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Abstract

Higher education institutions are moving to design and implement teacher-facing
learning analytics (LA) dashboards with the hope that instructors can extract deep
insights about student learning and make informed decisions to improve their teach-
ing. While much attention has been paid to developing teacher-facing dashboards, less
is known about how they are designed, implemented and evaluated. This paper pre-
sents a systematic literature review of existing studies reporting on teacher-facing LA
dashboards. Out of the 1968 articles retrieved from several databases, 50 articles were
included in the final analysis. Guided by several frameworks, articles were coded based
on the following dimensions: purpose, theoretical grounding, stakeholder involvement,
ethics and privacy, design, implementation, and evaluation criteria. The findings show
that most dashboards are designed to increase teachers’ awareness but with limited
actionable insights to allow intervention. Moreover, while teachers are involved in the
design process, this is mainly at the exploratory/problem definition stage, with little
input beyond this stage. Most dashboards were prescriptive, less customisable, and
implicit about the theoretical constructs behind their designs. In addition, dashboards
are deployed at prototype and pilot stages, and the evaluation is dominated by self-
reports and users'reactions with limited focus on changes to teaching and learning.
Besides, only one study considered privacy as a design requirement. Based on the find-
ings of the study and synthesis of existing literature, we propose a four-dimensional
checklist for planning, designing, implementing and evaluating LA dashboards.

Keywords: Teacher-facing dashboards, Learning analytics, Systematic review,
Dashboard evaluation

Introduction

As (higher) education is becoming digitized and datafied, institutions have access
to a greater variety, volume, granularity and velocity of student (learning) data, creat-
ing opportunities for data-informed pedagogy and student support. The digitization
of higher education also allows institutions to expand educational offerings optimiz-
ing scale and asynchronicity, reaching geographically distributed students in a variety
of hybrid, distance and distributed learning opportunities. Offering appropriate, timely
and effective student support to large and increasingly distributed student cohorts
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necessitates not only harvesting and analyzing student data but also providing teachers
and student support teams with access to such analyses and actionable data.

In recent years, there has been growing interest in using learning analytics (LA) to
support teachers’ everyday practices in both online and blended learning environments.
LA is concerned with collecting and measuring data about learners and their context
for purposes of understanding and optimizing learning and the environment in which
it occurs (Siemens & Gasevic, 2012). One of the focuses of LA research is to support
teachers with informed teaching decisions, mainly through visualizing students’ learn-
ing behaviour using dashboards (Verbert et al., 2020). In this regard, higher education
institutions are moving to design and implement teacher-facing LA dashboards with the
expectation that instructors can extract deep insights about student learning and make
informed decisions to improve their teaching (Li et al., 2021).

Within the LA field, a teacher-facing LA dashboard is an interactive visual display
that provides information to teachers based on students’ learning patterns and interac-
tions (Few, 2013; Verbert et al., 2014). A key assumption is that teachers will use the
information provided by LA dashboards to help them monitor, reflect on, and regu-
late the teaching and learning process (van Leeuwen et al., 2019). In large and distrib-
uted learning contexts, such feedback allows teachers not to teach in the dark but to
respond appropriately to students’ needs. For example, as Rummel (2008) describes in
her proposed taxonomy of computer-supported collaborative learning (CSCL) support
mechanisms, teacher-facing dashboards can be perceived as technological artefacts that
indirectly support teachers during the orchestration of CSCL activities.

Nonetheless, current research has shown that the use of teacher dashboards at scale
and the evidence of their impact on teachers’ everyday practice remains limited (Tsai
et al., 2020; Viberg et al., 2018). One of the factors for the limited adoption of teacher
dashboards is user concerns around ethics and privacy (Aslan et al., 2019; Drachsler &
Greller, 2016; Slade & Prinsloo, 2013). This obstacle has been part of the evolution of
research into LA even before its emergence in 2011 as a distinct research focus and prac-
tice (e.g., Bach, 2010; Knox, 2010). Another contributing factor to the low adoption of
dashboards in teachers’ practice is the limited involvement of teachers in the design and
development process of dashboards. As noted by Dollinger et al. (2019), there are still
limited examples of mature and transparent collaboration with stakeholders in develop-
ing LA tools in the literature to date. Yet, scholars have recently suggested that it is not
enough to introduce teachers to LA technologies but they must also be a part of the LA
creation and design process (Dollinger et al., 2019). By involving teachers in the design
process, dashboards are more receptive to teachers’ pedagogical needs and intentions,
which could, in turn, favor adoption. Recognising the need for involving teachers in the
design of LA systems, recent efforts such as the call for human-centred LA (Buckingham
Shum et al., 2019) and ongoing initiatives such as workshops focusing on participatory
LA have increased.

Additionally, despite the increasing attention towards participatory approaches and
stakeholder involvement in LA, there is still limited evidence on how systems (e.g., dash-
boards) developed for teachers-one of the key stakeholders in LA are conceptualized.
In particular, details on how teacher-facing dashboards are developed, theorized, imple-
mented and evaluated are lacking. Moreover, even though a number of review studies
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have been conducted on the theme of LA dashboards, these have specifically focused
on student-facing LA dashboards (Bodily & Verbert, 2017; Jivet et al., 2017; Matcha
et al,, 2019) or LA dashboards in general (Schwendimann et al., 2016). To the best of our
knowledge, no systematic study has attempted to explore the state-of-the-art in teacher-
facing dashboards. However, given that teachers are primary stakeholders for LA, and
dashboards are one of the key intervention tools for LA adoption, it is critical that this
area of research is investigated to favour wider LA adoption and to develop knowledge
and principles to guide researchers and LA dashboard designers.

Towards this background, in this study, we present a systematic review of studies that
present teacher-facing dashboards. In particular, we investigate the purpose of exist-
ing LA dashboards, their theoretical grounding, the extent to which stakeholders are
involved in the design process, the maturity of teacher dashboards deployment, and the
ways in which these dashboards are evaluated.

