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ARTICLE INFO ABSTRACT
Received: 08 August 2020 The purpose of this study is to define learning analytics, to introduce concepts related to learning
Revised: 29 September 2020 analytics and to introduce potential study topics related to learning analytics. Today’s education model

Accepted: 19 January 2021 has changed with evolving social and economic conditions over time. This change in education has

created such new situations as individualized learning, determination of student behavior and the use
of alternative assessment tools. One of the learning tools that can be used is to learning analytics.

E:m(i’r:gsénalytics Learr)ing anglytics is defined as measur_ing, coIIectin_g and reporting datg relate_d to learners and
Education learning environments to understand and improve learning and the surrounding environment. The use
Potential usage areas of learning analytics creates opportunities for individualized learning, to determine the student
Learning environment behaviors associated with success by examining the student behaviors affecting success, it serves as
Online learning an alternative assessment tool. The main subject of the learning analytics is to obtain meaningful

results from the virtual learning environments to improve student outcomes in online learning
environments.

INTRODUCTION

Today's education model, developed to meet the needs emerging with the industrial revolution, has changed with changing
conditions over time. There is a change from time-based student development to proficiency-based student development, norm-
based tests to criteria-based tests, passive and teacher-directed students to active and self-supervised students and more (Reigeluth
& Karnopp, 2013). This change in education has created new situations such as individualized learning, determining student
behaviors and using alternative assessment tools (Lee, Huh, Lin, & Reigeluth, 2018).

Nowadays, the concept of individualized learning increasingly appears in educational environments scene. Today's living conditions
require special and individual solutions for special and individual problems (Dabbagh & Kitsantas, 2012). The privatization and
personalization of the problems require the knowledge of individuals to be able to solve these problems. Traditional school systems
are based on ensuring that everyone spends an equal amount of time on learning, and this causes accumulation of learning
deficiencies for students who have to continue without fully learning course subjects (Bloom, 1968). The primary purpose of schools
is to ensure that everyone's potential is revealed and individualized learning is one of the best ways to do this (Miliband, 2006).

The purpose of individualized learning is to customize learning according to the characteristics and needs of students and to reach
everyone's highest potential (Miliband, 2006). There is also a growing body of evidence that individualized, student-centered
education can significantly improve learning outcomes (Lee et al., 2018). The rich learning opportunities offered by learning
analytics, supporting the learning of students and personalized, are an important step in the individualization of learning
(Bienkowski, Feng, & Means, 2012; Oblinger, 2012; Sedrakyan, Malmberg, Verbert, Jarveld, & Kirschner, 2020; Siemens, Dawson,
& Lynch, 2013; Tobarra, Robles-Gémez, Ros, Hernandez, & Caminero, 2014).

Another important situation related to education is the determination of student characteristics. Analysis and determination of
student behavior provides the opportunity to determine the behaviors related to learning success and to make arrangements about
them. These analyzes provide important opportunities for improving learning outcomes, especially when used to identify students
who may fail rather than predict success (Carter, Hundhausen, & Adesope, 2017). Following student behaviors and creating
meaningful patterns from the information obtained helps the teacher to identify the strategies that should be used in the lesson
(Kizilcec, Pérez-Sanagustin, & Maldonado, 2017). Analysis of student behavior and the determination of behaviors that affect
success also provide information about students who are at risk of dropping courses, and students who need additional support to
increase their success (Siemens & Long, 2011). One of the methods to determine student characteristics is learning analytics
(Verbert, Manouselis, Drachsler, & Duval, 2012).

Another important concept related to learning is the evaluation of learning. The success of education is largely based on evaluation
(Jonassen, 1999). Therefore, evaluation is an important part of education. Assessment is more prominent, especially since
assessment of constructivist learning environments requires alternative assessment tools (Perkins, 1991). According to Jonassen
(1999), the use of classical assessment methods causes students to memorize the information and students fail when they need to
use this information in their real-life situations. Therefore, alternative assessment methods should be used in constructivist learning
environments. Alternative assessment allows to measure whether high-level educational goals are achieved that require the use of
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knowledge in real contexts (Reeves, 2000). There are many studies showing that learning analytics can be used as an alternative
assessment tool (Castellanos, Haya, & Urquiza-Fuentes, 2017; Abelardo Pardo, Han, & Ellis, 2017; Strang, 2017).

New technological tools are needed for individualized learning, determining student behaviors and alternative assessment
approaches to work successfully (Reigeluth et al., 2015). One of these technological tools is learning analytics. The use of learning
analytics is thought to be an alternative solution to these problems in education (Siemens & Long, 2011).

