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Comprehension and Learning of Social Goals
Through Visualization

Jelena Jovanovic, Ebrahim Bagheri, and Dragan Gasevic

Abstract—The concept of social goals refers to organizational
goals that are defined in an open and transparent manner; they
serve as social objects that incite both formal and informal col-
laboration around shared interests/objectives. Our objective is to
facilitate the comprehension of social goals and examine the role
of social goals as scaffolds of social learning in an organization.
To this end, we followed an approach based on the visualization
of social goals and explored how different presentations of goals,
specifically, faceted goal browsing, graph-based visualization, and
timeline-based visualization, contribute to the realization of the
stated objective. To assess this approach, we conducted a between
subjects study where each participant performed a set of goal com-
prehension tasks with one of the examined presentations of goals.
The study demonstrated that our visualizations of goals increase
the accuracy of the overall comprehension of an organization’s
goals; this positive effect is also present when the comprehension of
relationships—either explicit or implicit ties—among social goals
is needed. The results also confirmed that our graph-based visual-
ization of social goals could serve as a facilitator of social learning
in an organization.

Index Terms—Goal management, organizational goals, social
goals, social learning in organization, visualization of goals.

I. INTRODUCTION

HE trend of sharing content and activities in an open and
T transparent manner, as well as interacting and collaborat-
ing around shared content, is gradually spreading from open
Web environments to the traditionally more closed organiza-
tional environments [24], [30]. This trend can probably be at-
tributed to the role of social media that promotes collaboration
in a less hierarchical (i.e., egalitarian) manner [6] and strongly
relies on human weak-ties [18]. One of the core components of
the organizational (workplace) context that is influenced by this
trend are organizational goals which are evolving into social
goals [41].

The concept of social goals refers to organizational goals
that are defined in an open and transparent manner. They
serve as social objects around which teams/communities are
built and collaboration takes place. Besides traditional, formal
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collaboration based on team membership, such goals set the
scene for informal collaboration that allows one to contribute to
the accomplishment of goal(s) they find interesting and/or rele-
vant. Thus, social goals might be shared among people who do
not necessarily belong to the same organizational unit or formal
team. The perception of goals as being shared with other orga-
nizational members has proven to be important for both goal
performance [37] and goal commitment [47], [48]. Previous re-
search [29] has even shown that it is enough for people to believe
that they have shared goals with others in the group in order to
show higher commitment to the group’s goals. In addition, the
perception of shared goals is significantly related to some im-
portant organizational outcomes, namely goal commitment, job
satisfaction, and communication satisfaction [19].

Being open and transparent, social goals lead to the devel-
opment of social capital [30], which in turn leads to group
identification, and thus to the commitment to the group goals
[48]. In addition, the transparency of social goals increases the
awareness of people’s goal engagement and progress [14], [35],
and thus allows for social comparison that, in turn, can motivate
higher work commitment [25]. In addition, the increased aware-
ness of how organization’s goals are mutually related could fa-
cilitate harmonization of goals defined at different levels in an
organization (personal, team, organizational), and thus help the
organization deal with the well-known challenge of goal con-
gruence [28].

Due to the aforementioned positive characteristics, the social
goals construct has been adopted by an increasing number of
companies, including Facebook, Mozilla, Zappos, and Spotify.
Although the concept of social goals is underexplored, previ-
ous research on organizational goals (e.g., [31] and [28]), and
collaboration and teamwork (e.g., [26], [40], [47], and [48])
demonstrated some of its benefits.

In this paper, we aim to address how to support people in
adopting and pursuing social goals in an organization. More
specifically, our aim is to explore how the comprehension of
the overall structure of goals within an organization can be
facilitated. This includes the comprehension of the relationship
of one’s personal goals to the personal goals of colleagues as
well as to the upper level organizational goals.

The rationale for choosing this particular aspect of social
goals is threefold. First, while there are many work management
applications, developed as a part of the so-called Enterprise 2.0
trend [33], [12], support for goal comprehension is lacking.
The available support typically takes the form of complex vi-
sual representations of the goals hierarchy. Such visualizations
are neither easy to comprehend, nor consistent with the notion
of social goals which is more about bottom-up than top-down
hierarchical creation of goals [6]. On the other hand, emerging
goal management platforms (e.g., Objectiveli.com, Work.com)
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typically rely on the faceted search metaphor [22] as a way of
exploring social goals. While these solutions allow for efficient
search of goals, they fail to provide insight into mutual relations
of goals.

Second, one’s personal goals are intertwined with the goals
of affiliated social networks (e.g., team, organization) and are
accomplished through interpersonal interaction [23]. The liter-
ature also confirms the relevance of having awareness of and
insight into how one’s goals are related to team/organizational
goals for higher goal commitment [40] and important organiza-
tional outcomes (e.g., work satisfaction) [19].

Third, we hypothesize that the comprehension of social goals
within an organization facilitates social learning on how to set
up and pursue social goals, thus allowing for the concept of so-
cial goals to gradually become part of the organizational culture.
This assumption is based on work in education. For instance,
social cognitive theory states that people learn by observing
what others have done [2]. This is further confirmed by research
in social learning where people reach higher levels of learning
through distributed cognition in computer-mediated communi-
cation [36]. Likewise, research in workplace learning demon-
strated that knowledge develops through practice and sharing
within relevant communities [4], [15].

To address the stated overall research objective, we focused
on the visualization of organizational goals since visualizations
can facilitate comprehension of complex structures [3], [7], [42].
Accordingly, we defined two research questions:

RQI: Does a visualization of social goals enhance users’
comprehension of those goals (including the characteristics of
individual goals and goals mutual relations)?

RQ?2: Is visualization of social goals perceived as a facilitator
of social learning?

We explored these research questions in the context of the
7Geese social performance management software based on the
notions of social goals, continuous feedback, and peer recog-
nition. 7Geese had allowed for the exploration of goals in a
faceted-browsing style only and offered no other form of goal
presentation. In order to augment its goal exploration capabil-
ities, we designed and developed prototypes of two types of
interactive visualizations of organizational goals.

The remainder of this paper is organized as follows. Section
Il introduces our research model which provides the theoretical
grounding for our work; Section III introduces the three kinds
of presentations of social goals; in Section IV, the methods are
presented; Section V presents the results; Section VI discusses
these results, and presents the limitations of our study; Section
VII concludes the paper.

II. THEORETICAL DEVELOPMENT
AND RESEARCH HYPOTHESES

In this section, we develop our research hypotheses and the
overall research model (see Fig. 1). We review different aspects
of comprehension of organizational goals and social learning in
an organization.