This review has important implications for designing actionable intelligence at scale
because teacher-facing LA dashboards are an important value proposition of LA (Ver-
bert et al., 2014). As such, their correct design and evaluation should be an important
component in institutionalizing LA. This review reports the issues related to the pur-
pose, design, implementation and evaluation of teacher-facing dashboards. Based on the
analysis, we provide research and practice implications to guide researchers and tech-
nology developers in conducting responsible, rigorous, human-centered, and ethically
responsible research in realizing the potential of effective instruction at scale. Further-
more, the article contributes to the theory of LA adoption and design by synthesizing
the findings to propose an integrated checklist for planning, designing, implementing
and evaluating of LA dashboards. The suggested checklist adds detail to existing LA
models since it captures the whole cycle of planning, designing, implementing, and eval-
uating dashboards. Our checklist highlights important questions and considerations that
support researchers and developers in making informed decisions during the design and
implementation of LA dashboards.

Related literature

Due to the increasing use of LA dashboards, researchers have conducted review stud-
ies to describe the state of the art on this topic. Bodily and Verbert (2017) reviewed
research on student-facing LA dashboards and educational recommender systems based
on 93 articles. The review was exclusively focused on LA systems that collect click-
level student data and report this data directly to students. Yoo et al. (2015) reviewed
LA dashboards with specific references on their evaluation. Based on the sample of 10
studies (7 focusing on student-facing dashboards and 3 teacher-facing dashboards), the
authors concluded that most LA dashboard studies lacked an evaluation. In this regard,
the authors created an evaluation framework of 11 items to guide dashboard evalua-
tions. Meanwhile, the limited number of studies included in this review limits the gen-
eralisability of this evaluation framework. Another popular review on dashboards is by
Schwendimann et al. (2016), who conducted a comprehensive review of LA dashboards
based on 55 studies presenting student, teachers, administrators and researcher-ori-
ented dashboards. The authors concluded that most dashboards were developed for
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higher education contexts, presented as exploratory and proof-of-concept, and with lit-
tle evaluation to establish the impact of the dashboards.

Jivet et al. (2017) followed with another review of LA dashboards but specifically
focused on how student-facing dashboard developers utilize theories and models from
learning sciences. Based on evidence from 28 studies, the findings revealed that very
few dashboard evaluations consider educational concepts as a theoretical foundation
for their design. Matcha et al. (2019) reviewed LA dashboards based on 29 studies. The
results show that existing LA dashboards are rarely grounded in learning theory, offer
no information about effective learning tactics and strategies, and have significant lim-
itations in how their evaluation is conducted and reported. More recently, Valle et al.
(2021) conducted a review of student-facing LA dashboards with the intention to map
theoretical underpinnings and the connection between the LA dashboard’s intended
outcomes and the measures used to evaluate them. The findings based on 28 studies
included in the final analysis revealed a limited alignment between the intended out-
comes of the dashboards and the way they are measured.

While there have been a number of literature reviews on LA dashboards and provided
important contributions to the area of LA dashboard research, the available literature
shows that none of these has exclusively focused on teacher-facing LA dashboards. Yet,
more specific work in this area of LA is needed to develop theoretical knowledge and
principles to guide researchers and designers in engaging non-data experts (e.g. teach-
ers) (Martinez-Maldonado et al., 2015). Besides, none of the reviews heretofore has gone
further to investigate issues related to the ethics and privacy of LA dashboards. Yet, such
issues should be at the forefront to support the wider adoption of LA dashboards (Prin-
sloo & Kaliisa, 2022). Moreover, none of the current studies on LA dashboards has taken
a step further to synthesize findings into a checklist/framework to guide the planning,
design, implementation, and evaluation of LA dashboards. Yoo et al. (2015), who sug-
gested a LA evaluation framework based on a review of 10 studies, conducted promising
work towards this direction. However, this framework only captures the evaluation com-
ponent, not the entire dashboard development process. To the best of our knowledge,
there is no comprehensive framework capturing all the four main processes involved in
the design, testing, evaluation and implementation cycle of LA dashboards.

Focus and research questions

This paper addressed the shortcoming described in the previous section by proposing
a four-dimensional checklist for planning, designing, implementing, and evaluating LA
dashboards. We hope that this kind of checklist can act as a guide and discussion tool
for researchers and technology developers during the process of LA dashboard develop-
ment. We have synthesised the findings from the 50 reviewed papers and existing LA
models to identify the key stages of the dashboard development process, the key ques-
tions that can be addressed at each stage and a list of possible responses. While the
checklist is based on findings from teacher-facing LA dashboards, we suggest that the
checklist can be applied more broadly to all LA tools meant for different stakeholders
(e.g., students and advisors). The checklist is primarily intended to guide researchers and
technology developers.

The following research questions guide our study:
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RQ1 For what purposes are LA dashboards for teachers designed?

RQ2 Which theoretical frameworks inform the design of teacher dashboards?

RQ3 To what extent are stakeholders involved?

RQ4 To what extent are privacy and ethical issues considered during the design pro-
cess?

RQ5 How mature is the deployment of LA dashboards for teachers?

RQ6 How are teacher LA dashboards evaluated?

Methodology

To answer the above research questions, we conducted a systematic review following the
guidelines provided by the PRISMA statement (Moher et al., 2009) such as applying a
replicable search strategy to find relevant studies, which are coded and synthesized into
findings (Bond et al., 2020).

Search strategy and study selection procedure

To find relevant studies, we selected the following databases as they contain relevant lit-
erature for the field of LA: ACM Digital Library, IEEE Xplore, SpringerLink, ScienceDi-
rect, and Wiley Online Library. Additionally, we included the top 200 Google Scholar
search results using our search terms to cover any other sources that were not indexed
by the selected databases. We queried the selected databases with the following search
terms: widget OR dashboard AND “learning analytics” OR “educational data mining”
Although the scope of this review is limited to dashboards that consider teachers as end-
users, it was not possible to articulate this criterion in relevant search terms. To avoid
missing some relevant studies, we built a query that retrieved all LA dashboards regard-
less of their end-users and, during screening, removed the ones whose focus was not
teachers.

