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Abstract

Teachers in a collaborative learning (CL) environment have the demanding task of moni-
toring several groups of students at the same time and intervening when needed. This with-
itness (both the situational awareness and interventions taken in class) of the teacher might
be increased with the help of a guiding dashboard alerting the teacher of problems and pro-
viding suggestions for interventions. This paper introduces a quasi-experiment carried out
in authentic classrooms. We examined how a mirroring and an alerting & guiding dash-
board affected the withitness of teachers in a face-to-face learning environment while stu-
dents discussed and used a collaborative writing tool. Twenty-four teachers were observed,
interviewed, and answered surveys in three different conditions altogether: with no extra
information about the situation, using a dashboard mirroring low-level data about the
collaboration, and additionally an Al assistant indicating problems in pedagogical terms
and potential solutions (i.e., a guiding dashboard). The results show that the situational
awareness of the teachers increased with the introduction of a mirroring dashboard. The
workload of the participating teachers dropped more with the introduction of an alerting &
guiding dashboard, helping teachers feel less frustrated and more accomplished.

Keywords Artificial intelligence - Teacher withitness - Collaborative learning - Learning
analytics - Awareness - Intelligence amplification - Dashboard

Introduction

Students need to be supported in the learning process to ensure the effectiveness of Col-

laborative Learning (CL) (Soller et al., 2005). A situationally more aware teacher can
commence an intervention to aid the students in their progress, and thus such a teacher
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is critical during CL. The teachers’ situational awareness in the classroom has been
studied in the field of CSCL under the term orchestration. Orchestration refers to the
way a teacher manages, in real time, a variety of activities using different media and
tools (Dillenbourg, 2013). Orchestration of CSCL and its support with dashboards is
a key area of investigation regarding the practice of CSCL (van Leeuwen et al., 2019).
The concept of orchestration, however, is very broad and complex and hard to opera-
tionalise (Prieto et al., 2011). Recent research has proposed the concept of withitness,
which is the skill of teachers to process and handle classroom situations along two
dimensions: classroom awareness (i.e., what is going on in the classroom) and what the
teacher is doing to maintain learning (i.e., her interventions, see (Wolff et al., 2020)).
Therefore, withitness is the part of orchestration that happens in real-time during the
learning activities.

The required effort teachers must invest into the organisation of activities towards
orchestration is referred to as orchestration load (Prieto et al., 2018). A perceived heavy
orchestration load could have a detrimental effect on the teacher’s situational awareness
(Kasepalu et al., 2021). Additionally, the lack of knowledge regarding what information
to collect could result in the teacher’s wasted effort. As an illustration, novice teachers
are known to collect too much irrelevant information in class (Wolff et al., 2020), while
simultaneously overlooking information that expert teachers identify as significant and
explanatory (Gegenfurtner et al., 2020; Wolff et al., 2020). Here a pattern-seeking artifi-
cial intelligence (AI) system that provides advice on potential interventions (i.e., a guid-
ing dashboard) could potentially help decrease the load and help teachers to prioritise
the investment of their attention (Soller et al., 2005). Researchers have posited that the
strengths of the teacher complemented with Al systems may provide even more effective
results in enhancing students’ learning (Baker, 2016; Holstein et al., 2019b).

Al in the form of a guiding dashboard could aid the teacher in describing the actions
happening in the classroom (thus increasing situational awareness) and predict whether
the collaboration process is developing into a successful one (i.e., help decide whether
intervention is needed). It is known that teachers would like an Al to draw their attention
towards groups (or individual students) that need more attention and help from the teacher
in CL (Holstein et al., 2019a), to possibly increase classroom awareness and decrease the
orchestration load. Here, multimodal learning analytics (MMLA), which captures the mul-
timodal nature of CL, could enable the development of such Al systems. With the use of
various data sources (e.g., audio, eye-gaze, video, heart-rate), MMLA captures a more
holistic view of collaboration behaviour that allows an understanding of features of the
learning activity both from the physical-world along with traces from digital technology.
Therefore, an Al system using multimodal data could support the teacher by helping to
increase their situational awareness, decrease the workload, and hence support the teach-
er’s decision making in the moment.

However, the state-of-the-art research carried out in (MM)LA on the development of
support tools seldom addresses the issue of identifying emergent problems in CL. Further-
more, to the best of our knowledge, there are no LA tools applied to CSCL that help stu-
dents or teachers flag problems in pedagogical terms or suggest interventions that could be
suitable for the particular problem (Worsley et al., 2021). Even more so, studies conducted
are often situated in an artificial or training context and not in the authentic classroom.
Notwithstanding, providing additional data could overload the teacher in an already com-
plex classroom environment. Orchestration and orchestration load refer to the myriad of
constraints and contextual nuances of real classroom practice (Prieto et al., 2011), which
makes it difficult to study in controlled settings.
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With the purpose of addressing the aforementioned challenges, this study explored how
an Al assistant affected the teachers’ skill to be “with-it”, in other words, to understand
the learning situation and proactively react during CSCL. Furthermore, it investigated the
way teachers perceived their workload in authentic settings. We used an Al system with
three different configurations in the study: firstly, showing no information on CL; secondly,
showing multimodal features such as speaking time, turn-taking, writing operation etc.
from data collected from CL (mirroring dashboard); and thirdly, alerting the teacher to
problems and suggesting an intervention based on the prediction of the current state of
collaboration along with the mirroring functionality (alerting & guiding dashboard). We
carried out a quasi-experiment to compare the effects of an alerting & guiding dashboard,
a mirroring only dashboard and a no information dashboard. This study investigated free-
form collaboration (as opposed to, e.g., scripted collaboration, see Kobbe et al. (2007)) in
an authentic setting, since free-form collaboration is still most widely used in authentic
classrooms.

Related work
Effective collaboration

We adhere to the understanding that learning is achieved through processes inherent to
social interaction: creating shared meaning together (Stahl, 2005; Thalemann & Strube,
2004), in particular, constructing knowledge that none of the collaborators already had
prior to the collaboration nor would have been able to construct alone, but instead cre-
ated together in synergy (Stahl, 2005). Effective CL, however, does not happen spontane-
ously, and students need to be supported to acquire those skills. Rummel et al. (2011) have
designed the Adaptable Collaboration Analysis Rating Scheme (ACARS) with the pur-
pose of being able to measure the quality of collaboration to help find out where additional
support for the students is needed (Meier et al., 2007). The rating scheme entails seven
dimensions measuring different aspects of collaboration quality: 1) knowledge exchange,
2) sustaining mutual understanding, 3) argumentation, 4) collaboration flow, 5) structure/
time, 6) cooperative orientation, and 7) individual task orientation. Knowledge exchange
draws from the idea that learning during collaboration happens when partners express their
ideas and other members externalise theirs (Fischer & Mandl, 2003). But instead of just
exchanging information, Thalemann and Strube (2004) add that sustaining mutual under-
standing entails a group building shared knowledge that the students understand in the
same way. Furthermore, based on the provided knowledge, students need to make decisions
with a critical evaluation of the options, weighing the pros and cons of each option, leading
to the third dimension of collaboration quality assessment: argumentation (Tindale et al.,
2003). Clark’s (1996) communication theory teaches us that students need to coordinate
the process of their collaboration reported here as collaboration flow. The fifth dimension,
structure/time, requires group members to keep an eye on the allotted time for the tasks
and planning their activity in the group (Erkens et al., 2005). The next dimension, which
is referred to as cooperative orientation, is characterised by a friendly atmosphere in the
group, where everyone feels comfortable to share their ideas and the relationships within
the group are “symmetrical” (Dillenbourg, 1999). For the final dimension, individual task
orientation, we investigate the contribution, motivation and interest of each group mem-
ber, which are assessed separately in accordance with the understanding that a motivated
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participant will be focused on the task (Barron, 2000). ACARS can possibly be very useful
for collaboration analytics as it gives more insight into causes and potential interventions
(see Table 1 for an overview), when compared to a unidimensional assessment of collabo-
ration quality as high or low.

