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ABSTRACT

Business Intelligence (BI) and learning analytic (LA) are drawing substantial attentions
recently, and being one of the most competitive advantageous-themes areas in universities
nowadays. The revolution of ICT and the vast amount of data that has been generated
accordingly, makes it significant to gain the maximum benefits of these datasets, in proportion
to retention, students' success as a key research topic and students’ satisfaction. And to improve
individual performance, that leed to improve the overall organization's performance, increase
profitability, novel insights and stronger innovations. Although Bl systems have a great impact
on strategic, informed and high-quality decisions based, there is a lack of evident based practical
guidance, on how effectively deploying LA to improve learning outcomes and students’ success,
as a big challenge in HEIs. The objective of this research, is to fill the void in literature by
developing and validating a framework. The model is expected to integrates Bl software
solutions, LA and students’ performance. Predictive analytics is used for analyzing useful
knowledge from the student learning experience, to improve learning outcomes for the students
and the society. A student satisfaction survey via a questionnaire is conducted, to capture student
requirements, and for well understanding of their educational needs, as well as individual
learning characteristics. The understanding of quality office requirements, gathered by
interviewing quality affairs dean, studying university’s documents and distributing questionnaire
to academic and administrative s-taff member’s representatives, for many key regions.
Researcher conducted a systematic literature review (LR), in LA field action researches, design
and development LA models, universities’ Bl initiatives and big data generated in HE as a big
challenge. Using design and development research methods, a novel but practical model was
constructed. The model is validated, deploying a real students’ dataset of “1034” undergraduate
active students (students’ mean age 19.5, 65% females), studying for degree of computer science
in Computer Science and Information Technology College in SUST, one of the public
universities in Sudan. Starting with extracting the variables, from heterogeneous resources
(student information system, students’ grading, enrollment and biography information), to
populate warehouse systems, which used for performance measurement and decision support by

analyzing facts produced, using Tableau Bl software tool.



The findings explored that, how technology captured data of students’ performance for
prediction, to identified at-risk students, for the purpose of consulting and withholding them
before being drop out. Findings also investigate a profound domain knowledge about students
and their context, and effectively differentiate the overall performance per college/departments
per years/semester, giving implication of the retention, completion rate for graduated students
and to detect defects to be corrected using and implementing effective informed decisions.
Finally, a comprehensive evaluation is conducted, by surveys and interviews, determining the
efficiency and influence of the proposed framework. This research identifies five main phases of
this integrated framework: Data warehouse population, Data analytics, Visualization,
Operational insights and assessment data phase. Each stage involves several key fundamental

factors.
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CHAPTER 1

INTRODUCTION

1.1 Background:

Higher Education recently has a strong demand for, and perfect strategic transformation
toward using innovative technologies in complex decision making, students’ retention and
quality control environment (Mutanga 2014); (Bichsel 2012). These trends plus globalization
and ICT evolution that enhance obtainability of different data sources, lead to the big datasets
that are growing recently with new problem (Murnion & Helfert 2013); (Wu et al.
2014);(Bichsel 2012). In last two years hundreds of hour’s videos and Petabytes of data are
uploaded through YouTube and Facebook every minute (Mamonov et al. 2014). $14.4 trillion
market and over 10 billion devices being connected to the Internet, expected to grow up to 50
billion by 2020, and this will lead to the Internet of Everything (loE) that lead to improving
quality of learning (Hughes & Dobbins 2014), and giant number of higher education students
could experience learning in Computer Based Learning Environments (CBLESs) (Bogarin et al.
2018). 90% of all existing data is performed in the past two years (Wu et al. 2014) , In addition,
most of the existing data is unstructured which points out a difficult and complex process in

handling such data (Mamonov et al. 2014).

All the above mentioned reasons lead to the urgent need and strong competition between
HEIs (Aljawarneh 2016) ; (Hughes & Dobbins 2014), for the importance of the preparation
their "big data" foundation for further analytics, transforming it to a useful information and
gaining the most benefits of advanced analytical technologies including (BI) tools (Elias 2012);
(Bichsel 2012); (Murnion & Helfert 2013).



In recent years the idea of Bl and analytics (BI&A) has obtained a substantial amount
of importance in research according to the number of published success cases (Universitaria
2013).

1.1.2 Major benefits of (BI&A) systems concern:

Information quality: One of the major benefits and major concern of (BI&A) systems is
the delivery of high quality information that is certainly reachable; therefore, usage of these

systems will highly evidence big data quality as needed in HEIs (Universitaria 2013).

Speed: another major benefits of (BI&A) systems is the time saving in accessing to
information and also in speeding up and having a positive effect on the decision processes

(routines by which decisions are made in organizations) (Universitaria 2013).

Enhancing collection of raw data, which can be structured/unstructured, and in various
formats. For example, document text/electronic-tables/database-structure, excel format ...etc.,
from all angles that may need special, difficult and complex process in handling. Integrating
data from all angles make it more reliable and increases accessibility, availability, visibility and
effectiveness (Bichsel 2012); (Hughes & Dobbins 2014).

Enhancing the transformation of raw data to informed reports and allowing for high-
quality data by eliminating doubts before uploading and getting started with building
performance models, decision making process, and providing more timely, informed, fact-
based, high-quality decisions, future planning and efficiency improvement (Universitaria
2013); (muntean & muntean 2012).



1.1.3 Business Intelligence /Analytics field:

Bl is generally defined as, an umbrella of a broad category IT initiative of fast growing
effective subjects, such as talents or skills, tools, uses, methods, extract, technologies and
practices, that focuses on enhance, gather, stock, organize, report and analyze gained business
knowledge from multiple platforms (Yahaya et al. 2018), to help people foretell visions and
make educated, informed, significant, well-timed, clever and evidenced decisions and transform
data into high-valued, accurate and easy access awareness using IT systems such as DW,
Metadata, DM, Data Marts, ETL, OLAP, Query and Reporting Software, visualization and
artificial intelligence (Fig. [I-1]). To increase performance, throughput and effectiveness, and
boost the use of information providing access to data to help enterprise users make efficient
business decisions, supporting decision-making requirements for both teachers and students.
Considering student as a decision maker who should be empowered to see a visual
representation for their learning experience (Atkinson 2015) in addition to other decision
makers for future planning (Abdul Aziz et al. 2014); (Mutanga 2014); (Kabakchieva 2015);
(Mamonov et al. 2014); (Rouhani et al. 2012); (Aljawarneh 2016), (Yahaya et al. 2018).

Business intelligence framework

Data
Extract warehouse

transform
load -
Metadata | @
Getting data in Getting data out
(data warehousing) (business intelligence)

Figure [I-1] : Business Intelligence framework, Source:(Watson & Wixom 2007)




Bl stages include: Investigation, watching/observing, key performance indicators
(KPIs) and consoles (Kabakchieva 2015). Bl can also be used as a checking and forecasting
tool in education (e.g. SIS) or business marketing (e.g. Customer Relationship Management
(CRM)) etc., through reliable, fine and multi platforms supporting user interfaces (Kabakchieva
2015). In addition, integration of Bl & CRM or Bl & SIS is the most popular approach rather
than integrating Bl with Al and Data Mining (Uma & Sankarasubramanian 2014).

