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ABSTRACT

Learning is a constructive and social process that works best in interaction with others. From this
perspective, interaction and cooperation are seen as essential for learning especially in online-based
learning environments. The objective of this chapter is to propose and test indicators for cooperative
online-based learning. The indicators focus on three areas: presence of participants (indicators: access
index, access pattern index), participation of participants (reading index, contribution index, comple-
tion index), and interaction of participants (answer contribution index, connectivity index, reciprocity
index). The indicators can be applied both to students and instructors. The indicators were applied to
three online-based courses in higher education. Log data from the learning management system was
used. Also, success rates, student evaluations, and workload analysis were conducted. Results show that
the indicators can be calculated automatically and can provide meaningful information for students’
and instructors’ dashboards. The presented indicators are tailored to cooperative online-based learn-
ing environments, where interaction and cooperation are means of fostering higher levels of learning.
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INTRODUCTION

Learning is a constructive and social process that works best in interaction with other persons (Vygotzky,
1978). Through interaction and cooperation, students gradually construct systems of shared meanings
(Mercer, 1995). Interaction and cooperation are seen as essential for learning in general (John-Steiner &
Mahn, 1996), but especially for successful learning in online-based learning environments (Chou, 2002;
Dixson, 2010; Lenning & Ebbers, 1999; Zhao, Lei, Yan, Lai, & Tan, 2005). Online teaching should thus
be built on a thoughtful instructional design to facilitate interaction and cooperation among students.

Cooperative learning is the instructional use of small groups so that students work together to maxi-
mize their own and each other’s learning. Different types of cooperative learning can be distinguished,
such as formal cooperative learning where students work together to jointly complete specific tasks and
assignments; informal cooperative learning where students work together in ad-hoc groups; and coop-
erative based groups that are long-term, heterogeneous learning groups whose primary responsibilities
are to provide support, encouragement, and assistance (Johnson & Johnson, 2013).

To see whether the chosen instructional design is successful in achieving interaction and cooperation,
instructors in online-based environments need to carefully monitor students’ interaction and cooperation.
Monitoring allows them to detect situations where they must adjust their instructional strategy or where
they need to support less active or struggling students. To do this, well-defined indicators allowing a
quantitative monitoring of interaction and cooperation may be of help to support this task.

Learning analytics is the collection and analysis of data about learning and learning context. The
objective of learning analytics is to better understand and improve learning (SoLAR, 2011). With the
shift to blended and online learning, and the increasing amount of data available from learning man-
agement systems, learning analytics has found its place in education and is increasingly considered as
an enabler to transform teaching and learning (Jacqueleen, 2015). In pure face-to-face settings where
no learning management system is in place, learning analytics is seldom used as only few data sources
(such as information on library use or classroom attendance of a student) are available.

Learning analytics in blended or online-based environments is often based on quantitative indicators
of student activity and student engagement collected from learning management systems (Saar, Fors, &
Tedre, 2017), such as number of student posts, lengths of posts, continuity of participation, or number
of answers (Coll, Engel, & Bustos, 2009; Hrastinski, 2008). These indicators can be easily derived from
the learning management system. Yet these indicators may not directly give evidence on the quality of
learning (Hrastinski, 2008). Besides quantitative indicators, also qualitative indicators may be used that
focus on the content of student posts using content analysis (Chou, 2002; Wen, Yang, & Penstein Rosé,
2014). This is, however, quite time-consuming and cannot be fully automated. This approach is thus not
feasible when learning processes must be analyzed in a timely manner. Another approach focuses on
describing social interaction patterns of students, for example, in the form of network diagrams (Coll,
Engel & Bustos, 2009) and through social network analysis. Typical indicators in this type of analysis
are intensity, cohesion, and density of interaction (Saz, Engel, & Coll, 2016; Stepanyan, Mather, &
Dalrymple, 2014).

Our approach concentrates on quantitative indicators, as they can be extracted easily and automatically
from the log files of the learning management system. This allows a timely feedback to the instructor
while the course is still running and also allows immediate feedback to the students. These quantitative
indicators could populate student and instructor dashboards, as proposed by the Society for Learning
Analytics Research (SoLAR, 2011). Also, these indicators could be an important part of an overall
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