LEARNING ANALYTICS

The widespread use of technology and internet today also increases the data that is obtained from their usage. In our daily life, many
behaviors and movements are recorded by computers and allow huge amounts of information to be collected. This collected
information constitutes an important source for advertising, marketing, etc. Similarly, in the field of education, there are resources
to collect huge amounts of data (Siemens & Baker, 2012).

Learning analytics expresses the reflection of big data studies on education, which are encountered with the widespread use of
computers and internet. Technological developments, together with all fields, provide big data collection opportunities to obtain
solutions based on data for educational purposes especially in higher education. There are two trends that lead to the emergence of
learning analytics: One is the use of virtual learning environments in educational institutions, and the other is the application of data
mining techniques to corporate learning systems (Agudo-Peregrina, Iglesias-Pradas, Conde-Gonzalez, & Hernandez-Garcia, 2014).
The use of these data is thought to have a major impact on higher education as a framework for making learning-based decisions
(Siemens & Long, 2011).

The use of the obtained data first appeared as educational data mining (EDM) (Siemens & Baker, 2012). The first workshop on
EDM was held in Pittsburgh, Pennsylvania in 2005, followed by annual workshops and the 1st International Education Data Mining
Conference in Montreal, Quebec in 2008 (Siemens & Baker, 2012). The concept of learning analytics emerged in 2011 (Siemens
& Long, 2011).

Although EDM and learning analytics seem like two identical concepts, there are some differences between them, both in terms of
purpose and scope. EDM is mostly a field of study on the development of technical methods for the analysis of learning data (Baker
& Yacef, 2009). Learning analytics is a field of study that deals with the interpretation and transfer of the data obtained to improve
learning (Cristobal Romero & Ventura, 2007). Siemens and Baker (2012) summarized the differences between EDM and learning
analytics as in Table 1.

Table 1. Comparison of EDM and learning analytics

Learning Analytics

EDM

Discovery

Arrangement

Origin

Compliance and

Human intervention is benefited; automatic
discovery is a tool to achieve this goal.

Stronger emphasis on
systems in a complex way

understanding

LAK has stronger origins in semantic
network, "smart curriculum”, outcome
prediction, and systemic interventions

Greater focus on informing and

Automatic discovery is key; human intervention is a tool
to achieve this goal.

Reduce components and analyze individual components
and highlight relationships between them

EDM has strong origins in education outcomes and
student modeling, and has a meaningful community for
predicting course outcomes.

Greater focus on automatic adaptation

Personalization empowering instructors and students

Technique and Social network analysis, sensitivity Classification, clustering, Bayesian  modeling,
Method analysis, impact analysis, discourse relationship  mining, discovery with  models,
analysis, learners' success prediction, visualization

concept analysis, sensitivity models

Learning analytics is defined as the measurement, collection and reporting of data about learners and learning environments to
understand and improve learning and the environment in which it is located (Siemens & Gasevic, 2012). Technological advances
allow us to collect vast amounts of information about learners and learning environments. The size of the data collected makes it
difficult to obtain meaningful patterns from these data. Learning analytics is a field for developing, researching and applying
computer-aided methods to find meaningful patterns from educational data in quantities that cannot be obtained meaningful
information by other methods due to its size (Cristobal Romero & Ventura, 2013). It allows us to obtain information from data that
seems to be meaningless.

Learning analytics allows teachers, course designers, and administrators to explore themes that cannot be directly observed and
basic information in learning processes (Agudo-Peregrina et al., 2014). It plays an important role in the planning and accountability
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processes of higher education institutions (Wilson, Watson, Thompson, Drew, & Doyle, 2017). Situations that require focusing on
data in universities are increasingly explained as learning analytics (Siemens & Long, 2011).

RELATED WORKSPACES

When we examine the definitions related to learning analytics, we see collecting data from learning environments, analyzing these
collected data and interpreting how the results will be used in the educational environment. These three concepts transform learning
analytics into a multidisciplinary field and require people from different specialties to work together (Dawson, Gasevié¢, Siemens,
& Joksimovic, 2014).

Learning analytics is primarily a big data implementation area. It includes all processes such as data retention and evaluation specific
to the big data field and this field is a specialty in itself. In this respect, learning analytics has a relationship with computer science
(Dawson et al., 2014).

On the other hand, it should be known how the results obtained will be used in education. This part enables training specialists to
step in. The point that enabled the learning analytics to be separated from educational data mining emerged from this requirement.

IN WHICH CONTEXT LEARNING ANALYTICS WORKS?