In data preparation, (DW) integrate data from all positions (inside, outside, historical
and fresh data) and transform it to build a solid foundation for processing and analyzing
knowledge (Kabakchieva 2015).

Although DW facilitates the Bl system functions, data can be extracted directly from
data base resources in a more inconvenient way (Kabakchieva 2015). Three steps are needed
for constructing the BIS architecture, the first level is the "Data Management™ in which
relational databases or ETL or DW (as most researches do) or any other data foundations are
used. The second level is the "Data Modelling" using Metadata, Data Marts, OLAP, DM,
OLAM (OLAP systems using DM) or any technologies for foretelling data by "drill down™ for
details or "roll-up" to aggregations. The third Level is the "Data Visualization Tools", in which
the query and reporting Software is included, and "Bl portal” tools that provide secure, user-
friendly, web-based integration point and simply present the access point to the widespread
public (Kabakchieva 2015); (Kowalczyk et al. 2013).

Outputs (Reporting)

Business Intelligence Tools (Data Mining, Ad-hoc Query and
Ad-hoc Analysis)

Business Views (Logical model Layer)
Data Warehouse / Data Mart (Physical Layer)

Extract, Transform and Load (ETL Layer)

Data Source

Figure [ 1-2] : Business Intelligence framework, Source:(Watson & Wixom 2007)



As shown in (Fig [1.2]), BI tools such as DM, OLAP and ad-hoc query are used to
foretell and vision data after collecting it from a number of data source using the "ETL process”
to extract business data (Ishaya & Folarin 2012), transform it and upload data into the DW’s
foundation (getting data in);(Kowalczyk et al. 2013). However, the traditional approach to Bl

(getting data out) takes much slower time to practice (can take days).

So it lacks a lively style, flexibility, association and reliability of analysis by the growing
amount of timely complex data (Mutanga 2014). An enhancement on the traditional approach
IS made by employing the ETL Layer and Logical Layer as web constituent services, and thus,
control OS and BI architecture, as shown in (Fig. [I-3]) (Kowalczyk et al. 2013).

{(Analytic Application Layer)
Dashboard, Reporting, and Analysis

ReportingsServices ogical Layer
Bl Tools Bridger Service, Cube Discover Services,
Metric/Alert Services, CWM metadata Service, and
Security Service.

Data Warehouse / Data Mart (Physical Layer)

ETL ComponentServices (ETL Layer)
Extract Services, Transform Service, and Load services

(Data Source Layer)
External Data Sources & OSS 1, OSS 2, ...OSS N

Figure [ 1-3] : BI current approach, source: (Ishaya & Folarin 2012)

The main technical advantage of using Bl systems, is the aggregation of data from all
angles and achieving “a single version of truth” that ready to provide the right report at the right
time to the right persons of all organization members supporting analysis, monitoring, KPIs and
dashboards (Kabakchieva 2015).



2. Motivation

HEIs nowadays are operating in a very complex and dynamic environment. There is a
strong competition and excessive interest between them due to globalization and rapid evolution
of ICT in the past few years, stressing on a better analysis of their big data available (Elias
2011); (Aljawarneh 2016); (Hughes & Dobbins 2014), in addition, there is growing needs for
tools and evidences of action taken by institutions, to ensure and improve quality, and learning

analytics expected to mark significant contributions in this (Sclater et al. 2016).

There is a ready need in modern HEIs to get the most benefits of their data available
about students from different resources like SIS and LMS where huge amount of useful and
easy access students’ data and their behavior is recorded (Bogarin et al. 2018), using LMS web
platforms like Moodle, and frequently replacing face-to-face interaction (Muntean & Muntean
2012); (Hughes & Dobbins 2014). This big data differs in many ways like data format, data
sources and information system used, as well as specific goals and objectives followed, in order
to build a better knowledge foundation about their students’ learning experience and the
learning environment for improving quality and performance in terms of teaching quality,
students’ satisfaction, boosting retention, engagement, grades and success, attracting more
students and researchers by responding to their needs and personalizing their learning
experience (Elias 2011); (Dietz-Uhler & Hurn 2013).

Eventually, the goal of any estimation and quality assurance process in HEIs is to
advance on preparation to demonstrate in students’ learning, requiring certain progress
indicators or striking new rules for Quality Assurance (QA), (Abelardo Pardo 2014), (Dringus
2011).

HEIs in USA, Australia and Western Europe, have understood already the impact of the
revolution in ICT, and the big growing data with new problem, accordingly, universities to keep
competitive, are concentrating not only on high quality education and research but also on
methods how to interest more and better students by providing more attractive programs in

bachelor, master, PhD and post-doctorate degrees (Elias 2011).



Leading HEIs are completely aware now that they should analyzes their available data,
(Liu & Huang 2017) to get an effective knowledge about their students to understand their
individual learning characteristics and specific educational needs to increase performance in
terms of teaching quality and students’ satisfaction and thus enhancing the LA opportunities,
and QA management, (Murnion & Helfert 2013); (Elias 2011). In addition HEIs have a great
challenge in keeping track of their dataset, changing it to large number of variables and

attributes, for accreditation and quality requirements (Harman 2013).

Learning analytics can address the need for both quality assurance, that becomes a
critical process in HEIs (Murnion & Helfert 2013), and learning perfection requirements’
(Macfadyen et al. 2014).

According to (Mutanga 2014), most of the South African HEIs have no unified data
structure that acts as a foundation for employing analytics and Bl systems. Data sources are

reverse to each other, in a raw format and useless for decision-making processes.

Most Bulgarian universities are still using the traditional classroom educational system
model and stored their data from admission of new students for managerial reasons, in a paper
format. Some or most universities stored their data already in an electronic format, text
document or electronic tables or in several relational databases, and online information like web
pages, courses information, multimedia databases, etc., are always available. However, there is
no integrated data structure suitable for analyzing knowledge, (Elias 2011). Attendance,
feedback, monitoring the learning process and many activities are all done manually based on
personal observation that couldn’t be useful for extracting truly high quality information about

students’ learning process (Elias 2011).

Web based education interaction is kept in log files and if being analyzed, very important
data about the students can be extracted showing their favorite path and most challenging

problems and conceptions. (Elias 2011); (Macfadyen et al. 2014).



Most UK universities use at least one generic Bl tool for monitoring and planning their

business activities. According to a UCISA CIS survey, SAP Business Object is used by 22% of

the institutions, Microsoft Performance Point by 19% and Oracle’s BI systems by 14% but

“meanwhile I’'m not hearing of the SAP, Microsoft and Oracle significant adoption in

education” (Uma & Sankarasubramanian 2014).

The following four figures are from the European Universities Information Systems

(EUNIS) BI conference, held in Paris March 2014, for evaluating the maturity level of Bl in

European HEIs (Cardoso 2014).

