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Abstract

Mobile and Ubiquitous Learning (m/u-learning) are finding an increasing adoption
in education. They are often distinguished by hybrid learning environments that
encompass elements of formal and informal learning, in activities that happen in
distributed settings (indoors and outdoors), across physical and virtual spaces. Despite
their purported benefits, these environments imply additional complexity in the design,
monitoring and evaluation of learning activities. The research literature on learning
design (LD) and learning analytics (LA) has started to deal with these issues. This paper
presents a systematic literature review of LD and LA, in m/u-learning. Apart from
providing an overview of the current research in the field, this review elicits elements of
common ground between both communities, as shown by the similar learning contexts
and complementary research contributions, and based on the research gaps, proposes
to: address m/u-learning beyond higher education settings, reinforce the connection
between physical and virtual learning spaces, and more systematically align LD and LA
processes.
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Practitioner Notes
What is already known about this topic

» Mobile and ubiquitous learning (m/u-learning) make use of mobile and sensor tech-
nologies to expand the boundaries where learning activities can happen.

» Learning design (LD) provides conceptual and technological tools that assist teachers
to create learning environments.

* Learning analytics (LA) provides techniques for handling data that support the deci-
sion making of different stakeholders in the learning process.

 Despite the potential synergies between LD and LA, combined initiatives in m/u-learn-
ing are scarce.

What this paper adds

A systematic overview of the fields of LD and LA in m/u-learning.

* An analysis of the relationship between LD and LA in m/u-learning.

» A list of research topics for further inquiry towards the alignment of LD and LA in
m/u-learning.

Implications for practice and/or policy

 Practitioners’ professional development can be complemented through the tools,
methods and frameworks that were detected.

» Researchers can use the outcomes to avoid duplications and align their work with
research topics that need further inquiry.

* Developers can take into account the recommendations when designing related
solutions.

Introduction

The increasing usage of mobile and wireless technologies in education has played a central role
in the expansion of the research fields of mobile and ubiquitous learning (m/u-learning). Both
terms are used analogously (Hwang & Tsai, 2011), and support similar educational aspects, such
as learner autonomy, continuity across contexts and situational learning (Hwang & Tsai, 2011;
Traxler, 2009). The hybrid nature of m/u-learning can help in extending the boundaries where
learning happens. However, it poses additional challenges for designing, monitoring and evalu-
ating learning scenarios. On the one hand, learning design (LD) in these contexts is mainly done
through authoring tools, often ad-hoc solutions connected to a specific learning space, domain,
pedagogical approach, or student level. On the other hand, monitoring and evaluating learning
activities in these environments are complex and demand collecting and combining data across
different spaces and settings to achieve a general overview of the process (Munoz-Cristobal et al.,
2018).

The fields of LD and Learning Analytics (LA) have provided different solutions to approach these
issues. LD has focused on facilitating practitioners in sharing, modifying and reusing pedagogical
plans, while LA has investigated techniques for handling learners’ data to support the decision
making of different actors involved in the learning process (Persico & Pozzi, 2015). There is also
evidence that both communities could complement each other, where LD can make LA more
meaningful, and LA can inform decisions related to LD (Persico & Pozzi, 2015).

However, few works incorporate both LD and LA in m/u-learning (Mangaroska & Giannakos,
2018). Meanwhile, as m/u-learning are becoming widely adopted in a variety of settings (Hwang
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& Wu, 2014; Pimmer, Mateescu, & Grohbiel, 2016), questions arise on how they support the
process of LD, how LA can play a role and how both communities can support each other in these
learning environments, as they do in other learning contexts (Persico & Pozzi, 2015). In this
paper, we take a wider approach by focusing on both fields of LD and LA, and their contributions
in designing, monitoring and evaluating learning scenarios in m/u-learning.

To the best of our knowledge, there are no articles offering a general perspective of how m/u-learn-
ing, LD and LA are related. To close the gap, this paper presents a systematic literature review on
LD and LA, in m/u-learning. It aims to provide an overview of the current research in the field,
as well as insights about the support that both communities can offer to each other in m/u-learn-
ing. It builds on a previous work that inquired about the understanding that communities of LD
and LA have of m/u-learning (Pishtari, Rodriguez-Triana, Sarmiento-Marquez, et al., 2019). The
following research questions (RQ) reflect these issues.

* (RQ1) In which learning contexts have LD and LA supported m/u-learning?

* (RQ2) What are the characteristics of the LD and LA contributions to m/u-learning?

* (RQ3) What are the commonalities, differences and synergies between LD and LA papers in
m/u-learning?

