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ABSTRACT
The recent advances in educational technology enabled the development of solutions that collect 
and analyse data from learning scenarios to inform the decision-making processes. Research fields 
like Learning Analytics (LA) and Artificial Intelligence (AI) aim at supporting teaching and learning 
by using such solutions. However, their adoption in authentic settings is still limited, among other 
reasons, derived from ignoring the stakeholders’ needs, a lack of pedagogical contextualisation, 
and a low trust in new technologies. Thus, the research fields of Human-Centered LA (HCLA) 
and Human-Centered AI (HCAI) recently emerged, aiming to understand the active involvement 
of stakeholders in the creation of such proposals. This paper presents a systematic literature 
review of 47 empirical research studies on the topic. The results show that more than two-thirds 
of the papers involve stakeholders in the design of the solutions, while fewer papers involved 
them during the ideation and prototyping, and the majority do not report any evaluation. 
Interestingly, while multiple techniques were used to collect data (mainly interviews, focus 
groups and workshops), few papers explicitly mentioned the adoption of existing HC design 
guidelines. Further evidence is needed to show the real impact of HCLA/HCAI approaches (e.g., 
in terms of user satisfaction and adoption).
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1. Introduction

Current digital technologies enable the collection of 
fine-grained data on teaching and learning, which can 
potentially inform and recommend actions to a variety 
of stakeholders, including students, teachers, curriculum 
designers, and managers. Given this context, the Learning 
Analytics (LA) field has contributed to understanding 
and improving learning and its context, while Artificial 
Intelligence in Education (AIED) has focussed especially 
on simulating and predicting learning processes and 
behaviours. Both fields use the data generated from 
these systems and often apply similar analysis techniques 
such as machine learning (Rienties, Køhler Simonsen, 
and Herodotou 2020). For example, multiple technologies 
developed within the LA and AIED context have been 
successfully applied in educational settings to support 
task automation (Tsai et al. 2021), personalise learning 
(Chakraborty et al. 2021), and improve teacher awareness 

(Matcha et al. 2020). Consequently, during the last few 
years, LA and AIED have gained much attention.

Despite the rising interest in LA and AIED solutions 
(Salas-Pilco, Xiao, and Hu 2022), the widespread adop
tion of these technologies among stakeholders still 
remains limited (Sadallah et al. 2022). Among the mul
tiple reasons behind this lack of adoption (e.g., costs, 
technical requirements, or institutional policies), several 
authors have pointed out the lack of contextual ground
ing of these solutions as one of the causes. This lack of 
grounding overlooks the pedagogical background and 
the stakeholder’s actual needs (Dimitriadis, Martínez- 
Maldonado, and Wiley 2021; Sarmiento and Wise 
2022). To overcome this limitation, many researchers 
emphasise the importance of adopting human-centered 
approaches where stakeholders are actively involved in 
the design, development and evaluation of LA/AIED 
solutions (Buckingham Shum, Ferguson, and 
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Martinez-Maldonado 2019; Rodríguez-Triana et al. 
2018). Such stakeholder involvement leads to better tai
loring the solutions to the contextual requirements and 
needs, as well as to raising the reliability and trust
worthiness of the systems (Martinez-Maldonado 
2023), thereby removing barriers to their adoption. To 
address these issues, the subfields of Human-Centered 
LA (HCLA) and Human-Centered AI in Education 
(HCAI for brevity) have emerged to understand, 
inform and promote the design and development of 
human-centered solutions within their corresponding 
communities.

Nowadays, these two subfields are reaching a certain 
maturity, triggering the appearance of literature reviews 
to explore different aspects of HCLA/HCAI. Li and Gu 
(2023) carried out a systematic literature review about 
ethical design approaches and risks of HCAI. The litera
ture review together with a Delphi study led to the 
identification of 8 potential HCAI risk indicators. 
Additionally, Sarmiento and Wise (2022) explored sys
tematically the stakeholders’ involvement in the co- 
design and participatory design of LA proposals, two 
core approaches in human-centered design. More con
cretely, their literature review identifies the stakeholders 
involved in the different design phases, as well as the 
tools and techniques used for that purpose. Both sys
tematic reviews shed light on participatory approaches 
for AI and LA. However, to the best of our knowledge, 
in Li and Gu (2023) the authors did not explore how sta
keholders are involved in the design and development of 
HCAI solutions. In the case of Sarmiento and Wise 
(2022), the authors particularly focussed on participatory 
design and co-design, leaving aside other terms used in 
the community (e.g., user-centered or human-centered 
design). Additionally, these papers do not offer systema
tic analyses of the specific methods and tools used to 
involve and collect data from the stakeholders while 
implementing the HC approaches. Furthermore, in 
both systematic reviews, there is no consideration of 
the learning theories applied to inform HCLA/HCAI 
research proposals and of the evaluation approaches 
employed on both HCLA and HCAI contributions.

We deem that the increasing number of research 
studies on HCLA and HCAI published in the last 
years presents a timely opportunity to obtain a global 
understanding of the HCLA/HCAI approaches 
employed in the literature. Such analysis can help ident
ify current research gaps and potential research lines 
within the field. Thus, this paper reports a systematic lit
erature review on HCLA/HCAI guided by the overarch
ing research question: What is the current landscape of 
HCLA/HCAI empirical evidence?, which has been 
further subdivided into the following ones: 

(RQ1) Which learning theories/pedagogical approaches 
are considered in the design of HCLA and HCAI 
solutions?

(RQ2) What are the main aims of the proposed HCLA 
and HCAI solutions?

(RQ3) Which and how stakeholders are involved in the 
design and development of HCLA and HCAI 
solutions?

(RQ4) Which methods and tools are used to design and 
develop HCLA and HCAI solutions?

(RQ5) How are the HCLA and HCAI solutions being 
evaluated?

(RQ6) What are the pros and cons of using HC 
approaches?

The rest of the paper is structured as follows. Section 
2 describes the theoretical background behind the use of 
human-centered approaches for LA and AI. Section 3
presents the methodology followed to extract the 47 
reviewed papers as well as the analysis approach. Section 
4 reports the results of the review. Section 5 discusses 
the results according to the RQs and reflects on poten
tial theoretical and practical implications for researchers 
and practitioners. Finally, Section 6 outlines the con
clusions and limitations of this work.