Survey analysis: Germany

HE Bl Maturity overview (de)

6,0

4,5

3,0
1’5 “ || J
0,0 I II I

Sponsorship Value Data

Scope Funding Architecture Development

Delivery

Qverall

B Nonexistent
M Praiminary
Repeatable
Il Managed
M Optimized

Figure [I-4] : HE Bl Maturity overview, Source: (Cardoso 2014)



Survey analysis: [taly

HE Bl Maturity overview (it)
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M Managed

45
H Optimized

30

) ‘ ‘ ‘ ‘ ‘
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Figure [ I-5] : HE Bl Maturity overview, Source: (Cardoso 2014)
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Survey analysis: United Kingdom

HE Bl Maturity overview (uk)
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Repeatable

X B Maraged
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Figure [I-6]: HE BI Maturity overview, Source: (Cardoso 2014)



Survey analysis: aggregated view

HE Bl Maturity overview ()

40 B Nonexistent
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Figure [I-7]: HE Bl Maturity overview, Source: (Cardoso 2014)

Fig. [1-4] to Fig. [1-6] illustrate the assessment of the maturity level in some of European
universities creating a benchmark for each participant against the total average score (Cardoso
2014), and the aggregated view, showing the truly need of deploying BI tools in education to
increase the levels of maturity, to keep competent and attaining institution goals meeting the
students’ educational specific needs by addressing LA challenges and improving the overall
performance in all modern and leading HEIs. In spite of all mentioned needs, research in
analytics and big data is limited (see Fig. [13]); (Bichsel 2012); (Daniel 2015); (Chen 2012).

Another reason for the limitation in this area in universities, is the fact that it is not attractive

moneywise as in marketing and other manufacturing activities (Aljawarneh 2016).

Universities and colleges do not have enough useful data about the students and their
learning experience. The data that available in HEIs is not analyzed or interpreted (Elias 2011),
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(Bichsel 2012), so, LA&BI in addition to taking the most profits of significant, Bl tools is
expected to be the solution for improving the situation and can contribute to taking better,

timely and informed decisions in developing as well as enhancing the students’ learning

process.
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Fig. 1-8 : BI&A related publication trends from 2000 to 2011, Source (Chen et al. 2012)

3. Problem Statement and its Significance:

Bl is increasingly being one of the top priorities in HEIs (Duan et al. 2013) that used to
provide solutions in retention of students or early prediction of dropout of students. In addition,
DM tools are used for the prediction of student’s satisfaction, experience and knowledge
discovery (Ferguson et al. 2012). However most of them fails to provide an appropriate,

successful, associated visions and significant insights for LA (Abdul Aziz et al. 2014).

Till now, data stored in HEIs is not intelligently extracted for the reasons of improving

the learning processes, in spite of successful experiences in other fields like health, marketing,

11



retail and sports and promises of technology that big data (which becomes as important as these
Bl tools) in universities can positively impact performance, drive system improvement and
quality of learning (Macfadyen et al. 2014); (Jantti & Heath 2016), and thus, attracting more
and better students, faculties, programs and researchers as well as improving universities’

performance, accreditation and ranking.

In spite of widely successful usage in industry, research about Bl and analytics is limited,
(Fig 13&14), and needs to become “actionable” in the context of quality assurance, especially
in academic environments (Watson et al. 2016); (Murnion & Helfert 2013); (Elias 2011); (Abdul
Aziz et al. 2014). Recently, there is emergence of urgent need of an evidenced based learning

analytics framework (Rienties et al. 2016).
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Figure [1-9] : Tag cloud visualization of major topics in the (BI&A) literature , Source
(Chen et al. 2012)

Although the volume of data available in HEIs is big, decisions are seldom built on it
(Elias 2011), and the data assimilation ability or capability of integrating data from all sectors
or angles to form “one version of truth” or a single framework repository to be the foundation
like an Educational data warehouse (EDW), is non-existent in most of higher institutions
(Mutanga 2014), so there is an absence of future resources requirements (Elias 2011). Thus
actionable knowledge, in most of institutions is suspended at data level (Elias 2011), (Murnion
& Helfert 2013).
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In addition, the evolution of ICT that produces vast amount of dynamic data makes it
hard to measure and clean, to get the right information. As there are a lot of data regarding the

students’ behavior and activities such as class attendance, results on coursework, tests and final

examination that might donate to the students’ final outcomes, information retrieval and scope
of analytic in the educational context “is still at its infancy”, and most of HEIs are in the data-
collection or data-monitoring stage (Abdul Aziz et al. 2014); (Bichsel 2012).

This limitation is due to barriers of affordability/economical barriers, data structure,
culture, capability and communication (Bichsel 2012). Institutions can overcome these barriers,

assigning high priority to analytic (Bichsel 2012).

According to (Mutanga 2014), a number of HEIs record law levels in terms of their
“student success rates, graduation rates, enrolment targets, staff retention etc.”, therefore, there

is a great demand to explore the exciting possibilities of Bl & LA application areas.

Because of the above-explained situation, in the education background with reference
to reality, obstacles, trends and opportunities, there is a worldwide need to focus on this area of
research to create an evidenced-based model/framework that fill the gap between recent Bl

maturity levels and the desired one towards LA.

In addition, it is required to increase the capabilities to build high or effective-quality
EDW in order to satisfy the institution’s needs in a variety of analytics, performance measures

evaluation, competitive advantages and Decision support matters.

This research, derive implications for the Bl performance in the LA application area, by
identifying user requirements, challenge and opportunities are explored, targeted at how to solve
these problems, based on creating and validating models serving those solutions.
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4. Research Objectives:

The main objective of this research is to design, develop and validate a
model/framework to integrate BI solutions, LA and students’ performance to improve teaching
learning process, learning outcomes and get actionable insights of student achievement in HElIs,
to avoid student dropout toward enhancing student success, retention as well as performance

satisfaction.

The Model is expected to fill the gap between the current maturity level of Bl and the
desired one in the same area, addressing the challenge of learning analytics for individual
students and instructors (i.e. using data and analytics to support students’ development),

keeping up with the ICT revolution and the dynamic growing of “big data” in universities.

Additional objectives are listed as follows:

Streamline university students’ data collected from multiple, often heterogeneous
sources into a data warehouse DW/EDW (phase of data-in) by joining transaction and reporting
systems (ETL), to get most benefits of the Business Intelligence toolkit and provide
comprehensive reporting and analytic, to predict student achievements and allow for
instructional action and/or academic advice and/or psychological support, trough economically
supporting the governmental/HE system, helping saving spending, administratively supporting
the governmental/HE system, helping saving management effort, and provide personalized

attention improving students’ satisfaction and that way improving social welfare, jobs...etc.

Properly analyze facts and anticipate tactical and strategic suggestions getting profound
knowledge about the students, their different learning features, specific educational needs and

adequate responses to the LA challenging demands.

Allow university administration to view, easy access, highly customizable and freely
share data, informed reports and electronic dashboards, which they can use for students’

learning decision making, enrollment planning, quality assurance and inform policy.
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Implement and Integrate with other student's data systems.

