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An Actionable Orchestration Dashboard to
Enhance Collaboration in the Classroom

Ishari Amarasinghe, Davinia Hernandez-Leo,

Abstract—The orchestration of collaborative learning activities
in technology-enhanced classrooms has become a non-trivial
endeavour for educators. Depending on the behaviours and needs
of students that emerge in real educational situations, educators
may need to orchestrate activity adaptations on the fly. These
adaptations may range from the provision of additional
scaffolding by the educator (e.g. the educator’s participation in a
group discussion) to a change in the planned pedagogical scenario
(e.g. the duration). This study aims to contribute to the
orchestration of technology-mediated collaborative learning
sessions in a classroom context. We present the design,
implementation, and evaluation of a teacher-facing dashboard
that supports teachers in orchestrating scripted collaboration.
Evaluation studies were conducted in 16 classroom sessions. The
findings indicate that teachers found the information on the
dashboard to be actionable and help facilitate just in time support
to student groups.

Index Terms—Collaborative learning, scripts, learning
analytics, orchestration, dashboards, learning technologies.

[. INTRODUCTION

HE benefits of implementing computer-supported

collaborative learning (CSCL) activities in technology-
enhanced learning spaces are well-known [1]. Along with the
integration of technological tools that aim to enhance learning
in collaborative learning settings in the classroom, recently,
researchers have become more interested in how to support
educators who guide collaboration in these spaces, as the
benefits of collaboration largely depend on how interactions
occur among students [2]. On the other hand, in the context of
collaborative learning, carefully designed collaboration scripts
facilitate structuring of the flow of collaboration while
triggering beneficial social and cognitive interactions that
create positive effects on learning [1]. Different techniques (e.g.
defining the activity sequence or role allocation) are used for
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scripts in order to increase the probability of productive
student—student and student-teacher learning interactions,
which would otherwise occur rarely or not at all in spontaneous
collaborations [1], [3].

In the context of CSCL, collaborative learning flow patterns
(CLFPs) formulate the essence of the script structures that have
been proven to be effective in multiple educational situations
[4]. Some well-known CLFPs include Jigsaw and Pyramid. The
Pyramid CLFP provides an activity flow in which learners start
to solve a task individually. Learners then formulate small
groups to share their solutions and discuss, to agree on a
common solution, forming increasingly larger groups as the
flow advances. This CLFP provides opportunities for all
learners to express and discuss their solutions and to learn and
reflect on others’ ideas. However, achieving success in the
Pyramid script depends on the continuous and active
participation of students throughout the consecutive phases of
the script. A lack of continuous activity participation of students
negatively affects the meaningful progression of the activity
flow (e.g. inactive groups delaying the progress of the active
groups in reaching a consensus) resulting in unfruitful learning
experiences [5].

In the domain of CSCL, how an active and an energetic
teacher manages integrated learning scenarios in real-time in a
highly constrained environment is referred to as orchestration
of the collaborative learning activity [6]. Even though scripts
maintain the pedagogical structure of collaborative learning
activities, teachers are required to play an active role in
monitoring and adapting the scripts when necessary. For
instance, when a collaborative learning script, such as the
Pyramid CLFP, is deployed, it adds a level of complexity in the
orchestration related to changes in group formation along a
sequence of activities, with constraints related to expected
group sizes and synchronicity among groups to enable a flow
progression compliant with the pattern so as not to destroy its
potential pedagogical benefits. Orchestrating such activities can
prove challenging or, often, infeasible without proper
technological tools, support, and infrastructure. To this end, we
have studied the challenges teachers may face when
orchestrating scripted collaborative learning sessions in the
classroom and how a technological tool, such as a teacher-
facing dashboard, could support teachers in orchestrating
collaboration in real time. The proposed dashboard is novel as
it provides actionable analytics on how collaboration evolves in
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real time.

Actionable analytics can be understood as analytics
concerned with the potential for practical action rather than
theoretical description or mere reporting [7]. The information
presented by learning analytics (LA) tools can provide insights
and create possibilities for guided actions to promote better end
results. However, simply presenting information does not
always help teachers to obtain a deeper understanding of the
learning situation and subsequently make pedagogical
decisions [8]. Rather, careful consideration must be paid to
which type of information to present [9], when specifically
aiming to influence future teacher decisions.

In our study, first, we conducted an analysis to better
understand which information should be presented on the
dashboard, and then we focused on which types of controls are
required to be embedded in the dashboard to help teachers take
necessary pedagogical actions. The context of our analysis is
scripted collaboration in the classroom. In this context,
information deemed ‘actionable’, alerts teachers to critical
occurrences, such as low participation in a group, that requires
intervention, such as diagnosis of the reason for lack of
participation and provision of instructions to overcome the
problem. An LA dashboard can visualise such critical moments
and provide means for intervention, such as posting messages
to groups. Another common problem is that students run out of
time for collaboration. Information about how many groups
have completed collaboration and how many groups have yet
to finish the activity can create awareness and a call for action,
such as increasing the time for the activity. In this way, the
teacher can reconfigure the script parameters on the fly. By
raising awareness of the problems and eventualities associated
with collaboration, teachers can translate their knowledge into
action. LA tools can be positioned as mediators that provide
information about the problems and guidance for actions.

We followed the iterative workflow suggested in the
Learning Awareness Tools — User eXperience (LATUX)
workflow to design, deploy, and validate our proposed LA
dashboard [10]. The LATUX workflow was applied since it
was specifically proposed for projects that aim to design and
deploy tools for improving instructors’ awareness of students’
learning activities in the classroom [10]. The LATUX workflow
constitutes five steps: problem definition, low-fidelity
prototyping, higher-fidelity prototyping, pilot studies, and
classroom use or validation in the wild. We now describe how
these workflow phases were applied within the present study.

The following two research questions are addressed:

RQI1: How did teachers use the dashboard to orchestrate
collaboration?

RQ2: Do teachers’ orchestration actions affect students’
participation in activities?

The research aim of this paper is threefold. First, we
investigate the challenges teachers face when orchestrating
classroom collaboration with a focus on pyramid pattern-based
scripted scenarios. Second, we explore the design details of an
LA dashboard that implements different controls to support
teachers in managing the collaborative learning sessions
flexibly during the run-time of the activity in different ways.
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Third, we present an evaluation of the proposed LA dashboard,
showing how teachers responded to the analytics that made
information on the dashboard actionable and how teachers’
pedagogical actions affected students’ participation in the
activity along with the lessons learned and guidelines for future
research.

The rest of the paper is organised as follows. Section II
presents related work describing how LA has been used to
support teachers when orchestrating collaboration in previous
studies. Section III presents the difficulties associated with
orchestrating collaboration in classroom sessions. Section IV
explains the design and implementation of the proposed LA
dashboard in detail. Section V describes the methods. Section
VI presents the study results. Section VII discusses the results,
and Section VIII presents the study’s limitations. Section IX
concludes the paper and provides future research directions.

