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Interaction analysis in virtual and hybrid learning environments is a gomplex-issue, since it is necessary to go beyond a
quantitative approach (number of messages) and obtain information dbout interaction dynamics in the context of educational
activities. This article presents a set of interaction analysis strategies, wWhich were designed during the development of a
doctoral thesis in response to the two challenges identified: First, how, can interaction be observed? And second, how can
interaction be related to academic performance? The strategies designed provide elements for the analysis of educational
activities, of asynchronous online discussions, of interaction representation and of the relationship between interaction and
academic performance. In the context of educational activities, the set of strategies allowed the interaction phenomenon to be
identified and group interaction dynamics or processes toybedecognised, thus showing the group’s progress towards know!-
edge construction. Furthermore, it allowed virtualéinteraction processes to be analysed, comparisons between group dynamics
to be made and the relationship between those dynamics and academic performance results to be identified. While the set of
strategies emerged in a specific study, it offers instruments that may be used in other contexts. An example is given to show
how the strategies were employed.

El andlisis de la interaccion en ambientes Virtuales e hibridos es un tema complejo, puesto que es necesario superar la
aproximacion cuantitativa, nimeroyde mensajes, y lograr informacion sobre las dinédmicas de interaccion, en el marco de las
actividades educativas. En esteyfrabajo, se"presenta un conjunto de estrategias para el andlisis de la interaccion, las cuales se
disenaron durante el desarrollo de una tesis doctoral, como respuesta a dos retos que fueron identificados: {Como observar la
interaccion? {Como relacionar la, interaccion con el rendimiento académico? Las estrategias disefiadas ofrecen elementos para
el andlisis de las actividadesfeducativas, analisis de las discusiones virtuales asincronicas, representacion de las interacciones y la
relacion entre lasintéraccionty el rendimiento académico. El conjunto de estrategias permitio reconocer el fenomeno de la
interaccion eft el marcolde actividades educativas, asi como el proceso o dindmica en la interaccion grupal, que muestra la
evolucion del grupo hacia la construccion de conocimiento. Por otro lado, también permitio analizar los procesos virtuales de
interaccion y“éstablecer comparaciones entre las dindmicas de los grupos y la relacion entre éstas y los resultados de
rendimiento académico. Si bien el grupo de estrategias surgen en un estudio especifico, ofrecen herramientas que pueden
utilizarse en otros contextos. La manera de utilizar las estrategias se ilustra en este articulo con un ejemplo.

Interaction, interaction analysis, hybrid environments, asynchronous discussions, forogramas, blended learning.
Interaccion, andlisis de interaccion, ambientes hibridos, discusiones asincronicas, forogramas, aprendizaje mezclado.
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1. Introduction

Hybrid learning environments are those that combine face-to-face learning and instruction mediated by informa-
tion and communication technologies (ICTs) (Reay, 2001; Rooney, 2003; Sands, 2002; Ward & LaBranche, 2003;
Young, 2002; Osorio, 2010). Dziuban, Hartman and Moskal (2004) consider that this combination optimises both
environments, provided that the best of both worlds is put to good use. This concurs with the results of a study by
Hinojo, Aznar and Céceres (2009) on students’ perception of this approach. It is important to explore new forms
of interaction analysis in hybrid environments to ensure that they account for the quantity and, above all, the
quality of participation, processes and conditions that favour knowledge construction (Gros & Silva, 2006; Meyer,
2004; De Weber, Schellens, Valcke & Van Keer, 2006; Rourke, Anderson, Garrison & Archer, 2001).

Interaction can be defined as cognitive and social actions among actors of the educational process (student-
lecturer, student-student) while undertaking learning activities. Understood within cognitive and social frame-
works, interaction requires an analysis of various aspects and several levels. According to Barbera and Badia
(2004), interaction analysis should consider:

- An analysis of a joint activity in which a lecturer and students, and students alone, participate and interact while
undertaking learning activities.

- In order to understand social interaction, account should be taken of the knowledge thatyis activated and pro-
duced by the group.

- While a joint activity includes various times and forms of interaction, varioussauthots concur in recognising the
value of asynchronous conversations as important expressions and manifestations oflinteraction. Thus, interaction
analysis should be complemented with a careful analysis of asynchronous conversations.

