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Abstract²The 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 
Vcaffolding b\ Whe edXcaWoU (e.g. Whe edXcaWoU¶V paUWicipaWion 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 Terms²Collaborative learning, scripts, learning 
analytics, orchestration, dashboards, learning technologies. 

I. 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 
UeflecW on oWheUV¶ ideaV. HoZeYeU, achieYing VXcceVV in Whe 
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 µactionable¶, 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 
deplo\ WoolV foU impUoYing inVWUXcWoUV¶ aZaUeneVV of VWXdenWV¶ 
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: 
RQ1: How did teachers use the dashboard to orchestrate 

collaboration?  
RQ2: Do WeacheUV¶ oUcheVWUaWion acWionV affecW VWXdenWV¶ 

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. 

Third, we present an evaluation of the proposed LA dashboard, 
showing how teachers responded to the analytics that made 
infoUmaWion on Whe daVhboaUd acWionable and hoZ WeacheUV¶ 
pedagogical acWionV affecWed VWXdenWV¶ paUWicipaWion in Whe 
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 SecWion VIII pUeVenWV Whe VWXd\¶V limiWaWionV. SecWion IX 
concludes the paper and provides future research directions. 

II. RELATED WORK

LA iV defined aV Whe ³meaVXUemenW, collecWion, anal\ViV, and 
reporting of data about learners and their contexts, for the 
purposes of understanding and optimizing learning and the 
enYiUonmenW in Zhich iW occXUV´ [11]. RecenWl\, LA haV 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 
VWXdenW¶V needV.  

Slotta et al. [16] developed an iQVWUXcWRU¶V WabOeW that 
infoUmed VWXdenWV¶ acWiYiW\ participation in a smart classroom 
setting. The tool enabled teachers to change activities according 
Wo gUoXpV¶ peUfoUmance.  

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 aV ³Vingle diVpla\V WhaW aggUegaWe diffeUenW 
indicators about learner(s), learning process(es), and/or 
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leaUning conWe[W(V) inWo one oU mXlWiple YiVXaliVaWionV´ [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 
VWXdenWV¶ help UeqXeVWV dXUing a laboUaWoU\ VeVVion. The 
daVhboaUd pUoYided YiVXaliVaWionV Wo indicaWe VWXdenWV¶ 
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) ZaV added Wo Whe V\VWem Wo YiVXaliVe gUoXpV¶ 
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 
conWUolV foU Whe WeacheU Wo geW VWXdenWV¶ aWWenWion Zhen 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
VWXdenWV¶ VcUeenV on Zall diVplays/interactive whiteboards. In
addition, the information presented by the tools aims to raise
WeacheUV¶ aZaUeneVV of gUoXp pUoceVVeV and help UeqXeVWV, 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 XVeUV¶ needV and deWeUmine Zhich pUoblemV 
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, 

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. 
TeacheUV¶ YeUbal UeVponVeV ZeUe UecoUded and VXbVeqXenWl\ 
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 
VWXdenWV¶ paUWicipaWion dXUing Whe acWiYiW\.  

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; 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.

TeacheUV¶ acWiYiW\ deVign configXUaWionV and VWXdenWV¶ 
activity enactment data are logged in the PyramidApp 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 
WeacheUV¶ UeVponVeV, WeacheUV aWWempW Wo VolYe pUoblemV eiWheU 
verbally (by providing explanations) or via technological means 
to target specific problematic groups. For example, teachers 
ma\ paXVe Whe acWiYiW\ Wo geW Whe claVV¶V aWWenWion Zhen 
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 

TABLE I 
RESPONSES COLLECTED FROM TEACHERS ON HOW TO HANDLE PROBLEMS 

DURING PYRAMID-BASED COLLABORATIVE LEARNING SESSIONS 

Problem Response a 

Students cannot log in 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

Some students skip the 
initial answer 
submission stage 

SWXdenWV¶ anVZeUV aUe 
noW Xp Wo Whe WeacheUV¶ 
expectations 

Students do not submit 
answers on time 

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 
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 

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: 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 queVWionV in VWXdenWV¶ 
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 

aA, B, C, D denoWe each WeacheU¶V UeVponVe 

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

  

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

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.