II. RELATED WORK

LA is defined as the “measurement, collection, analysis, and
reporting of data about learners and their contexts, for the
purposes of understanding and optimizing learning and the
environment in which it occurs” [11]. Recently, LA has gained
a lot of attention as it offers the opportunity to better understand
learning processes and gain insights into how to improve
teaching practices [12], [13]. Several studies have proposed
different LA interventions to support teachers as described
below.

Alavi et al. [14] presented a tool called Lantern to support
tutor—team interactions in collaborative problem-solving
sessions in the classroom. The tool aimed to provide
information on the work status of each group (by changing the
colour, intensity, blinking, and frequency of blinking of the
lantern) to the tutor, who could decide in real time which group
to focus on when multiple groups requested help at the same
time.

Mercier et al. [15] emphasised the importance of providing
control tools for teachers to adapt learning activities and
proposed a tool to monitor performance and manage groups
engaged in solving mathematical problems in a multi-touch
classroom setting. The case studies show that the tools enabled
teachers to alter the difficulty of the learning task based on the
student’s needs.

Slotta et al. [16] developed an instructor’s tablet that
informed students’ activity participation in a smart classroom
setting. The tool enabled teachers to change activities according
to groups’ performance.

Schwarz et al. [17] focused on providing information about
critical moments to teachers while groups worked in parallel.
The authors stressed the importance of providing information
about critical moments to educators in real time in order to
improve orchestration and facilitate interventions, such as
asking an idle group whether they are having problems that may
lead to the emergence of learning in classroom settings.

Several researchers have also explored how LA dashboards
can support teachers and learners [18]. LA dashboards have
been defined as “single displays that aggregate different
indicators about learner(s), learning process(es), and/or

Copyright (c) 2020 IEEE. Personal use is permitted. For any other purposes, permission must be obtained from the IEEE by emailing pubs-permissions@ieee.org.



This is the author's version of an article that has been published in this journal. Changes were made to this version by the publisher prior to publication.

The final version of record is available at

learning context(s) into one or multiple visualisations” [19].
Research on LA dashboards aims to identify which data are
meaningful to different stakeholders and how data can be
presented to support the sense-making processes of the target
stakeholder group [19].

Martinez-Maldonado et al. [20] developed the
MTDashboard, which provides indicators of small group
collaboration and controls components intended to support
teachers when orchestrating activities. Martinez-Maldonado et
al. [21] also presented another LA dashboard tool that provides
different visualisations (e.g. radars of touch and verbal
participation) to provide an overview of the collaborative
activity of learners in a tabletop environment.

Rojas et al. [22] proposed a dashboard that kept track of
students’ help requests during a laboratory session. The
dashboard provided visualisations to indicate students’
progress, help requests, and time-related aspects of tutoring.

Do-Lenh et al. [23] proposed TinkerLamp 2.0, an
orchestration system that provided teachers with the authority
to control the progression of the activity. A dashboard (i.e.
TinkerBoard) was added to the system to visualise groups’
progress, which allowed teachers to remain aware of group
activities, mediate help requests, and determine when to
intervene.

Some of the common controlling functions built into the
aforementioned tools include: 1) controls to start and finish the
activity; 2) ways to send messages to groups, such as reminders
of the time left for the activity; 3) blocking and unblocking
controls for the teacher to get students’ attention when needed;
4) controls to move to the next stage of the task; 5) controls to
change the difficulty of the task; and 6) controls to project
students’ screens on wall displays/interactive whiteboards. In
addition, the information presented by the tools aims to raise
teachers’ awareness of group processes and help requests, and
alerts are generated to indicate idleness and off-topic discourse
within groups. By providing a quick overview of how
collaboration evolves using aggregated information, LA can
support teachers in overcoming the limitations of working
memory and building awareness, hence facilitating productive
intervention for groups that require immediate attention [24].

Despite the aforementioned benefits, recent systematic
literature reviews published on LA dashboards have highlighted
that existing research is rarely grounded in learning theories
[18], [25] and that rigorous needs assessments are vital to
understand end users’ needs and determine which problems
must be addressed by the proposed LA solution [26]. As
emphasised in [25], existing research on LA dashboards has had
significant limitations in terms of how evaluations are
conducted. Very few dashboard evaluations have been
conducted in authentic settings, as many of the proposals have
been exploratory and built as proofs of concept [19]. Moreover,
how teachers make sense of the data presented using LA
dashboards and subsequently make decisions about relevant
pedagogical actions in authentic contexts is not yet fully
understood [27]. Schwendimann et al. [19] reported that
although research on LA dashboards is growing in popularity,
there is a lack of comparative studies on different dashboards,
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and the extent to which study results can be generalised to
different learning contexts must be investigated. Finally, the
impact of these technologies on target stakeholders has rarely
been reported. For example, few studies have mentioned
whether the dashboard improved the awareness of teachers and
students, although the adoption and impact of LA dashboards
are probably the most important aspects of research on this
topic [19]. In this study, we propose a dashboard that aims to
support teachers orchestrating scripted collaborative learning
sessions. Using co-design techniques such as guiding questions,
low fidelity prototyping, and pilot studies we attempted to
involve teachers in the design process. Following the guidelines
of the LATUX workflow, we report in detail the needs
assessment, design process, and results of the evaluations
conducted in authentic settings, highlighting the impact of the
proposed technology on both teachers and students.

III. DIFFICULTIES ASSOCIATED WITH ORCHESTRATING
COLLABORATION

During the first phase of the LATUX workflow (i.e. the
problem identification phase), we studied the problems that
teachers face when conducting collaborative learning sessions.
We conducted four workshops at two secondary and vocational
education schools in Spain (two workshops at each school) that
aimed to identify common problems faced by teachers and to
introduce different tools that could be used to facilitate
collaborative learning sessions. In total, 15 teachers (with 3-26
years of teaching experience) who frequently conduct
collaborative learning activities in their classrooms participated
in the workshops. In the first workshop, a brainstorming activity
was conducted to capture the difficulties teachers face when
conducting collaborative learning activities in classrooms.
Teachers’ verbal responses were recorded and subsequently
analysed using affinity diagrams. An iterative approach was
applied to group the main themes. The results of the analysis
revealed that the difficulties could be categorised into two
themes. The first theme describes the difficulties associated
with planning collaborative learning tasks, such as those related
to the formulation of collaborative learning tasks or to the
design of parameter configurations, and formation of groups.
The second theme reflected the importance of maintaining
students’ participation during the activity.

During the second workshop, teachers were asked how
technology could help to solve the challenges identified in the
first workshop. The responses revealed that teachers prefer
tools that allow them to flexibly control activities as they are
occurring, as it is difficult to configure learning design
parameters, such as duration, at the initial stage of activity
design. Also, they preferred information that was visualised in
an actionable format. For example, upon detecting groups with
low participation, teachers wanted to perform timely
interventions, such as sending text messages to encourage
participation in the activity.

