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Abstract. One of the main lines of research in the field of learning analytics fo-
cuses on the identification of adequate data extracted from Learning Management
Systems’ (LMS) databases that may help predicting different behaviors and out-
comes, such as academic achievement or student performance. Prior research has
investigated these indicators at an individual level. The situation is more complex
in collaborative settings involving teamwork, such as project-based learning,
where student assessment considers the group as a single entity, disregard of in-
dividual contributions to the team. Furthermore, most often only the final deliv-
erable is taken into account when assessing teamwork in collaborative learning,
leading to a loss of perspective about the whole process and whether or not team-
work is effectively happening. This research aims to provide a comprehensive
selection of log-based information from LMS databases that could serve as po-
tential indicators to perform learning analytics and assess teamwork in online
learning. The proposal of this novel and theory-grounded framework understands
the multidimensional nature of teamwork, considers different sets of indicators
for each of its dimensions—communication, cooperation, coordination, and mon-
itoring and tracking—and incorporates the temporal dimension of activity data.
This proposal sets the basis for future software development to effectively trans-
form LMS log-based data and provide actionable measures of teamwork using
learning analytics.

Keywords: Learning Analytics, Teamwork, Learning Management Systems,
Logs.

1 Introduction

Online collaboration is at the heart of new networked organizations. Job posts evolve
toward pervasive connectivity embedded in networked organizations that replace tradi-
tional hierarchical structures [1,2]. The origin of this change in organizational models
has three main causes: the relation between collaborative work and productivity [3,4],
flexibility and teamwork structures that maximize the talent of employees.
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Organizational initiatives to improve employees’ teamwork skills include hiring of
experts to manage and coordinate teamwork building projects [5]. However, in many
occasions these initiatives do not achieve the expected outcomes due to contextual, in-
dividual or motivational factors [6,7]. Therefore, there is a great interest in investigating
the factors that are characteristic of high-performance teams [8].

The demand for professional workers who have developed their teamwork skills also
affects educational institutions [9]. The number of graduates joining the workforce is a
proxy measure of an institution’s success, which has led to the integration of teamwork
training in most undergraduate and graduate courses [10], primarily through the imple-
mentation of project-based learning approaches. Higher education is also incorporating
the use of Information Technologies such as Learning Management Systems (LMS) as
tools to support learning in general, and group activities in particular, allowing for an-
ywhere-anytime, synchronous and asynchronous participation. LMS keep track of the
contributions from each student—or group/team member—, providing evidences for ef-
fective assessment, as well as information about the learning process, helping instruc-
tors to effectively monitor and support students.

Following similar approaches from prior literature [11], this conceptual research
aims to develop a learning analytics-based classification and to propose a system of
indicators that uses student activity traces in the LMS to provide instructors and teach-
ers with the most relevant information about student teamwork assessment in LMS.
This system may be used to facilitate decision-making about course instruction and
student and group assessment in project-based learning. In order to do so, the study
proposes a framework of learning interactions for the analysis of teamwork in virtual
learning environments. .

2 Conceptualization of teamwork

This study defines teamwork as a collaborative process, details its characteristics, and
builds on Fuks et al’s 3C collaboration model [12], which considers communication,
cooperation and coordination as the main components of collaboration, and further ex-
pands it with a fourth dimension: tracking/monitoring.

2.1  Definition

Teamwork refers to a behavioral pattern between two or more individuals [13,14] who
interact dynamically [15], establish a regular and constant negotiation to reach agree-
ments [16] through knowledge exchanges and problem solving [17], while keeping a
steady pace and coordinating efforts [18] in order to achieve their shared goals [19].
Teamwork is observable when a task is being performed [16,20,21], and thus pre-
sents a behavioral pattern that can be recognized through observation and is different
from other group actions [22]. Teamwork is also stable, extending to other tasks and
contexts [23], even though group member changes may alter the level of success of
outcomes [24]. Finally, and most important, teamwork is a cause and predictor of out-
comes, given an established behavioral pattern or interaction model [19,22,25,26].



