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Multimodal Learning Analytics (MMLA) systems integrate diverse data to provide
real-time insights into student learning, yet their design faces the challenge
of limited established guidelines. This study investigates essential design
considerations for MMLA systems during the research and development phase,
aiming to enhance their effectiveness in educational settings. A qualitative
approach employing semi-structured interviews was conducted with a diverse
group of researchers in the MMLA field. Deductive and thematic analysis were
used to identify key design considerations, including technology integration,
constraints and learning scenarios. The analysis further revealed intersections
between various design considerations, both confirming existing themes and
highlighting new emergent ones. Based on the findings, the MMLA Design
Framework (MDF) was developed to provide a structured approach to guide
the design and development of MMLA systems. This framework, along with the
identified design considerations, addresses the lack of conventional practices in
MMLA design and offers practical insights for practitioners and researchers. The
results of this study have the potential to significantly impact both research and
educational applications of MMLA systems, paving the way for more effective
and informed designs.

KEYWORDS

multimodal learning analytics, design considerations, data mining in education,
MMLA design, educational technology

1 Introduction

In recent years, the field of education has witnessed significant advancements in
technology and data analytics (Celik et al., 2022). One such advancement is the emergence of
Multimodal Learning Analytics (MMLA) systems, which integrate multiple modalities such
as text, audio, video, and sensor data to gain insights into students’ learning processes (Worsley,
2018). These MMLA systems have a promising potential in enhancing education by providing
real-time feedback to both learners and educators (Junokas et al., 2017). With traditional
learning analytics focusing primarily on log data analysis, MMLA offers a more holistic
approach by considering various modes of information capture (Worsley, 2018). By analyzing
multimodal data, these systems can help to comprehensively understand learner behavior and
engagement levels (Pricto et al., 2018). However, designing effective MMLA systems presents
several challenges and limitations (Ouhaichi et al., 2023a). Existing approaches often overlook
crucial considerations for creating user-friendly and ethically sound educational tools
(Ouhaichi et al., 2023b). The identification and understanding of key design considerations
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are paramount in the development of effective MMLA systems.
Incorporating design considerations into the development of MMLA
systems is paramount for ensuring their effectiveness and usability.
The field of Human-Centered Learning Analytics (HCLA) emphasizes
the importance of designing learning analytics tools that prioritize the
needs and experiences of learners and educators (Shum et al., 2019).
This approach draws inspiration from broader design theories, such
as those in Human-Computer Interaction (HCI), which advocate for
user-centered design principles. However, HCLA diverges from
traditional HCI by prioritizing pedagogical and educational aspects
over mere user preferences, ensuring that the design choices align with
learning goals and outcomes. This shift in focus mirrors trends
observed in health-tech solutions (Melles et al., 2021), where clinical
efficacy and patient well-being often take precedence over user
preferences alone. By grounding our research in HCLA principles,
design considerations serve as guiding principles, shaping the
architecture and functionality of the systems. In the field of MMLA,
where diverse modalities such as text, audio, video, and sensor data
converge, the complexity of these systems necessitates a thoughtful
approach to design. Design considerations encompass a broad
spectrum, ranging from data management and ethical implications to
user experience and interface design. Each consideration plays a vital
role in ensuring the integration of multiple modalities and the usage
of the gathered data.
comprehensively, MMLA systems can provide meaningful insights

By addressing these considerations

into learners’ behaviors, preferences, and engagement patterns.
Moreover, a well-designed MMLA system facilitates educators’ ability
to deliver personalized, data-driven feedback and interventions,
fostering a conducive learning environment. Consequently, exploring
and validating these design considerations are essential steps toward
enhancing the effectiveness and usability of MMLA systems. Based on
previous studies involving a systematic mapping study (Ouhaichi
et al., 2023b), design science research (Ouhaichi et al., 2021) and
action research (Ouhaichi et al., 2019), we identified key design
considerations that are presented in the background section and
summarized in Table 1. Therefore, this research aims to explore and
investigate design considerations for MMLA systems through a semi-
structured interview study with researchers in the field.

While previous studies have identified potential design
considerations, the investigation and refinement of these
considerations necessitate the direct involvement of experts in the
field. The emergence of MMLA systems has outpaced the development
of conventional design practices. Methodologically, expert elicitation
through semi-structured interviews is a well-established approach to
gather in-depth qualitative data and insights that may not be captured
by other research methods. This is particularly relevant in a rapidly
evolving field like MMLA, where expert knowledge and experience
can provide nuanced perspectives on the practical challenges and
emerging best practices in system design. As researchers are at the
forefront of MMLA system development (Ouhaichi et al., 2021), their
perspectives offer essential insights into the practical challenges and
opportunities associated with MMLA design. By engaging experts in
semi-structured interviews, this study aims to triangulate findings
from our previous research, ensuring the comprehensiveness and
relevance of the proposed design considerations. This investigation is
crucial for bridging the gap between theoretical frameworks and the
real-world complexities of MMLA implementation, ultimately
contributing to the establishment of robust and effective design
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TABLE 1 Previously identified MMLA design considerations (Ouhaichi
etal., 2023b).

Considerations ‘ Overview

Data Management Managing dynamic and heterogeneous multimodal
data to maintain consistency in data semantics and
avoiding conflicting initiatives.

Human Factors Involving different stakeholders (learners, teachers,
researchers, and policy makers) in the design and

implementation of MMLA systems.

Modalities Choosing appropriate modalities and sensors to
suit the learning scenarios and collecting high-
quality multimodal data.

Sensors Using specialized equipment and expertise to

collect accurate and reliable sensor-based data

sequences.

Learning Scenarios Designing the system to be suitable for different
learning scenarios and providing personalized

feedback that is context-sensitive.

Privacy and Ethics Protecting users’ privacy and security by
implementing policies procedures for data
handling and storage, and being transparent about

data collection and usage.

Interpretation and Analyzing the data collected to extract meaningful

Feedback insights and providing real-time or near real-time
feedback that is relevant and actionable.
Data Collection Collecting high-quality multimodal data and

overcoming the lack of datasets in the field of

MMLA.

guidelines for future MMLA systems. We address two research
questions to drive this study:

1. How do researchers perceive and prioritize various design
considerations in developing MMLA systems?

2. What implications do these considerations have for designing
and developing effective MMLA tools?

To answer these questions, we conducted semi-structured
interviews (Kallio et al., 2016) with a diverse group of researchers in
the field of MMLA. The purpose of this study is to gain insights into
the perspectives of researchers regarding the design considerations of
MMLA systems. Understanding how experts perceive these
considerations is critical for improving the design and usability of
MMLA tools. By exploring these perspectives, we aim to contribute to
developing more effective and user-friendly MMLA systems,
ultimately benefiting educators and learners.

The remaining of the paper is organized as follows. Section 2
delves into the background on MMLA and underscores the
importance of design considerations. This section sets the stage for
understanding the connection of various elements in MMLA system
design. Section 3 details the methodology employed, outlining the use
of a semi-structured interviews and data collection. Section 4 presents
the core of the study, showcasing the interview findings and engaging
in a discussion on how researchers perceive and prioritize diverse
design considerations. Moving forward, Section 5 conducts a
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thorough analysis of the implications arising from these considerations
on the design and development of MMLA systems. In Section 6,
we present a conceptual framework for designing MMLA systems
based on the results and the analysis present earlier. Finally, Section 7
serves as the conclusion, summarizing key findings, accentuating their
significance, and proposing avenues for future research.

