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Social media and collaboration technologies are viewed as valuable tools for creating a new reality of
collaborative learning, particularly in higher education facing millennials growing up with various tech-
nologies in their daily lives. Using the example of an undergraduate course taught on-campus, this study
examines how millennial students in higher education use social media and other collaboration tech-
nologies in their collaborative learning activities to co-create new knowledge through the application of
existing knowledge and the sharing of ideas. A semi-structured survey-based qualitative research method
is used to reveal the primary decision factors driving students’ technology choice for use in their collabo-
rative learning tasks and to assess the impact of the use of such technologies on their learning experience
and performance.

The analysis reveals convenience as an important decision factor impacting millennial students’ choice
of social media and collaborative technologies to use in their team-based collaborative learning inter-
actions. In particular, the three salient types of convenience emerge that matter to millennial students:
convenient to everybody in the team, convenient to access and use, and convenient to collaborate with
each other privately within the team. The analysis suggests that the use of social media and collabora-
tion technologies chosen by students in their collaborative learning activities is more likely to result in
students with positive collaborative learning experience than otherwise. In addition, a moderately strong
correlation (r = 0.425, p < 0.01) is found between students’ learning performance and their perception
on the impact of the use of the technologies of their choice on learning experience. Based on the analysis,
this study proposes a student-engaged, technology-choice-and-impact framework that captures the rela-
tionship between millennial students’ convenience-driven technology choice and its impact on collative
learning experience and performance. Further efforts should focus on investigating pedagogic designs that
engage students in technology choice for improved collaborative learning experience and performance.
The results of this study can inform educators and education technology providers in tailoring their ap-
proaches to incorporating technologies with learners in mind, thus turning their engagement into improved
learning experience and performance.

Keywords: Knowledge sharing and collaboration, social media, collaboration technology, social affor-
dance, collaborative learning, learning experience and performance, higher education

1. Introduction

1.1. Context

Fast commoditization in Information and Communication Technologies (ICTs) of-
fers an increasing range of opportunities to incorporate these technologies into teach-
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ing and learning activities in higher education contexts [[66]]. Higher education has ar-
guably entered a period of disruption, with potentially transformative change by new
technological capabilities allowing new ways of teaching and learning [14/68]. In
particular, social media are viewed as enabling tools for creating a new reality in ed-
ucation encouraging more active and proactive approaches to learning [10/37/40/51]].
In contrast to personal computing which focuses on supporting a behavior of isolated
individual users, social media is a term used to broadly define a variety of Internet-
based social computing technologies with the emphasis on the social affordances
for communication, collaboration, and content co-creation and remixing [29]. Many
scholars noted the social affordances of social media to connect learners with one an-
other, which can allow them to interact and learn from each other in a participatory
and collaborative fashion. Combined with the pervasiveness of Internet and mobile
computing devices on college campuses, social media offers a potential to create new
instructional strategies for improved student engagement and collaborative learning
in higher education [53].

The use of digital technologies in classroom settings is still, however, primarily
relying on traditional learning management systems (LMS) without resulting in the
innovative educational improvement which might have been expected [[17]. The lit-
erature review by Tess [64] on the role of social media in higher education concludes
that empirical evidence has lagged in supporting the claim of social media as tools
for bringing innovative ways of teaching and learning in classrooms. It is also noted
that the integration of traditional LMS and social media lacks connection between
formal and informal environments to improve learning processes for the final users,
in other words, learners [[13]]. In addition, the gap in attitudes towards technologies
is observed between students and faculty in higher education. Roblyer et al. [52]
found that in higher education, students are more positive about the potential of us-
ing Facebook and other new social computing technologies for supporting learning
than faculty who prefer traditional technologies.

1.2. Objectives

The field of social media and mobile computing devices in higher education con-
texts can be summarized as still new and evolving. The existing literature indicates
that most of the approaches to harnessing the technological resources in higher edu-
cation have been mainly teacher-manipulated, arguably better suited for generations
of students who tended to acquire knowledge more passively from authority figures.
However, demographics entering the higher education space are changing. Millenni-
als, born in the 1990’s, are the demographic cohort growing up with various digital
technologies in their daily lives, thus also known as tech-savvy digital natives. In-
dependence, autonomy, and social interactions in their learning styles appear to be
typical characteristics of how millennials tend to learn. Yet, little research has been
done in understanding how millennials decide which digital technologies to use in
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their learning activities for collaborative knowledge generation and learning experi-
ence.

This study attempts to reveal dominant patterns of interactions displayed among
students in team-based collaborative learning activities and their relationship with
the students’ technology choice and collaborative learning experience. Guided by
the research question of “Does the use of knowledge sharing and collaboration tech-
nologies in collaborative learning activities improve students’ collaborative learning
experience and performance?” the objectives of this research are twofold: (1) to iden-
tify principal factors that impact students’ decision on which technology tools to use
in their team-based collaborative learning activities (“technology choice”) and (2) to
assess the impact of their technology choice on their collaborative learning experi-
ence and performance (“technology impact”).

In particular, an on-campus course was designed in such a way that collaboration
among students is required in their learning activities to apply theoretic concepts and
frameworks to a real-world situation and problem solve together, i.e., co-creation
of new knowledge through the application of existing knowledge and the sharing
of ideas. A semi-structured survey-based qualitative approach is used for data col-
lection and analysis. Millennial students are familiar with various social media and
collaboration technologies with the same or similar social affordances. The study
identifies the key principal factor that impacts students’ technology choice, from a
pool of such technologies, for use in their collaborative learning activities — con-
venience. The analysis of the resulting survey responses provides an informed ba-
sis for proposing a student-engaged, technology-choice-and-impact framework that
conceptualizes the relationship between millennial students’ technology choice and
its impact on collative learning experience and performance.

