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Abstract. The aim of learning analytics is to use
available data from different systems and data bases
in order to support students and teachers in learning
and teaching processes. In order to ensure that main
groups of users get what they need the most by using
learning analytics, there is an imperative to develop
feasible needs analysis methodology as well as to
perform the needs analysis according to it. There
are far less research and prediction about the role
and implementation of learning analytics in pre-
tertiary education (schools) than in higher
education. The research presented in this paper was
performed in primary and secondary schools in
Croatia. Final results are presented in form of most
relevant questions posed by students and teachers
that learning analytics system supposed to answer.
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1 Introduction

There are not many examples of pre-tertiary learning
analytics systems in place and research in this area
is still sporadic. In this paper we will present the
methodology for needs analysis of Learning
Analytics (LA) System in Croatian pre-tertiary
education with the special emphasis on needs of
students (pupils) and teachers.

The methodology is developed within the result
“Learning analytics” in the scope of the project ,,E-
Schools: Establishing a System for Developing
Digitally Mature Schools (pilot project) (E-
schools). The coordinating body of the project is the
Croatian Academic and Research Network -
CARNet and the University of Zagreb, Faculty of
Organization and Informatics (FOI) is one of the
project partners. The purpose of the E-schools pilot
project is to establish a system for the development
of digitally mature schools through the pilot project
and the evaluation of the application of ICT
(information and communications technologies) in
the educational and operational processes of 10% of
schools in the Republic of Croatia (CARNet, 2015).

One of the project results is the development of
Learning Analytics and Educational Data Mining
being also main topic of this paper.

2 Learning Analytics for Tertiary
and Pre-tertiary Education

In (Ferguson, 2012) learning analytics is defined as
the measurement, collection, analysis and reporting
of data about learners and their contexts, for
purposes of understanding and optimizing learning
and the environments in which it occurs.

According to (Johnson et al. 2016) “learning
analytics is an educational application of web
analytics aimed at learner profiling, a process of
gathering and analysing details of individual student
interactions in online learning activities. The goal is
to build better pedagogies, empower active learning,
target at-risk student populations, and assess factors
affecting completion and student success.”

Considering learning analytics as one of the
promising trends that leads to new insights on
learners' behaviour, interactions, and learning paths,
as well as to improvement of the technology
enhanced learning methods in a data-driven way
(Vahdat et al. 2015), some authors (Horizon, 2011),
(Redecker, 2013) expected learning analytics to be
mature and become a reality by 2016.

There are many references to learning analytics
research and implementation in higher education.
Providing high quality, relevant and widely
accessible higher education is a fundamental goal of
the European Higher Education Area (High Level
Group, 2014). The report includes s list of new
modes of learning and teaching to modernize higher
education among which more personalized learning
informed by better data. The advances in big data
and learning analytics can help higher education
system customize teaching tools and develop more
personalized learning pathways based on student
data. Bring Your Own Device (BYOD), along with
learning analytics and adaptive learning, are
according to (Johnson et al., 2016) expected to be
increasingly adopted by higher education
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institutions in one year’s time or less to make use of

mobile learning and student data that can be

gathered through online learning environments.

Further, Kasemsap, (2016) highlights that
application of learning analytics contributes to
improvement of educational performance and reach
strategic goals in information age. Further, in
(Kasemsap, 2016) is presented the role of learning
analytics (LA) in global higher education illustrating
the theoretical and practical overview of LA, LA and
educational data mining, LA and learning
management system, LA and Course Signals, LA
and knowledge perspectives, LA and social
networking sites and significance of LA in global
higher education.

Concerning application of learning analytics as
strong driver for modernization of higher education,
some universities in the United Kingdom, United
States and in Australia have been deployed learning
analytics at a national level. Currently there is not
such a steep progress in pre-tertiary education.

The report Learning Analytics in Higher
Education (Sclater et al. 2016) presents an overview
of the evidence currently available of the impact that
analytics are having on teaching and learning at
universities in the United States, Australia and the
United Kingdom. The case studies of some of the
most prominent institutions presented in the report
provide evidence that:

e Researchers have demonstrated the validity of
the predictive models used by learning analytics
systems

e Theinterventions carried out with students have
been effective

e There are other benefits to taking a more data-
driven approach to higher education provision.