2 Background

MMLA has evolved as an interdisciplinary field at the intersection
of information technology, internet-of-things (IoT), and education.
The integration of these domains allows for rich data collection from
diverse sources such as wearable sensors, online platforms, learning
management systems, and social media interactions (Blikstein et al.,
2013). Despite its promising potential, MMLA systems encounter
significant challenges that impede their practical effectiveness (Ochoa
etal., 2016).

One of the primary challenges lies in data management and
storage capacity. The sheer volume of multimodal datasets, often
generated by IoT devices, poses complexities in terms of organization
and storage. These large datasets necessitate robust infrastructure and
innovative solutions to handle them effectively (Worsley et al., 2021).
Moreover, the human element must be noticed. Privacy concerns and
ethical implications are critical issues when developing MMLA
systems even in controlled settings such a research lab. Lab
environments, though controlled, still require stringent privacy
protections for sensitive data like audio and video recordings to
prevent unauthorized access or misuse (Smith et al., 2011). Ensuring
informed consent and the right to withdraw are essential to uphold
participants’ rights and dignity (Nissenbaum, 2009). Addressing these
concerns is important to fostering user trust and ensuring the
responsible use of MMLA technologies (Alwahaby et al., 2021).
Considering these challenges, the design of MMLA systems must
be underpinned by a comprehensive set of considerations. These
considerations are vital guidelines that steer the development process,
ensuring that MMLA systems are technologically robust, ethically
sound, and user-friendly (Oviatt et al., 2018).

Design considerations are the various factors and constraints
that must be accounted for during the planning and development
of a product, system, or project. These include functionality,
usability, aesthetics, environmental impact, cost, materials, and
regulatory compliance. Unlike design requirements, which are
specific, measurable criteria that a design must meet, design
considerations are broader aspects that influence the design process
and help shape the requirements. For example, according to Ulrich
and Eppinger (2016), design considerations encompass elements
like ergonomics and sustainability, guiding the decision-making
process to ensure the outcome aligns with the overall goals and
constraints of the project. These considerations include aspects such
as data management, user experience, privacy, and the integration
of diverse modalities and sensors. Table 1 presents a comprehensive
list of the identified design considerations, which were derived from
our systematic mapping study (Ouhaichi et al., 2023b), design
science research (Ouhaichi et al.,, 2021), and action research
(Ouhaichi et al., 2019). The table outlines key considerations such
as data accuracy, system usability, ethical implications, and feedback
mechanisms, which serve as the foundational elements for the
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MMLA system design. While prior research has identified initial
design considerations through literature reviews and empirical
work, engaging directly with MMLA researchers offers an essential
evaluation step. This study bridges the gap between theory and
practice by eliciting expert perspectives to confirm the relevance of
existing considerations, uncover new ones not captured in prior
research, and refine the overall framework. This direct engagement
with practitioners ensures that the design considerations are subject
to a level of scrutiny, ultimately leading to more effective MMLA
system development and implementation. These considerations
provide a framework for designers to address key challenges and
issues associated with MMLA systems. However, further
investigation is needed to understand the perspectives of researchers
regarding these design considerations and identify any additional
considerations that may arise in practice.

In alignment with the literature on learning analytics and
educational technology, our approach emphasizes the importance of
integrating these considerations comprehensively (Wise and Vytasek,
2017; Nguyen et al., 2020). For example, Wise and Vytasek (2017)
highlight the need for systematic design in learning analytics to ensure
the practical application of insights, while Nguyen et al. (2020) discuss
design principles that enhance the effectiveness of learning analytics
systems in higher education. Additionally, Shankar et al. (2020)
provide a conceptual tool to support the development of multimodal
learning analytics solutions, emphasizing the value of incorporating
diverse data sources and analytics techniques. These studies
underscore the importance of our identified design considerations in
creating robust, user-centric MMLA systems that can adapt to various
educational contexts. This research aims to explore the perspectives of
researchers in MMLA to identify key design considerations for
developing effective MMLA systems.

3 Methodology

Given the relatively new nature of MMLA systems and the lack
of established design conventions, a multifaceted methodological
approach is essential to comprehensively define design considerations.
While prior research has identified potential considerations through
literature reviews and empirical work (Ouhaichi et al., 2023a), the
perspectives of researchers actively engaged in MMLA system
development are crucial for exploring and refining these findings.
Researchers, as domain experts, possess firsthand experience with the
intricacies and challenges of MMLA design, making their insights
invaluable for bridging the gap between theoretical frameworks and
practical implementation. Therefore, incorporating semi-structured
interviews with MMLA researchers into this study’s methodology is
a deliberate choice aimed at consolidating existing knowledge,
uncovering new considerations, and ultimately contributing to a
robust and comprehensive set of MMLA design principles. The
research approach employed for this study is qualitative research with
a focus on semi-structured interviews (Kallio et al., 2016), following
the guidelines for conducting and reporting case study research in
software engineering (Runeson et al,, 2012). The participants’
selection criteria ensured that participants possessed extensive
knowledge in the field of MMLA and could provide valuable insights
into design considerations. Data collection involved conducting
individual semi-structured interviews with each participant. These
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interviews allowed for an in-depth exploration of their perspectives
on various aspects of MMLA system design. Ethical considerations
were considered throughout the process, including obtaining
informed consent from participants and ensuring data confidentiality.
Deductive and thematic analysis were the primary methods for
analyzing interview data (Kallio et al., 2016). This involved identifying
common themes or patterns within the responses and organizing
them according to the relevant design considerations. An illustration
of the research protocol and the different phases of this study is
provided in Figure 1.

To investigate design considerations for MMLA systems, this
study employed a qualitative approach through semi-structured
interviews. Initially, a purposive sampling strategy was used to
identify and recruit experts in the MMLA field, ensuring a diverse
range of experiences and perspectives. Participants were selected
based on their demonstrated expertise in MMLA research,
development, or implementation, evidenced by publications,
presentations, or involvement in relevant projects. Following
recruitment, individual semi-structured interviews were conducted,
utilizing an interview guide designed to elicit in-depth responses
regarding key design considerations. These interviews were audio-
recorded and transcribed to ensure accuracy. Subsequently, the
transcripts underwent a rigorous deductive-thematic analysis,
employing a coding framework derived from prior MMLA research.
Two researchers independently coded the data, with regular
discussions to establish inter-coder reliability and resolve
discrepancies. This iterative process involved identifying recurring
themes and patterns related to design considerations, refining the
coding framework, and organizing the data accordingly. Frequency
analysis of codes was also conducted to assess the prevalence of
different themes.

This study was conceived and led by the first author, who
collaborated closely with the co-authors throughout the entire
research process. The team met several times per week, utilizing a
shared environment that facilitated comprehensive access to all
research materials, promoting transparency and seamless
collaboration. The collaborative effort spanned the entire research
lifecycle, encompassing the development and refinement of the
interview protocol, the formulation of interview questions,
participant recruitment, data collection, coding, analysis, and
interpretation of findings. The research process began with a
thorough review of existing literature on MMLA systems and

10.3389/feduc.2024.1356537

design considerations. This foundation informed the development
of the initial interview protocol, which was then iteratively refined
through discussions among the co-authors. To ensure the validity
and relevance of the research approach, the team also sought
feedback from external experts in the field of MMLA. Their input
was instrumental in shaping and refining the study’s goals,
methodology, and data analysis strategies. Once the interview
protocol was finalized, the participant recruitment process
commenced, employing a purposive sampling strategy to identify
and engage experts in the MMLA domain. Following the
completion of the interviews, the data was meticulously transcribed
and analyzed using a combined deductive-thematic approach. The
coding process, facilitated by Atlas.ti software, involved iterative
discussions among the co-authors to ensure consistency and
accuracy in the interpretation of findings. This collaborative
approach allowed for the emergence of new insights and the
refinement of existing design considerations, contributing to a more
comprehensive and nuanced understanding of the challenges and
opportunities associated with MMLA system design. We provide
anonymized transcriptions of the interviews and a comprehensive
statistics sheet as Supplementary material. These resources offer
detailed insights into the participants’ perspectives and the
frequency of various themes discussed, enhancing the transparency
and robustness of our findings. This Supplementary material allows
for a deeper understanding and independent verification of our
analysis and conclusions.