2. Theoretical background

Recently, there has been a growing interest in human- 
centered design (HCD) within the Technology- 
Enhanced Learning field. HCD describes approaches 
that position the stakeholders and designers as collabor
ators in the creation of contextualised products (Zachry 
and Spyridakis 2016). According to Rouse (Rouse 2007), 
HCD should increase the capacities of humans, over
come their restrictions and foster technological accep
tance. Dimitriadis, Dimitriadis, Martínez-Maldonado, 
and Wiley (2021) highlighted that, when employing 
HCD processes, researchers should guarantee the a) 
“agentic positioning” of the stakeholders, b) the con
sideration of the learning design cycle, and c) the peda
gogical grounding on educational theories to guide the 
design of the desired solutions.

For decades, different terminologies have been used 
in the literature to describe human-centered 
approaches. All these approaches agree on the stake
holders’ involvement during the design process to 
understand their perspectives, needs and context. How
ever, while these terms are sometimes used interchange
ably, they have different implications in practice 
(Buckingham Shum, Ferguson, and Martinez-Maldo
nado 2019):
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. User-centered design: This approach sets the focus on 
the role of the stakeholders as ’users’, and it refers to a 
design approach that concentrates on the usability of 
the design given the needs and experiences of users 
(Abras, Maloney-Krichmar, and Preece 2004). In 
this approach, the roles of the researcher, the 
designer and user are distinct. The user is not really 
a part of the design team (Sanders and Stappers 
2008).

. Participatory design: This approach examines the 
users’ needs and requirements by empowering 
them to take an active role in shaping the products, 
services or systems (Bødker et al. 2022). Compared 
to user-centered design, in participatory design, the 
roles of the designer and the researcher are not inde
pendent and the user becomes a critical component 
of the design process, yet without participating in 
the decision-making (Könings, Seidel, and van Mer
riënboer 2014; Sanders and Stappers 2008).

. Co-design: In this approach, designers and stake
holders (without design experience) collaborate 
during the design and development of a product, 
emphasising their collaboration and shared 
decision-making (Sanders and Stappers 2008). In 
co-design, each participant is considered an expert 
when it comes to their own experiences, thus, they 
draw upon their practical, experiential, and concep
tual knowledge in the design process (Cavignaux- 
Bros and Cristol 2020).

The fields of HCLA and HCAI emerged to create 
actionable LA/AI solutions attending to the stake
holders’ needs to overcome existing barriers, e.g., pro
viding interpretations of the visualised data which 
may be challenging depending on the stakeholders’ 
data literacy (Dimitriadis, Martínez-Maldonado, and 
Wiley 2021). HCLA refers to the use of LA to support 
the needs and goals of learners, instructors, and other 
stakeholders in the education process, in a way that 
the LA solutions suit the users and not the other way 
around (Buckingham Shum, Ferguson, and Martinez- 
Maldonado 2019). HCLA examines data related to stu
dent learning, such as engagement with course 
materials, performance on assessments, and interaction 
with peers and instructors. The shift regards the com
mitment of the stakeholders as co-designers, who are 
expected to participate in the design of LA solutions, 
regardless of their level of technical expertise or prior 
experience with analytics tools. This involves designing 
dashboards and visualisations that are easy to under
stand and interpret, as well as providing support and 
training to learners and instructors to help them make 
sense of the data.

Together with HCLA, there is a growing body of AI 
works that advocate HCD. AI has been applied exten
sively across sectors like healthcare, medicine, finances, 
and security (Salas-Pilco, Xiao, and Hu 2022). As far as 
it concerns the field of education, AI is being used 
through intelligent tutoring systems and virtual assist
ants, automated scoring on assignments, adaptive learn
ing systems and predictive analytics. Shifting to HCD, 
HCAI supports the design and development of AI pro
posals that prioritise the needs, values, and goals of 
humans (Shneiderman 2020).

Both LA and AIED researchers have proposed 
conceptual tools such as processes (Knight et al. 2015; 
Martinez-Maldonado et al. 2022), strategies (Dollinger 
and Lodge 2018), and frameworks (Chatti et al. 2020; 
Martinez-Maldonado et al. 2015) for HC design. How
ever, it is not clear how HCLA and HCAI approaches 
are put into practice.

3. Methodology

The literature review followed the guidelines proposed 
by Kitchenham and Charters (2007) to answer the afore
mentioned research questions. Although these guide
lines were initially conceived for the software 
engineering field, they are typically used in other 
research fields including LA (e.g., Matcha et al. 2020) 
and AIED (e.g., Hooshyar, Yousefi, and Lim 2019). 
These guidelines structure the review process in three 
phases: planning, conducting, and reporting. This sec
tion summarises the planning and conducting phase, 
and the following sections report and discuss the results.

The decisions taken during the planning phase 
include the selection of the databases, the search string, 
the search location, the time window, and the inclusion 
and exclusion criteria (see Table 1). The databases 
included (a) digital libraries that typically publish 
articles related to this area (i.e., Scopus, which also 
includes articles listed in IEEE Xplore; and Web of 
Science, which also indexes articles listed in ScienceDir
ect); (b) journals with specific focus on LA/AIED (i.e., 
the Journal of Learning Analytics and the International 
Journal of Artificial Intelligence in Education); and (c) 
conferences with specific focus on LA/AIED (namely, 
LAK, AIED, CHI and EDM).

The terms used in the query included the main HCD 
approaches introduced in the previous section plus 
‘centred design’, to detect similar terms such as user, tea
cher or student-centred design. Moreover, we included 
the terms representing the domains (i.e., LA and 
AIED). As a result, we used the following query: 
[‘human-centered design’ OR ‘centred design’ OR ‘partici
patory design’ OR ‘co-design’] AND [‘learning analytics’ 
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OR (‘artificial intelligence’ AND ‘education’)]. The search 
was performed in December 2022 without imposing any 
time constraints. Whenever possible, we narrowed down 
the query to the paper title, abstract and keywords, 
obtaining a total number of 294 publications (see Figure 
1). Since there were variations in the way each search 
engine applied the query, to guarantee the same filtering 
criteria, we cross-checked that the title, abstract and key
words of each paper satisfied the query.

Publications were then screened according to the 
inclusion and exclusion criteria by manually reading the 
title, abstract and keywords. During this process, we 
selected primary studies describing complete empirical 
experiences in English where LA/AI solutions were 
designed using HC. Moreover, we excluded papers under 
5 pages, project summaries, and duplicate papers. From 
the total number of 294 initial publications, 47 were 
included in this literature review (see Figure 1). The full 
contents of the selected publications were then read.