2.2 Group teamwork and individual teamwork

Because this study focuses on observable aspects of teamwork, it is necessary to limit
the concept and highlight the differences between group teamwork and the individual
work of team members. When observed closely, both an individual task and teamwork
assignment share some inputs—goal definition and available resources—, process—task
execution— and outputs—delivered result or outcome [27]. Individual and team work
even share the most basic sub-tasks, to the extent that some assignments that are carried
out in teams could easily be done by a single individual.

The main difference between individual and team work is that, when working in
teams, both the final goal and intermediate goals and objectives are shared among the
team members. In other words, their actions are interrelated. Thus, the interdependence
among group members is one of the key elements that make individual and team work
different [28].

This interdependence translates to interactions between members. Member interac-
tions are an essential element of teamwork and lead to observable behaviors because,
in order to achieve the shared goals, the team has to show cooperation and social skills
that are not necessary to perform an individual task [14,29,30].

In sum, teamwork is a multidimensional and interdependent concept. In the context
of this research, teamwork corresponds to the regular communication between two or
more people who coordinate their effort in a period of time during which they cooperate
sharing ideas, knowledge and information, paying attention to the progress of the dif-
ferent tasks in order to achieve a common goal. Therefore, teamwork is the result of
different behaviors: communication, coordination, cooperation and monitoring. These
behaviors are complementary, combine with one another, are observable, include re-
curring activities, and are developed by every team member.

2.3 Dimensions of teamwork

Teamwork is a complex and dynamic concept. The multidimensional and interde-
pendent nature of teamwork implies that the observation of one single dimension or
behavior does not determine that teamwork is happening; on the contrary, all the dif-
ferent behaviors have to be observed in order to confirm that teamwork exists. None-
theless, this does not mean that all the different behaviors occur with the same fre-
guency, intensity or duration.

The first observable dimension when a teamwork task begins is communication, or
interaction between all team members. This interaction is present during the whole pro-
cess, even though with different levels of intensity, and in LMS it becomes manifest in
the form of message exchanges [12] in message boards and chats, with immediate,
lengthy and timely replies [31] between all participant members.

As long as all team members are participating, communication happens in a closed
loop between emitter and receivers [31,32], confirming that if teamwork is happening,
high levels of interaction must occur [12]. High levels of interaction are also related to
cooperation, as they drive an increasing number of contributions of members to the
common task [14,31] in shared workspaces, such as a wiki, glossary or workshop in



LMS. Together with the dimensions of communication and cooperation, teamwork in-
volves coordination. Coordination becomes manifest when every team member com-
municate with each other and cooperate in a synchronous way.

Finally, for teamwork to develop effectively, there must be some kind of control of
performed and pending tasks. This supervision includes monitoring and tracking activ-
ities [33], and constitutes the fourth dimension of teamwork. Monitoring and tracking
activities must be defined from the beginning of the activity, and one of their defining
characteristics is their regularity or consistency [12,34]. Monitoring and tracking re-
quires a timely reading of other members’ contributions [35]. Tracking represents as-
sessment of performed and remaining tasks, as well as of time and resource availability,
and it reflects effort and commitment to the team [33].

In sum, an adequate conceptualization of teamwork must include the following four
dimensions: 1) communication, defined in terms of message exchanges with a structure
of reply and confirmation—active listening—; 2) cooperation, as long as team members
share and exchange information in order to complete a shared goal; 3) coordination that
translates in synchronicity and constant pace during the execution of the different tasks;
and 4) monitoring and tracking, by adequately keeping up to date record of communi-
cations and interactions.

2.4  Temporal dimension

Each and every interaction in LMS generates a record or digital footprint that links the
data to a unique identifier: the user—in this case, a student. Every session login, message,
query, update or click in the LMS has a corresponding record in the database.