The search process lasted from 25 August to 1 April 2022. It was limited to studies
conducted between 2011 and 2021, as most studies on LA were published after the
first International Conference on Learning Analytics in 2011. The initial search pro-
cess resulted in a total of 1968 hits. We further screened for the relevance of each of the
results by examining the title and the abstract, removing duplicates and articles that do
not present dashboards, are not aimed at teachers, and are without full text available
in English. This process resulted in 326 papers, which were later subjected to full-text
screening guided by the study’s inclusion criteria and research questions. We kept only
the papers that (1) report on teacher-facing dashboards or both teachers and students;
or on prototypes resulting from co-creation activities, (2) are available in English and
available for public access, and (3) published in a peer-reviewed journal or conference
due to the rigorous process they go through, hence ensuring validity. The decision to
include conference papers was because LA is an emergent field, and most of the research
findings are published at conferences. We removed studies presenting dashboards as
work-in-progress, literature reviews, demos and posters. Following this process, we
remained with 114 papers. On a critical examination of these studies, a further 64 papers
were removed as they lacked an evaluation of the dashboard, presented the same dash-
boards, or were duplicates. Finally, our literature survey included 50 papers that satisfied
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all our criteria. The detailed search process is illustrated in Fig. 1, while Additional file 1:
Appendix 1 (Table Al: Summary of the reviewed studies) summarise all the 50 studies

included in this review.

Coding categories and frameworks: data extraction process

To extract the relevant data from the included articles, a detailed codebook was devel-
oped guided by the research questions. The articles were coded based on the follow-
ing overarching dimensions: purpose, theoretical grounding, stakeholder involvement,
ethics and privacy, design, implementation, and evaluation criteria. Besides, to ensure a
systematic and valid process of coding relevant information, we applied existing models

and frameworks, which are briefly elaborated on below.

i. The LA Process Model (Verbert et al., 2013) highlights key aspects to consider
while analyzing LA analytics applications. The model is conceptualized through
four phases: (1) awareness-which is concerned with data and how it is presented

1978 records identified through database
= searching
2 ACM=419
é’ IEEE Xplore=55
- SpringerLink=1059
3 ScienceDirect=102
= Wiley Online=Library=143
Google Scholar=200
a v
10 duplicates removed
8o
=
[
9
“:’ 1642 Records excluded
1968 Records screened (e.g. not presenting dashboards,
based on titles and abstracts ——_ | ot gimed at teachers, no full-
— text available, duplicates, not in
English)
y
g 326 Full-text articles assessed ]
3 for eligibility ———— | 212Full-textarticles excluded
20 (e.g. work-in progress papers,
« posters, demos)
—
114 Articles included for
further assessment \ 64 Articles excluded (e.g.
T presented same dashboards,
E lacked an evaluation of the
£ dashboard)
50 Articles included for
— synthesis

Fig. 1 Flow diagram for the systematic review process (Adapted from Mohler et al., 2009)

Page 6 of 22



Kaliisa et al. Int J Educ Technol High Educ (2023) 20:28

ii.

iil.

to users; (2) reflection-focusing on how users assess the usefulness and relevance
of the presented data and visualizations; (3) sense-making-involving users gaining
insight from the presented data and visualizations, and (4) impact-which focuses
on the change of behaviour of the user, based on the LA visualizations. This model
was used to answer RQ1, which sought to assess the intended purpose of each
teacher-facing dashboard.

The Learning Awareness Tools-User eXperience (LATUX) workflow. This is a
framework for designing and deploying awareness tools for technology-enabled
learning settings (Martinez-Maldonado et al., 2015). The framework was used to
code the design stages followed during dashboard development. LATUX is com-
posed of five stages: (1) Problem identification (i.e., identifying the requirements
for LA and user interface design), (2) Paper prototype (i.e. initial, high-level repre-
sentations of the intended design), (3) High-fidelity prototype (i.e., more detailed
and realistic representation of the designed tool), (4) Pilot study (prove a concept
and observe the live usage of the tool in an authentic context), and (5) In classroom
practice (using the tool in unconstrained settings and at a larger scale and longer
duration). Since LATUX is grounded on a well-established design process for cre-
ating, testing and re-designing user interfaces, we found it a reliable framework to
guide the evaluation of existing teacher-facing LA dashboards. This framework
provided the lens to respond to RQs 3 and 5, which sought to identify the extent to
which teachers and other stakeholders are involved and the maturity of LA dash-
board deployment, respectively.

Kirkpatrick’s evaluation model. To code for the evaluation of LA dashboards, we
used Kirkpatrick’s evaluation model (Smidt et al, 2009), which conceptualizes
evaluation at the four stages (a) Reaction (e.g., usability, impressions), (b) Learn-
ing (e.g., insights teachers got), (c) Behavior (e.g., change in how teachers manage
their classroom and (d) Result (e.g., changes in student performance). Kirkpatrick’s
model has been widely used in studies evaluating user interfaces and training pro-
grams (e.g., Kaliisa & Dolonen, 2022), hence being a valid model in answering RQ6,
which sought to explore how teacher LA dashboards are evaluated.

Analysis, validity and reporting

We tabulated the included studies guided by our research questions to provide an over-

view of the different codes. Finally, we undertook a narrative analysis of the identified

studies using individual papers as the unit of analysis. To ensure validity during the cod-

ing process, the three researchers screened five articles each to establish a joint under-

standing of the inclusion criteria iteratively. To increase the level of reliability, under

circumstances where differences and discrepancies emerged, we used social modera-

tion-an approach that involves a discussion between two or more people until an agree-

ment is reached. Besides, after the different papers had been distributed among the three

researchers, each researcher took initiative to check articles coded by the co-researchers

to ensure consistency and check for any potential errors or coding inconsistencies.

Page 7 of 22
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Findings and discussion
In this section, we present the review results guided by the five research questions.