Withitness: teacher awareness and intervention in a CL classroom

In CL, teacher monitoring, decision making during lessons, and interventions carried out
have been studied under the term orchestration. When operationalizing orchestration as a
term, it is very broad, involving activities prior to the collaboration, during and after (Pri-
eto et al., 2015). In the context of this study, however, we focus on the decisions the teacher
makes during learners’ collaborative activities. The teacher’s skill of noticing, understand-
ing and predicting classroom events and carrying out interventions when needed is called
withitness (see Fig. 1), which was first coined by Kounin (1970), who made it clear that
the teacher needs to constrain poor behaviour in the classroom, and should make a respect-
able suggestion for amending the behaviour. He also suggested always keeping continual
eye contact with students as a means of showing that the teacher is “with-it”. Teacher
withitness has been studied using video self-analysis (Kounin, 1970; Snoeyink, 2010) and
vignette studies (Wolff et al., 2016), either with pre-service teachers (Snoeyink, 2010) or
novice and expert teachers (Wolff et al., 2016). Mcdaniel et al. (2009) propose enhancing
withitness skills for teachers to be better equipped for teaching in a technology-enhanced
learning environment. For the purposes of this study, when we are discussing “withitness”,
we are focusing less on classroom management issues with the purpose of disciplining the
students but are rather concentrating on supporting students to learn to work together as
a group, and in particular, to coregulate with the purpose of actively contributing to and
benefiting from CL.

As situational awareness is a part of the teacher being “with it”, studies show that the
classroom awareness of the teachers is increased with the introduction of a LA dashboard
in controlled settings (van Leeuwen et al., 2019; Verbert et al., 2014). Endsley (1995)
defines situational awareness as the perception of the elements in the environment within a
volume of time and space, the comprehension of their meaning, and the projection of their
status in the near future. In the classroom context, situational awareness is the teachers’
knowledge of what is happening in real-time in the classroom. For the teachers to be “with-
it” and make decisions in the classroom, they need to understand and manage classroom
situations by first being aware of what is going on in the classroom (situational awareness)
and then acting upon the collected information (teacher’s interventions with the purpose of
sustaining learning). LA provides a means for verifying or refuting assumptions a teacher
has made about the CL classroom (Wise, 2018) and thus the withitness of the teacher
might be increased with the help of LA. A dashboard incorporating Al in order to pro-
vide guidance might help teachers predict whether the students’ collaboration is developing
into a successful one or not. As a result, the effectiveness of the interventions the teacher
subsequently decides to make (i.e., decides who needs support the most and takes sup-
portive action) might also increase (Verbert et al., 2014). However, this supposition has not
yet been confirmed by studies (Amarasinghe et al., 2020), which is why it is important to
study how teachers make use of dashboards and other LA/AI devices in authentic settings,
to determine whether such dashboards will indeed increase teachers’ classroom aware-
ness (van Leeuwen & Rummel, 2020). We hypothesise that the introduction of a mirroring
dashboard will increase the teacher’s situational awareness in authentic settings (H1).
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SITUATIONAL
AWARENESS

Fig.1 The teacher’s situational awareness and skills on how to handle classroom situations make up teacher
withitness

From situational awareness to teacher interventions

Situational awareness combines both the understanding of the unfolding events as they are
happening as well as the ability to predict what is going to happen next and whether the
teacher’s intervention is necessary. Gawron (2019) provides a guide for choosing the most
suitable measure for situational awareness. In the case where the awareness is individual,
and it is possible to stop the activity for a while, the recommendation is to use the Situa-
tion Awareness Global Assessment Technique (SAGAT) questionnaire. SAGAT is a per-
formance measure, which has proven content, empirical and predictive validity, and is thus
one of the most well-known measures of situational awareness. SAGAT uses statements
where the participants need to respond with “TRUE” or “FALSE”, which can be analysed
using Signal Detection Theory suitable for binary answers (Abdi, 2009). Signal Detection
Theory provides an assessment of how well the participant is able to spot a signal (hit).
It enables analysis of sensitivity (i.e., the relative amount of hits instead of false alarms)
across different conditions (Stanislaw, 1999). Signal Detection Theory can also be used to
estimate the “answer bias” of each participant (i.e. the overall tendency to answer that a
signal has been perceived). Teachers’ interventions with the purpose of creating or sustain-
ing a good quality collaboration can be regarded as coregulation methods. The teacher can
coregulate by offering feedback or directly adapting the activities of the students. Scaffold-
ing of group processes, not content, is expected in a coregulation process, meaning that
teachers should not only provide tips on how to answer the next question or do the next
task, but to help think about the process of learning (Hadwin & Oshige, 2011). Teachers
need to manage their own teaching process while paying attention to the strategies students
employ for solving the task and for the collaboration (van Leeuwen & Janssen, 2019). Nev-
ertheless, in many real classroom conditions, it is not possible for one teacher to make
sure each student is individually coregulated (Allal, 2020), which is where an alerting &
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guiding dashboard might be of help (as opposed to a mirroring dashboard that only pro-
vides data about the students without any suggestions for intervention).

Using an alerting & guiding dashboard to decrease the workload of teachers

Teacher-facing CSCL tools can broadly be grouped into three types: mirroring, alerting,
and guiding tools (Soller et al., 2005). A mirroring LA tool only provides the teacher
with some information about the collaboration without comparing it to a desired model
(alerting) or offering suggestions for intervention based on quality predictions (a guid-
ing tool). A systematic review of teacher guidance during CL (van Leeuwen & Janssen,
2019) revealed that the majority of the reported tools had only a mirroring function (as
opposed to alerting or guiding). This means that some information is made accessible to
the teacher, but the interpretation (explaining, predicting) and potential intervention thereof
is currently left to the teacher, possibly increasing the workload of the teacher. This is a
difficult task and demands a lot from the teacher, to see how challenging a task or situation
is for a person, researchers can use the NASA- Task Load Index (TLX) instrument (Hart,
2006). Research on studying workload has shown that the mental demand decreases with
the help of technology (Stadler et al., 2016), but participants with higher expertise have
shown higher perceived effort and frustration levels (Kain et al., 2017). In addition to this,
dashboard studies have mostly been carried out in lab settings (van Leeuwen et al., 2019),
which help to understand how teachers could possibly use the data, but whether the find-
ings will transfer to authentic settings remains debatable. As a notable exception, Kaliisa
and Dolonen (2022) studied the use of a teacher-facing mirroring dashboard in authentic
settings and accentuated the call for a guiding dashboard. A guiding dashboard based on an
Al system predicting the future quality of the group could possibly aid the teacher in their
decision making process. The teachers participating in their study using a mirroring dash-
board wished for a dashboard integrated with Al. We thus hypothesise that the introduction
of a guiding dashboard will reduce the workload of the teacher in authentic settings (H2).