A. Facilitating the Comprehension of Social Goals
Through Visualization

Information visualization enables one to get an insight into
the information space, that is, to explore, analyze, and discover

relevant pieces of information [7]. This further empowers one
to come to better conclusions/decisions and explain some phe-
nomenon, or just to understand the considered phenomenon
better [16]. In addition, visualizations allow for illustration
and communication of ideas, concepts, and diverse kinds of
data/information structures [42]. These features lead us to con-
sider information visualization as a means of facilitating the
comprehension of social goals in an organization.

Our visualization-based approach was also motivated by the
use of visualization in enhancing comprehension of complex
systems such as software systems (e.g., [38], [39], [43]). Park
and Jensen [34] explored the potential benefits of information
visualization in supporting newcomers to open source software
projects. Teams collaborating on such projects bear some re-
semblance to teams gathered around social goals in an organi-
zational setting. Park and Jensen demonstrated that visualization
tools provided means for obtaining quality information, efficient
handling of large amounts of data, and comprehension of depen-
dences in source code; this in turn reduced the learning curve
of newcomers, and the information overload experienced in the
absence of these tools.

Visualization has also proved beneficial in: facilitating com-
prehension of the structure and dynamics of complex social
networks [3]; assisting in the analysis of information and ac-
tivity flows [45]; and serving as a community component in
communication and collaboration activities [10].

From the perspective of social goal management, comprehen-
sion of the overall goals structure in an organization (i.e., how
goals of different type are mutually related) is particularly im-
portant, since it facilitates harmonization/congruence of goals
defined by different organizational members as well as goals de-
fined at different levels in the organization (e.g., personal, team
and organization-level goals). The benefits of harmonization of
goals defined at different levels in an organization have been
demonstrated in numerous studies (e.g., [26], [37], [46]).

Furthermore, according to Zhang and Chiu [47], by becom-
ing aware of being committed to the same/similar goals as those
pursued by team/organization members, an individual would
more readily identify with the team/organization and perceive
his/her personal goals to be aligned with the team/organization’s
goals. In addition, Haas et al. [19] found that increased commu-
nication and awareness of organizational goals might contribute
to the increase in some important organizational outcomes, in-
cluding goal commitment, job satisfaction, and communication
satisfaction.

B. Facilitating Social Learning Through Visualization

According to social learning theory, organizational behavior
is affecting and affected by the cognition of organizational mem-
bers, the (organizational) environment, and the person—situation
interactions [11]. This theory postulates that learning takes place
vicariously through observing the behavior of other people and
the effects it has on the social environment [2]. Theories of so-
cially embedded self-regulated learning [20] argue that people
rely and depend on the members of their social network to ac-
complish their learning goals. In other words, self-regulation is
considered an interdependent, social process during which in-
dividuals exchange feedback, the feeling of connectedness, and
support. Similarly, the situated learning theory sees learning as
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Fig. 1. Theoretical (research) model.

embedded in the shared practices, organizational culture, and
professional activities [S]. It emphasizes participatory learning
practices where learning is distributed over a community of
people formed around shared work-related issues and/or pro-
fessional interests.

Modeling or observing a model is a type of vicarious learning
[2] relevant for the development and maintenance of general
work patterns in organizational settings [11]. Learning through
modeling occurs in organizations on a daily basis, even without
people being aware of this process [32]. Since the creation and
pursuit of goals in an open and transparent manner opens up
opportunities for modeling, organizations driven by social goals
are particularly suitable environments for this form of social
learning.

C. Research Hypotheses

We aim to contribute to the domain of social goal manage-
ment by exploring whether visualization of social goals can
facilitate the comprehension of such goals. Hence, we introduce
the following hypotheses to our research model (see Fig. 1):

HI.1: The availability/use of a visualization of social goals
significantly affects the effectiveness of the overall comprehen-
sion of an organization’s social goals.

HI.2: The availability/use of a visualization of social goals
significantly affects the efficiency of the overall comprehension
of an organization’s social goals.

Here, effectiveness refers to the degree to which certain ob-
jective (comprehension of social goals) is attained, whereas effi-
ciency is about the amount of resources that were used to reach
the given objective [9].

Since today’s solutions for presenting organization’s goals
do not provide adequate support for comprehension of goals’

mutual relationships (see Section I), we aim at examining if visu-
alizations could close this gap. Hence, the following hypothesis
is added to our research model:

HI.3: The availability/use of a visualization of social goals
significantly affects the effectiveness of comprehending mutual
relationships of the organization’s social goals.

Visualizations tend to be very domain and task-specific [27],
[44]. Whether and to what extent certain kinds of visualiza-
tion prove beneficial depends upon the end users and the task
at hand. To find a visualization that would facilitate the com-
prehension of social goals, we need to explore different kinds
of visualization and assess how users perceive and understand
those visualizations. Hence, we are interested in understanding
whether the type of social goal visualization impacts effective-
ness and efficiency of goal comprehension. Accordingly, we
define the following research hypotheses:

HI1.4: The type of visualization of social goals significantly
affects the effectiveness of the overall comprehension of an or-
ganization’s social goals.

HI.5: The type of visualization of social goals significantly
affects the effectiveness of comprehending mutual relationships
of an organization’s social goals.

HI1.6: The type of visualization of social goals significantly
affects the efficiency of the overall comprehension of an organi-
zation’s social goals.

Furthermore, by applying propositions of the theories of so-
cial learning, we hypothesize that a visualization of organiza-
tional goals would facilitate social learning in an organization.
In particular, we hypothesize that by being able to observe social
goals defined by others (e.g., team members), one would learn
how social goals should be set and pursued, i.e., what are the
expectations or even organizational norms for goal setting and
goal pursuit in the given organizational context (e.g., team or
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department). To test this assumption, we introduce the following
hypotheses:
H2.1: The availability/use of visualization of social goals is
perceived as a facilitator of social learning in an organization.
H2.2: The type of visualization of social goals significantly
affects the perceived support for social learning in an organi-
zation.

III. PRESENTATION OF GOALS

We used the following presentations of goals: 1) Goal Ex-
plorer, a feature of the 7Geese platform that allowed for faceted
browsing of social goals, and offered no visualization of goals; 2)
the developed prototype for timeline-based visualization (T Vis)
of social goals; 3) the developed prototype for graph-based vi-
sualization (GVis) of social goals.

