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Abstract
Computer Supported Collaborative Learning (CSCL) tools, designed to support
collaboration among students are sometimes found to be under-utilized due to
their lack in engaging learner motivation. This thesis describes research on
student motivation for working collaboratively while using InterLACE, a
computer-supported collaborative learning (CSCL) environment developed at
Tufts University. Prior explorations of InterLACE had shown positive results
regarding the usability and effective use by students, but classroom-wide use
continued to show limited amounts of collaboration among students.
In this study, individual students were provided different types of
immediate feedback while engaged in learning topics from a high school physics
curriculum. The three different types of feedback included individualized score,
comparison score, and social engagement, and were designed to promote interstudent collaboration in the form of sharing information and building off of oneanother’s answers.
The results showed increases in student output across several metrics
including the number of points earned on each answer and the amount of
information written. Inter-participant collaboration also was higher, indicated by
higher amounts of shared vocabulary and higher amounts of “uptake” of ideas
from other students. The results are discussed with respect to the role of user
motivation in the design of CSCL systems.
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A HUMAN FACTORS APPROACH TO ENHANCE
MOTIVATION TO COLLABORATE IN AN ONLINE
LEARNING ENVIRONMENT
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1. Introduction
In this digital age, “computer-based learning environments have become
ubiquitous and students use them extensively both in and out of school to learn
about conceptually rich domains” (Azevedo, 2005a). With studies showing that
students are often more willing to participate in educational discussions online
than in the classroom (e.g., Hudson & Bruckman, 2002, 2004), recent research on
instructional technology has increasingly focused on the potential of computer
support to promote collaborative learning (Gerry, 2005).
For a number of years, theory of collaborative learning focused on the
individual’s performance, treating the social interactions as part of a background
for individual activity. More recently, the focus has shifted from what the
individual thinks to how he interacts as part of a group.
In computer supported collaborative learning (CSCL), the interactions of
individuals in a group are mediated by a computer. According to Koschmann
(2002a), “CSCL is a field of study centrally concerned with meaning and the
practices of meaning-making in the context of joint activity, and the ways in
which these practices are mediated through designed artifacts.” The emphasis is
not only on the social interactions, but the learning events themselves, that are an
outcome of such interactions.
Although CSCL based scenarios can enhance the benefits of collaboration
in fostering learning by improving understanding and problem solving skills, they
are still not beneficial by themselves. CSCL environments, in the pursuit of
collaboration, can be beneficial only if participants actively contribute to the
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discourse. However, CSCL setting in itself cannot guarantee such participation.
For several years now, CSCL research has focused mainly on cognitive aspects,
although there is reasonable evidence that motivation also plays a mentionable
role in CSCL settings (e.g., Astleitner, 2000).
Although motivation has been recognized as an important factor in
technology design (e.g., Leventhal & Barnes, 2008), in the field of Human
factors, motivation theories have been mostly neglected in the past. According to
Szalma, (2009), a consideration of motivational effects on the technology is key
to attaining the desired outcome. If the desired outcome is collaboration, then the
focus of the technology design should be such that it supports motivated behavior
that would enhance the performance of the individual.
A promising strategy for increasing motivation in a meaningful way has
been thought to stem from video games (Connolly et al., 2012, Gee, 2007 and
Steinkuehler et al., 2012) and gamification (Hamari, Koivisto, & Sarsa, 2014). In
a multiplayer game, challenges requiring collaboration at different levels are
interwoven as part of the game (Nardi, 2006). The level of participation and
involvement either stems from or is guided by intrinsic feelings of
competitiveness, envy, sense of achievement and social recognition of a leader
status. Learning in a gaming environment happens by mutual cooperation and
collaboration and is understood as the key path to a successful outcome by all the
players (Gee, 2004). This knowledge is further reinforced in the way the game is
designed requiring multiple levels of collaboration among known and unknown
players. While the gaming industry has successfully coupled challenge and fun
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based learning, there is still a wide gap that remains to be bridged in an
educational setting.
The primary question that this research study tries to address is: Can
incorporating certain gaming characteristics within a CSCL setting and
manipulating key variables that relate to an individual’s motivation lead to better
collaboration? This research is based on the idea that in a social learning
environment, collaboration between two or more individuals occurs when driven
by motivation. This motivation is derived from (a) some amount of feedback, and
(b) elements of mutual benefit that indicate value for such association. In the
context of this research, collaborative actions can be seen as a readjustment in
one’s methods or strategies over time based on the combined knowledge of one or
more individuals in a group. In order to answer the aforementioned question, the
research initially focused on past literature reviews on the current CSCL setting,
collaboration and the role of motivational theories for a Human factors approach
in educational technology design.
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2. Survey of Literature
Collaboration is primarily conceptualized as a process of shared meaning
construction (Stahl, 2006) and promotes the development of cognitive structures
as individuals reconcile differences between their own ideas and the ideas of
others, ask questions, and explain their reasoning in finding solutions (O’Donnell
and King, 1999 and Teasley, 1999). According to Vygotsky (1978), every
individual in a group is unique in their knowledge acquisition skills. In the context
of collaboration, it is therefore not just the individual’s learning and knowledge
building capabilities that have an impact but the underlying interactions where the
knowledge transfer and knowledge building actually occur. This differs from
cooperative learning in the fact that the individuals of a group are not assigned to
solve separate pieces of the problem. Rather, individuals build on their knowledge
as a bi product of group interactions like negotiation and sharing. The goals of the
collaborative community in these endeavors take precedence over the needs of the
individuals as they realize the power of collective action in achieving long-term
success (Yunhwan Kima, Michael Glassman, Michael Steven Williams, 2015).
Kreijn and colleagues (2013) state that, “social interaction is particularly
important for reaching shared understanding and construction of knowledge
through social negotiation of views and meanings.”
True collaboration, therefore, demands the “development of a cohesive
social group, common problem sets, and enough interest in the problem sets to
share and create new knowledge to solve them” (Yunhwan Kima, Michael
Glassman, Michael Steven Williams, 2015). The willingness and abilities of
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distributed groups of individuals to quickly come together within a shared
learning framework and exchange and build knowledge systems in a nonhierarchical manner (i.e., leaders emerge through the process of problem solving)
is central, and in some cases preliminary to, creating optimal, organic social
spaces for problem solving (Glassman & Kang, 2011).
Based on Sfard (1998), Lipponen, Hakkarainen & Paavola, (2004), there
are three important metaphors of learning, that are also relevant to CSCL: the
acquisition metaphor in which learning consists of individual knowledge
acquisition stored in their mind, the participation metaphor in which learning
consists of increasing participation in communities of learning and the knowledge
creation metaphor in which new knowledge objects or social practices are created
through collaboration (Stahl, G., Koschmann, T., & Suthers, D. (2006).
Game-based learning has captured educators’ and researchers’ attention as
a means to enhance the effectiveness of learning by making the learning context
more appealing, memorable, and engaging than traditional contexts (Gee, 2003).
According to Huotari and Hamari (2012), gamification invokes the same
psychological experiences as games do. Games promote situated cognition where
learners are immersed in an authentic learning environment during the game play
(Squire, 2005). Furthermore, games are believed to promote a sense of ownership
of learning, by providing the learner with an opportunity to control the gaming
process and set the difficulty levels. Van Joolingen, De Jong, Lazonder,
Savelsbergh, & Manlove, (2005) believe that students often refrain from seeking
help from their peer learners or their teacher when conducting typical inquiry
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tasks, such as formulating hypotheses or interpreting data. If games can facilitate
active learning in a way that not only affects the outcomes but also keeps the
learner engaged and motivated, we could perhaps bridge the gap between the
learning environment and the students’ motivation in using them.
In a typical learning environment, participation of the students in a
discussion can be assumed as an indicator of motivation regarding the learning
process (Parsons and Taylor, 2011). However, Russell and Slater (2010) indicate
that students also build their knowledge through reflection, discussion and
decision-making that occur with their peers. Thus, motivation to collaborate
between students is pivotal in the development of the group and individual
learning outcomes.
From Goal theories, we know that classroom tasks that are challenging but
can be accomplished with reasonable effort promote a mastery orientation
(Blumenfeld, 1992). Considerable evidence suggests that an evaluation of a task
that emphasizes on ability such as providing grades, stressing on correct answers
and social comparison promotes a performance orientation (Ames, 1992).
Although students may perceive grades as being controlling, it may not be the
case when such grading is accompanied by an opportunity to improve. Similarly,
although rewards are perceived as an extrinsic motivation, they have the potential
to increase the intrinsic motivation when they provide information about quality
of work and are tied to progress and other inherent aspects of the task
(Brophy, 1983 and Schunk, 1989).
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According to social cognitive theory, an individual’s behavior is strongly
influenced by observing others. Observing a model can also prompt the viewer to
replicate the behavior modeled, based on the outcome of the behavior (Bandura,
A., 2002). In addition, empirical work on expectancy value theory suggests that
expectancies and values interact to predict important outcomes such as
engagement, continuing interest, and academic achievement (Trautwein, et.al,
2012). According to social environment theory, imitation of the strategies of a
best performing player often occur as a result of these motivating factors in a
gaming environment.
Mitigating the ill effects on the performance due to a lack of motivation
would require an alignment of the design goals with important personal goals.
According to Ryan and Deci, (2000) the kind of goal pursued affects the form of
motivation as well as its intensity. Although its important to use goals to steer the
design such that it supports user activities, its equally important to address other
aspects of motivation that are relevant to Human Factors/Ergonomics such as
factors that determine the “what” and the “why” of goal selection, which have still
not been addressed (Sheldon, Ryan, Deci, & Kasser, 2004).
In a human-computer-interactive learning environment, although the
interface and the device are designed using underlying human factors principles, it
is always assumed that the user has the motivation to use them (Szalma, 2009).
Although CSCL tools are designed with features that promote collaboration, there
is an inherent lack of motivation. Availability of these tools has not led to the
realization of cooperative and interactive learning experiences for students using
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them. We believe that ignoring the user motivation may lead to under utilization
of the CSCL tools thereby increasing the risk of performance impairment by
users. The research presented here examines conditions that would motivate
individuals in a group to engage in knowledge building interactions and postulates
that manipulating certain key variables within the environment would help
enhance collaboration between the students.
The research was conducted in three phases. The exploratory phase
consisted of developing a gamified activity to mimic a game-based learning
environment along with a leaderboard to test the impact of feedback mechanism.
This initial design was tested for usability through two iterations in the second
phase. The user feedback from this phase served as a primer to the final study
design. In the final implementation phase, the study design was used to test and
identify the feedback mechanisms that enhanced motivation in an individual to
collaborate.
All phases of the research was conducted with Tufts University students. It
should be noted that data was collected in an opportunistic manner throughout the
iterative design process, specific physics topic reflective of high school
curriculum was pre set as part of the content, and the specific CSCL tool was
defined prior to the outset of this research.
This research was targeted to run in conjunction with National Science
Foundation grant # 1119321 “InterLACE: Interactive Learning and Collaboration
Environment.” Any opinions, findings, and conclusions or recommendations
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expressed in this material are those of the author(s) and do not necessarily reflect
the views of the National Science Foundation.
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3. Research Phases
3.1 Phase I- Exploratory Design
3.1.1 Description
InterLACE, and it’s commercialized counterpart known as Visual
Classrooms, is an online tool to support and enhance collaborative efforts among
students and was developed by the Center for Engineering Education and
Outreach (CEEO) at Tufts University. Designed as a classroom educational
technology tool for promoting inquiry-based education, it has a transparent
environment for sharing thoughts with an emphasis on facilitating student
discussion and collective sense making. InterLACE has a flexible, efficient suite
of Web-based tools that supports both students and teachers as they attempt
collaborative design-based inquiry learning activities based around
science/engineering concepts (Hynes, M., Danahy, E., Schneider, L.S., Dowling,
D, 2012).
3.1.2 Phase objectives
The primary goal of the first phase was to take advantage of the features
and suites of tools built in as part of the InterLACE platform and design a
gamified activity with series of prompts to answer questions pertaining to a
particular topic in physics about electrical circuits. Furthermore, as the feedback
mechanisms were going to be manipulated to measure the collaboration outcome,
a leaderboard was designed.
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A human factors approach was used to design the gamified activity in
terms of instruction presentation and the leaderboard designs presented to the
participants as detailed in the following sections. From Wilson et al.,(2009), the
GCs (gaming characteristics) critical for an instructional program to be considered
a game were identified to be challenge, competition, rules, goals, storyline,
changed reality, immediate feedback, and control over the pace of learning.
In the past, researchers have shown positive effects of prompts on
students’ knowledge acquisition and ill-structured problem-solving skills in
computer-supported learning environments (e.g., Chen, 2010, Ge and Land, 2003
and Ge et al., 2005). Ge and Land (2003) argued that “students will be able to
make sense from question prompts that elicit the connection between game world
and formal education in a game-based learning environment when the concepts
are relatively well-structured. Instead of adding cognitive load to the students, the
question prompts guide students’ discussion of the underlying concepts of the
game, which, in turn, leads to better learning outcomes.” This served as a
foundation to scaffolding the content with series of successive prompts.
Furthermore, according to Shute (2008), the research in the area of
feedback-enhanced instruction shows that formative feedback is a powerful tool
for improving learning processes and outcomes. Consequently, various feedback
mechanisms were designed for usability testing in the next phase.
The study was primarily designed to address an individual’s motivation to
collaborate within a group. In order to measure the impact of the various variables
on an individual and to identify the key ones that, when manipulated, would
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enhance participation and interaction and lead to successful collaborative
outcomes, a confederate (role played by the experimenter) was introduced as a
player. The confederate would post correct answers and suitably respond to the
other player’s interactions. The users were not made aware of the role of a
confederate until after the post task interview to gauge their true responses
without any bias.
As prior research suggests, interaction and knowledge sharing happens
when a challenge is presented to an individual that cannot be fully solved on their
own thus forcing them to seek out others for possible solutions or methods. In
order to be sure that the prompts on the physics material was challenging enough
to encourage collaboration, three questions were posed to 5 high school students.
They were asked to rate the level of difficulty and the possible online sources they
used to help search for solutions. Figure 1 shows the response for the question “
For you, how difficult was the prompt?” All the five participants felt the questions
to be difficult or more challenging as can be seen from the graph.
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Figure 1. User response to the difficulty of the prompts showing that all the five
participants found the content difficult enough to want to collaborate with others
for possible problem-solving.
3.2 Phase II- Usability studies
Using the gaming characteristics identified as critical in the exploratory
phase, two design alternatives were developed to present the content to the
student users. As the research mimicked a gaming environment, a leaderboard
was also developed and tested for usability in this phase. The next section gives a
detailed description of the interface design elements of both, the platform used for
testing, and the leaderboard.
3.2.1 Description
Usability testing was done using 5 users with 3 male and 2 female test
participants. Table 1 shows their demographic characteristics: age and
professional background. The participants used Chrome books for the purpose of
this research.
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Table 1. Usability test user’s composition