2. Literature review

The push to innovate teaching and learning with the integration of Information
and Communication Technologies (ICTs) has been a clear theme in higher educa-
tion over the past decade. To understand the ways in which learning management
systems, social media, and various other forms of ICTs were approached for higher
education, two relevant streams of literature were reviewed: (1) literature on learn-
ing management systems and social media in higher education; and (2) literature
examining the attitude of teachers and learners toward the incorporation of ICTs in
educational programs.

2.1. Incorporation of learning management systems and social media in higher
education programs

A learning management system (LMS) is the most popular education technology
implemented in many higher education institutions with the goal of enhancing stu-
dents’ learning and developing teachers’ professional capability. The focus of learn-
ing management systems in academic institutional environments has been mainly
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on course delivery, providing teachers with tools to support the traditional concept
of classrooms and facilitate administrative tasks [6/35]. While learning management
systems are primarily teacher-centric, these systems also attempt to provide students
with virtual spaces in which they may perform their academic activities.

Another technology considered as valuable tools offering a transformative poten-
tial in education is social media, allowing users to create a new reality in education
encouraging more active and pro-active approaches to learning [[10/37/40/51]]. Even
though the term social media is often interchangeably used with Web 2.0, the lit-
erature differentiates it from Web 2.0 which is typically defined by technical design
patterns [4/]]. Social media is defined more as “a group of Internet based applications
that build on the ideological and technological foundations of Web 2.0, and that al-
low the creation and exchange of user generated content” [29, p. 61]. In contrast
to personal computing which focuses on supporting a behavior of isolated individual
users, social media is broadly defined as a variety of Internet-based social computing
technologies that emphasize the social affordances of the Internet. Recognizing the
social affordances of social media, many scholars argue for the integration of social
media as effective educational tools [22l59]. McLoughlin and Lee [39] identified
the following categories of social affordances associated with social media — con-
nectivity and social rapport, collaborative information discovery and sharing, con-
tent creation, and knowledge and information aggregation and content modification.
These social affordances suggest that social media can facilitate student engagement
and collaborative learning that is defined, at the broadest, as “a situation in which
two or more people learn or attempt to learn something together” [[19]]. Collaborative
learning involves not only individuals as group members but also social interactions
among them such as negotiation and sharing of meanings. In collaborative learn-
ing, learning occurs as they are actively sharing experience and ideas, asking one
another, and evaluating information together in the process of meaning sharing and
knowledge construction in a participatory and collaborative manner. Eijkman [20]
observes how social media could move education away from a knowledge-object
orientation of “what to know” toward process-driven, participatory knowledge con-
struction approaches of “how to know.” As the use of mobile technology grows in
college campuses, ways to purposively leverage social media and mobile computing
devices in structured formal learning are being investigated [43l53].

Various evaluation studies on the use of these technologies in higher education
show, however, that empirical evidence has lagged in supporting the promise of dig-
ital technologies in higher education. Despite the fact that the majority of developed
countries incorporated learning management systems in their education systems, the
results are not what they had hoped for [17]. The use of a learning management
system is often limited to publication and consumption of course content in a broad-
casting mode where teachers publish content and students passively consume what is
published [30i3556]]. A key criticism of LMS includes that these systems are mainly
teacher-centric, being developed without learners in mind for their engagement, thus
making their adoption and use a difficult task [13].
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A literature review on the use of social media in higher education also indi-
cates that empirical evidence has lagged in supporting the promise of social me-
dia [64]. Factors investigated in the use of social media in the higher education con-
text include student engagement [23126/62]] and impact on student academic achieve-
ment [27/28]. The study by Junco et al. [28]] showed that encouraging the use of
Twitter can improve undergraduate students’ engagement and semester grade point
averages (GPA). However, the other study [27] observed a significantly negative re-
lationship between the time spent on Facebook and undergraduate students’ GPA.
The increased ubiquity of social media, coupled with fast growing mobile comput-
ing devices on college campuses, offers the potential to explore new instructional
strategies [25]. However, the field is still new and evolving with the extant literature
being limited to the evaluation of the effectiveness of implementing these technology
devices [35].

The various studies indicate that simply implementing learning management sys-
tems, social media, mobile computing devices, and other new similar technologies in
educational programs do not automatically lead to transformational change in educa-
tion with any meaningful improvement in learning outcomes for students. A criticism
on learning management systems remains that these systems do not easily support
the integration of new technological trends such as social media and new mobile
app technologies to increase student participation and learning outcomes [2]. From
the perspectives of student learning, Chen and Bryer [13] observes that traditional
learning management systems are not integrated with social media in such a way
that students’ formal and informal learning environments are connected to improve
these final users’ learning processes. Formal learning is described as learning that is
institutionally sponsored or highly structured with materials developed by a teacher
within a program of instruction in an educational environment for a certificate or a
credit, whereas informal learning as unstructured learning that happens often through
observation, conversing with others, or using the Internet [36]. Oliver [46] argues
that the further research should be explored to develop a deeper understanding of the
relationship between technologies and learning in a pedagogical design of learning
activities.

2.2. Teachers’ attitude toward the integration of digital technologies and changes
in learners

Incorporation of technologies into teaching and learning is affected to a large ex-
tent by what expectations teachers have regarding the use of these resources [18//42]
69]. Frameworks such as Technological Pedagogical and Content Knowledge [44167]]
and decision models [78] were proposed to better equip teachers in designing, im-
plementing, and evaluating curriculum and instructions with technology. Yet, educa-
tional uses of technologies by teachers for classroom teaching and learning are spo-
radic. Studies were conducted to measure teacher attitudes toward the integration of
ICT into their daily teaching activities [11165]. Roblyer et al. [[52] found that in higher
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education, students are more positive about the potential of using Facebook and other
new social computing technologies for supporting learning than faculty who prefer
traditional technologies. Tess [64] concluded in his review of social media in higher
education that teachers are slow in adopting social media for educational purposes.