Using an alerting & guiding dashboard to increase the coregulation skills
of teachers

Right now, the tools available may not support the teachers’ reflective practice, because
teachers are not always able to interpret the data presented to them and thus do not know
how to respond or intervene (Dazo et al., 2017). From the perspective of the teacher’s
withitness, classroom awareness is supported by mirroring dashboards, but the decision
of which intervention to choose (based on predictions constructed by the Al), is not sup-
ported. However, first results (Dickler et al., 2021) using guiding dashboards show that
students’ inquiry skills improved the most after the teacher supported student understand-
ing and learning, instead of providing support in the subject content. Coregulation means
that a teacher or more-capable peer is scaffolding a student to regulate their learning, while
socially-shared regulation means that several people are regulating their common activity
(Hadwin & Oshige, 2011). Shared regulation plays an integral role in successful collabo-
ration (Jdrveld et al., 2016) and research shows (Jarveld et al., 2019) that students are not
capable of detecting demanding learning situations and their need for teacher coregulation
on their own. Coregulation could be supported by providing the teacher with strategies for
mirroring the students’ ideas, requesting the students to reflect on their learning, modelling
thinking, and offering prompts for thinking and reflecting. The teacher can coregulate by
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offering feedback or directly adapting the activities of the students. Molenaar and Knoop-
Van Campen (2018) report on teachers’ feedback growing progressively more varied with
the use of a dashboard. We thus hypothesize that the introduction of an alerting & guiding
dashboard increases teacher coregulation in authentic settings more than the introduction
of a mirroring only dashboard (H3). Most dashboard studies have been conducted in more
experimental settings and not in authentic classrooms, and if they were, the actual decision
making and interventions by teachers were not studied.

Methodology

The aim of this study was to explore how a mirroring only and an alerting & guiding dash-
board affect teachers’ management of a CL situation. To this end, based on the previous
cycles of the design-based research (Kasepalu et al., 2022), three hypotheses have been
formed:

H1: The introduction of a mirroring dashboard increases the teacher’s situational aware-
ness in authentic settings.

H2: The introduction of an alerting & guiding dashboard reduces the workload of the
teacher in authentic settings more than the introduction of a mirroring only dashboard.
H3: The introduction of an alerting & guiding dashboard increases teacher coregulation
in authentic settings more than the introduction of a mirroring only dashboard.

The withitness of the teacher comprises the situational awareness of the teacher (H1)
and the interventions the teacher carries out in the classroom (H3). The workload of the
teacher is operationalized as a measure of how difficult it is for the teacher to decide which
intervention to choose based on the gained situational awareness (H2). We decided to carry
out our study in authentic settings to see how the teacher would manage to understand the
collaboration behaviour of the students and what kind of coregulation methods would be
used in the field, if any. The study was designed as a quasi-experiment with a pre-test &
post-test design, and with the application of a mirroring dashboard and an alerting & guid-
ing dashboard as between-subject variables. The three independent variables are thus 1) no
dashboard (control setting), 2) mirroring only dashboard, 3) alerting & guiding dashboard.
Situational awareness (H1), workload (H2) as well as the types of classroom interventions
(H3) were recorded as dependent measures (see Table 2 for all scales and measures).

Participants

All participating teachers (N=24) were in-service teachers with varying levels of work
experience (range=1-35 years of experience teaching, mean=15.62 years, SD=11.09).
The teachers participated in multiple conditions. Of the teachers who volunteered to par-
ticipate in the study, all twenty-four teachers participated in the no dashboard condition
(N=24). Nineteen of those also participated in the mirroring only dashboard condition
(N=19), and twelve teachers (N=12) participated in the alerting & guiding dashboard
condition. It was impossible for all teachers to participate in all three conditions due to
technical difficulties (see Table 3 for the distribution of teachers). Ethics approval was
obtained from the ethics board of the CEITER project and the ethics committee of Tal-
linn University (decision number 27). There were twenty-four teachers taking part in the
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Table 3 The participating teachers have been divided into three groups: 1) teachers involved in no dash-
board and mirroring only dashboard condition (N=12), 2) teachers involved in the pre-test and alerting &
guiding dashboard condition (N=5), 3) teachers involved in all three conditions (N="7)

Conditions

Participating No dashboard Mirroring only Alerting N in the group
teachers dashboard & guiding

dashboard
Group 1 X X 12
Group 2 X X 5
Group 3 b3 X X 7
N per condition 24 19 12 24

study from six schools over Estonia, of which twenty-two teachers were female and two
were male. The teachers were teaching at either a middle school, upper-secondary school,
or vocational school, and the data was collected between September 2021 and April 2022.
All participating teachers and students gave informed consent. In the case of underage stu-
dents, the consent from parents or caretakers was sought.

Procedure

Prior to using the dashboards in lessons, the participating teachers answered a question-
naire inquiring about their overall teaching experience, knowledge, and confidence using
collaborative learning methods. After this, together with the first author, a CL task was
designed by the teacher using the collaboration analytics tool CoTrack (Chejara et al.,
2022). The teachers were provided with a structure of a learning design but had to choose
the topic, questions, and exact procedures according to the subject, class context and their
personal preference. The teachers were briefed on the main functions of the dashboard
prior to the learning design.

Collaboration task design. The students were asked to discuss an issue in subgroups
(see Fig. 2 for an example classroom setup) for which leading questions were provided that
the teacher formulated together with the first author. Subsequently, the students had to col-
lectively construct a written discursive essay on the topic or carry out another collaborative

Fig.2 The classroom setup
included each student using a
personal computer with a micro-
phone in a face-to-face setting
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task compiled by the teacher. Each student had a personal computer to use and the pos-
sibility to modify a shared document using Etherpad (Kasepalu et al., 2022). The students
and teacher were all in a face-to-face setting. Overall, classroom size varied from 12 to
30 students per lesson, which meant one teacher teaching three to eight groups at a time.
The students were asked to sit in groups of four that either the students or the teacher had
chosen for them, and each lesson lasted from 45 to 90 min. Altogether twenty lessons with
eleven different class formations were run, meaning that some students took part in the
study several times.

On the day of the data collection, the students were asked about what effective collabo-
ration means to them and were introduced the seven dimensions of collaboration quality
assessment. The students gave informed consent and could ask questions about the study
and the platform. The data collection randomised the order of the three conditions that the
teachers were presented with. This strategy was intended to avoid biasing the results due to
teacher learning. The three conditions were: being an instructor of a CL task a) without a
dashboard, b) with a mirroring only MMLA dashboard, c) with a mirroring MMLA dash-
board together with an alerting and guiding dashboard paper prototype (see Table 4 for an
overview of the three conditions).

During each condition, the first author observed the teacher and took note of her/his
interventions. The teacher was free to operate the dashboard using a laptop whenever
she/he wished in the b) and c) condition. After each condition, the participating teacher
responded to SAGAT statements and the Raw Task Load Index (RTLX). After the les-
son, the teacher took part in a semi-structured interview, where they were asked about the
overall experience of using the dashboards and the reasons for deciding or deciding against
intervening during the activity.

Instruments and tools

We used a web-based tool CoTrack in our study. This tool offers functionality of collabo-
rative writing using a real-time text editor, Etherpad. Additionally, it also has integrated
data collection and processing features allowing generation of the dashboard in real-time.
CoTrack collects audio data along with logs generated by collaborative writing. It then pro-
cesses audio data in real-time and generates features derived from Voice Activity Detec-
tion, Speech-to-Text, Speaking time and Turn taking. From writing logs, it computes a stu-
dent’s contribution in terms of characters written or deleted in each collaborating group.
These features are then used for generating two versions of the dashboard (see Fig. 3,
explained in detail later): a mirroring only dashboard and an alerting & guiding dashboard.
The mirroring dashboard is automatically generated by the tool and offers a real-time visu-
alisation of group-level speaking and writing behaviour. In contrast, the alerting & guid-
ing dashboard is generated in a combined manner by the tool and a researcher. The tool
provides predicted levels of collaboration quality dimensions, and the researcher shows
suggested coregulation strategies on paper (see Table 7 for the suggestions) to the teacher
based on predicted results.