Figure 1 illustrates these RQs and a series of topics that we will use to illuminate each RQ.

Related work

M/u-learning

Despite the growing research interest on m/u-learning (Fu & Hwang, 2018), there isno consensus
about their definitions (Hwang & Tsai, 2011; Traxler, 2009). Early attempts to define both terms
were techno-centric, while later ones connected them to several educational practices (Traxler,
2009). Nevertheless, m/u-learning are strongly interconnected and often used interchangeably
(Hwang & Tsai, 2011). Various authors attribute to m/u-learning similar characteristics, such
as the control and autonomy over learning, situational learning and spontaneity (Hwang & Tsai,
2011; Sharples, Taylor, & Vavoula, 2010). Furthermore, both can underpin hybrid learning envi-
ronments that foster continuity and connectivity between formal and informal learning activities
(Pimmer et al., 2016). Moreover, LD/LA communities seem to consider that m/u-learning sup-
port similar aspects such as, learning across spaces, context-aware learning or learning anytime,
anywhere (Pishtari, Rodriguez-Triana, Sarmiento-Marquez, et al., 2019). For these reasons, in
the rest of the paper, we will count the body of research from m/u-learning as one.
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There exist a number of reviews in m/u-learning. Some are more transversal and focus on
research trends (eg, Hwang & Wu, 2014) which identify as open issues the need to analyze stu-
dents’ learning behavior and patterns. Other focus on specific educational level (eg, higher edu-
cation, Pimmer et al., 2016), or particular pedagogical approaches (eg, collaborative learning, Fu
& Hwang, 2018). However, to the best of our knowledge, no work synthesizes the efforts done by
LD/LA to support m/u-learning.

LD and LA

LD is the sequence of learning tasks, resources and supports that a practitioner develops, which
captures the pedagogical intent of a unit of study (Lockyer, Heathcote, & Dawson, 2013).
Research in LD has provided different conceptual tools (focused on representations, or support-
ing the sharing, reusing and enactment of designs) and technological tools (often associated with
specific representations and approaches) (Persico & Pozzi, 2015). LA investigates techniques for
handling data to support the decision making of different actors involved at different stages in
the learning process (Persico & Pozzi, 2015). Examples include predictive models, or the study of
learner disposition and motivations (Lockyer et al., 2013).

There is growing interest in aligning LD and LA. Both communities can support each other: LD
can guide and contextualize the analysis, making them more meaningful for different stake-
holders, while LA can contribute to inform design decisions and to evaluate LDs (Hernandez-
Leo, Martinez-Maldonado, Pardo, Munoz-Cristobal, & Rodriguez-Triana, 2019; Mor, Ferguson,
& Wasson, 2015). One prior systematic review of LA for LD, which identified only one work con-
nected to m/u-learning (Mangaroska & Giannakos, 2018). Also, from the reviews in m/u-learn-
ing, only a few that had a focus on specific educational levels included LD as a factor, while none
of them discussed the role of LA.

Theoretical background of RQs

Our paper offers a systematic review of the state of research on m/u-learning with a focus on LD
and LA. To extract a structured understanding of existing LD/LA works, RQ1 and RQ2 review the
learning context and the nature of the contributions. RQ3 digs into the possible commonalities,
differences and synergies, as a necessary common ground for future collaborations between both
fields. Subtopics chosen for RQ1 and RQ2, (Figure 1) are based on similar practices followed by
existing systematic reviews in LD/LA (eg, Mangaroska & Giannakos, 2018; Schwendimann et al.,
2016). Apart from the mentioned explicit aspects (RQ1, RQ2), we also considered implicit aspects
found in the publications, which can inform our discussion about RQ3. Subtopics for RQ3 were
selected for their relevance in Scholarly Network Analysis (Pawar et al., 2019).

Methodology

Following the guidelines proposed by Kitchenham and Charters (2007) for systematic reviews,
we selected seven databases in technology enhanced learning (ACM Digital-Library [http://
dl.acm.org/dl.cfm], AISEL [http://aisel.aisnet.org], IEEE XPLORE [http://ieeexplore.ieee.org/
Xplore/home.jsp], SpringerLink [http://link.springer.com], ScienceDirect [http://www.sciencedir
ect.com], Scopus [http://www.scopus.com/home.uri], Wiley [http://onlinelibrary.wiley.com])
and Google Scholar for relevant grey literature. The query reflects the kinds of learning we were
focusing on and the research field where the proposal was framed, resulting in: (“LD” OR “LA”)
AND (“mobile learning” OR “ubiquitous learning”). Running this query on April 4, 2019, we
obtained 1722 papers. While no time constraints were imposed, the results were from 2008 to
2019. To standardize the process, we restricted the query to the title, abstract and keywords of
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each paper. The filtering process was reported in Pishtari, Rodriguez-Triana, Sarmiento-Marquez,
etal. (2019) and resulted in 54 papers.