Users

Age

Background

User1
User2

18
18

User3

28

User4
User5

32
35

Undergraduate
Undergraduate
Human Factors
professional
Quality Manager
Software professional

Figure 2. A trial session with the ten prompts created in InterLACE that was used
for the usability testing
The gamified activity was accessed from the Visual Classrooms website,
www.visualclassrooms.com using a session created for this purpose as illustrated
in the below Figure 2. Each test session was 2 hours long and had a total of 10
prompts that was followed by a post task interview to understand the reason
behind the user choices. The interview questions were kept open ended and was

15

tailored according to the user’s responses and choices during the activity.
Appendix E lists an outline of some of the questions asked during the interview.
It was observed that the participants were unfamiliar with the tool and its
features. In order to minimize use errors due to a lack of familiarity with the
interface, users were given a quick overview of the tool and functionality. Once
the familiarity with the tool and its interface was established, the participants were
asked to walk through the activity while imagining that they were in a physics
class. They were encouraged to think aloud as they attempted each prompt in
order to identify the strengths and weaknesses in the activity design. At the end of
each prompt, the leaderboard scores updated based on their performance and was
shown to them for feedback. The following sections elaborate on the design
elements of the two interfaces.
3.2.1.1 Gamified activity:
The physics material on electrical circuits was scaffolded over several
prompts in such a way that ideas that would emerge from answering a particular
prompt would feed into the successive prompt, and so on throughout the activity.
The prompts were kept open ended in order to facilitate discussions among
participants. In order to identify the differences in the effects that a narrative style
had on the content presentation, a storyline was introduced in just one design.
Elements of reward such as “ a golden key” or “ additional time to complete the
challenge” were included as part of the overall problem solving exercise. It was
hoped that such role-playing features when combined with the fast pace
excitement, characteristic of games, would add to the immersive experience.
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Figure 3. Various content presentation styles used to present the prompts. Sub
(A). The prompt as a direct question. (B) Prompt as an open-ended question. (C)
Prompt embedded within a first person scenario narrative (D) Prompt embedded
within a game
Figure 3 illustrates the various prompt styles considered for presenting the
physics content. Figure 3 (A) shows the prompt worded as a direct question from
a physics curriculum. Figure 3 (B) shows the same prompt as an open-ended
question promoting greater thinking. Figure 3 (C) has the content embedded as
part of a narrative with a storyline that is close to a real life scenario where the
participant imagines him/her to be the central character answering the question.
17

