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Abstract  
The field of learning analytics emerged in the last decade to take advantage of the increasing 
availability of data about learners that digital systems generate. Existing research in learning 
analytics has focused on higher education, as this context often relies heavily on digital 
platforms such as online learning management systems, making data collection easier. In this 
paper, we focus on LA research in the context of elementary level teaching. We provide a 
systematic narrative review in which we analyze the articles that had the most impact in the 
field. Our results show the existence of some recurring themes such as gamification and 
multimodal methods. We make a distinction between papers in which learning analytics is 
the target of the study (e.g., dashboards) and papers in which learning analytics methods 
were used as a means to study a given behavior/skill/phenomenon (e.g., problem-solving 
skills). Lastly, we found that most studies lack a strong theoretical foundation on education 
science and, thus, there is a need to develop more elaborated theoretical perspectives in 
future research on school-level learning analytics, as well as papers that deliver a real impact 
on learning and teaching. 
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1. Introduction 

Within the Horizon reports for the K-12 we can see the development trends in the use of educational 
technology [1]. Such reports have listed the technologies that have become actively used within the 
K-12 teaching and created predictions about the technologies that are expected to become actively 
used within the next few years. Within these currently used and future technologies we are able to 
see a difference: the current technologies have typically been technologies such as cloud computing 
and tablet computing, i.e., everyday technologies for teachers. Instead, the technologies anticipated 
within four to five years have been technologies such as artificial intelligence, internet of things and 
wearable technology. This distinction aligns with the ideas of Phillips and Harris [2], who suggest 
that, from the perspective of teachers, the technologies can be seen as transparent technologies or 
emerging technologies, i.e., technologies that have become part of teachers’ routines or new 
technologies that demand special effort, new learning. One trend within the developing educational 
technologies [3] is Learning Analytics (LA), which has been listed several times within the Horizon 
reports for the K-12 and higher education levels [1,4].   

LA is commonly defined —yet not unanimously agreed— as “the measurement, collection, analysis, 
and reporting of data about learners and their contexts, for the purposes of understanding and 
optimizing learning and the environments in which it occurs” [5]. Since the emergence of the 
discipline, researchers have tried to harness the opportunities inherent in automatically collected data 
about students’ learning activities within various digital services [6]. Still, not so long ago, the 
researchers recognized the deficiencies of the digital data collected by traditional services, e.g., 
Learning Management Systems (LMS). The main problem with the data was its relatively poor 

 
Proceedings of the Finnish Learning Analytics and Artificial Intelligence in Education Conference (FLAIEC22), Sep 29-30, 2022, Joensuu, 
Finland  
EMAIL: laura.hirsto@uef.fi (A. 1); mohammed.saqr@uef.fi (A. 2); sonsoles.lopez@uef.fi (A. 3); teemu.valtonen@uef.fi (A. 4) 
ORCID: 0000-0002-8963-3036 (A. 1); 0000-0001-5881-3109 (A. 2); 0000-0002-9621-1392 (A. 3); 0000-0002-1803-9865 (A. 4) 

 
©  2022 Copyright for this paper by its authors. 
Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).  

 CEUR Workshop Proceedings (CEUR-WS.org)  
 

CEUR
Workshop
Proceedings

http://ceur-ws.org
ISSN 1613-0073



relevance to learning, lack of granularity and contextual details. Several new sources of data were 
explored such as multimodal and dispositional data [7]. Multimodal data offers authentic, real-life 
sources of data about, e.g., students’ movements, physiological functions and interactions within the 
learning environment [8]. Offering such authentic information, multimodal LA is expected to offer a 
more nuanced understanding of real-life learning where it occurs [9]. Yet, such promises are still open 
for research and inquiry and therefore, rather distant from practice. Dispositional LA offers a 
qualitative depth of students’ dispositions, e.g., motivation, self-efficacy and engagement. It is 
hypothesized that by adding dispositional data to digital data one can get a more holistic view of 
students’ learning [7]. 