Six reviewers were involved in the process. To have a common understanding about the paper
annotation process, first all participants reviewed the same four papers, clarified the doubts, and
then proceeded with the remaining ones (evenly distributed). A Google Form was used for the pro-
cess (http://bit.ly/LALDMULform). Data resulting from the review were checked for inconsisten-
cies (at least by two authors per paper), which were later discussed with the whole group. The list
of papers and relevant information about the review is presented in Table 1, and in its extended
version (http://bit.ly/LALDinMUL). Figure 2 summarizes the review process.

To answer our RQs, we performed multiple qualitative and quantitative analyses of the evidence
available in the 54 papers. Qualitative analysis followed a human-driven, top-down approach
(in green in Figure 1) of synthesizing the conclusions of the research team about that particular
topic for each of the papers, and visualizing the results graphically. For RQ2 this was done through
content analysis, guided by existing LD/LA frameworks, or models (presented in Results, subsec-
tion Contributions). We complemented this vision with quantitative bottom-up computational
approaches (in red in Figure 1). Particularly, social networks were constructed for our dataset
(using VOSviewer [https://www.vosviewer.com/] and the igraph package for R [https://igraph.
org]), to understand the cohesion and degree of separation between the two research communi-
ties (eg, networks of co-authorship, or networks of co-occurrence of keywords in a paper). The
content of the papers themselves was analyzed computationally, using topic modeling techniques
such as Latent Dirichlet Allocation and the topics were interpreted by triangulation of the main
topic keywords and the human-coded knowledge of each paper from the manual analysis.

The chosen query might have left out contributions relevant to this work due to alternative ter-
minology (eg, seamless learning, scripting or educational data mining). Also, the computational
analyses could have taken advantage of recent advances in natural language processing and
deeper social network analyses (eg, networks and clusters of co-references between papers).

Results

This section and subsections present the results organized, respectively, along the RQs. From
54 papers, 28 (51.9%) referred to LD, 23 (42.6%) to LA, and 3 (5.6%) to both. From the three
cross-community papers, two enquired about LA for LD (Hernandez-Leo & Pardo, 2016; Melero,
Hernandez-Leo, Sun, Santos, & Blat, 2015), while one discussed elements from both fields with-
out aligning them (Mikroyannidis, Gomez-Goiri, Smith, & Domingue, 2018). In addition, one
LA paper implemented a mixed approach, including analytics decisions at design time and a de-
sign-driven analysis (Munoz-Cristobal et al., 2018).

Learning context (RQ1)

In Pishtari, Rodriguez-Triana, Sarmiento-Marquez, et al. (2019) we extracted information about
educational settings and learning spaces. Despite the emphasis that m/u-learning has on infor-
mal learning and learning anytime, anywhere, both LD and LA communities have focused on
formal settings, mostly in higher education (easily accessible to researchers). While in most of
the papers the learning process happened across physical and virtual spaces (39), for papers that
included a learning activity, it usually took place both indoor and outdoor simultaneously (22).
In addition, to answer RQ1, we grouped the papers based on domain, pedagogical approach and
technological context.
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Figure 2: Stages of the systematic review

Number of papers per category (LD, LD & LA, LA)
Pedagogical approach Papers 6 5 4 3 2 1 1 1 2 3 4 5 6 17
Situated Learning 12

Computer-supported Collaborative Learning
Location-based Learning
Self-regulated Learning

Problem-based Learning

7
7
7
4
Inquiry-based Learning 2
Game-based Learning 2
Flipped Classroom 2
Experiential Learning 1

1

Project-based Learning

LD papers LA & LD papers LA papers

Figure 3: Pedagogical approach

Domain

The main focus has been on facilitating language learning (13; 24.1%). For example, Mouri,
Ogata, and Uosaki (2015b) proposed Scroll, a language application that recommends content,
based on the context and the location. However, in 38.9% (21) of the cases, the domain went un-
specified. There were no significant differences when considering LD/LA papers separately, apart
that teacher training appears only in LD papers (3 out of 31).

Pedagogical approach
Almost half of the studies did not explicitly mention the pedagogical approach, while from the
rest situated learning was the most mentioned (Figure 3).
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Technological context

In 26 (48.1%) papers the technological context included a software, in 12 (22.2%) an underlying
architecture, in 7 (13%) both, while in 9 (16.7%) it was not specified. The most common devices
included portable smart devices (47; 87%) and personal computers (14; 26%).