5 

prototype to be developed subsequently. We designed four 
paper prototypes that depicted VWXdenWV¶ paUWicipaWion in a 
Pyramid activity. The design of these prototypes was informed 
WhUoXgh liWeUaWXUe UeYieZ [20], [21], [23] and Whe WeacheUV¶ 
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-UelaWed daWa YiVXaliVed Whe VWXdenW¶V pace aW a claVV 
level, and product-related data provided details about the 
VWXdenW¶V VXbmiVVionV, VXch aV anVZeUV, noWeV, and diVcXVVionV 
[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 controls²timing, flow, and 
participation ²to 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 WeacheUV Wo geW Whe claVV¶V aWWenWion 
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 

fXncWionaliWieV of Whe pUopoVed daVhboaUd pUoWoW\peV. TeacheUV¶ 
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 

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

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 VWXdenWV¶ YoWing and paUWicipaWion in diVcXVVionV. The focXV 
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)). 

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 
sections²Option Submission Controls and Rating Phase(s) 
Controls²to 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). 

Fig. 4.  An example of a voting warning. 

Fig. 5.  An example of a discussion warning. 
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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 
VeVVion YaUied baVed on Whe WeacheUV¶ UeqXiUemenWV foU 
collaborative learning activities in the classroom sessions. In all 
sessions, teachers proposed open-ended knowledge sharing 
tasks for students.  

SWXdenWV¶ collaboUaWion in boWh condiWionV and WeacheUV¶ 
dashboard actions in the experimental condition were 
aXWomaWicall\ logged. In Whe e[peUimenWal condiWion, WeacheUV¶ 
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 
acWion. TZo daWaVeWV ZeUe cUeaWed Wo denoWe WeacheUV¶ acWionV 
during the experimental and control conditions: 1) screen-
captured data from the tablet, log data and observation notes 
(along with timesWampV) Wo UeflecW WeacheUV¶ acWionV in Whe 
experimental condition; and 2) observation notes to reflect 
WeacheUV¶ acWionV in Whe conWUol condiWion. 

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 

Condition a Teacher Session 
ID 

Task 
Type b 

Pyramid 
Levels 

Activity 
Duration 
(mins) 

Total 
Students 

Data Collected and Type of 
Analysis Performed 

  Research Question 

Control  T1 C11 A 3 13 37 

Observation notes (Qualitative) 
Post-activity questionnaire 
responses from teachers 
(Qualitative) 

Log data from PyramidApp 
(Quantitative) 
Post-activity questionnaire 
responses from students 
(Quantitative) 

RQ1: How did teachers use  
the dashboard to orchestrate 
collaboration? 

RQ2: Do WeacheUV¶  
orchestration  
acWionV affecW VWXdenWV¶ 
participation in activities? 

C12 A 3 13 27 

C13 A 3 13 28 

C14 B 4 15 16 

T2 C21 A 3 13 22 

C22 B 3 13 13 

C23 B 4 15 19 

C24 A 3 19 36 

C25 A 3 13 68 

T3 C31 B 3 13 24 

C32 B 4 15 27 

T4 C41 A 3 26 24 

Experimental T1 E11 A 3 13 14 
Screen-captured data from the 
dashboard (Qualitative) 
Log data from PyramidApp 
(Quantitative) 
Observation notes (Qualitative) 
Post-activity questionnaire 
responses from teachers 
(Qualitative) 

Log data from PyramidApp 
(Quantitative) 
Post-activity questionnaire 
responses from students 
(Quantitative) 

RQ1: How did teachers use  
the dashboard to orchestrate 
collaboration? 

RQ2: Do WeacheUV¶  
orchestration  
acWionV affecW VWXdenWV¶ 
participation in activities? 

E12 A 3 13 38 

E13 A 3 13 26 

E14 A 3 13 16 

E15 B 4 15 13 

E16 A 3 30 34 

T2 E21 B 3 13 14 

E22 A 3 18 88 

E23 A 3 13 25 

E24 A 3 13 20 

E25 A 4 13 23 

E26 A 3 13 23 

T3 E31 B 3 13 18 

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 
WeacheUV¶ peUcepWionV of Whe activities and dashboard. A post-
activity questionnaire with 2 qualitative questions were given 
to students. Students responded to the questions on a five-point 
LikeUW Vcale (1 = WoWall\ agUee, 5 = WoWall\ diVagUee): 1) ³I haYe 
learned a lot about the subjects discussed during the 
collaboUaWiYe leaUning acWiYiW\´ (Zhich UeflecWed peUceiYed 
leaUning); and 2) ³UaWe \oXU oYeUall VaWiVfacWion ZiWh Whe 
collaboUaWiYe leaUning e[peUienceV´ (Zhich UeflecWed peUceiYed 
satisfaction). A mixed-methods approach was used to 
contextualise and triangulate quantitative and qualitative data to 
produce results for the two conditions.  