Four university teachers (two male and two female) from
Spain with 1-5 years of teaching experience were interviewed
in a face-to-face working session in order to further understand
the difficulties associated with conducting scripted
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collaborative learning activities in classrooms. We considered
a setting in which collaboration was scripted according to the
Pyramid CLFP and deployed using PyramidApp (details about
which are provided below) [28]. All four teachers had prior
experience with using PyramidApp [28]. We discussed with the
four teachers the possible problems that may occur during
Pyramid activities and asked them to write down how they
would attempt to solve those problems and improve
orchestration (see Table I).

PyramidApp is a web-based tool that enables teachers to
design and deploy Pyramid pattern-based collaborative learning
activities [28]. In a classroom session, the tool helps allocate
students into multiple pyramids (groups) and reach consensus
for a given task following a pyramid structure. When authoring
Pyramid activities, teachers must configure the following
design parameters: 1) the number of participants per pyramid;

TABLEI

RESPONSES COLLECTED FROM TEACHERS ON HOW TO HANDLE PROBLEMS
DURING PYRAMID-BASED COLLABORATIVE LEARNING SESSIONS

Problem Response?

A: Find the best way to log in

B: Ask to join the student next to them

C: Use the projector to show how to log in
D: Pause the system and ask to join the
student next to them

A: Advise students to be more rigorous in
the following rounds

B: Enter the chat and initiate discussion

C: Use the chat to encourage them to use
the system correctly and provide more time
if necessary

D: Pause the system and ask about the
reason

Students cannot log in

Some students skip the
initial answer
submission stage

Students’ answers are
not up to the teachers’
expectations

Students do not submit
answers on time

Students drop out due
to connectivity
problems

Low on-task
participation (voting
and discussion)

Groups take more time
to finish than expected

Some groups finish
earlier than expected
and are waiting for
other groups to finish

A: Tell students their work is taking the
wrong direction

B: Talk to students and restart the activity
C: Send a message in the chat, suggesting
some keywords

D: Pause the system and ask the reason
A: Ask students to respect time

B: Extend the time of the activity

C: Increase the original amount of time
given

D: Pause the system and ask the reason
A: Try to finish the activity orally

B: Go back to regular answers and
questions

C: Pause the system and ask the reason
D: Pause the system and ask the reason
A: Encourage students to participate

B: Pause the activity and ask what is

happening, pose some questions in students’

discussions

C: Pause the system and send a message
clarifying how the system works

D: Pause the system and ask the reason

A: Rescale activities for the next session
B: Consider small groups for the next time
C: Increase the time

D: Increase the time

A: Hurry other groups to finish

B: Limit time for other groups

C: Send a message to encourage
participation

D: Encourage students to finish the activity

A, B, C, D denote each teacher’s response
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individual. Please rate all options!

Submit rating here! But you still can continue discussion and modify rating accordingly.

Rate

Fig. 1. User interface of the PyramidApp tool showing the answers to be
voted upon (left) and discussion space (right).

2) the number of voting levels per pyramid (the tool provides a
voting mechanism to achieve agreement on common solutions
within collaborative groups); 3) group size at the first voting
level of the pyramid (based on this input, the tool calculates the
size of the groups for the next pyramid level); and 4) duration
of the initial stage of answer submission and subsequent voting
stages. Once the activity is designed, the teacher can generate a
public link that can be shared with students to allow them to log
into the tool. Once logged in, students are required to
individually write answers for the given task. Then, students are
automatically randomly allocated into small groups. Within
each small group, students see the individual answers submitted
by their group members, and students are expected to discuss
(using the discussion board built into the tool), and vote on the
answers (see Fig. 1). At the end of this phase, small groups are
merged to form larger groups. Within the larger groups,
students can see which answers were upvoted during the
previous phase and then further discuss and vote on the
answers. At the end of the activity, the winning answers from
different pyramids are presented.

Teachers’ activity design configurations and students’
activity enactment data are logged in the Pyramid App database.
Log data captured in the PyramidApp database was used to
visualize relevant information on the proposed dashboard.

Selected feedback from the four teachers regarding how they
would use PyramidApp and, more specifically, how they would
handle issues is documented in Table I. As revealed by the
teachers’ responses, teachers attempt to solve problems either
verbally (by providing explanations) or via technological means
to target specific problematic groups. For example, teachers
may pause the activity to get the class’s attention when
providing instructions on how to overcome common problems.
In some instances, teachers may also wish to modify initial
design parameters, such as duration, to adapt the script to the
requirements of the current classroom situation.

IV. AN ACTIONABLE ORCHESTRATION DASHBOARD:
CONTROLS AND IMPLEMENTATION IN THE CASE OF
PYRAMIDAPP

Following the LATUX workflow, the next step involved
building low-fidelity (paper) prototypes to obtain a
representation of the intended design and enable a high-fidelity
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prototype to be developed subsequently. We designed four
paper prototypes that depicted students’ participation in a
Pyramid activity. The design of these prototypes was informed
through literature review [20], [21], [23] and the teachers’
responses (Table I). We also followed the guidelines presented
in the Chao software framework when presenting information
on the dashboard [29]. As indicated in the Chao framework, we
split data across two dimensions: progress and product.
Progress-related data visualised the student’s pace at a class
level, and product-related data provided details about the
student’s submissions, such as answers, notes, and discussions
[29].

The paper prototypes were tested following the LATUX
workflow guidelines presented in [10]. We first evaluated the
usability of the provided visualisations and then evaluated
whether the visualisations provided insights regarding
differences in the participation of the groups. Teachers provided
feedback and suggested improvements to the paper prototypes.
The feedback collected from the teachers led to the definition
of three different types of controls—timing, flow, and
participation —to handle problems that may occur during the
activity. Timing and flow controls enable adaptation of the
design parameters of the activity on the fly. For instance, timing
controls enable teachers to adjust the time allocated to different
phases of the script in real time. Flow controls (i.e. pause,
resume, and end) enable teachers to get the class’s attention
when needed by pausing the activity or to permanently exit the
collaborative learning activity when, for example, the activity
takes longer than expected. Participation controls detect low
participation of groups and notify teachers with warnings to
facilitate timely interventions.

We held two focus group sessions with the four teachers and
undertook a small pilot study in a lab session with one teacher
to obtain further feedback regarding the features and

Pyramid Dashboard Submissions Related Information

Rating & Chat Participation of Students in Pyramid Groups

Process Related Information

http://dx.doi.org/10.1109/TLT.2020.3028597

functionalities of the proposed dashboard prototypes. Teachers’
feedback was taken into account to enhance the visualisations
and determine the functionalities of the controls introduced in
the dashboard. The following paragraphs describe the final
design of the dashboard that was used in real-world classroom-
based trials.

Fig. 2 shows an excerpt of the upper part of the Submission
Related Information tab with the following information: 1) the
total number of students currently logged into PyramidApp; 2)
the total number of individual answers submitted at a given
time; 3) the number of pyramids created; and 4) the number of
winning answers (indicating that certain pyramids have finished
the collaborative learning activity). The lower part of the user
interface was divided into three sections to distinguish between
the artefacts produced or agreed upon at different phases of the
Pyramid script: individual answers, highly rated answers (in
intermediate phases), and winning answers (at the end of the

Pyramid Dashboard Submission Related Information Process Related Information

Students Logged In: 25 Initial Answer Submissions: 10 Number of Pyramids Created: 3 Winning Answer Count: 0

Initial Answer Submission Details

Student Email Initial Answers

That women yet aren't able to be president of a company or an important person when talking
about the ICT sector.