Figure 3 (D) is a gamified version that includes game characteristics such as
storyline, narrative, and immersive role-play options in addition to adding reward
features for continuous engagement. After a preliminary comparison between the
different presentation styles, it was decided to consider the open ended prompt
style (as in Figure 3B to be referred to as Design 1) and the narration with
immersive role-play for further testing ( as in Figure 3D to be referred to as
Design 2). It was hoped that these design choices would cover the breadth of
content presentation styles and help narrow the final design choice for the study.
3.2.1.2 Feedback mechanism:
An initial leaderboard was designed that reflected the scores that
participants would get for answering the prompt correctly. Additional bonus
points were given to reward the participants for engaging in peer interactions for
each prompt. A cumulative score reflecting the overall points that can be achieved
by a participant for a prompt was also recorded to reflect not just their knowledge
in the content but as also a measure of their collaborative actions. A threedimensional pie chart showing the bonus distribution was also added in order to
account for the various bonus categories that the participant was rewarded. The
bonus categories included in this design iteration are interaction, comments, and
uptake of ideas. The initial leaderboard design is illustrated in the Figure 4.
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Figure 4. Initial leaderboard design used for the usability testing
3.2.2 Phase objectives.
The goal in this phase was to identify the visual elements that emphasized and
enhanced the pertinent components of feedback that were essential in motivating
the participant to enhance performance. As it was an iterative user centered
design, a paper prototype was used to draw upon the feedback given by the user
and improve the leaderboard layout in real time thus eliciting further suggestions
and comments for improvement. The various iterations have been drawn using
illustrator to recreate the iterative process and are detailed in the usability results
section under leaderboard.
3.2.3 Usability testing results.
The feedback from the usability study served to narrow down the design
choices for the user interface to be used for this research. Appendix D lists some
of the usability test results.The key design elements as an outcome of this
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feedback for both the gamified activity within the InterLACE platform and the
interface for the leaderboard are discussed in the next sections.
3.2.3.1 Number of prompts.
Although the gamified activity included 10 prompts, with the inclusion of
introductory interface overview and the time allowances for post task interview,
the participants were able to attempt not more than six prompts. Knowing the
maximum number of prompts feasible in our study, given the time, was essential
in order to account for the various task times and plan accordingly during the final
study.
3.2.3.2 Content presentation.
All the users felt that the narrative styled sequence of prompts keeps the
reader engaged and gives them a sense of make-believe that they are truly helping
the main character of the story. This immersive experience was not the same, in
the other design. As one user described, Design 1 was like a quiz up game and not
interesting, whereas Design 2 had a lot of role play like features that kept them
interested and engaged in the activity. Overall the clarity of all the ten prompts
was tested and where feasible, changes were made to the way a particular prompt
was worded.
3.2.3.3 Opportunity to modify.
The InterLACE tool has provisions for the “teacher” to design prompts in
such a way that the initial posts could be kept hidden until all participants (2 in
this study) have a chance to post their first posts. This feature was utilized while
testing in order to remove any bias in the user’s first responses, by virtue of seeing
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another’s post. It was expected that after their initial post, once the participants
could see another participant’s answer, they would automatically revise their own
post or ideas based on their combined knowledge. Usability tests revealed that
while they posted their ideas, the participants were reluctant to use other’s ideas to
revise their own. During the interview, the test subjects reflected upon their usual
practices at school where they were encouraged not to see another student’s work
and copy. During the final study, it was decided to include explicit instruction to
remind the users about the opportunity of seeing another’s post and allocate
additional minutes as part of interaction so they could utilize the option of
modification if they so chose.
3.2.3.4 Impact of confederate initiation.
The open ended prompts were designed to facilitate greater interaction
among participants. The initial usability testing results point in this desired
direction. However, it was noticed that greater participation occurred when the
interaction were initiated by the confederate. This was most interesting, as the
effect of a social feedback wasn’t previously considered. From these test results,
we were intrigued by the impact of a social barrier in starting a conversation first.
From literature review, it is known that collaboration would happen if there is a
value seen in such collaboration between participants. In a social set up where
there is a constant likelihood of being judged for individual knowledge
acquisition (“what do I know”), knowledge disbursement (information
presentation), and, not to mention, the weight of social status within a student
community (“how am I thought of”), a social barrier is likely enough reason to
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withhold from engaging in knowledge building interactions. If this is true, then
the extent of collaboration will not be as much as it could possibly have been,
given the capabilities of the CSCL tools. Further investigation was deemed
necessary to understand the impact of a social feedback as a motivating factor to
enhance collaboration, and as such was included as a component in the main
research design.
3.2.3.5 Leaderboard.
Although the test subjects liked the idea of a leaderboard and understood
the overall value of seeing both the prompt correctness score and the bonus score
for interaction along with the various sections of the pie chart corresponding to
the bonus categories per prompt, they didn’t feel a compelling need to do better in
the subsequent prompts. Although the leaderboard projected the current
performance, the original design lacked any additional goals (e.g. next badge
level) that the participants might attain by virtue of their improved performance
overtime. It was also felt that comparative information should be provided for
both the participants in order for it to be easy to compare performance against one
another easily. Three users felt that a two-dimensional circular pie chart would be
easy to interpret when the bonus categories or the bonus points increased. The
leaderboard had a shield like design to mimic a badge engraved with the prompt
scores and bonus scores. However the participants couldn’t gather that
information visually without being told. There were also a few other suggestions
to improve the design aesthetically that were considered.
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3.2.4 Design iteration 2.
Based on the above feedback, a new leaderboard was designed. In order to
improve the badge design, a scroll layout was used instead of the shield as a
background.
The pie chart was replaced with a horizontal bar graph in order to try a
different visual representation of the bonus categories. A new bonus category
“Fresh ideas” was added in order to recognize and reward the increased
interaction or the number of comments that might possibly stem out of a post that
has a new idea. Additional information such as the “next badge” that could be
earned and the “points required” to earn that badge were also presented for both
the players. The maximum prompt correctness score (out of 10) and the maximum
bonus points (out of 15) that could be earned were clearly mentioned below the
player’s individual scores under the two sections to visually enable the players to
compare what they have achieved against the possible maximum. Similarly, an
additional legend category that reflected the total bonus points that could have
been earned was included in the bar graph to highlight visually the bonus points
that the players missed in this prompt. It was perceived that these changes would
serve as additional motivation for the players to either continue performing well
or enhance their performance in the successive rounds of the game. Figure 5 (A)
to (C) are recreated versions indicating the design iterations and features.
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Figure 5. Progression of leaderboard iterations. Sub (A) Badge design changed
from shield to scroll. (B) Inclusion of future badge levels for further performance
improvement (C) Addition of bar graph and inclusion of additional information
below the scores for improving clarity.
3.2.5 Design Iteration 3.
As the iterations towards design iteration 2 involved visual changes on
multiple levels, it was important to make sure the design outcome matched our
initial leaderboard specification. A second usability testing was done using three
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users to make sure our design aligned with our goals in creating them. The
following section describes in detail the results of this usability testing.
3.2.5.1 Results
The feedback and suggestions from the three users were incorporated in
the final design for the leaderboard. The following sections highlight the various
design elements that were revised and describes in detail the sequence of user
feedback that helped shape the choice for the visual elements in the final study
design.
3.2.5.1.1 Bonus points distribution.
The users liked the clean visual presentation that the bar graph brought but
still preferred the two-dimensional pie chart as it easily distinguished what the
players earned (the colored pies) against what they didn’t earn. Various
suggestions were made to further highlight this difference such as to pull out the
non-colored pie or to add depth to the edges and/or add a pale shade of white to
distinguish the design from the background. An additional label within the pie
chart to explicitly say the total bonus points earned by a player was suggested in
order to reiterate the essence of creating the leaderboard, which was to motivate
the players to realize their key performance goal for this prompt and to understand
from the various visual elements that they could better their performance by
focusing on those categories where they seem to lag behind. Figure 6 (A to D)
shows the progression of the bonus points distribution.
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Figure 6. Various iterations in the way the bonus points distribution was
represented in the leaderboard. Sub (A) 2-Dimensional pie chart. (B) Numbered
pies with the unearned points slice protruding outside. (C) Showing additional
depth to distinguish the unearned pie. (D) Pie chart representation used in the
final leaderboard design
3.2.5.1.2 The badge.
In close alignment with this thought, all the visual elements were designed
to effectively communicate to the players “What they have done” so far and
motivate them to think, “What they could do” further. This also made it necessary
to segregate the current performance information and group them separately from
additional badge level information. Two sections were created to separate the
information on the current prompt from the overall points up till that prompt that
would serve as a basis to calculate the next badge level and required points to
attain that badge. The current badges were updated for both the players in order to
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maintain consistency in the information presented. However, the player’s side of
the performance was displayed under “You” and the confederate’s performance
was displayed under a pseudo name “Bob” representing the other player. Figure 7
(A) and (B) show the iterations as part of the usability testing in the design of the
badges.

Figure 7. Iterative designs for the badge design. Sub (A) Design with distinct
separation between the “prompt” details and the future goals section. (B) Design
balancing hierarchical data presentation and aesthetical aspects.
Using Human Factors principles in user interface design, care was taken to
present information hierarchically based on what was most important all the way
to what could be added to make the design more effective. Using appropriate
color schemes, different fonts, different font size, and using visual separators such
as borders, this hierarchy was established. During the usability testing 2, the
primary goal was to balance between the necessary details and the sufficient
details to achieve our objective in creating the feedback mechanism. The final
design as shown in Fig 8 was chosen for the third phase to collect data.
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Figure 8. Final leaderboard design as a result of user centered participatory
iterations during testing phase.
3.2.5.1.3 Reference guide.
The users also felt a mismatch in the mental model of what they perceived
the bonus categories represented to what they were originally designed. Hence,
the need to explain the various bonus categories was identified as critical in
maximizing the effect of the leaderboard. A reference guide was developed to
give the participants an overview of the leaderboard and its objectives as shown in
Figure 9. It highlighted the key features of the leaderboard and included
explanations of the scores and points system for easy review. Care was taken to
define the bonus categories as well, to help users understand the reward structure
better.
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Figure 9. Reference guide for the group leaderboard used for the study
3.3 Phase III - Implementation phase.
3.3.1 Description
The previous usability-testing phase was a participatory and iterative
design approach to determine the gamified activity components that would help
bridge the gap between user motivation and user performance. Anecdotally,
students say that any feedback came relatively delayed than their expectation. On
the contrary, during collaboration, the experiences of knowledge sharing and
knowledge building are immediate. This phase of the study focused on creating
motivational structure that would provide immediate feedback as a mechanism to
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enhance student motivation to participate in the collaboration process. As a first
step to the experimental setup, different feedback conditions were developed
under which the participants would be tested, as described in the following
section.
3.3.2 Feedback conditions.
In order to compare the effect of different feedback mechanisms on the
participant’s motivation to collaborate, four specific conditions were considered
for testing. The following sections detail the different feedback conditions under
which the participants played the gamified activity.
3.3.2.1 Individual Feedback.
The individual feedback consists of performance scores based on
correctness of the prompt response on the first pass and additional bonus points
for subsequent interactions for the participant. It was designed to reflect the
individual’s performance measured across their knowledge and their knowledge
building interactions. The same design schema as that of the final usability
iteration (Refer section 3.2.5.1.1 and 3.2.5.1.2) has been adopted for the
individual leaderboard as shown in Figure 10. From the usability testing feedback,
a reference guide was designed for the individual leaderboard condition also as
illustrated in Figure 11
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Figure 10. Individual leaderboard reflecting the performance of the participant