As evident, the potential of LA in higher
education is unquestionable and its outcomes are
promising, but the application of LA in pre-tertiary
education is lagging behind. There are several
reasons for that, but first of all schools are, if
compared to higher education, very dependent on
initiatives coming from governments, ministries and
governmental agencies. Secondly, LA is using data
from primary and secondary schools’ students
(pupils) in who are predominantly under aged and
therefore privacy and ethical issues are even more
demanding than in HE. As a consequence, any
considerable developments regarding the use of
learning analytics in schools can be expected as a
national initiative including ethical standards,
sustainable long term funding and common
framework of conduct.

Therefore, the application of LA in pre-tertiary
education is not researched although many questions
arise such as:

e What are the specific needs of teachers and
students (pupils) in pre-tertiary educational
sector?

o What are the possibilities of applying learning
analytics in pre-tertiary educational sector?

e What are the similarities and differences
between higher education and pre-tertiary
education related to implementation and
usefulness of learning analytics?

e What are the specific challenges of ethics and
privacy issues of LA in pre-tertiary education?

e What are the most useful data sources about
learners in pre-tertiary education?

e How to integrate data from f2f classroom with
data from LMS and other e-sources?

Evidently, there is a considerable research gap in the

pre-tertiary learning analytics area.

3 Goals of Learning Analytics in
Pre-Tertiary Education

Learning analytics integrates research and
methodology related to business intelligence, web
analytics, academic analytics, action analytics,
predictive analytics, data mining, social network
analysis, data visualization, machine learning,
learning sciences, psychology, semantics, artificial
intelligence, e-learning and educational theory and
practice (Kasemsap, 2016) (Papamitsiou &
Economides, 2014).

According to very thorough literature
consolidation of learning analytics presented in
(Kasemsap, 2016), learning analytics can leverage
improvement of learning process and their outcomes
through the:

e improvement of educational decision making
(Arnold, 2010), (Norris et at., 2013), (Vatrapu
et al. 2011)

e more timely and frequent feedback for students
and teachers (Hamalainen et al., 2004),
(Merceron & Yacef, 2005), (Suthers et al. 2008)

e individualization of teaching and learning (Lu,
2004) (Talavera & Gaudioso, 2004)

e generation of a richer set of data on student
behaviour and learning (Baker & Yacef, 2009),
(Mazza & Dimitrova, 2004), (Pavlik et al.
2009).

Furthermore, learning analytics can leverage
improvement in educational system through
deployment of early warning system that is early
identification of students at-risk, preparing
intervention strategies and predicting student
success. Vahdat et al., (2015) also state that LA and
Educational Data Mining (EDM) are valuable
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concerning the prediction of the future learning
behaviour in order to provide feedbacks and adapt
recommender systems based on learners’ attitudes.

Based on the assumption that possibilities
offered by LA are applicable in pre-tertiary
educational system, our research focuses on the
challenges of introduction of LA system in pre-
tertiary educational system in Croatia. Accordingly,
we developed the methodology for introduction of
LA system in pre-tertiary educational system in
Croatia within “E-schools pilot project”.

The approach for LA pre-production system
development consists of the steps presented in the
Figure 1.

data
avialability
analysis

user needs
ELEISH

goals setting g

dashboards tender

specification

design

Figure 1. Development of LA system

In this paper we deal with the first and second steps
and focus on the students and teachers as user
groups.

4 Methodology

The use of learning analytics in schools (K12) is of
growing interest (LACE, 2016) but still very much
lagging behind development in higher education.
One of the main issues in this new context is users’
needs analysis.

Within E-schools pilot project we developed the
methodology for needs analysis for learning
analytics system in pre-tertiary education and we
implemented it in Croatia. The methodology phases
are presented in Figure 2 and are elaborated below.

4.1 Scope Identification Phase

4.1.1 Identifying Goals of LA System

The cornerstone document for setting the goals
of LA and EDM system in Croatia was The Strategy
of Education, Science and Technology (MSES,
2014) that was adopted by the Croatian Parliament
in 2014. In (MSES, 2014) is stated that one of the
most effective ways for quality assurance in
educational system are interventions at school level
focused on students.