3.1 Defining research objectives

In this study, our research objectives were carefully defined to
explore the perspectives of researchers engaged in MMLA systems.
The objectives of this research were synthesized from the findings of
previous research (Ouhaichi et al., 2023a). The primary aim is to
investigate and explore the perspectives of researchers in MMLA to
identify key design considerations for developing effective MMLA
systems. Specifically, we sought to understand how these experts
perceive critical aspects such as data management, human factors,
sensors, modalities, and ethical concerns in the context of
MMLA. By defining these objectives clearly, we aimed to uncover
nuanced perspectives and uncover potential gaps or challenges in
the existing design approaches. Furthermore, our objectives

FIGURE 1
Research protocol and the different phases of this study.

DEfinig GevEltp Ethical Recruiting the
h 3 ; I 3 >
re.sea!'c Ihtepvicw considerations participants
objectives protocol
Reflection and Conducting the
R i (— g ; (— Data Analysi (— " ,
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encompassed the identification of implications associated with these
considerations, shedding light on the broader impact of design
choices in MMLA systems. Through a systematic exploration of
these objectives, we intended to contribute valuable knowledge to
the field, informing future developments and strategies in MMLA
system design.

3.2 Developing interview protocol

Developing the interview protocol involved a systematic approach
to ensure a comprehensive exploration of researchers’ perspectives on
MMLA systems. The formulation of the interview questions (see
Figure 2) was guided by the identified design considerations. Each
question was crafted to delve deeply into these areas, encouraging
participants to provide detailed insights. The protocol was structured
to facilitate an open and exploratory dialogue, allowing participants
to express their viewpoints freely. Additionally, the questions were
designed to be flexible, enabling the interviewers to adapt the
conversation based on the participants’ responses, ensuring a dynamic
and responsive interaction. This iterative development of the interview
protocol involved rigorous testing and refinement, including pilot
interviews, to validate the effectiveness and clarity of the questions.
Through this process, the interview protocol was tailored to elicit
meaningful responses, aligning with the study’s research objectives,
and ensuring the comprehensive exploration of the identified
design considerations.

10.3389/feduc.2024.1356537

3.3 Participant selection

We employed a systematic approach for participant selection,
involving a total of ten interviewees, including two for pilot interviews.
The selection process targeted individuals with experience in
MMLA. To ensure a diverse and comprehensive perspective, invitations
were extended to researchers with notable publications related to the
design and utilization of MMLA systems. Participants were chosen
based on their demonstrated expertise in MMLA, evidenced by
publications, presentations, or direct involvement in MMLA related
projects. To ensure a diversity of perspectives, researchers from different
institutions, geographical locations, and areas of MMLA specialization
were actively sought. The final selection was also influenced by the
participants’ willingness to engage in interviews and the need to balance
the sample across various dimensions of MMLA experience, such as
research focus, methodological approaches, and application domains.

The initial contact phase was initiated through personalized email
invitations sent to a varied group of researchers actively engaged in
MMLA related projects. Potential participants were identified through
a review of relevant literature, focusing on authors who had published
or presented on topics related to MMLA system design,
implementation, or evaluation. Personalized email invitations were
sent to these individuals, outlining the study’s objectives, interview
structure, and expected time commitment. The emails also emphasized
the importance of their expertise and experience in contributing to the
research. Out of the expressions of interest received, ten participants
were selected for the interviews. Additionally, two pilot interviews were

FIGURE 2
Interview questions and how they connect to each consideration.
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TABLE 2 List of interviewees.

10.3389/feduc.2024.1356537

Participant = Position Years of experience = Country Connection to MMLA

P1 (pilot) PhD Student 0 Sweden Using multimodality in digital health

P2 (pilot) PhD Student 0 Sweden Conducting research about privacy and ethics in Internet of Things
and Smart Homes.

P3 IT consultant 2-6years Sweden Development and design of MMLA systems for face-to-face
collaborative learning.

P4 PhD Student 2-6years Spain Use of MMLA for actionable support

P5 Assistant Professor More than 6 years Spain Principal Investigator for two MMLA research projects

P6 PhD Student 2-6years UK Researcher in MMLA

P7 Associate Professor More than 6years UK Supervising several research projects about MMLA

P8 Research Fellow More than 6 years Estonia Researcher in MMLA, PhD supervisor

P9 Professor More than 6years Estonia Working on interaction analysis of collaborative interactions for more
than 20 years.

P10 Postdoc Researcher More than 6years Estonia Principal Investigator in a MMLA project

conducted with individuals possessing diverse backgrounds, including
two PhD students: one is specializing in digital health using sensors
and the other is focusing on privacy in IoT and Smart homes. These
pilot interviews were instrumental in refining and adjusting the
interview questions to better suit the study’s objectives. The feedback
obtained from these initial interviews allowed us to identify ambiguities
and improve the clarity and relevance of the questions. This process of
refinement and adjustment was ongoing, as insights gained from
subsequent interviews continued to inform and enhance the interview
framework, ensuring a comprehensive and effective data collection
process throughout the study. This systematic approach ensured a
diverse and knowledgeable participant pool, enhancing the depth and
breadth of insights gathered during the interviews. We provide the list
of interviewees in Table 2, associated their position, years of experience,
country, and connection to MMLA. All the details in the table were
extracted from the prefilled from preparing for the interviews.

3.4 Interviews and data collection process

We designed a systematic online data collection process to gather
valuable insights. Participants completed a demographics and consent
form before the interview, providing essential information and
granting consent for recording and data processing. This ensured
transparency and compliance with ethical considerations throughout
the research process. The interviews were recorded to capture the
nuances of the discussions. Before the main interviews, we conducted
a thorough pilot phase, consisting of two initial interviews. These pilot
sessions played a crucial role in refining the interview questions for
clarity and relevance. Each of the interview questions were formulated
to address the design consideration as illustrated in Figure 2. Note that
the first two boxes in Figure 2 include four elements from Table 1
(Data Collection & Management and Sensors & Modalities).
Following this iterative refinement, we conducted eight comprehensive
interviews, each focusing on specific aspects of MMLA system design.
We used automated tools to transcribe the interviews. The
transcriptions underwent proofreading to rectify any discrepancies,
ensuring improved accuracy and fidelity of the transcribed data. This
process formed the foundation for subsequent analysis.