C. CRdiQg TeacheUV¶ AcWiRQV
WiVe and JXng [27] pUeVenWed a model of inVWUXcWoUV¶

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 
Wo code WeacheUV¶ acWionV in the experimental condition. For the 
control condition, three codes were used Wo code WeacheUV¶ 
actions. Two authors of this paper coded the datasets. There was 
high agUeemenW beWZeen Whe WZo codeUV (Cohen¶V 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 

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 pUoYideV deWailV on WeacheUV¶ UeacWionV Wo daVhboaUd 
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 
WeacheU T1¶V VeVVionV and 3 meVVageV in WeacheU T3¶V VeVVion, 
VhoZing WhaW WeacheUV¶ inWeUYenWion in chaWV in Ueal Wime 
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 voWing leYel (e.g. ³We haYe one 
Zinning anVZeU. I¶ll ZaiW 1 minXWe moUe, 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 a 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 
paWWeUnV. In Whe conWUol condiWion, Whe WeacheU XVed peUcepWionV and obVeUYaWionV of indiYidXal VWXdenWV¶ deYiceV Wo 
explain patterns (e.g. ³Some gUoXpV haYe alUead\ finiVhed Whe YoWing, bXW Vome of \oX VWill haYen¶W \eW.´)  

Pedagogical 
Responses 

Whole-class 
scaffolding 

Teacher provides support at the class level, describing the PyramidApp mechanism, task, script progression, 
participation, and quality of artefacts (e.g. ³Click VXbmiW Zhen \oX finiVh.´) 

Targeted 
scaffolding

Teacher supports individual students and groups in resolving their doubts and encourages participation (e.g. ³UVe \oXU 
XniYeUViW\ email Wo log in.´) 

Revise course 
(learning) 
design 

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

Wait and see 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. 

aAll VeYen codeV ZeUe XVed Wo code WeacheUV¶ acWionV in Whe e[peUimenWal condiWion. For the control condition, three codes were used: explain pattern; whole-class 
scaffolding; and targeted scaffolding. 

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

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.



9 

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. DR TeacheUV¶ OUcheVWUaWiRQ AcWiRQV AffecW SWXdeQWV¶
Participation in Activities?

To address the second research question of the study, we 
e[amined hoZ WeacheUV¶ oUcheVWUaWion acWionV affecW VWXdenWV¶ 
activity participation. Log data collected from the PyramidApp 
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. SWXdenWV¶ 
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%) Whan in Whe conWUol condiWion (83%). SWXdenWV¶ poVW-
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 XndeUVWand Whe UelaWion beWZeen WeacheUV¶ acWionV (Vee 
Table III) and VWXdenWV¶ paUWicipaWion Ze condXcWed SpeaUman¶V 
correlation tests in both conditions (data was not normally 

TABLE IV 
TEACHERS¶ USE OF DASHBOARD CONTROLS 

Teacher Session 
ID 

No. of voting warnings 
received & No. of 
voting warnings 

reacted 

No. of discussion 
warnings received & 

No. of discussion 
warnings reacted 

Total no. of chat messages posted 
by teacher in continuing 
discussion with groups 

Replies 
received 

from 
students 

(Yes/No) a 

Flow 
controls 
used a,b 

Timing 
controls 
used a 

T1 E11 1 (1) 2 (2) 2 Y N N 
E12 6 (2) 0 (0) n/a n/a Y (end) N 

E13 9 (4) 1 (0) n/a n/a Y (end) N 

E14 7 (4) 2 (1) 1 Y Y (end) N 

E15 0 (0) 0 (0) n/a n/a Y (end) N 

E16 0 (0) 1 (1) 14 Y Y (end) N 

T2 E21 0 (0) 0 (0) n/a n/a 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) n/a n/a Y (end) Y 

E42 0 (0) 2 (1) 1 N Y (end) N 
aY refers to Yes and N refers to No. 
bOnly end flow control was used by the teachers. Pause and resume controls were not used. 