Contributions (RQ2)

We grouped the papers based on their explicit contributions, and main supported aspects of
m/u-learning. For each paper, we evaluated the maturity of the contribution based on the num-
ber and type of evaluations, the methodology used, the number of participants and duration.
Furthermore, we used known LD/LA frameworks and models to guide content analysis to extract
intended contributions of the papers, as well as the kind of support that they offered (Figure 4).

Type of contributions

Most papers offered a tool as a contribution (22; 40.7%). For example, QuestInSitu is a loca-
tion-based tool which incorporates a LA dashboard (Melero et al., 2015), while GLUEPS-AR helps
teachers deploying and enacting LDs in virtual and augmented environments (Munoz-Cristobal,
Martinez-Monés, et al., 2014). Apart from tools, LD has produced more guidelines/good practices
(11), and theoretical frameworks (7), see for instance Teall, Wang, Callaghan, and Ng (2014),
listing guidelines and frameworks in m-learning, or Siadaty et al. (2008) presenting an ontol-
ogy-based framework for context-aware m-learning. LA has focused on data analysis (7), as in
Tabuenca, Kalz, Drachsler, and Specht (2015) exploring the effects of monitoring time devoted to
learning, as well as in theoretical models (7), such as Aljohani and Davis (2012).

Regarding the specific m/u-learning aspects, as defined in Pishtari, Rodriguez-Triana, Sarmiento-
Marquez, et al. (2019), we extracted how LD/LA papers explicitly supported them (Figure 5). The
emphasis has been on supporting learning with mobile technologies. Nevertheless, this happened

Number of papers per category (LD, LD & LA, LA)

Contribution Papers 11 10 9 8 7 6 5 4 3 2 1 1 2 3 1 2 3 4 5 6 7 8 9 10 11
Tool 22
Architecture 9
Guidelines/Good practices 13
Theoretical Model 11
Theoretical Framework 10
Data-analysis 7
LD papers LA & LD papers LA papers

Figure 4: Type of contributions

Number of papers per category (LD, LD & LA, LA)

m-learning/u-learning aspect Papers 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 1 1 2 3 4 5 6 7 8 9 10
Learning with mobile technologies 23
Learning across spaces 7
User mobility 8
Context-aware Learning 19
Learning anytime, anywhere 15
Learning with ubiquit i hnologit 7
LD papers LA & LD papers LA papers

Figure 5: m/u-learning aspects according to Pishtari, Rodriguez-Triana, Sarmiento-Mdrquez, et al. (2019)
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mainly in LD papers and was largely connected to works written when the characteristics associ-
ated with m/u-learning were more techno-centric.

In addition, the contributions in LD papers targeted mainly teachers (25) and instructional
designers (15), while both learners (15) and teachers (15) were the target of LA (Pishtari,
Rodriguez-Triana, Sarmiento-Marquez, et al., 2019).

Maturity

From 54 papers, 24 (43.4%) were journal publications, 7 (13.2%) book chapters, 13 (24.5%) full
conference papers, 9 (17%) short conference papers and 1 (1.9%) workshop paper. Also, 19 (35.2%)
did not contain an evaluation (most of which LD), while the rest included one (24; 44.4%), or more
than one (11; 20.4%). Most of the evaluations were case studies (30 out of 35 papers including
evaluations), two papers included focus groups, while evaluation of experts and technical valida-
tion was mentioned once. The methodology in 15 papers was quantitative, in 7 qualitative and in 13
mixed. Figure 6 shows the evaluated aspects of the contributions grouped for LD/LA papers. Both
communities have focused mostly on aspects such as usefulness, usability and user satisfaction.

Thirty-two studies mentioned participants involved in the evaluations (usually more than
15 participants). Participants were teachers (17) and students (8), which leaves space for fur-
ther inquiry about other stakeholders with an interest in LD/LA (Pishtari, Rodriguez-Triana, &
Viljataga 2019). The duration of the evaluation was not described in 12 (out of 35) papers. From
the ones that described it, 4 lasted less than 2 days, 5 a few weeks, 10 several months and 2 more
than 1 year.

Support to LD processes

To understand how the reviewed papers supported LD, we classified them according to three
design phases proposed by Hernandez-Leo, Asensio-Pérez, Derntl, Prieto, and Chacon (2014),
conceptualizing, authoring and implementation, considering only phases explicitly mentioned
by the authors. There was an even distribution between conceptualizing (14), authoring (11)
and implementation support (12). However, most of the papers focused on specific phases of the
design process, and only four supported the whole process (Figure 7).