Mirroring dashboard
The mirroring dashboard visualises information about a collaborating group’s speaking and

writing behaviour. These features offer insight about an individual’s participation in the
group activity, which has been found as one of key quantitative metrics for CL (Weinberger
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Table 4 The three conditions applied in the study explained: in condition one the teachers did not use any
dashboard, in condition two they were able to peruse a mirroring dashboard, whereas in the third condition
they could interact with the mirroring dashboard, but were also given alerts and guidance from the dash-

board

Condition 1:
no support

Condition 2:
mirroring only dashboard

Condition 3:
alerting & guiding dashboard

The teacher carrying out
CSCL in an authentic
classroom without any

The teacher in an authentic CSCL scenario using
dashboards that inform the teacher of the group
progress and individual contribution of the

The teacher in an authentic CSCL scenario using a system
which also alerts the teacher of problematic groups and
offers suggestions on how to possibly intervene during the

external assistance students CL activity to improve the collaboration process of the
students
o --
. 2 L] [ )
s @ /\ ow: sustaining mutual
°® °® . [ <
(] [ ]
is someone in the group with the role of a tester? A

—— — tester is in charge of the group moving ahead only

(5| o once each member of the group has understood the
== ideg/problem/answer in consensus.

E—r— UGESTIoO

—

————

Wlerting

Alent s
given for
group 2

Advising

Advisory text i
Alent s shown about group
given for 2

group 2

(Kaliisa & Dolonen, 2022)

& Fischer, 2006). The used features (see Table 5 for an overview of data features used)
(e.g., speaking time, turn-taking) have also been found to be a good predictor of collabora-
tion behaviour (Martinez et al., 2011).

The speaking behaviour is represented by the ‘who is talking after whom’ network (see
number 2 in Fig. 4). The network consists of nodes and directed edges. The nodes represent
the group’s members, and the edges indicate the ordering of speaking e.g., if participant A
spoke after B then there will be an edge from node A to node B. The frequency of speaking

Mirroring dashboard

Speech-to-text

@ Speaking time, Intervention

Data " = 3 Turn-taking, Prediction suggestion
collection voiceactivity/detection Chars written, . (paper-based)
Chars deleted
")) o Writing behavior
CSCLactivity Data collection Pre-processing Feature extraction Supervi;e? Guiding dashboard
ML model

Fig.3 The anonymised tool and its generated dashboards
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in sequence in the group is encoded as the thickness of these edges. The more frequently
participants A and B talk after each other, the thicker the edge between node A and node B
will be. The dashboard also provides spoken text in the form of a word-cloud. The writing
behaviour of every group is represented in the form of a bar graph (number 4 in Fig. 4).
This graph shows the number of updates made by each group to their respective collabora-
tively written document. Additionally, the tool also allows the teacher to see the history of
each update made in the document using a timeline.

Alerting & guiding dashboard
The development of the alerting and guiding dashboard involved using a supervised

machine learning technique for sub-dimensions of collaboration quality. We first anno-
tated the ground truth of collaboration quality using the group’s video recordings. The

BT19

No. of groups: 3
Duration: 1:30:00

Download Data ~

\
a Group-1 Group-2 Group-3

Anastasia Kristiina

Sandra

Hele-Liis Angela

®
- @ Enely
Liisa Evely Brigitty Helina

Wordcloud Wordcloud Wordcloud

a Join group discussion Etherpad activity @ m

Following links can be used to enter

the respective group discussion. You
can also check their written responses.

Group-3

Fig.4 Dashboard for collaboration activities using Jitsi and Etherpad (1—details for collaboration activ-
ity, e.g., title, duration, number of group, 2—group dynamics in terms of ‘who is talking after whom and
how much’ and a button to show the word-cloud of the group, 3—controls for joining the group or to check
group’s text written in Etherpad, 4—graphs showing the number of revisions made by each group in the
Etherpad)
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annotation process involved four graduate master students from The School of Digital
Technologies. The training was provided in three rounds to all of them using a rating
handbook from Rummel et al. (2011). Scores in the range of [-2, 2] were assigned for
every dimension in the 30 s time window. The inter-rater reliability scores (Cohen’s
Kappa) were above 0.60 for each dimension of collaboration quality, indicating a sub-
stantial agreement (as per Landis and Koch (1977) guidelines).

For development of the model, we employed an image-based modelling approach.
This approach was motivated by recent research on modelling collaboration in MMLA
and found to achieve better performance (Anirudh & Dhinakaran, 2021). We repre-
sented our multimodal features (e.g., speaking time, turn-taking, writing operation, etc.)
in the form of an image for every 30 s time window. The image represented features of
each student in the group in a sequential manner, thus retaining the temporal order of
students’ different actions (e.g., speaking, writing, deleting). This representation ena-
bled encoding of temporal information in addition to information from different audio
and log features. We used a Convolutional Neural Network (CNN) with the images as
data to train automated models for assessment of collaboration quality and its dimen-
sions. We employed tenfold cross-validation for model evaluation. In this evaluation,
the dataset was divided into 10 approximately equal parts; using one part for testing
while the others for training in a repeated manner, where in each iteration a different
part is selected for testing. Table 6 shows the performance of the developed models
using three metrics: accuracy, area under curve (AUC), and Kappa.

For implementation of the current study, we have only employed those model dimen-
sions to give feedback to teachers where there was suitable performance of the model.
In addition to this, we took into account the comments of the teachers being inter-
ested in the individual contribution of each student, the atmosphere in the groups, and
whether the students were feeling responsible for each other’s understanding of con-
tent/ideas. Consequently, we chose individual task orientation, cooperative orientation,
and sustaining mutual understanding for our investigation. Through machine learning,

Table 6. The performance of the developed models using three metrics: accuracy, area under curve (AUC),
and Kappa, the chosen dimensions used for the guiding dashboard have been depicted in bold

Target Accuracy AUC Kappa

Opverall collaboration quality (CQ) 79% 87% 45
Sustaining mutual understanding (SMU) 80% 88% .50
Argumentation (ARG) 67% 72% 33
Cooperative orientation (CO) 78% 83% 42
Knowledge exchange (KE) 79% 85% 42
Collaboration flow (CF) 76% 77% .30
Independent task orientation (ITO) 87% 88% .38
Structure and time planning (STR) 78% 85% 43
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the model has attempted to learn the association between several low level features and
higher level constructs as suggested by the ACARS model (Rummel et al., 2011).

A similar approach is taken by Chen et al. (2017) to differentiate between productive
threads and those needing improvement in collaborative knowledge building. Moreover,
it should be noted that in contrast to Chen et al. and others who draw on text analytics, we
draw on multimodal data, which means that the data features derive from several modali-
ties (speech and text). In such a setting, it is quite common to construct more complex
mappings between higher order constructs and data traces using machine learning (see e.g.
Spikol et al. (2017).

To offer ideas for coregulation, we employed the Collaboration Intervention Model
(CIM), which comprises coregulation strategies drawn from a detailed analysis of the lit-
erature (refer to (Kasepalu et al., 2022) for more details). CIM specifies which coregulation
strategy could be offered on detection of ‘Low’ or ‘High’ state of a particular dimension
of collaboration quality. For example, Table 7 shows a decision tree based on CIM for the
individual task orientation dimension.

The dashboard alerted the teacher of the dimension that was low, thus helping the
teacher interpret the data, and also guided the teacher with a hint for a possible coregula-
tion suggestion (see Fig. 5, showing the reader one of the suggestions the teacher was given
during the quasi-experiment where the dimension that was low was mentioned along with
a suggestion for coregulation). The teachers were presented the name of the low dimen-
sions and guidance in their native language.