Besides the association of each interaction with the user, the fact that in LMS all
records have a timestamp, opens a door to the analysis of time-related factors for the
application of learning analytics [36]. Teamwork is a temporal series of behaviors
[37] that allows to assess learning progress [38,39]. Additionally, and given the
iterative nature of teamwork behaviors [38,39], it is necessary to analyze the
recurrence of these behaviors during the execution of the common task.

3 Interactions in LMS and teamwork dimensions

The previous section has already highlighted the relevance of interactions. Broadly
speaking, an interaction refers to an action that two objects, people or agents execute
reciprocally. When a team of people work together toward a common goal, interactions
refer to every interpersonal observable behavior aiming to synchronize and coordinate
resources and tasks in order to achieve the goal in a limited time [40], during a period
covering two arbitrary time points [41,42].

In the context of LMS, interactions are the basic unit of data in learning analytics
[11], as traces of user activity in LMS are stored in real time as records in the system
database. According to this, collaborative activities—e.g. teamwork—in LMS comprise
groups of records that represent the reciprocal actions—interactions—between team
members in a given period of time.



While there is no existing classification of collaborative interactions in LMS-the
only available classifications offer a study at the individual level [11,43]-, prior re-
search has investigated teamwork interactions in face-to-face learning, using observa-
tion through recording and analysis of conversations. The classifications resulting from
these analyses include meta-analysis of team efficacy [44], necessary behaviors for
teamwork in higher education [45], or organizational approaches focusing on team
structures as predictors of success in project management [19,22,25,26,46]. The main
conclusion of these studies is that effective teams show higher frequency and con-
sistency in their interactions during the execution of the task, with higher levels of in-
teraction during the first days of activity and in the days before a deliverable is due.

Addressing teamwork from a group perspective requires the unit of analysis to be
comprised of groups of interactions that include at least an individual-but not isolated—
interaction of each member, while considering also time and space concurrence [47].
However, it is not enough to group interactions as an aggregate—i.e. the aggregation of
individual contributions and results—; that is, team interactions will be defined by the
group of interactions of all team members that happen in a temporal span [41,48].

The following subsections will detail the proposal of interaction indicators for the
different dimensions of teamwork.

3.1 Communication (Cm)

In online contexts, communication between team members involves message and in-
formation exchanges [12,49]. Therefore, database records informing about message
creation, publication or updating in message boards or chats are potential candidates to
measure communication.

Regarding message exchanges, prior research has noted the positive relation between
message length [50] or number of messages exchanged in a period of time [51,52] and
student outcomes. These records can be considered as part of the communication when
there is reciprocity [53,54]; that is, when there is a quick and timely reply from other
team members. From an individual perspective, reciprocity can be measured by the
average in-reply and out-reply time [19].

Communication has to be persistent: each team member has to show constant impli-
cation in the interactions [54]. The levels of persistence can be measured as the ratio
between actual potential activity time intervals—e.g. real time used and total time avail-
able [19].

From the above, our proposal includes the following observable indicators of com-
munication, at both individual and group levels:

e Individual:
— Individual message exchanges [12,49]: Ratio between number of messages sent
and total team messages.
— Individual message length [50]: Average length of sent messages.
— Individual frequency of messages [51,52]: Number of messages sent by the indi-
vidual by each task-dependent time unit.



— Individual out-reciprocity [15,54]: Temporal distance of an individual replies’ to
other team members.

— Individual in-reciprocity [19,35,50]: Temporal distance of other members’ replies
to messages sent by an individual.

— Individual consistency [51,52]: Time interval between messages sent and interval
variability.

e Group:

— Team message exchanges [55]: Total number of messages exchanged within the
team.

— Team message length [50]: Average length of team messages and length variabil-
ity among team members.

— Team message frequency [56]: Number of team messages by time unit (hour, day,
week, month):

— Team reciprocity [19,35,50]: Balance between promptness and timeliness be-
tween messages sent and replies received among team members.

— Team consistency [51,52]: Time interval between team messages and interval
variability.