Within this paper, we focus on LA research in the context of elementary level classroom teaching 
where the research related to LA has remained scarce. One of the reasons may lie in that learning 
environments in the elementary level are usually physical classroom environments with emphasis on 
the face-to-face teaching and digital devices and online-learning have traditionally had a minor role, 
making the data collection challenging. Again, within the context of Finland, elementary education 
is directed by the national core curriculum [10] aligning with the Finland’s Basic Education Act [11]. 
The core curriculum states that the goal of student assessment is to guide and encourage learning as 
well as to develop the student's prerequisites for self-assessment. The core curriculum resorts to the 
idea that the focus of assessment is that it promotes learning instead of mere measuring with high-
stakes assessment scales and strict assessment rubrics. As the national core curriculum was 
constructed in a collaborative process with various stakeholders and written before 2014, it does not 
mention LA or the possibilities or the role it might have in the assessment processes. 

Thus, it is clear that elementary education learning environments present new challenges for 
understanding the benefits of integrating LA. Still, according to Weller [12] the mid-1990s was a 
turning point within the field of educational technology, starting the rapid development. Since then, 
new technologies like the Internet, followed by mobile technologies and social networks, have 
become part of everyday teaching and learning practices at all levels of education [13]. Development 
of educational technologies started to provide various tools especially for students. The concepts like 
One-to-One computing [14], Bring Your Own Device [15], Personal Learning Environments [16] and 
Cloud Computing  [17] provided students with tools and environments for supporting their personal 
and self-regulated learning activities. At the same time, these technologies started to provide new 
opportunities also for integrating LA in the elementary school context. With the technologies used, 
especially the students’ personal technologies, the possibilities for collecting and analyzing data from 
students’ learning practices, i.e., taking advantage of LA for learning, became more feasible. Also, 
according to Kovanovic et al. [18], the COVID-19 period with distance education has boosted the use 
of technologies suitable for LA at the elementary level. 

Since the facilities for using LA within the elementary school contexts are getting better, there is 
a need for outlining the research done within that field. According to Lee et al. [19], the focus of LA 
research has been strongly on higher education level and within Massive Open Online Courses 
(MOOCs). MOOCs have provided ideal opportunities for collecting data on students’ activities. Also, 
the research field has been dominated by computer science. The aim of this research is to provide an 
overview for the research targeting elementary level education using LA based on the most cited 
articles. The aim is to focus on the educational science, to outline the pedagogical groundings and 
pedagogical aims of using LA in the elementary level context.   

2. Methods 

We searched the Scopus database in order to retrieve relevant articles to LA in the context of 
elementary level education. The Scopus database includes a large variety of conferences and journals 
that are relevant to the research questions of this article, in addition to the majority of Web of Science 
titles [20]. Scopus is well-maintained in comparison to other databases, and it utilizes strict selection 
criteria for journals and conference proceedings [21,22]. We performed the following search query 
on March, 16th 2022 which resulted in 996 articles: 

 
TITLE-ABS-KEY ( "educational data mining"  OR  "learning analytic*" )  AND   
TITLE-ABS-KEY ( "K12"  OR  "K-12"  OR  "school*"  OR  "child*"  OR  "kid*"  OR  primary  OR  elementary )  



 
Two of the authors screened all of the articles (title, abstract, keywords, and venue) using 

Rayyan.ai (an online service for conducting systematic literature reviews) and proceeded to exclude 
those that were not conducted in the elementary and primary level context, corresponding to the 
Finnish elementary level education. The screening process resulted in 136 articles matching the 
inclusion criteria (covering LA in K-12) and 860 excluded. Furthermore, to ensure that we only 
captured those articles that have captured the attention of other researchers, we limited our analysis 
to those articles that had at least two Scopus citations per year. This filtering resulted in 33 papers 
selected for analysis. The complete search and screening process is depicted in Figure 1.  

 

 
Figure 1: Search and article screening 

3. Results 

The deductive approach to code the final list of papers resulted in the categorization of articles 
according to subthemes: LA methods (including dashboards), LA stakeholders, LA approach (LA as a 
target or LA as a tool), and pedagogical perspectives. Following is a literature-supported narrative 
review. 

