Using Awareness Information to Enhance Online
Discussion Forums: A Systematic Mapping Study

Dhanielly Paulina R. de Lima
Institute of Computing
Federal University of Amazonas (UFAM)
Amazonas, Brazil
dhanielly@icomp.ufam.edu.br

Marco A. Gerosa
School of Informatics, Computing, and
Cyber Systems
Northern Arizona University (NAU)
Arizona, EUA

José Francisco de Magalhdes Netto
Institute of Computing
Federal University of Amazonas (UFAM)
Amazonas, Brazil
jnetto@icomp.edu.edu.br

Marco.Gerosa@nau.edu

Abstract—Context: Since online discussion forums are widely
used in Distance Learning platforms, instructors ought to be aware
of what is happening in them. Goal: Our study aimed to identify
scientific studies that investigate awareness in online forums in
Learning Management Systems (LMS) and Massive Open Online
Courses (MOOC). Method: We conducted a systematic mapping
to identify, filter, and classify primary studies. Results: We
selected 51 papers and categorized the difficulties faced by
discussion forum users into four groups: visualization, motivation,
structural, and accompaniment. In addition, we identified six types
of awareness elements: informal, group-structural, workspace,
social, task, and concept awareness. The results were divided into
two types: system/framework and approach/investigation.
Conclusion: our study provides an overview of the state of the art
and challenges concerning awareness information in online forums
and may guide future studies and tool development.

Keywords—awareness, perception, alerts, online discussion
forum, asynchronous communication, mediation, distance
education, online learning.

I. INTRODUCTION

Learning Management Systems (LMS) have a wide range of
pedagogical benefits, but the geographical distance and
asynchrony normally associated with them bring challenges to
mediating learners’ interactions. Instructors often miss
awareness information that could assist them in communicating,
coordinating, and cooperating within these environments.
According to Filippo et al. [1], awareness information reveal, for
example, students who monopolize the discussion or do not
participate.

Without such kind of awareness, it is challenging to guide
discussions in productive directions. Moreover, maintaining
awareness of the activities of other individuals is essential to the
workflow and naturalness of work and to diminish feelings of
impersonality and distance, which are common in virtual
learning environments [2]. Therefore, it is important that online
environments provide awareness elements that enable
individuals to interpret events and transmit information in an
organized way [3, 50].

Mapping what has been scientifically studied is relevant to
understand how to enhance current online discussion forums and
aid in identifying research opportunities. Our main purpose was
to identify what awareness information can be made available in
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online discussion forums to assist instructors in mediating
discussion. We conducted a systematic mapping aimed to
identify and analyze the scientific production related to
awareness information in Learning Management Systems
(LMS) and Massive Open Online Courses (MOOC). The
mapping sought ways to enhance discussion forums by
leveraging awareness information. It also sought to identify
difficulties in using the forums and relate these difficulties to
awareness information.

In addition to this Introduction, this paper is structured as
follows: Section II presents related work, Section III details the
research method, Section IV presents and discusses the results,
and section V presents conclusions and future work.

II. RELATED WORK

To the best of our knowledge, there is no mapping study or
systematic literature review in the context of awareness for
distance learning discussion forums. However, besides the 59
studies identified in this review, we point out three related works.

The first is the work of Steiner et al. [48], who present a
Literature Review to analyze the influence of incentives and
LMS components on student motivation. The results consisted
of an analysis of 156 studies. The findings suggest that clear
communication positively influences students in attention,
confidence, and perceived relevance. Moreover, according to the
work, incentives can influence the perception of components.

There is also the work of Reis et al. [49], which investigates
ways to promote student collaboration through technology and
presents a systematic literature mapping for the summarization
of results and discussion of use of affective states and
socioemotional factors to support the development of smart
CSCL environments. In this mapping, 58 studies were analyzed
and categorized. The results obtained by the authors identified
three main challenges to be addressed by the community for
adequate incorporation of affective states into CSCL
environments: emotional awareness, orchestration of student
interaction, and group formation.

