaches to Work-Based Learning in Higher Education:
Improving Graduate Employability. London: Routledge, 2024.

R. Bates, J. Hardwick, G. Salivia, and L. Chase, “A project-based
curriculum for computer science situated to serve underrepresented
populations,” in Proceedings of the 53rd ACM Technical Symposium
on Computer Science Education - Volume 1. New York, NY, USA:
Association for Computing Machinery, 2022, p. 585-591. [Online].
Available: https://doi-org.unh.idm.oclc.org/10.1145/3478431.3499312
D. J. Bem, “Self-perception theory,” in Advances in Experimental Social
Psychology, L. Berkowitz, Ed. New York: Academic Press, 1972, vol. 6,
pp. 1-62.

R. Brockett and R. Hiemstra, Self-direction in adult learning. Perspec-
tives on theory, research, and practice. London: Routledge, 1991.

S. D. Brookfield, “Self-directed learning,” 1994. [Online]. Available:
https://infed.org/mobi/self-directed-learning

D. Clark and R. Talbert, Grading for Growth: A Guide to Alternative
Grading Practices that Promote Authentic Learning and Student En-
gagement in Higher Education. New York: Routlege, 2023.

K. De Bruin and G. De Bruin, “Development of the Learner Self-
Directedness in the Workplace Scale,” SA Journal of Industrial Psy-
chology, vol. 31, no. 1, 2011.

E. L. Deci and R. M. Ryan, Intrinsic motivation and self-determination
in human behavior. New York, NY: Plenum, 1985.

London: Sage,

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(51]

[52]

[53]

[54]

[55]
[56]

(571

A. Kumar, B. K. MacKellar, R. McCauley, M. Sabin, J. Im-
pagliazzo, N. Kiesler, and R. K. Raj, “Dispositions project -
instruments: Instruments and protocols,” 2023, https://dispositions-
project.org/instruments.html.

S. Duan, M. Exter, D. Tagare, M. Sabin, and S. Janakiraman, “Essential
competencies for computing managers: Skills and dispositions,” Educa-
tion and Information Technologies, vol. 29, pp. 2539—2578, 2024.

H. J. C. Ellis, G. W. Hislop, S. Jackson, and L. Postner, “Team project

experiences in humanitarian free and open source software (hfoss),”
Transactions on Computing Education, vol. 15, no. 4, Dec. 2015.

[Online]. Available: https://doi-org.unh.idm.oclc.org/10.1145/2684812
S. Evans, M. Roberts, J. Keeley, J. B. Blossom, C. M. Amaro, A. M.
Garcia, C. O. Stough, K. S. Canter, R. Robles, and G. M. Reed, “Vignette
methodologies for studying clinicians’ decision-making: Validity, utility,
and application in icd-11 field studies,” International journal of clinical
and health psychology, vol. 15, pp. 160-170, 2015.

J. Finch, “The vignette technique in survey research,” Sociology, vol. 21,
no. 1, pp. 105-114, 1987.

L. Freeman, “An overview of dispositions in teacher education,” in
Dispositions in Teacher Education, Diez, Mary E. and Raths, James,
Ed. Charlotte, NC: Information Age Publishing, Inc., 2007.

M. M. Grant, “Getting a grip on project-based learning: theory, cases,
and recommendations,” Journal of Research on Technology in Educa-
tion, vol. 5, no. 1, pp. 65—98, 2002.

W. Groeneveld, J. Vennekens, and K. Aerts, “Software engineering
education beyond the technical: A systematic literature review,” in
Proceedings of the 47th SEFI Conference. Brussels: European Society
for Engineering Education (SEFI), 2019, pp. 1607-1622.

L. G. Katz and J. D. Raths, “Dispositions as goals for teacher education,”
Teaching and Teacher Education, vol. 1, no. 4, pp. 301-307, Jan. 1985.
N. Kiesler, A. N. Kumar, B. K. MacKellar, R. McCauley, M. Sabin,
and J. Impagliazzo, “Students’ perceptions of behaviors associated
with professional dispositions in computing education,” in Proceedings
of the 2024 on Innovation and Technology in Computer Science
Education V. 1, ser. ITiCSE 2024. New York, NY, USA: Association
for Computing Machinery, 2024, p. 353-359. [Online]. Available:
https://doi.org/10.1145/3649217.3653566

M. S. Knowles, Self-directed Learning: A Guide for Learners and
Teachers. New York, NY, USA: Association Press, 1975.

A. K. Lui, S. C. Ng, Y. H. Y. Cheung, and P. Gurung,
“Facilitating independent learning with lego mindstorms robots,” ACM
Inroads, vol. 1, no. 4, p. 49-53, Dec. 2010. [Online]. Available:
https://doi-org.jerome.stjohns.edu/10.1145/1869746.1869762

R. S. Mattfeld, “Improving student motivation through an alternative
grading system,” J. Comput. Sci. Coll., vol. 39, no. 5, p. 86-95, Nov.
2023.

R. McCartney, J. Boustedt, A. Eckerdal, K. Sanders, L. Thomas,
and C. Zander, “Why computing students learn on their own:
Motivation for self-directed learning of computing,” ACM Trans.
Comput. Educ., vol. 16, no. 1, jan 2016. [Online]. Available:
https://doi-org.jerome.stjohns.edu/10.1145/2747008

R. McCauley, M. Sabin, A. N. Kumar, N. Kiesler, B. MacKellar,
R. K. Raj, and J. Impagliazzo, “Using vignettes to elicit students’
understanding of dispositions in computing education,” in 2023 IEEE
Frontiers in Education Conference (FIE). New York: IEEE, 2023, pp.
1-5.

D. L. Schussler, “Defining Dispositions: Wading Through Murky Wa-
ters,” The Teacher Educator, vol. 41, no. 4, pp. 251-268, Mar. 2006.
J. W. Thomas, “A review of the research on project-based learning,” The
Autodesk, San Rafael, CA, Tech. Rep., 2000.

A. M. Tough, The Adults’s Learning Projects: A Fresh Approach to
Theory and Practice in Adult Learning.  Toronto, Canada: Ontario
Institute for Studies in Education, 1971.