Frontiers in Education

3.5 Data analysis methods

We adopted a dual approach incorporating deductive and
thematic analysis methods (Kallio et al., 2016). The deductive analysis
commenced with the predefined set of considerations, derived from
prior studies, providing a structured framework for the initial coding
(Ouhaichi et al., 2023b). Simultaneously, the thematic analysis allowed
for the emergence of new considerations and perspectives, ensuring a
comprehensive exploration of the data. The coding process, a crucial
aspect of the analysis, was facilitated using the qualitative data analysis
software Atlas.ti.' This systematic approach enabled us to identify
recurring themes, patterns, and connections within the data, ensuring
a nuanced and multifaceted understanding of the participants’
insights.

The coding process was conducted by the first author using the
predefined set of considerations as an initial framework. However, to
ensure rigor and minimize potential bias, a collaborative approach was
adopted. Regular discussions with co-authors were held throughout
the coding process, starting from the analysis of the first interview
transcript. These discussions facilitated a continuous refinement of the
coding, allowing for the emergence of new codes and themes as
patterns became evident across the data. Disagreements or
discrepancies in coding were resolved through consensus-building
discussions, ensuring a shared understanding of the data’s meaning
and interpretation. While a formal inter-coder reliability analysis was
not conducted, the iterative and collaborative nature of the coding
process, combined with the use of a shared working environment to
enhance consistency, contributed to the trustworthiness and validity
of the findings.

4 Results

The findings from the interviews revealed several important
design considerations for MMLA systems. In the results section,

1 https://atlasti.com/
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we break down the insights gathered from interviews with experienced
MMLA researchers. The findings are split into two parts. First,
we explore how the initial design considerations, pinpointed in prior
studies, reinforced through the interview data. Then, we highlight the
new considerations that emerged during the interviews, giving us a
more detailed picture of MMLA system design. This approach aims to
show both the affirmation or reinforcement of existing knowledge and
the changes in perspectives design considerations. Table 3 presents an
overview of the emergent themes and reinforced considerations
derived from the semi-structured interviews with participants. Each
consideration is accompanied by specific themes identified during the
analysis. The table includes information on the participating
researchers associated with each theme, the occurrences of themes,
and it was emerged or reinforced. The participants’ codes (e.g., P3, P4)
indicate their involvement in discussions related to each specific
consideration and theme. This comprehensive presentation provides
a clear snapshot of the key findings.

4.1 Reinforced initial design considerations

In this section, we present the insights obtained from the semi-
structured interviews, reinforcing and expanding upon the initial
considerations identified in previous research. The results reinforced
the importance of these considerations and revealed emergent themes
within each one. We provide details from our interviews and analysis
for each consideration as well as establishing the interconnection of
the results with literature. The themes and design considerations
presented in this study are inherently interrelated, reflecting the
complex and multifaceted nature of MMLA system design. During the
interviews, it became evident that discussions about one theme often
naturally extended into related areas. For instance, when exploring
ethics and privacy, participants frequently touched upon the learning
context, highlighting how these considerations influence and inform
each other. This overlap is expected and essential, as it mirrors the
real-world interconnectedness of these factors in MMLA systems. By
providing overlapping overviews for each theme, we capture the
holistic and integrative nature of the discussions, ensuring that our
analysis accurately represents the nuanced perspectives of the experts.
This approach underscores the necessity of considering multiple,
intersecting factors to develop robust and effective MMLA systems.

4.1.1 Data collection

During the interviews, the importance of Data Collection was
consistently emphasized. The discussions reinforced the importance
of capturing multimodal data from various sources. Participants (P3,
P5, P6, P7, P9, P10) stressed the need for real-time data collection
techniques that are context-specific, enabling the acquisition of
relevant and timely information, e.g., the social signal interpretation
framework (Di Mitri et al., 2018). Existing data collection methods,
including sensors, online platforms, and learning management
systems, were seen as essential components of MMLA systems.
Participants highlighted the need for continuous advancements in
these technologies to enhance data granularity and precision.
Additionally, the discussions underscored the importance of
considering the ethical implications of data collection, ensuring
informed consent and privacy protection for the individuals being
monitored (Alwahaby et al., 2021).
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4.1.2 Data management

The complexities associated with organizing and storing of
multimodal datasets were emphasized (Ochoa et al, 2016).
Participants (P3, P5, P6, P7, P9) highlighted the need for robust
infrastructure and innovative storage solutions to handle the diverse
and vast datasets generated by IoT devices and various sensors as
mentioned by Ochoa et al. in MMLA data challenges. Moreover,
participants stressed the importance of data security and access
control in data management processes. The discussions emphasized
the continuous evolution of data management techniques to address
the challenges posed by the increasing volume and variety of
multimodal data in educational settings.

Pé6: “We're going to use a narrow system with fewer options to collect
data. But then what? It does not matter what kind of learning
you want to pursue. We need to consider two dimensions: the
system’s constraints and the diversity of learning approaches. Not
everyone follows a specific theoretical approach. Practitioners and
learners may not have a defined pedagogical method for their self-
driven learning paths. Solutions need to be coherent and flexible,
adapting to different purposes and contexts, even if learning theories
are not always applied.” - 7:49 €40 in Speakers 2.docx.

4.1.3 Human factors

The theme of Collaborative Design emerged and was mentioned
by different participants (P3, P4, P5, P8, P10). Collaborative design
processes, involving the active participation of all stakeholders, were
seen as essential for creating MMLA systems that align with the
diverse needs and expectations of users (Chejara, 2020). The
discussions also delved into the challenges of facilitating collaborative
design in a cross-disciplinary milieu. Types of Users emerged as a
sub-consideration by participants (P3, P4, P6, P8, P9, P10). Beyond
traditional user categories, participants discussed the need to
differentiate users based on their roles, expertise levels, and learning
objectives (Noel et al., 2018). To clarify, “human factors” encompass
all individuals involved with the MMLA system, including
stakeholders, developers, and decision-makers, while “types of users”
specifically refer to the diversity of potential end-users, such as
students, educators, and researchers. Tailoring MMLA interfaces and
feedback mechanisms to accommodate the diverse requirements of
users became a central point of discussion. Insights highlighted the
significance of adaptive interfaces, ensuring personalized experiences
that cater to the specific needs and preferences of different user types.
Participants emphasized the impact of social interactions on the
learning process, indicating the need for MMLA systems to consider
what we named Interpersonal Dynamics (Oviatt et al., 2018). There
was a consensus in the discussion around the challenges of fostering
interpersonal relationships in online learning environments.
Participants also discussed the role of MMLA in enhancing social
engagement among learners (Riquelme et al., 2019).

4.1.4 Interpretation and feedback

Interpretation was a central theme, reinforced by all participants.
They highlighted the challenges associated with interpreting diverse
multimodal data accurately (Ochoa et al., 2016). Beyond data
accuracy, the discussions emphasized the importance of contextual
interpretation. Understanding the context in which data is generated,

frontiersin.org


https://doi.org/10.3389/feduc.2024.1356537
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Quhaichi et al.

TABLE 3 Overview of the considerations and themes emerging from the interviews.