Finally, the work of Loncar et. al. [51] present a
phenomenological critical literature review on forum use and
Asynchronous Online Discussion (AOD)-focused research in
educational contexts. In this work 84 journal papers were
analyzed in order to identify and document current trends in



research types, and platforms with base on forum. The results
provides two aspects important: a quantitative and
phenomenological qualitative snapshot of the state of the
literature for forums and AOD.

III. RESEARCH METHOD

Our method follows the Systematic Literature Review (SLR)
guidelines proposed by Kitchenham & Charters [4]. The
systematic mapping was conducted to identify scientific studies
investigating awareness in online discussion forums of LMS and
MOOC:s. This section describes the main steps performed: (a)
identification of research questions; (b) search for relevant
studies; (c) paper screening; and (d) data extraction.

A. Research Questions

Main Research Question: What awareness information can
be provided in online discussion forums and how can this
information assist instructors to mediate interaction?

To answer this question, three specific Research Questions
(RQ) were defined:

e RQI1 — What are the difficulties faced by instructors and
students in online discussion forums?

e RQ2 — What awareness information is provided in
online discussion forums?

e RQ3 - How can awareness information enhance
discussion forums?

B. Systematic Search

After defining the research questions, we defined the scope
of the search and the search string following steps defined by
Kitchenham & Charters [4]:

i. Deriving the main terms of the question; identifying the
population, intervention, and results;
il. Identifying relevant concepts;
iil. Identifying alternative spellings and synonyms;
iv. Checking keywords from known studies;
V. Using the OR Boolean to incorporate alternative

spellings and synonyms; and
vi. Using the Boolean AND to link the main terms.

As a result, the following search string was defined:

TABLE L SEARCH STRING

“learning management system” OR “learning management systems” OR
“LMS” OR “virtual learning environment” OR “virtual learning
environments” OR “VLE” OR “learning content management systems”
OR “LCMS” OR “online learning platform” OR “MOOC” OR “MOOCs”
OR “massive open online courses” OR “distance learning environment”
OR “distance learning environments” OR “distance learning course” OR
“distance education” OR “e-learning”

AND

“mediation” OR “awareness” OR “perception” OR “perceptions”
AND

“forum” OR “forums” OR “asynchronous discussion”

For the scope of this research, we used the search engines of
Scopus, IEEEXplore, ACM Digital Library, and Science Direct.
In addition, a manual search was also conducted following the
snowballing approach as defined by Wohlin [5]. We screened
the reference list of the papers to identify additional documents.
Table II shows the results obtained from each source. We
checked our results against a list of control papers, which we
previously knew to be related. We adjusted the search string until
we could cover all or most of the control papers.

TABLE IL DIGITAL LIBRARIES AND THE RESULTS OF THE 1ST SEARCH
Base Total N° of
Publications
ACM! 20
IEEE Xplore? 8
Science Direct? 9
Scopus* 139
Snowballing 25
TOTAL 201

C. Papers Screening

In the screening process, we selected the studies considered
relevant to this research. We selected papers that met one of our
5 inclusion criteria (IC):

e ICl. Publications should identify mediation or
awareness needs in the context of Learning
Management Systems (LMS) and Massive Open Online
Courses (MOOC);

e [C2. Publications should mention or identify awareness
information in the context of LMS and MOOC;

e IC3. Publications should describe awareness
information used to improve the quality of teaching and
learning within an LMS or MOOC;

e [C4. Publications should discuss usage difficulties or

improvements to online discussion forums;

IC5. Publications should identify awareness or
mediation needs to enhance online discussion forums.

In addition to the inclusion criteria, 5 exclusion criteria (EC)
were also used to screen the papers:

e ECI. Publications that do not meet any of the inclusion
criteria;

EC2. Publications not written in English;

EC3. Publications not available for download;

EC4. Incomplete publications;

ECS5. Duplicate publications.

All papers went through the triage procedure that took place
in three stages: identification of studies, selection of publications
(1st filter), and exclusion of publications (2nd filter).