1. Scope identification phase

Goals setting and LA system users' groups
identification

NS

2. Users' questions collection phase

Focus groups, interviews, literature review,
research experience

3. Relevance survey phase

Assessment of question relevance for including
in LA system

NS

4. Data analysis phase

Descriptive statistics and prioritization

NS

5. Consistency evaluation phase

Evaluation of complience with the goals

Figure 2. Phases of needs analysis methodology

These interventions are recognized as the potential

mechanisms  for identification of learning

disabilities and mechanisms to provide additional
support to students in order to improve their
achievements.

Supporting Strategy goals (MSES, 2014),
putting students, their needs and teachers in the
focus of educational process and concerning LA as
a promising tool for quality assurance and quality
improvement of educational system, we defined the
following goals of introducing LA system to pre-
tertiary education in Croatia:

e Goal 1: To collect, measure and analyse data
about students, their educational environment
and teacher’s activities to provide equal
opportunities for realizing the potential to all
students in Croatia.

e Goal 2: To continuously inform decision
makers on the educational system level,
founders and schools about quality of
educational process, system efficiency, needs
for investment and educational, financial,
human resources and etc. Interventions in the
system and any part of it in order to ensure each
student the best possible conditions and support
for successful learning and holistic personal
development and to raise the quality of the
educational process.

e Goal 3: Tocollect data, set metrics and analyse
the implementation strategies at pre-tertiary
education in Croatia to ensure quality and
relevant education and equal opportunities.
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e Goal 4: To monitor the introduction of the
concept of digitally mature schools in pre-
tertiary educational system in Croatia and its
impact on achievement the Strategy objectives.

4.1.2 Identifying LA and EDM System Users

In order to achieve the defined goals, it is critical to
timely include all relevant target groups in the
process of introduction the LA system in pre-tertiary
education concerning national, institutional and
course framework.

Shum, (2012) stated that it is not enough to
include only technologists in the process of
introduction learning analytics in education but also
researchers in education, policy makers, educational
practitioners, organizational administrators,
instructional designers, product vendors, and
learners who are the primary consumers of certain
kinds of learning analytics.

(Gagevi¢ et al., 2015) (Kasemsap, 2016) also
emphasize that learning analytics needs better
connection with the existing body of research
knowledge about learning and teaching. Researchers
need to pay attention to learning sciences to enforce
pedagogy and improve learning design (Ferguson,
2012) and intervention strategies.

From the aspect of introduction LA system in
pre-tertiary education, it is very important to include
parents, but also psychological and pedagogical
support domain to ensure students the better
understanding of information on their progress, to
ensure interventions for “risky” behaviours as well
as the quality support system in schools.

The effective use of learning analytics implies
usage of large set of collected data on students and
their learning activities. To ensure that learning
analytics is carried out responsibly, appropriately
and effectively, addressing the key legal, ethical and
logistical issues which are likely to arise (Sclater &
Bailey, 2015) it is important to consult Croatian
Personal Data Protection Agency.

Apart from the aforementioned groups, the
contribution to establishment the successful
educational system through introduction of learning
analytics in pre-tertiary education system requests
input from external quality assurance and quality
improvement system in Croatia, such as Agency for
Education, Agency for Vocational Education and
Training and Adult Education, and National Centre
for the Evaluation of Education.

Based on the theoretical references for LA and
EDM, four goals identified, study visits of project
team and discussions of experts and project team, we
identified users of LA and EDM system related to
the two dimensions as it is shown in Table 1. The
first dimension is the role of user in the system

where we distinguish between three different roles

as follows:

1) directly participating in educational process

2) management of institutions or educational
system on regional or national level

3) in charge of external quality assurance, support
and research.

The second dimension deals with position of a user

related to a school and according to these users can

be divided in two groups:

A) Internal users: users who attend school or are
school employees

B) External users: users who are engaged in
schools in various aspects of their work and
activities.

In Table 1 are presented the identified target groups

of LA system in pre-tertiary education in Croatia and

their representatives.

Here we can further reduce the number of target

groups to four groups, based on analysing their

needs for LA support.

The main users’ groups can be connected also to
the four goals of LA and EDM system. The first goal
is at the very heart of LA and the main users of
results and beneficiaries are students and teachers.
Needs of these two user groups are in the focus of
this paper.