This article presents a set of interaction analysis strategies designed during thendevelopment of a doctoral thesis,
the purpose of which was to analyse interaction in hybrid learningmenvitonments on a case study of a hybrid
learning postgraduate programme (Regional Development Managementi[RDM]) offered by a Colombian univer-
sity.

2. Interaction analysis strategies and challenges

In the context of the research undertaken, the approach to,interaction analysis raised the following challenges:
First, how can interaction be observed? And second, how) can interaction be related to academic performance?
The strategies employed to deal with these challenges are presented below.

2.1. How can interaction be observed?

According to Onrubia (2005), in order te"analysednteraction, it is necessary to identify the joint activity in which
it occurs so that the context and meaning of'interactions can be recognised. It is also necessary to identify how
asynchronous discussions occur in_the, context of educational activities, in the knowledge construction process
(Barbera & Badia, 2004).

In the case study of the RDM programme, the following strategies were employed to approach those two aspects:
a) Educational activity analysis: The design of learning activities was analysed in accordance with the components
identified in activity theony,(Jonassen & Ronrer, 1999). Recognition of an activity and its structure allows learning
sequences to be identified’im vatious hybrid learning space-times: face-to-face, e-learning and independent. In
addition, bearing in{mind, that authentic educational activities foster the generation of spaces and times for indi-
vidual and cb6llaborative knowledge construction, the categories proposed by Oliver, Herrington and Reeves
(2006) were used for the analysis of learning activities as authentic activities.

Analysing and{ therefore, designing educational activities in accordance with the components of activity theory
implies a revision, of: The system: object, subject, mediating artefacts (instruments, resources), rules and division of
labour (organisation and methodological design), activity structure (learning sequences), system dynamics (interac-
tions).

In order to analyse activity authenticity, the criteria proposed by Oliver et al. (2006) were used. According to
these authors, authentic activities: are relevant to the real world; are not very defined; students need to define the
tasks and sub-tasks required to complete an activity; include complex tasks that cannot be undertaken over short
periods of time; foster opportunities for students to examine a task from several perspectives; foster collaboration;
promote reflection; go beyond a specific domain or result; are integrated into assessment; generate outcomes
that have value in their own right; allow multiple solutions and diverse results.

This set of characteristics constitutes the categories on the basis of which learning activities can be analysed as au-
thentic activities.



b) Asynchronous online discussion analysis

In accordance with various authors (Rourke et al, 2001; Schalk & Marcelo, 2010), content analysis is presented as
a technique for analysing information obtained from transcripts of asynchronous discussion groups. In the litera-
ture, it is possible to find several publications on this issue, with different theoretical underpinnings and different
conceptions of interaction (Henri, 1992; Zhu, 1996; Gunawardena, Lowe & Anderson, 1997; Garrison & Ander-
son, 2003).

In the context of the RDM programme case study, two sets of categories were used for the analysis of asynchro-
nous conversations: those proposed by Gunawardena et al. (1997) and by Garrison and Anderson (2003). These
were selected because their theoretical frameworks are based on knowledge construction. After applying the cate-
gories to several forums, it was found that they did not allow interaction dynamics and group work to be re-
flected, both of which are inherent to this set of courses. It was for this reason that a decision was taken to analyse
interaction dynamics in order to identify the knowledge construction process that students followed on the RDM
programme’s forums. The transcripts of 17 forums of seven programme subjects were analysed in order to identify
the process that students followed for collaborative knowledge construction, and it was found,that messages of
the three types suggested by various authors could be identified in the groups’ interaction dynamics: affec-
tive/motivational, informative/organisational, academic/knowledge construction (Barbera & Badia, 2004).

When analysing the collaborative knowledge construction process on forums, a set of sub-categories emerged in
the academic/knowledge construction category. These sub-categories allowed messages to beiclassified as follows:
- Isolated contribution: a participant makes a contribution to the group without establishing any relationship with
other messages.

- Opinion contribution or comment on other participants’ contributions: thi§'is when participants begin to read
each others’ messages and to give their opinions on other participants’ contributions. These comments may be
opinions, questions, replies or clarifications. The aim of this category is to, reflect the process of a group’s dialogue
and negotiation.

- Contribution collecting and summarising a group’s contributionszthis ist'when, once a group has made its contri-
butions and, in some cases, has had a discussion, one or several®f theigroup’s members collect those contributions
and generate a group outcome based on them.

- Contribution completing and enhancing a group’s construction: when a group has a collaborative construction
outcome, this outcome goes through a process ofgenhancement through contributions made the group’s partici-
pants.