The main field of study of learning analytics is learning management systems (LMS) (Siemens & Long, 2011). LMS is software
prepared to perform distance education. In LMS, there are components such as students' basic information, course contents, and
chat environments. Students log into these systems using their own user accounts. Thus, the movements of each student on the
system can be easily followed.

Using LMS in learning analytics makes this area directly related to distance learning and its derivatives. It gives general information
about the system, especially in environments with a high number of participants such as MOOC.

DATA SOURCES

Data presented to the use of learning analytics is largely derived from learning management systems (LMS) (Carter et al., 2017).
Many learning analytics apps use data from student activities such as clicks in these systems, student participation in discussion
forums (Tempelaar, Rienties, & Giesbers, 2015).

Data used in learning analytics as well as LMS are social sharing platforms (facebook, twitter, wiki etc.) (Xiao, Weng-Lam Cheong,
& Kai-Wah Chu, 2018), wearable cameras, wearable sensors, biosensors (e.g., skin conductivity can be obtained from sources such
as heart rate and electroencephalography measurements), gesture detection, infrared imaging, and eye tracking technologies
(Blikstein & Worsley, 2016).

All data that can be used in learning analytics can be classified as in Table 2 by using Castellanos et al. (2017) and Scheffel et al.
(2017) works.

Table 2. Classification of data sources

Code Explanation

w1 Records about forum, discussion, opening wiki title or making the first post of these topics

W2 Records of posts other than the first post to the forum, discussion, wiki titles

W3 Records about the time to view, watch and realize resources such as pages, videos, etc.

w4 Records about situations such as messaging, sending friend requests, and accepting with people using the
system.

W5 Records such as the number of logins to the system, the frequency of logging, the duration of the system

W6 Records about voting for sources such as pictures, videos, files, content etc.

w7 Records about adding files, pictures, video assignments etc.

w8 Records about demographic (age, experience, success score etc.) information about learners

W9 Records of information obtained from social media

W10 Other records that are not in the other 9 categories

DATA ANALYSIS METHODS

Learning analytics uses advanced analytical tools and processes in the research and visualization of large data sets and in the service
of improving learning and teaching (Brown, 2011). Although the data used in learning analytics are usually easy to obtain, the data
size is quite large for performing an analysis using typical database tools (Manyika et al., 2011). Special methods are required to
evaluate these data (Agudo-Peregrina et al., 2014).
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Educational data mining in learning analytics (Cristobal Romero, Ventura, Espejo, & Hervas, 2008), machine learning, classical
statistical analysis techniques, social network analysis, decision trees, artificial neural networks, regression analysis, artificial
intelligence (Shum & Ferguson, 2012) or methods such as natural language processing can be used (Greller & Drachsler, 2012). In
addition to aforementioned methods, there are several methods that can be used.

One of these methods is text analysis or natural language processing (Blikstein & Worsley, 2016). Text analysis is used to interpret
writing tasks such as open-ended exams. This method enables open-ended exams to be an alternative to multiple choice tests when
collective evaluation is required. Considering that it is technically and logically easy to collect text from students, text analysis is
one of the important methods for learning analytics (Blikstein & Worsley, 2016).

Another method of data analysis is speech analysis. Speech analysis shares most of the goals and tools involved in text analysis
(Blikstein & Worsley, 2016). However, speech analysis allows the student to perform in a more natural environment, allowing them
to differentiate from traditional assessment methods.

WHAT SHOULD BE THE COMPETENCIES FOR LEARNING ANALYTICS?

In order for the field of learning analytics to be an effective tool for educational practice, the results must be interpreted correctly
(Reffay & Chanier, 2003). Therefore, the efficient use of learning analysis data requires some high level qualifications in this
direction (Drachsler & Greller, 2012). Drachsler and Greller (2012) determined 7 skills that learning analytics employees should
have. These are: numerical skills, information literacy, critical reflection, assessment skills, ethical skills, analytical skills, self-
management. Drachsler and Greller (2012) stated that all of these 7 skills are important for the interpretation of learning analytical
results.

CONTRIBUTION OF LEARNING ANALYTICS TO EDUCATION

The most important contribution of learning analytics to education is that it creates opportunities for individualized learning (Greller
& Drachsler, 2012). Technological advances offer new opportunities to individualize teaching (Johnson et al., 2016). When
education meets the individual needs of the student, students are more likely to succeed (Baghaei, Mitrovic, & Irwin, 2007; Kerr,
2015). Learning analytics contribute significantly to the success of individualized learning especially in higher education and to
make data-based educational decisions and to investigate learning processes (Aldowah, Al-Samarraie, & Fauzy, 2019; Gutiérrez et
al., 2020; Liu et al., 2017). The learning analytics tools developed contribute to educators making the right decisions even if they
are not a data analyst (Gutiérrez et al., 2020).