That the ICT sector without diversity, especially gender, entails many problems. For that we should
work for a more equal and divef

ocial environment. What means that is a
he sake of other ones

y should be taken more importantly into

e .
account when developing something for the socief

That it will improve the business of Tech if there were more woman in it

Highly Rated Answers From the Intermediate Levels of Pyramids

Finally Selected Answers

Fig. 2. Information presented in the Submission Related Information tab of
the dashboard.

(D) “Open Controls” Side navigations

(E)
Timing
Controls

Pyramid Lewvs
0 1

(A) —>
0 1] E======glon
0 2 _] T only wrote the ones that were violated
—]OKk, I'll change the rating then

Oh no

Join this group chat in real-time

Rating and Chat
participation of
students in 1 0
different
Pyramid groups

Both committed and violated

[ _|The teacher said you could write only the numbers
[™""""] Yes but also which arc committed and violated

or of chat messages posted

stfrted

0 (level finished) Rating Phase(s) Controls |

Level not stfrted Change Rating Submi ision Time fc
Groups

0 (level finished)

0 (level finished!

Stop / Resume / Froaze Ra Ing
Phase

Send message to group Cancel
(B) — | Global Time Allocation
Submission Rating Rating Rating
Timeline Love: Level 1 Level 2 Level3
(Finished

Pyramid levels
are marked in
red)

(C.2)

Teacher’s real-time chat intervention

(C1) (F)
Engagement Controls: e.g. Chat Alert Flow Controls

Fig. 3. Information presented in the Process Related Information tab and dashboard controls.
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activity)

As shown in Fig. 3, the information presented under the
Process Related Information tab was divided into two sections.
The upper part of the user interface visualised the voting (the
number of students who participated in voting within each
group, shown as a percentage) and discussion participation (the
number of chat messages posted in each group) of students at
different phases of the Pyramid script using a tabular design
(see Fig. 3 (A)). A timeline was included in the lower part of
the user interface to reveal the script progression in real time
(see Fig. 3 (B)). The labels of the timeline were generated
automatically. For instance, three phases of the Pyramid design
were visualised in the timeline as submission level, rating level
1, and rating level 2. The length of the timeline was adjusted
during the run-time of the activity and reflected the time
allocated for each phase.

Participation controls were built into the Process Related
Information tab. As described earlier, these controls kept track
of students’ voting and participation in discussions. The focus
group teachers stated that a warning is wanted when there is a
lack of participation in voting or discussions. It was decided that
a voting warning would be generated when the majority (more
than 50%) of a given group did not participate in voting and a
discussion warning would be generated when fewer than two
messages were posted by a group. When a warning should be
displayed on the dashboard was discussed with the teachers,
and it was agreed that warnings should appear only after 50%
of the time allocated to a certain phase expired. These design
decisions aimed to minimise the number of warnings
simultaneously appearing on the dashboard and to provide
adequate time for the students to collaborate. Fig. 4 shows an
example of a voting warning. Touching a voting warning on the
dashboard opened a confirmation dialog that included the
following options: 1) select one answer; 2) promote a random
answer; and 3) promote all answers for further discussion in the
next Pyramid level. The teacher could choose their voting
decision and confirm the action or dismiss the warning.

Fig. 5 shows an example of a discussion warning. Touching
a discussion warning opens a dialog box that shows the
messages posted on the group discussion board in real time and
allows teachers to post messages to groups. Teachers were also
able to send messages to groups at any time, even without
receiving a discussion warning (see Fig. 3 (C.2)).

Perform a RATING Intervention

© Send all answers to the next Pyramid level for further evaluation
Send a random answer Lo the next level Pyramid Tevel
Or Send one of the following answers to the next level:

Sharing personal data like some activitics you make on a routine. And
giving personal information to webpages that scams unsecure

“That there are many risk with sharing data, it is import to know who and

where your data will be used. Potential data risk can cause huge finacial,
privacy, and even emotianal damages.

Submit your rating choice Cancel

Fig. 4. An example of a voting warning.
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Perform a DISCUSSION Intervention

Messages posted by students so far:

: How to determine the age

e i

e ?

Post a message to this group in real-time

Send your message to group Cancel

Fig. 5. An example of a discussion warning.

A panel on the right, which we refer to as the Open Controls
panel (see Fig. 3 (D)), was also included in the dashboard. It
included timing and flow controls, and it is divided into two
sections—Option Submission Controls and Rating Phase(s)
Controls—to represent the applicability of the controls to
different levels of the Pyramid script. Within this panel, an
interactive slider was included as a timing control (see Fig. 3
(E)). The slider enables the teacher to re-configure the time
allocated to different Pyramid levels as required. Its default
position was 0, and based on the feedback received from the
teachers, the moving range of the slider was set between -1 and
+1 minute. Moving the slider right increased the time by 1
minute, and moving the slider left decreased the time by 1
minute. The change of time was limited to a 1-minute difference
because the teachers mentioned that they do not wish to
drastically change the time allocated to the activity. Increasing
the activity time was required in situations where students or
groups needed more time to finish certain phases, while
decreasing time was required when all groups finished the
activity earlier than anticipated. The panel also included other
flow controls, such as pause, resume, and end (see Fig. 3 (F)),
which are described earlier.

V. METHOD

A. Participants

Following the LATUX workflow, we conducted validation
studies in a real setting. Four teachers (two males and two
females who did not take part in any of the previous stages of
the workflow) from a Spanish university participated in 16
authentic class sessions. Teachers were recruited for the study
given they were instructing a subject with a sufficient number
of students and had available sessions for experimentation. The
teachers were used to incorporating collaborative learning
activities within their courses, and they were interested in using
technological tools in the classroom. All four teachers had prior
experience with PyramidApp. However, none of them had
experience with using dashboard applications to orchestrate
collaboration. First-year undergraduate students from the
classes took part in the study with informed consent. Ethics
approval for the study was obtained from the Institutional
Committee for Ethical Review of Projects (CIREP) from the
Universitat Pompeu Fabra (CIREP approval number: 129).
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B. Procedure and Data Collection

First, the experiments without the dashboard were
conducted, and then those with the dashboard were conducted.
In the experimental condition, teachers monitored and
orchestrated group activities using the dashboard, and in the
control condition, the dashboard was not available. Training
was provided to the teachers to ensure they were familiar with
the features of the dashboard before the experiments. An
overview of the sessions and the data collection instruments
used to address the research questions are presented in Table II.
The design configurations of the Pyramid activities in each
session varied based on the teachers’ requirements for
collaborative learning activities in the classroom sessions. In all
sessions, teachers proposed open-ended knowledge sharing
tasks for students.
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Students’ collaboration in both conditions and teachers’
dashboard actions in the experimental condition were
automatically logged. In the experimental condition, teachers’
dashboard actions were also recorded using screen-captured
data (audio and video) from the dashboard tablet. Moreover, a
researcher performed classroom observations during each
session. Every time the teacher consulted the dashboard; made
announcements to the class; or engaged in discussions with
students, the researcher wrote down the time and detail of the
action. Two datasets were created to denote teachers’ actions
during the experimental and control conditions: 1) screen-
captured data from the tablet, log data and observation notes
(along with timestamps) to reflect teachers’ actions in the
experimental condition; and 2) observation notes to reflect
teachers’ actions in the control condition.