Figure 11. Reference guide used for the individual leaderboard condition
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3.3.2.2 Group Feedback.
In addition to Individual Leaderboard, the group feedback displayed the
performance measures of the other player. It was designed to enable comparison
between the two players. Unlike the individual leaderboard that would enhance
performance of a self-motivated individual, this condition was designed to factor
in, the group dynamics by introducing competition arising out of comparisons as a
motivation factor. Refer to Figure 8 for the leaderboard used in this condition.
3.3.2.3 Social Feedback.
It is a different way of providing feedback that focuses on encouragement
and engagement with the material as opposed to grading. Unlike leaderboard
conditions, the form of evaluation here is not numeric. The motivation factor is
the immediate feedback in the form of opinions and suggestions of a wellintentioned confederate posing questions, without directly challenging the
player’s thinking. As mentioned above, leaderboards were not used. This
condition was conceived based on the user feedback on the initial usability trials
(Refer section 3.2.3.4)
3.3.2.4 No Feedback
This condition was designed to reflect the present scenario in schools
where the feedback is delayed and is available to the students only when their
activity or assignment is graded at the end. This condition acts as the control
condition emphasizing the lack of immediate feedback in any form.
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3.3.3 Research questions and objectives.
The research questions were derived based on the observations during the
usability testing. The primary objective of the research was to identify the
feedback mechanism that best motivated the students to engage in collaborative
efforts. From initial exploratory phase, it was deduced that there would be
different outcomes in terms of collaborative engagement in the presence and
absence of feedback.
According to Kong, Kwok and Fang. (2012), seeing an individual’s scores
may motivate a self-regulated and self-motivated individual to perform better.
Similarly, when collaborating in a group, the value/performance of an individual
and the impact it has on a group steers the degree to which the individual is
motivated to perform. Therefore, by considering the type of numeric feedback to
which a participant will be exposed, there might be further difference in
motivation levels to engage in such interactions.
From the usability testing, it was also observed that having a confederate
initiate peer interaction could increase the social engagement among participants
thus leading to a fruitful collaborative experience.
Furthermore, as the study involved multiple cycles of a prompt-responsefeedback loop, there could be a possibility of convergence of ideas. Specifically,
does the convergence happen sooner in the presence of feedback or a certain type
of feedback and if so, does the type of feedback have any influence on this
outcome?

33

In order to evaluate the above statements and answer the aforementioned
questions, the following hypotheses were investigated.
Does having a feedback result in more peer-to-peer interaction?
H1a: There is more collaboration in the presence of feedback than without
feedback at any given prompt number.
H1b: Collaboration happens earlier in prompt sequence in the presence of
feedback than without feedback.
Does the amount of collaboration differ between the two leaderboards?
H2a: There is more collaboration in the presence of group leaderboard than
individual leaderboard at any given prompt number.
H2b: Collaboration happens earlier in prompt sequence in the presence of
group leaderboard than individual leaderboard.
Does confederate initiating comments result in increased collaboration?
H3a: There is more collaboration when the confederate initiates the comment
than in the absence of such initiation at any given prompt number.
H3b: Collaboration happens earlier in prompt sequence when the
confederate initiates comment than in the absence of such initiation.
3.3.4 Collaboration-Operational definition
For the purpose of this study, collaboration is defined as an uptake on
one’s methods, ideas, or strategies based on the combined knowledge between
participants, independent on feedback on both, as a byproduct of a mutually
beneficial association. As the main focus of this research is on knowledge coconstruction, the emphasis was on the variable that best reflects collaboration and
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not merely the motivation associated with playing games. As motivation form of
game play does not necessarily mean or result in collaboration, it was important to
tease apart, what variable is indicative of collaboration specifically. It was
decided to use the bonus category “Uptake” (refer to Figure 6) as a primary
measure of collaboration with the clear distinction that all the other variables that
are measured in the study are representative of the game played and might not
truly reflect collaboration.
Once the variables and their metrics were defined, the next step was to
plan the experiment. The next section details the procedure and the methodology
used for the experimental setup of this study.
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4. Experimental Set Up
4.1 Test subjects.
40 participants were recruited from Tufts University with ages between 18
and 30. There were 16 male and 24 female participants who were randomly
assigned to the four test conditions as shown in Figure 12. Additionally, the
participant’s demographics are presented for ethnicity composition (Figure 13)
and educational Major (Figure 14).
12

Participants

10
8
6
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2
0
Social
Feedback

No Feedback

Individual
Feedback

Group
Feedback

Feedback conditions
Figure 12. Demographic composition of participants in the different conditions
based on gender
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3
13
Asian
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Figure 13. Demographic composition of participants based on ethnicity
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2

Economics
Bio medical

2

Occupational
therapist
Mechanical
8

8

Computer sci
Child Dev

1 1

Maths

4

Environmental

Figure 14. Demographic composition of participants based on educational Major
4.2 Apparatus.
The InterLACE computer-supported collaborative learning environment
was used for the presentation of materials in this study. A series of questions or
prompts were generated to which the participants were expected to provide
written answers. The InterLACE interface allows for creation of free text
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answers, embed freehand drawings, graphs and other media, and allows the
teacher to control when students are able to see the answers provided by other
class members. Once answers are posted, additional software tools allow for
“tagging” other student’s answers positively or negatively, adding written
comments, and rewriting one’s own answers.

Figure 1. Image of the InterLACE interface.

Figure 15. A sample session in InterLACE with a prompt on top and a
collaborative space with features to respond, use multimedia and provide
feedback for responses
Figure 15 shows the InterLACE interface used for the research purpose.
The text from one prompt is provided at the top. Below it is a set of input tools
for the participants, including a text box, a drawing tool, a graph plotting tool, and
tools for uploading media. Below this is an example of an answer provided by a
participant. For this study, the InterLACE environment was augmented with a
“Leader Board” (accessed through another tab) that provided scores to the
participants in the individualized and group feedback conditions.
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4.3 Test procedure.
The 40 participants were divided equally among the four experimental
conditions: control, individualized feedback, group feedback, and social
engagement. All participants completed the informed consent (refer Appendix B)
to participate in the study and then received training on the InterLACE system. In
all conditions, participants were informed that they would be asked to answer a
series of questions from a high school physics curriculum along with another
participant who was remotely located. It was explained that the InterLACE
system would allow them to see each other’s answers and to interact during the
study. The experimenter remained in the room with each participant during the
study, and unbeknownst to the participant, served as a confederate in the study in
the role of the “remotely located” participant. The purpose of using a confederate
was to ensure that each participant received a consistent partner with whom to
collaborate. The role of the experimenter as confederate was revealed at the
completion of the study. None of the participants reported being aware of that the
other participant was actually the experimenter in a confederate role.
The prompts were presented sequentially, and each participant had the
opportunity to provide an initial answer prior to being able to see the answer of
the confederate. This ensured that all participants had to attempt to answer the
questions on their own prior to seeing what someone else had answered. The
participants were told to use any online source in order to answer these questions
as best as they can. The list of questions is listed under appendix A. Time was
then allowed to review both of their posted answers, provide tags and comments,
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and then to rewrite their initial answer based on what the confederate had posted
and/or on their own thoughts about the problem. The inclusion of the opportunity
to rewrite their answers explicitly allowed participants to utilize feedback and the
answer provided by the other participant to supplement their initial answer. As
noted above, an operational definition of collaboration used in this study is the
inclusion of another person’s ideas in one’s own answer. Therefore, the rewrite
allowed for this aspect of collaboration to take place. For all of the prompts, the
confederate provided correct answers regardless of what the participant stated for
his/her own answer. Once the revised answer was posted, InterLACE advanced
to the next prompt.
In the control condition, the participants were trained on the use of all of
the features of InterLACE. However, neither feedback on the correctness of their
answers or the correctness of the other participant’s answers was provided nor did
the confederate initiate any interactions with the participant. Any use of tags or
comments, or any utilization of the answers of the confederate in the resubmission
of the initial answer was initiated by the participant on his or her own.
The individualized feedback condition was conducted similarly to the
control condition, but also provided participants with numeric feedback in the
form of points earned after each prompt. Points were awarded for the correctness
of the original answers as well as for engaging with the other participant in the
use of tags and comments. Table 2 below shows the rubric used by the researcher
to award the bonus points and lists the various bonus categories under which the
participants were rewarded for their interaction. It also explains the basis on
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which these points were awarded. The participants were however, not aware of
this bonus points distribution scheme.
Table 2. Bonus categories used in the leaderboard and the corresponding scheme
for awarding points under each category.
Bonus
category