Content analysis has been conducted employing etic 
categories, i.e., predetermined categories established 
prior to data analysis (Given 2012). Then the coding 
scheme was developed based on the established RQs. 
To ensure the reliability of our findings, we 
implemented the following strategies (Guba 1981): (a) 
Peer debriefing by involving the research team to review 
the coding scheme together, (b) Triangulation among 
researchers respecting the interpretation of the data.

The literature review involved 6 researchers (see 
author list) who actively participated in the filtering 
and data analysis process of different primary studies. 
To assess the inter-researcher consistency of the coding 
scheme, a random paper was chosen to be coded by all 
reviewers prior to the data analysis phase (Kitchenham 
and Charters 2007). Once a common understanding of 
the identified categories was set, the remaining papers 
were distributed among the reviewers for individual 
coding. The decision on whether to include/exclude 
dubious cases was solved through a joint discussion 
and a second researcher reading the paper in depth. 
Finally, the different topics under review were allocated 
to 3 researchers who cross-checked the coding of each 
paper and discussed with the whole team the potential 
discrepancies found. An overview of the final codifica
tion is available in Appendix.

4. Results

This section provides an overview of the reviewed papers 
and summarises the results of the literature review in 
relation to the aforementioned research questions.

4.1. Sample overview

Looking at the publication date, while the first HCLA 
(Knight et al. 2015) and HCAI (Long, Aman, and 

Table 1. Decisions taken during the SLR planning phase.
Category Decision Reason

Databases Scopus Scopus indexes papers in IEEE Xplore and WoS papers in ScienceDirect, thus 
including the main databases of TEL journals. JLA, IJAIED, LAK, CHI, AIED and EDM 
are forums that publish LA/AI studies in the educational landscape.

Web of Science
J. of Learning Analytics
Int J. of AIED
LAK Conference Proc.
CHI Conference Proc.
EDM Conference Proc.
AIED Conference Proc.

Search String [‘human-centered design’  
OR ‘centred design’  
OR ‘participatory design’  
OR ‘co-design’] AND  

[‘learning analytics’  
OR (‘artificial intelligence’  
AND ‘education’)]

The search string includes the term ‘human-centered’ and the synonyms related to 
human-actions (e.g., participatory design, co-design) reported in relevant studies. 
We used the terms ‘-centred’ to detect combinations such as ‘user-’, ‘teacher-’ or 
‘student-’. Furthermore, we used the terms associated with the research fields 
under study (i.e., ‘learning analytics’ or ‘artificial intelligence’) and the term 
‘education’ that regards the frame of the systematic literature review.

Search 
Location

Title, abstract and keywords (metadata or abstract if 
restriction)

We expect that publications describing human-centered LA or AI studies mention it 
in the title abstract and/or keywords. Since there were variations in the way each 
search engine applied the query, to guarantee the same filtering criteria, we cross- 
checked that the title, abstract and keywords of each paper satisfied the query.

Time 
Restrictions

No restrictions We aim to find all possible publications without tying to a specific time frame.

Inclusion 
Criteria

Empirical studies where LA and AI solutions are 
designed using human-centered approaches

We focus our research questions on empirical studies of HCLA and HCAI. Theoretical 
or conceptual papers are not relevant to answer the posed research questions.

Exclusion 
Criteria

Secondary studies (reviews) 
; Papers under 5 pages 
; Project summaries;  
Non-English papers 
; Duplicate papers

We aim to analyse primary studies describing complete empirical experiences in 
English.
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Aleven 2015; Santos and Boticario 2015a, 2015b) 
empirical studies date back to 2015, most papers were 
published starting from 2019 (37, 78.72%). Figure 2
depicts the reviewed articles, including the publication 
type and year. In terms of the research domain, few 
are in the artificial intelligence or data mining domains 
(8, 17,02%), while most papers (43, 82.98%) pertain to 
the learning analytics field.

Additionally, we further analysed the relationships 
among the authors of the papers. In Figure 3, each 
bubble represents a different author (168 in total), the 
size of the bubble represents the number of papers by 
each author (spanning between 1 and 5), and the clus
ters reflect a coauthoring relationship. Some collective 
efforts yielded multiple papers by the same group of 
authors (e.g., Aleven and Martínez-Maldonado co- 

authored 5 and 4 papers respectively), indicating their 
leadership in the field of HCLA/HCAI. Nevertheless, 
there are also many other different teams that contribu
ted to the HCLA/HCAI literature, showing that a wider 
community is adopting human-centered approaches.

According to the publication type, 31 (65.96%) were 
published in conference proceedings, 13 (27.66%) in 
scientific journals and 3 (6.38%) in workshop proceed
ings. Among the conference papers, 11 (35.48%) were 
published in GGS1 and/or CORE2 indexed conferences, 
being LAK and EC-TEL conferences the most frequent 
venues of publication (with 9 and 7 papers, respect
ively). Also, among the journal papers, 5 (38.46%) 
were published in impact factor journals according to 
the Web of Science. The Journal of Learning Analytics 
was the most popular venue.

Figure 1. Overview of the systematic literature review process followed.
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Among the different types of HCD approaches 
described in Section 2, the most frequent terminology 
used was co-design (15, 31.91%), followed by user- 

centered design (11, 23.40%) and participatory design 
(8, 17.02%). Interestingly, many papers used several of 
them interchangeably within the same study (10, 

Figure 2. Number of studies per publication type and year.

Figure 3. Social network analysis of the reviewed papers based on co-authorship.

1076 P. TOPALI ET AL.



26.74%), sometimes as synonyms (e.g. Sadallah et al. 
2022).

4.2. Learning theories and design aspects

Out of the 47 papers retrieved, 27 (57.45%) did not 
mention which learning theories or pedagogical 
approaches characterised the learning context and/or 
informed their LA solutions. Figure 4 depicts the ident
ified learning theories. Some papers included more than 
one learning theory, e.g., Kilińska, Kobbelgaard, and 
Ryberg 2019).