The 7Geese platform was representative of social perfor-
mance/work management applications that, driven by the En-
terprise 2.0 trend, have been emerging rapidly. Many of these
applications are based on the notion of social goals, and have
comparable features, such as goal management, quick feedback
loops, and social recognition.! In addition, the company devel-
oping 7Geese was interested in exploring potential visualiza-
tions as means of facilitating the management of social goals.
Therefore, it provided the required information and access to
their code base.

At the time of this study, 7Geese was not offering visual-
ization of organizational goals. However, it did provide faceted
browsing of organizational goals through a feature called Goal
Explorer (see Fig. 2). By using this feature, one could browse
through the organizational goals based on the goals’ deadline
(i.e., see goals sorted based on goal due date and grouped on
monthly bases), progress (i.e., see goals in progress and com-
pleted), and contributors (i.e., for each colleague, see to what
goals he/she is contributing).

To reduce cognitive effort, information in a visualization
should be appropriately mapped to the visual form [21]. For ex-
ample, the best information representation depends on the task
requirements [44]. Therefore, the design of our visualizations
was driven by the objectives to be achieved with those visual-
izations, and the requirements derived from those objectives.

Social goals are connected via diverse kinds of relationships
that needed to be visualized in different ways for comprehen-
sion. In particular, there was a need to support comprehension of
explicitly declared relations (the relations defined by the users
when creating/updating a goal) and implicit relations (i.e., re-
lations inferred from the goals’ properties). For the latter, we
found particularly important relations based on the subject/topic
of goals as well as those related to the goals’ time properties
(start/end date). To support comprehension of these kinds of
goal relations, we introduced two kinds of visualizations:

1) GVis (see Fig. 3): presents goals as (graph) nodes that can
be connected through explicit (user-defined) connections
and/or implicit connections inferred from the subject/topic
of goals; to make these two kinds of connections visually
distinctive, different line patterns and colors were used; to

'An overview of these applications and their features is available at
http://goo.gl/OgFct8

avoid the clutter, we enabled users to selectively turn the
display of connections ON/OFF.

2) TVis (see Fig. 4): presents goals (as stripes) on a timeline;
it supports scrolling in time and thus allows a user to
see goals (all or of selected type) at any point of time.
The objective was to simplify diverse kinds of potentially
useful observations such as time periods with unusually
high/low goal load, competing goals (i.e., goals with the
same or very close due dates).

Besides these distinct features, the two visualizations have

a number of common features, such as filtering of displayed
goals based on the goal type, goal owner, urgency (i.e., number
of days till the deadline) and tags (keywords).

The two visualizations were developed as Web-based proto-
types. Further details about the two visualizations, including the
design process undertaken, the design decisions being made,
screenshots, and links to visualization demos and demo videos
explaining their features, are available at http://goo.gl/Fhh142.

IV. METHODS

A. Study Design

The study design was a between subjects experiment in which
each participant used one way of presenting social goals: 1)
Faceted goal browsing (FGB) with no visualization of goals; 2)
TVis, and 3) GVis.

The study tasks were related to the stated purpose of enabling
users to comprehend the overall social goals structure, to see how
their goals fit into the overall organizational goals, as well as to
perceive and comprehend the urgency, completeness, and other
relevant aspects of individual goals. Accordingly, these tasks
were aimed at assessing whether and to what extent different
kinds of goal visualization assist users in comprehending goals
and their interrelations.

B. Farticipants

For the recruitment process, we relied on the Snowball sam-
pling technique [1]. Specifically, we aimed at recruiting knowl-
edge workers who had a solid degree of computing literacy,
regularly use technology for their work, and were familiar with
social networking platforms. To avoid bias or confounding re-
sults, we needed participants who had no previous experience
in using 7Geese or any other social goal/work management
software. Invitations were sent (via email) to researchers study-
ing/working at the authors’ affiliated universities. Subsequently,
we asked the initial participants to recommend additional people
who might be interested in participating.

A total of 39 participants (17 male and 22 female) were re-
cruited and retained for the study. Seven (21.2%) received Ph.D.
as the highest degree, 22 (56.4%) a Master degree, and ten
(25.6%) a Bachelor degree (either B.Sc. or BBA). Their profes-
sional positions included: 1) research and development (R&D)
with 31 (79.5%) participants working as a research/teaching
assistant, programmer, software developer, or postgraduate stu-
dent; 2) senior R&D with eight (20.5%) participants who speci-
fied their position as being either Post-doctoral fellow or Assis-
tant Professor.
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All participants were regular users of Web-based social soft-
ware tools: 31 (79.5%) were using such tools on a daily ba-
sis, whereas the rest (8; 20.5%) used them a few times per
week. Only three (7.7%) had some experience in using social
goal/work management tools. None had experience in using the
7Geese platform.

Thirty-five (89.7%) participants had experience in using visu-
alization tools (e.g., charts, graphs, dashboards) as a support for
data/information comprehension and/or decision-making. Only
two (5.1%) participants were familiar with the notion of social
goals and goal-centric collaboration; 23 (59.9%) were somewhat
familiar, whereas the others (14; 35.9%) were not familiar.

C. Questionnaires

Three kinds of questionnaire were used and are available
online: http://goo.gl/pBAXIX.

The prestudy questionnaire gathered demographic data about
the participants: professional position (PreQl); educational
level (PreQ2); experience with social software tools (PreQ3),
Enterprise 2.0 applications (PreQ4, PreQ5) and the 7Geese
platform (PreQ6, PreQ7); experience with visualization tools
(PreQ8, PreQ9), and familiarity with the notion of social goals
and collaboration around goals (PreQ10).

The second questionnaire comprised a sample scenario with
associated goal comprehension tasks/questions and instructions
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TABLE I
FREQUENCIES AND PERCENTAGES FOR THE ACCURACY IN PERFORMING THE COMPREHENSION TASKS (TQ1-TQ8)

The number (percentages) of participants who correctly completed study tasks TQ1-TQ8

Task Comprehension tasks (as stated in the study questionnaire) GVis TVis FGB

TQ1 Name the colleague who has the highest number of personal goals 9 (69.2%) 13 (100%) 10 (76.9%)

TQ2 Who is the creator of the most social personal goal, i.e., personal goal with 12 (92.3%) 13 (100%) 11 (84.6%)
the highest number of contributors?

TQ3 ‘Which topics (keywords) are associated with the Betty’s goal to explore the 11 (84.6%) 12 (92.3%) 6 (46.2%)
motivational power of open user modeling?