Definition of the
bonus category

Max points

Comments

Adding comments to
other posts

4

Interaction

Interaction leading to
modification of
answer

Uptake

Updating one's
answers based on
other's posts or
comments

Fresh ideas

Generating a
comment that spurs
new ideas

3

Individual points distribution
2
3

1

4

Comment on other's
post acknowledging
the response. Similar
to tagging in words

between 2 and 4
comments

Between 4 and 7
comments

More than 7
comments

Tagging a post

Interaction such as
seeking further
explanations or
asking questions to
clarify

Further interaction
leading to a
modification in the
original responses

N/A

4

Showing basic
Showing
copying others posts or understanding about understanding on the
giving credit to other
the knowledge
subject and adding
participant
gained from seeing
their ideas on the
other post
subject

4

Using multimedia
Introducing new ideas
and different tools to
Gathering evidence to Adding new ideas to
that are well
support and/or
support other's ideas
an existing thread
researched and spur
introduce newer
new conversations
ideas

Building on one
another's ideas or
knowledge coconstruction

The group feedback condition was similar to the individualized condition,
but included numeric feedback on both the participant and the confederate. In this
condition, the participant was able to see both his/her performance on each
prompt along with the performance of the confederate.
The social engagement condition was conducted similarly to the control
condition, but also included explicit social interactions initiated by the
confederate on each prompt. The confederate provided comments to the
participant that were written in the form of a question or encouragement,
depending on what the participant had written in the initial answer. Questions
were provided to promote deeper thinking about the problem and encouragement
was provided when the participant had provided a correct answer. In addition,
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when asked to explain, the confederate provided additional information and
reasoning for their choice of responses providing further direction and insight into
the material. So the feedback in this condition was Paul’s responses to the
participant and additional comments, and not through any numeric feedback using
scoring system such as the leaderboards.
Following completion of the six prompts, participants responded to
questions about their experience in the study, their reactions to the InterLACE
interface as part of post task interview, and then were debriefed on the study as a
whole (Refer Appendix C).
The following sections elaborate on the analysis done using the data
gathered in the study. The results of the various analyses on the different variables
and their implications are discussed.
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5. Analysis
5.1 Test Variables.
The data collected on each participant in all of the conditions for each prompt
included the following:
•

Content of their initial answer on each prompt - This includes the first post by
both the participant and the confederate as their initial response to the
prompts. As mentioned earlier, both the participant and the confederate post
their responses without the opportunity to see the other’s post. The scores for
the prompt correctness also known as the “knowledge score” is derived from
this initial post.

•

Content of comments – This includes subsequent posts by the participant and
the confederate after the opportunity to see one another’s posts. As mentioned
in Table 2, based on the function of these posts, they are further classified
under the various bonus categories and scored appropriately.

•

Points earned from the question content, from tags, and from comments – The
knowledge score for the participant’s initial post and the bonus points scored
under different bonus categories based on the responses posted after the
participants had the opportunity to view the other’s posts were recorded for all
participants under the different feedback conditions. However, only for the
two numeric conditions, (i.e.) individual and group leaderboard, the
participants were given the opportunity to view these scores.

In addition to these items, further values were derived including:
•

Word counts for each prompt – This is the total number of words that were
typed per prompt by the participants. This included both the initial post and
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the subsequent posts after the participants were given the opportunity to view
and modify their initial responses based on seeing other’s responses to the
prompt.
•

Number of responses posted for each prompt – This variable represents the
total number of posts by the participant in response to a given prompt and
includes both the initial posts and subsequent comments on either their posts
or the confederate’s posts.

•

Shared vocabulary between the participant and the confederate – This variable
quantified the overlap in the content between the participant and the
confederate and was used to indirectly measure the amount of uptake in terms
of the number of common words used by the participant as a direct result of
usage in the confederate’s posts. Shared vocabulary (number), was derived by
finding the number of common words in the posts between the participant and
the confederate after deducting the ones from their initial answer. This was
done in order to account for the words that may have been common between
them in their initial posts but cannot be attributed to the confederate’s usage as
the study design did not allow them access to one another’s posts prior to their
own initial responses.

5.2 Results.
The results from the different conditions were compared across the six
prompts in the study to identify the point in the sequence when students receiving
the different types of feedback would begin to show indications that the feedback
was influencing a participant’s performance and when collaboration was taking
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place. The following sections discuss the results of the analysis based on the
different variables in detail.
5.2.1 Cumulative scores of the participants.
Table 3 provides the results for the total score (cumulative points) earned
by participants at the end of the six prompts. A one-way ANOVA on these results
showed significant difference in cumulative scores between the different
conditions, F (3,36)=8.036, p<.001, ω = .58. Planned contrasts revealed that there
was a significant difference in the cumulative scores earned at the end of the game
in the presence of a feedback, t (36) = 4.764, p<.001, r=.62. Furthermore, the
presence of a social feedback resulted in increased cumulative scores achieved in
comparison to the other feedback conditions, t (36) = 2.315, p=.026, r=.36.
However, there was no significant difference observed between the group and the
individual feedback condition, t (36) = .905, p=.371.
Table 3.Results of Cumulative Score for all Conditions

Individual feedback
Group feedback
Social feedback
No feedback

N

Mean

10
10
10
10

74
82
83.9
45.6

Standard
Deviation
26.52
13.25
21.931
14.191

Confidence Interval
Minimum Maximum
55.03
92.97
72.52
91.48
68.21
99.59
35.45
55.75

Figure 16 includes the cumulative scores for all earned points over the six
prompts, averaged for the 10 participants in each condition. The results show an
increasing trend over the six prompts for all conditions, with the three feedback
conditions showing a greater slope than the plot for the no feedback condition.
Participants in all feedback conditions appeared to have earned more points on
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average, per prompt, than those in the no feedback condition. Differences among
the feedback conditions were small.
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Prompt5

Prompt6

Prompts
Figure 16. Plot of the cumulative points earned on each prompt averaged for
participants in each condition
As the cumulative scores under the group feedback condition were scored for both
the player (P1) and the confederate (Paul), their performance was also compared
to see if there was a difference in their scores. Figure 17 shows the average
cumulative points earned by the two players Paul and P1 across the six prompts in
the group feedback condition. The plot shows a clear divergence between the
players after prompt 3 suggesting greater improvement in performance by P1
compared to Paul. The enhanced performance suggests greater interaction and
possible uptake by P1 as the confederate’s role was controlled and did not allow
for any modification because of the design of the experiment. As the cumulative
scores take into account the prompt correctness and the bonus points for
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interaction, in order to outperform Paul who was always awarded the maximum
score of 10 for prompt correctness, the participants (P1) would have had to utilize
interaction and knowledge building opportunities to up their scores.
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40
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30
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Prompt3

Prompt4

Prompt5

Prompt6

Prompts

Figure 17. Average cumulative scores between the two players across different
prompts in the group feedback condition
5.2.2 Average number of responses posted by the participants.
A similar pattern of results was found when looking at the number of
comments and answers provided by participants across all prompts in the different
conditions. Table 4 shows the average number of “posts” provided by each
participant in the different conditions. Higher values are found for the three
feedback conditions at the end of the sixth prompt than for the no feedback
condition. A one-way ANOVA was done on these results and showed significant
difference in the total number of posts across the different conditions,
F (3,19.46)=34.38, p<.001, ω=.7. Levene’s test indicated that the assumption of
homogeneity of variance had been violated, F (3,36)=7.45, p=.001, so Welch’s F
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is reported. Planned contrasts revealed that there was a significant difference in
the total number of responses posted in the presence of a feedback,
t (23.66)= 8.001, p<.001, r=.85. Furthermore, the presence of a social feedback
resulted in an increase in the number of posts in comparison to the other
conditions, t (21.103) = 4.758, p<.001, r=.7. However, there was no significant
difference between the group and the individual feedback condition,
t (12.006) = 1.313, p=.214.
Table 4. Total number of posts provided by the participants over prompts in the
different conditions

Individual feedback
Group feedback
Social feedback
No feedback

N

Mean

10
10
10
10

15.5
18.4
19.9
9.4

Confidence Interval
Standard
Maximum
Deviation Minimum
6.451
10.89
20.11
2.675
16.49
20.31
2.685
17.98
21.82
2.271
7.78
11.02

Figure 18 plots these results similarly to Figure 16. As with the total score
results, the number of posts provided by each participant increases over the
sequence of prompts. The slope for the results from the different feedback
conditions is similar and collectively is greater than the slope for the no feedback
condition. These results indicate that the participants were posting more
responses and comments on each prompt as a result of being in the different
feedback conditions than when in the no feedback condition.
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Figure 18. Plot of the cumulative number of written posts averaged per
participant in each condition over the prompts.
5.2.3 Average number of words typed by the participants.
It was also of interest to see if more posts and more comments directly
translated to more words. Table 5 shows higher values for the number of words
typed per prompt under the feedback conditions. A one-way ANOVA showed
significant difference in the number of words written by the participants between
the different conditions F (3,36)=3.304, p=.031, ω=.38. Planned contrasts
revealed that there was a significant difference in the number of words typed in
the presence of a feedback, t (36) = 2.886, p=.007, r=.43. However, there was no
significant difference between the group and the individual feedback condition,
t (36) = .841, p=.406. Also the presence of a social feedback did not significantly
differ the number of words typed from other conditions, t (36) =.079, p=.938.
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Table 5. Total number of words provided by the participants over prompts in the
different conditions