Support to LA processes

To understand how the type of support that LA had provided to m/u-learning could be aligned
with LD practices, we grouped LA papers based on the model proposed by Rodriguez-Triana,
Martinez-Monés, Asensio-Pérez, and Dimitriadis (2015). Apart from comparing (5), there is an

Number of papers per category (LD, LD & LA, LA)

Evaluated aspects Papers 8 7 6 5 4 3 2 1 1 1 2 3 4 5 6 7 8 9 10 11
Impact on learning 10
Changes in behavior 4
Learning gains 3
Adoption 11
Usefulness 20
Usability 14
User satisfaction 9
Reliability (technical) 1
LD papers LA & LD papers LA papers

Figure 6: Evaluated aspects of the contributions
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Papers Phases of a LD process

6 conceptualization

2 authoring

4

2 conceptualization authoring

2 conceptualization

3 authoring

4 conceptualization authoring

Figure 7: LD papers grouped by the phases of LD process
Papers Phases of a LA process

1 collecting
2 modeling

1 comparing
4 providing feedback
3 collecting modeling

1 collecting comparing
3 collecting providing feedback
1 collecting modeling comparing
4 collecting modeling providing feedback
1 collecting comparing providing feedback
1 collecting modeling comparing providing feedback

Figure 8: LA papers grouped by the script aware monitoring process

evenly distributed number of papers dealing with collecting (15), modeling (11) and providing
feedback (13). As it happened with the LD support, most of the papers focused on specific phases
and only one of them covered the whole LA process (Figure 8).

Purpose

We used different frameworks to understand the task that the reviewed papers were support-
ing. Figure 9 categorizes the contributions based on the LA Reference Model (Chatti, Dyckhoff,
Schroeder, & Thiis, 2013). Most of LA papers focused on monitoring and analysis (18 out of 26),
while tutoring and mentoring, adaption and reflection were barely (or not) mentioned.
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LA Reference Model Process Papers 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Monitoring & Analysis 18

Prediction & Intervention 4

Tutoring & Mentoring £

Assessment & Feedback 7

Adaptation 2

Personalization & Recommendation 8

Reflection 2

Figure 9: LA papers grouped by the LA reference model processes covered

Type Exampl Papers 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Action-related Age, Prior education 12

Learner-related Login time, Time spent on a task 5

Content-related Topic covered in the uploaded material 12

Context-related Location 7

Result-related Score 14

Social-related Network of communications between learners 2

Figure 10: LA papers grouped by the type of indicators reported

Schwendimann et al. (2016) group LA indicators into six types (see column Type in Figure 10),
which guided our categorization of the indicators explicitly mentioned in the papers. We noticed
some content and context-related indicators more specific to the case of m/u-learning, like learn-
ers location or content accessed by learners in specific locations. Furthermore, specific groups
indicators, such as social-related ones, appeared rarely.

From a LD perspective, we grouped the papers based on the AL4LD framework (Hernandez-Leo
etal., 2019) that defines three layers where analytics can support the process of design (Figure 11).
Most LA papers supported processes connected to learning orchestration (LA for LD layer), while
LD contributions targeted mainly the Design Analytics layer. Aspects about Community Analytics
were largely unexplored, considered only by Hernandez-Leo and Pardo (2016) that inquired the
integration of LA with a community platform for LD. The AL4LD-based classification showed that
LA contributions could be further aligned with LD processes and support different stakeholders.
For instance, Melero et al. (2015) and Schneider, Di Mitri, Limbu, and Drachsler (2018) use sen-
sors to collect, compare information and provide feedback to students and teachers, which could
be linked to the LD processes of authoring and implementation presented in a similar environ-
ment as in Munoz-Cristobal, Prieto, et al. (2014).

Relations between LD and LA (RQ3)

We explored the relations between LD and LA through five main aspects (suggested by Pawar
et al., 2019): network of authors of the papers, references, keywords, topics of the papers, data
used in the LD/LA solutions proposed in the papers.