TQ4 Identify goals (of all types) that are related to the topic “exercises.” If such 10 (76.9%) 12 (92.3%) 11 (84.6%)
goals exist, write their identifiers (e.g., PG1, TG2) in the answer line; if there
are no such goals, put simply “none.”

TQ5 Among your personal goals, which one is the most urgent (has the closest 12 (92.3%) 12 (92.3%) 11 (84.6%)
deadline)? Write the goal’s identifier in the answer line.

TQ6 ‘Which personal goals are due in the next 12 days? If there are such goals, 12 (92.3%) 12 (92.3%) 11 (84.6%)
write their identifiers in the answer line below; if there are no such goals, put
simply “none.”

TQ7 ‘Which personal goal has the highest number of topic-based connections with 9 (69.2%) 11 (84.6%) 0 (0%)
team goals (i.e., connections based on the shared topic(s))? Write down the
goal’s identifier.

TQ8 Which team goal has the lowest number of associated personal goals? Only 12 (92.3%) 13 (100%) 7 (53.8%)

user-defined connections are considered. Write the goal’s identifier in the
answer line.

for performing the tasks. These tasks (see Table I) were aimed at
validating our hypotheses about the effect of visualizations on
goals comprehension (H1.1-H1.6; Fig. 1). There were two kinds
of comprehension tasks: tasks focused on the comprehension of
individual goals (tasks TQ1-TQ6) and those focused on the
goals’ relatedness and structure (tasks TQ7, TQS). The tasks of
the former type were related to the characteristics of individual
goals, such as the topic/subject of a goal, the deadline proximity,
and the level of goal’s social aspect (i.e., how many users are
involved in the accomplishment of the goal). The latter kind of
tasks was about the goal’s relatedness to other goals, including
relatedness to goals of the same type/level, as well as those of
different type/level.

The poststudy questionnaire consisted of questions aimed at
assessing the perceived support for social learning offered by
the goal presentation (PostQ2.1—PostQ2.3, PostQ3.1). Thus,
this questionnaire was aimed at helping validate hypotheses
related to the effect of visualizations on social learning (H2.1-
H2.2; Fig. 1). A 5-point Likert scale (ranging from “l-strongly
disagree” to “5—strongly agree”) was used.

D. Variables

We have one independent variable (presentation of goals)
with three levels: FGB, TVis, and GVis.

The five dependent variables were measured in the following
way:
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1) Overall comprehension accuracy (i.e., overall effective-
ness), OverallCompAccuracy: solutions to the compre-
hension tasks (TQ1-TQ8) were scored on a 2-point scale:
1—incorrect, 2—correct; a sum of scores on the compre-
hension tasks was used to measure one’s overall perfor-
mance on these tasks, i.e., overall comprehension accu-
racy.

2) Accuracy in comprehending implicit relationships among
goals, ImplRelCompAcc: based on the participants’ scores
on tasks TQ4 and TQ7 that required identification of
topically related goals; it is assigned value 2 (correct)
if answers to both tasks were correct, and 1 (incorrect)
otherwise.

3) Accuracy in comprehending explicit relationships among
goals, ExplRelCompAcc: it is based on the participants’
scores on task TQS that required identification of goals
explicitly set as related by their creators; the value of
the variable is equal to the participant’s TQS8 score (1-
incorrect or 2-correct).

4) Overall comprehension time (i.e., overall efficiency),
OverallCompTime: the amount of time (in seconds) re-
quired for getting insight into the goals described in the
task scenario and solving/answering the associated set of
tasks/questions.

5) Perceived support for social learning, PerceivedSocLearn-
ing: the participant’s perception of the support that the
assigned presentation of goals offered for social learning;
it was computed by aggregating (i.e., averaging) the par-
ticipant’s answers to the poststudy Likert-like question
items targeting the support for different aspects of social
learning.

E. Procedure

The study was conducted using the Skype communication
tool. The participants provided consent for the study. A separate
study session, lasting approximately an hour, was organized with
each participant. The researcher responsible for conducting the
study and a participant were on the call throughout the study
session. The researcher used Skype’s screen sharing feature to
observe and record the participant’s work on the study tasks. The
assignment of participants to the different types of presentation
of goals was random.

Each study session consisted of two parts: training and main
study. Right before a study session would begin, the researcher
would send to a participant, via email, links to the materials
required for training.

The participant was asked to complete the prestudy ques-
tionnaire and then complete the training. The objective of the
training was to introduce the presentation of goals to be used in
the study and the tasks. A video demonstrated the presentation
of goals; it provided some basics about the presentation of goals
and how it should be used.

The participant could ask questions after watching the train-
ing video. Then, the participant completed the training tasks by
using the given presentation of goals. The participant was en-
couraged to ask any question that he/she might have had while
working on the training tasks. After the training tasks were com-
pleted, the main part of the study would begin. The scenario and

the goal structure in the main part of the study were different
than in the training part.

Right before the beginning of the main part, the researcher
would email the participant links to the required materials. The
participant was asked to complete a set of study tasks using
the given presentation of goals. While observing, the researcher
recorded the time when the participant started and finished work-
ing on the comprehension tasks. After completing the study
tasks, the participants would fill in the poststudy questionnaire.

F. Data Analysis

We analyzed the collected data using standard descriptive
statistics (mean and standard deviation). To analyze the ef-
fect of different presentations of goals on the participants’
overall comprehension effectiveness (OverallCompAccuracy)
and efficiency (OverallCompTime) and the perceived support
for social learning (PerceivedSocLearning), one-way between-
subjects ANOVA was employed. We verified that the ANOVA
assumptions were satisfied, including the Levene’s test and
variance ratio to examine the homogeneity of variance. For
variables that were not normally distributed, we applied para-
metric tests over transformed data: log-transformed values of the
OverallCompAccuracy variable, and squared values of the Per-
ceivedSocLearning variable. If the assumption of homogeneity
of variances was not satisfied (as was the case with the Over-
allCompTime variable), instead of reporting and interpreting
results based on “regular” F ratio, we relied on Brown-Forsythe
and Welch versions of the F-ratio [17]. When an ANOVA test
demonstrated a significant effect of the examined presentations
of goals, and homogeneity of variances could be confirmed, we
used Tukey posthoc tests for the pairwise comparison of the
presentations’ effect.

For the variables reflecting the participants’ effectiveness in
comprehending implicit and explicit relationships among social
goals (ImplRelCompAcc and ExplRelCompAcc, respectively),
we used Fisher’s Exact test.