Sasseville [58] made the observation that “Teachers believe that they can con-
trol recent changes in education with knowledge accumulated over the years from
their professional experiences. They perceive professional knowledge as a way to
steer technological change in a direction they can understand and which they feel
is beneficial to their students.” However, the validity of this teacher-driven approach
to incorporating digital technologies in higher education should be challenged par-
ticularly with the change in demographic cohorts to tech-savvy millennials whose
characteristics include a significant increase in familiarity with, and use of, social
media and other digital technologies in their everyday lives [S0l63]]. In addition, in-
dependence, autonomy, and social interactions in their learning styles appear to be
typical characteristics of how millennials tend to learn, unlike previous generations
of students who typically acquired knowledge more passively from authority fig-
ures [32]. Demographic change, coupled with fast change in technologies, calls for
the in-depth investigation of pedagogic strategies for student manipulation of tech-
nology to achieve student engagement and educational goals [1131J32/58].

2.3. This paper

We can conclude from the literature review that while learning management sys-
tems, social media, and mobile computing devices offer potentials to innovate teach-
ing and learning, the results of teacher-driven approaches to integrating these tech-
nologies into educational programs are far from the realization of the full potentials
of these technologies in higher education. Digital-native, millennial students tend
toward independence, autonomy, and social interactions with instant gratification,
impacting their learning styles. Little research has been done, however, to under-
stand what drives students’ technology choice for use in their learning activities and
how the use of the technologies chosen by them impacts their learning experience
and performance. This paper aims to complement the existing literature by examin-
ing ways in which students decide to use these technologies in team-based collab-
orative learning activities and by proposing a student-engaged, technology-choice-
and-impact framework that captures the relationship between students’ technology
choice and its impact on their collaborative learning experience and performance.

3. Course design and method

Digital-native millennial students are familiar with, and use, various social me-
dia and other digital technologies in their daily lives. What drives them to choose
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a certain technology tool over other competing familiar tools, for use in their col-
laborative learning activities? And, how would students’ technology choice impact
their learning experience and performance? Using the example of an undergradu-
ate course taught in on-campus higher education, this study attempts to explain how
millennial students in higher education choose and use social media and collabora-
tion technologies in their team-based collaborative learning activities. The first part
of this section provides the description of the course developed for undergraduate
students in their final year. The development of the course was informed principally
by the educational principles of constructivism. The second section of this section
describes the qualitative research approach used in this study to explain students’
technology choice for collaborative learning activities and its impact on their collab-
orative learning experience and performance.

3.1. Course design

A course, offered within the area of Information Systems at the Faculty of Man-
agement in McGill University, was redesigned to incorporate collaborative learning
into the on-campus course delivery in 2013. The unit under discussion is a semester-
long elective course that, as described in its syllabus statement, allows students to
“examine how Information Technology (IT) is leveraged in various industries. The
course will draw from economic theories as well as from various IT management
concepts to help create a framework. We will then examine specific real-world case
studies to which we can apply these frameworks. Students will gain in-depth knowl-
edge and skills in analysing how IT can drive various types of innovation to create
value. Critical thinking, creative thinking, analytical skills, business writing and pre-
sentation skills, collaboration and team skills will all be part of the learning outcomes
as these relate to IT in business.” The course is studied by a mix of final-year students
majoring different business management disciplines — information systems, market-
ing, finance, accounting, and general management. Thus, the course has a diverse
cohort of students with different motives and expectations.

The key learning outcomes of the course consist of the two components — one is
“hard” domain knowledge relevant to information technology management and the
other “soft” skills that relate to IT in business and contemporary workplaces [4]. The
main domain knowledge covers IT management concepts and the economic theories
that help create the frameworks to systematically examine how organizations and in-
dustries can innovate to create business value from IT and to learn about how IT can
both drive and hinder innovations. The soft skills include critical thinking, creative
thinking, analytical skills, business writing and presentation skills, and collabora-
tion skills, as illustrated in Fig. 1. To help students to develop the complex skills of
critical thinking, creative thinking, and analytical skills, explicit expectations are set
to the students with the behavioral guidance. More specifically, critical thinking be-
haviors assessed in this course include evaluating how far information is appropriate
and relevant, determining how to interpret it, questioning evidence and assumptions,
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knowledge
Critical thinking,
creative thinking,
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0 g collaboration,
Economic theories

business writing and
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Formative assessment and evaluation

Guest speakers:
practitioners in
various
business sectors

Teaching Individual Group

Methods:

independent project

research assignment

Fig. 1. Learning outcomes and teaching methods used.

checking whether evidence and arguments support the recommendations, and taking
outside information into account during the thought process to explore other ele-
ments that could be of influence. The behavioral guidance provided to the students
for creative thinking includes putting facts, concepts and conclusions together in new
and original ways, looking for multiple alternatives to a problem, and learning from
what has not worked (failures) as well as what did (successes). Analytical skills that
are assessed in this course include systems thinking [60], problem identification,
and problem analyzing and solving. Another soft skill component is collaboration.
Roschelle and Teasley [54] defined collaboration as follows:

“Collaboration is a process by which individuals negotiate and share meanings
relevant to the problem-solving task at hand ... Collaboration is a coordinated,
synchronous activity that is the result of a continued attempt to construct and
maintain a shared conception of a problem.”