TABLE II
PYRAMID ACTIVITIES CONDUCTED IN EXPERIMENTAL AND CONTROL CONDITIONS ALONG WITH THE ACTIVITY CONFIGURATIONS, DATA SOURCES USED TO
ANSWER RESEARCH QUESTIONS AND THE TYPE OF ANALYSIS PERFORMED

Session Task Pyramid Activity Total Data Collected and Type of Research Question
Condition # Teacher D Type ® Levels Duration Students Analysis Performed
(mins)
Control T1 Cl1 A 3 13 37 7
Cl12 A 3 13 27
Cl3 A 3 13 28 Observation notes (Qualitative)
Post-activity questionnaire RQI: How did teachers use
Cl4 B 4 15 16 responses from teachers the dashboard to orchestrate
T2 C21 A 3 13 22 (Qualitative) collaboration?
C22 B 3 13 13
€23 B 4 15 9 [
C24 A 3 19 36 Log data from PyramidApp
25 A 3 13 68 (Quantitative) RQ2: Do teachers’
™ 31 B 3 13 24 Post-activity questionnaire orchestration
responses from students actions affect students’
C32 B 4 15 27 (Quantitative) participation in activities?
T4 C41 A 3 26 24 _J
Experimental T1 Ell A 3 13 14 —
EI2 A 3 13 38 Screen-captured data from the
dashboard (Qualitative)
EI3 A 3 13 26 Log data from PyramidApp RQI: How did teachers use
El4 A 3 13 16 (Quantitative) the dashboard to orchestrate
El5 B 4 15 13 Observation notes (Qualitative) [ collaboration?
Post-activity questionnaire
El6 A 3 30 34
responses from teachers
T2 E21 B 3 13 14 (Qua]itative)
E22 A 3 18 88
E23 A 3 13 25 [
E24 A 3 13 20 Log data from PyramidApp
E25 A 4 13 23 (Quantitative) RQ2: Do teachers’
E26 A 3 13 23 Post-activity questionnaire orchestratlon
responses from students actions affect students’
T3 E31 B 3 13 18 (Quantitative) participation in activities?
E32 B 4 13 15
T4 E41 B 3 20 34
E42 B 3 20 71

aThe control condition was run first by all four teachers then the experimental condition.
bTask A refers to case study analysis and Task B refers to problem solving activities, which both request for collaborative negotiation.
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At the end, a post-activity questionnaire was used to collect
teachers’ perceptions of the activities and dashboard. A post-
activity questionnaire with 2 qualitative questions were given
to students. Students responded to the questions on a five-point
Likert scale (1 = totally agree, 5 = totally disagree): 1) “I have
learned a lot about the subjects discussed during the
collaborative learning activity” (which reflected perceived
learning); and 2) “rate your overall satisfaction with the
collaborative learning experiences” (which reflected perceived
satisfaction). A mixed-methods approach was used to
contextualise and triangulate quantitative and qualitative data to
produce results for the two conditions.

C. Coding Teachers’ Actions

Wise and Jung [27] presented a model of instructors’
analytics use (which is a two part structure of, sense-making
and pedagogical response) to describe common activities in
which instructors engage with when using analytics. We
adopted the model to code actions observed in our study (see
Table III).

As shown in Table III we utilised seven codes from the model
to code teachers’ actions in the experimental condition. For the
control condition, three codes were used to code teachers’
actions. Two authors of this paper coded the datasets. There was
high agreement between the two coders (Cohen’s Kappa=0.95,
p <0.005), and any disagreements were resolved by discussion.

VI. RESULTS

A. How Did Teachers Use the Dashboard to Orchestrate
Collaboration?

In the experimental condition, the four teachers read data (or
checked information on the dashboard) an average of 13.5 times
per session, with a standard deviation of 3.76 times. The
frequency with which teachers read data from the dashboard
ranged from 6 to 18 times per session, indicating variation.
Teachers explained the patterns observed in the data to students
an average of 2.94 times per session, with a standard deviation
of 2.05 times. In terms of pedagogical responses, the most
frequent action teachers took after consulting the dashboard
was whole-class scaffolding (an average of 7.69 times per
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session, SD = 4.9). In comparison, teachers performed less
targeted scaffolding after consulting the dashboard (an average
of 3.56 times per session, SD = 3.4). In the 16 sessions, actions
to: revise course design; wait and see; and check impact were
observed less often. Revision of course design was observed an
average of 0.88 times (SD = 0.62), waiting and seeing was
observed an average of 1.88 times (SD = 2.03), and checking
impact was observed an average of 0.25 times (SD = 0.77).

Table IV provides details on teachers’ reactions to dashboard
warnings and the use of dashboard controls in the experimental
condition. As shown in Table IV, teachers reacted to voting
warnings in 6 of the 6 experimental sessions (that generated
warnings), with teacher T1 reacting in four sessions and
teachers T2 and T3 each reacting within a single session. Three
teachers reacted to discussion warnings in 5 of the 8
experimental sessions (that generated warnings), with teacher
T1 reacting in three sessions, and teachers T3 and T4 each
reacting within a single session. The sixth column in Table IV
indicates whether students replied to the messages posted by the
teachers (yes/no). In total, students posted 56 messages in
teacher T1’s sessions and 3 messages in teacher T3’s session,
showing that teachers’ intervention in chats in real time
triggered discussions among students. However, no replies
were received for the discussion interventions performed by
teacher T4. To achieve further understanding, we analysed the
types of messages posted by the three teachers. The analysis
revealed that discussions were triggered only when T1 and T3
asked students to discuss their voting decisions. T4 posted only
greeting messages (e.g. Hello) to groups, which did not trigger
discussions among students.

Regarding the flow controls, log data indicated that 12 of the
16 sessions (i.e. E12, E13, E14, E15, E16, E22, E24, E25, E26,
E32, E41, and E42) were terminated by four teachers using the
end control before the time limit was reached. According to the
observation notes, during those sessions, teachers presented the
selected answers to the class when the majority of the groups
had not reached the final voting level (e.g. “We have one
winning answer. I’1l wait 1 minute more, and I’ll discuss some
other chosen ones.”) However, none of the teachers used the
pause and resume controls. Timing controls were used only by

TABLE III
CODING SCHEME USED TO DESCRIBE TEACHERS” ACTIONS
Category Code ® Explanation
Sense-making ~ Read data Teacher is reading the data presented on the dashboard.