Evaluate the end-users’/stakeholders observed adoption and approve of the rolled-out

information system based on the developed BIELA model.

The proposed model will leverage collective knowledge of existing students’
information systems to house a university-wide students’ management information system
(admitted, academic and biography). The system will establish practices and procedures for
HEIs students’ information systems and operational data delivery to regulate the processes of
data integration and propagation on a web portal in a later phase. In this process, the information
system will facilitate the establishment of a centralized system of students’ data records that

ensures legal submission for both internal use and external reporting.

5. Research Question/Hypothesis/philosophy:

4.1 Research Question

What practical transformation techniques can HEIs use, to actively analyzing their
students’ learning experience for proper predictive analytics? , the answer to this question is the
practical implementation of the developed BIELA (Business Intelligence Enhance Learning
Analytic) framework, to create a profound knowledge about students, understanding their
different learning characteristics and specific educational needs using BI&LA; and to achieve
a better learning environment, student satisfaction, support for decision making, retention and
increasing the performance in HEIs towards LA and thus overall institutions’ performance and

ranking as well as attracting more and better students and researchers.

This question was addressed through a needs assessment of the main stakeholder
(learners), by conducting a student satisfaction survey and by analyzing needs to be considered
in design an effective learning analytics model.
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There are various sub-questions deriving from the main research question as follows:

What is the first base step could be done for proper analytics 2

To make data properly analyzed, a unified data structure or “single version of truth” or
“one-size-fit-all” approach to facilitate the analysis and the high-quality suggestions/predictions
Is needed, in the phase of scanning and preparation of data, in the step of “data in”.

Data must be collected from all angles to build a profound understanding and foundation
of Knowledge about the students to assess the current situation, using Bl technologies that
enhance “data talk”. Most of the researchers believe that the majority of the useful students’
data are collected from SIS & LMS. (Elias 2011).

As there is vast amount of data available in HEIs due to the growing technology use, that can
be structured/unstructured and in various formats (electronic tables/text document/database
structure), the doubt has to be eliminated by joins Bl application (Tableau-prep) preprocessing,
to ensure data quality which represents the foundation of the predictive visions and allow for

appropriate decisions and better suggestions.

How can Data about students improve the prediction of individual performance?

Individual student performance details, such as his personal profile and his results in his
complete educational lifecycle, could give a clear vision to realize that the student is improving
his scores semester over semester or going down, this process will be effective in picking at-
risk students before being dropout by consulting and withholding them, and will be a good tool
for the academic and/or psychological advise raising student success, retention and satisfaction
for students and society by minimizing the risk of dropout, and better explore and predict

individual performance.

Is the existing vast amount of data in HEIs useful to produce information that is really
interesting and valued to address LA challenges?
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This is the most important research question which can be answered after scanning
existing data, collecting raw data, conduct surveys and interviews to both, students and
administration staff, and studying documents from the higher education sector to extract

requisite variables, investigating requirements specifications, analyzing and deriving reports.

The data collected during the process of answering the first research question will also
provide perception on how a Bl Enhance LA (BIELA) framework for HEIs (as proposed by this
thesis) can be developed.

4.2 Research Hypothesis

Bl systems and solutions have a significant and large impact on students’ success as a
key research topic, strategic fact-evidenced and high-quality decisions, in terms of teaching
quality, students’ satisfaction, retention, course grades, enrolment planning and any other
services that are caring/dedicated to the learners and their context in HEIs. They lead to
decreasing the time for making decisions that are fact-based on high quality datasets that are
collected from all sectors making a profound awareness and effective knowledge about the
students and their learning experience.

Thus, these systems must have the capability to permit decision' makers to vision data
in different view, to "drill-down and roll-up" to aggregate levels, to navigate and on-line query
data sets in order to discover new factors that affect the learning processes, enhance the student
success, massively increase efficiency, refining teaching and learning as well as to suppose and

forecast changes inside and outside institutes.

The BI framework that will be developed in this thesis research will be called the

Business Intelligence Enhance Learning Analytics framework (BIELA).
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Summary

This chapter include background of related fields like BI, LA and their benefits, it
approved the problem belonged to the lack of evidence-based step by step practical model, to
enhance deploying LA in HEIs, the motivations and significance, objectives of developing and
validating a framework to guide HEIs in the implementation of LA tools to effectively use their
vast amount of data generated due to revolution of ICT for analyzing knowledge and support
decisions, along with research hypothesis and questions. This study contributes to the build of

knowledge regarding implementation of management information systems in higher education.

The following chapters are organized as follows: Chapter two provides a thorough
review of literature related to action researches, universities Bl initiatives, as well as literature
related to design and development LA models, “big data” as a big challenge and open issues.
Chapter three provides an overview of the research methodology, research methods,
instruments development and validation, data source, variables, analysis and analytical method,.
Chapter four presents the results of the study, and discussion of results. Chapter five presents

conclusions, implications, and a summary of the study.
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CHAPTER 2

REVIEW OF LITERATURE

2.1 Review Scope:

Correlation between Bl and LA in HEIs, by developing a model to investigate
maturity/implementation level, identifying the BI toolkit requirements specification, deriving
implication for the BI performance in higher institutions and to care development and
improvement of students' involvement throughout their university growth, by incorporating LA
and predictive tools into the Bl dashboard that derived from vast amount of data
available/collected in HEIs. Competitive advantages, decision support, big data, Education
(academic context), Retention, satisfaction and student success are also addressed in this review.

2.2 Learning Analytics field (LA):

Analytics is the smart use of historical datasets combined with current one and trends
to predict actionable insights and addressing complex issues using technologies from computer
science, mathematics and statistic, (Bichsel 2012); (Elias 2011). Learning Analytics in higher
education is a promising approach, emergent concept of rapid growth latest datamining

technique for understanding and modeling the learning process

(Lu et al. 2017), (Jantti & Heath 2016), evolving many disciplines, like DM, Al,
Information retrieval, statistics, action analysis and visualization (Chatti et al. 2012), to

discourse, capacity, gathering, investigation, understand, analyze, visualize, assess, advice,
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predict and report learners' needs, their context, performance and the learning environment in a

verification based decision making, which would ultimately empower teachers and education

institutes to tailor educational prospects to individual student’s need, as a vital area of
technology enhance learning (TEL), and provide effective involvements and smart learning
infrastructure (Aljohani et al. 2018); (Lu et al. 2017);(Atkinson 2015); (Rienties et al. 2016);
(Chatti et al. 2012); (Martin & Whitmer 2016); (Ifenthaler & Widanapathirana 2014).