Collaboration involves working together, in which parties are not necessarily
bound contractually or hierarchically. As a result, effective collaboration requires
self-regulation of behavior to coordinate with others, with joint attention to main-
tain shared focus. Various studies show the benefits of collaboration in work-
places [3438/49161]]. Collaboration is also considered as an essential twenty-first-
century skill [T6/41].

In designing the course, a formative approach was used for both assessment and
evaluation. Much has been written about assessment and evaluation — two concepts
that are complementary and necessary in education. Assessment is the term used to
look at how learning is going and provide feedback on knowledge, skills, and work
products for the purpose of improving the level of quality of a performance or out-
come [48]], while evaluation is the term used to describe the determination of the
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level of quality [5]. The summative approach, taken at the conclusion of an educa-
tional process, is often used in evaluation. However, both assessment and evaluation
can be summative or formative, i.e., undertaken while an educational process is on-
going. A formative assessment and evaluation approach is used in this course to keep
track of how students are learning throughout the semester.

The question that was faced in designing teaching methods was how to incorporate
collaborative learning in such a way that the soft skills can be developed and used
in connection with the learning of the domain knowledge, to achieve both of the
learning outcomes. Influenced by the educational principles of constructivism, the
multi-dimensional teaching method is designed in which lectures are complemented
by various opportunities for students, individually and in teams, to apply the con-
cepts and the theories taught in class to real-world situations. Honebein [24] defines
social constructivist learning contexts as places “where learners may work together
and support each other as they use a variety of tools and information resources in
their guided pursuit of learning goals and problem-solving activities.” A key premise
of social-constructivist pedagogy is that instead of knowledge being transmitted by
teachers to be passively acquired by learners, learners participate in constructing the
means by which they create new knowledge and integrate it with existing knowl-
edge [3124].

Thus, a 10-week team project assignment is designed as a part of the course’s
teaching methods. The execution of the team project assignment requires collabo-
ration with each other, as students perform learning activities together outside the
classroom. This team project not only involves students as team members but also
involves interactions among them to solve real-world problems together. The objec-
tive of this team project is to apply the knowledge that students acquire through the
lectures, in-class case analyses and discussions, guest lectures by industry practition-
ers, and individual independent research, to 1) critically analyze how the structure of
an industry has transformed over time and how IT has been a part of this transfor-
mation, 2) to identify the IT challenges that companies within an industry are facing,
and 3) to make substantiated and implementable recommendations to address the
IT challenges. The two key project deliverables that each team is required to com-
plete are a written report summarizing their findings and recommendations and three
in-class presentations of their work. Teams are formed during the second week of
the semester. Students’ team activity starts with the selection of an industry and a
company in the industry to investigate. The first presentation occurs during the third
week after the team formation. Each team shares, with other students in class, the in-
dustry and the company that they choose to investigate and the plan describing how
they plan to execute the project as a team. Students in other teams can ask questions
and provide feedback to the presenting team. The second team presentation occurs
in class during the mid-term period to share their research effort to gather and an-
alyze the data on the industry and the company that they are investigating. Other
students in class can ask questions and provide feedback to the presenting team. Stu-
dents conclude their 10-week-long team project activities by making the final, third
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team presentation in class. As each team shares their findings and recommendations,
students in other teams again can ask questions, challenge the team’s analysis and
recommendations, and provide feedback on what they have learned from the presen-
tation.

Effective planning and execution of this team project requires collaboration — in
other words, students self-regulating their behavior to coordinate with their team
members, with joint attention to maintain shared focus. The performance of the team
project is evaluated at a team level, not at an individual level. A team’s in-class pre-
sentations are evaluated based on content quality and coherence, coordination be-
tween speakers, question responsiveness, and the ability to stay within time frame,
as well as speaking skills (poise, clear articulation, proper volume and pace, good
posture, eye contact, enthusiasm, and confidence). A team’s written report is eval-
uated for comprehension, clarity, conciseness, critical thinking, creative thinking,
relevance of the IT management concepts and economic theories applied to their
analysis and synthesis, and coherence of the report.

The university’s LMS (hereafter, referred to as my courses) was used in this course
throughout the semester. This LMS provides the discussion forum feature which is
an online message board where students can post, and respond to, messages. Upon
the completion of the team formation, a discussion forum dedicated to each team
was created in my courses. Students were informed of the availability of these LMS
discussion forums for use as their virtual team interaction sites. Students were em-
powered to pick and choose any type of digital technologies to use, including the
LMS discussion forums, in their team collaboration — with the project objectives,
evaluation criteria, and deadlines in mind. There was no teacher’s intervention to
mandate any particular technologies to use in their team collaboration.

3.2. Methodology

Since this research attempts to explain how millennial students in higher education
choose and use social media and collaboration technologies in their team-based col-
laborative learning activities and reveal a relationship between the students’ technol-
ogy choice and learning experience and performance, a qualitative-method approach
was deemed appropriate.

A semi-structured survey was developed to collect data on the technology tools
that students used to do their team assignment together with their team members and
on how the use of the technologies impacted their collaborative learning experience.
The initial list of technology tools that students were familiar with were collected
from the students at the beginning of the course. The initial list consisted of Face-
book, Dropbox, Google Drive, Google Doc, Google Presentation, Google Spread-
sheet, wikis, Twitter, Skype, email, and texting. The discussion forum in mycourses
was added to this initial list to construct the final list of technologies for use in the
semi-structured survey. All of these tools offer, at differing degrees, the social affor-
dances identified by McLoughlin and Lee [39] — connectivity and social rapport, col-
laborative information discovery and sharing, content creation, and knowledge and
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Table 1
Study cohort: Team size and within-team diversity

Average  Standard ~ Median Minimum  Maximum

deviation
Team size 4.1 0.4 4.0 4.0 5.0
Within-team diversity: % of female 56% 24% 50% 20% 100%
students in a team (Gender diversity)
Within-team diversity: The number 2.3 0.9 2.0 1.0 4.0
of business management disciplines
in a team

information aggregation and content modification. In the semi-structured survey, the
following questions were asked for each technology tool in the list:

Did you use it in doing your team project together with your team members?
If used, why did you and your team choose this tool? Where and how did you
and your team members use this tool for what purposes?