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 
coUUelaWionV ZeUe foXnd beWZeen Whe WeacheUV¶ WaUgeWed 
Vcaffolding and VWXdenWV¶ diVcXVVion participation (rs = 0.673, p 
= 0.004) and WeacheUV¶ WaUgeWed Vcaffolding and oYeUall acWiYiW\ 
participation (rs = 0.646, p = 0.007). In the control condition, 
WheUe ZeUe no VignificanW coUUelaWionV beWZeen WeacheUV¶ 
WaUgeWed Vcaffolding and VWXdenWV¶ diVcussion participation (rs = 
0.055, p = 0.865) oU VWXdenWV¶ oYeUall paUWicipaWion (Us = 0.009, 
p = 0.977). These results suggest that in the experimental 
condiWion Zhen WeacheUV¶ inWeUYenWionV ZeUe incUeaVing aW 
indiYidXal and gUoXp leYel, VWXdenWV¶ discussion and overall 
activity participation also increased or vice versa. Moreover, 
VignificanW negaWiYe coUUelaWionV ZeUe foXnd beWZeen WeacheUV¶ 
Uead daWa acWion and VWXdenWV¶ YoWing paUWicipaWion (Us = - 0.523, 
p = 0.038) and beWZeen WeacheUV¶ acWionV to whole class 
scaffolding and voting participation (rs = - 0.517, p = 0.040). 
TheVe UeVXlWV VXggeVW WhaW Zhen VWXdenWV¶ YoWing paUWicipaWion 
was decreasing, teachers were reading more often the 
dashboard data and provided more support at the class level, or 
Whe UeYeUVe UelaWion beWZeen WeacheUV and VWXdenWV¶ acWionV 
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 
paUWicipaWion (e.g. ³All Whe infoUmaWion pUeVenWed in Whe 
dashboard ZeUe XVefXl Wo XndeUVWand VWXdenWV¶ UeVponVeV and 
paUWicipaWion´); 2) Wo be aZaUe of Whe VcUipW pUogUeVVion (e.g. ³I 
liked the time indicator and the red and blue visualisation 
because I knew when the students will proceed to the next 
leYel´); and 3) Wo combine dashboard information with their 
claVVUoom obVeUYaWionV (e.g. ³I coXld combine ZhaW I ZaV 
directly observing in the classroom with the information in the 
daVhboaUd.´) We inWeUpUeW Whe findingV aV indicaWing WhaW Whe 
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 
menWioning) VWXdenWV¶ paUWicipaWion in Whe acWiYiW\ 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 teacheUV¶ aWWenWion aZa\ fUom Whe claVVUoom, bXW 
helped teachers to provide more scaffolds at the class, group 
and individual levels, which influenced their teaching practices. 

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 
e[plained b\ Waking inWo accoXnW Whe WeacheU¶V UeVponVeV Wo Whe 
post-activity questionnaire. Two teachers pointed out that 
participation warnings indicated the requirements for 
intervention²³Seeing Whe peUcenWage of YoWing paUWicipaWion oU 
Whe ZaUningV ZaV YeU\ XVefXl,´ ³KnoZing WhaW VWXdenWV did noW 
chat, I will try to find ways for more interactions in a subsequent 
acWiYiW\,´ ³EnWeUing in Whe chaW ZaV XVefXl and enabled me Wo 
Vee Whe infoUmaWion in Whe chaW (pUeYioXV diVcXVVion, eWc.)´²but 
the limited time allocated to the activity made it difficult to 
XndeUVWand Whe inflXence of Whe inWeUYenWion: ³dXe to [the] fast 
grouping levels that occur in the classroom, it is hard to see how 
m\ pUompWV inflXence Whe VWXdenWV.´ BaVed on WhiV, Ze belieYe 
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 
immediaWeneVV of WeacheUV¶ acWionV, aV acWionV Waken Woo qXickl\ 
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. 

RegaUding Whe WeacheUV¶ XVe of daVhboaUd conWUolV, aV 
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 
conVeUYaWiYel\: ³I did noW inWenViYel\ XVe Whe conWUolV, bXW I VaZ 
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 
ZeUe iniWiall\ planned).´ Second, WeacheUV menWioned WhaW Whe\ 
were reluctant to revise certain learning design parameters at 
run time, in particular time, and that they required further 
WUaining oU gXidance UegaUding Zhen Wo XVe VXch conWUolV: ³I 
didn¶W XVe a loW of Wiming conWUolV becaXVe Whe\ Zill inflXence 
the whole activity and I was not sure if I can experiment [with] 
WhiV in Whe claVV.´ Finall\, WeacheUV noWed impUoYemenWV WhaW 
coXld be made UegaUding Whe placemenW of conWUolV: ³The 
controls were hidden and its presentation gave a feeling of 
comple[iW\.´  