Descriptive information of included studies

The 50 studies that form the basis of the findings consist of conference papers (n=28)
and journal articles (n=22). The analysis showed that the number of studies reporting
teacher-facing dashboards has been growing steadily between 2012 (only one study) and
2021, with a significant spike of studies between 2019 (n=9), 2020 (n=10) and 2021
(n=12) (see Fig. 2). This trend suggests that this area is of growing interest and impor-
tance in LA research. Similar to previous reviews, most teacher dashboards in this study
are implemented in higher education settings (n=31); fourteen studies present dash-
boards for the K-12 contexts and four studies in MOOCs. Only one study presented a
dashboard for an informal learning context. Eleven studies described dashboards built
for computer-supported or face-to-face collaborative scenarios. A summarised version
of all the 50 reviewed studies is included as a Additional file 1: Table A1.

RQ1. For what purposes are LA dashboards for teachers designed?

Similar to how Molenaar and Knoop-van Campen (2017) used Verbert’s LA process
model to investigate teachers’ use of dashboard data, we are using the same model to
survey for what purposes dashboard creators envisioned their systems, as shown in
Table 1. We extracted and coded all purposes explicitly mentioned by each paper, even
if they might fall under different levels of the model. Some studies mentioned more than
one goal; thus, they appear under more categories.

We identified 33 papers that explicitly mentioned an aim to support teachers’ aware-
ness by allowing them to monitor students’ progress or performance (n=23), their
behaviour (n=15) or their emotional states (n=4). We found two papers presenting
dashboards that displayed teacher data instead of student data to facilitate self-reflec-
tion of teachers’ practices. Martinez-Maldonado (2019) used classroom sensor data to
show teachers their activity around the classroom and allow them to reflect on their

12

10

No. of studies
(o2}

2012 2015 2016 2017 2018 2019 2020 2021
Year
Fig. 2 The distribution of teacher-facing dashboard studies between 2012 and 2021
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Table 1 Summary of dashboard purposes based on Verbert's LA process model and the number of
papers in which they appear

Awareness 31
Monitor student progress or performance 23
Monitor the learning behaviour of students 15
Monitor students' affective states 4

Monitor teacher behaviour 1

Reflection, sense-making and decision making 26
Understand student needs or behaviour patterns 5
Support assessment 1
Identify struggling or at-risk students 20
Support decision making 4

Act 38
Provide feedback 6
Provide personalized support 7
Facilitate intervention 16

Optimize learning design or materials 11
Plan the next lesson 3

movement around the classroom, while Michos and Herndndez-Leo (2018) developed
a community awareness dashboard that displays teachers’ activity in a social learning
design platform.

The next step in the model addresses a sense-making and reflection level (n=26),
in which teachers process the information displayed on dashboards in order to make
pedagogical decisions. Most of the papers here focus on identifying struggling or at-risk
students (n=20). The other twelve papers included here were vague in terms of the spe-
cific purpose for their dashboards, using terms like “support decision making” (n=4) or
“understand student needs” (n=5).

According to Verbert’s model, the ultimate goal of dashboards is to support teachers to
act on the information received through dashboards. Most of the dashboards included
in our analysis explicitly outlined an action-oriented purpose (n=38). A relatively high
number of dashboards were aimed to support teachers in optimizing or adapting their
learning design and learning materials (n=11) or planning upcoming lessons (n=3).
Several papers aimed to support teachers in providing feedback (n=6) or offering per-
sonalized support to learners (n="7). However, most were vague in the type of interven-
tion they aimed to facilitate (n=16).

RQ2. Which theoretical frameworks inform the design of teacher dashboards?

The analysis showed that only five studies mentioned theoretical underpinning inform-
ing their designs. Dourado et al. (2021) structure the information displayed on their
dashboard in line with Rogoff’s (2003) social participation theory which proposes learn-
ing as participation in three interdependent planes of analysis: cultural/institutional,
interpersonal and personal. Singh et al. (2020) rely on engagement theory (Kearsley &
Shneiderman, 1998) and deep and surface learning (Beattie et al., 1997) to select their
data sources and analytics. Michos and Herndndez-Leo (2018) use the Cultural Histori-
cal Activity Theory framework (Engestrom, 2000) to develop a community awareness
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Teachers

System
2ngineers

Instructional
designers

LA researchers

0 5 10 15 20 25
Fig. 3 The distribution of stakeholders'involvement during the design of teacher-facing dashboards

dashboard that supports communities of teachers who use a social learning design
platform. Martinez-Maldonado (2019) rely on spatial pedagogy to create a system that
provides feedback to the teachers on their movement around the classroom, while Ez-
Zaouia and Lavoué (2017) use Ekman’s classification of emotions (Ekman & Friesen,
1976) when creating a dashboard displaying information about learners’ emotions.

Besides, theoretical frameworks were employed to describe and analyze teachers’
use of dashboards in three papers. van Leeuwen et al. (2019) use the teacher noticing
framework (Van Es & Sherin, 2002) as the theoretical grounding for analyzing teachers’
interpretation of classroom situations using a dashboard, while Molenaar and Knoop-
van Campen (2017) use distributed cognition theory (Hutchins, 2000) as a research
paradigm to investigate whether teachers’ dashboard usage connects to teachers’ pro-
fessional routine. Finally, Zheng et al. (2021) use self-regulated learning (Zimmerman,
2013), a theory frequently employed as a lens to understand students’ self-regulated
learning behaviours.

RQ3. To what extent are stakeholders involved?

Half of the analyzed papers reported the involvement of stakeholders in the design
process (n=25) (see Fig. 3). Teachers were the most commonly involved stakeholders
(n=22), followed by system engineers or interface designers (n=7), learning scientists
or instructional designers (n=6) and LA researchers (n=4).