In order to understand how individualized learning systems can be designed effectively, it is necessary to investigate the behavior
patterns shown by learners with different characteristics when interacting with an adaptive learning environment (Liu et al., 2017).
For example, Graf and Liu (2010) stated in their study that students' browsing behavior can be determined using learning analytics
and user modeling can be realized with the information obtained. Likewise, Premlatha, Dharani, and Geetha (2016) emphasized that
learning analytics can be used to meet changing student behavior, styles, goals, preferences, performances, knowledge levels, learner
status, content difference and feedback. As a matter of fact, A. Pardo, Jovanovic, Dawson, Gasevi¢, and Mirriahi (2019) provided
individualized feedback by using their analytes by learning in their studies, which contributed significantly to their academic
achievement in the change of expression. At the same time, learning analytics can be used to improve students' self-regulation skills
(Wong et al., 2019; Zheng et al., 2020).

Another contribution of teaching analytics to education is to examine student behaviors that affect success and determine student
behaviors related to success (Castellanos et al., 2017; Abelardo Pardo et al., 2017; Strang, 2017). There are many studies conducted
with learning analytics in this direction and examining student behavior is one of the main areas of study of learning analytics. For
example, Tempelaar, Heck, Cuypers, van der Kooij, and van de Vrie (2013) showed that demographic characteristics, cultural
differences, learning styles, learning motivation and participation, and learning stories have an important effect on learning
mathematics and statistics. Morris, Finnegan, and Wu (2005) found significant differences between successful and non-successful
students when we consider the main activities (number of clicks, number of content displayed etc.) on LMS systems and the time
spent in the system. These studies provide a new model for systemic change to improve teaching, learning, organizational
effectiveness and decision-making skills for universities and university administrators, as a result provides a new model for
systematic change (Siemens & Long, 2011).

Analysis of student behavior and the determination of behaviors that affect success also provide information about students who are
at risk of dropping courses, and students who need additional support to increase their success (Siemens & Long, 2011). Using
learning analytics to identify students who may fail at the end of education and improve learning outcomes (Carter et al., 2017;
Wabheed et al., 2020), ensures that all students get the most out of the education provided.

Another contribution of learning analytics is that it serves as an alternative assessment tool. Wolff, Zdrahal, Nikolov, and Pantucek
(2013) found that the results of classical assessment and learning analytics predicted students achievements in the same way, in their
studies within the scope of the blended learning method. Similarly, Agudo-Peregrina et al. (2014) found that interactions with
assessment tools follow interactions with peers and teachers, and active participation significantly detects academic success in six
online lessons. These and similar studies show us that learning analytics can be used as an alternative assessment tool.
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CRITICISM ABOUT LEARNING ANALYTICS

Ambitious words such as improving or even transforming the spoken language about learning analytics have led attention to this
area and to critically address what it promises. Criticisms directed to learning analytics can be examined under 4 headings (Wilson
etal., 2017).

Contradictory results: While some of the studies in the field of learning analytics show that the student behaviors examined are
effective on success, in others, the situation is the opposite. this undermines the reliability of the results obtained from learning
analytics.

Learning analytics and big data: Another criticism of learning analytics is its relationship with the big data area. The techniques
used in learning analytics are the same techniques used in big data analysis. Therefore, it is controversial that learning analytics is
an independent study subject.

Problematic data and analytical algorithms: What is measured in terms of learning analytics, why it can be useful, how it relates
to learning is criticized. There is a risk that incorrect analyzes and assessments may reveal prejudices such as class, gender, and
ethnicity and harm them. Also, complex data representations can mislead people.

Allowing pedagogical diversity: Different demographic characteristics, institutional cultures, different contexts should be taken
into consideration and applied accordingly when applying learning analytics. Such differences restrict the creation of general
analytical principles.

POTENTIAL STUDY TOPICS

The main study subject of learning analytics is to draw meaningful conclusions from the information obtained from virtual learning
environments that initially seem meaningless. Study topics related to learning analytics Verbert et al. (2012) and the studies carried
out in this field are summarized under six headings. These are:

- Estimating learners' performance and modeling learners,

- To suggest relevant learning resources,

- To increase reflection and awareness,

- To develop social learning environments,

- To identify undesired student behavior,

- To identify the effects of students.