The majority of the papers with a reference to the
ories used Collaborative Learning and its instances (9, 
45.00%) -which entail working in pairs or groups to 
engage in discussions about concepts or to seek sol
utions to problems- as a theoretical basis for the design 
of the LA/AI solutions. For instance, Hoffmann et al. 
(2022) discuss the use of Computer Supported Colla
borative Learning, while Martinez-Maldonado et al. 
(2022) refer to Collocated Collaborative Learning to 
inform the contextual design of their LA proposal. 4 
papers mention Self-Regulated Learning (4, 20.00%) - 
which fosters learners’ self-reliance as they progress 
through their learning process (Zimmerman 2000)- 
to ground their work. Additionally, further papers 
draw upon Constructivism (2, 10.00%), as in Huh 
et al. (2022) who use Vygotsky’s Sociocultural Theory 
of Cognitive Development, and Porject-Based Learning 
(2, 10.00%). Single mentions regard the Cognitive The
ory of Multimedia Learning (i.e. Revano and Garcia 
2021) or the Motivation Theory (i.e. Long, Aman, 
and Aleven 2015).

Also, in some cases (11, 55.00%), the authors took 
into consideration specific aspects of the learning design 
to contextualise further their solutions. Examples are 
the actors/participants, the resources/objects, the learn
ing objectives/goals, the social level (individual, group, 
classroom or institutional), the learning tasks and 
their types, time-related aspects, and teacher expec
tations about the students work. Building on the parti
cularities of the learning design, the researchers 
adopted various pedagogical approaches, such as Adap
tive Learning (i.e., Holstein, McLaren, and Aleven 
2019a), Open-Ended Learning (i.e., Beheshti et al. 
2020), Blended (i.e., Aleven et al. 2016) or Active Learn
ing (i.e., Alzoubi et al. 2021).

Figure 5 presents the distribution of theories 
employed in the included papers. As observed in the 
graph, from 2018 there are more mentions to the peda
gogical underpinning among the encountered papers. 
Keeping in mind the small numbers depicted, this result 
is just indicative of the potential awareness of the 

importance of the learning theories and learning design 
in grounding the LA/AI proposals.

4.3. Purposes of the HCLA/HCAI solutions

Inspired by the reference model proposed by Chatti 
et al. (2013) to characterise LA solutions, we analysed 
the paper contributions according to their type 
(what?), target users (who?), and purpose (why?).

What? According to the results, most of the studies 
propose standalone or embedded LA Dashboards (21, 
44.68%), being followed by the design of entire LA 
Tools (13, 27.66%) and the identification of relevant 
indicators for different purposes (6, 12.77%). Other pur
poses also include the design of AI agents/systems (Hol
stein, McLaren, and Aleven 2019a; Huh et al. 2022), 
recommender systems (Santos and Boticario 2015b), 
and virtual assistants (Lister et al. 2021). Almost half 
of the analysed papers (22, 46.81%) do not report the 
learning platform where the proposed HCLA/HCAI 
contribution will be implemented. From the ones that 
report it, we can highlight that 10 refers to web-based 
applications, 6 to Learning Management Systems, 3 to 
Intelligent Tutoring Systems and 3 to mobile 
applications.

Who? The final users of the targeted solutions are 
solely teachers (19, 40.43%), solely students (18, 
38.30%), or both of them (4, 8.51%), at all different edu
cational levels (i.e., primary, secondary and tertiary). 
The remaining papers target other stakeholders, or a 
combination of teachers with other stakeholders (5, 
10.64%), including, for example, educational managers 
(Eradze, Rodriguez Triana, and Laanpere 2017), parents 
(Huh et al. 2022) or museum visitors (Beheshti et al. 
2020). Further details about the target users are pro
vided in the following subsection.

Why? To better understand the human-LA/AI tan
dems, we categorised the HCLA/HCAI contributions 
based on the framework proposed by Soller et al. 
(2005). This framework identifies three types of 
tools: mirroring tools, which only display indicators; 
metacognitive tools, which compare the desired and 
the current results of the selected indicators; and 
guiding tools, which offer advice based on an 
interpretation of the indicators. In addition, we have 
included the category of ”intelligent systems” to 
refer to those contributions where the decision-mak
ing is done automatically. The results revealed that 
although mirroring tools are the most frequent pur
poses of HCLA solutions (e.g., Ahn et al. 2019), 
there are also guiding tools (e.g., Ouatiq et al. 2022) 
and intelligent systems (e.g., Long, Aman, and Aleven 
2015).
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4.4. Stakeholders and involvement in HC 
processes

The active positioning of stakeholders is one of the key 
aspects of HCD processes (Dimitriadis, Martínez-Mal
donado, and Wiley 2021). The analysed data showed 
that teachers are the main participants involved in the 
human-centered processes (14, 29.79%). The teachers’ 
involvement was particularly strong in HCLA/HCAI 
proposals addressing Higher Education (12 out of the 
14 proposals), with only 2 HCLA solutions targeting 
K12 educational settings. Students were the second 
key actors either alone (9, 19.14%) or together with 
the teachers (9, 19.14%). A considerable number of 
papers also involved other types of participants in the 
HCD process either alone (4, 8.51%), together with stu
dents (3, 6.38%), together with teachers (5, 10.64%) or 
together with both teachers and students (3, 6.38%). 

IT experts, teaching assistants, school managers, project 
partners, and developers were among these stake
holders. One study (Huh et al. 2022) involved parents 
as well.

Figure 6 visualises the connection between the stake
holders who participated in the process of co-designing 
the HCAI/HCLA proposals and the end users aiming to 
take advantage of the final proposal. Based on the evi
dence gathered, it appears that almost half of the exam
ined papers invited the final users as co-designers of the 
HCLA/HCAI solutions (25, 53.20%). However, in other 
cases, either additional stakeholders participated in the 
design or development of the proposals (15, 31.91%) 
or the involved stakeholders were different from the 
targeted ones (7, 14.90%). For example, Zhou, Sheng, 
and Howley (2020) and Romero et al. (2021) created 
AI and LA solutions to support students’ algorithm 

Figure 4. Learning theories identified in the review.

Figure 5. Evolution of the number of publications involving learning theories.
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understanding and self-regulated learning, respectively. 
Yet, in the first case, the involved stakeholders in the co- 
designing process were teachers and in the second case 
students together with project managers and developers.

Attending the techniques and methods applied to the 
HCD processes, interviews seem to be the most promi
nent one (28, 56.57%), followed by co-design sessions 
and workshops (24, 51.06%) and surveys and question
naires (13, 27.66%). Other techniques regarded low- 
fidelity (3, 6.38%) and paper-based prototyping (2, 
4.26%), observations (3, 6.38%), Wizard of Oz (2, 
4.26%), etc. Additionally, different types of cards were 
recurrently used to help participants express their 
needs and opinions (9, 19,15%), being some card 
decks explicitly developed for co-designing LA solutions 
(e.g., Alvarez, Martinez-Maldonado, and Shum 2020).