Explain pattern

Teacher explains the observed collaboration patterns. In the experimental condition, dashboard data was used to explain

patterns. In the control condition, the teacher used perceptions and observations of individual students’ devices to
explain patterns (e.g. “Some groups have already finished the voting, but some of you still haven’t yet.”)

Pedagogical Whole-class
Responses scaffolding
Targeted

scaffolding university email to log in.”)

Revise course
(learning)
design

Wait and see

Teacher provides support at the class level, describing the PyramidApp mechanism, task, script progression,
participation, and quality of artefacts (e.g. “Click submit when you finish.”)

Teacher supports individual students and groups in resolving their doubts and encourages participation (e.g. “Use your

Teacher uses timing and flow controls of the dashboard, to revise the script.

Teachers delay their reaction to dashboard warnings and take actions using timing and flow controls (e.g. opening and

closing the open controls panel without using controls).

Check impact

Teachers revisit group messages to check whether students replied to the messages posted by the teachers.

2All seven codes were used to code teachers’ actions in the experimental condition. For the control condition, three codes were used: explain pattern; whole-class

scaffolding; and targeted scaffolding.
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TABLEIV
TEACHERS’ USE OF DASHBOARD CONTROLS

No. of voting warnings No. of discussion Total no. of chat messages posted Replies Flow Timing
Session received & No. of warnings received & by teacher in continuing received controls controls
Teacher D voting warnings No. of discussion discussion with groups from used *P used ?
reacted warnings reacted students
(Yes/No) @
Tl Ell 1(D) 2(2) 2 Y N N
El12 6(2) 0(0) n/a n/a Y (end) N
E13 9(4) 1(0) n/a n/a Y (end) N
El4 7(4) 2(1) 1 Y Y (end) N
El5 0(0) 0(0) n/a n/a Y (end) N
El6 0 (0) 1(1) 14 Y Y (end) N
T2 E21 0(0) 0 (0) Wa Wa N N
E22 0(0) 1 (0) n/a n/a Y (end) N
E23 0(0) 2(0) n/a n/a N N
E24 0(0) 0(0) n/a n/a Y (end) N
E25 0(0) 0(0) n/a n/a Y (end) Y
E26 1(1) 0(0) n/a n/a Y (end) N
T3 E31 2(2) 2(1) 1 Y N N
E32 0 (0) 0 (0) n/a n/a Y (end) N
T4 E41 0(0) 0 (0) /a /a Y (end) Y
E42 0(0) 2(1) 1 N Y (end) N

Y refers to Yes and N refers to No.

®Only end flow control was used by the teachers. Pause and resume controls were not used.

two teachers in 2 of the 16 experimental sessions (E25 and E41)
to reduce the time allocated to the voting and answer
submission phases, respectively, allowing students to move to
the next level of the script without waiting till the original
design time expires.

In the control condition (without a dashboard), teachers
explained patterns an average of 0.83 times per session (SD =
0.93). Further, whole-class scaffolding and targeted scaffolding
were conducted an average of 2.33 times (SD = 1.82) and 2.58
times per session (SD = 1.38), respectively.

B. Do Teachers’ Orchestration Actions Affect Students’
Participation in Activities?

To address the second research question of the study, we
examined how teachers’ orchestration actions affect students’
activity participation. Log data collected from the Pyramid App
was used to calculate the percentage of students who
participated in the voting and discussion out of the total number
of students who started the activity. Then, the overall
percentage of participation was calculated by summing up the
percentages of voting participation and discussion participation
and dividing by two (see Fig. 6).

In the experimental condition, students had a higher overall
activity participation (M = 72.05, SD = 14.75) compared to the
control condition (M= 64.66, SD = 12.62) but the difference
was not significant; t(25) = 1.400, p = 0.174. Students’
discussion participation was higher in the experimental
condition (M = 53.21, SD = 29.78) compared to the control
condition (M = 41.81, SD = 21.82) but the difference was not
significant; t(25) = 1.146, p = 0.263. The voting participation

was high (more than 87%) in both the experimental condition
(M =90.52, SD = 7.74) and control condition (M = 87.52, SD
= 8.07) with no significant difference between the two
conditions, t(25) = 0.976, p = 0.339.

The log data indicated that the percentage of individual
answer submissions was higher in the experimental condition
(87%) than in the control condition (83%). Students’ post-
activity questionnaire responses (see Section V.B for the
questions) indicated that there were no significant differences
with respect to their perceived learning (Q1) and satisfaction
(Q2) in both the control (Q1: M = 2.2, SD = 0.945; Q2: M =
2.25, SD = 0.885) and experimental conditions (Q1: M = 2.3,
SD =1.002; Q2: M =2.22, SD = 0.9444).

To understand the relation between teachers’ actions (see
Table I1I) and students’ participation we conducted Spearman’s
correlation tests in both conditions (data was not normally

Voting _ —— -

participation — —
Conditions
Overall activity _ {4 T +—
participation — . ES Control

B8 Experimental

— .
—

Discussion _
participation

25 50 75 100
Participation percentage
Fig. 6. Differences in students’ discussion, overall and voting participation in
control and experimental conditions.
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distributed). In the experimental -condition, significant
correlations were found between the teachers’ targeted
scaffolding and students’ discussion participation (rs = 0.673, p
= 0.004) and teachers’ targeted scaffolding and overall activity
participation (rs = 0.646, p = 0.007). In the control condition,
there were no significant correlations between teachers’
targeted scaffolding and students’ discussion participation (rs =
0.055, p = 0.865) or students’ overall participation (rs = 0.009,
p = 0.977). These results suggest that in the experimental
condition when teachers’ interventions were increasing at
individual and group level, students’ discussion and overall
activity participation also increased or vice versa. Moreover,
significant negative correlations were found between teachers’
read data action and students’ voting participation (r; = - 0.523,
p = 0.038) and between teachers’ actions to whole class
scaffolding and voting participation (rs = - 0.517, p = 0.040).
These results suggest that when students’ voting participation
was decreasing, teachers were reading more often the
dashboard data and provided more support at the class level, or
the reverse relation between teachers and students’ actions
occurred.

VII. DISCUSSION

A. How Did Teachers Use the Dashboard to Orchestrate
Collaboration?

Based on the results, in the experimental condition, the sense-
making action of reading data was observed more frequently
than explaining patterns. In the post-activity questionnaire,
teachers reported that the information presented in the
dashboard helped them to: 1) gain awareness of activity
participation (e.g. “All the information presented in the
dashboard were useful to understand students’ responses and
participation”); 2) to be aware of the script progression (e.g. “I
liked the time indicator and the red and blue visualisation
because I knew when the students will proceed to the next
level”); and 3) to combine dashboard information with their
classroom observations (e.g. “I could combine what 1 was
directly observing in the classroom with the information in the
dashboard.”) We interpret the findings as indicating that the
information presented in the dashboard became useful and that
the teachers sometimes used this information (reading data) to
confirm their own understanding of (rather than explicitly
mentioning) students’ participation in the activity and
progression through the script. This aligns with similar research
that was conducted previously [30].