Predicting learners 'performances, modeling learners: Predicting learners' performances at the end of education, modeling
learners according to their behaviors in the educational environment constitutes the main study subject of learning analytics studies.
The results obtained here are in the individualization of education (Bienkowski et al., 2012; Oblinger, 2012; Siemens et al., 2013;
Tobarra et al., 2014), in determining the success or failure of students (Carter et al., 2017; Kizilcec et al., 2017; Siemens & Gasevic,
2012) and as an alternative assessment tool (Agudo-Peregrina et al., 2014; Wolff et al., 2013). Some study suggestions that can be
made regarding this topic are as follows:

- Which interaction behaviors affect students' academic success?

- What are the working behaviors that will predict students' success?

- Do the models developed to measure success give the same results for different courses?
- How to help students who are predicted to be unsuccessful?

- How effective are the situation visualizations to be used on students' success?

- Creating structures that students can self-evaluate.

Suggesting relevant learning resources: Another study topic related to learning analytics is to offer learning resources to students
according to their needs (Verbert et al., 2012). Analysis of student behavior enables the student to identify the information they need
and provide content for this need. These studies take us one step closer to individualized learning. Some study suggestions that can
be made regarding this topic are as follows:

- What are the necessary models for determining the individual learning needs of students?
- Determining whether students can obtain the information they need from the organized courses.

Increasing reflection and awareness: Another study topic on learning analytics is the visualization of student behavior (Giannakos,
Chorianopoulos, & Chrisochoides, 2015; McCormick, 2013). With the various tools used, summary information about students'
behavior is presented and students can follow their learning history using these tools. Some study suggestions that can be made
regarding this topic are as follows:

- What are the data sources and types that can be used for visualization?
- What are the visualization tools that students find most impressive?
- Is there a relationship between visualization tools and educational outcomes?
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Improving social learning environments: Studies on this subject are about analyzing students' interactions in learning
environments they use. The data they use for communication, such as the answers in discussion forums and the answers they send
to each other, are used to carry out these analyzes. This data enables to determine whether collaborative environments (Jonassen,
1999) that should be constructivist learning environments can be used effectively.

Identifying unwanted student behavior: Another field of study of learning analytics is to identify undesirable student behaviors
such as academic failure, dropout, abuse, and mishehavior (Verbert et al., 2012). Detecting these behaviors in advance will enable
us to take action on them.

To determine the emotional state of the students: By using learning analytics, the course of the student can be changed according
to this information by determining the situations such as boredom, astonishment, frustration, enthusiasm, getting into the flow, and
dealing with the content (Verbert et al., 2012). Some study suggestions that can be made regarding this topic are as follows:

- To make changes on the designs of the students by detecting the contents that are not of interest.
INFORMATION SECURITY AND ETHICAL ISSUES

Ethical issues in teaching analytics are generally related to the rights to collect and use the data obtained. Whether the information
obtained through a LMS system belongs to the student or the institution is one of the primary problems (Greller & Drachsler, 2012).
This situation brings serious restrictions in research. Many institutions do not share this information as private information for
students and share it with researchers.

One of the ethical problems is to use the data as clearly as possible, and on the other hand, it is an obligation to anonymize the data
legally (Greller & Drachsler, 2012). The use of anonymous data makes it difficult for us to intervene individually on students.

In the current circumstances, the data collected (before anonymizing) about a person belongs to the owner, data client, and
beneficiary of the data collection tool (Greller & Drachsler, 2012). Since the consent of the person can be obtained in classical data
collection tools such as surveys, there were not many ethical problems related to the use of the data. But today, data can be collected
using new technologies such as LMSs, ambient sensors, location tracking or biometric facial recognition systems etc. without the
knowledge of the person and often there is no consent or awareness of individuals in the process of data collection (Greller &
Drachsler, 2012). This raises the violation of the “informed consent” ethical principle (A0IR, 2012).

An important ethical question that we come across is “who owns the life data of a person”. Educational data collected, although
lawful, can be easily exploited for improper purposes (especially in the case of minors). In principle, more access to a data subject
owned by a data client, higher responsibility is to use this information precisely and ethically (Greller & Drachsler, 2012).

Abelardo Pardo and Siemens (2014) have identified four principles for classifying privacy and ethics-related issues: transparency,
student control over data, security and accountability and assessment.

Transparency: It refers to informing the stakeholders how the steps of the analytical process such as data collection and analysis
are carried out. Consent of students is required to collect data as a legal requirement. However, the principle of transparency
eliminates this requirement.

Student control over data: This principle is the right of users to access and modify information obtained about them. Giving access
to the information collected is also related to the principle of transparency. Since this principle poses certain difficulties, only the
right to change on limited data is recognized.

Security: This principle is about sharing the information obtained with third parties. Occasionally, violations related to this principle
have resulted in the sharing of sensitive information. Educational institutions need to develop an access policy to prevent such
violations.