Learning analytics is the evolving field that growing rapidly in which advanced tools
are used in analysis and reporting of data about learners and their contexts, for purposes of
understanding, predict and optimizing the learning process (e.g. retention, graduation rate and
the most challengeable issue in HEISs, students’ success as a key research topic, addressing the
problem of rates of students drop out) (Elias 2011). (Papamitsiou & Economides 2014),
Consequently, LA is an umbrella of all the following fields (web analytic , academic analytic,
Bl , EDM, EPM and action analytics (Elias 2011), (Ferguson 2012), (Mamonov et al. 2014),
(Murnion & Helfert 2013):

e Educational data mining (EDM) concentrated on the "technical challenge": How can we
explore/mine unique type of data/value from these big sets of learning-related/educational
context to address educational demands, finding interesting patterns (Bogarin et al. 2018).
EDM that known now as an upcoming area of research, can help institutions to increase
their awareness of students’ performance, retention, preferred curriculum, success,

behavior and many other parameters, (Goyal & Vohra 2012); (Atkinson 2015).

e Learning analytics (LA) focuses on the "educational challenge" or the processes and tools
used to improve services committed to the learners and the integration of these tools and
processes to the practice of teaching and learning processes. Academic analytics is

concerned primarily to the "political/economic challenge”: How can we meaningfully
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progress learning and support decisions by intelligent use of business data in educational
context (Atkinson 2015); (Murnion & Helfert 2013).

e EPM (Educational Process Mining) is represent the bridge to the break between EDM and
educational science, as it pools data analysis with modeling, and insights in educational
processes (Bogarin et al. 2018). “PM is “process-centric”’, thus making indefinite
processes clear. The difference between PM, and DM, is that PM is interested in “end-to-
end processes” instead of resident patterns (Bogarin et al. 2018). The main goal of EPM
is to mine awareness from incident logs recorded by an educational system platform
(LMSs, Moodle, MOOC:s, etc.) and EPM algorithms determine process models of student
performance (Bogarin et al. 2018).

LA is also derived from and closely tangled to some other fields of study such as business

intelligence, web analytic and action analytic defined as follows (Elias 2011); (Ferguson 2012):

e BI: is a creative process in the business field that is based on a cumulative huge amount
of data, information and thinking areas using information technology to transform it into

innovative dashboards, reports and clear visions to enhance decision making competences.

e Web Analytic: is defined as the process of collecting data and information about the web
site usage/interactive with the visitors and customers, and analyzing these information to
understand, assess, foretell, vision and predict the customer future needs and on-line

initiatives in a scientific way (Elias 2011).

e Action analytics: is defined as an intelligence actions proposed to increase students’

performance and success based on the data collected using Bl tools.

e Academic analytics: is defined as an “engine to make decision to  guide actions” that
involves of five steps: capture, report, predict act and refine (Elias 2011). People benefits
from academic analytics are sponsors, administrators and national governments, (Siemens
etal. 2011).
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2.3 Action Researches:

Researchers in LA as a fresh area of research, and latest datamining technique, mostly
concentrated on technical system matters rather than methodological topics, such as
"assessment” and "evaluation" (Duan et al. 2013).

Bl is the foundation of construction information that is certain, fact-based and actionable
(Duan et al. 2013). Cracks in the research field can be recognized by the creation of the
conceptual frame work or deploying the model (Duan et al. 2013), so most of the researches in
this area are action researches (AR) (Duan et al. 2013); (Murnion 2014); (Kabakchieva 2015).

(Duan et al. 2013), is an action research paper talked about applying Bl toolkits in a UK
Higher Educational Institutions (HEI), to improve performance of student engagement tracking
system (SES) that currently used for collection and processing student's data. SES was made by
contribution of both university and vendors, authors were working as stakeholders. Authors,
who play an Actors role, used a socio-technical approach, investigating Business Intelligence
tools for enhancing decision making for HEIs in UK. This research, also aiming to grow Bl
maturity level in higher education sector and to realize a fall in student's engagement level
before sufficient time for retention or maintaining needy ones. Although "SES" was established
in 2009, by both the university and BI vendor, but still used only as an information resource
more than Decision Support System and have a poor user interfaces and suffering lack of
functionalities, accordingly need of using BI is extremely grown. It connects student's
personnel information that stored in a DB with other engagement information as if attendance
in class/theater/seminar rooms, visit library, attends exams, summit assignments... etc. [fig 15].
Collection information is done by placing fixed Radio Frequency Identification Devices (RFID)
in various locations such as library, lecture rooms, theatres; seminar rooms...etc. students

cannot enter these places, unless scanning their ID-cards.
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The first challenge, was the "big data" that increasingly growing according to evolution
in ICT. Bl is the powerful technology that can collect spread and diverse data in intelligent way
that will be suitable for decision support and strategic organization. To achieve this, authors
are carried out three stages in the research methodology.

AR stage one is: Problem Diagnosis.

First interest in this project is, the benchmarking university's Bl maturity level using
"JISK infoNet Bl Maturity conceptual framework” which has six stages of Business
employment. Another interest is the user requirement specification, which accomplished using
several ways like survey, questionnaire, interviews, group discussion and brain storming
session.

=y Q"
(s
2 >y Bedfordshire Resources

‘ g g’ for Education Online

o e &= ﬁag

Assignment (J>
< i

Antendance

SETS &) “%\w’
' >y

Use of Student
Information Desk

‘\o) W

E-vision use Libraryuse —item

borroired Libraryvisit

Fig.[ 11-1]: Data sources of student engagement tracking system source: (Duan et al. 2013)

AR stage two — Action Intervention: Beginning to create upgrading of "SES", using Bl
keys coping with "socio-technical” approach and based on the notion of "technology-

organization-people”, working together in order to achieve goals.
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AR stage three — Reflective Learning: Action research (AR) means that, the results
should appear from the beginning of the project, so it will be observed to recognize the
correlation between "technology-organization-people” towards a Bl accomplishment.

Profits and Drawback of "SES”: In (Duan et al. 2013) paper, "SES" has many benefits like
insuring a real time tracking, an approved feedback of the student's engagement, enhancing
management and remedy of required situation before a sufficient time, improving of students'
behavior, easy comparisons between different groups of students and following the legal

regulations.

However "SES" is suffering "bottleneck™, poor user interface, other significant areas of
student's engagement are not included, correctness & completeness of data, connection with

other student's data schemes, poor results and user limitation to adapt his priorities/needs.

User required specifications for successful Bl employment:

For developing the current "SES" system, users are underlined the following requests:

e Users want to adapt and customize student engagement measurement key according to
their various needs.

e Ranging flexibility in the system so that, users can use the default engagement
standards and arrest a mix of different data types to submit their own significances.

e Users expected not only reports which is prepared in a prescribed form according to
established procedure, but also interactive "dashboard", trend reports, Periodic Report
and demand report.

System early notification to the users, about students that in threat. The notification
can be through an email or pop up window in a periodic time, to address the threatened
students as early as possible.

Benefits of the New "SES":

The preliminary evaluation of the project shows that the project increases university

"maturity level™, number of dynamic users and number of fixed identification devices.
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Automation and competently gathering of students' data for handling and gives the
required and fresh reports for enhancing decision support and student early

withholding.

Untouchable benefits of the New "SES" (Duan et al. 2013):
e Increasing attentiveness of users' familiarity and accepting of Bl significance and strategic
information of "SES".
e Improving students' engagement behavior especially lectures attendance.
e Unmistakable reports of students' engagement and early upholding of students at risk are

increasing managers' satisfaction for Decision support.