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: 
³In an\ caVe, I find iW XVefXl Wo be able Wo paXVe Whe claVV.´ 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 
gUoXpV¶ acWiYiW\ paUWicipaWion needV Wo be Uefined: ³WiWh Whe 
tables it was hard to compare groups; thus, a visualisation will 
cleaUl\ VhoZ Zhich gUoXp paUWicipaWe moUe oU leVV.´ TeacheUV 
also pointed out that having access to checkpoint analytics [32] 
would help them to detect and directly suppoUW laWe VWaUWeUV: ³I¶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 Whe pUoblemV of VloZ VWXdenWV.´ FXUWheU, WZo 
teachers emphasised that the terminology in the user interface 
VhoXld be changed: ³The ZoUding iV cleaU and haV all Whe 
information but perhaps [it] can be closer to the vocabulary of 
WeacheUV.´ RegaUding Whe Wiming conWUolV, Whe WeacheUV poinWed 
oXW WhaW ³in Whe VlideU, Whe nXmbeU coXld claUif\ if iW Uefers to
VecondV [oU] minXWeV.´ 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 unique 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 
WeacheUV¶ XVe of Whe daVhboaUd conWUolV ma\ haYe alVo been 
inflXenced b\ facWoUV VXch aV WeacheU¶V VaWiVfacWion, \eaUV of 
teaching experience, agency, beliefs, skills, trust, cognitive load 
as well as technological, pedagogical, and content knowledge 
[27, 33] which requires further examination. 

B. DR TeacheUV¶ OUcheVWUaWiRQ AcWiRQV AffecW SWXdeQWV¶
Participation in Activities? 

In order to better understand whether the improved overall 
collaboration was achieved as a result of improved conditions 
foU collaboUaWion (WhUoXgh WeacheUV¶ pedagogical acWionV), Ze 
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 

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 
inflXence and incUeaVe VWXdenWV¶ paUWicipaWion in Whe acWiYiW\.  

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 
Wechnolog\ coXld be paUW of WeacheUV¶ common practice for 
orchestrating collaboration, as the teachers in this study 
expressed that they are interested in using the dashboard in 
future activities.  

AnoWheU limiWaWion iV WhaW WeacheUV¶ behaYioXUV dXUing Whe 
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 
daVhboaUd added Wo WeacheU¶ oUcheVWUaWion 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 

Condition 

Control condition (no 
dashboard for 
teachers, only 
PyramidApp) 

Experimental condition 
(dashboard for teachers) 

Common goal Need to collectively 
reach a consensus on a 
common task. 

Students were more 
responsible and focused as 
teachers monitored activity. 

Positive 
Interdependence 

Participants are aware 
that they need each 
other to succeed. 

Students were more 
responsible and focused as 
teachers monitored activity.

Coordination Flow aligned with the 
pedagogical method or 
intent. 

Teachers used the 
dashboard controls to 
further regulate the activity. 

Communication Intensity of 
discussions.

The number of messages 
posted in the discussion 
was high, but not 
significantly high. 

Individual 
accountability 

Each student should 
contribute. 

Students posted more 
answers and contributed 
more to voting and 
discussions. 

Awareness of 
peeUV¶ ZoUk 

Students see answers 
submitted by others. 

As a result of increased 
answer submissions and 
YoWing on peeUV¶ anVZeUV, 
students took into account 
the answers submitted by 
peers. 

Joint rewards Groups that reach 
agreement faster will 
produce a winning 
answer. 

Teachers revealed the 
winning answers to the 
class at the end of the 
sessions. 
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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 VWXdenWV¶ acWiYiW\ paUWicipaWion. 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 WeacheU¶V e[pecWaWionV. TeacheUV ZanWed Wo haYe acceVV Wo 
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 
Wo a gUoXp UeVXlWed in incUeaVed VWXdenWV¶ diVcXVVion 
participation; 4) Align sWXdenWV¶ aUWefacWV ZiWh WeacheU¶V 
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 
Wo Vee in VWXdenWV¶ anVZeUV and maWching of WeacheU¶V e[pecWed 
anVZeUV YeUVXV VWXdenWV¶ anVZeUV can faciliWaWe a fiUVW appUoach 
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) UVe WeacheU¶V YocabXlary 
instead of technical terms: Teachers asked to use language close 
Wo WeacheU¶V YocabXlaU\ aV Wechnical WeUmV XVed in Whe daVhboaUd 
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 

iV a gap beWZeen WeacheUV¶ VXbjecWiYe peUcepWion of VXch 
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 
measuUing EDA ZiWh minimal diVWXUbance Wo Whe WeacheUV¶ XVXal 
patterns of behavior. Even though these kinds of measurements 
require devices to be attached to the teacher, they can provide 
XVefXl daWa, eVpeciall\ foU WUacking Whe caXValiW\ of WeacheUV¶ 
actions. AnoWheU Za\ Wo XndeUVWand WeacheUV¶ behaYioXU dXUing 
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 WeacheUV¶ acWionV, like VXdden inWeUUXpWionV 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 
focXVeV on WeacheUV¶ behaYioXU. FoU inVWance, daWa collecWed 
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¶ peUfoUmance 
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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