Accountability and evaluation: This principle states that all processes carried out in the process of learning analytics are carried
out under the responsibility of the relevant institution.

CONCLUSIONS

Individualization of education has increasingly been becoming important (Dabbagh & Kitsantas, 2012; Miliband, 2006). Advances
in technology make it easier for us to achieve this goal. In this study, learning analytics, which is an important step for the
individualization of education, is tried to be handled in every aspect. The analysis made shows that learning analytics should be
used, especially in distance education applications. It will be especially useful in multi-participatory applications to keep track of
students' progress. The need for understanding the impact of student characteristics and their preferences on educational outcomes
in distance education requires data driven evaluation. These data can be used in applications such as predicting student performances,
suggesting learning resources, raising awareness, and detecting undesired learning behaviors. Learning analytics is a relatively new
topic in terms of education. More work should be done on it.
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REFERENCES

Agudo-Peregrina, A.F., Iglesias-Pradas, S., Conde-Gonzalez, M. A., & Hernandez-Garcia, A. (2014). Can we predict success from
log data in VLESs? Classification of interactions for learning analytics and their relation with performance in VLE-supported
F2F and online learning. Computers in Human Behavior, 31, 542-550.

Aldowah, H., Al-Samarraie, H., & Fauzy, W. M. (2019). Educational data mining and learning analytics for 21st century higher
education: A review and synthesis. Telematics and Informatics, 37, 13-49. doi:10.1016/j.tele.2019.01.007

AolIR, A. o. I. R. (2012). Ethical Decision-Making and Internet Research:Recommendations from the AolR Ethics Working
Committee (Version 2.0). Retrieved from https://aoir.org/reports/ethics2.pdf

Baghaei, N., Mitrovic, A., & Irwin, W. (2007). Supporting collaborative learning and problem-solving in a constraint-based CSCL
environment for UML class diagrams. International Journal of Computer-Supported Collaborative Learning, 2(2-3), 159-
190.

Baker, R. S., & Yacef, K. (2009). The state of educational data mining in 2009: A review and future visions. JEDM| Journal of
Educational Data Mining, 1(1), 3-17.

Bienkowski, M., Feng, M., & Means, B. (2012). Enhancing teaching and learning through educational data mining and learning
analytics: An issue brief. US Department of Education, Office of Educational Technology, 1, 1-57.

Blikstein, P., & Worsley, M. (2016). Multimodal learning analytics and education data mining: Using computational technologies
to measure complex learning tasks. Journal of Learning Analytics, 3(2), 220-238.

Bloom, B. S. (1968). Learning for Mastery. Instruction and Curriculum. Regional Education Laboratory for the Carolinas and
Virginia, Topical Papers and Reprints, Number 1. Evaluation comment, 1(2), n2.

Brown, M. (2011). Learning analytics: The coming third wave. EDUCAUSE Learning Initiative Brief, 1(4), 1-4.

Carter, A. S., Hundhausen, C. D., & Adesope, O. (2017). Blending measures of programming and social behavior into predictive
models of student achievement in early computing courses. ACM Transactions on Computing Education (TOCE), 17(3),
12.

Castellanos, J., Haya, P. A., & Urquiza-Fuentes, J. (2017). A Novel Group Engagement Score for Virtual Learning Environments.
IEEE Transactions on Learning Technologies, 10(3), 306-317. doi:10.1109/TLT.2016.2582164

Dabbagh, N., & Kitsantas, A. (2012). Personal Learning Environments, social media, and self-regulated learning: A natural formula
for connecting formal and informal learning. The Internet and Higher Education, 15(1), 3-8.

Dawson, S., Gasevi¢, D., Siemens, G., & Joksimovic, S. (2014). Current state and future trends: A citation network analysis of the
learning analytics field. Paper presented at the Proceedings of the fourth international conference on learning analytics and
knowledge, Indianapolis, Indiana, USA.

Drachsler, H., & Greller, W. (2012). The pulse of learning analytics understandings and expectations from the stakeholders. Paper
presented at the Proceedings of the 2nd international conference on learning analytics and knowledge.

Giannakos, M. N., Chorianopoulos, K., & Chrisochoides, N. (2015). Making sense of video analytics: Lessons learned from
clickstream interactions, attitudes, and learning outcome in a video-assisted course. The International Review of Research
in Open and Distributed Learning, 16(1).

Graf, S., & Liu, T. C. (2010). Analysis of learners' navigational behaviour and their learning styles in an online course. Journal of
Computer Assisted Learning, 26(2), 116-131.