Teachers: Most papers (n=18) that took a participatory approach involved teachers in
the problem exploration phase, requesting input from teachers on needs that LA dash-
boards could address. Teachers’ contributions were sought through multiple methods:
contextual inquiry, semi-structured interviews, focus groups, in-classroom observations,
workshops or online surveys. In most cases, the initiative to build dashboards and thus
elicit input from teachers lies with the authors of the analyzed paper. However, we iden-
tified one particular case where the teaching staff requested the institution to develop a
dashboard for them to be able to facilitate administrative tasks (e.g. monitoring students’
self-reported time-on-task) (Hilliger et al., 2021). In numerous papers, teachers were
also asked for feedback on initial prototypes (n=16) as authors sought early feedback on
low-fidelity prototypes before investing efforts into developing the systems. In the case
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of the twelve papers, the prototypes were based on input provided by the teachers in the
problem exploration phase. At the same time, the other four designs were informed by
literature on the authors’ experience.

However, it is important to note that despite half of the analyzed studies including
teachers in the design of dashboards, most of the studies only involved teachers at the
exploratory stages. We identified only two papers that went beyond exploring teachers’
needs in the problem-exploration phase. For example, during interactive sessions with
school teachers, van Leeuwen et al. (2019) first asked teachers to describe what they
actually do in the classroom and then presented teachers with specific possible sources
of information that were already logged by the system in order to understand which
indicators would be most useful to teachers. Yoo and Jin (2020) asked instructional
designers, web designers and engineers to provide multiple sketches and contribute to
the design of the dashboard’s interface. These sketches were then feedbacked together
with teachers. Interesting to note is the fact that explicit stakeholder involvement is a
recent phenomenon, as all papers emphasizing stakeholder involvement were published
after 2017.

Other stakeholders: Studies involved other stakeholders, including system engineers
or interface designers (n="7) who were involved at the technical stage of designing sys-
tems; instructional designers (n=6) and LA researchers (n=4) who were involved in
the process of seeking feedback on prototype solutions. For example, Singh et al. (2020)
involved two instructional designers and two LA experts in designing a dashboard that
provides novel visualization designs to teachers. The authors presented early prototypes
to instructional designers for feedback, while domain experts were involved in the stage
of evaluating the usability and usefulness of the dashboard. The key stakeholder not
reported in any of the studies was institutional leaders, yet these have been reported as
key to the successful implementation of LA systems (Kaliisa & Dolonen, 2022).

RQ4. To what extent are privacy and ethical issues considered during the design process?
The vast majority of articles do not mention privacy and ethics. Of the 50 articles in
the final corpus, only 10 articles mention ethics and privacy in general (e.g., the use of
cameras, multimodal data), but only Bassen et al. (2018) mention privacy as an essential
design decision for the teacher dashboard. All 10 of the articles refer to ethics and pri-
vacy in relation to student data, with none of the articles mentioning privacy or ethical
issues pertaining to teacher data. This finding aligns with Alwahaby et al. (2021), who
highlight that issues and concerns pertaining to teacher privacy are currently absent
from discourses surrounding LA, specifically the design and use of teacher-facing dash-
boards. The only article discussing concerns about teacher privacy in the climate of
increasing surveillance and the expansion of LA is the research by Harris et al. (2021).
The authors refer to findings highlighting “potential emotional impacts that data sharing
can have, [which] provide an opening to think about teacher privacy rights in relation to
the outcomes of their work (e.g., student scores) and whether public scrutiny should be
expected as part of professionalism” (p. 59). We argue that teacher data should be col-
lected, analyzed and used in combination with student data so that data collected by LA
dashboards is correlated with teachers’ presence and engagement.
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RQ5. How mature is the deployment of LA dashboards for teachers?

The implementation stage describes the stage at which the reported dashboard was
deployed. These stages were coded based on the LATUX (Learning Awareness Tools-
User eXperience) a workflow for designing and deploying awareness tools (e.g., dash-
boards) for technology-enabled learning settings (Martinez-Maldonado et al., 2015)
(see Fig. 4). The findings showed that most of the teacher-facing dashboards were
implemented at a pilot stage (n=23) which means that they were fully developed
automated dashboards and used as a proof of concept in an authentic learning envi-
ronment. This category was followed by dashboards employed as high-fidelity proto-
types (n=19), meaning they were not fully automated but with a detailed and realistic
representation of the proposed tool. The third category included six studies that pre-
sented dashboards implemented at a classroom and institutional level (e.g. Li et al.,
2021) with authentic and continuous live usage. Such dashboards have gone beyond
piloting to continuous usage at institutions and on a relatively large scale. Lastly, two
dashboards were at a paper prototype stage, meaning they were at an idea-generating
level to gain a quick and flexible preliminary vision of the proposed system. The key
finding from this category is that many teacher dashboards are developed as part of
exploratory work and, therefore, only stop at prototype and piloting stages without

moving towards actual classroom use.

RQ6. How are teacher LA dashboards evaluated?

Evaluation methods. The methods used to evaluate the deployed dashboards varied.
The coding revealed that the most frequently utilized methods of evaluating teachers’
dashboards were surveys, interviews and log analysis (22, 20 and 12, respectively).
The other methods include observation (n=5), pre-and post-test (n =4), screen cap-
ture and grades with three studies each, field notes (n=2), experiments, think-aloud
protocols, lesson plans, admission information, and researcher experiences with
one study each. It is important to note that some studies employed more than one
approach. For example, out of the 50 studies, three studies used at least more than
three methods to evaluate the impact of dashboards. Aslan et al. (2012) used videos,

Paper prototype

High-fidelity
prototype

Pilot stage

Classroom
implementation

0 5 10 15 20 25
Fig. 4 Summary of teacher-facing implementation stages
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logs, grades, teacher audio messages, observations, surveys and achievement tests.
Amarasinghe et al. (2020) used screen capture, log data, and survey, while Ez-Zaouia
and Lavoué (2017) used logs, field reports and interviews. Besides, most studies ana-
lyzed had a very small sample size of teacher participants, with some studies having
only one teacher (e.g., Martinez-Maldonado, 2019).