! http://dl.acm.org/
Zhttp://ieeexplore.icee.org/Xplore/home.jsp
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D. Data Extraction

During the Systematic Mapping process, we used the Start’
and Mendeley® Desktop software tools. Each publication was
catalogued and evaluated according to the selection criteria of
the screening phase. Publications that were detected more than
once in the query were considered "Duplicate."

The first filter was applied considering title, abstract, and
keywords. In the second analysis, the approved articles went to
the extraction procedure. This procedure looked for a series of
information, as described in Table III.

TABLE IIl.  TABLE TYPE STYLES

Data Extraction Description

Title Title of the work being analyzed
Author Authors’ names
Year Year of publication
Keywords Keywords of the work

Objective Work’s objective
Methodology Case study, controlled experiment, action

research, survey, among others

Difficulties and needs faced by users of a
forum

Awareness or mediation information that can
assist online discussion forums

Artifacts generated in each work, which can
be a model, a framework, an approach,
among others

Need for a forum

Awareness
information

Generated output

IV. RESULTS AND DISCUSSION

The systematic mapping was performed from November
2016 to February 2018 and the selected papers were analyzed
according to the Inclusion and Exclusion criteria. The complete
list of selected papers is available in the appendix.

A. Overview

An initial analysis consisted of providing general
information about the selected papers: year of publication,
location of the authors, and publication venue.

Fig. 1 summarizes the distribution of articles taking into
account the "Year of publication." On overage 4 articles are
published per year.
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Fig. 1. Distribution of papers per year.

The information regarding the authors’ location is presented
in Fig. 2. The figure presents a Power Map with the percentage
of publications from each continent. The results show that
Europe has a significant number of authors who publish in this
area (34%). North America and Asia are followed by 18 % and
17%, respectively. The countries that stood out were the USA
with 14%, Brazil with 14%, Australia with 12%, Spain with
11%, and Canada and the United Kingdom with 5% of published
works.

Fig. 2. Paper distribution.

Finally, 52.5% of the studies analyzed were published in
event proceedings, mainly of the Conference on Computer
Support for Collaborative Learning, Frontiers in Education, and
the International Conference on e-learning. The others,
equivalent to 47.5%, were published in Journals, such as
Computers & Education, Educational Technology Society, and
Information Technology Education.

B. Answers to Research Questions

In the following, we discuss the answers for our research
questions.

e RQ1: What are the difficulties faced by instructors
and students in online discussion forums?

Several types of difficulties regarding the use of forums were
mentioned in the selected papers. These difficulties were
classified into 4 categories:

i. Difficulties in following the discussion: Many participants
found it difficult to keep up with the discussions taking place in
forums. Often, distance learning courses involve a significant
number of participants and consequently of postings, making it
difficult for instructors to follow up and provide feedback in a
timely manner.

According to Liu et al. [6], lack of feedback affect student
participation and the perception of the usefulness of the tools. In
this way, monitoring by instructors is indispensable for the
steady progress of forum discussions and to influence students’
participation. To meet this need, some papers [7, 8, 9, 12] make
use of intelligent agents or intelligent tutoring systems to
monitor students' activities in the forums so that students always
have feedback. An example is the work Faria et al. [9], who use
intelligent agents to mediate forum activities, maintaining the
balance of participants' interactions.

3 http://lapes.de.ufscar.br/tools/start_tool

6 http://www.mendeley.com/download-mendeley-desktop/



ii. Difficulties related to the hierarchical structure of the
forum: several studies [6], [10], [11] report that the structure of
the forum does not facilitate understanding. For instance,
responding to another person's comment becomes a difficult
activity when one has several comments [12], [13]. Sometimes
participants respond in a wrong way or do not obey the structure
provided by the forum. Many forums have a "poor" or low-
quality interface design [6].