However, this paper:

e Considering only students’ engagement data in a sociotechnical approach, i.e. action
research in which authors play as a technical teamwork and actors.

e They did not produce any generic procedure or model for the transformation from old
system "SES" to the new one.

e Develop an existence system, which is "SES", i.e. did not begin from scratch.

Another example of an action research (AR) is "Learning analytic evaluation: An
Examination of Practice” (Murnion 2014).

The author in this paper investigate a model for estimation of LA by extending the IS

Success Model using a theory for incorporating technology with user activity, as an action
research (an initial implementation is in a third level institution).
This paper also contributes "concept of appropriations™ which means the real type of usage —
rather than amount of usage in old measure - of the construction providing by IS, so it
concentrated on correlation between construction and practice, and there must be a real
implementation of the model to detect and resolve gabs in LA evaluation methodology.

However, the model is:

e Lacking in "operationalization" part.

e Cannot keep up with future projects, because of unsatisfactory statement.
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e The model develops an existence model, which is "Success Model", i.e. did not begin from
scratch.

e The model is applied in a third level institute.

A third (AR) paper is "Business Intelligence Systems for Analyzing university Students
Data", (Kabakchieva 2015).
Research approach:
Data collection and preparation, "Qlikview" Business Intelligence software is used to analyzed
the dataset. Investigating results after data analysis, construction of conclusions and References

are declared.

(Kabakchieva 2015), is another example of employment of Bl tools for student
data analysis, to investigate the positive impact and increase performance of learning process
and to emphasize the profound of BI tools in decision & managerial support by analysis an
existing data so as to increase performance of learning process, teaching quality, individual
students' abilities, students' satisfaction and observing information that can help predictions and
improving educational issues. However, very little amount of data —in excel format- prepared
(as dataset) by one lecturer for exercise class over three years, by using a ready-made software
Bl package (it is better to change software packages to overcome a limitation with a particular
package than to change the analysis procedures), so big dataset can be difficult to take place.

2.4 Design and development LA models:

As learning analytics is a new fast-growing field, promising approach, latest datamining
technique (Lu et al. 2017), (Martin & Whitmer 2016), most of the researches are concentrating
on developing reference model for defining, , user acceptance , raising responsiveness, and

understanding the power and capabilities of learning analytics and it’s critical dimensions, (see

fig (4 & 5)), (Rienties et al. 2016); (Chatti et al. 2012); (Greller & Drachsler 2012).
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In the literature, there is focusing in analytics of virtual learning environments (VLES)
e.g. Blackboard and Moodle, like the case study in (Bogarin et al. 2018) that use the log file
delivered by LMS, fewer of them validate their app in real cases, due to ethical barriers, that
should be considered prior the implementation (Jantti & Heath 2016). Most of LA applications
are deployed in an online/blended environment rather than traditional classes (Martin et al.
2016); (Aljohani et al. 2018) ; (Martin & Whitmer 2016); (Martin et al. 2016); (Anderson et al.
2014)generating VLE usage data, such as the number of clicks, number of words in blogs,
content usage, the number of blogs, .. etc. (Rienties et al. 2016). Most findings in literature, are
correlated between students’ usage of learning resources and academic performance (Jantti &
Heath 2016), (Gasevic¢ et al. 2016); (Aljohani et al. 2018).

LA can make use of big learners' data for investigating and understanding their
requirements, improve the learning process, satisfaction, retention, inform stakeholders [fig
2.3], and advise quality assurance processes ([table 2.1], illustrate analytics capabilities for

assessment one instance in QA processes).

2> Analytical Complexity >

Analytics categories Descriptive Predictive Prescriptive
ANy g Analytics Analytics Analytics
Generic Analytical Measure/monifor Project, Analyse Model decisions,
Capability performance relationships Optimise

Overview of . . Determine modules

. .. Examination of

Instance: Assessment | assessment activity that have most and

. . . relationship between
Strategy Review across entire ) l ) least effect on
: assessment events

programme programme award
Statistical modelling
tools enabling user
modification of
parameters

Correlation and
regression analysis
tools

Programme

Analytics Tool (e.g.) schedule report

Table [2.1]: Analytics capabilities for assessment strategy evaluation (Murnion & Helfert 2013)
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Using LA, models produced, can predict future processes (Murnion 2014); (Ferguson
2012); (Abdul Aziz et al. 2014); (Bienkowski et al. 2012); (Papamitsiou & Economides 2014);

(Atkinson 2015), (Martin 2016).
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Figure [ 11-4]: An educational intelligence framework, source: (Abdul Aziz et al. 2014)

An international community and events such as SOLAR (the Society for Learning

Analytics Research) has been developed (Ferguson et al. 2015), since the emergence of LA in

North American, Europe and Australia, with smaller pockets of motion developing in other

regions (Ferguson et al. 2015).

The effective LA challenge is how to use big datasets and analytics to care about

students;

refining learning outcomes (Elias 2011), knowledge,

inform decisions,

satisfaction, enjoyment, confidence, meeting career needs and promptly rising as a

significant area of TEL (Technology-Enhanced Learning) research (Ferguson 2012).

The "big data" that daily increases due to growth in the use of online learning in VLE

or LMS including Blackboard and Moodle is the main challenge in LA (Murnion & Helfert
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2013); (Klasnja-Milic¢evic¢ et al. 2017), and business engagement analytics to cutting value
from such datasets (Ferguson 2012); (Klasnja-Mili¢evi¢ et al. 2017).

Fig.2.5 shows the LA continuous improvement three-phase cycle through which a high-

quality data is produced to improve learning processes and students’ satisfaction.
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Figure [ 11-5]: LA continuous improvement cycle, Source: (Elias 2011)
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Figure[ 11-6 ] : Course adapted student learning analytics framework , source (Aljohani et al.
2018)
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Fig. 2.6 shows, one of the largest “course adapted student learning analytics
“frameworks the framework has four different levels, Instructor, data, data analytics and
presentation level. The framework is based and verified in a blended learning environment
which is LMS, using dataset of 1200 students extracted from blackboard (Aljohani et al. 2018).
Eventually most types of data used in LA are automated online dialog and/or survey data

extracted from school ecosystem (Nistor & Garcia 2018).

2.5 Universities’ BI initiatives

AS BI is increasingly being, one of the top priorities in HEIs, Some universities
conducted an investigation experience in Bl creativities for making significant and
evidenced decisions with the use of IT systems, although very few universities of those has

Bl initiatives are formally documented their methods (Aljawarneh 2016).

Indian universities (IU) starting this experience since 2009 for supporting Decision
Making resources and dimensions that assessed by IBM which confirmed the problems and
describe a general method to solve them however, their approach did not provide
accommodations executive structure and practices of the university and its essential campuses
that are insecurely joined (Initiative 2015).And the data is not in its most functional setup as

required for DSS and for encounter various needs throughout university (Initiative 2015).