Adapted-SAGAT

When studying individuals in a situation where it is possible to pause, the SAGAT meth-
odology is advised (Gawron, 2019) for collecting data about situational awareness. In our
case, we did not pause the lesson, the students carried on with their collaboration, but the
teacher was given the questionnaire during the activity. Validated SAGAT statements (End-
sley, 1995) with confidence ratings (Edgar et al., 2018) were used to collect information
about the situational awareness of the teachers. First, 15 statements about CL situations
were verbalised using the seven dimensions of the adaptable rating scheme modelled by
Rummel et al. (2011) about three levels of situational awareness: perception, comprehen-
sion, and prediction (Endsley, 1995). Perception is characterised by the teacher monitor-
ing and observing the classroom and students. The second level of situational awareness is
comprehension, which looks at how the teacher uses the collected observations to under-
stand what is happening around him/her. The third level of situational awareness is predic-
tion, where the teacher is prognosticating what the outcome of the collaboration will be,
how the group work will evolve, etc. The remaining 12 statements (see Appendix) were
modified and corrected according to the advice of the evaluators and resulted in twelve
pilot statements that were tested with seven in-service teachers.

Our goal was to carry out a study in an authentic setting. From the beginning, our work
was set in an authentic classroom where teachers were already using a mirroring collabo-
ration analytics tool to support CL activities, in which they were already responding to
the twelve statements twice during a lesson. It took the teachers a lot of time to read and
answer the questions. The time ranged from five to twenty-one minutes. The teachers were
supposed to respond to the statements at least two times during a CL activity, both answer-
ing each question and also providing a confidence level rating per statement. The teachers
in the pilot (as well as in the planned study) had to do this while simultaneously teaching
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e
NE

ow: sustaining mutual
understandin

is someone in the group with the role of a tester? A
tester is in charge of the group moving ahead only
once each member of the group has understood the

idea/problem/answer in consensus.

Fig.5 The alerting and guiding features were displayed to the teacher on a piece of paper, thus alerting the
teacher about which dimension of collaboration quality the group was low in (marked in red) and a sugges-
tion guiding the teacher regarding how he/she could help the students in the particular group increase the
quality of their collaboration (marked blue)

within the CL activities, which resulted in the teachers in the pilot deeming this approach
as being too obtrusive. To shorten the questionnaire, we compared the means and standard
deviations of the statements (without data and with a mirroring only dashboard) in order to
identify and then eliminate those that had very low variability or no change. After consult-
ing with two teachers in the pilot, the final four statements used in the data collection can
be seen in here (but translated into Estonian for the study):

Perception

1. All students expressed their ideas in the group.
Understanding

2. All students were actively discussing with each other.
Prediction

3. All groups will finish the task in time.
4. All students will have learned from the task.

Raw task load index

The NASA TLX is a measure of the difficulty of carrying out a task by a human. NASA-
TLX uses six subscales: mental, physical, temporal demand, performance, level of effort
and frustration. The first subscale is the mental demand of the teacher while measuring
how much thinking, deciding, etc. was involved during the activity, whereas physical
demand is the extent to which pulling, tugging, etc. was required from the teacher to
teach in this environment. Thirdly, the teachers were asked about the temporal demands,
asking how much time pressure the teacher felt during teaching. The fourth subscale,
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named performance, is an evaluation of how much of a failure the teacher met with
while doing the activity. Next, the teachers were asked about the level of effort they had
to put into teaching, aiming to find out how hard the teacher had to work. Lastly, the
teachers were requested to reveal how insecure or discouraged they felt during CSCL,
which is referred to as level of frustration. All the subscales are on a range between
0-100 (see Fig. 6 for the scale) meaning that the more mental demand the teacher per-
ceived her/himself to have, the higher the number on the scale would be chosen.

Most commonly has this instrument been used to investigate the usability of an interface,
especially in aviation, but computer and portable technology users have also been studied
using NASA-TLX (Hart, 2006). The reported reliability is high: Cronbach’s a 0.75 (Longo,
2018).We used the RTLX version due to time constraints, which means that all six dimen-
sions are weighed the same instead of asking each individual which subscale ratings seem to
affect their individual workload more. In addition to the RTLX, we also analysed the indi-
vidual subscale ratings, as NASA-TLX offers a diagnostic value of the component subscales
as well as the summative workload (Hart, 2006). As the study was carried out in an authen-
tic classroom setting, it was important to be as unobtrusive as possible during the lessons.

Data analysis
Quantitative

RStudio was used to carry out the quantitative part of our data analysis. To study situa-
tional awareness, the number of hits (the ground truth and the teacher both say the adapted

Mental Demand How mentally demanding was the task?
A I Y Y I Y | I I Y I Y Y
Very Low Very High
Physical Demand How physically demanding was the task?
AN I I Y | I Y I Y I Y I |
Very Low Very High
Temporal Demand How hurried or rushed was the pace of the task?
(W[ | o || | N I Y |
Very Low Very High

How successful were you in accomplishing

Performance what you were asked to do?
1131 I I N I I ) |
Perfect Failure
How hard did you have to work to accomplish

Effort your level of performance?
AN I Y Y I | I || | |
Very Low Very High
. How insecure, discouraged, irritated, stressed,
Eristration and annoyed were you?
AN I I N N I I I I I S |
Very Low Very High

Fig.6 RTLX scale 0-100. A higher number of e.g. physical demand indicates a higher workload on this
subscale
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SAGAT statement is true), the false alarms (the teacher says yes, but the ground truth is in
reality a no), the misses (the ground truth reports yes, but the teacher misses it) were cal-
culated (Stanislaw, 1999).The ground truth was established by the researcher using video
analysis. In addition to this, we also report response bias (the general inclination of the
participants to answer yes or no to the adapted SAGAT statements) and sensitivity (how
good the teachers were at providing the correct answer, i.e., getting hits). A boxplot was
used for visualisation purposes. To study the workload of the teachers, descriptive statistics
methods were provided, the effect size (Cohen’s d) was calculated, and unpaired T-Tests
were used due to not all teachers taking part in all three conditions.

Qualitative

The first author took notes during the interventions carried out in the classroom. The cod-
ing scheme used for H3 was taken from the Situated Model of Instructional Decision-Mak-
ing (Wise & Jung, 2019) where the interventions of teachers were coded into three main
pedagogical actions: targeted action (which was separated into whole-class scaffolding
and targeted group scaffolding), wait-and-see, and reflection. For the SAGAT statements,
a researcher was present in all lessons and made direct observations of the students. Dur-
ing data analysis, statement 4 (about students having learned from the task) was discarded
due to not having a ground truth to compare it to. For statements 1 and 2, the transcripts
of the students’ speech with the observations were used to establish the ground truth. For
statement 3, the researcher examined the group product and checked whether it had been
finished by the end of the lesson or not.

To illustrate the way the teachers used the dashboard, a narrative of the behaviour of
T17 follows: The English lesson starts, and the teacher seems excited to use the dashboard
with the new guiding feature. This is the second time T17 is using the dashboard and she
is already waiting for the word cloud function to start working. As this is the alerting &
guiding dashboard condition for her, she can operate the mirroring dashboard at all times,
and she follows all groups diligently throughout the lesson. She stops interacting with the
mirroring dashboard for only about 10 min from the overall 90 min lesson. The researcher
gave her 5 alerts and suggestions on how to proceed with two groups, but she just nodded,
took notes, and carried on inspecting the written work of the students. There was no direct
interaction with the students and the researcher only took note of wait-and-see and reflec-
tion actions in the classroom. The teacher later said that the dashboard is useful and she
will use the information for student feedback.

Results

H1: The introduction of a mirroring only dashboard increases teachers’ situational
awareness.