Another example that highlights the structural difficulty is
the work of Sayfouri [10], which emphasizes the usability of an
LMS as a significant contributor to student satisfaction, as
students should be able to focus on learning content instead of
worrying about navigating the LMS tools.

iii. Difficulties in motivating participants: many instructors
have difficulty in motivating students to interact in the forum.
These difficulties are also due to the structure of the forum and
the lack of motivational resources. The work of Vigentini and
Clayphan [14] presents strategies to motivate participants to
contribute to forums, such as the formulation of open questions
and interaction of students with instructors and other students. In
addition, the work analyzes the combination of the forum with
social network analysis. Other works also mention issues related
to motivational difficulties within LMS or MOOC, such as [7,
10, 15, 16, 17, 18].

iv. Exhaustion: since forums do not have tools to aid the
handling of the discussions, many instructors manually check for
interactions—a time-consuming, exhausting action [12].

e RQ2: What awareness information is provided in
online discussion forums?

Several types of awareness information were identified in the
studies: social, workspace, task, group-structural, concept, and
informal awareness. The relationship between the types of
awareness information and the papers is presented in Table I'V.

TABLE IV. ARTICLE DISTRIBUTION BY AWARENESS INFORMATION
Awareness Paper
Information P
[6], [9], [12], [14], [16], [19], [20],
Social [21], [22], [23], [24], [25], [26], [27],
[28]
(6], [7], [10], [15], [16], [21], [29],
Workspace | 13511311, [32], 331, [47]
Task (81, [17], [18], [33], [34], [35], [36],

[37], [45]

Group-structural | [10], [11], [14], [38], [39], [40], [46]

Concept [8], [35]

Informal [41]

The definitions below are based on the concepts of Gutwin
et al [42], [43]:

i. Workspace Awareness: the collection of up-to-date
knowledge that a person maintains about the interaction state of

others in the workspace. This helps people to move between
individual and shared activities, providing a context in which it
is possible to interpret and anticipate the actions of others and
reduce the effort required to coordinate tasks and resources.

ii. Informal Knowledge Awareness: the general sense of who
is around and what they are doing, for example, the shared
knowledge people have working together in the same office.
Informal awareness facilitates casual interaction.

iii. Group-structural Awareness: knowledge about people
and responsibilities: their positions on a problem, their status,
group processes, and group interactions.

iv. Social Awareness: the information that a person holds
about others in a social or conversational context, for example,
whether the other person is paying attention and their emotional
state or level of interest.

v. Task Awareness: the individual’s perception of a task, for
example, how a certain task will be completed.

vi. Concept Awareness: the awareness of how one particular
activity or part of knowledge fits into the existing knowledge of
another individual.

According to Slavin [44], using tools that supply task
awareness and concept awareness within a learning environment
can provide students with explicit structures to help them focus
on learning tasks. In addition to identifying awareness
information, we identified the most discussed topics.

As shown in Table V, the most common group is Social
Awareness, which refers to the publications that investigated the
social context of the forum, as well as social presence, social
network analysis, and analysis of interactions. The latter, in turn,
had a significant impact on the works analyzed and was divided
into 3 subgroups. The first subgroup refers to the publications
that evaluated instructors’ feedback regarding interactions. The
second subgroup comprises the works that investigate the
interactions, whether student-student or instructors-student.
These investigations provide data that aid in coordination or
collaboration in forums. Finally, the third subgroup relates to the
works that present some software or framework to measure the
interactions.

The second group was divided into the 3 most discussed
subjects by the papers that have the characteristics of workspace
awareness. The first topic is related to LMS and MOOCs
workspace investigation [10, 21, 29, 32]. The second topic is
related to participants' perceptions of the teaching-learning
environment, for example how the participants perceive and use
the environment [7, 10, 15, 33]. Finally, the last topic addressed
the distance learning platform tools, such as forums, wikis, chats,
and messages. In the latter, the work sought to investigate the
instructors’ or students’ perception towards the tool, such as the
students vision-driven forum tool: how they viewed and
participated in the forum learning space [33].

