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Abstract: Data analytics is an important research area as it is the most trending one which is
used to solve a number of prediction and subsequent decision-making problems in different
domains like manufacturing, banking, retail, healthcare, education and many more. Analytics
in education domain is not popularly used, however is an important area of research by which
there are a number of benefits that could be reaped. Especially in case of online education
activities, enormous amountof useful data could be captured which may be used to improve
the quality of education. With this idea,this paper identifies the major areas where analytics
could be applied and presents its sub-areas as well.
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Introduction:
Although data analytics have been used in a number of domains, it has not been used much in
the education domain. There are a number of benefits that could be reaped if it is used in an
effective manner [1,2, 17]. A few important benefits include, firstly, personalisation of
learning experience based on student’s capability thereby increasing subject interest to
students. Secondly, it could also be used in designing new syllabus for students based on the
current job demands etc. These timely decisions would help improve students’ knowledge
and their performance according to the market need.Therefore, research of analytics in
education is extremely essential. Having this in mind a survey has been made to identify the
areas of interest where analytics can play a role in the field of education.
The rest of the paper is organised as follows. Section 2 gives an introduction on data analytics
and its classification. Section 3 presents an introduction on machine learning and a
classification of its algorithms. Section 4 briefly describes the areas in the education domain
where data analytics could be applied. Section 5 presents the conclusion.
Data Analytics:
It is a scientific process in which systematic analysis of data is made, which can be used to
find relationships among data, predict future outcomes from the analysed data and make
optimised decisions based on predictions. Data Analytics can be classified into three
categories. They are,




Descriptive analytics,
Predictive analytics and
Prescriptive analytics
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Descriptive analytics [2, 17]: This category could be used to mine information from the past
or current data by asking a question what happened? This gives the students, teachers and
other stakeholders clarity on what has happened in the pastand what is the current scenario, or
presents the past history of data until when the request was made. This history may consist of
qualitative as well as quantitative data.
Predictive analytics [2, 17]: This categoryforecasts what will happen tomorrow using
different statistical models. Predictive analytics is an important branch of analytics in which
learning from the available data and the various conditions imposed on the data helps in
gaining experience about the problem and uses this experience to predict future situations [7].
Predictive analytics rests on machine learning to learn from the available data and make
predictions.
Prescriptive analytics [2, 17]: This category uses the results of both predictive and
descriptive analytics to decide what needs to be done for attaining better quality? Or how to
produce optimised results? Example, when considering the teaching and learning process, it
analyses the cause-effect relationships and the predictions made to improve the teaching and
learning principles, rules, models etc. and provides a better teaching and learning process.
Therefore, the heart of the work lies mainly on the predictions made during the predictive
analytics. Since this category heavily relies on machine learning algorithms for its prediction,
the next section presents an overview of machine learning.
3. Machine Learning:
Machine learning is a field in artificial intelligence which develops algorithms that learns to
carry out tasks based on pragmatic data [7]. The machine learning algorithms employ a trial
and error process [8] in order to learn how to carry out tasks from the given data. These
machine learning algorithms could be classified in two types. They are the supervised and
unsupervised learning algorithms.
In case of supervised learning, a set of labelled training data is given and an agent does a lot
of trial runs and observes the input-output pairs in this labelled data and models a function to
map the outputs from the input [7, 8]. Further, supervised learning algorithms are classified
into classification and regression algorithms [3]. The difference between a classification and
a regression problem is that the output variable in case of a classification problem is a
category variable such as diseased or not diseased, yes or no etc. but in case of a regression
problem the output is a real value such as rupees, weight etc.Example: Naïve Bayes, Support
vector machines etc.are used for classification problems, while linear regression, is used for
regression problems, random forests for both classification and regression problems [3].
In case of unsupervised learning, a set of unlabelled training data is given and an agent does a
lot of trial runs and observes some patterns in this data from which the predictions can be
made [7, 8]. Further unsupervised learning algorithms are classified into clustering and
association rule learning algorithms. A clustering algorithm is one which clusters the given
data set into n-clusters, based on conditions relevant to the problem, like grouping clients
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based on buying patterns. Example of clustering algorithm include k-means algorithm [3]. An
association rule learning algorithm is one that learns new association rules on the given
dataset, like one buying pattern could be associated with another. Example includes the
apriori algorithm [3].
There is another king of problem which is called as semi-supervised learning problems. In
case of semi-supervised learning, only a small set of training data is labelled while the
majority of the data are unlabelled. In this case both the supervised as well as unsupervised
learning algorithms could be used.
Once again, these machine learning algorithms can be classified into parametric and nonparametric algorithms [4]. In case of parametric algorithms,a form of mapping function
which is appropriate to the problem given,is assumed and the co-efficient for the function are
learned from the training data. Examples include linear regression, logistic regression etc. In
case of non-parametric algorithms, there is no strong assumption made regarding the
mapping function, hence they can learn any functional form freely from the training data.
Examples include neural networks, decision trees, support vector machines etc.
Having given an overview on data analytics and machine learning, the next section presents
the survey on application of analytics in the education domain.
4. Data analytics in Education Domain:
Education analytics is nothing but collecting and analysing all data related to education in a
systematic manner in order to make future predictions and optimised decisions to improve the
quality of education.As far as the education process is concerned analytics can be applied in
six major areas. They aredepicted in the fig.1 below