Evaluation level. The evaluation category describes the level and the focus of dash-
board evaluations. Guided by Kirkpatrick’s evaluation model (Smidt et al., 2009), the
majority of the studies (n=33) were focused on the reaction level, which aims at describ-
ing users’ perceptions and impressions of a particular dashboard. 11 studies evaluated
dashboards at a learning level (e.g. insights teachers gained), nine studies evaluated
dashboards at behavior levels (e.g. how the teacher manages the class, and help strug-
gling students based on dashboard insights). 11 studies evaluated the result of the given
dashboard by focusing on outcomes such as a change in students’ performance, student
satisfaction, and attrition rates. It is also important to note that some studies evaluated
more than one level. For example, Amarasinghe et al. (2020) evaluated the dashboard at
three levels of reaction, behavior and results but only based on a sample of four teach-
ers, which limits the generalization of the findings. Herodotou et al. (2019) looked at all
levels of evaluation, thus providing evidence for the impact of the OU Analyze dash-
board. For example, the authors reported that teachers who used OU Analyze and inter-
vened with students who were flagged as at risk, the performance of such students was
reported as significantly different from their peers who received no intervention from
teachers. Meanwhile, it is critical to note that the dashboard presented by Herodotou
et al. (2019) was deployed at scale and has been used for a long time, which makes it

easier to evaluate its impact on teachers’ behavior and students’ performance.

Implications for research and practice
In this section, we outline a set of recommendations for research and practice based on
the key findings from the analysis.

Turn awareness into action: The first research question sought to establish the pur-
poses of existing teacher-facing LA dashboards. The findings showed that most teacher
dashboards are aimed at supporting teachers’ various pedagogical actions, e.g., provid-
ing informed feedback, offering personalised support or adapting the learning design or
learning materials. The mechanism through which this goal is achieved is first allow-
ing teachers to monitor students’ progress, learning behaviour and emotional states. We
argue that it is not enough to be ‘aware’ of what is happening without acting as teachers
have an ethical obligation to act (e.g. reach out to students who may be at risk) once they
receive information about students’ learning behaviours through the dashboard (Prin-
sloo & Slade, 2017). Thus, we encourage researchers and dashboard designers to focus
on dashboards that support teachers to act based on the insights gained. This implies
that for LA dashboards to have a meaningful impact on teaching and student learning,
the insights gained should be translated into actionable intelligence (Jorno & Gynther,
2018) by identifying areas where students may be struggling and developing targeted
interventions (e.g., revising the learning design) to address them.

Bring theory into the design process: The findings revealed that only five studies explic-
itly stated that they relied on theoretical grounding to inform the design of teacher
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dashboards. An important question for dashboard designers and researchers is on what
basis are dashboards designed if not guided by theory? This is an important question
to engage with since teacher-facing dashboards display information based on students’
learning activities, which should be interpreted through appropriate learning perspec-
tives (Khalil et al., 2022). Moreover, by design, LA dashboards make implicit educational
claims by capturing actions such as the activities logged. Yet, without being explicit
about the theoretical constructs behind the visualisations produced, it is very likely that
the metrics produced could misalign with teachers’ pedagogical and theoretical orienta-
tion (Bodily & Verbert, 2017). One way to address the theoretical challenge in dashboard
design is to avoid designing prescriptive dashboards but rather those that allow teachers
to apply their own theoretical perspectives to make sense of the data. This calls for flex-
ible and customisable dashboard interfaces that allow teachers to select the type of data
visualisations that align with their own theoretical perspectives. In addition, since theo-
retical perspectives might differ based on disciplines and subject content, it is important
to propose several designs that are grounded and incorporate features from multiple
theoretical perspectives (e.g., constructivism, behaviourism, self-regulated learning, and
cognitivism).

Engage teachers beyond prototyping: The findings revealed that the level of teacher
involvement in the LA dashboard design process is still limited, although a lot more
effort has been invested in these endeavours in recent years. In many analysed papers,
teachers are involved either at the beginning of the design process in the problem explo-
ration phase or in a later stage where their feedback on initial prototypes is sought, even
though the design process is described by authors as iterative. Given that the implemen-
tation of most dashboards included in this review is at a high-fidelity prototype or pilot
stage, it is possible that it is too early to see systems that could report the involvement of
stakeholders in subsequent iterations of the design process. We concurrently agree that
meaningful involvement of stakeholders can lead to fruitful participatory design when
designers carefully consider what input teachers can offer and at what stage of the design
process their contributions would bring value (Dollinger et al., 2019). At the same time,
we recognise the fact that even though teachers’ voices are important in the design pro-
cess, in some cases, the teachers could be under-informed about educational research or
design requirements. This calls for transparent discussions with stakeholders to identify
their level of expertise and provide opportunities to learn more about aspects they might
have less knowledge about yet important for LA design.

Privacy and ethics as design requirements and moral obligation: It falls beyond the
scope of this systematic review to discuss the implications of the paucity of research on
issues pertaining to teacher privacy in the design and use of teacher-facing dashboards.
In light of the increasing datafication of and surveillance in education, and general con-
cerns about privacy, we moot the need for dashboard researchers and designers to not
only look at teacher perceptions and the technical aspects of dashboards but also to
consider the issues of privacy and ethics (e.g., students and teachers’ rights, data own-
ership), while defining the protocols for dashboard designs (Williamson & Kizilcec,
2021). Besides, as the analysis shows, current research on ethical issues in teacher-facing
dashboards deals exclusively with ethical issues with the collection, analysis and use of
student data. There are, however, several ethical issues not considered in research on
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teacher-facing dashboards, such as the moral obligation to act once the analysis shows
that students are at risk or in need of additional support. The obligation arising from
knowing necessitates “the effective allocation of resources to ensure appropriate and
effective interventions to increase effective teaching and learning” (Prinsloo & Slade,
2017, p. 46). Responding to identified needs and/or students-at-risk necessitates that
we understand teachers’ responsibility and capacity to respond in a broader context of
an institutional understanding of the factors impacting student success and retention,
the political will and understanding of institutional leadership, integrated institutional
sense-making structures and capacities, resource constraints and supporting student
autonomy and responsibility (Prinsloo & Slade, 2017).