Individual feedback
Group feedback
Social feedback
No feedback

N

Mean

10
10
10
10

321.4
269.1
244.9
131.9

Standard
Deviation
226.597
117.064
96.226
55.183

Confidence Interval
Minimum Maximum
159.3
483.5
185.36
352.84
175.96
313.64
92.42
171.38

100
90

Number of words

80
70
60
Individual Feedback

50

Group Feedback

40

Social Feedback

30

No Feedback

20
10
0
Prompt1

Prompt2

Prompt3

Prompt4

Prompt5

Prompt6

Prompts
Figure 19.Plot of the total number of words written averaged per participant in
each condition over the prompts.
Figure 19 plots the total number of words posted by each participant
across the different prompts in the four conditions. Similar trends as that of the
total number of posts were observed with the participants using more words in
feedback conditions than in no feedback condition. Although there wasn’t
significant statistical difference between the feedback conditions, after the second
prompt, the plot shows that the players in the individual feedback condition
posted more words in comparison to the other feedback conditions. Recalling
Figure 18 plot where it appears that the players from social feedback and group

50

feedback conditions posted more comments and “posts,” it is evident from this
plot, that more posts and comments does not necessarily mean increase in
vocabulary.
5.2.4 Knowledge scores obtained for initial posts
It was possible also to look at how well the participants were answering
the questions to see if working in the different feedback conditions resulted in
differences in what was being learned. Table 6 provides the total points earned on
the initial answer provided by each participant (i.e., before seeing the
confederate’s answer). A similar, although less dramatic pattern in comparison to
the previous Tables is seen in these results.
Table 6. Results for total points earned on initial answer for each of the conditions

Individual feedback
Group feedback
Social feedback
No feedback

N

Mean

10
10
10
10

41.8
46.9
44.6
35.7

Standard
Deviation
8.702
5.391
10.564
9.879

Confidence Interval
Minimum
Maximum
35.57
48.03
42.94
50.66
37.04
52.16
28.63
42.77

The plot of these results in Figure 20 shows that initially participants were
answering questions with similar performance. However, beyond the second
prompt, participants in the different feedback conditions began to outperform the
participants in the no feedback condition. A one way ANOVA was done on these
results and showed significant difference in the knowledge scores between the
different conditions, F (3,36)=2.944, p<.05, ω=.38. Planned contrasts revealed
that the there was a significant difference in the knowledge scores between the
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feedback and the no feedback conditions, t (36)=2.689, p=.011, r=.41. However,
no statistical difference was observed between the numeric feedback conditions,
t (36)=1.262, p=.215 and between social feedback and other conditions,
t (36)=.979, p=.334. K-S tests revealed that the assumption of normality were
violated for the data under the no feedback condition, D (10)=.798, p=.014. In
order to be sure that the results were not biased, Kruskal-Wallis test was done.
However the results showed no significant difference in the knowledge scores
among the different conditions, H (3)=7.112, p=.068.
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Figure 20.Plot of the cumulative points earned for the initial answer, averaged
over participants in each condition. The results show similar performance for the
first two prompts for all conditions, followed by a divergence beginning at
Prompt 3.
5.2.5 Total Bonus scores obtained by the participants.
The bonus scores was the metric used to capture the interactions and
underlying knowledge building exchanges between the different players (Refer
Table 2). Table 7 shows the results of the total bonus points scored by the players
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across the six prompts under different conditions. Similar trends as the previous
Tables are seen with higher scores for the feedback conditions than the no
feedback condition.
Table 7. Results for total bonus points earned by participants for each of the
conditions

Individual feedback
Group feedback
Social feedback
No feedback

N

Mean

10
10
10
10

32.2
35.2
39.3
9.9

Standard
Deviation
19.657
9.931
14.072
7.4

Confidence Interval
Minimum Maximum
18.14
46.26
28.1
42.3
29.23
49.37
4.61
15.19

A one way ANOVA was done on these results and showed significant
difference in the total bonus scores earned by the participants across the different
conditions, F (3,36)=9.388, p< 0.001, ω=.62. Planned contrasts revealed that the
total bonus scores obtained by a participant was significantly different between
the feedback and the no feedback conditions, t (36)=5.176, p<.001, r=.65.
Although there was no significant difference between the performance in the
individual and group feedback conditions, t (36)=.494, p=.624, there was
significant difference observed between the social feedback and the other
conditions, t (36)=2.729, p=.01, r=.41.
Figure 21 plots the total bonus points scored by a participant across the six
prompts under the different conditions. Beyond the first prompt, the plots show a
big divergence in the bonus points between the feedback and no feedback
conditions. Although, there is no statistical difference observed between the
different numeric feedback conditions, the plot shows the players under social
feedback conditions consistently performing better than the other feedback
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conditions across the different prompts. This trend is reflective of the initial
assumptions about social barriers that can be negated by positive social
engagement, as it provides a platform where the confederate initiates the
interaction, thereby making it easy for the participant to comment and to ask
further questions, which results in the possibility of having a closed knowledge
sharing-building loop.
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Figure 21. Plot of the total bonus points scored cumulatively averaged over the 10
players across the six prompts for the 4 conditions
5.2.6 Uptake scores obtained by the participants
As noted above, the metric of greatest interest in this study regarding
collaboration is the measure of the amount of information that the participant
incorporates in her/his revised answers as a result of interacting with the other
participant, which is being called uptake. This measurement was calculated by
examining the change of ideas between a participant’s initial and revised answers
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and then determining the degree to which any additional information in the
revised answer could be attributed to the answer provided by the confederate.
Table 8. Results for uptake points earned by participants for each of the
conditions

Individual feedback
Group feedback
Social feedback
No feedback

N

Mean

10
10
10
10

11.4
12
12
3.1

Standard
Deviation
4.742
4.522
5.375
3.178

Confidence Interval
Minimum Maximum
8.01
14.79
8.77
15.23
8.16
15.84
0.83
5.37

Table 8 provides the results of this metric for each condition at the end of
prompt 6. A one-way ANOVA was done on these results and showed significant
difference in uptake scores between the different conditions, F (3,36) = 9.278,
p< .001, ω=.62. Planned contrasts revealed that the uptake scores were
significantly different between the feedback and the no feedback conditions,
t (36)=5.265, p<.001, r=.66. However, there was no significant difference
between the numeric feedback conditions, t (36)=.296, p=.769, and between the
social feedback and other conditions, t (36)=1.916, p=.063. K-S tests revealed
that the data under the no feedback conditions violated the assumptions of
normality. In order to be sure, that the results were not biased, a non-parametric
test was done. The results for the Kruskal-Wallis tests revealed that there was a
significant difference in the total uptake scores between the conditions,
H (3)=17.435, p=.001. Pairwise comparison with adjusted p-values showed that
the uptake scores were significantly different between the no feedback conditions
and social feedback condition (p= 0.004, r= 0.54), between no feedback and
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individual feedback conditions (p= 0.01, r= 0.5) and between no feedback and
group feedback condition (p= 0.002, r= 0.57).
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Figure 22. Plot of cumulative uptake score averaged for each participant, over
prompts within each condition.
The uptake scores are plotted in Figure 22. From Table 2, an uptake score
of 1 point is the minimum number of points one can earn if they reference the idea
and the player or use shared vocabulary of the other player’s post. This shows the
minimum activity recognized as being an uptake. As with the previous results, it
can be seen that the slopes for the results over the six prompts are higher than the
slope for the results from the no feedback condition. The steady increase over the
prompts reveals that participants were incorporating other’s ideas across all of the
prompts.
5.2.7 Shared vocabulary used by the participants.
In addition to uptake scores, content analysis was done to identify the
number of words that overlap between the player’s posts as an indication of the
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amount of uptake by an individual, based on the opportunity given to interact with
others. Shared vocabulary as used in this analysis reflects the common words
between the posts during revision.
Table 9. Results for shared vocabulary between participants in the different
conditions

Individual feedback
Group feedback
Social feedback
No feedback

N

Mean

10
10
10
10

17.7
16.5
20.1
6.8

Standard
Deviation
8.46
9.36
10.236
4.417

Confidence Interval
Minimum
Maximum
11.65
23.75
9.8
23.2
12.78
27.42
3.64
9.96

Table 9 provides the results for this metric. A one-way ANOVA was done
on these results and showed significant difference in shared vocabulary between
the different conditions, F (36)=4.821, p= 0.006, ω=.47. Planned contrasts
revealed that the number of shared words significantly differed between the
feedback and the no feedback conditions, t (36)=3.676, p=.001, r=.52. Significant
difference was also observed between the social feedback conditions and the other
conditions, t (36)=2.093, p=.043, r=.33. However, there was no significant
difference between the numeric feedback conditions in the number of shared
words, t (36)=.319, p=.752.
Figure 23 plots the average number of common words shared between the
revised posts across the six prompts under the different conditions. Overall, there
is an increased overlap in the use of words in the feedback conditions as against
the no feedback condition with prompt two, being an exception where an overlap
is seen between the numeric feedback and the no feedback conditions. This could
be attributed to the fact that shared vocabulary analysis did not take into
57

consideration the number of occurrences of the repeated words. The prompt
questions in themselves may also have properties that allow for limited overlap.