All our statistical tests were performed in R.

V. RESULTS

Results were considered significant at o« = 0.05.

A. Facilitating Comprehension of Goals Through Goals
Visualization

This section presents the study results related to RQland
the research hypotheses H1.1-H1.6. Table I shows the compre-
hension tasks and provides frequencies and percentages for the
participants’ accuracy in performing each task (TQI-TQS). It
could be observed that all the percentages for timeline-based vi-
sualization are above 80%, which is not the case with the other
two presentations of goals.

To explore the effect of the presentation of goals on the par-
ticipants’ overall accuracy on the comprehension tasks (H1.1
and H1.4), we performed a one-way between-subjects ANOVA
test over log-transformed values of the OverallCompAccuracy
variable (the variable was not normally distributed). Mean and
standard deviation values for this variable are given in Table II.
The ANOVA test showed a significant difference among the
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TABLE II
RESULTS FOR THE THREE EXAMINED KINDS OF PRESENTION OF SOCIAL GOALS

Mean and standard deviation

Dependent GVis TVis FGB
variables

OverallComp 14.69 (1.18) 15.54 (0.66) 13.15 (1.46)
Accuracy

OverallCompTime 833.15(193.32) 735.15 (240.07) 890.62 (382.45)
PerceivedSoc 4.27 (0.65) 3.88 (0.61) 3.40 (0.96)
Learning

presentations of goals, F(2,36) = 13.576,p < 0.0001, 7% =
0.430. The Tukey HSD posthoc test revealed a significant differ-
ence between each kind of visualization and FGB (see Table III);
in particular, the groups that used visualizations (GVis or TVis)
performed significantly better than the group who used FGB.

To test the hypotheses related to the effect of visualizations on
the accuracy of comprehending relationships among social goals
(H1.3 and H1.5), Fisher’s Exact test was performed on variables
ImplRelCompAcc (for implicit relations) and ExplRelCompAcc
(for explicit, user-defined, relations).

Regarding the comprehension of implicit, namely topic-based
relations, the tests revealed that both kinds of visualizations per-
formed significantly better than FGB (see Table III). As for the
comprehension of user-defined relations among goals, signifi-
cant difference was observed only between TVis and FGB (see
Table III), i.e., the accuracy achieved using TVis was signifi-
cantly better than when FGB was used. Note that we applied
both sequential Bonferroni and the False Discovery Rate (FDR)
correction methods [8] to all pairwise comparisons of goal pre-
sentations to prevent the rise of Type I error rate (alpha inflation)
associated with multiple testing.

To test our hypotheses related to the effect of visualizations on
the time required for performing the goal comprehension tasks
(H1.2 and H1.6), we examined the OverallCompTime variable
across the three studied presentations of goals. Table II suggests
a difference among mean values of the three goal presentations,
but also high SD, especially for FGB. Due to the difference in
the variance of the OverallCompTime variable across the three
groups, we relied on Welch’s and Brown-Forsythe’s corrections
of the one-way between subjects ANOVA test. The test did not
reveal significant difference among the presentations.

B. Supporting Social Learning Through Goals Visualization

This section addresses RQ2, visualization of social goals per-
ceived as a facilitator of social learning, and research hypotheses
H2.1 and H2.2.

Table IV presents the results of the poststudy questionnaire.
As the table indicates, the support for social learning was gen-
erally well recognized by the study participants. One can also
observe that for all the questions, GVis had the best scores, fol-
lowed by TVis, whereas the perceived support for social learning
provided by FGB was consistently the weakest.

We aggregated responses to these questions to determine the
PerceivedSocLearning variable (see Table II) that we used to

test H2.1 and H2.2. Using transformed (squared) values of the
PerceivedSocLearning variable, an ANOVA test showed a sig-
nificant difference among the presentations of goals, F(2,36) =
4.021,p = 0.027,1* = 0.183. The Tukey HSD posthoc test in-
dicated a significant difference between the group of participants
who used GVis and those who worked with FGB (p = 0.02).
However, no significant difference was observed between TVis
and FGB.

VI. DISCUSSION

A. Effect of Visualizations on the Comprehension
of Social Goals

RQ1 explored the potential effect of goal visualization on the
efficiency and effectiveness of goal comprehension. The study
results demonstrated that when visualizations are used, the ef-
fectiveness (i.e., accuracy) of the overall goal comprehension is
significantly higher than when no goal visualization is available,
thus confirming HI.1.

Since a significant difference in comprehension accuracy was
observed between each of the two visualizations (GVis or TVis)
and FGB, we were not able to confirm our hypothesis that the
type of goal visualization significantly affects the effectiveness
of the overall goal comprehension (H1.4). Still, the results af-
firm that goal visualization in general significantly affects the
effectiveness of the overall goal comprehension.

This advantage associated with the use of visualizations is
also present when one needs to focus on and comprehend either
explicit or implicit connections among social goals, as correctly
hypothesized in H1.3. In particular, both kinds of tested visu-
alizations (GVis and TVis) proved effective in facilitating com-
prehension of implicit, topic-based connections among social
goals. However, only TVis proved as having significant effect on
the comprehension of explicit, user-defined connections among
goals. Based on these results, we can neither confirm nor re-
ject the H1.5 hypothesis. When one needs to focus specifically
on the comprehension of connections among different kinds of
goals, certain types of visualizations might be more effective
than others, but this requires further validation.

Based on the study results, we were not able to confirm our
hypotheses related to the impact of goal visualization on the
efficiency of goal comprehension (H1.2 and H1.6). However, the
effect might be achieved by using other types of visualizations;
this requires further investigation.