Each method served different purposes during the 
applied HCD processes. In our analysis, we followed 
the Human-Centered Indicator Design (HCID) frame
work (Chatti et al. 2020) to better understand the role 
of each technique/method in the design and develop
ment of HCLA and HCAI solutions. The framework 
consists of four phases: (a) define a goal/question that 
aims to understand the users’ needs, (b) ideate that 
aims to support the co-creation phase, (c) prototype 
and d) test by getting feedback from the users. Figure 7
depicts how many times the techniques and methods 
were encountered in the publications and the purpose 
they served in accordance with HCID framework cat
egories (Chatti et al. 2020). In terms of stakeholders’ 

involvement in each of the HCID phases, our results 
indicate that human positioning happened mainly 
during the ‘Define the goal’ phase (44, 93,61%), and 
less participation was planned during the following 
three phases, i.e., 26 papers involved stakeholders 
during the ‘Ideate’ phase (55,32%), 22 during prototyp
ing (46,80%) and 20 during the ‘Test & Evaluation’ 
phase (42,55%).

From the total number of 47 papers explored, 14 
(29.79%) of them used concrete conceptual frameworks 
or models which were followed while designing the 
HCLA/HCAI solutions. Among these proposals we 
encounter the LATUX framework (Martinez-Maldo
nado et al. 2015), employed for co-designing and co- 
developing LA visualisations in Conijn, Van Waes, 
and van Zaanen (2020) and Holstein, McLaren, and 
Aleven (2019b); the Human-Centered Indicator Design 
(HCID) classification (Chatti et al. 2020) for the co-cre
ation of LA indicators; and the Learning Analytics 
Translucence Elicitation Process (LAT-EP) (Martinez- 
Maldonado et al. 2022) to co-develop HCLA systems.

4.5. HCLA/HCAI evaluation and usage in 
authentic settings

Attending the evaluation mentioned in the retrieved 
papers, almost half of them (20, 42.55%) reported the 
effects of the implementation of the HCLA/HCAI pro
posals. For instance, Pishtari, Rodríguez-Triana, and 
Väljataga (2021) conducted an evaluative study to 

Figure 6. Sankey diagram displaying the involved stakeholders in the design and development of HCLA/HCAI solutions and their 
target users (N = 47).
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gather insights from stakeholders’ perceptions about the 
developed prototypes -on analytics for LD in location- 
based settings. 5 educators, 2 researchers and 2 man
agers served as study informants. The results shed 
light on the stakeholders’ different needs, e.g., the educa
tors desired a location-based tool to monitor and evalu
ate the learning design during their actual practice. 
Santos and Boticario (2015a) co-designed guidelines to 
support personalised recommendations for online 
courses. They later evaluated their proposal within 
two experiences of different online courses. Their 
findings showed that the guidelines proposed could 
guide the design of personalised recommendations. At 
the same time, we encounter two cases (4.26%), i.e., 
Martinez-Maldonado et al. (2022), and Buckingham 
Shum, Ferguson, and Martinez-Maldonado (2019), 
where the authors mentioned that the evaluation of 
the proposals had been reported somewhere else.

In most cases, the HCAI/HCLA solutions were not 
applied in authentic settings (31, 65.96%) or this aspect 
was not clear in the paper (2, 4.36%). The rest of the 
papers report empirical studies framed in real edu
cational settings (13, 27.66%). For example, Romero 
et al. (2021) developed a feedback tool for medical stu
dents following a user-centered design approach. They 
later evaluated the tool within an undergraduate course. 
According to the results, the students perceived posi
tively the provided feedback and considered the tool 
environment as easy to use. Again, one study, i.e., Mar
tinez-Maldonado et al. (2022), cited a prior work which 

described in detail the evaluation at the authentic setting 
(2.13%).

Regarding the evaluation techniques and methods 
employed, the users adopted an active role in all of 
the proposals. The type of study varied from interviews, 
controlled/lab experiments, to user tests and focus 
groups. Figure 8 presents the applied evaluation 
approaches, as reported in the research papers.

Out of 47 papers under review, 20 reported evaluation 
and 2 of them mentioned that the evaluation is reported 
elsewhere (namely, Buckingham Shum, Echeverria, and 
Martinez-Maldonado 2019; Martinez-Maldonado et al. 
2022). Grouping the evaluation goals per topic, we 
found that the most frequent topic was assessing whether 
the solutions satisfied the user needs, e.g., looking at the 
effectiveness, usefulness, utility and requirement satisfac
tion (10, 50.00%). Authors also used the evaluation to 
gather ideas for future improvement (e.g., extracting 
user concerns, identifying core and missing aspects, eli
citing further needs, or evaluating preferences) (8, 
40.00%), and looked at how stakeholders used the sol
utions, assessing aspects such as acceptance, usability 
and user experience (8, 40.00%). Measuring the impact 
on stakeholder behaviour/engagement and evaluating 
understanding/interpretability appeared both with the 
same frequency (6, 30.00%). Other evaluation goals that 
gathered less attention were: the applicability, feasibility 
or actionability of the solutions (3, 15.00%); the impact 
on the learning gain (3, 15.00%); and the accuracy of 
the solutions (2, 10.00%).

Figure 7. Techniques and methods applied in HCD processes together with the purpose they served in accordance with the HCID 
framework.
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4.6. Pros and cons of using HC approaches

In order to get a critical perspective about the benefits 
and challenges of using HC approaches, we extracted 
the pros and cons elicited in the reviewed papers, mainly 
looking at the discussion and conclusion sections. In 
total, 31 papers included this kind of reflection.

Among the positive implications, most papers high
lighted: (1) the collection of meaningful and relevant 
idea, and the participants’ capability to envision sol
utions, contributing to decisions which might not 
have been adapted to the stakeholders if only relying 
on the development team (14, 45.16% out of 31 
papers); and, (2) the understanding gained of the sta
keholders’ values, needs, challenges, opportunities, 
requirements, existing practices, desired functionalities 
and preferences (13, 41.94%). The authors also per
ceived that the HC approaches had an impact, leading 
to more useful, effective, responsive and inclusive sol
utions (6, 19.36%); on the stakeholders engagement 
and satisfaction (5, 16.13%); and on the student per
formance (1, 3.23%). The reviewed papers also report 
that the involvement of the participants: (*) helped 
them to better understand the affordances and usage 
of the solutions (6, 19.35%), (*) contributed to their lit
eracy and practice (2, 6.45%), and (*) promoted com
munication among different groups of stakeholders (1, 
3.23%). Moreover, some authors pointed out that giving 
stakeholders power on the design process, raised their 
perception of appropriation and ownership (2, 6.45%). 
Regarding the benefits for the design team, the reviewed 
papers highlight that the acquired knowledge not only 
informed and triggered design decisions but also raised 

awareness of the impact of the design decisions (3, 
9.68%).