The third group, related to Task Awareness, is divided into
two subgroups. The first subgroup comprises papers that analyze
students' perceptions regarding activities: how they perceive and
interact with the activities or tasks that are posted. The second
subgroup analyzes activities seeking to elaborate and test tools



that assist in the execution of tasks or present some tool to
monitor the tasks and assist instructors. Watson's work [18]
analyzes teachers' perceptions regarding asynchronous
discussions and presents an image of the problems contained in
the online discussion forums, which can assist in executing

activities and facilitating collaboration among forum
participants.
TABLE V. DISTRIBUTION OF PAPERS FOR AWARENESS ELEMENTS
ID %vlv:;leel:letzs Topics Discussed Paper
Social presence analysis [19], [25]
Social network analysis [12[]é£]1 4,
Feedback
measurement [16], [22]
1 Social [6], [12],
Awareness gl !nvesngatlon of [20], [22],
interactions interactions [23], [26],
[27]
Software for
measure [9], [28]
interactions
Investigation of virtual space [10], [21],
[29], [32]
Investigation of the participants with [71, [10],
2 Workspace | the environment [15], [33]
Awareness Forum [6], [31],
Investigation [47]
of tools Forum and others [16], [30],
[33]
Students' perception of activities [17], [35],
[36], [45]
3 Task Tools that help in [18], [33],
awareness Analysis of task execution [34], [37]
activities Tools that monitor
tasks [8], [35]
Investigation of possibilities that [11],[14],
Group- contribute to group interactions. [38], [39],
4 structural [40]
Awareness | Investigation of the group position of | [10], [40],
each individual within the forum. [46]
Concept Feedback to the studen't,bto help .
5 students with the definitions studied [8], [35]
Awareness .
or possible doubts.
Informal Investigation of the typical actions of
6 . R [41]
Awareness | distance learning instructors.

The fourth group presents the information related to Group-
structural Awareness. Some of the papers [11, 14, 39] investigate
ways to contribute in group interactions, either by implementing
tools that provide group information or by recommending study
partners to students according to the affinities analyzed. The
other part of the papers investigates the group positions of each
individual within the forum and presents this information to
instructors to help them understand the group interactions.

The fifth group analyzes and implements Concept
Awareness information. This group presents ways to help the
student with the construction of knowledge. For example, the
work of Berman et al [35] explores students' perceptions about
using virtual patients in a behavioral medicine MOOC and
describes ways to disseminate knowledge in health-related areas.

Finally, the sixth and last group relates to Informal
Awareness. In this group, we can find the work of Vettorel &

Corizzato [41], which helps other instructors and researchers to
understand the typical actions and behaviors of distance
education instructors in distance learning platforms.

The analysis of the awareness elements and the identification
of the subjects addressed by the works facilitate and aid in
understanding the topics investigated and the forms that can be
used to improve the use of online discussion forums or other
distance learning tools. In addition, we noted that some papers
use or investigate more than one element in their context, such
as [6, 8, 14, 16, 35], as can be checked in Table IV (for more
details see Appendix A).

e RQ3: How can awareness information enhance
discussion forums?

We found publications that carry out investigations aiming
to strengthen forums or promote social interaction among the
participants. Works developed tools and frameworks that
provides awareness information. Finally, some papers present
models to aid in the didactics of the forum. In addition, we found
publications that conduct an awareness analysis combined with
the 3C Collaboration Model, for example [38] and [13]. In the
following, we categorize the works according to two types of
outputs generated:

i. Approach/model: these are the publications that present
as results some research, an approach, analysis, or conceptual
model. Works that did not develop any tool are found in this
category.

ii. System/framework: this group comprises works that
present some system, framework, or plug-in.
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Fig. 3. Bubble Chart - Awareness elements and their relation to the results.

Fig. 3 illustrates the awareness information investigated and
its relation to the generated results. As can be observed, most
publications generated some approach or investigation. Within
this group, the awareness information investigated that had more
incidences were Social and Workspace awareness. Moreover,
out of the 59 publications analyzed, only 13 generated some
result in the form of a system, such as [8, 9, 12, 23, 24, 28, 29,
32, 35, 36, 39, 40, 47]. This fact can be justified due to the
complexity of implementing a system that meets the needs of
awareness, mainly focused on the context of groupware.



e Main Research Question: What awareness
information can be provided in online discussion
forums and how can this information assist
instructors to mediate interaction?