B. Effect of Visualizations on Social Learning
in an Organization

The study results related to our second research question
(RQ2) revealed that the support for social learning offered
by the examined presentations of goals was generally well
recognized by the study participants. On all the poststudy ques-
tion items assessing the perceived support for social learning
(see Table IV), GVis was consistently the best, followed by
TVis, whereas FGB received the lowest ratings. The study re-
sults also demonstrated that GVis was perceived as significantly
better than FGB in facilitating vicarious learning.
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TABLE III
SIGNIFICANCE LEVELS FOR COMPREHENSION ACCURACY VARIABLES, AND THE CORRESPONDING ADJUSTED ALPHA VALUES; ROWS ARE SORTED BASED ON THE
P-VALUE, AS THE TWO CORRECTION METHODS REQUIRE

Pair-wise comparison of goal presentations for the given p-value adjusted alpha (Seq. adjusted alpha
dependent variable Bonferroni) (FDR)
OverallCompAccuracy: TVis verus FGB < 0.001* 0.008 0.008
ImplRelCompAcc: TVis versus FGB < 0.001% 0.01 0.017
OverallCompAccuracy: GVis versus FGB 0.005* 0.012 0.025
ImplRelCompAcc: GVis versus FGB 0.015* 0.017 0.033
ExplRelCompAcc: TVis versus FGB 0.015* 0.025 0.042
ExplRelCompAcc: GVis versus FGB 0.07 0.05 0.05

Legend: GVis—Graph-based visualization; TVis—Timeline-based visualization; FGB—Faceted Goal Browser; star (x) indicates the
compliance of the significance level (i.e., p-value) with the adjusted alpha level

TABLE IV
DESCRIPTIVE STATISTICS FOR THE POSTSTUDY QUESTIONS RELATED TO THE PERCEIVED SUPPORT FOR SOCIAL LEARNING

Mean; Standard Deviation; Number of cases

Variable Question statement GVis TVis FGB

PostQ2.1 Being able to see and comprehend the goals defined by my organization and my team, 4.38;0.77; 13 4.00; 0.58; 13 3.62;0.96; 13
I was better able to create my own personal goals

PostQ2.2 Being able to see and comprehend the goals defined by my organization and my team, 4.38;0.96; 13 4.15;0.90; 13 3.54;1.13; 13
I was better able to align my personal goals with the organization’s and team’s goals

PostQ2.3 Being able to see how my colleagues related their personal goals to organization’s and 4.23;0.83; 13 3.69;1.11; 13 3.23;1.01; 13
team’s goals, I was better able to align my personal goals with organization’s and
team’s goals

PostQ3.1 Being able to see the goals defined by my colleagues helped me define my own goals 4.08;0.76; 13 3.69;0.75; 13 3.23;1.09; 13

Legend: GVis—Graph-based visualization; TVis—Timeline-based visualization; FGB—Faceted Goal Browser

We can conclude that hypothesis H2.1—the availability of
social goal visualization is perceived as a facilitator of social
learning in an organization—could be considered valid. The
second hypothesis (H2.2), that the perceived support for so-
cial learning is significantly affected by the type of social goal
visualization, can also be accepted as valid, as based on the
available data, only GVis was perceived as significantly better
in supporting social learning compared with FGB. This might
be attributed to the fact that GVis allows one to examine differ-
ent kinds of relationships among social goals, and thus offer an
overall insight into the goal structure.

Considering that the study was not conducted in a real-world
setting, the participants were not in a position to really expe-
rience social learning. On the other hand, as social learning
in organizations is affected by various organizational factors,
including organizational cultural norms and practices, and atti-
tudes toward social learning [13], [11], the fact that the study was
realized out of real workplace settings allowed for the control
(i.e., exclusion) of these factors, and the focus on the visualiza-
tions and their effect.

C. Effect of Demographic Factors on the Study Results

The target population assumed by our research model
generally consists of knowledge workers who are computer
literate and regularly use computers and the Web for their work.
However, this is a broad category of users, and there might be
some differences among subcategories based on different demo-
graphic criteria such as professional position, familiarity with
the notion of social goals, and goal-centered collaboration. To

get an insight into their potential effect on the obtained signif-
icant results, we performed exploratory data analyses. Neither
the participants’ professional position [see Fig. 5(a)], nor their
familiarity with the notion of social goals [see Fig. 5(b)] had ma-
jor influence on the impact of visualization on the overall com-
prehension accuracy (OverallCompAccuracy). However, we did
observe a potential effect of the participants’ professional po-
sition [see Fig. 6(a)] and familiarity with the notion of social
goals [see Fig. 6(b)] on the perceived support for social learning
(PerceivedSocLearning) offered by different presentations of
social goals. Specifically, for those participants who held senior
R&D positions, there was a notable difference between the two
visualizations and FGB [see Fig. 6(a)]. In addition, a notable
difference in the perceived support for social learning offered
by GVis and FGB was observed among those participants who
were at least somewhat familiar with the notion of social goals
[see Fig. 6(b)].

Since there were only eight, out of 39, participants whose
professional position was categorized as Senior R&D, it was
not possible to more thoroughly examine the potential con-
founding effect of this demographic feature. Aiming to assess
the impact of the other potentially confounding demographic
feature—familiarity with the notion of social goals and goal-
based collaboration—we removed from the sample eight par-
ticipants with the Senior R&D professional position. How-
ever, factorial ANOVA with the perceived support for social
learning as the dependent variable, and presentation of goals
and familiarity with social goals as factors revealed neither sig-
nificant main effects of the two factors, nor significance of their
interaction. This suggests that those eight excluded participants
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made a difference. However, it might not be the case that it
was just their professional position (Senior R&D) that had in-
fluence, since those participants claimed their familiarity with
the concept of social goals, and were also experienced in using
visualization tools for information comprehension and decision-
making. Hence, the observed lack of significant results after ex-
cluding eight senior R&D participants might be a result of some
interplay between professional position, familiarity with social
goals, and experience in using visualization tools. However, this
is an assumption that needs to be further examined with more
data, i.e., in a larger study.

D. Limitations

First, the study was not conducted in a real-world orga-
nizational setting, but was based on scenarios of real world
situations. Therefore, it could have been difficult for the partic-
ipants to “immerse” in the realm of the imagined organization,
its needs and goals. Accordingly, the obtained results should
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be further validated in a field study that would be conducted in
organizational settings.

Another threat to validity may be related to the usability
aspects of the examined presentations. The two visualizations
were at the level of research prototypes and not integrated into
a social performance/goal management platform. On the other
hand, FGB was a part of such a platform, though as its novel
feature. Since the visualization prototypes were designed for
research purposes, they might have been less comfortable to
work with than commercial tools. Similar conclusion applies to
FGB as at the time of the study it was still insufficiently tested
with end users.

Finally, the three studied presentations of goals were evalu-
ated with a set of 15 goals, which is a realistic number of goals
in the case of small companies/organizations, but is rather small
in the context of large organizations. To approach the challenge
of visualizing large goal networks, we intend to follow one or
a combination of the following strategies in our future work: 1)
multiple interconnected visualizations (multiple views) where
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a change in one visualization is reflected on other related ones;
2) focus & context paradigm that allows for a topic exploration
starting from a more general/abstract view and then zooming in
to focus and zooming out to see the context. A combined use of
these strategies could enable a simultaneous insight into differ-
ent kinds of goals as well as seamless change of focus between
goals of different types.