Greller, W., & Drachsler, H. (2012). Translating learning into numbers: A generic framework for learning analytics. Educational
Technology & Society, 15(3), 42-57.

Gutiérrez, F., Seipp, K., Ochoa, X., Chiluiza, K., De Laet, T., & Verbert, K. (2020). LADA: A learning analytics dashboard for
academic advising. Computers in Human Behavior, 107. doi:10.1016/j.chb.2018.12.004

Johnson, L., Becker, S. A., Cummins, M., Estrada, V., Freeman, A., & Hall, C. (2016). NMC horizon report: 2016 higher education
edition: The New Media Consortium.

Jonassen, D. H. (1999). Designing constructivist learning environments. Instructional design theories and models: A new paradigm
of instructional theory, 2, 215-239.

Kerr, P. (2015). Adaptive learning. Elt Journal, 70(1), 88-93.

Kizilcec, R. F., Pérez-Sanagustin, M., & Maldonado, J. J. (2017). Self-requlated learning strategies predict learner behavior and
goal attainment in Massive Open Online Courses. Computers & Education, 104, 18-33.

Lee, D., Huh, Y., Lin, C.-Y., & Reigeluth, C. M. (2018). Technology functions for personalized learning in learner-centered schools.
Educational Technology Research and Development, 66(5), 1269-1302.

Liu, M., Kang, J., Zou, W., Lee, H., Pan, Z., & Corliss, S. (2017). Using data to understand how to better design adaptive learning.
Technology, Knowledge and Learning, 22(3), 271-298.

Manyika, J., Chui, M., Brown, B., Bughin, J., Dobbs, R., Roxburgh, C., & Byers, A. H. (2011). Big data: The next frontier for
innovation, competition, and productivity.

McCormick, J. (2013). Visualizing Interaction: Pilot investigation of a discourse analytics tool for online discussion. Bulletin of the
IEEE Technical Committee on Learning Technology, 15(2), 10-13.

Miliband, D. (2006). Choice and voice in personalised learning. Centre for Educational Research and Innovation (Ed.), Schooling
for tomorrow personalising education, 21-30.

87 © 2021, Journal of Learning and Teaching in Digital Age, 6(2), 81-89


https://aoir.org/reports/ethics2.pdf

F. Yiumaz & H. Cakir

Morris, L. V., Finnegan, C., & Wu, S.-S. (2005). Tracking student behavior, persistence, and achievement in online courses. The
Internet and Higher Education, 8(3), 221-231.

Oblinger, D. G. (2012). Let’s talk analytics. Educausk Review, 47(4), 10-13.

Pardo, A., Han, F., & Ellis, R. A. (2017). Combining university student self-regulated learning indicators and engagement with
online learning events to predict academic performance. IEEE Transactions on Learning Technologies, 10(1), 82-92.

Pardo, A., Jovanovic, J., Dawson, S., Gasevi¢, D., & Mirriahi, N. (2019). Using learning analytics to scale the provision of
personalised feedback. British Journal of Educational Technology, 50(1), 128-138. d0i:10.1111/bjet.12592

Pardo, A., & Siemens, G. (2014). Ethical and privacy principles for learning analytics. British Journal of Educational Technology,
45(3), 438-450.

Perkins, D. N. (1991). Technology meets constructivism: Do they make a marriage? Educational Technology, 31(5), 18-23.

Premlatha, K., Dharani, B., & Geetha, T. (2016). Dynamic learner profiling and automatic learner classification for adaptive e-
learning environment. Interactive Learning Environments, 24(6), 1054-1075.

Reeves, T. C. (2000). Alternative assessment approaches for online learning environments in higher education. Journal of
Educational Computing Research, 23(1), 101-111.

Reffay, C., & Chanier, T. (2003). How social network analysis can help to measure cohesion in collaborative distance-learning
Designing for change in networked learning environments (pp. 343-352): Springer.

Reigeluth, C. M., Aslan, S., Chen, Z., Dutta, P., Huh, Y., Lee, D., ... Tan, V. (2015). Personalized integrated educational system:
Technology functions for the learner-centered paradigm of education. Journal of Educational Computing Research, 53(3),
459-496.

Reigeluth, C. M., & Karnopp, J. R. (2013). Reinventing schools: It’s time to break the mold: R&L Education.

Romero, C., & Ventura, S. (2007). Educational data mining: A survey from 1995 to 2005. Expert systems with applications, 33(1),
135-146.

Romero, C., & Ventura, S. (2013). Data mining in education. Wiley Interdisciplinary Reviews: Data Mining and Knowledge
Discovery, 3(1), 12-27.