Another limitation is lack of future resources requirements in addition; the general
proposed model is dedicated for 1U to overall activities including finance and administrations
functions (i.e. not concentrated in the rise of learning-focused perspectives and its

environment).

According to (Mutanga 2014), most of South African HEIs has no unified data structure
(DW) that act as a foundation for employing analytic and Bl systems initiatives. Data sources

are reverse each other, in raw format and useless for Decision making process.
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The paper (Mutanga 2014), contribution is to provide a context-aware frame work for
Bl initiatives for HEIs in South Africa, that collect context data and adjust the behavior of the
system accordingly. However, the context-aware business intelligence framework (CABIF) is
still a concept that not yet verified for its agreement and use in the South African higher
education. In addition, the model is suitable for HEIs educational context in South Africa and

worked with its MIS datasets fig. [11-7].

4= Data warehousing ™ - Repaorting & Analysis

MIS Data Retrieval

i * Analyses

» *HEMIS Data u
*Reports/ Briefings
= Statutory Reports

™. Ad Hoc Queries )

GG EIRASITGEIEN  Extraction, Transformation :
unstructured sources & strategic analysis

Figure [ 0-7] : Context aware BI framework for South Africa, source: (Mutanga 2014)

(Chen 2012) “Applying Business Intelligence In Higher Education Sector: Conceptual
Model and Users Acceptance”, is a master research Thesis, conducted in university of
Bedfordshire. The thesis combine technologies, tools, and technique with people (targeted
groups and other stakeholders) to gain profound understanding that helps improve teaching-
learning process, where (EDW) is the main component to support El concept. To maintain the
cost of deployment challenge, the researcher suggested some technologies that is combination
of “open sources” tools and trademarked software. However, the model need further refining to
accommodate evolution of ICT, and the vast amount of data that growing exponentially,

considering essential changes in LMS.
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(Abdul Aziz et al. 2014) “A Framework for Educational Data Warehouse (EDW)
Architecture Using Business Intelligence (BI) Technologies”, is a paper introduce how to build
EDW using “Congo’s” Bl reporting. To further increase of students’ success and retention, they
do reports for students’ result by subject, geographic information, time dimension and
personalized students’ achievement taking Unassay (university of Sultan Zain Aladdin) as an
example. However, need more of inclusive analyses of students’ data that can be done by

accommodating more sets of students’ data.

Another study in University, (Aziz et al. 2012), certify that Bl technology is applicable
to educational data. In addition, that DM is used in business area rather than educational area.
The big challenge was the “big, diversity and dynamic data” in educational field, therefore, this
research only contributes on personalizing students’ academic behaviors. However, findings are
based on the results for each semester, and several selected factors in the determination of

students’ successes.

Researchers at the University of Florida (Baepler & Murdoch, 2010), use Moodle CMS
data logs to see its impact of a student’s sense of community. Scores were compared with each
student’s cumulative user log. The researchers concluded that the total number of log entries or
user events was a valid predictor of a sense of community within the course. Such information,
should help instructors construct a more accurate representation of, and tailored content for,
their online students. The experiment suggests that it may be possible to measure some affective
attributes among students with simple data logs. This development could enlarge data from
student surveys or reduce the need to administer so many questionnaires at a time when survey
collapse has become apprehension. However there were several significant limitations to the

study according to depending only on students’ logs.
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2.5 “Big Data”

One of the big challenges in educational field, is the “big, diversity and dynamic data”
(Aziz etal. 2012), that is growing exponentially due to the fast evolution in ICT. The “big data”
concept is an umbrella term (Hughes & Dobbins 2014), refers to data that is either too large or
too unstructured and needs other new technologies (such as ubiquitous sensors or Hadoop
framework) to be managed and analyzed, that is why it becomes one of most exciting issues in
analytics, (Davenport, 2013).

According to Gartner, current data will grow up to 800% by 2020, and 80% of the data
is still unstructured. These data are collected of emails, audio, images. As IBM argued, this data
is the most complicated raw material in the IT domain. In this consequence, traditional

capability is not enough to produce all the data and make the best decision.

IN spite of its important, researchers gave different definitions to “big data”, however
they agreed in that it couldn’t be interpreted, perceived, process or managed using traditional
IT or software and hardware tools in a tolerance time, and its 4Vs of (volume, variety, velocity
and value), (Chen etal. 2014).

Some researches value the role of understanding and get most benefits of "big data" ,
(Klasnja-Mili¢evi¢ et al. 2017), or ocean amount of data in HEIs that is generated by users as a

result of modern business, automation and new technologies.

(Daniel, 2014), describes challenges and opportunities and how to discourse some of
this using "big data". The paper also describe how can HEIs apply "big data" information for

helping to increase performance of learning outcomes. However, the proposed conceptual

model is describing utilization of "big data™ in general.

34



(BOLOHAN & CIOBANU, 2013) Argued that, no need to do effort of collecting big
data unless it is meaningful, and a useful and timely information could be extracted, shared and
easily accessed (i.e. properly analyzed). Also the paper showed what you should keep from the
massive sets of data that grow exponentially and how to best manage and oversee it using
analytics and technologies that emphasize the possibility of analyzing useful data, suggesting a
number of recent technology advancements that facilitate things one never thought before (e.g.
Hadoop framework & SAS technologies) (BOLOHAN & CIOBANU, 2013). Paper contribute
also to the importance of analytic and DM and that big data has become as important as these

tools.

However, the paper show some examples of models for big data management and
analytic without illustration, which of them is the best model to use, and without showing how

to improve an existent one, i.e. the models are not validated.

(Chen et al. 2012) Conduct structured L.R to confirm on the limitation and needy of
relevant academic research and new visions to keep up with the revolution of ICT and growing
of dynamic “big data”, with the importance of exciting capabilities of BI&A to mine
unstructured “big data” in the past several years. Although it is still maturity, paper show the
exceptional intelligence on gaining new business opportunities.

However, the Paper introduce a historical survey of special issue papers within BI&A

research framework, without naming an open issues opportunities.

(Bichsel 2012), announce the Significance role of analytic in higher education,
maturity level of adoption and limited researches, and the big revolution that will perform in
the next twenty years in the systems of higher education as the data grown up with time.
However, the paper provide summary of respondent to survey about analytic to some

institutions’ members without demonstrating the results or showing personal opinion.
(Brown 2015), Contribute to confirming on the idea that “analyzing big data is the same

as the process of eating an elephant; you do it one bite at a time”, the author decides to discourse

the challenging of analyzing big diversity data by, starting with small manageable sample data
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(Yeoh et al. 2008) to explore and determine values, with one eye to (legal) requirements of
selections, then repeat this over and over, otherwise it will be very expensive and time

consuming.

2.6 Open Issues

Very few universities of those has Bl initiatives are formally documented their methods,

often without a guidance of a research base.

Most of use cases are made in E-learning or blended VLE and rarely used a real active
students’ dataset due to ethical barriers, so adopting privacy and ethical requirement will
increase the need for Ethical Models to guide students’ data use and associated accountabilities

that remain an open issue.

The link between Bl maturity level, institutional success, quality performance and the
impact of Bl initiatives is not quite clear in the literature.