If used, would you say that this tool helped you to have positive meaningful
learning experience? If so, how did it help? If not, why not?

If not used, why did your team not use this tool?

If students used any technology tool that was not on the list, they were asked to
specify. A student was also asked to evaluate to the overall impact of the use of the
technology tools on overall collaborative learning experience. For this, the following
summary question was asked:

— Overall, would you say that the technology tools that you and your team mem-
bers used to do this team assignment helped you to interact better with your
team members and learn from each other, thus helping you to have positive,
meaningful learning experience?

The survey was conducted at the end of the semester. Total 58 students, with the
composition of 26 male students and 32 female students, took this on-campus course
for credit. The course had a diverse cohort of students majoring different business
management disciplines — information systems, marketing, finance, accounting, and
general management, as summarized in Table 1.

The survey participation was on a voluntary basis at an individual level. The re-
sponse rate was 88% (51 out of 58). The analysis of the data collected began after the
team project grading was completed, in order to ensure the complete independence
of team assignment grading from survey responses. Following the data collection
process and after the completion of the team project grading, the survey data was
analyzed in two stages. Both of the research interests (technology choice and tech-
nology impact) shaped our interpretations of the semi-structure survey responses that
we collected and the explanations that we advance in this paper. We first performed
an analysis to allow for common patterns to emerge, in order to explain students’ pri-
mary decision factors in choosing certain technology tools for use in their collabora-
tive learning activities. For the coding and analysis of survey responses, we followed
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Table 2
Tools chosen by students for use in their team-based collaborative learning activities

Used extensively Used but not so much ~ Not used at all

Facebook 100% - -
Dropbox 3% 15% 82%
Google Drive 51% 22% 27%
Google Doc 78% 15% 7%
Google Presentation 51% - 49%
Wikis — 2% 98%
Twitter - - 100%
Skype 28% 72%
Google Hangout 14% 86%
Emails 14% 86% -
Texting 14% 86% -
Discussion forum in mycourses - - 100%

a grounded theory approach for data analysis and conceptual development [12/21]].
We then proceeded to a team-level analysis, applying the statistical analysis, to reveal
the relationship between students’ technology choice and its impact on collaborative
learning experience and performance

4. Findings

4.1. Technology choice drivers: Why do students choose certain technology tools
over other competing familiar tools, to use in their team-based collaborative
learning activities?

Millennial students are using various social media, mobile computing devices, and
other digital technologies in their daily lives. Our finding shows that even without the
instructor’s intervention, these students autonomously and collectively chose partic-
ular technology tools to use in their team collaboration, as summarized in Table 2.

To gain insights on what drives students to choose certain technology tools for
use in their team collaboration, we analyzed the survey responses to “If used, why
did you and your team choose this tool?”” and “If not used, why did your team not
use this tool?” The theme that emerged is convenience, i.e., a quality of being easy,
useful, or suitable to proceed with something without difficulty (Oxford Dictionary).
In particular, the analysis identifies the three salient types of convenience that appear
to play a critical role in impacting students’ technology choice for use in their team
collaboration: convenient to everybody in the team, convenient to access and use,
and convenient to collaborate with each other privately within the team.

4.1.1. Convenient to everybody in the team
The analysis of the responses reveals that students pick a certain technology tool,
mainly because their team members are already using it:
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“Everyone in my team has a Facebook account. It is convenient to all.”

“It’s convenient because everyone already knows how to use it.”

“We all have a Facebook account. It’s easy to create a private group and com-
municate without leaving anyone out in the team. We check Facebook all the
time.”

“Facebook is a social network that all of our team members use, whether it’s
for class or personal. It is checked more often than emails, and easier/faster to
respond to than emails.”

“Everyone is on Facebook — when we’re doing group projects, we want to get
a response within a reasonable amount of time; we know our peers will be on
Facebook so they’re more likely to see it and respond in less time.”

“We all have access to the Google Doc. It’s convenient. We can work on the
same document simultaneously, and it is easy to see the progress of other team
members as well as what they are doing.”

“I never used Google Doc before, but some of my team members did. They told
me it is easy to work on documents simultaneously with no version control prob-
lem. So I said yes to it. I had a frustrating experience before in another project
because one of the team members emailed me wrong versions all the time.”

Wiki was not used much because not everybody in the team was familiar with it.

“I tried to use wiki in document collaboration, but not everybody in the team was
familiar with it. So we didn’t use it.”

“We all are more familiar with Google Doc and have used it before. Some of us
have not used wikis, and thus do not feel comfortable using them.”

Being convenient to everybody in the team implies a strong adoption of a technol-
ogy tool, in the sense that everyone in the team already uses it, or is open and willing
to learn to use it for the team. Our finding shows that Facebook has the strongest
adoption among the respondents. 100% of the respondents said that they used Face-
book in their team collaboration.

4.1.2. Convenient to access and use

Being convenient to everybody in the team appears to be necessary but not suffi-
cient for a particular technology tool to be chosen by students for team use. All the
students have an account in my courses, the University’s learning management sys-
tem. They have to access and use it regularly to download course materials, submit
assignments, and see course-related announcements. However, none of the partici-
pants chose to use the my courses discussion forums in their team collaboration:

“My courses is not easy to use. It requires logging in, which takes long time.”
“Itis not an alternative that popped into our minds to use — Facebook is just much
simpler and easier to use. We can also access Facebook from our smart phones
so any time anywhere, which is not true for my courses.”
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“My courses is slow and not easy to use. It is annoying because it disconnects
me frequently. We all are on Facebook, always connected, so why bother with
my courses?”
“Everyone has a smart phone and would most likely be on Facebook, but not on
my courses.”