However, when compared to the experimental condition, in
the control condition, explaining patterns were very low,
indicating that access to the LA dashboard allowed teachers to
gain awareness of collaboration.

In terms of pedagogical responses, in the experimental
condition, both whole-class scaffolding and targeted
scaffolding were observed less often in the control condition.
This seemed to indicate that introducing an LA dashboard did
not take teachers’ attention away from the classroom, but
helped teachers to provide more scaffolds at the class, group
and individual levels, which influenced their teaching practices.
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The presence of the wait-and-see posture in the experimental
condition (e.g. teachers did not react immediately to the
warnings associated with low-group participation, opening the
control panel, and closing it without taking actions) can be
explained by taking into account the teacher’s responses to the
post-activity questionnaire. Two teachers pointed out that
participation warnings indicated the requirements for
intervention—*‘Seeing the percentage of voting participation or
the warnings was very useful,” “Knowing that students did not
chat, I will try to find ways for more interactions in a subsequent
activity,” “Entering in the chat was useful and enabled me to
see the information in the chat (previous discussion, etc.)”—but
the limited time allocated to the activity made it difficult to
understand the influence of the intervention: “due to [the] fast
grouping levels that occur in the classroom, it is hard to see how
my prompts influence the students.” Based on this, we believe
that simultaneously receiving a number of warnings within the
short activity duration in the dashboard may have created a
situation in which some teachers could not decide which
group(s) to attend to and faced difficulty in accessing the effects
of feedback, which resulted in a wait-and-see posture. As
pointed out in [31], there is a trade-off regarding the
immediateness of teachers’ actions, as actions taken too quickly
based on warnings that take into account only partial
representations of the students participation may not provide
enough time for students to handle problems. Finding the right
balance between when to generate warnings and when to
provide immediate or delayed feedback may depend on a
number of factors, including context and task type. This notion
requires further research.

Regarding the teachers’ use of dashboard controls, as
indicated in Table IV, teachers did not often use flow and timing
controls to revise the learning designs. In the post-activity
questionnaire, teachers elaborated upon several reasons for this
behaviour. First, it was not necessary to revise the designs of
some activities, as the activities were planned quite
conservatively: “I did not intensively use the controls, but I saw
them as very useful. Changing times was not needed as my
designs worked well in most sessions, but I needed to end
Pyramid before [the time that was] planned in some sessions as
[we] were running out of time and [I] thought that for slow
Pyramids it was sufficient with two levels (although three levels
were initially planned).” Second, teachers mentioned that they
were reluctant to revise certain learning design parameters at
run time, in particular time, and that they required further
training or guidance regarding when to use such controls: “I
didn’t use a lot of timing controls because they will influence
the whole activity and I was not sure if I can experiment [with]
this in the class.” Finally, teachers noted improvements that
could be made regarding the placement of controls: “The
controls were hidden and its presentation gave a feeling of
complexity.”

Although the teachers did not use the pause and resume
controls in any of the experimental sessions, two teachers
mentioned that those controls could be useful for orchestration:
“In any case, I find it useful to be able to pause the class.” The
end flow control was extensively used by all four teachers
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(12|16 sessions) to stop activities before the time as planned in
the original design. This indicates that having access to such
controls is often useful when facing time constraints in the
classroom.

Moreover, screen-captured data and observation notes
indicated that the teachers that had not reacted to the voting or
discussion warnings were due to one of the following reasons:
1) they were observing information in the Submission Related
Information tab and missed the warnings that appeared in the
process Related Information tab; 2) they were communicating
with students and were not focusing on the dashboard; and 3)
teachers already decided to end the activity before the planned
duration and were summarizing the winning answers to the
class and disregarded the warnings that appeared.

The teachers also pointed out that the user interface of the
dashboard required improvements, especially if it were to be
used on a more regular basis. For instance, the visualisations of
groups’ activity participation needs to be refined: “With the
tables it was hard to compare groups; thus, a visualisation will
clearly show which group participate more or less.” Teachers
also pointed out that having access to checkpoint analytics [32]
would help them to detect and directly support late starters: “I’d
have appreciated info about how many students were entering
the activities in the beginning of the Pyramid so that I [could]
go and check the problems of slow students.” Further, two
teachers emphasised that the terminology in the user interface
should be changed: “The wording is clear and has all the
information but perhaps [it] can be closer to the vocabulary of
teachers.” Regarding the timing controls, the teachers pointed
out that “in the slider, the number could clarify if it refers to
seconds [or] minutes.” The teachers also suggested
requirements for a new control that would allow them to skip
intermediate levels of the Pyramid script when necessary.
During the activities, we observed that the teachers faced typing
difficulties when they tried to post messages to groups. In the
next iteration, to alleviate this issue, we will provide pre-written
messages that can be directly posted to groups.

The wunique constraints of the learning sessions,
imperfections regarding the usability of the LA dashboard, and
the novelty of using analytics [27] may explain why few
controls were used by the teachers in some sessions. The
teachers’ use of the dashboard controls may have also been
influenced by factors such as teacher’s satisfaction, years of
teaching experience, agency, beliefs, skills, trust, cognitive load
as well as technological, pedagogical, and content knowledge
[27, 33] which requires further examination.

B. Do Teachers’ Orchestration Actions Affect Students’
Participation in Activities?

In order to better understand whether the improved overall
collaboration was achieved as a result of improved conditions
for collaboration (through teachers’ pedagogical actions), we
explored qualitative aspects of the collaboration. As indicated
in [34], successful classroom collaboration is attained through
the achievement of certain conditions: common goal, positive
interdependence, coordination and communication, individual
accountability, awareness, and joint rewards. In Table V, we
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present our interpretations of how each of the conditions was
better facilitated in the experimental condition, in which the
teacher had more control over the activity and hence could
influence and increase students’ participation in the activity.

VIII. LIMITATIONS OF THE STUDY

A limitation of the study is that the proposed dashboard was
designed and evaluated in collaborative learning sessions that
were scripted according to the Pyramid CLFP. Even if we
believe that the pedagogical value, implementation complexity,
and applicability to multiple contexts and subjects of the
Pyramid CLFP makes it an interesting research focus,
generalising the findings of the study to other structures for
learning activities is difficult and requires further research.
Creating a common framework that would enable comparison
of empirical findings across studies with related research would
help the field to form a broad body of research knowledge. In
addition, more studies should evaluate whether the proposed
technology could be part of teachers’ common practice for
orchestrating collaboration, as the teachers in this study
expressed that they are interested in using the dashboard in
future activities.

Another limitation is that teachers’ behaviours during the
sessions could have been captured using classroom recording,
and the elements to which they paid attention could have been
detected using eye-tracking technologies for fine-grained
analysis. The present study did not measure whether the
generated warnings and information visualisations of the
dashboard added to teacher’ orchestration load.