We hypothesised, based on previous studies, that the situational awareness of the
teacher would increase with the introduction of a mirroring dashboard. Table 8 shows
that the number of hits (the teacher provides the right answer=YES) in both dash-
board conditions increased (with an additional advantage for the alerting & guiding
dashboard) as compared to the no dashboard condition. However, the sensitivity of the
teachers increased with the introduction of the mirroring dashboard from -0.05 to 1.9.
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Table 8 The signal detection theory average features of the teachers across the three conditions of our study

Situational awareness No dashboard Mirroring only Alerting & guiding
dashboard dashboard

hits 32.0% 69.0% 77.8%

false alarms 34.0% 9.0% 8.3%

sensitivity -0.1 1.9 14

response bias -18.8 -15.4 -8.5

This sensitivity score is computed as the amount of true positives, which occur when
the signal is correctly detected. This means that the teachers detected more true posi-
tives in the mirroring dashboard condition than they did in the no dashboard condition.
As an example, in our case the teacher correctly detected that the groups would finish
the task in time. The sensitivity was also the highest in the mirroring dashboard condi-
tion. A one-way between subjects ANOVA was conducted to compare the effect of the
condition on the sensitivity of the participants in these authentic settings. There was a
significant effect of the condition on sensitivity at the p <0.05 level for the three condi-
tions (F=22.1, p<0.001). The response bias (i.e., the likelihood to either answer YES
or NO) is negative in our case, meaning that the teachers were more prone to answer
“yes” to the statements. A between-subjects one-way ANOVA revealed that the condi-
tion has no statistically significant effect on the response bias of the teachers (F=0.7,
p=0.42). All statements collected were consistent with the idea that the students were
having an effective collaboration. So the teachers found that their students were mostly
collaborating effectively, though this perception may not have been entirely accurate.
To better understand the metric, a hypothetical person without any bias would score 0.
However, in our study the lowest response bias can be discerned in the alerting & guid-
ing dashboard condition (from — 18.8 to —8.5), which possibly helps the teachers have a
less biased understanding of what is happening in the classroom.

When the participating teachers had to decide whether the situational awareness
statements were true or false for the situation at hand, they also had to indicate their
level of confidence from 1 (just guessing) to 4 (very confident). In Fig. 7 we can see that
the teachers feel the most confident in the alerting & guiding dashboard condition, but
also that they are generally quite confident (we may be witnessing a ‘ceiling effect’).

H2: The introduction of an alerting & guiding dashboard reduces the workload
of teachers

As the workload measure we used RTLX, where all six subscales are weighted the same
and the average per participant was calculated. The overall workload of the teachers
participating in the quasi-experiment suggested that the alerting & guiding dashboard
decreased the workload of the teacher using it (from 35.6 in the no dashboard condition
to 24.4 in the alerting & guiding dashboard condition, see Table 9 below). An alerting
& guiding dashboard reduced the workload of the teacher even more than the mirroring
dashboard (30.4 vs 24.4 in the alerting & guiding dashboard condition). A between-
subjects one-way ANOVA revealed that the dashboard condition has a significant effect
on the overall workload of the teachers (F=4.18, p=0.046). We further compared the
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The Teachers’ Confidence in Their Situational Awareness
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Fig.7 The participating teachers are confident in their awareness

conditions using unpaired T-Tests to see where the biggest differences could be seen.
Having compared the no dashboard and an alerting & guiding dashboard condition,
a statistically significant difference (p=0.000003) with a big effect (Cohen’s d=1.6)
(Cohen, 1998; Navarro, 2015) was detected in the overall workload.

Furthermore, when comparing the mirroring only and alerting & guiding dashboard
conditions, the overall workload of the teachers decreased in the alerting & guiding dash-
board condition, having a big effect (1.1) and being statistically significant (p=0.002).
This suggest that the introduction of an alerting & guiding dashboard seems to signifi-
cantly decrease the workload of the teacher.

When looking at the subscales of the teacher workload, the performance and frustration
subscales stood out as experiencing the sharpest drop. In addition to the overall workload,
two subscales likewise demonstrated a difference with a large effect. These two subscales
were performance (how accomplished and successful the teacher was feeling during the
CL activity, Cohen’s d=1.2, p=0.003) and level of frustration (how discouraged, stressed
and annoyed the teacher was feeling during the CL activity, Cohen’s d=1, p=0.005). This

Table9. The average workload of the teachers under three conditions, the coloured types of workloads
show the biggest difference between conditions

Type of load (SD) No dashboard Mirroring only Alerting & guiding
dashboard dashboard
overall workload 35.6 (14.5) 30.4 (18.5) 24.4 (14.1)
cognitive demand 38.1(24.4) 31.3(25.8) 32.5(19.7)
physical demand 20.6 (18.3) 16.3 (20.7) 17.5 (19.7)
temporal demand 41.7 (24.7) 36.1 (31.4) 32.1(21.6)
performance 44.0 (21.1) 37.1 (22.5) 20.8 (19.3)
effort 41.5 (20.1) 39.5(24.0) 33.3(26.8)
frustration level 28.1(21.5) 22.4(26.9) 10.0 (14.1)

@ Springer



Studying teacher withitness in the wild: comparing a mirroring... 597

implies that the teachers might feel their performance is increased and frustration decreased
when teaching with the help of an alerting & guiding dashboard, when compared to the
no dashboard condition. Differences in the other dimensions like cognitive load, tempo-
ral demand and effort were non-significant, even though a similar pattern in means was
observed. Additionally, the teachers appeared to feel more accomplished (performance
subscale) in the alerting & guiding dashboard condition compared to the mirroring only
dashboard condition (medium effect 0.8, p=0.04).

H3:The introduction of an alerting & guiding dashboard increases teacher
coregulation in authentic settings more than the introduction of a mirroring
only dashboard

It can be perceived from Table 10 that the mirroring dashboard seemingly increased the
number of teachers intervening and reduced the number of teachers who did not intervene
or adopted the wait-and-see strategy. In the final column in Table 10 we have reported the
expected equal distribution between the three different conditions: no dashboard, mirroring
dashboard only, and alerting & guiding dashboard. This enables us to compare each condi-
tion’s observed number of occurrences with the expected value. The mirroring condition
seemed to activate the teachers into coregulating more, three teachers started a coregula-
tion intervention frontally and two coregulation interventions were initiated in groups. It
needs to be mentioned that teachers commenced coregulating the whole group of students
solely in the mirroring only condition. For instance, T13 after having observed the stu-
dents and the mirroring dashboard for a while, stopped the activity of the students and
asked the students what the goal of the task was. T13 reported that the word clouds and
rather much inactivity from the students had indicated to her/him that the students might
not know exactly what to do. After a short discussion about the connection to previously
studied material and a project they were going to work on later on, the students phrased
the goal of the collaborative task in a way that was suitable for the teacher. What is more,
three teachers out of twelve introduced a targeted coregulation within groups. This one out
of four ratio is much higher than the ratio of teachers initiating in the first two conditions
(1 out of 24 in the no dashboard condition and 2 out of 19 in the mirroring only condition).