However, the aforementioned benefits also came 
with some obstacles. Converging and coping with the 
diversity of needs, ideas and expectations about the 
designed product seems to be the most common pro
blem (8, 25.81%). Sometimes, addressing all requests 
and implementing all proposals was not feasible and 
required management of expectations as well as med
iating efforts. Additionally, in some cases, leaving 
aside some participants’ ideas decreased their willing
ness to get implicated in later stages of the design. 
Also, there were several problems related to the stake
holders’ difficulties in the design process such as 
expressing their needs, imagining their actual experi
ence, lack of critical perspective while assessing their 
own designs, and lack of stakeholders’ interest or 
motivation in the design tasks (7, 22.58 %). Further
more, several authors highlighted that focussing on 
addressing the specific needs of the participants does 
not guarantee covering the core needs of the target 
audience, and the proposed solutions may not be 
transferable to other contexts (5, 16.13%): The com
mon tension between contextualising and generalising. 
Last but not least, some authors noted that the 
implementation of HC approaches was a tedious and 
time-consuming effort (4, 12.90%).

5. Discussion

This section summarises the main lessons learnt from 
each research question, establishes connections with 

Figure 8. Evaluation methods and approaches as identified from the final pool of the included papers.
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the existing literature and elaborates on the implications 
for the research community.

5.1. Main findings

The importance of theoretical grounding for creating 
sound and impactful LA and AI solutions has been 
often echoed in the scientific literature (Dawson et al. 
2019). According to the findings of this study, similar 
concerns persist in the design process of the reviewed 
HCLA/HCAI solutions. In our analysis, collaborative 
learning and SRL have been found among the dominant 
theories informing the proposals discussed in the final 
pool of papers. This finding could be elucidated given 
the rise of digital and network technologies that indi
cated the benefits of social learning and the importance 
of learners’ self-regulation (Jones 2015). Nevertheless, in 
70% of the reviewed studies, there was no reference to 
learning or pedagogical theories. Our findings align 
with those of Topali et al. (2023) and Khalil, Prinsloo, 
and Slade (2022) about the limited grounding of LA 
research on learning theories. Although HCD 
approaches may lead to solutions that better cater to 
the needs of the target users, these solutions without a 
solid theoretical foundation may not afford to create 
the expected impact. Therefore, it is essential to estab
lish a balanced approach during the design process 
that considers both users’ perspectives and the theoreti
cal principles to ensure effective and impactful sol
utions. At the same time, we observed that after 2018, 
more studies of our final pool reported a theoretical 
grounding on learning theories. Considering the limited 
data, this outcome merely serves as a hint regarding the 
increasing recognition of the significance of learning 
theories and learning design in underpinning LA/AI 
proposals.

Our study reported that teachers were the most rel
evant stakeholders involved in the co-design of the 
reviewed solutions, closely followed by the students, 
and other types of stakeholders, which aligns with the 
findings of the systematic literature review conducted 
by Sarmiento and Wise (2022). These findings are 
expected since teachers and students were the target 
user groups for most design products. However, despite 
teachers being the most frequently involved stake
holders, students can also play a crucial role in the co- 
design process, as they are the end-users of many 
HCLA/HCAI tools, and their input might contribute 
to creating more effective proposals. Interestingly, tea
chers and other stakeholders (e.g., researchers) often 
contribute to the design of tools for students but not 
the other way around. Students are rarely involved in 
the design of tools devoted to other stakeholders even 

if those LA/AI tools are usually about their learning pro
cess. Thus, future work could consider engaging stu
dents, for instance, to verify that the LA/AIED tools 
reflect and contribute to improving their learning 
experience. Additionally, it is noteworthy that a diverse 
group of stakeholders were involved including IT 
experts, school managers, and developers, which 
suggests that HC approaches require efforts from indi
viduals beyond the target users. Nevertheless, consider
ing this distinct group of stakeholders identified, there is 
the inherent risk of accommodating an excessive num
ber of diverse and potentially conflicting needs (Steen 
2012). This risk arises from the complexity and diversity 
within educational settings, where students, educators, 
administrators, parents, and other stakeholders may 
have distinct and sometimes competing interests, pre
ferences, and priorities. Accordingly, satisfying a multi
tude of diverse desires can pose several challenges and 
limitations within the context of educational design 
research, such as the design of broad and unfocused sol
utions or less feasible ideas than those generated by 
designers alone, as also reported by Potvin et al. 
(2017) or Lang and Davis (2023) among others. To miti
gate this issue, it seems critical for researchers and 
designers to be coherent in the design process by 
defining clear design goals, considering the educational 
objectives and/or by conducting a needs assessment to 
identify and prioritise the most pressing requirements 
and challenges faced by the target user group.

Differently from the work of Sarmiento and Wise 
(2022), we found out that most papers focussed on the 
Higher Education context rather than K12 or preschool 
education. This result might be argued, due to the rather 
less focus on LA/AI in K12 education compared to 
Higher Education (Kovanovic, Mazziotti, and Lodge 
2021) and the relatively recent attention to HCD in edu
cational design. Therefore, including young learners in 
HCD stands as a promising opportunity for the 
community.

Interestingly, most of the HCD approaches con
cerned stakeholders’ participation during the goal 
definition and the problem understanding (93,62%), 
while fewer papers involved actively the human agents 
during the ideation, prototyping or testing of the propo
sals. Prinsloo and Slade (2016) highlighted the potential 
risk to teachers’ and students’ agency when their needs 
and desires are excluded from the design and develop
ment of analytical solutions. To overcome such a chal
lenge, Martinez-Maldonado (2023) stressed the 
importance of equally positioning the human agents 
not only as brainstorming informants but during the 
whole process of HCD as equal co-designers of the tar
geted solutions. Building on our results, while 
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stakeholders can serve as informants for brainstorming 
their problems and needs before the tool design, their 
experience could also inform about what aspects should 
be monitored, which meaningful data should be col
lected, the critical course design aspects affecting the 
learning process, etc.