3.2  Cooperation (Cp)

Cooperation involves sharing knowledge and, the same as communication, is positively
related to learning outcomes [57]. Cooperation in LMS is observable through the col-
lection and combination of all members’ contributions to a shared workspace; in other
words, it reflects the team workload by showing alternating contributions of the differ-
ent group members [12,14]. Production, in terms of knowledge interactions between
members in a shared workspace, can also be seen as a form of cooperation [35]. There-
fore, cooperation includes data related to contributions in a shared workspace—such as
a wiki, workshop or glossary in Moodle—, comprising both original contributions and
content updates.

Cooperation means working together, and it is characterized by: its presence during
the execution of the whole task—consistency [58]-, how early the members start con-
tributing [17,18], timely contributions [59] and on-time delivery of outcomes. Execu-
tion time makes the relation between delays and poor time management evident, both
at an individual and group level [60-62].

In summary, data related to cooperation in an LMS are those that have been gener-
ated through interaction in the shared workspaces that provide support to the creation
of the deliverables, including the time occurred between contributions, and taking into
account start and end dates.

From the above, our proposal includes the following indicators of cooperation:

e Individual:
— Individual contributions [12,14]: Number of individual contributions.
— Combination of individual contributions [35]: Ratio between individual workload
and team workload.



— Individual consistency [58]: Distribution of contributions in the time available to
do the task.

— Individual earliness [17,18]: Time between the moment an activity starts and the
first contribution.

— Individual delay [59]: Time between last contribution and deadline to complete
the activity.

— Individual cooperative interaction [57]: Every interaction recorded in the shared
workspace.

e Group:

— Team contributions [12,14]: Total contributions made by all team members.

— Combination of team contributions [35]: Average team workload and variability
across members.

— Team consistency [58]: Average time separation between contributions of all
members, and variability across members.

— Team earliness [17,18]: Average distance between every team members’ first
contribution and variability across team members.

— Team delay [59-62]: Average time distance between the last contribution of the
team and deadline to complete the activity, and variability across members.

— Team cooperative interaction [35,57]: Ratio between all the interactions of team
members and contributions made in the shared workspace.

3.3  Coordination (Cd)

Teamwork coordination consists on the synchronization of member interactions [14],
which translates to a constant task execution pace and regularity [63]. Concurrency of
interactions is easily observable in LMS through specific information in three record
fields: timestamp, virtual space where the interaction occurs and user id.

In an online context, teamwork coordination offers a link between communication
and cooperation that helps harmonizing and integrating individual efforts to achieve
shared goals [12,33]. As a harmonization tool, message exchanges in earlier stages of
task completion usually serve as an indication of successful task completion [64]. Re-
lationship with outcomes aside, it is during the coordination process where communi-
cation and cooperation occur and may be observed through task completion progress
and message exchanges, as that involves that team members are reaching agreements.
In other words, sudden changes in the frequency of message exchanges and task exe-
cution breaks indicate that the team is experiencing difficulties and an intervention may
be required [31]. Therefore, from a database perspective, coordination becomes evident
if the temporal distance between messages and contributions presents sudden changes.

As an effort-integrating tool, coordination becomes manifest when the work involves
all group members. Global efforts may be detected by observing the time allocated to
available resources [65], time spent in sending messages and time dedicated to each
contribution [33].

Another characteristic that may affect coordination is the fact that teamwork has a
temporal limitation. The existence of delivery dates and deadlines makes it easier to
observe that constant exchanges and contributions help completing the task on time



[53,62,66] or that delays and last-minute delivery are an indication of poorly coordi-
nated teams [60,61]. Along this line of reasoning, time of task execution relative to
available time and the interval between delivery and deadline measure the degree of
coordination and organization of the team [67].

From the above, our proposal includes the following indicators to measure teamwork

coordination at individual and group levels:

Individual:
— Quantitative individual synchronicity [38]: Correspondence between individual

active interactions and active interactions of the rest of team members.

Spatial individual synchronicity [14]: Concurrency in the same virtual space with
the rest of team members.

Temporal individual synchronicity [31,39]: Temporal distance between each
member interactions and the interactions of the rest of team members.