Romero, C., Ventura, S., Espejo, P. G., & Hervas, C. (2008). Data mining algorithms to classify students. Paper presented at the
Educational Data Mining 2008, Montréal, Québec, Canada.

Scheffel, M., Drachsler, H., De Kraker, J., Kreijns, K., Slootmaker, A., & Specht, M. (2017). Widget, widget on the wall, Am |
performing well at all? IEEE Transactions on Learning Technologies, 10(1), 42-52. doi:10.1109/TLT.2016.2622268

Sedrakyan, G., Malmberg, J., Verbert, K., Jarveld, S., & Kirschner, P. A. (2020). Linking learning behavior analytics and learning
science concepts: Designing a learning analytics dashboard for feedback to support learning regulation. Computers in
Human Behavior, 107. doi:10.1016/j.chb.2018.05.004

Shum, S. B., & Ferguson, R. (2012). Social learning analytics. Journal of Educational Technology & Society, 15(3).

Siemens, G., & Baker, R. S. (2012). Learning analytics and educational data mining: towards communication and collaboration.
Paper presented at the Proceedings of the 2nd international conference on learning analytics and knowledge, Vancouver,
BC, Canada.

Siemens, G., Dawson, S., & Lynch, G. (2013). Improving the quality and productivity of the higher education sector. Policy and
Strategy for Systems-Level Deployment of Learning Analytics. Canberra, Australia: Society for Learning Analytics
Research for the Australian Office for Learning and Teaching.

Siemens, G., & Gasevic, D. (2012). Guest editorial-learning and knowledge analytics. Educational Technology & Society, 15(3), 1-
2.

Siemens, G., & Long, P. (2011). Penetrating the fog: Analytics in learning and education. EducausE Review, 46(5), 30.

Strang, K. D. (2017). Beyond engagement analytics: which online mixed-data factors predict student learning outcomes? Education
and information technologies, 22(3), 917-937.

Tempelaar, D. T., Heck, A., Cuypers, H., van der Kooij, H., & van de Vrie, E. (2013). Formative assessment and learning analytics.
Paper presented at the Proceedings of the third international conference on learning analytics and knowledge.

Tempelaar, D. T., Rienties, B., & Giesbers, B. (2015). In search for the most informative data for feedback generation: Learning
Analytics in a data-rich context. Computers in Human Behavior, 47, 157-167.

Tobarra, L., Robles-Gomez, A., Ros, S., Hernandez, R., & Caminero, A. C. (2014). Analyzing the students’ behavior and relevant
topics in virtual learning communities. Computers in Human Behavior, 31, 659-669.

Verbert, K., Manouselis, N., Drachsler, H., & Duval, E. (2012). Dataset-driven research to support learning and knowledge analytics.
Educational Technology & Society, 15(3), 133-148.

Wabheed, H., Hassan, S. U., Aljohani, N. R., Hardman, J., Alelyani, S., & Nawaz, R. (2020). Predicting academic performance of
students from VLE big data using deep learning models. Computers in Human Behavior, 104.
doi:10.1016/j.chb.2019.106189

Wilson, A., Watson, C., Thompson, T. L., Drew, V., & Doyle, S. (2017). Learning analytics: Challenges and limitations. Teaching
in Higher Education, 22(8), 991-1007.

Wolff, A., Zdrahal, Z., Nikolov, A., & Pantucek, M. (2013). Improving retention: predicting at-risk students by analysing clicking
behaviour in a virtual learning environment. Paper presented at the Proceedings of the third international conference on
learning analytics and knowledge, Leuven, Belgium.

Wong, J., Baars, M., Davis, D., Van Der Zee, T., Houben, G. J., & Paas, F. (2019). Supporting Self-Regulated Learning in Online
Learning Environments and MOOCs: A Systematic Review. International Journal of Human-Computer Interaction, 35(4-
5), 356-373. doi:10.1080/10447318.2018.1543084

Xiao, H., Weng-Lam Cheong, C., & Kai-Wah Chu, S. (2018). Developing a multidimensional framework for analyzing student
comments in wikis. Journal of Educational Technology & Society, 21(4), 26-38.

88 © 2021, Journal of Learning and Teaching in Digital Age, 6(2), 81-89



Learning Analytics

Zheng, J., Xing, W., Zhu, G., Chen, G., Zhao, H., & Xie, C. (2020). Profiling self-regulation behaviors in STEM learning of
engineering design. Computers and Education, 143. doi:10.1016/j.compedu.2019.103669

89 © 2021, Journal of Learning and Teaching in Digital Age, 6(2), 81-89