We also noted several examples of tools (e.g., Sadal
lah et al. 2022) and frameworks specifically developed 
to systematize HCD processes such as LATUX (Marti
nez-Maldonado et al. 2015), HCID (Chatti et al. 2020) 
and LAT-EP (Martinez-Maldonado et al. 2022). How
ever, while these efforts are relevant and meaningful as 
they provide other researchers with valuable guidelines 
to follow, less than a third of the reviewed papers 
embraced an HCD framework in the design and devel
opment processes. That is, many researchers relied on 
the research goals to intuitively determine how to 
involve the stakeholders in the tasks, phases, and pro
cedures. While these efforts are worthy, using estab
lished HCD frameworks can promote a more 
comprehensive and effective design process. Further
more, a first glimpse of the papers suggests that the 
usage of the HCD terms included in the query (‘co- 
design’, ‘human-centered design’ and ‘participatory 
design’) may not have been consistent across authors. 
Thus, future work should explore the underlying mean
ing of these terms, looking at the definitions provided, 
as well as analysing the connections between the terms 
and the specific HC methods, extending the work by 
Lang and Davis on what LA authors mean when refer
ring to human-centeredness (Lang and Davis 2023).

Despite the important role that evaluation plays in 
the acceptance for publication of research papers, the 
majority of the reviewed papers do not report any evalu
ation of their LA/AEID proposals nor their usage in 
authentic studies. This signs that the proposals (and 
the field) may be still in an early stage. These results 
are in line with other LA (Larrabee Sønderlund, Hughes, 
and Smith 2019; Schwendimann et al. 2017) and AI 
reviews (Ouyang, Zheng, and Jiao 2022). To support 
this process, initiatives such as the human-centered 
evaluation framework for explainable AI proposed by 
Donoso-Guzmán et al. (2023) could be of great support. 
Also, it is noteworthy that, despite the emphasis of HC 
approaches on creating solutions aligned with the user 
needs and context, only 10 papers evaluated whether 
these goals were satisfied. Furthermore, while research
ers often claim using HC approaches to promote adop
tion, only 3 papers assessed the impact on the 
stakeholders’ practice, and only 1 paper looked at the 
adoption in the longer term (Ahn et al. 2021). Thus, 
to better understand the added value of using HC 
approaches, it would be necessary to assess not only to 

what extent the proposed solutions have satisfied the 
user needs but also the impact of HCD in the adoption 
of LA/AEID solutions.

Also related to the maturity of the HCLA/HCAI sol
utions, in a preliminary analysis of the development 
stage of the solutions, we have observed that most of 
them reached the stage of mockups, followed by exper
imental prototypes and few were fully working tools 
when the papers were written. However, this is an aspect 
requiring further investigation since often this infor
mation is not clear in the publication.

As raised by Martinez-Maldonado (2023), the 
implementation of HCD methods in LA/AIED systems 
has its own challenges. Also, the empirical evidence 
from other fields has reported on the downsides of HC 
methods vs methods without stakeholder involvement 
(Lang and Davis 2023), e.g., ending up with more but 
less feasible ideas than those generated by designers 
alone (Potvin et al. 2017). The reviewed papers have eli
cited several pros and cons of using HC approaches 
which vary from study to study. The same can be 
observed in the existing literature: e.g., while some studies 
report cost reduction throughout the development life 
cycle and easier-to-use systems (Bevan, Bogomolni, and 
Ryan 2001; Karat 1997) other studies did not identify 
those improvements (Hirasawa et al. 2010). Those differ
ences lead us to highlight that there is no universal HCD 
recipe; thus, how and when stakeholders should be 
involved should be carefully adapted to each study to 
get the best out of these methods.

5.2. Theoretical and practical implications

Building on the findings discussed above, it is worth 
mentioning that the practical and theoretical impli
cations of this study can be beneficial primarily for 
LA/AIED researchers. However, these implications 
may also be useful for tool providers, tool designers 
and educational stakeholders (e.g., practitioners or 
decision makers). The emerged implications extend 
into the following three dimensions:

. The importance of pedagogically grounding the 
HCLA/HCAI proposals.

. The need to support the stakeholders’ participation 
within the HCD processes.

. The necessity for a thorough empirical assessment of 
the effects of the HCLA/HCAI proposals in authentic 
settings.

First, the majority of the examined proposals do not 
explicitly take into account pedagogical aspects, and 
only a few studies considered the learning objectives, 
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the task type, the learning subject matter, and the con
text when designing and developing the HCLA/HCAI 
proposals. Prior studies stressed the importance of the 
alignment of LA/AI solutions with theoretical foun
dations and the learning design to foster their effective
ness in educational practice (Gašević, Kovanović, and 
Joksimović 2017; Ouyang, Zheng, and Jiao 2022; Rodrí
guez-Triana et al. 2015). Omitting such theoretical 
aspects in LA/AI applications could potentially result 
in technological determinism. Learning theories eluci
date the learning process and explain the mechanisms 
behind how and why individuals learn. Thus, the peda
gogical grounding clarifies what should be measured, 
why and at what moment by defining e.g. where to 
apply LA or AI and which data should be collected 
within the learning and teaching process (Banihashem 
et al. 2019). Additionally, the particularities of the learn
ing design (e.g., the difficulty of the activities or the 
course structure) affect the learning and teaching pro
cess. Thus, their consideration is deemed crucial when 
designing technological solutions for educational pur
poses. du Boulay (2000) highlighted the importance of 
the pedagogical underpinning when applying AI in edu
cation to address learners’ specific needs to determine 
what to offer and when, and to support teachers’ and 
students’ own agency. At the same time, having a peda
gogical input in LA and AIED fosters a better framing of 
the students’ and teachers’ captured behaviours (Rodrí
guez-Triana et al. 2015; Wong et al. 2019).

The second aspect regards the stakeholders’ support 
when participating in HCD processes. The stake
holders’ involvement in the design of analytics and 
AI tools has been considered sometimes unproductive, 
given participants’ relatively limited data and LA/AI 
literacy (Martinez-Maldonado 2023). Existing litera
ture has reported, for example, that teachers often 
require additional assistance in reflecting on learners’ 
data, selecting and fine-tuning the thresholds (Fernan
dez Nieto et al. 2022; Rienties et al. 2018) and connect
ing such data to their course learning design 
(Mangaroska and Giannakos 2019). Our findings indi
cated the use of interviews for brainstorming as the 
most employed HCD technique, and the initial phase 
of the goal definition as the most common moment 
of the stakeholders’ co-presence. However, as Marti
nez-Maldonado (2023) highlighted, stakeholders’ 
lived experiences, their design visions and practical 
knowledge should be supported and become an equal 
part of the whole HCD process and of decision-mak
ing. To support that inclusion, further research is 
necessary to better understand how and when stake
holders should be involved and when not to, as raised 
by Lang and Davis (2023).