Individual communication coordination [33,64]: Ratio between individual time
spent publishing messages and total time spent publishing messages by all team
members.

Individual cooperation coordination [33]: Ratio between time spent in individual
contributions and total time spent in contributions by all team members.
Individual monitoring coordination [65]: Ratio between individual time spent
reading messages and contributions and overall team spent reading messages and
contributions by all team members.

Individual delivery date coordination [67,68]: Temporal distance between the lat-
est reading, messaging and contribution actions and delivery date relative to the
rest of team members.

Individual pace [63]: Total individual time spent in a task relative to time spent
in the task by the rest of team members.

Group:
— Quantitative team synchronicity [38]: Correspondence between total effort

(global messages and contributions): and the number of team members, including
variability between members.

— Spatial team synchronicity [14]: Overall concurrence of team members in a given

virtual space.

— Temporal team synchronicity [31]: Temporal distribution of synchronous inter-

actions between team members during the time available to task execution.

— Team communication coordination [64]: Average time dedicated to message ex-

changes and variability among members.

— Team cooperation coordination [60,61]: Average time dedicated to contributions

and variability among members.

— Team monitoring coordination [65]: Average time dedicated by all team members

to reading activities in the specified period of time available to complete the task.

— Team delivery date coordination [53,62,66,67]: Temporal distance between the

latest interaction of each team member and delivery date.

— Team pace [63,67]: Total team time spent in a task relative to time available for

task completion.



3.4 Monitoring and tracking (MT)

Monitoring and tracking refers to the process of observing team actions, detecting
errors and differences of opinion related to the task being performed, which promotes
the generation of suggestions and corrections as feedback for every team member [48].
Therefore, monitoring and tracking has a strong association with both communication
and cooperation interactions. In LMS, monitoring and tracking correspond to what [11]
identify as passive interactions.

As with other dimensions, one characteristic of monitoring and tracking is its regu-
larity. More specifically, monitoring is evident in early stages of the task by observing
when team members access the guidelines and resources, information that is also re-
lated to academic performance [37,69]. Checking resources—access, file downloads,
etc.—is considered a predictor of better results during task execution [70], even though
the required level of resource access is contingent on the difficulty of the task [71], and
changes depend on the number of resources available. This study primarily considers
as monitoring and tracking indicators those that provide information about observa-
tion/reading activities in the beginning of the task—temporal distance to first access—
and also during the execution of the task relative to the number of resources [69].

In relation to communication and cooperation, monitoring and tracking in online
teamwork is a process that includes reviewing and reflecting upon the task being per-
formed, and also upon the changes and agreements made [31]. Reviewing may be no-
ticed by observing passive interaction records, such as time spent in communication—
message board, chat-or cooperative—wiki, workshop, glossary, etc.—spaces. An im-
portant aspect to consider is that the duration of observations/reading must be propor-
tional to the quantity of information that is being accessed [72]: if this duration—differ-
ence between access and leaving—is very short or too long—automatic session logout—,
these records do not provide relevant information about cooperation [73].

Following this discussion, this research proposes the following indicators as poten-
tial candidates to measure monitoring and tracking for teamwork in LMS:

o Individual:

— Individual reading [31,33,48]: Ratio between number of passive interactions and
active interactions of a team member.

— Individual message reading [31,33,48]: Ratio between number messages read and
sent/updated by a team member.

— Individual contribution reading [31,33,48]: Ratio between contributions read and
created/modified by a team member.

— Individual resource reading [31,33,48]: Ratio between the number of accesses to
resources of a team member and total number of resources available.

— Individual monitoring consistency [37]: Distribution of passive interactions in a
given period of time.

— Individual promptness to access the guidelines [69]: Temporal distance between
first access of an individual to the task guidelines and the moment the guidelines
were made available.

— Individual average message tracking time [70]: Ratio between time spent reading
a message board and total number of messages published by all team members.



— Individual average contribution tracking time [70]: Ratio between time spent
reading contributions and total number of contributions made by all team mem-
bers.