Regarding LA methods, games and gamification were one of most important emerging themes 
over the last decade in education in general and so were in LA research [23]. Several articles in our 
data have addressed the games theme, for instance, [24] used a Kinect game to help disabled students 
improve their motor praxis in an authentic school environment. The collected multimodal data were 
used to assess students’ performance and to offer teachers a method that could help track students’ 
progress. Similarly, children’s problem-solving skills of a sorting motion-based task were monitored 



using multimodal data collection (e.g., eye-trackers, Kinect joint tracking and wristbands). 
Multimodal data was then used to analyze students’ play and problem-solving behavior [9]. Other 
papers with a similar approach using multimodal LA to track students’ learning in real-life were 
reported by other researchers to capture students’ coordination of motor activities [e.g., 25] or to 
track and improve children’s motor skills with gaming [26]. Computational thinking (CT) has been a 
buzz word lately in education aiming to teach students to “think like computers'' [27], and therefore, 
researchers have tried to find ways that LA can help students improve learning CT with LA and 
gamification [e.g., 28] and using LA with robotics [e.g., 29]. Dashboards have been one of the main 
approaches to LA since conceptualization and early prototypes, and therefore, it was natural to offer 
them to teachers in schools. For instance, [30] offered a dashboard to mathematics teachers and 
assessed teachers' pedagogical actions and usage. The authors found that dashboard usage has 
positively impacted teachers practice by helping teachers improve their feedback and activate diverse 
pedagogical approaches. Similarly, dashboards were used to inform teachers in other papers e.g., [31]. 
In terms of research related to dashboards, also students’ perspectives have received attention. For 
example Wang and Lin [32] found that younger students prefer more colorful LA visualizations 
compared to a little older elementary level students.   

From the stakeholders perspective, children have been the main targets of most LA research, e.g., 
[25,26], followed by teachers e.g., [30] and less so were families. The aim of these studies was to 
understand the possibilities of the analytics as part of the learning process. This was done using 
dashboards targeted for teachers [30,33]: the aim was to provide teachers with real time information 
about the ongoing learning processes within the classrooms. Families are an unusual stakeholder in 
LA, yet, with the wide scale adoption of LA, research has to address their perspectives. For instance, 
[34] assessed parents' usage of monitoring their children through mobiles and found teachers' use of 
the school database helped stimulate parents and children access the information. 

Qualitative synthesis of the LA approach in the included articles can be roughly divided into two 
groups. First are the articles where analytics is the target of the research and second where the 
analytics can be seen as a means or method for conducting the research. The number of the articles 
in the first category is smaller. Within the articles in this group the aim was testing and developing 
the adaptive learning environments for providing students with more personalized  materials and 
assignments for supporting their learning activities [35,36]. Along with adaptive technologies, this 
area covers studies for developing LA methods and algorithms that are capable of predicting the 
students’ success [37]. The second category contained studies where the possibilities of the analytics 
were mainly used as a means for analyzing the research data. Within these studies there were 
different learning activities conducted using different technologies such as motion-based games  [9] 
or augmented reality [38] where researchers collected multimodal data sets, in order to understand 
the effects of the different learning methods and technologies along with students' different behavior 
patterns. The use of analytics allowed researchers to approach areas of research that would have been 
challenging or impossible without. These two approaches of research are intended to serve as ways 
to illustrate the field of LA research, the use of analytics within the studies conducted at the 
elementary level.   

From the perspective of the learning and the pedagogical perspectives used within the studies 
we can see the emphasis on the gamification and problem-solving along with collaborative 
approaches. Articles using gamification and problem-solving targeted typically areas of mathematics 
or CT providing students with various learning activities, typically conducted individually [9,39]. 
Within these cases, the role of analytics was built on adaptive learning environments and using 
analytics for gaining understanding of the different learning patterns and behaviors. Along with 
these, the articles contained experiments based on collaborative learning activities [40,41]. Within 
these the role of analytics was built on providing information about the nature of the collaboration 
process for teachers and students and again the role of analytics was also on making the collaboration 
process more visible, to understand the nature of collaboration [33]. Many of the articles were 
conducted in learning situations where students were using tablet computers. Still, the use of blended 
learning was mentioned rarely. Similarly, within the analyzed studies there were experiments for 
targeting students self-regulated learning and inquiry-based learning activities. Also, the Bloom 
taxonomy was used —rather uncritically— as a way to highlight the influence of adaptive e-learning 
on learning effectiveness [35]. 