Overall, the mirroring only condition activated the teachers into intervening more
(the participating teachers carried out an intervention in the classroom in 45.8% (11
teachers out of 24) of the cases in the no dashboard condition to 73.7% (14 out of 19) in
the mirroring only condition). There was a difference that proved non-significant under
a Chi-squared test (5.62, p=0.06). Nevertheless, T29 said that the mirroring dash-
board “showed me which students were being inactive and I could actually base my
decision which group to approach on tangible evidence”. However, it must be said that
only a meagre portion of these interventions were coregulation strategies. Most often
the teachers went up to the students and pointed at a mistake or guided them towards
a place in their materials. In the alerting & guiding dashboard condition, however,
only 33.3% of the participating teachers started an intervention during the CL activ-
ity, which means that we did not prove the third hypothesis. Nevertheless, three out
of these interventions could be considered coregulation strategies as they were asking
questions about the process, or providing prompts for activating members of the group,
much more when compared to the no dashboard condition. We need to interject that
three of the teachers intervening in the mirroring only condition had first gone through
the alerting & guiding dashboard condition, meaning that they could have needed a

@ Springer



598 R. Kasepalu et al.

Table 10 The interventions of the participating teachers coded using the situated model of instructional
decision-making. The percentage in columns 2—4 is calculated from all participating teachers in the specific
condition. Column 5, called Expected Equal Distribution, provides a percentage under the assumption that
all intervening teachers had been divided equally among three conditions: no dashboard, mirroring only
dashboard and alerting & guiding dashboard. Highlighted values vary from equal, proportionate division
greatly

No Mirroring Only Alerting & Expected Distribution in
Dashboard Dashboard Guiding Case of Independence
Dashboard

INTERVENTION 45.8% 73.7% (14/19) 33.3% (4/12) 52.7% (29/55)
(11/24)

Coregulation | 4.2% (1/24) 26.3% (5/19) 25% (3/12) 16.4% (9/55)

Scaffolding 41.7% 73.7% (14/19) 33.3% (4/12) 50.9% (28/55)
(10/24)

NO 54.2% 26.3% (5/19) 66.7% (8/12) 47.3% (26/55)
INTERVENTION (13/24)

Wait and See 33.3% 15.8% (3/19) 25% (3/12) 25.5% (14/55)
(8/24)

Reflection - 5.3% (1/19) 33.3% (4/12) 9% (5/55)
Do Nothing | 21% (5/24) 5.3% (1/19) 8.3% (1/12) 12.7% (7/55)

little time for reflection, and after internalising the strategy, started using it in the mir-
roring only condition. When we asked the non-intervening teachers why they had not
intervened, four teachers commented that they would have done it, had the dashboard
alerted the collaboration quality to be low for a longer period. T20 declared that she
“would only have coregulated the process if there had been no progress at all within
the group”. Four teachers said that although the suggestions provided by the alerting
& guiding dashboard seemed useful, they needed some time to process them and think
how to work them into the next CL activity initiating a reflection process more than in
other conditions.

As we had collected data about the knowledge, practice and understanding of CL from
the teachers, we also carried out comparative analyses to see whether some variables
would explain the differences, but the differences were all marginal. Regarding the use
for the alerting & guiding dashboard suggestions (which may explain the observed effects
on propensity to introduce interventions), eight teachers said the alerting & guiding dash-
board helped them identify students not participating and in making the decision whether
an intervention was necessary. Six teachers said that the suggestions they had been given
provided them with ideas on how to make the collaboration more effective, but not all of
them carried out a coregulation strategy in the classroom. T17 saw the dashboard as a way
of collecting information to prepare for providing individual feedback to the students. The

@ Springer



Studying teacher withitness in the wild: comparing a mirroring... 599

suggestions introduced by the alerting & guiding dashboard do not necessarily need to be
brand new information, as T15 said that “amid all the classroom turmoil, it was great when
I got these suggestions as the mind can sometimes just go blank even when I am able to
identify a group in need myself. This way it acts as sort of a buffer, an additional resource

“«

Discussion

Withitness of the teachers increased with the introduction of a mirroring only dashboard. The
situational awareness of the teachers increased with the help of a mirroring and alerting & guid-
ing dashboard as had previously been shown in several controlled studies (van Leeuwen &
Rummel, 2020; Verbert et al., 2014), but not previously studied in an authentic setting. How-
ever, when van Leeuwen et al. (2019) studied teacher detection (comparable to the perception
phase in situational awareness), using a mirroring, alerting, and guiding dashboard in controlled
settings, they found no statistically significant differences. In authentic settings, where the teach-
ers know the students and they are interacting with them in real time, the situation for the teach-
ers is more high stakes. Our results, collected in a particular authentic setting provide a very
strong indication that introducing dashboards for teachers can improve teachers’ decision mak-
ing in the classroom by being better at indicating problems (higher sensitivity) and having lower
response bias. Nevertheless, more studies in authentic settings are needed to put the teachers in
a situation closest to their real practice and to validate that our results are not context specific.

It could be perceived that the response bias decreased with the introduction of an alerting
& guiding dashboard, meaning that the teachers grew less biased towards their awareness of
the classroom situation with the help of an alerting & guiding dashboard. However, we could
see that the teachers’ confidence may have had a ceiling effect, meaning that their confidence
in their situational awareness was rather high to start with. Nonetheless, when we compare the
results in the three conditions, it could be seen that although the teachers were rather confident
in the no dashboard condition, 50% of the predictions made by the teachers without using a
dashboard had been incorrect, pointing to an overconfidence bias. Teachers are used to making
decisions in a situation with a lack of data and although the introduction of a mirroring only or
alerting & guiding dashboard helps them perceive, comprehend, and predict the situation better,
they mostly feel rather confident without it as well. In which case, if the dashboards would help
to reduce this overconfidence, then this could be seen as a positive outcome in itself. In addi-
tion to having a ceiling effect, the teachers were biased towards thinking that their students are
collaborating in a more effective way than they were actually doing. This points us to the need
of training actions that complement the use of MMLA and LA tools. Training for teachers is
needed in assessing collaboration as well as using tools to base this assessment on reliable data.

There is strong evidence that dashboards reduce the workload of the teachers. When van
Leeuwen et al. (2019) studied only the cognitive load of teachers using different dashboards,
they found that the introduction of a dashboard lowered the teachers’ workload without sta-
tistical significance. As we studied all six sub-categories of workload, we could see that two
sub-categories, namely performance and level of frustration, had more effect on the overall
workload rather than cognitive load specifically. We need to consider that LA and provid-
ing suggestions based on the Al quality assessment to a teacher is adding information to be
processed in our implementation (in the alerting & guiding dashboard condition, the teachers
could still have access to the mirroring dashboard). Taking this into account, it seems reason-
able that the reduction in cognitive load is not as prevalent as the feeling of working in a more
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effective and efficient way. The feeling of frustration and effort were associated with positive
but non-significant differences, thus larger studies are needed to understand whether there is a
real effect or not. As teachers in our sample were feeling less frustration and less like a failure
when using a dashboard, dashboards might have an influence on the emotional state of the
teacher. Further studies could investigate the emotional impact of these technologies, or how
to make the human-Al interaction better for emotional impact specifically. An implication for
further research is to study the workload with sub-dimensions with a larger sample of teachers.