Following the protocol of analysis techniques for ‘@nline discussions (Neuendorf, 2002; Rourke et al., 2001), the
set of categories that emerged in the reseanch was subjected to a process of validation by three researchers in or-
der to identify the mean percentage agreement reached, which turned out to be 70%. This percentage agreement
is considered acceptable and reliable for anfanalysisof asynchronous discussion content.

2.2. How can interaction be related tojacademic performance?

After managing to identify the interaction observation strategies, the challenge was to identify elements to repre-
sent those interactions in orderste ensure that first they were comparable, and second that they could be related
to academic performance results. To that end, the following strategies were employed:

a) Interaction representation. Theforograma (Salazar, 2006) was used as a tool for discussion representation and
analysis. The technique/prepased by Salazar (2006) was adapted to the interests of the study.

The main input for{ the elaboration of forogramas is asynchronous discussion transcripts. To begin the graphic
representatiof, each'discussion participant is represented by a circle with his or her initials inside it. Each contribu-
tion is reptesented by acircle around its author, with a line colour representing the message type, which is classi-
fied in accordance with the categories identified. Messages are organised chronologically in the forograma; an
arrow pointingfrom the author to the message allows the contribution time and author to be identified. When a
message is addressed to another participant, the author and addressee of the message are connected by an arrow.
If a message is addressed to the whole group, it is represented by a horizontal line that encompasses all partici-
pants. In the forograma, a representation colour is associated with each of the categories identified. Below is a
table of the conventions used in forogramas:



Categories used in online discussion representation.

Category Representation in the forograma
Affective/Motivational —— i — e — —
Informative/Organisational Smmmimmimmimmo
Knowledge construction — Isolated contribution

Knowledge construction — Opinion contribution

Knowledge construction — Collection and summary contribution
Knowledge construction — Completion and enhancement contributon | = ———————————-

b) Relationship between interaction and academic performance. An analysis of asynchronous discussion interac-
tion dynamics was performed on the basis of a comparative analysis of the groups’ forogramas. The comparison
criteria emerge when analysing the results obtained in a set of forogramas, such as those aspects that discriminate
and allow differences to be identified. The comparison criteria were:

- Quantity of messages: total number of a group’s messages.

- Classification of messages: quantity of messages, discriminated by the categories identified and'by messages sent
by the lecturer.

- Group work dynamics: an analysis was performed of forum progress, of organisation and¢interaction dynamics,
and of the spokesperson role (in cases where this role was present).

- Times: time spent on undertaking an activity.

- Activity assessment: academic performance results achieved by a group whileiundertaking an activity.

3. Exemplification of strategy application

Shown below is an example of the type of analysis performed in the'centext©f the RDM programme case study.
This example shows how each of the strategies described earlier was applied. The first two strategies allowed the
activity design to be analysed, while the other two provided elementsyof analysis of the activity and, in particular,
of times of greatest interaction while that activity was being.undertaken, in order to relate interaction to academic
performance. The example is based on an activity of subject $2, which forms part of the RDM programme.

3.1. Educational activity analysis

Shown below are the general characteristics of the,activity design (table 1), as is the action sequence when the
activity was being undertaken in the face-to-face, e-leafning and independent working spaces (table 2) of the hy-
brid environment. The activity was analysedion the basis of activity system components.

Table 1:/Activity design characteristics

Activity type Groupwork — Case analysis

Activity object To'identify social groups and actors in various social contexts.
Subject Students and the lecturer.

Mediating artefacts (in- e Notes from face-to-face sessions.

struments, [SOUICES) e Bibliographical materials.

e The course’s virtual classroom, particularly the forum tool, as a mediating
artefact in asynchronous discussions.

Rules By approaching a topic globally in the face-to-face session, students — organised
(methodological design) into groups — are expected to approach topics locally in e-learning sessions, from
the region of the country assigned to them.

Outcomes e Acase analysis document for each region.
e Information compiled for each region.
e A society and development map of the country, constructed by all students on

the course.
System dynamics (interac- | Student-student interaction: students should construct, as a group, a local vision of
tion) the topic.

Student-lecturer interaction: the lecturer monitors and provides feedback to the
groups.




Context

The topic is applied to regional contexts, on which students report.

Assessment

The group work outcome is assessed, and an individual assessment is done after
the activity.