The two case studies analyzed in this study (see Section X) pointed to the reality that
“knowing more about our students and making this information and knowledge avail-
able to a range of stakeholders does not necessarily result in action” (Prinsloo & Slade,
2017, p. 53), raising concerns about defaulting on the moral and fiduciary duty of insti-
tutions to act. In addition, we argue that central to ethical issues pertaining to teach-
ers’ use of teacher-facing dashboards are also issues pertaining to teachers’ capacity in
the context of their workload, teacher: student ratios, institutional support and respon-
siveness of such support, etc. Teacher-facing dashboards and the ethical implications in
the design and envisioned use of these dashboards, therefore, have to be understood as
entangled in institutional resources and support ecologies and not stand-alone attempts
to capacitate teachers to make evidence-informed decisions.

Moving from prototypes to implementation in the wild: The findings showed that
a large number of teacher dashboards are developed as part of exploratory work and,
therefore, only stop at the prototype and piloting stages without moving towards actual
classroom use. A few exceptions were dashboards such as SRES (Vigentini et al., 2020)
and OU Analyze (Herodotou et al., 2019), which are currently used by several institu-
tions, teachers and courses. The limited studies reporting on the continuous use of dash-
boards at a classroom and institutional level expose an important research gap in teacher
dashboards research. In other words, the large number of studies deploying dashboards
at a prototype level and small pilot studies imply that realising the actual impact of such
dashboards is difficult since they are implemented in controlled situations (e.g. laborato-
ries and simulations or very small-scale studies that cannot be generalised).

Triangulation of evaluation methods: This study found that teacher dashboard evalua-
tions are dominated by self-reported methods such as interviews and surveys, which are
subjective and do not fully capture the impact of dashboards in authentic learning and
teaching environments. Moreover, the existence of only one experimental study evalu-
ating the impact of teacher dashboards on students’ final learning outcomes suggests
that causal inferences cannot be made from existing teacher dashboards literature. We
encourage researchers intending to evaluate dashboards to employ different evaluation
techniques, as user perceptions and experiences reported through interviews and sur-
veys might not be accurate and adequate measures to evaluate actual impact. We argue
that experimental studies complemented with self-reported methods (e.g. interviews)
could provide better insights that teacher dashboards may have on students’ learning
and teachers’ own practices.
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Moving beyond usability to measuring impact: The findings revealed that evaluation
of teacher dashboards tends to stop at a reaction level (e.g. user experiences), with very
few studies reporting on the other levels, such as behaviour and result. These results
underscore the need for researchers to consider moving beyond usability to measuring
impact. In practice, this might require longitudinal studies trying to follow the impact
of the deployed dashboards, other than the short-term evaluations and pilot studies, as
shown in the current study.

Toward an integrated checklist for planning, designing, implementing

and evaluating LA dashboards

The study findings highlight a number of LA dashboard design, implementation and
evaluation considerations for researchers, technology developers and practitioners. To
support the uptake of these considerations and contribute to the theory of LA design
and adoption, we synthesize the findings to propose an integrated checklist to support
the planning, designing, implementing and evaluation of LA dashboards for teachers,
complementing similar work done for student-facing LA (Bodily & Verbert, 2017). The
suggested checklist is informed by the synthesis of the findings in this review, as well as
ideas from existing frameworks and models such as Verbert’s (2013) LA process model
and the user-centred LA systems model (Matcha et al., 2019). Our suggested checklist
adds greater detail to existing LA models since it captures the whole cycle of planning,
designing, implementing, and evaluating dashboards by highlighting the important
questions and considerations to support researchers and developers in making informed
decisions during the design and implementation of LA dashboards.

Explanation of the checklist

The suggested checklist is operationalised through four interconnected dimensions: (i)
Planning, (ii) Designing, (iii) Implementing, and (iv) Evaluating. The checklist assumes
that the different dimensions are interlinked and influence each other. The proposed
checklist is generic and can potentially be applied by researchers and technology devel-
opers across different domains. The four dimensions and the corresponding guiding
questions are briefly described below and illustrated in Table 2.

i. Planning: This dimension involves gathering relevant information to establish the
need for developing a LA dashboard. This is one of the most critical stages of the
dashboard development process since it might determine the overall design of the
dashboard. One important element of this stage is identifying relevant stakehold-
ers (e.g. teachers, students, administrators, technology designers etc.), and actively
engaging them in discussions related to the process of designing a dashboard. As
highlighted in the findings section, the involvement of stakeholders should not only
stop at asking questions about their needs but also instead actively involve them
throughout the planning, designing, and implementation and evaluation stages.

ii. Designing: This dimension involves creating LA tools based on the identified needs
and relevant theoretical constructs. The designs could be based on prototypes
(both paper-based and digital) or advanced automated systems. The design process
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Table 2 Checklist for planning, designing, implementing and evaluating LA dashboards

Dimension

Guiding questions

Guiding responses

Planning

Designing

Implementing

Why is a dashboard needed?

Who is the potential user?

How do we understand user needs?

How and when do we engage the potential
user?

What is the best way to engage the user?

What theoretical issues should be considered?

What solutions are needed?

What data is useful to collect?

How should the solution be designed?

Who should be involved in the design?

How should they be involved?

What ethical issues should be considered?

When should the tool be implemented at
scale?

What changes need to be made when mov-
ing from a prototype, small-scale evaluation to
a large-scale implementation?

Are the potential users well-trained in using
the dashboard?