Table 1. Target groups and their representatives

Teaching Institutional Quality
and and system assurance,
learning management support,
processes research
Students School Pedagogical
= (and principal support
S | parents) | School board
£ | Teachers Administrative-
technical support
Expert School Agencies and
Group for founders centres for quality
Strategy assurance
= Ministry of
£ Expert Science, Researchers
g Group for Education
W | Curricular and Sport | National Councils
Reform
Government IT support
Advisors
Parliament
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4.2 Users' Questions Collection Phase

After identifying goals and users of LA and EDM

system in pre-tertiary education, we collected user

needs in two ways:

e Researching relevant literature on needs of user
groups mentioned in Table 1 and personal
experience of researchers in the project

e Recording user needs through focus groups and
interviews using events such as conference,
workshops, meetings with school, Ministry,
agencies representatives and similar.

The main idea was to collect users’ needs in form
of questions set by users which are connected to their
everyday learning, teaching, work and professional
life. In that way we tried to motivate users to set
relevant questions no matter if it possible to answer
them or how we get an answer. The intention was to
collect as many questions as possible that will be
analysed in the following phases.

The result of collecting user needs from different
sources was a list of 168 questions for all identified
user groups.

After that, we performed analysis of collected

question to:

e identify questions that are the most important
for several users

e identify redundant and unclear questions

e identify questions that are impossible to give an
answer having in mind forecasted development
of LA system until 2020.

Finally, we compiled a list of 131 questions
organized in six groups of users and some questions
were relevant for several user groups. Specifically,
there are 48 questions assessed as important for
students and 90 for teachers.

4.3 Relevance Survey Phase

The purpose of survey was to assess question

relevance for inclusion in the second phase of the LA

system development. We used the 5 point Likert-like
scale and asked the users to assess if the answer on

a question would be relevant to their learning,

teaching and work. They can answer with the

following options: 1 — not at all relevant; 2 — not
relevant; 3 - neither relevant nor irrelevant; 4 —
relevant; 5 — very relevant.

Specifically, students (pupils) and teachers were
asked to assess the relevance for including in LA
systems for questions related to:

e Student success (comparison of students,
talented students, students at risk, students with
special needs, predictors of success, predictors
of risk, motivation)

e  Teachers performance (comparison of teachers,
possibilities for improvement — vocational
training and lifelong learning)

e  Teaching methods and used materials

e Various impacts on learning outcomes

e ICT in education, digital maturity and digital
educational materials

e School success (comparison of schools and
programs)

e School equipment, resources and teaching
organization

Finally, 116 students and 39 teachers completed the

questionnaires. Due to the time and resource

constrains students and teachers are from primary
and secondary schools from Slavonia and Northwest

Croatia. Students (N=116) that fill out the

questionnaire attended two primary and three

secondary schools from Osjecko-baranjska County,

Vukovarsko-srijemska County and Varazdinska

County.

Teachers (N=39) that participated in the survey

teach in primary and secondary schools in three

above mentioned counties.

4.4 Data Analysis Phase

Finally, we approached data analysis and performed
descriptive statistics and prioritization. The list of
questions with highest average relevance for
“Students” and “Teachers” is presented below
(Table 2 and Table 3).

The students’ answers (Table 2) show that they
are mainly concerned with what are their
opportunities for success in school, further
education and/or in labour market as well as what
are the risks threatening their goals. In that respect
they took into account their personal characteristics
(grit, motivation, prior knowledge), socio-economic
background and quality of the school they attend
(quality of teachers, timetable, equipment etc.).

The answers collected from teachers show
(Table 3) that their main concern is how to support
their students in learning and achieving their goals
regarding the higher level of education and/or
employability. They recognized that their training is
one of the critical success factors for their students’
achievement along with facilitate students’ active
learning (teaching and evaluation methods, material
etc.).

Other user groups also participated in the survey
assessing their “own” list of collected initial
questions and their results are also analysed.
Altogether 252  participants completed the
questionnaires.

As itis shown in the Figure 1, the next step in the
LA system development is the analysis of the
available data sources. It has been very demanding
process due to fragmentation and incompleteness of
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data bases, data ownership issues, interoperability
challenges, ethical concerns and last but also very
important the integration of data collecting on line
and in physical school environment. Further
development of these issues exceeds the scope of
this paper.