Finally, regarding the students aspects, given the limited time
available in the classrooms we were unable to collect detailed

TABLE V
CONDITIONS OF FRUITFUL COLLABORATION

Control condition (no

Condition dashboard for Experimental condition
teachers, only (dashboard for teachers)
PyramidApp)

Students were more
responsible and focused as
teachers monitored activity.

Common goal Need to collectively
reach a consensus on a

common task.

Positive Participants are aware Students were more
Interdependence  that they need each responsible and focused as
other to succeed. teachers monitored activity.
Coordination Flow aligned with the Teachers used the
pedagogical method or  dashboard controls to
intent. further regulate the activity.
Communication Intensity of The number of messages
discussions. posted in the discussion
was high, but not
significantly high.
Individual Each student should Students posted more
accountability contribute. answers and contributed

more to voting and
discussions.

As a result of increased
answer submissions and
voting on peers’ answers,
students took into account
the answers submitted by
peers.

Teachers revealed the
winning answers to the
class at the end of the
sessions.

Students see answers
submitted by others.

Awareness of
peers’ work

Joint rewards Groups that reach
agreement faster will
produce a winning

answer.
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qualitative responses or to conduct interviews to capture further
information regarding perceived learning and satisfaction.

IX. CONCLUSIONS AND FUTURE WORK.

This study reported our practical experience related to
designing a teacher-facing dashboard that aimed at supporting
teachers in orchestrating scripted classroom collaboration. The
findings of the study revealed how teachers made information
on the dashboard actionable (not only based on automatic
detection of low-participating groups but also because of how
teachers used the information presented on the dashboard to
inform their pedagogical actions, e.g. whole-class scaffolding,
targeted scaffolding) and how teachers actions induced positive
change in students’ activity participation. In the following, we
outline design principles for actionable dashboards to support
CLFPs derived from the research:1) Warn teachers of critical
events concerned with the epistemic facet related to the learning
task but also to the social facet affecting the collaborative
learning flow mechanisms: Enabling the flexible modification
of learning scenarios in run-time is a necessary feature of
orchestration technology. However, it is not sufficient if the
technology is not helping teachers to take informed actions. In
our study, teachers mentioned that they missed chances of
reacting to critical events during collaboration as they are
concerned about the epistemic and social facets of the learning
activity in real-time. By generating automatic warnings to
inform critical events, teachers can act instantly providing just
in time support for students taking advantage of the orchestrable
technology; 2) Offer capabilities to customize warnings:
Criteria to generate warnings may depend on the type of task
and teacher’s expectations. Teachers wanted to have access to
authoring features that allow them to modify criteria for
generating warnings; 3) Generate action-impact indicators:
Teachers mentioned that they want to know how their
interventions or pedagogical actions impacted students. For
instance, teachers wanted to know whether posting a message
to a group resulted in increased students’ discussion
participation; 4) Align students’ artefacts with teacher’s
expectations: Teachers want to rapidly evaluate if the answers
produced by the students are aligned with their expectations.
This was challenging as pyramid CLFP tasks can be of different
natures and the tasks used in our study were open-ended.
Providing space for teachers to input keywords they would like
to see in students’ answers and matching of teacher’s expected
answers versus students’ answers can facilitate a first approach
for real-time content evaluation; 5) Avoid hidden menus:
Teachers indicated that the dashboard controls placed in a
hidden menu resulted in added complexity and usability issues.
They wanted all information and controls of the dashboard to
be visible and easily accessible; 6) Use teacher’s vocabulary
instead of technical terms: Teachers asked to use language close
to teacher’s vocabulary as technical terms used in the dashboard
are difficult to interpret in real-time.; 7) Provide automatic
action recommendations: Teachers mentioned that having
access to dashboard controls (e.g. pause, resume, etc.) is useful.
However, as shown in the study results the use of such controls
in the run time of the activity is less, which indicates that there
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is a gap between teachers’ subjective perception of such
controls and their real-time use. This may occur due to the
teacher’s lack of familiarity with the technology, lack of
confidence in revising the learning design in real-time, or due
to lack of focus towards the use of controls as they are busy in
evaluating epistemic and social aspects of the learning scenario.
Generating automatic action recommendations of when to use
dashboard controls and giving them the flexibility to accept or
reject the recommendations would facilitate to bridge the gap
between perception and technological affordances.

Future studies around teacher orchestration may benefit from
considering the use of novel tracking technologies. For
example, studies related to electrodermal activity (EDA) and its
application for detecting changes in the level of arousal [35],
especially within the learning context [36], suggest that this
method can be used to monitor the state of teachers at the time
they carry out actions when using the dashboard. Studies of
cognitive load when teaching over the video, show that
physiological measurements, such as arousal measured by
galvanic skin response, correspond to the self-reported states of
cognitive load [37]. In our future research, we will equip
teachers with an Shimmer3 GSR+ device, which is suitable for
measuring EDA with minimal disturbance to the teachers’ usual
patterns of behavior. Even though these kinds of measurements
require devices to be attached to the teacher, they can provide
useful data, especially for tracking the causality of teachers’
actions. Another way to understand teachers’ behaviour during
orchestration is to track sound levels in the classroom [38]. An
off-the-shelf sound meter could be carried by teachers to detect
the level of sound that reaches them. This information could
explain certain teachers’ actions, like sudden interruptions of
the activity or pauses for intervention. By combining EDA and
sound measurements as well as tracking the actions carried out
while using the dashboard, we could employ a multimodal
system that provides various types of complementary data and
focuses on teachers’ behaviour. For instance, data collected
from such devices together with self-reported measurements
could provide information regarding perceived cognitive load
of the teachers when using dashboards for orchestration
purposes. Eye tracking can help indicate a correlation between
more frequent looking at students when the cognitive load is
increased [33]. More research on eye tracking technology
implies that, combined with video recordings, this
physiological measurement can be a good addition to
qualitative measures in assessing cognitive load [33]. Note,
however, that while this type of multimodal learning analytics
is interesting for research purposes, there are ethical
implications in its applicability to real scenarios [39].

Regarding student aspects, tracking technologies can be used
to determine the positions of group participants, which can
inform how the positioning affects overall group performance
[40]. By comparing this information to groups’ performance
and actions during an activity, suggestions regarding
orchestration can be provided for the teacher. Similarly, EDA
approaches with students can be investigated. EDA
measurements in students are present in studies where the
possibility of reducing stress is analyzed with the aim to obtain
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better learning outcomes [41]. A Multimodal system consisting
of EDA, heart rate measurement device, finger-based GSR
sensor and surveys, demonstrates that prediction algorithms can
provide 88.8% of accuracy in predicting stress with college
students [42]. By measuring voice activity (speaking time and
location of the student) and relating it to the actions students
take (discussion, time for voting, etc.), we can thoroughly
analyse the frequency of face-to-face contact and its relevance
to this approach [43]. Inertial measurement unit (IMU) sensors,
such as the Shimmer3 IMU Unit, which are used for this kind
of tracking, are non-invasive, and can be placed on each
participant without disturbing them during the activity [44].
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