10.3389/feduc.2024.1356537

Consideration Definition Participants Number  Type
Constraints Cost Financial implications of equipments and P3, P4, P8, P10 7 Emerged
implementation
Technical challenges Complexity of technology deployment, including All 30
integration, scalability
Design uncertainty The uncertainty in effects of MMLA systems and how P3, P4, P5, P6, P7, P9 23
they should be designed
Data collection Data collection The process of selecting data to be collected for P3, P5, P6, P7, P9, P10 18 Reinforced
analysis.
Data management Data Management The administration of data, including its storage, P3, P5, P6, P7, P9 28 Reinforced
organization, and retrieval
Design & development | Design tools Software or methodologies used to facilitate the design | P3, P4, P6, P7, P8, P9, 15 Emerged
process P10
Implementation Putting the plan into effect in a practical learning P6, P9 14
scenario
Planning Making detailed arrangements and preparations of P4, P9, P10, P3, P6, P7 18
activities and resources
Operational Development feasibility and the aspect of being P5, P7 16
effectiveness sensible and realistic in approach
Human factors Collaborative design The involvement of various stakeholders (e.g., P3, P4, P5, P8, P10 15 Reinforced &
educators, learners, developers) in the design process Emerged
Types of users The various stakeholders involved with MMLA in as P3, P4, P6, P8, P9, P10 27 Reinforced
user or designer.
Interpersonal The social interactions and relationships that influence | P3, P5, P6, P7, P8 16 Reinforced &
dynamics the use and effectiveness of MMLA systems Emerged
Interpretation and Interpretation The analysis of data collected by MMLA systems to All 40 Reinforced
feedback derive meaningful insights
Feedback The information returned to users based on analysis of = P4, P6, P8, P10 7
collected data
Visualization The graphical representation of data to aid in P4, P6, P7, P8 5 Reinforced &
understanding complex information Emerged
Learning scenarios Collaborative learning | The support of learning in groups P3, P4, P7, P9 8 Emerged
Impact on learning Questioning MMLA systems’ effect on educational P3, P4, P6, 8, P9 23
outcomes and learner engagement
Diversity of learning The wide diversity of specific educational scenarios or All 40 Reinforced &
cases situations Emerged
Learning context The situational factors that influence the effectiveness P5,P7, P9 18
of MMLA applications
Privacy and ethics Privacy and ethics The considerations and protocols for ensuring the All 23 Reinforced
privacy and ethical treatment of users in MMLA
systems
Research oriented Design-based research | MMLA systems are often developed in a design-based P4, P7, P8, P10 10 Emerged
Research (or similar) approach
Research application The use of MMLA systems to conduct research All 58
Sensors and modalities | Sensors and The wide range of different types of input devices and P3, P5, P7, P8, P10 19 Reinforced
modalities data sources
Technology integration Technologies The hardware and software components that enable the | P3, P4, P5, P6, P7, P9 18 Emerged
functionality of MMLA systems
Educational Educational tools and their potential to operate with P3, P5, P8 11
technologies MMLA
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including the learning environment and user interactions, was
deemed crucial for meaningful interpretation. Participants stressed
the potentials and risks for advanced machine learning algorithms
capable of contextual analysis, ensuring accurate and relevant
interpretations of multi-modal data. Participants emphasized the need
for timely and personalized feedback (P4, P6, P8, P10). The discussions
revealed the challenges of providing real-time feedback to learners,
particularly in dynamic learning environments (Huertas Celdran
et al., 2020). Personalization of feedback, tailored to individual
learning styles and preferences, was highlighted as a key factor in
enhancing the effectiveness of MMLA systems.

4.1.5 Learning scenarios

The Learning Scenarios consideration was reinforced and led to
the emergence of several themes. Impact on Learning (P3, P4, P6, P8,
P9) was a central theme, emphasizing the influence of MMLA systems
on educational outcomes. Participants discussed the importance of
understanding how MMLA interventions impact the learning process
and overall academic achievements (Alwahaby et al., 2021). The
discussions highlighted the need for continuous evaluation of the
effectiveness of MMLA implementations, ensuring that interventions
positively influence learning behaviors and outcomes. Learning Cases
surfaced as a significant emergent theme. All participants emphasized
the need to consider diverse learning cases, accounting for various
subjects, age groups, and educational contexts (Eradze et al., 2020).
Designing MMLA systems that can adapt to different learning
scenarios and disciplines became a focal point of discussion.
Participants stressed the importance of capturing the intricacies of
different educational domains, tailoring MMLA tools to address
specific challenges and requirements unique to each learning case.
Learning Context (P5, P7, P9) was another emergent theme within
Learning Scenarios. Participants emphasized the significance of
contextual factors, such as cultural differences, socioeconomic
(Worsley, 2012).
Understanding the unique context in which learning occurs was

backgrounds, and learning environments
deemed vital for designing tailored MMLA solutions. The discussions
revolved around the challenges of adapting MMLA interventions to
diverse educational contexts, highlighting the need for flexible,
context-aware designs that can cater to a wide range of
learning environments.

4.1.6 Privacy and ethics

Privacy and Ethics were discussed extensively, with participants
emphasizing their paramount importance in MMLA systems. Ethical
considerations were reinforced by (P3, P4, P5, P6, P8) and centered
around the responsible use of data. Participants stressed the need for
transparent data usage policies, ensuring informed consent, and
protecting the privacy rights of learners. Ethical considerations also
extended to the development and deployment of algorithms, ensuring
fairness, transparency, and unbiased analysis of multimodal data
(Alwahaby et al., 2021). Privacy concerns were reinforced by (P5, P6,
P7, P8, P9) highlighting the challenges of balancing data collection for
educational insights with safeguarding user privacy. The need for
stringent data anonymization techniques and secure storage
mechanisms was emphasized. Participants also stressed the
importance of educating users about the data collection processes,
empowering them to make informed decisions about their privacy
preferences within MMLA systems.
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P5: “So, reflecting on what kind of data can be collected is crucial.
Researchers and stakeholders alike need to form opinions on this.
Often, when we are asked about cookies while browsing, we just
accept without thinking because we need the resource. Some people
are strict about data collection, while others are more lenient. It’s
important to train people to have informed positions. Knowing why
you are making a decision is much better than making a random or
opportunistic choice without understanding the consequences.” -

7:52 €44 in Speakers 1.docx.

4.1.7 Sensors and modalities

Sensors and Modalities were explored in-depth, reinforcing their
roles in MMLA systems. All participants had a consensus on the
diverse range of potential sensors and modalities used, including text,
audio, video, and sensor data. Participants emphasized the need for
integrating multiple modalities to capture a comprehensive view of the
learning environment. The challenges of synchronizing data from
various modalities and ensuring seamless integration were discussed,
emphasizing the need for interoperability and standardized data
formats (Mu et al., 2020). Participants highlighted the importance of
selecting appropriate sensors based on the learning scenario and the
data required. Participants also emphasized the potential of emerging
sensor technologies, such as affective computing sensors, in enriching
the multimodal data captured for learning analytics (Huertas Celdran
et al., 2020).

4.2 Emergent design considerations

In addition to reinforcing existing considerations, the interviews
uncovered novel insights and new emergent design considerations
that adds to our understanding of MMLA system. These new
considerations provide valuable perspectives for researchers,
developers, and educators. The new considerations are Constraints,
Development and Implementation, Research Orientation and
Technology integration. Each of these emergent considerations
contains several themes and their exploration enhances our knowledge
about MMLA design, guiding future developments and strategies in
the field.