Based on the results obtained from the research questions,
we can say that 6 types of awareness elements have been
identified and can be applied to online discussion forums:
concept, group-structural, informal, social, task, and workspace.
In addition, some difficulties faced by users of discussion forums
were also identified: following the discussion, structure of the
forum, motivating participants, and instructor exhaustion.

For each difficulty found, one or more awareness elements
may be applied to mitigate the difficulty. For example, for
difficulty in following the discussion, a workspace awareness
mechanism can be implemented that provides instructors or
students with a perception of a shared learning space.
The work of Ulrich & Nedelcu [7] investigates the perceptions
of teachers and students and their expectations towards the
MOOCs. The investigation and collection of this information
aims to improve the workspace used. Other elements that can be
used in this type of difficulty are concept or task awareness.

For the difficulty with forum structure, for example,
workspace awareness information can be provided. This kind of
awareness may provide information that helps people in
individual and shared activities, providing a context for
interpreting and anticipating actions.

For the difficulty in motivating participants to interact in a
forum, a variety of awareness information can be provided. For
example, group-structural awareness can provide group
information to instructors [12], [39]. With this information,
didactic strategies can be adopted to promote collaboration
between students or to encourage more participation from a
student who is not very active in the discussions. Concept and
task awareness can also be used to provide information that helps
students understand a given task, clarifying doubts and providing
feedback in a timely manner, for example [8] and [35]. Social
awareness can also help motivating participants by providing
instructors with social information about the class, as presented
in [19, 24, 12, 27]. These elements can provide information that
helps to promote collaboration.

Finally, exhaustion is related to the lack of automatic
mechanisms that help instructors to follow their class or
understand the interactions. To mitigate this difficulty,
workspace awareness can be used to provide instructors with
information about what is happening in the environment.
Informal awareness can also be used, which can provide
communication tips for improved interaction with students.
Concept awareness can also be provided, for example, in some
mechanisms that recommend materials or other information to
students. The work of Xu & Yang [11] provides methods for
recommending study partners for students to answer their doubts
in a direct way.

We can note that awareness information can be used for
different purposes to improve discussion or to mitigate
difficulties. The analyzed works help us to understand the
themes related to this mapping, as well as provide an overview
of the state of the art and what has been developed.

V. CONCLUSION

This work presents a Systematic Literature Mapping (SLM).
Initially, 201 publications were identified that passed the
inclusion criteria. After the 1% and 2™ filters, 59 publications
remained and were integrally read to have their information
analyzed to answer our research questions.

The first question (What are the difficulties faced by
instructors and students in online discussion forums?) revealed
difficulties categorized into 4 groups: difficulties in following
the debate, difficulties with the structure of the forum,
difficulties in motivating students, and the exhaustion of
instructors.

For the second question (What awareness information is
provided in online discussion forums?), we identified 6 elements
of awareness that focused on the context of distance learning:
workspace, social, informal, group-structural, task, and concept
awareness. These elements can critically enable participants to
gain insight into the distance learning environment.

Finally, for the last question (How can awareness
information enhance discussion forums?), the data were
categorized into two groups of outputs generated. The first group
comprises publications that developed conceptual models or
conduced scientific investigations but did not develop systems.
The second group comprises publications that have developed
some system/framework/plug-in to test and validate the
proposals.

To answer the main question (What awareness information
can be provided in online discussion forums and how can this
information assist instructors to mediate interaction?), we
observed the different types of difficulties encountered in the
forums and related these difficulties to the elements identified in
the mapping. For each difficulty, awareness information can be
provided. For example, in the accompaniment difficulty, a
workspace awareness resource could be used that would allow a
view of what is happening in the workspace, among other
examples that were explored in detail in the work.

The results presented in this Systematic Mapping help to
understand what is being investigated in relation to the use of
awareness in the context of forums. We expect that the mapping
will help researchers in the identification of works that
investigate the applicability of awareness and its elements in the
context of distance learning.

As a future work, we suggest an in-depth analysis of the
difficulties faced by users of online forums. In addition, we
intend to implement a tool that provides workspace and group-
structural awareness, thereby providing instructors with
information to assist in the monitoring of the forum and
coordination of interactions.
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