Third, the evolution of HCLA/ HCAI requires 
further empirical research to assess the real-world 
impact of proposed solutions (e.g., in terms of satisfac
tion of user needs and user adoption), ensure ethical 
considerations and trust, inform decision-making, and 
contribute to the ongoing innovation in the field of edu
cational technology. Recent literature highlighted a gap 
between the potential of LA/AI and its actual implemen
tation in real cases (Ouyang, Zheng, and Jiao 2022). 
Conducting empirical studies in authentic settings will 
allow for the assessment of the real-world impact of 
HCLA/HCAI interventions on student learning out
comes and teaching practices. Additionally, it will per
mit the reconsideration of human-centered 
approaches followed to satisfy the needs of the involved 
stakeholders. Additionally, empirical studies will foster 
further data-driven evidence, allowing researchers, 
practitioners, and even policymakers to make more 
informed decisions about the effectiveness and feasi
bility of research solutions. Indeed, many proposals 
fail to be applied in authentic settings since they do 
not respond to the complexities of the educational 
system.

5.3. Limitations

This systematic literature review does not come without 
limitations, and caution has to be taken when interpret
ing our findings. The query, the selection of databases 
and the inclusion/exclusion criteria may have left out 
relevant papers. Terminology-wise, apart from ‘co- 
design’, ‘participatory design’, and ‘human-centered 
design’, researchers may have used other terms such 
as ‘co-create’ or ‘co-creation’, while referring to the 
user involvement in their proposals. For instance, not 
including both UK and US variants of ‘human-centered’ 
and ‘human-centered’ may lead to overlooking papers. 
Regarding the domain, our query targeted papers expli
citly referring to ‘learning analytics’ or ‘artificial intelli
gence’ in ‘education’. However, there may have been 
related works in the areas of educational data mining, 
intelligent tutoring systems, adaptive systems, smart 
learning environments, etc. Furthermore, the inclusion 
of the keywords variations (e.g., codesign and co-design, 
and artificial intelligence or AI) as well as not restricting 
the query to title, abstract and keywords could have 
potentially returned additional papers. Dealing with 
the venues, we may have overlooked certain confer
ences, journals and databases that are not directly 
related to LA and AI but which eventually publish 
studies on these topics.

Regarding the coding process, despite the involve
ment of several researchers, and the codification 
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training with one of the articles, the remaining articles 
were coded by one single person. In order to minimise 
this limitation, we cross-checked dubious cases among 
the whole team.

Finally, we want to highlight the unexpectedly small 
number of HCAI papers under review in comparison 
with the HCLA ones. Interestingly, most of the detected 
ones are only conceptual or theoretical and do not 
satisfy the inclusion criteria of applying HC approaches 
in practice. In any case, we hypothesise that AIED 
authors may have applied HC approaches without men
tioning it in the paper title, abstract or keywords. Also, 
we have noticed that in order to comply with the length 
limitations of the papers, LA and AIED authors may 
have opted for omitting the details of their HC 
approaches. Thus, the reviewed papers may just rep
resent the top of the iceberg in terms of HCLA and 
HCAI research solutions, which may not reflect the rea
lity of the LA/AIED industry.

6. Conclusions

This study has reviewed reported practices in HCLA 
and HCAI research, analysing their pedagogical contex
tualisation, the purpose of the contributions, the stake
holder involvement in the design and evaluation, as well 
as the methods and tools used to support HC design. 
The results confirmed that, beyond the existence of con
ceptual and theoretical papers promoting HC 
approaches in LA and AIED, the community is actively 
involving stakeholders in the design and, to some 
extent, in the evaluation of their contributions. 
Among the reviewed papers, HC approaches were 
usually intended for the identification of require
ments/needs, especially for the design of LA dashboards 
that might be integrated within web-based tools and 
learning management systems. Teachers and students 
were the main target users, with the purpose of support
ing their awareness and decision-making (e.g., Aleven 
et al. 2016; Verbert et al. 2020). Interestingly, the stake
holder involvement went beyond the final users and 
sometimes included project managers, developers, as 
well as teachers (e.g., when the tools were devoted to 
students).

While multiple stakeholder-involvement techniques 
were used in the reviewed papers (mainly interviews, 
focus groups and workshops), few of them adopted 
existing HC design guidelines (e.g., LATUX). Thus, 
the research community could also benefit from compil
ing conceptual HCLA/HCAI contributions, guidelines 
-such as the principles of human-centered design pro
posed by the Interaction Design Foundation-, and exist
ing standards (for instance, the ISO 9241-210:2019 

standard on human-centered design for interactive sys
tems) which may inform future studies and potentially 
increase the effectiveness of the stakeholder involve
ment. Also, as pointed out in previous reviews, research
ers should bear in mind the importance of the 
pedagogical contextualisation of their HCLA and HCAI 
proposals, as well as the need for evaluation and usage 
in authentic settings. After this first attempt to under
stand the current landscape of HCLA/HCAI research, 
future work should further analyse aspects such as the 
accuracy of the usage of the HC terms (e.g., extending 
Lang and Davis (2023) with other terms than ‘human- 
centered’); the stakeholders’ involvement in the 
implementation of the solutions (Rodríguez-Triana 
et al. 2018); and the level of automation of the contri
butions (Molenaar 2022). Furthermore, to release the 
potential of human-centered approaches, it is paramount 
to take into account already identified challenges of 
human-centered design (e.g., ensuring representative par
ticipation, considering the stakeholders’ expertise and 
lived experiences in LA/AIED design) while applying 
them in HCLA/HCAI solutions (Martinez-Maldonado 
2023), as well as the particularities of each study context. 
Last but not least, further studies would be necessary to 
better understand the application of human-centered 
approaches by the ed-tech industry, similar to what has 
been done for the manufacturing industry (Brückner 
et al. 2023; Nguyen Ngoc, Lasa, and Iriarte 2022) or the 
e-health context (van Velsen, Ludden, and Grünloh 
2022).
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