Authors

The social network of the co-authoring revealed that there were multiple clusters of collabora-
tors (Figure 12). Moreover, except for three mixed clusters, most of the authors interacted only
with researchers from the same domain. The scarce LD-LA interaction may entail low knowledge
transfer between the two domains and limited exploitation of potential synergies.
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Number of papers per category (LD, LD & LA, LA)

AL4LD Layer Papers 24 23222120 191817161514 1312 1110 9 8 7 6 5 4 3 2 1 1 2 3 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
LA for LD 36
Design Analytics for LD 28
Community Analytics for LD 1

LDpapers LA &LD papers LA papers

Figure 11: Papers grouped by the AL4LD framework
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Figure 12: Clusters of co-authorship. Blue, yellow and green nodes correspond, respectively, to LD, LA and
LD&LA authors

References

References appearing in the papers inform about the common literature. The 10 most-cited refer-
ences were mainly shared among LA papers, while LD papers did not have many common related
works (with each other, and with LA papers) (Figure 13). This could also be generally observed
in the references of the dataset (only 42 references, out of 1636, were shared by at least one LD
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Top 10 References Papers 4 3 2 1 1 1 2 3 4 5 6 7 8
Siemens, G., & Long, P. (2011). Penetrating the fog: Analytics in learning and education. EDUCAUSE review,
46(5), 30.

Hwang, G. J., Tsai, C. C., & Yang, S. J. (2008). Criteria, strategies and research issues of context-aware ubiquitous
learning. Journal of Educational Technology & Society, 11(2), 81-91.

Ogata, H., Li, M., Hou, B., Uosaki, N., El-Bishouty, M. M., & Yano, Y. (2011). SCROLL: Supporting to share and
reuse ubiquitous learning log in the context of language learning. Research & Practice in Technology Enhanced 8
Learning, 6(2).

Aljohani, N. R., & Davis, H. C. (2012). Learning analytics in mobile and ubiquitous learning environments. In
Proceedings of the 11th World Conference on Mobile and Contextual Learning: (mLearn) Helsinki, Finland.

8

8

Mouri, K., Ogata, H., Uosaki, N., & Liu, S. (2014, ). Visualization for analy itous leaming logs.
In Proceedings of the 22nd International Cq on Ce in (ICCE 20]4) (pp. 461-470).

Aljohani, N. R., & Davis, H. C. (2012). Significance of learning analytics in enhancing the mobile and pervasive

learning environments. In Proceedings of the 2012 Sixth I ional Conf on Next G ion Mobile 6
Applications, Services and Technologies (pp. 70-74). IEEE.

Ogata, H., & Yano, Y. (2004). Context- support for p learning. In P dings of

the 2nd IEEE International Workshop on Wireless and Mobile Technologles in Educanon 2004. (pp. 27-34).
Ogata, H., Hou, B., Uosaki, N Mouri, K., & Liu, S. (2014). Ubiquitous lcarning project using life-logging

in Japan. & Socicty, 17(2), 85-100.
Hwang, G. I, Chu, H. C,, Lin, Y. $., & Tsai, C. C. 2011). A g ition app to ping
for dnd\hdrlng i ge in a ubiquitous learning C & 5

Education, 57(1), 1368-1377.

Wong, L. H., & Looi, C. K. (2011). What seams do we remove in mobile-assisted seamless learning? A critical
review of the literature. Computers & Education, 57(4), 2364-2381.

LD papers LA & LD papers LA papers

Figure 13: Top 10 references among the 54 papers, and number of citations from LD and LA papers

and LA paper). Interestingly, looking at the topics addressed in each one of those highly cited ref-
erences, six covered transversal m/u-learning aspects, three referred to the application of LA in
m/u-learning contexts and one of the most cited was an early LA paper about the usage of LA for
evidence-based decision making. In addition, to better understand to what extent the papers were
connected through the references, we applied Social Network Analysis techniques. The results
revealed that only one paper was not connected to the rest by shared references. Thus, based on
the number of common references and their content, there were no central pieces guiding and
illustrating the LD-LA connections.

Keywords

Figure 14 shows a social network of co-occurrences of the keywords specified by the authors of
the papers. As expected, keywords related to m/u-learning were quite prominent and well con-
nected. LA terms were less numerous (but more consistently used), while LD-related keywords
varied more. In contrast with LA, LD seemed to be more related to the context (eg, flipped class-
room, blended learning) and less to the pedagogical or learning approach (eg, collaboration,
self-regulated learning). Regarding the connection between both, few papers used LD and LA
simultaneously in the keywords.

Topics

Through automatic analysis of the body of the papers (excluding references and bios), we ex-
plored the emergent topics. The number of topics was selected using the ldatuning R package
(https://cran.r-project.org/web/packages/ldatuning/), which triangulates between four different
metrics to find the most “natural” number of topics in a set of documents (which lead to 11 top-
ics). Figure 15 shows a 2-dimensional representation of these topics (using Principal Components
Analysis). To interpret them (labels in Figure 15), we combined our insights looking at the most
frequent terms per topic, and our qualitative knowledge about the papers allocated to each topic.
We noticed several clusters of majoritarily LA-related papers, focusing on either self-regulated
m/u-learning, or more conceptual frameworks/models. We also saw a series of LD-related clus-
ters, tackling mostly formal learning. Interestingly, six other clusters were more mixed, indicating
certain interests transversal to both communities (eg, augmented reality, classroom contexts),
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Figure 14: Network of keywords used in the 54 papers

as well as the kinds of higher level contributions relevant in both areas (including technological
frameworks, architectures and guidelines).