Table 2: Activity action sequence

Face-to-face encounter

A lecture given by the lecturer.
Formation of groups in accordance with their regions of origin.

Independent work

Review of materials and sources of information in the region.

Virtual group work

Group discussion.

Lecturer feedback.

Group work to generate a regional document.
Publication of works on a public forum.
Feedback on the work.

New version of the document.

Face-to-face encounter

Presentation of group work.

Below is the activity analysis in accordance with the categories proposed by/Oliver et al. (2006) for authentic

activities.

Table 3: Analysis of the learning activity as an authentic activity

Characteristic of an authentic
activity

Analysis of the course activityyin relation to the characteristic

Relevance to the real world

The activity is totally relevant to the, real*world. The groups, organised by region and
after globally analysing topi¢s in“the ‘face-to-face session, have to apply those topics
locally.

Not very defined Groups have to dgree on the aspects that they intend to analyse regionally, the instruc-
tions are general and they need to make them specific.
Includes complex tasks Students lassess the task as complex, they have to select certain aspects and then

gather the necessary information, analyse it and contrast it globally.

Students examine a task from differ-
ent perspectives

The task istanalysed from various perspectives at a minimum of two levels: at the first
level,"each group puts the topic into the context of a different region, and at the second
levelyeach,group approaches the topic from various educational disciplines.

Fosters collaboration

The activity is designed to be undertaken through collaborative work.

Promotes reflection

The activity offers several reflection times: individually, students have to make contribu-
tions on questions or topics applied to the analysis of the region, and as a group, they
have to put the global aspects into the context of the assigned region.

Goes beyond a_specific domain or
result

There is no specific result associated with the activity, each group defines its lines of
analysis.

Is integrated-into@ssessment

While undertaking the activity, the group work outcome is assessed.

Generates outcomes that have value
in their own right

Each group’s outcomes have a value in their own right, and all the groups’ outcomes
constitute the country’s social map.

Allows multiple solutions and diverse
results

Each group can have various aspects and several levels to their approaches.

3.2. Asynchronous interaction analysis and representation

While undertaking the activity, the times of greatest student-student interaction and student-lecturer interaction
were: the face-to-face session and times when there was group discussion of documents for each region.

In order to understand group work dynamics, two of the four groups were selected so that their asynchronous
group discussions could be observed. The two groups selected corresponded to those that had the highest (group
1) and second lowest (group 2) grade for their respective group work outcomes. In this case, the group dynamics
included the group spokesperson role, a specific role requested by the lecturer. The spokesperson was in charge of



mobilising the group and guaranteeing the dynamics that would lead to the production of the group document.
Shown below are the forogramas for the two groups.

Graph 1: Forograma for Group 1

Group 1 - Spokesperson POG

Affective/Motivational — -
Informative/Organisational Smmimmmm o
Knowledge construction — Isolated contribution
Knowledge construction — Opinion contribution
Knowledge construction — Collection and summary con-
tribution

Knowledge construction — Completion and enhancement | ———————————-
contribution




Graph 2: Forograma for Group 2
Group 2 — Spokesperson MAA

Affective/Motivational —————— -
Informative/Organisational e
Knowledge construction — Isolated contribution
Knowledge construction — Opinion contribution
Knowledge construction — Collection and summary con-
tribution

Knowledge construction — Completion and enhancement | ———————————-
contribution

3.3. Relationship between interaction‘and academic performance

The analysis based on forograma comparison criteria was as follows:

- Quantity of messages:/Group "had a higher number of messages than group 2.

- Classification of messages: When observing the classification of messages, it was found that the two groups had a
similar numbemof academic contributions. Regarding isolated contributions, group 1 had six messages of this type,
while group 2 had three. Regarding outcome completion and enhancement contributions, group 1 had two mes-
sages of thisitype, while group 2 did not have any. There was a considerable difference in the quantity of informa-
tive/organisational messages; group 1 had 11 messages of this type, while group 2 had two. Each group had two
affective/motivational messages.

- Group work dynamics: The spokesperson role was included in the instruction given to the groups. The spokes-
person was in charge of facilitating, organising and summarising the group’s outcome. Between the two groups,
there were major differences in these roles. The spokesperson for group 1 made several organisational contribu-
tions and proposed the group work dynamics. This spokesperson also took charge of the two versions of the
summary documents. The spokesperson for group 2 only made one organisational contribution, and the group
did not achieve good interaction for the production of the document.