4. Discussion 

Since datafication started to target our daily life, interactions with the Internet and digitized services, 
fear, skepticism, and distrust of the risks and drawbacks to our privacy have been on the rise [42]. 
Yet, datafication has grown faster and more indiscriminately to capitalize on more aspects of our life 
and invade more factions of our societies, e.g., children in our case. Extending LA and datafication in 
general to children —one the most vulnerable groups of our societies— requires far more caution. Yet, 
the analysis of the group of papers we have addressed here shows that the collected data about 
students have used more intrusive techniques to collect data about students compared to higher 
education. Several studies have used multimodal data gathering including sensors to track the eyes, 
body movements and interactions with the environment. While precautions may have been taken, 
ethical guidelines may have been followed, it remains to be seen what such obtrusive data collection 
offers compared to the privacy risks it imposes. Once digital data is recorded, it is a permanent record, 
and we need to be mindful of the permanent record we would keep about our vulnerable children.  

The analysis reveals that the number of studies targeting the elementary level with LA is rather 
limited, especially the highly cited studies. The analysis reveals that the research area is rather 
fragmented. The aim of the studies varies, containing different terminology related to topic, the 
research methods and data used. The following provide insights into the nature of the field. 

Results concerning the LA research within the elementary level education poses different 
perspectives for the field. First there is the difference between whether the analytics is considered as 
the target of research, a way to support pupils’ learning or as a means for conducting research. Within 
most of the studies analyzed, the analytics was used as a way for analyzing the data using different 
data sets. Along with these studies, there are studies where the analytics is used as part of the actual 
learning process. Again, these articles can be divided for two subcategories, based on the pedagogical 
goals concerning the purposes of the analytics. First there are studies where the role of analytics is in 
the form of providing students with personalized learning paths based on their learning activities. 
Along with these, there are studies where the analytics is used for providing teachers and students 
information about the learning processes within different pedagogical designs. These two approaches 
to use analytics for supporting learning reflect different learning theories, aligning with the 
development paradigms of educational technology [43]. Technologies have been built on more 
behavioristic learning theories, technology serving as a tireless personal teacher providing new 
assignments and tasks as long as the pupil has energy to continue. At the other end, development of 
educational technologies have been grounded on theories that emphasize  more collaborative and 
self-regulative learning approaches [3,43]. 

We found the theoretical foundations for using and developing LA for elementary level highly 
important. In practice, there seems to be a tension whether LA is used as part of formal or more 
informal assessment of the student or as a support structure through which students are facilitated 
to take an active role in their learning processes. Instead of using analytics for assessment or building 
learning paths for pupils’ needs, we see the potential of LA also in supporting pupils’ collaborative 
and self-regulated learning processes, supporting their metacognitive thinking. Current theoretical 
paradigms from the field of education along with the 21st century skills that pupils are expected to 
gain from school, emphasize pupils' role as active learners, capable of regulating their own learning 
process and collaborating with their peers. For this purpose, we find the role of LA important, 
especially as a tool for making the learning process more visible. Different visualizations and 
information about various learning activities conducted can serve as means for developing pupils' 
readiness for self-monitoring and organizing their learning activities, which are vital skills for self-
regulated learners [44]. This area needs more research and development, to understand the ways how 
LA can serve as a tool for pupils to develop their regulation and learning skills. LA needs to serve as 
a scaffold, for achieving permanent effect for pupils’ ways to self regulate and learn, for pupils' 
metacognitive thinking. 

This systematic narrative analysis of selected LA research on elementary school level indicates 
that there is a need to develop more elaborated theoretical perspectives for elementary school context 
LA research. This is a growing research field, and as such the number of studies is limited and themes 
seem to be somewhat fragmented. Also, the descriptions of educational theories to which these 
studies are built, remain to a large extent on a quite superficial level. Thus, more rigorous educational 



and learning theoretical perspectives should be developed. For example, Bloom’s taxonomy, which 
was adopted as a key theoretical basis in one of the studies, has received critical remarks from 
educational science researchers (e.g., [45]). Also, there is a risk of resorting to a behaviorist 
epistemology and learning conceptions, if we blindly rely on simple behavioral data and intensive 
testing in educational contexts. Furthermore, even though educational scientists may have a 
consensus to some extent on the general features of a learning process, elementary school teaching 
and learning environments are very much regulated by national and contextualized guidelines, with 
varying levels of for example teacher autonomy and guiding role of the curriculum. Therefore, more 
rigorous research on LA in various elementary school contexts is highly needed.  
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