4.2.1 Constraints in MMLA systems

There are various challenges in MMLA as was pointed out by
Cukurova et al. (2020) and by Oviatt (2018). The theme of Cost
emerged as a significant constraint in the development and
implementation of MMLA systems, a finding mentioned by
participants (P3, P4, P8, P10). Discussions revolved around the
financial challenges associated with creating and sustaining advanced
MMLA technologies. Participants highlighted the need for cost-
effective solutions that balance technological sophistication with
affordability. Cost considerations encompassed not only the initial
development expenses but also ongoing maintenance, updates, and
scalability (Cornide-Reyes et al., 2019). Technical Challenges were
seen as a central constraint faced by researchers and developers in the
MMLA domain. Participants emphasized the complexities arising
from the integration of diverse modalities and the management of
large datasets generated by Internet of Things devices and sensors.
Addressing these challenges required innovative solutions, such as
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advanced data processing techniques and machine learning algorithms
(Worsley, 2018). Participants stressed the need for continuous
advancements in technology to overcome these hurdles and ensure
the seamless operation of MMLA systems. The theme of Design
Uncertainty emerged as a pervasive constraint in MMLA systems, a
finding echoed by participants (P3, P4, P5, P6, P7, P9). Discussions
centered around uncertainties related to data accuracy, algorithmic
performance, and user behavior analysis. Participants emphasized the
challenges of dealing with noisy data and the inherent unpredictability
of human learning patterns. Moreover, the evolving nature of
educational technology adds another layer of complexity, as new tools
and methods continuously emerge, making it difficult to establish
stable, long-term design practices. This uncertainty itself was
highlighted as a significant obstacle, as it complicates the design and
implementation of MMLA systems. Participants expressed that this
unpredictability affects their confidence in making design decisions,
optimizing system performance, and ensuring reliable outcomes.

P7: “We're switching from a platform we've been developing since
2014. We maintained it for almost 10 years, but the costs were
enormous, amounting to thousands of euros per year. Despite efforts
to secure funding to keep it running, we had to shut it down in June.
Maintaining the platform required significant resources, including
developers to handle new constraints and technologies. We've
released a new version that is compatible with modern technologies,
but closing the old platform will result in lost content. This will
significantly impact users who preferred the previous version, but as
researchers, we can no longer sustain the costs and technological

incompatibilities” - 7:19 480 in Speakers 3.docx

4.2.2 Development and implementation
Development and implementation emerged as a category that
encompasses the following themes. The interviews underscored the
necessity of well-informed decision-making processes, involving
considerations such as ethical implications, scalability, and user
requirements. Participants emphasized the challenges of balancing
technological sophistication with affordability and ensuring
alignment with educational goals. Design Tools played a pivotal role
in shaping MMLA systems, according to participants. The discussions
emphasized the significance of various software tools, from data
processing and analytics software to user interface design and
visualization tools. Participants stressed the need for tools that are
not only advanced but also user-friendly, enabling seamless
integration of multiple modalities. The right design tools were
deemed essential for efficient system development. Implementation
considerations delved into the practical challenges of translating
design concepts into functioning MMLA systems. Participants
highlighted the complexities involved in integrating hardware and
software components, emphasizing the need for interdisciplinary
collaboration (Chejara, 2020). Maintenance emerged as part of the
implementation and the interviews emphasized the importance of
addressing system flaws and adapting to evolving educational
contexts. Maintenance considerations extended to data management
and privacy, ensuring the long-term effectiveness of MMLA solutions.
Planning considerations focused on strategic alignment with
stressed the need for

educational objectives. Participants

comprehensive project planning, including objective setting, defining

Frontiers in Education

10.3389/feduc.2024.1356537

scope, and establishing timelines. Aligning MMLA technologies with
specific educational needs and challenges was highlighted. Strategic
planning was seen as vital for successful system deployment, ensuring
that  the addressed  the
educational context.

developed solutions effectively

4.2.3 Research oriented

The category of Research Oriented considerations encompasses
vital aspects tailored to researchers engaging with MMLA systems. This
set of considerations specifically addresses the unique needs and goals
associated with scholarly inquiry, academic research, and educational
exploration (Worsley, 2018). Design-based Research emerged as a
theme within Research Oriented considerations. Participants
emphasized the significance of integrating research methodologies
directly into the design process of MMLA systems. This approach
ensures that the tools developed serve not only practical educational
purposes but also contribute valuable insights to the academic
community. Design-based research methodologies were highlighted for
their ability to bridge the gap between theory and practice, fostering a
symbiotic relationship between academic exploration and practical
application. A Research Application approach was identified as a
guiding principle for research-oriented MMLA systems. The interviews
revealed a consensus among participants about the importance of
creating tools that facilitate rigorous research endeavors. MMLA
systems underpinned by a research-centric approach enable academics
to explore new pedagogical paradigms, conduct analyses, and generate
knowledge that advances the field of education. These systems serve as
platforms for experimentation, allowing researchers to validate theories,
test hypotheses, and contribute to the broader academic discourse.

P7: “In the UK, especially in higher education, there's a cultural
emphasis on student-centered learning. Everything focuses on the
student’s experience, well-being, and happiness during learning. They
avoid pressuring students or forcing them to do things they don’t want
to do, instead encouraging them gently. However, this raises a
question: do students or even some teachers actually know what is best

for the students and their learning?” — 14:8 €17 in Speakers 5.docx

4.2.4 Technology integration in MMLA systems

The integration of advanced technological components forms a
cornerstone in the development of effective MMLA systems (Ouhaichi
et al., 2021). This section delves into the considerations associated with
the integration and utilization of diverse technological elements,
enhancing the functionality and capabilities of MMLA technologies.
Technological Integration encapsulates the seamless incorporation of
cutting-edge technologies within MMLA systems. Participants
emphasized the need for integrating innovative hardware and software
solutions to capture, process, and analyze multimodal data accurately
(Tamura et al, 2019). This integration extends beyond traditional
educational technologies, incorporating emerging tools from the fields
of artificial intelligence, machine learning, and data analytics. The
discussions highlighted the importance of leveraging state-of-the-art
technology to enhance the precision and depth of insights derived from
MMLA systems. The concept of EdTech Synergy emphasizes the
harmonious integration of educational technology (EdTech) tools within
MMLA systems. Participants recognized the potential of integrating
existing educational platforms, applications, and digital resources to
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enrich the learning experience. This synergy enables MMLA systems to
leverage the strengths of various EdTech tools, creating a comprehensive
ecosystem that fosters interactive and engaging educational
environments (Di Mitri et al., 2018). Participants highlighted the need
for interoperability and compatibility between MMLA technologies and
existing EdTech solutions to ensure a seamless user experience.

The design considerations for MMLA systems share similarities
with those in other fields of educational technology, reflecting common
challenges such as data management, privacy, and user experience.
However, the unique specificity of MMLA systems lies in their focus
on multimodality and analytics, which are crucial for capturing and
interpreting diverse data sources such as text, audio, video, and sensor
inputs. These aspects are directly reflected in the key considerations of
data collection, sensors and modalities, and interpretation and
feedback. For instance, data collection in MMLA involves integrating
multiple data streams in real-time, which is a more complex process
than in traditional learning analytics (Worsley, 2018). Similarly, the use
of advanced sensors and modalities to gather nuanced data about
learner interactions and behaviors is specific to MMLA and requires
specialized design strategies (Di Mitri et al., 2018). The iterative nature
of the MMLA framework further accentuates these overlaps, as
continuous refinement based on multimodal data insights necessitates
revisiting and integrating different design considerations at various
stages. This interdependency highlights the need for a holistic approach
in MMLA system design, ensuring that each consideration is addressed
in a manner that supports the overall functionality and effectiveness of
the system. By systematically mapping MMLA features to these design
considerations, we underscore the unique requirements of MMLA
systems and provide a structured methodology to navigate
their complexities.