Data

To inform how each community models m/u-learning in practice, we extracted from the papers
data sources and data explicitly used in the contributions. Both communities have common
data elements, eg, about participants, the content they generate or assessment data (Figure 16).
Theoretical aspects—such as the pedagogical approach, as well as the context and participant
roles—are part of pure LD solutions, while LA solutions track more thoroughly not only digital
but also physical traces. LD often benefits from ad-hoc data generated by the stakeholders, while
LA relies mainly on digital content, logs and sensors. Since both communities already use data
that the other is not exploiting (left and right areas, Figure 16), these two areas represent oppor-
tunities for practical synergies between them in the short term.

Discussion

Regarding RQ1, LD/LA communities have considered similar learning contexts in m/u-learning
(mostly in higher education, combining physical and virtual spaces), which constitutes a neces-
sary common ground for possible collaborations. Further work from each community is required
to support m/u-learning in authentic settings. K12 could be a short-term target for LD since both
lessons and curriculum design play a strong role in formal learning. Then, LA could contrib-
ute by supporting teachers and students to monitor the process towards the achievement of the



16

Topics space, colored by topic, shapes by area

AR papers from
LD & LA related authors

; related i _
ICT solutions for Theoretical Classification
foreign language . ., . contributipns LA

Guidelines with emphasis
F] LD
on the coptext
Teachers & LD &LA
classroom settings Frameworks &

architectures

0 topic
1
Self-regulated
i 2
& learning papers LA related eranrgg\glgrks
a from related 3
authors 4
5
-1
assessment in . S 6
LA related formal learning eachers 7
HE contexts §
9
10
2 1

m-learning tools for

classroom settings LD related

2 -1 0 1
PC1

Figure 15: Visual representation of the computationally generated paper topics

learning goals, as well as to assess the added value of m/u-learning solutions (as suggested by
Rodriguez-Triana et al., 2015). In the case of informal and self-regulated learning, core interests
of m/u-learning (Pimmer et al., 2016), LA could help: first, addressing the lack of awareness that
multiple stakeholders have due to the lack of face-to-face interaction; second, integrating peda-
gogically grounded analytics to help with the lack of LD background that stakeholders may have.

The low number of papers explicitly mentioning their pedagogical approach could be related
to proposals that are applicable in multiple contexts, but could also signal a disregard for this
aspect, with implications for the adoption of such technologies (eg, improper use). Furthermore,
despite the emphasis of m/u-learning on learning in distributed settings, designing and under-
standing learning across spaces is still a work in progress, especially regarding the physical space.
Only a few contributions integrated sensors, despite being a classic technology in m/u-learning.
Considering recent trends towards multimodality in LA (Ochoa, 2017), we might expect to see
more works that explore m/u-learning environments powered by sensors.

In relation to RQ2, results pictured two communities that have produced mature contributions in
their fields, as seen from the balanced type of theoretical and practical contributions (Figure 4),
m/u-learning aspects that were considered and evaluated (Figures 5 and 6), and the process of
evaluation. Furthermore, LD has proposed contributions that evenly consider the different phases
of LD (Figure 7), while LA shows less diversity over the aspects that were supported. For instance,
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Figure 16: Data used in the papers. On sides data specific to LD/LA, in the centre data used by both communities

using the LA Reference Model (Chatti et al., 2013) tutoring and mentoring, adaption, and reflec-
tion aspects were underrepresented (Figure 9). This could be due to the specific learning scenarios
of the contributions (not requiring focusing on other aspects), or to the novelty of applying LA
in m/u-learning (where the initial focus has been on collecting data, vs. supporting sense and
decision making), but it could also signal a missed opportunity to explore other dimensions of
LA in m/u-learning. For example, reflection (for students and teachers) could be crucial in con-
necting learning that happens in different settings (eg, in-classroom and out of the classroom,
formal and informal). Now that LA has a better knowledge on collecting data in m/u-learning, we
expect a progressive shift towards supporting sense and decision making, following the general
trends in LA (Joksimovi¢, Kovanovi¢, & Dawson, 2019). Therefore, LD could have a key contribu-
tion in this process supporting the contextualization and pedagogical-grounding of the analytics
(Persico & Pozzi, 2015). Also, as part of the interaction with the context, few papers studied social
interactions. This aspect could be further supported and explored, enabling learners to develop
communication and collaboration skills, and to benefit from the pedagogical benefits of social
interactions (Kim & Baylor, 2006).