Teacher interventions during CL increase with a mirroring dashboard, whereas an
alerting & guiding dashboard initiates teacher reflection. Previous studies (Kaliisa &
Dolonen, 2022; Kasepalu et al., 2021) have shown that teachers might need more scaf-
folding from the dashboard for the data to be actionable as low-level data may not provoke
an intervention. Notwithstanding, after having conducted a quasi-experiment in authentic
settings, we could see that the number of interactions did not increase in the alerting &
guiding dashboard condition. However, we could perceive that more coregulation strate-
gies were employed in the mirroring only and alerting & guiding dashboard conditions
compared to the no dashboard condition. When teachers were prompted with coregulation
strategies, then they were more likely to intervene using a coregulation strategy instead of
just guiding the students towards the right page number in a book or correcting a mistake
the students had made. It must be noted that three teachers started employing coregulation
strategies after they had interacted with the alerting & guiding dashboard beforehand. Nev-
ertheless, starting to use the presented suggestions based on Al quality evaluation could be
difficult if the suggestion is novel to the teacher and she/he has no prior experience using
it. Notwithstanding, several teachers claimed to have started a reflection process after an
interaction with the Al assistant, getting data on the predicted quality of collaboration and
the suggestions provided, the changes in teachers might have been much more nuanced
than could be perceived within the experimental protocol in class or in a short interview,
but would rather need insights from a reflective journal (Park & Zhang, 2022). They said
that they needed some time to think and possibly use the suggestion in the next lesson or
next group task. This is consistent with the previous results reported by van Leeuwen et al.
(2019) who showed that the response time for teachers was higher in the alerting & guiding
dashboard condition vs the mirroring only dashboard condition. Molenaar and Knoop-Van
Campen (2018) showcased in their study that the teachers’ pedagogical actions grew pro-
gressively more varied over time, but in our study the teachers had a limited time to interact
with the dashboard. We measured and observed authentic lessons with the teachers in one
or two lessons, where the teachers started to get acquainted with the tool and understand
its possibilities. We suggest that it takes more training (e.g., teachers in the study Kaliisa
and Dolonen (2022) suggest peer training). Training might occur during a workshop or a
longer period of trying the tool to see an increase in interventions. The change should be
especially in coregulation interventions focused on the process of collaboration as this is
the type of support that has been confirmed to show the highest improvement of students’
skills (Dickler et al., 2021). Collaboration skill is a general skill, which in the Estonian
context no specific subject teacher is responsible for teaching. Could this be leading to a
situation where every teacher should be guiding and coregulating the students, but in the
end, no one is doing it? Could this be improved by updating policies, curricula or maybe
carrying out sporadic assessment of student collaboration skills?

The teacher needs to be an active agent using dashboards. Similarly to studies carried out
in controlled settings (van Leeuwen et al., 2019), the teachers did not blindly accept the sugges-
tions of the dashboard. Right now, both the mirroring and alerting & guiding dashboard were
rather rigid and not much configurable by the teacher, which might be decreasing teacher agency
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(Kaliisa & Dolonen, 2022) and thus adding to the unwillingness to adopt the suggestions. An
implication for study and dashboard design is to consider teacher agency as an important factor
for adopting new tools. Similarly, to research conducted by Vieira et al. (2018) in our authentic
setting, the participating teachers voiced the concern of having to deal with hardware, computer
settings and internet connection problems, which could additionally restrain the use of such tools.
With the intention of growing the theory-based Collaboration Intervention Model organically
with practice-based expert-validated suggestions, we imagine providing the teacher with the
authority to add “interventions that worked”” and connecting them to dimensions of collaboration.

The limitations of the study include a small voluntary sample of teachers. Due to techni-
cal difficulties, not all interested teachers were able to engage in the study in all three condi-
tions, which is why stronger (paired) statistical tests could not be conducted. This could pos-
sibly have introduced systematic bias into our results, the probability of which was tested by
comparing the teachers in the two different experimental conditions. We found no big differ-
ences between the groups in terms of the studied variables. The classes were not evenly dis-
tributed, which is the reason why the accuracy metric was above 77%, whereas the kappa was
in the range 0.38-0.50 for all three dimensions used in the study. The kappa was fair for ITO
and moderate for SMU and CO as per guidelines from Landis and Koch (1977). However,
it was still low, and we aim to improve it using additional features (e.g., speech features) for
our future studies. Different confounding variables might have influenced the teachers in this
authentic setting, e.g., the different students in the lessons, the teacher’s mental wellbeing etc.
Furthermore, the different ways of presenting information (visual in the mirroring dashboard,
whereas visual together with lexical in the alerting & guiding dashboard condition) could have
affected the results. We are not fully able to discern whether the effects were due to support-
ing interpretation or guidance as the third condition involved both of the features. This study
design was chosen due to our strong belief in explainable Al and that teacher actions should
only be recommended by Al systems, if there is a reasoned and pedagogically grounded inter-
pretation given. In addition to this, the multiple hypothesis testing problem needs to be consid-
ered and the fact that our study was conducted in a specific cultural context in Estonia. Studies
in different national and cultural contexts need to be carried out in the future. The alerting
& guiding dashboard was a paper prototype, the background analysis of which had not been
explained to the teachers, which might have made it more difficult for teachers to trust it and
therefore might have deterred them from implementing the provided suggestions.

Conclusion and future work

Studying teacher withitness in the wild demonstrated that a mirroring only dashboard
increased the teachers’ situational awareness, and an alerting & guiding dashboard integrat-
ing an Al assistant predicting the quality of collaboration decreased the teachers’ work-
load. The teachers intervened more in the mirroring only dashboard condition when com-
pared to the no dashboard condition. Both dashboard conditions increased the number of
coregulation interventions carried out, however, not to the extent that we had hypothesized.
This research makes a contribution to the CSCL literature as well as the general classroom
orchestration field. Based on our results, we suggest the following implications:

There is a necessity for larger authentic studies, the conducting of which is difficult, messy
and has many confounding variables which are difficult to control. We suggest using four dif-
ferent conditions: no dashboard; mirroring only dashboard; mirroring and alerting dashboard;
mirroring, alerting, and guiding dashboard. Notwithstanding the dire straits, observing teachers
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interacting with LA in authentic settings gives a more insightful picture into the reality of a
teacher using a teacher facing dashboard and the difficulties they confront. The teachers feel that
the data is useful, but it is unclear whether and how they would use it in their everyday practice.
Even though in hypothetical or controlled settings the system had suggested different interven-
tions by the teachers, and them becoming active as a response to the stimuli of the dashboard,
our results did not provide a confirmation. We suggest new variables to be added (experience,
workload), and better tooling introduced (Chejara et al., 2022) to make it possible to learn from
such complex authentic experiments how to aid teachers’ withitness in the CL classroom.

As the results showcased that the reaction of the teachers varied highly in an authentic
classroom, conducting longer-term case studies would help understand the decision-making
process of teachers better. We propose a longitudinal case study design observing teachers
using the alerting & guiding dashboard in their lessons, taking note of their interventions,
having the teachers write reflective journal entries and having in depth interviews with the
teacher afterwards to understand why certain suggestions were followed and others not.

Teacher agency needs to be considered in the design of dashboards. The question is how to
make the data and analysis transparent to the teacher in a way that is understandable and does
not overburden the teacher with information. The teachers, and especially more experienced
teachers, need to understand which data and models the predictions are based on to trust the
analysis and suggestions provided by the Al For a teacher to have Al amplified intelligence,
she/he needs to feel they are a partner to the Al not a servant. Teacher agency needs to be
studied when using teacher dashboards. We also suggest using teacher experience as an exper-
imental variable, possibly having extreme groups, to see whether the perception and use of
dashboards vary. In addition to this, based on the positive effect of the dashboards in our sam-
ple on the teacher’s level of frustration and feeling a failure, we suggest studying the influence
Al has on the emotional state of the teacher. Further studies could investigate the emotional
impact of these technologies, or how to make the human-Al interaction better emotionally.

Appendix

SAGAT statements for the piloting stage:

1. There is good communication between group members in all groups.

2. The students were motivated to do the task.

3. The students in the groups listened to one another.

4. The students expressed their ideas in the group.

5. All students were engaged in the task most of the time.

6. Students were actively discussing with each other.

7.  All groups progressed at a similar rate.

8. In all groups the members clarified each other’s ideas.

9. All groups will finish the task in time.
10. The task result of all groups will be of threshold level.
11.  All students will have shared knowledge in the group.
12.  All students enhanced their collaboration skills.
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