Figure 23. Average shared vocabulary between the revised posts across different
prompts for the four conditions
5.3 Preliminary observations.
From the results and analysis presented above, there is evidence to support
our hypothesis about the presence of feedback and collaboration. It can be seen
from the results above across different variables, that there is greater collaboration
in the presence of a feedback than without one. Hence H1a holds true. However
when the feedback conditions are analyzed, the distinction cannot be made to
indicate a particular feedback as being a better choice.
Similarly, significant difference was not seen between the players
receiving individual feedback and group feedback. The planned contrasts in the
previous sections show that there was no significant difference observed between
these two conditions cross all the variables tested. Our initial hypothesis H2a that

58

a difference in collaboration can be seen between the two numeric conditions did
not hold true.
The effect of introducing a confederate initiating comments, results in
greater interaction as can be seen by the results of the planned contrasts for the
number of responses posted by the participant, shared vocabulary used by them,
the total bonus points earned for their interactions and the overall cumulative
scores at the end of the game. The plots also show a consistent improvement in
performance across most of the variables. However, considering the main metric
for collaboration as defined in this research as “uptake,” did not see any
significant difference between the social feedback and the other conditions, it
cannot be fully ascertained that this effect is significantly different from the other
feedback conditions for the purpose of collaboration. Hence, hypothesis H3a that
more collaboration happens in a social feedback condition does not hold true for
the data collected.
The second part (b) of the hypotheses was derived under the assumption
that there would be a cut off point after which the collaboration would happen and
that, this cut off point would be sooner under the feedback conditions (H1b) than
in the no feedback condition. Similarly the same was expected for the numeric
feedback conditions with collaboration happening sooner under group feedback as
against individual feedback (H2b) and the confederate initiated condition in
comparison with other conditions (H3b). However, what can be noticed from the
various plots is that in the “no feedback” condition, there was no motivation for
the players to collaborate as can be seen by almost flat lines with very little slope.
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In the feedback conditions, there was no indication of a clear point in the gamified
activity after which the participants collaborated. Right from prompt 1, the
players seemed to be engaged and were engaged in peer interaction. So, the data
presented here does not support hypotheses H1b, H2b and H3b. Table 10 shows
the summary of the hypotheses that were tested and the outcomes for the various
hypotheses based on the results across the different variables as discussed above.
Table 10 Summary of the hypothesis that were tested and the outcomes based on
the results
Hypothesis
H1a
H1b
H2a
H2b
H3a
H3b

Outcome
is
supported

Definition
More collaboration with feedback
than without feedback
Collaboration happens sooner with
feedback than without feedback
More collaboration with group
feedback than individual feedback
Collaboration happens sooner with
group feedback than individual
feedback
More collaboration with social
feedback than other conditions
Collaboration happens sooner with
social feedback than other
conditions

Outcome
not
supported

✓
✓
✓
✓
✓
✓

As the overarching results and analysis point to the direction of a lack of
motivation to perform under the no feedback condition, the demographic
breakdown of the participants by their Education Major as a characteristic was
further analyzed to be sure that there were no plausible alternate explanation other
than those stated above based on the data analyzed. Figure 24 shows the
participant’s Majors under the “no feedback” condition. As can be seen, the
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randomization of participants in the different conditions allowed for a diverse
educational background. Hence, a lack of performance could only be attributed to
a lack of motivation to perform.

Human Factors
Economics
Mechanical
Computer sci
Child Dev
Maths
Environmental

Figure 24. Demographic composition by educational Major for the 10 players
under no feedback condition
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6. Discussion
6.1 General discussions.
The InterLACE features were originally designed to support and enhance
collaboration. From a usability perspective, the interface is perceived as being
very intuitive. During post task interview, participants were heard referring to the
interface as “simple with a clean flow to it or easy to understand and figure out
things.” Yet, every time a teacher used this medium of interaction, there was a
struggle to enhance collaboration without explicit instructions. Anecdotally, the
teachers always said that they had to prompt their students to comment on a post
or build off of somebody’s posts. These are the collaborative efforts that the
designers of the system had envisioned would happen naturally as a result of
using this interface. It was evident that the desired depth of collaboration was not
realized. In the context of our research study, it was found that even the players
under the No Feedback condition were able to use it. They found the interface
easy to use and were able to complete the task of answering the prompts.
However, they did not feel the motivation to share ideas and work together as
evidenced by their performance across all the variables measured. This reflected
in their post-test interview as well with comments such as “ No feedback means
no incentive to do well” or “ It felt like a homework”. As can be seen from the
results and initial observations, only when the players were exposed to an
environment that enabled collaboration, the performance was better.
Based on the outcomes that were found across all the feedback conditions,
it can be surmised that the motivation strategies that were employed in the study
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were found to be effective. From the analysis above, it can be seen that there were
more posts, and more words written by the participants. Shared vocabulary
analysis showed that there were more common words between the posts with the
feedback condition than when without any feedback. Similar results were seen for
the participants under feedback conditions with more bonus points scored or more
cumulative points scored at the end of the game. The main metric of collaboration
“uptake points” as identified initially, was also more under feedback conditions.
Overall, it is evident that there was better performance and more information
exchanged at the individual level. Seeing people sharing ideas and building off of
one’s ideas was the process of collaboration (as per the operational definition used
here) that was of interest to this research. The initial research question was
derived from a need to create such a process that happened naturally without any
coercion. The results discussed above are clear indication that creating conditions
that enhance the individual’s motivation using a feedback mechanism improves
not only the performance of the individual but also results in increased inter
participant exchanges leading to a fruitful collaboration.
It can also be observed that the immediacy of the feedback was the single
most common factor in all the conditions that showed improved performance and
knowledge building interactions. In order to engage individuals to collaborate
effectively in a group, immediate feedback is therefore necessary.
From the analysis of variance done on the data, no statistical difference
was observed between the different feedback conditions. Planned contrasts results
reveal a statistically significant difference between the social feedback conditions
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as against the other conditions for a few variables. This distinction is however
lacking when the numeric feedback conditions were compared across all the
variables. From the graph plots above, it can be seen that players under the group
feedback and social feedback conditions outperformed those of the individual
feedback conditions. However, it is unclear how far the intrinsic motivation in an
individual or the effect of social engagement outperforms the factor of selfmotivation, characteristic of individual feedback condition.
As mentioned above, the analysis between the two numeric feedback
conditions shows very similar results. In simple words, whether the participant
can see just their performance results or both their and confederate’s scores did
not change their overall motivation towards the gamified activity. It is unclear at
this point, if there is a value in adding another player’s scores as a way of
promoting comparison between the two players. So it can be positively said that
an individual feedback alone is sufficient in creating a collaborative environment.
This brings us to the alternative form of feedback, the social feedback
condition where no numeric values were given. Participants under this condition
engaged in knowledge building and sharing only in the anticipation of receiving a
social feedback from Paul. The motivation in this condition clearly was not about
achieving points or a certain badge level. It was in the knowledge that someone is
evaluating the work immediately, which the results showed made a difference.
The performance on an individual level, measured across variables such as bonus
points earned, total scores at the end of the game, etc. were indicative of a
performance almost similar to that of the other feedback conditions. As discussed
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earlier, planned contrasts actually revealed significant difference across many
variables between the social feedback and the other conditions. This suggests that
the feedback condition with social engagement as a motivating factor is also
sufficient to increase collaboration. This is consistent with the results from
another study that demonstrates that feedback comments increased student’s
subsequent interest in learning (Butler. R, 1987).
Furthermore, according to Butler and Nisan (1986), “intrinsic motivation
is not just merely a function of stimulus properties but depends on the dynamic
interaction between the stimulus and the individual.” From the plots on the
different variables above, we can see the participants performing consistently
better under the social feedback condition than the numeric feedback condition
which is consistent with the findings that the receipt of non threatening, task
related evaluation through comments improves the intrinsic motivation better than
non receipt of feedback or receipt of grades as a feedback (Butler and Nissan,
1986).
6.2 Value of Research to teachers.
Gamification provides quantitative, measurable outcomes but requires
programing and automation to create a real time game like learning environment.
The research presented here clearly shows that even well intentioned intervention
and suggestion provided in a timely manner is also beneficial in promoting
collaboration as much as any scoring systems might be.
The social feedback condition is cost effective, and could be thought of as
rewarding methods and ideas instead of grading results. A constructive feedback
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from a teacher, which is in the moment and is directed towards the next steps,
would make the process of learning more meaningful and interactive for the
student.
As use of gamification in a learning environment could raise questions and
concerns in the minds of parents and teachers alike, a feedback containing
elements of social engagement could be considered both feasible and a viable
solution to addressing such concerns.
6.3 Limitations.
This study was done with individuals in the presence of the experimenter
who also posed as a confederate to try to maintain a controlled environment for
the study. Although the participants were not aware of the identity of the
confederate, they reported being curious about the “remote participant” and also
wondered in the beginning if the confederate’s original posts were computer
generated. The participants were also recruited from different engineering and
arts disciplines, which limited the scope of learning and playing an actual
gamified activity that was structured around physics concepts. The participants
sometimes viewed the activity as not being “high stake” or “just a game” which
might have affected how seriously they participated in the activity.
6.4 Conclusion.
Collaboration is a process that allows students to expand their existing
knowledge by building off of other’s ideas and methods of problem solving, to go
beyond what is known to them and to help them accept a different point of view.
But in the “game of school,” they are seldom encouraged to go through this exact
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process of collaboration. Students are not rewarded and do not have a sense of
how to use and evaluate a collaborative tool. Even when a feedback is given to the
students, it doesn’t come with the understanding that there is an intrinsic value in
the feedback being immediate. It is our understanding from the research we have
done, that in order for students to collaborate effectively, they require immediate
feedback in terms of an evaluation, grades, or assessment.
It is gratifying to see from our research study that collaboration as a social
activity can be supported by social elements of feedback such as a confederate
initiated condition where the students didn’t perform just because they were
graded. This is also evident from their qualitative responses such as “Felt like he
(Paul) wanted me to succeed. Like a group project,” “We bounced ideas off each
other. Felt like collaboration,” or “Seeing Paul's answers gave me a different
perspective.” Similarly when participants were in other conditions, their responses
often included statements such as, “Prefer a nice Paul to leaderboard (LB), LB
like judging in a trivial way,” or “Seemed like he (Paul) had the right answer. I
would have commented more if he had initiated. It would have been about
learning and not just about points.” These qualitative statements reiterate the
effect of social engagement on the students and the possible collaborative efforts
that might result, if pursued.
Going back to our original discussion on usability and motivation, it is
evident from prior research in interface design that usability is important for any
product to be accepted and used. Usability studies done as part of design iterations
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for this research, observations during the study and the post task interview reveal
that none of the participants had any difficulty using the tool.
If we look at the initial steps in the InterLACE interface design, the
participatory design process used during the development of the interface was
useful to help align the teacher’s role in an inquiry based education method to
promote greater collaboration (Hannon et al, 2012). However, the lack of
inherent motivation in the student users led to the interface not being used as it
was initially intended. Using the Human Factors principle of user-centered design,
the motivational structure essential to engage the students to collaborate was
identified. From the study, it is evident that in a learning environment, feedback is
important to create motivation in using the collaborative tool effectively. The
feedback may be numeric like grades, ranks, points etc. or using social elements
of engagement such as having a teaching assistant or the teachers themselves
adding comments to help steer the direction of student’s thoughts and encourage
them on their efforts. However it is necessary that any form of feedback used for
such motivation should be immediate for it to be effective.
Based on the research presented here, we can say that usability by itself
may not be sufficient in engaging the students to collaborate. A greater motivation
in the form of an immediate feedback is essential in order to enhance
collaboration and increase peer interactions.
6.5 Future work.
It was hypothesized initially that a clear point of convergence of ideas will
emerge in the feedback conditions and that this pattern will be distinct depending
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on the feedback used. However, using the sample size of 10 per condition, this
effect couldn’t be noticed. In order to be able to dissect the results to answer these
hypotheses clearly, future studies should include more data points.
Another area for improvement is in the analysis of shared vocabulary
among participants. Shared vocabulary as an indicator of collaboration was used
to quantify the amount of shared words between the students and was a measure
of shared ideas and knowledge building between the students. In this study, the
effect of repeated shared words used and the progression of such usage over the
six prompts could not be measured effectively. Future research could design the
study in such a way that the prompts in themselves do not have overlapping words
and the responses by the confederate have unique words, which makes it easier
during the content analysis to be identified if the participants chose to include
them in their responses.
As can be seen in the results section, a number of variables were recorded
to analyze the participant’s individual output and the inter-participant
collaboration. In this study, the experimenter also played the role of the evaluator
and although a rubric was followed for scoring the outcomes of the participants,
the subjective opinion of the experimenter could have had a potential for bias.
Future study could pay more attention to both the rubric and the method of
interpreting the different pieces so that the results are not affected by inter-rater
reliability in order to avoid this methodological limitation
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7. Appendix
Appendix A: Prompts used in the gamified activity
1. Jack had this new game on his computer that he was dying to play. After
checking his to-do list for the weekend, he decided, today would be a good day to
try out his new game. The game opens to a make shift laboratory in a garage.
There is a broken Tape Recorder (TR) and what looks like an old cassette on a
table. Suddenly a message flashes on the screen. It reads, “The battery needed to
run the TR is a 5V, 15 Amp (peak current) battery and the current needed by the
TR is 20 Amp (Average current). What are the missing components you would
need to put on the circuit board for it to work? You have 5 minutes and your
hourglass is turned upside down now.
Jack hears the tic-toc. Can you help him?
2. Jack wins a golden key on his successful attempt on the previous clue and sees
a box appear on the screen. As he drags the key to the box, he finds three rows of
1F, 3F and 5 F capacitors and a note. It reads, “ You need 10 F capacitance
across the battery to make the TR work”.
A successful combination will unlock the next clue for you. Good luck.
3. Jack finds an oscilloscope in front of him as a reward for his previous answer
and a cryptic riddle. “ Use me to find out what happens when a 10 F capacitor
with a 1 Ohm internal resistance is connected to an On/Off switch on the circuit
board using a 18-guage wire”.
What will you see? You have one chance to get this right and earn additional
problem solving minutes.
4. Jack sees a stop clock being pressed and a warning message. URGENT: Search
and Insert battery quickly. Jack frantically searches and finally manages to click
on the battery. He hears an alarm bell sound and a message splashed across the
screen reads” You took 28 sec to insert your battery. Your circuit currently
supports 10 sec of activity after the power is switched off ".
To win your challenge, modify your circuit so that the radio runs on, until you can
insert your battery.
5. For his next quest, Jack is allowed to choose one forceps from an array of
different sizes in order to place a component and complete the given circuit. He
can use the oscilloscope to verify the output. In his haste, he picks up the forceps
without paying attention to its size. Suddenly, he hears a bursting sound and the
whole screen goes blank.
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Oh no! Did he short circuit the board? He now has only his extra minutes to help
him rectify the mistake.
6. After retrieving his circuit board from the goblin, Jack sees a golden envelope
that reads “Use me if you are stuck” as a reward for all his hard work. Suddenly,
Jack notices that the images on the oscilloscope seem to get garbled. Did the
goblin trick him? He had no idea what he was missing and so decided to use up
the reward. The envelope revealed a cell phone that was vibrating. Did the cell
phone frequency have anything to do with his output?
Help him solve this challenge and earn a surprise reward.
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Appendix B: Consent Form
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Appendix C: Debriefing document
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Appendix D: Usability study comments
Tester 1
1.
2.
3.
4.
5.
6.
7.