VII. CONCLUSION

This paper presents our research work aimed at supporting
management of social goals in an organization. In particular, the
presented work examined the role of different goal presentations
as affordances of goals comprehension, and facilitators of social
learning in an organization. We examined and compared three
kinds of presentation of social goals: faceted goal browsing,
graph-based visualization, and timeline-based visualization.

The study results confirmed our assumption that a visualiza-
tion of social goals can improve the overall effectiveness (i.e.,
accuracy) of goal comprehension. This positive effect is also
present when one needs to understand how goals are mutually
connected, either via explicit, user-defined ties, or via implicit,
topic-based connections. In addition, the study results provided
support for our assumption that a visualization of social goals,
particularly graph-based visualization, could serve as a facili-
tator of social learning in an organization. This role of goals
visualization could be particularly strong in organizations that
have adopted or are in the process of adopting the social goals
metaphor into their organizational culture. This further indicates
that with the use of goals visualization, especially graph-based
visualization, organizations can bootstrap learning about and
adoption of social goals.

ACKNOWLEDGMENT

The authors would like to thank the Editor in Chief, Asso-
ciate Editor, and the respected reviewers for their constructive
feedback that helped us improve our original manuscript.

REFERENCES

[1] R. Atkinson andJ. Flint. (2001). Accessing hidden and hard-to-reach pop-
ulations: Snowball research strategies. Soc. Res. Update. vol. 33. [Online].
Available: http://sru.soc.surrey.ac.uk/SRU33.pdf

[2] A. Bandura, Social Learning Theory. Englewood Cliffs, NJ, USA:
Prentice-Hall, 1977.

[3] M. Bastian, S. Heymann, and M. Jacomy. (2009). Gephi: An open
source software for exploring and manipulating networks. presented
at the Int AAAI Conf. Weblogs Soc. Media. [Online]. Available:
http://gephi.org/publications/gephi-bastian-feb09.pdf

[4] S. Billett, “Learning through work: workplace affordances and individual
engagement,” J. Workplace Learn., vol. 13, no. 5, pp. 209-214, 2001.

[5] S. Billett, “Workplace participatory practices: Conceptualising work-
places as learning environments,” J. Workplace Learn., vol. 16, no. 6,
pp. 312-324, 2004.

[6] G. Bruno, F. Dengler, B. Jennings, R. Khalaf, S. Nurcan, M. Prilla,
M. Sarini, R. S. R. Silva, “Key challenges for enabling agile BPM with
social software,” J. Softw. Maintenance, vol. 23, no. 4, pp. 297-326, 2011.

[7] S. Card, J. Mackinlay, and B. Shneiderman, Readings in Information Vi-
sualization: Using Vision to Think. San Mateo, CA, USA: Morgan Kauf-
mann, 1999.

[8] A. O. J. Cramer, D. van Ravenzwaaij, D. Matzke, H. Steingroever,
R. Wetzels, R. P. P. Grasman, L. J. Waldorp, E.-J. Wagenmakers. (2014).
Hidden multiplicity in multiway ANOVA: Prevalence, consequences, and
remedies. [Online]. Available: http://arxiv.org/abs/1412.3416

[91
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

IEEE TRANSACTIONS ON HUMAN-MACHINE SYSTEMS, VOL. 45, NO. 4, AUGUST 2015

R. L. Daft. Organization Theory and Design. Cincinnati, OH, USA: South-
Western, 1998, p. 699.

C. M., Danis, F. B. Viegas, M. Wattenberg, and J. Kriss, “Your place or
mine?: Visualization as a community component,” in Proc. SIGCHI Conf.
Human Factors Comput. Syst., 2008, pp. 275-284.

T. R. V. Davis and F. Luthans, “A social learning approach to orga-
nizational behavior,” Acad. Manage. Rev., vol. 5, no. 2, pp. 281-290,
1980.

D. Denyer, E. Parry, and P. Flowers, “Social”, “open” and “participative”?
exploring personal experiences and organisational effects of enterprise2.0
Use,” Long Range Planning, vol. 44, nos. 5/6, pp. 375-396, Oct.-Dec.
2011.

M. Dodgson, “Organizational learning: A review of some literatures,” Org.
Studies, vol. 14, no. 3, pp. 375-394, May 1993.

P. Dourish and V. Bellotti, “Awareness and coordination in shared
workspaces,” in Proc. Comput.-Supported Cooperative Work , 1992,
pp. 107-114.

M. Eraut, “Non-formal learning and tacit knowledge in professional
work,” Brit. J. Edu. Psychol., vol. 70, no. 1, pp. 113-136, 2000.

J. Fekete, J. J. Wijk, J. T. Stasko, and C. North, “The value of information
visualization,” in Information Visualization (Lecture Notes In Computer
Science), vol. 4950, A. Kerren, J. T. Stasko, J. Fekete, and C. North, (Eds.)
Berlin, Germany: Springer-Verlag, 2008, pp. 1-18.

A. Field, Discovering Statistics Using IBM SPSS Statistics, 4th edition.
Newbury Park, CA, USA: SAGE, 2013.

M. Granovetter, “The strength of weak ties,” Amer. J. Sociol., vol. 78,
no. 6, pp. 1360-1380, 1973.

J. W. Haas, B. D. Sypher, and H. E. Sypher, “Do shared goals really make
a difference?” Manage. Commun. Quart., vol. 6, pp. 166—179, 1992.
A.F.Hadwin and M. Oshige, “Self-regulation, co-regulation, and socially-
shared regulation: Exploring perspectives of social in self-regulated
learning theory,” Teachers Coll. Record, vol. 113, no. 2, pp. 240-264,
2011.

J. Heer, M. Bostock, and V. Ogievetsky, “A tour through the visualization
700,” Commun. ACM, vol. 53, no. 6, pp. 59-67, 2010.

K. Hunt, “Faceted Browsing: Breaking the Tyranny of Keyword Search-
ing,” Feliciter, vol. 52, no. 1, pp. 36-37, 2006.

T. Jackson, J. Mackenzie, and S. E. Hobfoll, “Communal aspects of
self-regulation,” in Handbook of Self-Regulation, M. Boekaerts, P. R.
Pintrich, and M. Zeidner Eds. San Diego, CA, USA: Academic, 2000,
pp. 275-300.