Being convenient to access and use means a tool’s ubiquity, ease of access, and
ease of use.

4.1.3. Convenient to collaborate with each other privately within the team

Another factor that is identified as a factor impacting students’ technology choice
is convenient to collaborate with each other within the team. We analyzed the survey
responses to “If used, where and how did you and your team use this tool for what
purposes?” to identify a relationship between students’ technology choice and types
of collaborative interactions. The coding process revealed the two types of interac-
tions that occur, as students collaborate to do the team project together with their
team members: activity coordination and content co-creation, as illustrated in Fig. 2.

The activity coordination type of interactions is a type of interactions that occur as
students attempt to coordinate activities required to do the team assignment together,
with the evaluation criteria and deadlines in mind. These collaboration activities
include diving up work, identifying and selecting, scheduling, sharing, discussing,
confirming, and informing each other. The content co-creation type of interactions
is a type of interactions that occur as students attempt to co-produce content in the
form of a report or presentation slides, with the evaluation criteria and deadlines
in mind. The collaboration activities revealed through the analysis include collect-
ing, sharing, putting together ideas, discussing, organizing, working on documents
simultaneously, updating, and tracking shared ideas.

4.1.3.1. Convenient for activity coordination type of interactions

Students used Facebook as a primary tool for the activity coordination type of in-
teractions. They took advantage of Facebook’s rich set of easy-to-use functionalities
to facilitate interactions with their team members:

“We used Facebook to schedule meetings, to post a link to information to discuss
relevancy, to communicate whenever we had problems or questions, and to give
feedback.”

“We are much more comfortable using Facebook to communicate. We get quick
notifications from Facebook when someone posts like a change in the meeting
location or the meeting time.”

“Planning a meeting could be a hard task. All the members have a different sched-
ules and priorities. Hence, we used Facebook groups to facilitate the communi-
cation among us, in order to ease the planning of meetings. It allowed everyone
in the team to give his/her thoughts.”
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Fig. 2. Types of collaborative interactions that occur in team collaboration.
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“Since everybody is on the Facebook, it is convenient to discuss and set meeting
times and locations, and share links when we found something interesting to

discuss.”

“We used Facebook to schedule meetings, share ideas, talk about issues we were
having, share what we were working on, and keep in contact.”
“We used Facebook to schedule meetings, split parts, ask each other small ques-
tions while each of us worked on individual parts, as well as to post links to the
versions of presentations and documents so that we can edit them all together.”

“Skype and Google Hangout are all good tools to use to interact. But, Facebook

already did that for us so we didn’t need redundant tools.”
“Facebook makes everything simpler. Everybody is on it. Everything is in one

place.”
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“We used Facebook to schedule meetings, select topics, discuss feedback, con-
firm analysis and report details. If there is any change, I am notified real time.”

The analysis reveals that millennial students can put boundaries in sharing. They
limited the scope of sharing to the members within the team, by creating private
groups within Facebook. They share project-related matters openly with their mem-
bers, while keeping team communications and activities private to themselves within
the team. Students have accounts with Twitter that is convenient to access and use
with the affordances to support the activity coordination type of interactions. How-
ever none of the teams used Twitter, mainly due to Twitter’s public nature:

“Twitter is not a good team communication tool since it is public. Besides, we
wouldn’t be able to write much.”

“Twitter is not fast enough and too public to use to communicate with team
mates. Much less effective than specific group posts on Facebook.”

“Twitter is too public with lots of noise. In Facebook, we can keep team inter-
actions to ourselves within my team. It is also convenient, because you don’t
have to befriend them in “group” function in order to do a group project for one
semester. This means if there are certain conflicts within the group, you don’t
have to share personal information with them as friends. So it is cool.”

“We all have a Facebook account, and setting up a private group in Facebook to
communicate only with my team members is extremely easy and convenient. |
admit it is not perfect, and can be distractive at times. But I can’t stay distracted
too long because I soon get notifications from my team members that I need to
respond with my input.”

In addition to Facebook, other tools such as Skype, Google Hangout, email, mo-
bile phone texting offer affordance to facilitate the activity coordination type of inter-
actions with each other within a team. And most of students are familiar with these
tools — convenient to everyone in the team and convenient to access and use. Yet,
they were not used as primary tools in team collaboration, because these tools offer
limited functionalities for team-based collaborative interactions and thus are not as
convenient as Facebook.

4.1.3.2. Convenient for content co-creation type of interactions

Students used Google Drive, Google Doc and Google Presentation for content
co-creation type of interactions, as these tools provide the various sharing and con-
tent co-development features that students found convenient to collaborate with each
other for content co-creation:

“Google Drive accepts large files, make one place where everyone will access
and share the project files.”

“Google Doc makes it much easier to collaborate without having to deal with
multiple versions. We just post the link on Facebook. Not perfect, though, be-
cause it doesn’t always format well when downloaded as a pdf.”
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“Live real-time comment and edit system is super convenient.”

“Very convenient, especially when doing a group project and everyone is working
on it — easy to see who is working on what real time. It is particularly great under
tight deadlines.”

“Everyone has access to input. I can see teammates progress. It is one of the
easiest ways to collaborate and make sure all team members are on the same
page.”

“We chose this tool so that we could all edit and collaborate on one document.
We felt it was important to get the input of every member of the team.”

“It is the best way to promote transparency in the group. Everyone can see what
everyone is working on and can edit it any time. The real time feature allows
us to see who is making edits, which is useful to know who is working at that
moment. [ know we all are doing our shares, contributing.”