To support awareness, reflection, feedback, and
assessment (Verbert et al., 2014)

Decide in advance who the potential user of the
tool will be (e.g,, teachers, students, administra-
tors)

Engage with users, understand their peda-
gogical challenges, and jointly discuss potential
solutions (Matcha et al., 2019)

Engage users from the beginning and through
the design and implementation process;
present explanations to stakeholders about
potential benefits of the dashboard; allow
stakeholders to discuss in groups

Seek users'needs through interviews, surveys,
and workshops, and keep them in the loop
through the process

Consider the theory behind the pedagogi-

cal problem being addressed; leverage the
theoretical constructs to inform the dashboard
design (Jivet et al, 2017); align the dashboard
features with the learning design

Consider users' needs, theoretical evidence,
learning design, technical requirements and the
resources available

Consider the data available and how it connects
to teachers' needs and theoretical assumptions

Pay close attention to users'needs and compe-
tencies, resources, learning design, and techni-

cal requirements, and include different forms of
visualisations (e.g., graphs, text-based feedback)

Involve all stakeholders (e.g. teachers, students,
designers, technology developers and research-
ers)

Actively engage them through co-design
workshops and prototype design sessions, inter-
views, and maintain close communication with
users (Kaliisa & Dolonen, 2022)

Check users'rights, be aware of data ownership,
be aware of the data visualized to the users, and
be prepared to act once a dashboard identifies
possible behaviors that require intervention
(Slade & Prinsloo, 2013)

Start with prototypes (paper or semi-auto-
mated); consider multiple small-scale trials;
gradually move towards large-scale implemen-
tation (Martinez-Maldonado et al., 2015)

Consider all the feedback from the initial stages,
consider the required resources (e.g., increased
volume of data that comes with a larger user
base), and carry out additional testing and
optimisation

Train the users with basic data literacy skills; use
workshops to train users before adopting the
dashboard
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Table 2 (continued)

Dimension Guiding questions Guiding responses
Evaluating How do we evaluate the impact of a dash- Use multiple approaches to increase validity
board? (e.g., user interviews, log data, longitudinal stud-

ies); use authentic contexts

For how long should the evaluation be? Conduct multiple evaluations, and test the tool
for longer periods (Herodotou et al,, 2019)

What should the focus of the evaluation be? ~ Focus on multiple elements such as user reac-
tions, impact on users'behaviours, and impact
on teaching and learning (Yoo et al,, 2015)

should be not only influenced by users’ needs and theory but also on ethical and
privacy considerations. As highlighted in this review, ethical issues have received
limited attention from designers of LA dashboards yet are critical for the uptake of
LA dashboards by teachers and using the feedback to support students’ learning.

ili. Implementing: This dimension involves the implementation of the designed solu-
tions in the real world. As suggested by the LATUX model (Martinez-Maldonado
et al, 2015), the implementation can be done at different stages, including the pro-
totype, pilot and real classroom application. The findings of this review showed
that the majority of teacher dashboards are implemented at a pilot stage, with few
dashboards reaching application in authentic teaching environments. This implies
that researchers should aim to move beyond small-scale dashboard studies if the
potential of LA dashboards is to be realised.

iv. Evaluating: This dimension involves the evaluation of the potential impact of the
dashboard. The findings of the review showed that most studies evaluating dash-
boards are aimed at user perceptions. While this is an important indicator of dash-
board effectiveness, it is critical to move beyond reactions toward measuring the
actual impact on learning and teaching. In addition, researchers can use multiple
approaches to evaluate dashboards (e.g. user interviews, focus groups, observation,
and log data) to increase the validity of the measured outcomes.

For each dimension described here, we suggest several questions that can guide
researchers and designers to ensure that the most important aspects of the design and
implementation process are covered.

How to use the checklist

We envision that the proposed checklist will be used in a number of ways. First, we
expect LA researchers and designers to use the checklist during the planning, design-
ing, implementation and evaluation stages. In particular, the checklist provides a quick
and visual reference for what types of decisions to make at different stages of the LA
dashboard design-evaluation stages. Secondly, researchers can use the checklist as a
basis to evaluate existing LA dashboards. By doing so, new knowledge and lessons about
the limitations in existing dashboards could be generated, thus leading to improved LA
dashboard design and evaluation practices. Lastly, technology developers can use the
checKklist to identify the non-technical aspects (e.g., ethics and privacy) that should be
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considered during the design process to ensure that the technologies developed promote
equitable teaching behaviors and decision-making. This checklist should be treated as
a living document and we encourage researchers to revise it with additional questions
depending on the context of use.

Limitations

Whilst this study followed PRISMA, an established and validated guideline to con-
duct systematic reviews, it is not without limitations. Firstly, during the search pro-
cess, we restricted the process to papers that use the concepts widget OR dashboard
AND “learning analytics” OR “educational data mining” While these terms provided
us with detailed results on teacher dashboards, it is possible that some papers not
explicitly using the term dashboard or widget could have been missed. In addition,
the analysis of dashboards in this study was descriptive and did not focus on the
analysis of existing dashboards and whether they impact students’ learning or teach-
ers’ practice. Future research could take the analysis in this paper one-step further
by conducting a meta-analysis of teacher-facing dashboards and how they impact
students’ learning or teachers’ practice to provide a novel contribution to the field.
In addition, the planning, designing, implementing and evaluating checklist that has
been proposed in this review has not been validated and will require further revisions
based on empirical evidence. Nevertheless, we believe that this paper provides a sim-
ple framework with questions and possible responses to guide researchers and tech-
nology developers in developing dashboards that align with stakeholder needs and
adhere to ethical and privacy considerations.

Conclusion

As higher education becomes increasingly digitized and datafied, institutions have
access to greater variety and velocity of data, commonly shared through LA dashboards.
In this paper, we argue that the potential of LA dashboards to support teaching and
learning will only be realized if researchers and technology developers think differently
not only about who is involved in the design and implementation of such dashboards but
also about how they are involved, and the extent to which non-technical aspects such as
ethics and privacy are considered. This paper contributes to this direction by proposing
a four-dimensional checklist for the planning, design, implementation and evaluation of
LA dashboards, which we hope can act as a guiding and discussion tool for research-
ers and technology developers during LA dashboard development. We argue that unless
the four dimensions in the proposed checklist are considered in a holistic manner, the
expected potential of LA dashboards in supporting teachers to optimise teaching and
learning may not be realised. We encourage researchers to validate and extend the pro-
posed checklist based on empirical studies to build up evidence of the relevance and
applicability of the different components.
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