Confused by the arrows=> Thinking about previous Qs and about Paul
Just the score alone shouldn’t get the winning
SCORES + BONUS => Final winning score
Points scheme missing => Don’t know good or bad
ó is confusing. Just upward and downward arrow
Forgot that Jack is playing the video game at Q4
Assume that circuit is connected at Q4 or after Q1, say plug it in and see if
t works.
8. Q5 makes me think that the comp is shorted out or the scope shorted out
because I may see grid lines or flat line.
9. No way of understanding the scoring structure.
10. Assuming scoring is out of 10
11. Didn’t want to change answers
12. It would be nice to have something like a quick reply feature in messages
on android phone.
13. “Add tags” is confusing after responding.
14. The response is not real time. Notification would be nice.
15. After the first comment, responding to a comment brings me to a dialog
box and the post, I am responding but they are entirely different.
Tester 2
1.
2.
3.
4.
5.
6.
7.
8.

The player should be Jack for the thing to be effective,
What does the gaming try to do?
Do you want it time based? May be level based
Points based and then we can say “Now you have 100 points, you can
choose the key”
Pair of forceps
Fresh ideas should have a bonus points
Comment 1 branching out showing how many comments stem because of
that comment
Scatter plots
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9.
10. Use pseudo names
Tester 3
1.
2.
3.
4.
5.
6.
7.
8.
9.

Based on my leaderboard, I wanted to do better..I understood schemes
Arrows were from previous question
Knowing other’s points => competitive
Q2 not clear
Video link would be good for comments or interaction
Information about the badge system would be good
Figured out that interaction leads to bonus points
Was more active and motivated to.
In the first Q, was not sure if I was correct but seeing Paul’s answers
helped me.
10. Option of highlighter tool while reading the question would be beneficial
11. Refreshing was a problem.
12. Something like a pop up window with highlighted part.
13. Like in a circuit diagram, just change and click.
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Appendix E: Interview questions asked after the study
Survey Questions:
During the test:
1. Have you used InterLACE/Visual Classrooms before?
2. How many times?
3. Where did you use it?
4. Age
5. Gender
6. Ethnicity
7. Highest Grade level
8. Major or intended Major
9. On an average, how often do you play video games in a week?
10. What is your favorite video game?
11. What do you like best about these games
12. How competitive are you while playing games?
Prompt-Specific Questions:
1. How difficult was the prompt? (1 [Very easy] to 5 [Very difficult])
2. How clear was the prompt? (1 [Very clear] to 5 [Very unclear])
3. Have you learned this material before?
Post-test interview:
1. Did this feel like a game to you? If yes, how? If no, why not?
2. Have you participated in gamifying activities in the past (Yes | No)
3. How would you characterize your experience in this study? (1 [Very
Enjoyable] to 5[Not at all enjoyable])
4. I would like it if school assignments were gamified in this way (1
[Strongly agree] to 5 [Strongly disagree])
5. Did you look at other peoples’ answers? Why or why not?
6. Did you revise your answer based on what another person/s wrote? Why
or why not?
7. Did you comment on other peoples’ answers? Why or why not?
8. Did you tag other people’s answers? Why or why not?
9. Did it make a difference in the way you participated that you could see
your scores? How did it feel when you got low scores?
10. Did it make a difference in the way you participated that you could see
other peoples’ scores? How did it feel when Paul always got high scores?
11. What did you think about Paul as a player?
12. Comments or observations on Paul’s comment initiation
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