Students chose collaboration technologies convenient to collaborate with other, so
as to work on documents simultaneously with the transparency that everybody in the
team can see who is contributing on what.

4.1.4. Team-level technology choice for use in team collaboration

Not all teams chose the same set of technologies for use in their collaborative
learning activities. 50% of the teams used Facebook, Google Doc, Google Presen-
tation, and Google Drive as primary tools in their team collaboration. These teams,
hereafter referred to as collaboration tech-literate teams, used Facebook as a pri-
mary tool for the activity coordination type of interactions, while using Google Doc,
Google Presentation, and Google Drive as primary tools for the content co-creation
type of interactions. Emails and texting were not used as primary communication
tools in these teams. The usage of emails and texting was limited mainly to the cases
when a team member was not responding to Facebook notifications in a timely man-
ner or when they have to communicate with people external to the team such as
managers of the company that they were collecting data from for the project.

29% of the teams used Facebook and Google Doc as their primary tools in their
team collaboration. These teams, hereafter referred to as limited collaboration tech-
literate team, used Facebook for the activity coordination type of interactions, while
using Google Doc for report content co-creation and traditional presentation tool
(Microsoft Office Presentation) for co-creation of presentation slides. The traditional
presentation tool was used because some of the team members were not familiar with
Google Presentation, and thus was not convenient to everyone in the team. Emails
and texting were not primary communication tools used by these teams, similar to
the collaboration tech-literate teams.

21% of the teams used Facebook, emails, and mobile phone texting as the main
tools for project collaboration. These teams, hereafter referred to as collaboration
tech-challenged teams, used the Facebook, emails, and mobile texting for the activ-
ity coordination type of interactions, while traditional word processing and presen-
tation tools (Microsoft Office Word and Microsoft Office Presentation) for content
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co-development. The collaboration tools that offer the social affordances to facilitate
the content co-creation type of interactions (such as Google Doc and Google Presen-
tation) were not selected by these teams because some of their team members were
not familiar with the tools, and thus were not convenient to everyone in the team.

The team-level analysis to explain the difference in technology choice reveals that
being convenient to everybody in the team appears to be a key factor in students’
making a trade-off decision on which technology tools to use in their collaborative
learning activities. Students in the collaboration tech-literate teams were all familiar
with, or open and willing to learn to use, the tools that they selected. On the other
hand, some of students in the limited collaboration tech-literate team and collabora-
tion tech-challenged teams were not familiar with a certain collaboration technology
tool such as Google Doc and Google Presentation. This led to the decision not to
use such a tool in their team collaboration, despite its convenience to collaborate
with each other for content co-creation together, because it was not convenient to
everybody in the team.

4.2. Impact of technology choice on students’ collaborative learning experience
and performance

The question was asked to students to assess their collaborative learning expe-
rience, as they worked together to do the project with the use of the technologies
chosen by them. To the question of “Overall, would you say that the technology
tools that your team used to do this team project helped you to interact better with
your team members and learn from each other, thus helping you to have positive,
meaningful learning experience?” the survey participants answered in one of the five
levels — strongly agree, agree, neither agree nor disagree, disagree, strongly disagree.

All of the survey participants responded with the answer of either agree or strongly
agree — 65% of students (33 out of 51) responding with strongly agree, while 35%
agreeing. Figure 3 shows a distribution between a team’s technology choice and the
impact of the technology choice on students’ collaborative learning experiences. It
indicates that a particular set of technology choices could impact students’ collabora-
tive learning experience. The majority of the students who responded with “strongly
agree” were those in the collaboration tech-literate teams. This finding suggests that
while the use of collaborate technologies in their team project does not guarantee
a strongly positive learning experience to all students, it is more likely to result in
students with strongly positive learning experience than otherwise.

As illustrated in Fig. 4, a moderately strong positive correlation with statistical
significance (r = 0.425, p < 0.01) is found between a student’s perception on the
impact of the use of the technologies chosen by them on his/her collaborative learn-
ing experience and collaborative learning performance, measured at a team level
according to the criteria specified in the Course Design section,
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Fig. 3. A distribution between a team’s technology choice and the impact of the technology choice on
students’ collaborative learning experiences.
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Fig. 4. Correlation (r-value): student’s perception on the impact of the use of the technologies chosen by
them on collaborative learning experience and their collaborative learning performance.

5. Discussion and conclusion

This study sought to examine what drives millennial students’ technology choice
and how their technology choice may impact their collaborative learning experience
and performance. A team-based collaborative learning assignment was designed as
a part of a pedagogic strategy in a university-level, on-campus course. The success-
ful completion of this team assignment requires that students collaborate in teams to
problem solve together by applying the concepts and frameworks taught in class to
a real-world situation, while using critical soft skills in connection with the learn-
ing of the domain knowledge. The millennial students in the study cohort, familiar
with a variety of social media and collaboration technologies that afford collabo-
rative potential at varying degrees, did not automatically make extensive use of all
these familiar technologies. Instead, they chose some of them for use in their team-
based collaborative learning activities — collectively among themselves, but inde-
pendently and autonomously without requiring a teacher’s intervention. The finding
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of this study supports the conclusion by Lee and McLoughlin [39] that students’
adoption of a particular technology tool is ultimately determined by the “views and
perceptions of the users (learners).” Our analysis reveals a primary decision fac-
tor explaining students’ pick-and-choose behaviors of selecting the particular social
media and collaboration technology tools for use in learning together. The common
theme that emerges as a principal decision factor is convenience, i.e., a quality of
being easy, useful, or suitable to proceed with something without difficulty. Three
salient types of convenience that play a role in students’ technology choice for use in
their collaborative learning activities are identified — convenient to everybody in the
team, convenient to access and use, and convenient to collaborate with each other pri-
vately within the team. The team-based collaboration to achieve the project learning
outcomes, with the evaluation criteria and deadlines in mind, influenced students’
choice of technology to support the two types of collaborative interactions — the
activity coordination type of interactions and the content co-creation type of interac-
tions. This study provides evidence on the positive impact of the use of the technolo-
gies chosen by millennial students on their collaborative learning experience, which
also shows a moderately strong positive correlation with their collaborative learning
performance. The analysis provides an informed basis to propose a student-engaged
technology-choice-and-impact framework for technology-assisted, team-based col-
laborative learning, as illustrated in Fig. 5 (hereafter, referred to as STCI framework).