Regarding the interplay between LD and LA, the LD-aware monitoring model (Figure 8) pictured
an LA community that has produced contributions capable of supporting the different phases of
the model (hence, fully supporting LD processes). Nevertheless, despite the mentioned common
ground and benefits from the alignment, LD and LA are operating in separate layers (Figure 11).
These results might partly be explained by a low number of contributions that are sustainable
over time, where results from one specific iteration (eg, lesson learned during one study, from the
implementation of specific LA indicators), inform the next cycle of research (eg, the re-designing
the learning scenarios used). Such approaches require continuous cooperation between research
and educational institutions, and the creation of communities of interested stakeholders around
a specific tool (Pishtari, Rodriguez-Triana, & Véljataga 2019). Indeed, the community layer
is underrepresented in the results from the AL4LD framework (Figure 11). The establishment
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of such communities could also generate a layer of support for practitioners’ LD/LA practices
(Hernandez-Leo et al., 2019).

Regarding RQ3, the analyses revealed two unconnected communities, as noted by the low num-
ber of papers explicitly addressing both areas (3 out of 54), the sparsely connected co-authorship
networks (only three clusters of co-authors addressing both themes), and the lack of connection
between those two concepts in the keyword network. Furthermore, even the literature used by
those two areas is rather distinct beyond a few common seminal m/u-learning works. Even if
the expected benefits of aligning LD and LA have been put forward for quite some years (Lockyer
etal., 2013), such connection has still not been widely realized in m/u-learning.

Despite this disconnection, our review revealed several hinge elements between both commu-
nities: the aforementioned common bibliography, terminology, similar learning contexts, or
the emphasis on learning and learners. In m/u-learning, both LD/LA solutions already gather
data from assessments or the learning context. There are also commonalities in several kinds
of topics addressed by both communities: solutions for language learning, guidelines, frame-
works and other theoretical contributions. We can also look at the nature of those few papers
that addressed both LD and LA, to understand how those two areas can be connected: guiding
interventions while orchestrating (by displaying analytics alongside the different activities of a
design for contextualization) or providing analytics that can help understand if a design was
effective. Since these practical examples of synergies are still scarce, further research would be
necessary to support the LD community with orchestration, design and community analytics
solutions, as proposed by Hernandez-Leo et al. (2019). Similarly, the guidance that LD provides in
the data analysis, interpretation and contextualization could be further exploited as suggested by
Rodriguez-Triana et al. (2015).

Our analyses also revealed gaps between the contributions of both communities, that point
towards future synergies: m/u-learning analytics solutions can start using design artefacts and
constructs, and additional data sources like teacher or observer reports; in turn, design solutions
can integrate the plethora of digital and physical traces that are commonplace in LA solutions
(Persico & Pozzi, 2015). Also, joint contributions could be made of types that are relevant in both
LD/LA (eg, conceptual frameworks, guidelines or technical architectures), by explicitly joining
the insights and previous LD/LA works in m/u-learning.

Conclusion

Our analysis of the 54 LD/LA publications in m/u-learning enable us to draw several conclu-
sions. These two communities share common interests, similar learning contexts and offer com-
plimentary support m/u-learning aspects. Despite the low explicit alignment, most of the papers
used analytical solutions to inform LD aspects. Still, a more systematic alignment and coverage
of the LD/LA processes could contribute to further benefit from the potential synergies. One pos-
sible limitation that might be impeding such alignment is the nature of the contributions, more
explicitly, the low number of communities of stakeholders around a specific m/u-learning tool,
or environment. These communities could enable a sustainable process of researching, which
would benefit from complementary LD and LA processes, while also having a direct impact on
learning and teaching practices, by creating a layer of support for practitioners.

Further research implications from our results include the need to advance in less explored
settings and aspects of m/u-learning, especially to articulate the transitions between formal
and informal learning, and to reinforce the connection across spaces. Other underrepresented
research aspects include aligning contributions with specific pedagogical approaches, supporting
other aspects apart from monitoring in LA (such as, tutoring and mentoring, or reflection), and



LD and LA in m/u-learning: A systematic review 19

further study social interactions. Also, increasing the involvement of the different stakeholders in
the design and evaluation of the solutions will be crucial to increase their adoption and maturity
(Hernandez-Leo et al., 2019). In connection with the recent trends towards aligning LD and LA
in other settings, we expect this review lead to more synergies in m/u-learning in the near future.
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