5 Discussion

In this study, our objective was to present and investigate
perspectives of researchers regarding MMLA system design
considerations. Through a qualitative approach involving interviews
and thematic analysis, we aimed to understand the complexities and
challenges experienced by researchers in MMLA. By exploring their
viewpoints, our analysis seeks to shed light on the crucial aspects
influencing the design and development of effective MMLA systems.
The process of data synthesis involved transcription, coding, and
thematic analysis. We identified several prominent patterns and
recurring themes across different considerations. These patterns
highlighted the diversity of perspectives, indicating the multifaceted
nature of MMLA design. Commonalities emerged, revealing shared
challenges and opportunities experienced by the participants, adding
depth to our analysis. Our analysis revealed intersections between
different considerations. Ethical considerations were found to influence
data collection methods, ensuring responsible and respectful practices
(Alwahaby et al., 2021). Additionally, the influence of research-oriented
methodologies on feedback mechanisms became evident, emphasizing
the symbiotic relationship between pedagogy and technology.
Simultaneously, we highlighted disparities, emphasizing the complex
balancing act required in designing MMLA systems that meet ethical,
pedagogical, and technological standards (Tamura et al., 2019).

The resulting themes are overlapping across the design
considerations, reflecting the complex and interconnected nature of
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MMLA system design. This overlap can be attributed to several factors,
including the inherent interrelations and interdependencies among the
various aspects of designing and implementing these systems. For
instance, data management and data collection are closely linked, as
efficient data collection methods are crucial for effective data
management (Worsley, 2018). Similarly, the themes of collaborative
design and user experience are interdependent, as involving
stakeholders in the design process directly influences the usability and
effectiveness of the system (Shum et al., 2019). The iterative nature of
the proposed framework further accentuates these overlaps. Iterative
design processes are characterized by continuous refinement and
feedback loops, which naturally lead to revisiting and interlinking
different design considerations at various stages (Worsley et al., 2021).
For example, initial considerations for data privacy may evolve as new
data management strategies are implemented and assessed, requiring
ongoing adjustments to ensure compliance and user trust (Alwahaby
et al,, 2021). This iterative approach ensures that the design remains
flexible and responsive to emerging challenges and insights, but it also
means that themes cannot be entirely isolated from one another. The
overlapping themes also highlight the multifaceted challenges faced by
MMLA system designers. For example, the interplay between privacy
concerns and the need for comprehensive data collection underscores
the tension between ethical considerations and technical requirements
(Oviatt et al., 2018). Addressing such overlaps requires a holistic
understanding of how different design considerations impact one
another and the overall system. From a structural perspective, the
framework we propose reflects these overlaps through its phased and
iterative design. Each phase is designed to address specific
considerations while remaining flexible enough to incorporate
feedback and adjustments from other phases. This approach not only
ensures thorough coverage of all relevant aspects but also facilitates the
identification and resolution of potential redundancies and conflicts.
Our findings reinforced previously identified themes from the
literature, such as ethical guidelines and data management strategies
(Alwahaby et al., 2021). These themes were substantiated through
participants’ experiences and practices, reinforcing their importance
in MMLA design. Furthermore, emergent themes, including the role
of affective computing and the integration of real-world contexts,
surfaced from the participants’ responses. These emergent themes
underscored evolving aspects within MMLA design, reflecting the
dynamic nature of the field. Researchers exhibited varied
prioritization of considerations, often shaped by their distinct roles
and experiences. Ethical considerations were universally regarded as
paramount, emphasizing the ethical responsibility associated with
handling multimodal data (Garaizar and Guenaga, 2014). Research-
oriented methodologies were highly prioritized by scholars aiming to
contribute to the educational research landscape, showcasing the
symbiosis between academic objectives and system design (Ouhaichi
et al., 2023b). The implications derived from our analysis are
significant for practitioners, policymakers, and educators. With the
resulting set of design considerations, practitioners can enhance and
optimize existing MMLA tools to better achieve pedagogical
objectives. By incorporating these well-defined considerations,
developers and educators can ensure that MMLA systems are
effective in capturing and analyzing learning data and support
educational goals. This alignment helps create tools that are both
responsibly designed and educationally impactful, addressing the
complex needs of modern learning environments. Policymakers can
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formulate guidelines that support ethical practices and encourage
innovation. For MMLA system designers, who are mainly researchers
(Ouhaichi et al., 2023a), the implications include improved strategies
for data integration, system usability, and alignment with educational
objectives. For instance, a designer might implement more robust
data collection methods to ensure comprehensive learner analytics.
Educators, on the other hand, can benefit from these improved
systems by receiving more accurate and actionable insights into
student performance, which can inform their teaching strategies.
Learners, as potential end users, stand to gain from enhanced
feedback mechanisms that support personalized learning experiences.
By addressing the specific needs and roles of each stakeholder group,
we demonstrate how these design considerations lead to practical
improvements in the development and use of MMLA systems.
Reflecting upon the outcomes of the interviews and the identified
themes, the development and proposal of a design framework
(presented in the following section) represents a concrete step forward
in guiding the design and development process of MMLA systems.

6 A framework for MMLA system design

The need for a comprehensive design framework emerged as a
significant finding from our interviews with researchers, who expressed
various uncertainties and challenges in the development and
implementation of MMLA systems. All participants highlighted the
unpredictable nature of data accuracy, algorithmic performance, and
user behavior, which complicates the design process. These uncertainties
underscore the necessity for a structured approach to manage and
mitigate potential risks. From our thematic analysis, it became evident
that design considerations are not isolated but interrelated, with
dependencies and priorities that necessitate a logical and temporal
sequencing. For example, robust data management practices are
foundational and must precede advanced data interpretation techniques
to ensure accuracy and reliability. Similarly, the iterative design process
is crucial for continuously refining system functionalities based on
feedback and evolving requirements. The need for a framework also
stems from the observed overlap between themes such as collaborative
design and user experience, which must be integrated coherently within
the design process. The proposed framework addresses these
interdependencies by providing a phased and iterative approach,
ensuring that each design consideration is systematically addressed and
aligned with the overall objectives of MMLA system development. This
structured methodology not only helps in managing uncertainties but
also enhances the practical applicability and effectiveness of MMLA
systems in real-world educational settings.

The MMLA design framework (MDF) illustrated in Figure 3,
emerges as a guide derived from the analysis of our research findings
involving the interviews. This framework encompasses six distinct
phases, each strategically designed to navigate and address the
identified and emerged considerations. Each phase unfolds a specific
set of outcomes, collectively contributing to the overarching goal of
enhancing the precision, ethicality, and effectiveness of MMLA
systems in diverse educational settings. In this section, we present the
six phases of the framework in details, showing that activities and
considerations to be undertaken. The framework provides different
implications on design practices as well as ability to analyze and assess
the design of existing MMLA systems.
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6.1 MMLA design framework

The proposed framework operates on a phased and iterative
approach, systematically guiding the design activities. In each phase,
specific objectives are addressed, ensuring a structured development
process. This phased and iterative approach allows for continuous
improvement and adaptation, refining the framework based on
feedback and evolving requirements.

1. Preparation and Needs Analysis: In the initial phase, the focus
is on establishing clear educational objectives in alignment
with curriculum requirements and learning goals. This involves
comprehensive needs analysis to understand the specific
requirements of stakeholders, including learners, educators,
and institutions.

2. Data Collection and Management: This phase begins with the
selection of appropriate sensors and online platforms for
capturing multimodal data. Ethical data practices are
implemented to ensure user privacy, data security, and
informed consent. Robust data management strategies are
developed to organize and store multimodal
datasets effectively.