— Individual monitoring frequency [37]: Ratio between the number of passive in-
teractions and time available to perform the task.

e Group:

— Team reading [31,33,48]: Average number of passive interactions of all team
members and variability across members.

— Team message reading [31,33,48]: Average number of messages read by all team
members and variability across members.

— Team contribution reading [31,33,48]: Average number of contributions read by
all team members and variability across members.

— Team resource reading [31,33,48]: Average number of accesses to resources by
all team members and variability across members.

— Team monitoring consistency [37]: Average temporal distance of all monitoring
interactions in the team and variability across members.

— Team promptness to access the guidelines [69]: Average temporal distance be-
tween first access to the task guidelines of all team members and the moment the
guidelines were made available, and variability across members.

— Team average message tracking time [70]: Average time spent reading messages
by all members and variability across members.

— Team average contribution tracking time [70]: Average time spent reading con-
tributions by all members and variability across members.

— Team monitoring frequency [37]: Average number of passive interactions relative
to time available to complete the task and variability across team members.

4 Conclusion

4.1  Implications for theory and practice

LMS log-based learning analytics has traditionally investigated the usefulness of data-
base records as a source of meaningful and actionable information for learning analytics
purposes at an individual level-primarily focusing on students—, in the search for vari-
ables that help predicting certain aspects of relevance in learning, such as student suc-
cess, at-risk students, drop-out rates, etc. However, collaborative learning behaviors
have generally been neglected in this kind of studies.

This research provides a novel, theoretically grounded approach to the identification
of information stored in LMS databases that may allow performing learning analytics
and offer further insight of teamwork in collaborative learning processes. To do so, the
study provides a systematic identification of different aspects of teamwork as observa-
ble behaviors that may be registered in LMS databases. The system of indicators cor-
responding to the four dimensions of teamwork presented in this study open a door to
further development in this field. The research also introduces the temporal component,
missing from most log-based learning analytics studies, which is essential to better un-
derstand learning processes.



It should be pointed out that this research is not a purely theoretical exercise. On the
contrary, our intention is to provide a common framework to the study of teamwork in
online collaborative learning contexts. Because of the differences between the formats
of the information stored across different types of LMS, the operationalization of some
of the indicators might differ slightly from one LMS to another, or even be impossible
at this moment because of missing information. Therefore, the proposal developed in
this study might help LMS developers to improve their design regarding information
collection and database design in order to enhance the learning analytics capabilities of
their systems. Furthermore, some of the indicators proposed in this research are not
directly available in the LMS logs, but they can be obtained through data transfor-
mation. In this sense, the research also presents software developers and learning ana-
lytics research teams with some ideas and opportunities for future tool development
and information about approaches that might be required to improve our understanding
and assessment of teamwork in online learning. Finally, it is evident that the true value
of this research will only become evident after empirical validation of the system of
indicators in real settings. Testing the adequacy of the framework, offering detailed
description about the dynamics of teamwork processes in online collaborative learning
and further observing the relation of the indicators with other variables of interest re-
quires a successful implementation and operationalization of the framework proposed
here. In this regard, this study is a starting point for teamwork assessment using learning
analytics approaches.

4.2  Limitations and further research

This proposal focuses on observable actions occurring in LMS, and therefore registered
in the systems’ databases and susceptible to be reduced to quantitative indicators. How-
ever, the proposal excludes additional information about teamwork dynamics from the
interactions that may or may not be registered in the database, such as content and dis-
course information-which refer to the semantic aspect of collaboration—, or to anteced-
ents and specific characteristics of the different team members—e.g. historic record of
interactions in other courses, past grades, personality traits. The proposal further omits
the potential effect of instructional and technological changes—e.g. introduction of a
new learning method or new software, or the effect of feedback from instructors. A
holistic approach that included all these aspects would greatly help to offer further in-
sight about teamwork processes in online education. However, empirical validation of
the indicators proposed in this study—and depuration of those indicators that might not
provide meaningful information—is highly recommended before incorporating these ad-
ditional elements to the analysis.
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