The STCI framework conceptualizes relationships among various key components
in technology-assisted, team-based collaborative learning — team assignment objec-
tives, evaluation and assessment schemes, students’ primary decision factors impact-
ing their technology choice from a pool of familiar technologies, the technologies
chosen for use in team collaboration, team collaboration using the technologies cho-
sen, collaborative learning deliverables, and collaborative learning experience and
performance.

Active participation of students in technology choice for use in their collabora-
tive learning activities is made explicit in the STCI framework. Educators can tailor
the SCTI framework to design team-based collaborative learning programs that en-
gage tech-savvy millennial students in the decision making of technologies to use
in their learning activities, and monitor the impact to improve collaborative learning
experience and performance. In addition, the framework can be used at an insti-
tution level in higher education to keep track of not only technologies familiar to
students but also primary decision factors impacting their technology choice for use
in learning activities. Such information can help higher education institutions to de-
sign institution-level education technology strategies that reflect students’ changing
needs.

The STCI framework has also implications to the education technology provider
community and the education research community. The education technology
provider community can use the study findings and the STCI framework to guide the
design of education technologies with learners in mind, in such a way that they can
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Fig. 5. Student-engaged technology-choice-and-impact (STCI) framework for technology-assisted, team-
based collaborative learning.

be conveniently integrated to support millennial students’ learning activities.Tech-
savvy, socially connected millennial students can assess how best to use a particular
technology tool to meet their needs in performing learning activities. When there
are multiple competing tools that offer same or similar affordances, they avoid re-
dundancy by choosing one that they collectively decide is most convenient to them.
Thus, LMS providers will need to define the role of LMS to be conveniently inte-
grated and remain relevant in students’ learning activities.

The STCI framework allows to identify the future research needs to further in-
vestigate the role of teachers in technology choice, the integration of knowledge
management, and the impact of an assessment and evaluation approach on students’
technology choice and collaborative learning performance. There seems a general
consensus that a different environment has emerged for millennial students with per-
vasive use of social and collaboration technologies in their daily lives. This change
alone does not guarantee, however, that learners reliably benefit from the social af-
fordances that these tools offer. The findings of this study suggest that a particular
technology choice made by students for use in their collaborative learning activi-
ties could impact the degree of positive collaborative learning experience. More stu-
dents in the teams that used collaboration technologies strongly agreed that the use
of the technologies chosen by them positively impacted their collaborative learning
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experience (Fig. 3). The key reason why some teams decided not to use collabora-
tion technology tools was because some of their team members were not familiar
with these tools. In other words, some students in these teams were not as tool and
emerging technology literate as others. Thus, the further research should explore the
mechanisms and impact of incorporating the role of teachers in students’ technology
choice into the STCI framework, in order to minimize learning disparity due to stu-
dents’ lack of tool literacy and emerging technology literacy defined by Shapiro and
Hughes [57]].

The analysis on being convenient to collaborate with each other privately within
the team reveals the two types of collaborative interactions that impact students’
technology choice — the activity coordination type of interactions and the con-
tent co-creation type of interactions. These two types of collaborative interactions
share many of the knowledge management activities identified in O’Dell’s knowl-
edge management framework (1996) — i.e., identify, collect, adapt, organize, apply,
share, and create. The possibility of using social media in knowledge management in
higher education was raised to be properly addressed [9]. Further research should ex-
plore the mechanics to incorporate knowledge management into the STCI framework
along students’ collaborative learning cycle and assess its impact on their collabora-
tive learning experience and performance.

The findings of this study are based on the formative assessment and evaluation
scheme described in the Course Design section. Future research should include con-
siderable observation and testing to understand how change in assessment and evalu-
ation approaches would impact millennial students’ technology choice, their collabo-
rative learning experience and performance in higher education. Such understanding
can help guide the design of assessment and evaluation for team-based collaborative
learning that leads to meaningful improvements in student engagement and learning
outcomes.

The higher education and technology field is rich with volumes of work to un-
derstand the ways in which learning management systems, social media, and other
forms of ICTs can be approached for higher education. Despite this, we have argued
that we have a limited understanding of millennial students’ choice of technologies
for their collaborative learning activities and its impact on learning experience and
performance. This research shows that millennial students in higher education can
choose, from a wide pool of technologies available to them, the technologies that
make sense for their learning tasks. Convenience emerges as a primary decision fac-
tor impacting students’ technology of choice for use in their collaborative learning
interactions. This paper confirms the importance of studying pedagogic strategies
that engage students in technology choice and the impact on students’ collaborative
learning experience and performance. We hope this research will provide further im-
petus for continuing the journey of advancing our understanding of student engage-
ment in harnessing ever-changing technological capabilities to create a new reality
of collaborative learning in higher education.
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Limitation

This study was conducted with an on-campus, IT management course designed
for final-year students in a Canadian university. Thus, more research should be im-
plemented using various course subjects, different learning environments, different
school settings, and ages, for more extensive quantitative data collection to compare
and test the framework.
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