3. Privacy and Ethics: This phase involves investigating and
identifying privacy and ethical issues to design the MMLA
system. It is characterized by the integration of ethical
guidelines and transparent data practices into the design
process. Key actions include defining and implementing ethical
guidelines, ensuring transparent data practices. This approach

1: Preparation and Needs Analysis
Learning Human Factors Academic €
Scenarios Oriented
2: Data Collection and Management
Data Collection Data
Management
3: Privacy and Ethical Considerations
4: Development
Design & Sensors and Technology
Develop Modalitie: Integration
5: Interpretation and Feedback Mechanisms
Interpretation and
feedback
6: Iterative Refinement and Validation
| Flexibility | | Constraints |
FIGURE 3
Framework for MMLA design and analysis.
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ensures that the MMLA system is not only effective but also
aligns with ethical standards.

. Development: Advanced data interpretation is utilized, involving
the implementation of algorithms and machine learning
techniques for accurate interpretation of multimodal data.
Real-time feedback loops are established to provide continuous
responses to learners and educators based on interpreted data.
Cutting-edge technologies are seamlessly integrated to enhance
the precision and depth of insights derived from MMLA
systems. Harmonious integration with existing EdTech tools
ensures interactive and engaging educational environments.

. Interpretation and Feedback: This phase focuses on creating
diverse learning scenarios that cater to different educational
contexts and learner needs, ensuring adaptability and
inclusivity. The impact of learning scenarios is evaluated,
assessing effects on student engagement, performance, and
overall learning outcomes. This iterative process refines
scenarios for enhanced effectiveness.

. Iterative Refinement and Validation: This phase focuses on
evaluating the MMLA system for usability and effectiveness in
learning and analytics. Expert consultation provides valuable
feedback, validating the conceptual system and ensuring its
alignment with real-world applications and scholarly discourse.
The system undergoes iterative refinement, incorporating
expert input and addressing potential limitations, to enhance
its practical applicability and robustness.

6.2 Implications for design and analysis

The proposed framework holds significant implications for the
design of MMLA systems. By emphasizing the identification of clear
educational objectives and conducting thorough needs analysis, the
framework ensures that the design process is rooted in the specific
requirements of stakeholders, including learners, educators, and
institutions. Moreover, the incorporation of advanced data
interpretation, real-time feedback loops, and cutting-edge
technologies in the development phase highlights the framework’s
empbhasis on leveraging state-of-the-art tools to enhance the precision
and depth of insights derived from MMLA systems. The synergistic
integration with existing EdTech tools further promotes interactive
and engaging educational environments.

The systematic approach of this framework serves as a valuable
framework for evaluating and refining existing systems. The
framework’s emphasis on clearly defined educational objectives and
comprehensive needs analysis provides a structured way to align
established systems with evolving stakeholder requirements. In the
context of data collection and management, the framework advocates
for ethical practices and robust data management strategies. This
implies that existing systems should undergo scrutiny to ensure
transparent guidelines, user privacy, and secure multimodal datasets.
The development phase encourages continuous improvement by
leveraging advanced data interpretation, real-time feedback, and
cutting-edge technologies. For existing systems, this translates to an
ongoing commitment to innovation and compatibility with
contemporary educational tools. The iterative refinement and

validation phase is particularly pertinent for assessing existing
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systems. Through expert consultation and continuous improvement,
the framework guides the evaluation and enhancement of established
MMLA systems. Considering diverse learning scenarios and their
impact contributes to ongoing assessments of system effectiveness and
inclusivity. By incorporating ethical guidelines and transparent data
practices, the framework promotes a responsible and ethical approach
to assessing and advancing current MMLA systems.

The presented model shares similarities with existing frameworks
such as the Multimodal Learning Analytics Model (MLeAM) (Di
Mitri et al., 2018), the Multimodal Data-Value Chain (M-DVC)
(Shankar et al., 2020), and DELICATE (Drachsler and Greller, 2016).
However, MDF extends these models by providing a more
comprehensive approach that integrates iterative refinement and
validation phases, focusing on continuous feedback and real-world
application alignment. Unlike MLeAM and M-DVC, which primarily
emphasize the technical and analytical aspects of multimodal data,
MDF also incorporates a strong emphasis on ethical considerations
and privacy throughout the design process, similar to DELICATE but
with a more detailed procedural framework. There is a need for a
comprehensive review to identify which specific design considerations
are addressed by each framework and how MDF uniquely contributes
to advancing the field of MMLA through its holistic and iterative
approach. This review would help clarify the distinct contributions of
MDF and provide a clearer understanding of its practical implications
and benefits.

7 Limitations

While our study provides valuable insights into the design
considerations for MMLA systems, it is essential to acknowledge
certain limitations that influence the interpretation and generalizability
of our findings. The extent to which our interview questions capture
the entire spectrum of MMLA design considerations may be subject
to scrutiny. Although we designed questions to comprehensively cover
relevant themes, there could be nuances or dimensions that
participants did not explicitly address. Ensuring that our interview
questions effectively measured the intended constructs related to
MMLA design considerations is crucial. The interpretative nature of
qualitative data introduces an inherent subjectivity that might impact
the precision of construct measurement.

Our participant pool, while diverse in roles and experiences,
primarily reflects a convenience sample. This approach was chosen for
its practicality and ease of access to participants who are directly
involved in the field of MMLA. Convenience sampling allows for
quicker data collection and the inclusion of participants who have
immediate relevance to the study’s objectives. However, it also has
limitations, such as potential bias and lack of generalizability to the
broader population of stakeholders, including policymakers and
technology implementers. In future studies, employing alternative
sampling methods, such as stratified or purposive sampling, could
provide a more representative and comprehensive understanding of
the diverse perspectives within the MMLA ecosystem. These methods
would ensure that insights from a wider array of professionals are
incorporated, thereby enhancing the robustness and applicability of
the findings.

While we employed triangulation by integrating interviews and
demographic data with existing literature, there could be inherent
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limitations in relying solely on participant perspectives and
documented sources. Future research might explore additional data
sources, such as observational studies or user interactions with
existing MMLA systems, to enhance methodological triangulation. In
acknowledging these limitations, we emphasize the need for ongoing
research efforts to refine and expand our understanding of MMLA
design considerations. Addressing these limitations will contribute to
the robustness and applicability of future frameworks and models in
the dynamic landscape of multimodal learning analytics.

8 Conclusion

This paper has provided an overview of design considerations for
MMLA systems based on a semi-structured interview study with
researchers in the field. The evolution of MMLA offers significant
potential benefits for education; however, several challenges must
be addressed to ensure their effectiveness in practice. By incorporating
diverse perspectives from experts, this research reinforced previously
identified key design considerations and identifying new emerging
considerations that should be taken into account when developing
MMLA systems. Most of the considerations contains several aspects
which we presented in detail and provided its alignment with existing
literature. The findings highlight both commonalities among
researchers’ priorities as well as differences that require careful
consideration during system development. Moreover, we developed
MDF (the MMLA Framework for Design and Analysis) based on our
results as a guide for designing and potentially analyzing existing
MMLA systems. The insights gained from this study have broader
implications for practitioners, researchers, and policymakers involved
in the design and implementation of MMLA systems. In future
research, we will focus on further exploring these design
considerations and addressing potential limitations through a
systematic literature review and using MDF to evaluate an authentic
hybrid smart learning environment. Overall, this study contributes
to the understanding and improvement of MMLA system design,
ultimately enhancing educational outcomes.
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