A. M. Kaplan and M. Haenlein, “Users of the world, unite! The challenges
and opportunities of social media,” Bus. Horizons, vol. 53, no. 1, pp. 59—
68, 2010.

J. Kimmerle and U. Cress, “Group awareness and self-presentation in
computer-supported information exchange,” Int J. Comput.-Supported
Collaborative Learn., vol. 3, no. 1, pp. 85-97, 2008.

A. Kleingeld, H. van Mierlo, and L. Arends, “The effect of goal setting
on group performance: A meta-analysis,” J. Appl. Psychol., vol. 96, no. 6,
pp. 1289-1304, Nov. 2011.

R. Koschke, “Software visualization in software maintenance, reverse en-
gineering, and reengineering: A research survey,” J. Softw. Maintenance,
Res. Practice, vol. 5, no. 2, pp. 87-109, 2003.

A. L. Kristof, “Person-Organization fit: An integrative review of its
conceptualizations, measurement, and implications,” Personnel Psychol.,
vol. 49, no. 1, pp. 1-49, 1996.

I. Y. M. Lau, C. Y. Chiu, and S. L. Lee, “Communication and shared
reality: Implications for the psychological foundations of culture,” Soc.
Cognition, vol. 19, pp. 350-371, 2001.

P. M. Leonardi, M. Huysman, and C. Steinfield. “Enterprise social media:
Definition, history, and prospects for the study of social technologies in
organizations,” J. Comput.-Mediated Commun., vol. 19, no. 1, pp. 1-19,
2013.

E. A.Locke and G. P. Latham, “Building a practically useful theory of goal
setting and task motivation,” Amer. Psychol., vol. 57, no. 9, pp. 705-717,
2002.

C. C. Manz and H. P. Sims, “Vicarious learning: The influence of mod-
eling on organizational behavior,” Acad. Manage. Rev., vol. 6, no. 1,
pp. 105-113, 1981.

A. P. McAfee, “Enterprise 2.0: The dawn of emergent collaboration,” MIT
Sloan Manage. Rev., vol. 47, no. 3, pp. 21-28, 2006.

Y. Park and C. Jensen, “Beyond pretty pictures: Examining the ben-
efits of code visualization for open source newcomers,” in Proc. Int.
Workshop Vis. Software Understand. Anal., Edmonton, AB, USA, 2009,
pp. 3—-10.



JOVANOVIC et al.: COMPREHENSION AND LEARNING OF SOCIAL GOALS THROUGH VISUALIZATION

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[40]

[47]

(48]

K. Schmidt, “The Problem with ‘Awareness’: Introductory Remarks on
‘Awareness in CSCW’.” Comput. Supported Cooperative Work, vol. 11,
no. 3, pp. 285-298, 2002.

S. Schrire, “Knowledge building in asynchronous discussion groups: Go-
ing beyond quantitative analysis,” Comput. Edu., vol. 46, no. 1, pp. 49-70,
2006.

G. H. Seijts and G. P. Latham, “The effects of goal setting and group
size on performance in a social dilemma,” Can. J. Behav. Sci., vol. 32,
pp. 104-116, 2000.

M. Sensalire and P. Ogao, “Visualizing object oriented software: Towards a
point of reference for developing tools for industry,” in Proc. Int. Workshop
Vis. Software Understand. Anal., Banff, AB, Canada, 2007, pp. 26-29.
B. Sharif and J. I. Maletic, “The eftect of layout on the comprehension of
UML class diagrams: A controlled experiment,” in Proc. Int. Workshop
Vis. Software Understand. Anal., Edmonton, AB, USA, 2009, pp. 11-18.
G. Shteynberg and A. D. Galinsky, “Implicit coordination: Sharing goals
with similar others intensifies goal pursuit,” J. Exp. Soc. Psychol., vol. 47,
pp. 1291-1294, 2011.

L. Skapinker. (2012). The benefits of social goals. SalesForce Work.com
blog. [Online]. Available: http://work.com/blog/2012/07/the-benefits-
social-goals/

R. Spence, Information Visualization, 2nd ed. Harlow, U.K.: Pearson Ed-
ucation Limited, 2007.

M. Staron, L. Kuzniarz, and C. Wohlin, “Empirical assessment of using
stereotypes to improve comprehension of UML models: A set of experi-
ments,” J. Syst. Softw., vol. 79, no. 5, pp. 727-742, 2006.

J. K. H. Tan and I. Benbasat, “Processing of graphical information: A
decomposition taxonomy to match data extraction tasks and graphical
representations,” Inform. Syst. Res., vol. 1, no. 4, pp. 416439, 1990.

M. Van Kleek, B. Moore, C. Xu, and D. R. Karger, “Eyebrowse: Real-time
web activity sharing and visualization,” in Proc. Int. Conf. Human Factors
Comput. Syst., Atlanta, GA, USA, 2010, pp. 3643-3648.

J. Vancouver and J. Schmitt, “An exploratory examination of person-
organization fit: Organizational goal congruence,” Personnel Psychol.,
vol. 44, no. 2, pp. 333-352, 1991.

Y. Zhang and C. Chiu, “Goal commitment and alignment of personal
goals predict group identification only when the goals are shared,” Group
Processes Intergroup Relations, vol. 15, no. 3, pp. 425-437, 2012.

H. Zhu, R. Kraut, and A. Kittur, “Organizing without formal organization:
Group identification, goal setting and social modeling in directing online
production,” in Proc. Comput. Supported Cooperative Work, Seattle, WA,
USA, 2012, pp. 935-944.

489

Jelena Jovanovic received the Ph.D. degree in in-
formation systems and technologies from the Uni-
versity of Belgrade, Belgrade, Serbia, in 2007. She
is an Associate Professor with the University of Bel-
grade. Her broad research interests include semantic
technologies, knowledge engineering, and technol-
ogy enhanced learning.

Ebrahim Bagheri received the Ph.D. degree in com-
puter science from the University of New Brunswick,
Brunswick, Canada, in 2009. He is an Assistant
Professor with Ryerson University, Toronto, ON,
Canada, where he leads the Laboratory for Systems,
Software, and Semantics (LS3). His broad research
interests include large-scale software reuse and se-
mantic Web technologies.

Dragan Gasevic received the Ph.D. degree in com-
puter science from the University of Belgrade, Bel-
grade, Serbia, in 2004. He is a Professor and Chair
in Learning Analytics and Informatics with the Uni-
versity of Edinburgh. His research interests include
intersect of computational, socio-cognitive, and de-
sign aspects of information seeking, sensemaking,
and learning.