- Times: Both groups had the same time available for undertaking the activity.

- Activity assessment: The following aspects of the activity were assessed: the group work outcome, the presenta-
tion in a face-to-face session, the spokesperson role.

Seeking the relationship between interaction and performance, the results of the two selected groups’ final out-
comes (analysis documents) were taken; by doing so, the result was not related to the interaction dynamics that



the groups managed to achieve. It was found that: the group with the highest rate of interaction and better group
work dynamics obtained the highest grade (5 out of 5), while the group with the lowest rate of interaction and
greater difficulties in group work dynamics obtained the lowest grade (3.85 out of 5).

During the course, an individual exam was held after the activity analysed; this provided individual evidence of
performance. When correlating this assessment with participation in the group’s internal forum, a Pearson correla-
tion coefficient of 0.76722215 was obtained. As this result shows, there is a significant correlation between the
variables for participation in a group’s internal forum and the grade students obtained in the assessment done by
the lecturer to check the attainment of learning objectives. Bearing in mind that the students’ participation was in
the form of discussions, communication and group work, these data show the relationship between interaction
and the attainment of learning objectives, and specifically between interaction and academic performance.

4. Conclusions on the strategies employed for interaction analysis

4.1. Educational activity analysis

Recognising the interaction phenomenon in the context of educational activities, and not justythe messages ex-
changed in discussions, allows a closer, more detailed approach to be taken to hybrid learning environments, as
environments that promote interaction.

Interaction in the context of authentic activities can strengthen individual and collaborative knowledge construc-
tion, and thus, in turn, can generate the conditions necessary for greater learning and better academic perform-
ance results. However, for this to be potentially so, a prerequisite is the presence oficertain conditions and charac-
teristics in the design and implementation of such activities in order to ensure thatithe greatest advantage is taken,
not only of hybrid environments, but also of certain student and lecturer practicesyand characteristics in group
work dynamics.

Examining joint activity and all its components from a sociocultural activity theory viewpoint allows aspects that
determine conditions for interaction development to be identified, such asithé ultimate goal of interaction (inter-
action outcome), the actors and roles involved, and the mediatingsartefacts (instruments, resources), as well as the
dynamics or sequences before, during and after times of interaction, thus recognising the continuous process (be-
tween face-to-face and e-learning times) within which interaction occurs.

4.2. Asynchronous online discussion analysis

As set out in the theoretical underpinnings, online discussion analysis needs to go beyond a quantitative focus and
allow an approach to the dynamics, to the whys and wherefores of interaction and interaction process results. It
was necessary to have a discussion analysispnechanism®in order to identify group work dynamics and, in particu-
lar, to find relationships between these dynamics and academic performance results.

The set of categories used allowed groupfinteraction dynamics or processes to be recognised, which identified
individual participation, negotiatioh and exchange, and a group’s progress towards group construction and syn-
thesis. Following the protocol of analysis‘techniques for online discussions, the set of categories that emerged in
the research was subjected to a process of,validation by three researchers in order to identify the mean percentage
agreement reached. A set of forumsWwas selected and coded by the three researchers, and a percentage agreement
of 70% was obtained. While these categories were constructed in the specific context of the case study, they may
be an alternative for the analysis.of knowledge construction processes in other contexts.

4.3. Interaction representation

Forogramas qallowedjinformation about discussions at various levels to be represented graphically in a single
schema: the individual recognition of participants, the type and quantity of contributions, the chronological pro-
gress of discussions, the senders and addressees of messages, the dynamics and progress of negotiations, and the
process of groupyconstruction and synthesis. All of this information expands the possibilities for analysing, compar-
ing and contrasting discussions. The forograma technique and the categories identified may be used in different
contexts and other research projects.

A limitation of this discussion representation technique is that the graphic representation becomes very complex
when the number of participants is higher than eight.

4.4. Relationship between interaction and academic performance

The forograma technique for representing online discussions, and the categories that emerged from the technique
for analysing the content of a large number of forums, allowed virtual interaction processes to be analysed, com-
parisons between group dynamics to be made and the relationship between those dynamics and academic per-
formance results to be identified.



The forograma comparison criteria allowed discussion characteristics to be identified; these impacted on interac-
tion dynamics and determined major differences between the groups and their academic performance results.

The four strategies as a whole offer the potential to observe and analyse interaction dynamics in the context of
educational activities, and to establish relationships between those dynamics and academic performance results.
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