Fig. 1 Areas of Education Analytics
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4.1 Teaching analytics [1]: collects and analyses data from which information are predicted
and hence informed decisions could be made which would improve the quality of
teaching.
a. Applications of teaching data analytics include analysing and predicting
i. Teachers’ skill and performance – This could be measured using a number
of factors such as
 Lesson preparedness
 Organisation of presentation
 Clarity of presentation
 Interesting presentation
 Use of examples and illustrations
 Course workload
 Course difficulty etc.
ii. Teaching activities [9] – This could be measured using a number of factors
such as
 mode and environment of teaching
 collaborating with students etc.
iii. Teachers’ behaviour detection [9] - This could be measured using a
number of factors such as
 Attitude towards students and questions
 Fairness of testing and grading
 Adjustment of rate and level to students
 Accessibility to students outside class
 Helpfulness to homework assignments etc.
4.2 Learning analytics [1]: collects and analyses data about the student’s learning abilities.
a. Applications of learning data analytics include analysing and predicting
i. Students’ skill and performance [9, 10, 11, 12] – This pertains to the
curricular and co-curricular activities assessments. This can be done by
assessing their concept maps, concept tests, assignments, group works,
creating and using rubrics [15] etc.
ii. Students’ attrition risk detection [9]- This helps in predicting the students
who may drop out from the degree or course and increasing his/her interest
by paying more attention to the student thereby enabling retention of the
student.
iii. Students’ behaviour detection [9, 13, 14]- This could be measured using a
number of factors such as
 Behaviour towards his peers
 Behaviour towards his teacher
 Students interest towards the course etc.
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iv. Student collaborations [9] – This is assessed when he/she works in a team.
This could be measured using a number of factors such as
 Students’ attitude
 Students’ friendliness to work in a team
 Students’ preparedness for a collaborative task
 Collaboration score etc.
v. Students’Learning Personalisation: Any class may constitute students with
different levels of basic knowledge. In addition, some students may be fast
learners, some moderate and the rest slow learners. So, in order to cater to
such variety of students by promoting their learning in an equal manner is
a challenge. Additional importance should be given to slow and moderate
learners so that they can cope equally with the fast learners. This can be
done by deciding how the learning content should be delivered for slow,
moderate and fast learners, without demotivating the entire class, thereby
increasing the subject interest equally to all of them. Addressing this is a
big challenge [6].One solution is to monitor and measure the learning
abilities of the student [6]. This kind of analytics which shows how
students learn, enables educators to adapt their teaching style according to
the student.

4.3 Administrative analytics:collects and analyses data on routine administrative operations
to assess how well it is performed.
a. Applications of administrative data analytics include analysing and predicting
i. Students’ demographic data [9]
ii. Students’personal data
iii. Teachers’personal and demographic data [9]
iv. Administrative data
v. Administrative staffs’ personal data
vi. Administrative staffs’ skill and performance
vii. Administrative staffs’ behaviour
viii. Administrative staffs’ demographic data
ix. Intelligent feedback [9] – Having in place a system that could give
immediate feedback to enquiries, which could be an automated one, would
improve students’ or any stakeholder’s interaction and interest.
x. Students’ fees etc.
4.4 Academic analytics:collects and analyses data related to academic activities such as
degree programs available, courses offered [7, 9], course evaluation, research etc. This
analysis could be made at the institutional level to improve institutions performance.
Some process like course evaluation are done to improve on the placement opportunities
of the students thereby benefiting the stakeholders as well as improving the success rate
of the institution.
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a. Applications of academic data analytics include analysing and predicting
i) Degree performance and recommendation
ii) Course requirements and recommendation
iii) New course design [6,9]: One concept which is important in the education
field is to modify the curriculum constantly according to the needs of the
businesses or industries. This can be done by analysing the big data
collected to understand the current employment trends in the market.
iv) Students’ pathway – Based on his/her interest, skills, performance and
behaviour, what has to be done once this course or degree is completed
could be predicted.
v) Faculty development
vi) Publication of Faculties [16]
vii) Award nomination strategies [16]– Gold medallists etc.

4.5 Examination analytics:collects and analyses data related to pre-exam preparations,
conducting exams and post-exam tasks.
a. Applications of examination data analytics include analysing and predicting
i) Mode (online or offline) and environment (home, college, university) of
examination
ii) Type of examination (Quiz, MCQs, Written exam etc.)
iii) Question paper quality analysis
iv) Students evaluation
v) Result analysis etc.
4.6 Institutional analytics:collects and analyses data about the various institutions, their
performance etc.
a. Applications of institutional data analytics include analysing and predicting
i. Institutions performance – can be assessedbased on the quality of
education they provide [9], based on the students’ placementsetc.
ii. Institutions infrastructure
iii. Institutions’ alumni
iv. Institutions research
v. Funding opportunities or Grants received
vi. Annual program assessment
vii. Institutional progress [16]
viii. Creating research centre [16]
ix. Conferences conducted
x. Faculty development programs conducted [16]
xi. Awards obtained [16]
xii. Institutional Ranking etc.
Therefore, on a broad base the categorisation of education analytics has been made with its
sub-categories to some level.
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5. Conclusion: Data analytics is a growing research area. Analytics has been applied to many
fields such as business, engineering, healthcare etc. But it is not so popularly used in the
education domain, even after the popularity of online mode of education. Hence, this was the
motivation to identify the areas where data analytics could be applied to improve the overall
quality of education. Therefore, this paper classifies the major areas under the education
domain where analytics can play a role stating a few sub-areas. These areas could be studied
in detail in the future, and the implementation of how analytics could be applied to these
areas, which machine learning technique may be more suitable etc. can be demonstrated in
detail.
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