Table 2. Top 10 questions according to average for
group ,,Students*

Question Average
Is this program (high school, higher
education) that | want to enrol good

for me? 4.33
Are teachers in particular school

successful in teaching? 4.17

To what extend knowledge or
competences that | currently acquire
correspond to labour market needs for
certain professions/jobs? 4.09
Is it my grit/motivation enough to
keep long term interest and passion
for curriculum and activities? 4.06
How equipment, design, working
environment impact teachers and
students’ motivation for work and

learning outcomes? 4.01
Does the number of school hours’
impact students’ success? 3.98
How family social status impact the
achievement of learning outcomes? 3.91

What is the impact of practice outside
school to professional learning
outcomes and employment
possibilities? 3.87
How attending optional courses in
computer sciences in primary school
impact students’ digital competences

and success in other courses? 3.87
What is my grit at the end of each
academic/school year? 3.85

Table 3. Top 10 questions according to average for
group ,, Teachers*

Question Average
Which students are talented and need
additional support? 4.31
Does student achieve preconditions

for admission to the desired higher

level of education? 4.31
Am | getting better in teaching on my

course (historical overview)? 4.30
Which professional training is the

best for me to be more successful? 4.25
Which teaching methods increase
students’ activity? 4.24

Which teaching and evaluation
methods increase students’ activity? 4.19
How successful are my students in
continuing their education, i.e. are
they employed in their profession? 4.16
How quality of teachers/their success
in previous education impacts

students success? 4.16
What materials are interesting to
students? 4.16

How the estimated time that students
invested in their independent work
impacts their success? 4.16

5 Dashboards for Different Groups
of LA Systems Users

Based on the user needs, the analysis and the
availability of data sources, the dashboards for
different users have been designed. According to

(SOLAR, 2011) the dashboard is the sense making

component of the LA system, presenting visualized

data to assist individuals in making decisions about
teaching and learning. The dashboard consists of
four basic views: learner, educator, researcher and
institution. Needs analysis can serve as a base for

identifying the functionalities available on a

dashboard for particular groups of users.

Based on the needs analysis we identify that
students (learners) are interested to use his/her
dashboard information to learn about:

e comparison of the student’s achieved
competencies and competences required in the
labour market

e comparison of student’s achievement and the
preconditions for enrolment at secondary
school/higher education

e teachers’ performance (survey results, learners
grades at course in previous school years,
average grade on the course (historical
overview))

o  risks students have in achieving their goals

e how astudent can improve his/her performance.

Besides, students (learners) are also interested
in impact of various factors on student achievement
(such as family social status, school equipment and
design, working atmosphere, school practice, team
work, absences from school, time spent on
independent work) and impact of various factors on
competences achievement (e.g. attending elective
courses in informatics on digital competences).
Further, teachers (educator) are interested to use
his/her dashboard information to learn about:
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e their performance (survey results, students’
grades, historical overview)

e talented students and students who need
additional support

e students’ achievement in continuing their
education

e students’ learning activities.

Besides, they are also interested in impact of
various factors on students’ activities (e.g. teaching
methods, learning methods, evaluation methods),
impact of various factors on student success (e.g.
time spent on homework, teachers’ success in
previous education) and recommendations for
professional development to improve teaching
performance.

6 Conclusion

Croatia takes advantage of EU funding available to
start with systematic development of national
Learning Analytics and Educational Data Mining
system in the scope of wider goal of digitalization of
Croatian schools. That gives the project team an
opportunity to develop sound methodology for LA
system planning, producing, implementing and
monitoring.

The whole process started with setting the goals

of LA system as well as with the identification of
main user groups. Among altogether six user groups
the highest priority has been given to students
(pupils) and teachers.
The users’ needs identification was conducted in
two phases: collecting the set of their possible
questions and assessing their relevance for different
user groups.

Historically, learning analytics has been
developed in three stages where the first stage was
describing results, the second stage was diagnosing
learner’s situation, and the third and current stage is
predicting what will happen in the future (Johnson
et al., 2016). The needs analysis performed in the
scope of E-schools pilot project shows that students
and teachers recognized elements from all three
stages as important and relevant.

Based on students’ and teachers’ needs further
analysis of availability and reliability of data can be
performed. Finally, taking into account the results of
this analysis, different dashboards for different users
can be designed.
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