Concentration in literature is on Bl maturity level but rarely addressed LA challenge
within the maturity models described, nor considered the learners’ opinions which will be

essential in meeting their needs.

Summary

This review, offered the current state of the bulk of knowledge in the field of LA. A
mixture of literature on action research, literature addressing the implementation of LA in some
modern universities, as well as critical design and development LA models was illustrated.
Additionally, growing “big data” development research as a big challenge and big opportunity
in HEIs was introduced. And before the end, there are the open issues from current literature.
Chapter 3 describes the methodology of design and development of the BI model to enhance

LA in HEIs, used in this study as the main contribution in greater detail.
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CHAPTER I1l1

METHODOLOGY

3.1 Overview

Composite methodology was used for the purpose of this research, that integrates Bl
software tools, predictive analytics, LA, the latest DM technique in education arena, and student
performance, to find answers to the research questions and to address the research problem,
which is lack of evidenced-based, practical and step by step BI model to address extra-turbulent
issues of LA in HEISs.

The main question: How to join BI systems, LA and students’ performance to investigate
a framework, helping HEIs in analyzing their students’ learning experience for proper predictive
analytics? , addressed by the practical implementing of the developed BIELA framework, using
design and development research method (see Fig. 1.3). BIELA construction started by
empirical study in LR serve as the basis, studying Bl initiatives in some modern universities,
desktop research, state of the art in learning analytics modeling, study universities’ standard
documents in QA measures, teaching learning standards and KPI, surveying and interviewing
target groups and experts, and by using design and development methods (CRISP- data mining

method, Monkey survey and Corel Draw).

Proper data analytics, is the vital requirement for addressing the second question: How
to integrate Bl solutions, learning analytics and students performance to raise learning effective
and decision support? To reflect realistic reports and customizable dashboards to inform

decision-making. Predicting and presenting useful data for enrollment and program review
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planning, determining the end users’ perceived adoption and acceptance of the implemented

technology, all this will raise learning process and decision support.

As there is growing amount of data available in HEISs, that can be structured/unstructured
and in various formats, the doubt has to be eliminated by cleaning inconsistency, transforming
and completing data , to address the third question: How to populate students’ data and ensure
data quality? By joins Bl application (Tableau) preprocessing phase (Tableau Prep), to ensure
data quality which represents the foundation of the predictive visions and allow for appropriate
decisions and better suggestions.

Individual student performance details, such as his personal profile and his results in his
complete educational lifecycle, could give a clear vision to realize that the student is improving
his scores semester over semester or going down, this process will be effective in picking at-
risk students before being dropout by consulting and withholding them, which address the fourth
question: How can Data about students improve the prediction of individual performance?. The
most important research question is the fifth one: Is the existing vast amount of data in HEIs
useful to produce information that is really interesting? , this question is addressed after scanning
existing data to extract requisite variables, and investigating requirements specifications,

analyzing and deriving reports.

3.2 Model Construction

The solution to the research problem, that is lack of evidenced-based framework to
enhance LA in HElIs, is refers to the process of integrating Bl technology, LA and students’
performance for analysis of university students’ data assets available/collected from
heterogeneous resources, builds the foundation of a profound understanding of the students’
learning processes, leading to construction of a novel, but practical model that will fill the gap
between the institution’s Bl maturity level towards implementation of LA and the desired one.
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A mixed quantitative hybrid methods approach used in developing the BIELA
university-business model. This approach is based on, understanding the user ethical
requirements for the predefined target groups (administrations, staff members, students, head
departments and managers for academic and quality affairs) and the services that are dedicated
to learners (main stakeholders that should be engaged in helping the University to feed and
update their data to support withholding and consulting them). Researcher used CRISP-DM

methodology phases for exploring main phases of the model discovery (see Fig. 111.1).

6 phases of CRISP-DM

Figure [I11-1]: CRISP-DM phases source: (Piatetsky 2015)

In spite of developing new processes in DM recently, but most of it are slightly different
from each other, in overall structure, e.g. SEMMA focuses mainly on the modeling tasks of
data mining projects, leaving commercial aspects (contrasting, for example, CRISP-DM and
its domain understanding phase). Moreover, SEMMA is designed to help users from the
Enterprise SAS Prospecting Agent program. Therefore, applying it outside the enterprise
prospecting is indefinite. Moreover, the most commonly used methodology, in knowledge
discovery is CRISP-DM (Giraud-Carrier & Povel 2003); (La Red Martinez & Podestd Gomez
2014); (Liu & Huang 2017); (see Table. [3.2]).
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What main methodology are you using for your analytics, data mining, or data
science projects? [200 votes total]
[T 2014 poll N 2007 poll

CRISP-DM (86) |

43%
I 42%

My own (55) ] 27.5%

I 19%
SEMMA (17) B 550
I 13%
Other, not domain-specific (16) s

I 4%

KDD Process (15) 50
I 7.3%

My organizations’ (7) ORI
N 5.3%
A domain-specific methodology (4) [ | 204

N 4.7%

None (0) 0%
N 4.7%

Table [3.1], main methodology using for analytics Source: (Piatetsky 2015)

The CRISP-DM (Cross-Industry Standard Process for Data Mining) methodology is
systematized in six steps (see Figure [I11-2]), including: domain understanding, data preparation,
modeling, evaluation and deployment (Liu & Huang 2017). CRISP-DM methodology used to
develop a process model, for the purpose of achieving goals in this research, to construct the

main phases of BIELA, together with other instruments and software tools.

Starting by domain understanding, the first phase in CRISP-DM, researcher exploring the
state of the art in LA maturity level of some modern universities, Bl initiatives and action
research in some other universities, modeling and design perspective and big data that growing

exponentially in HEIs as a big challenge, the deliverable of this was the problem identification
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researcher also conducted a student satisfaction survey.

and void in literature (see Figure [111-2]). In the same context, to enlarge the domain knowledge

Problem
Identification

Desktop

\__/ Research

Domain
@ Knowlege

Q

Construction of
the model

Empirical study Students'
Reviewing State of the Art of: Questionaire Construction of
literature to modern Adminstration Survey BIELA framework
explore tl_1e void in f-"]"?rs'tys BI Enterview QA affair. using design &
LA modeling for Iniatives Studying university development
HEls Big data challeges documents for methods

Design and Natlongl .

modeling LA Accreditation &

teaching learning

frameworks in
standards

literature.

Figure [I11-2]: Model development procedure (source: Author)

Student satisfaction survey via a questionnaire is conducted, to capture student
requirements in general, understanding their needs, trends, individual learning characteristics
and considering their opinion into account, as a main stakeholder, the first survey was for a
group of (29) students from different universities. Here by some of the survey results

(Appendix A): https://www.surveymonkey.com/results/SM-WTCFL5C58/. Results showed

that, students were feeling stressed (see Fig. [111.4]), they complained of unstable curriculum,
no social counselling, and no timely ongoing feedback about progress toward academic goals,
staff availability and teaching effectiveness. Student were happy about future career
opportunities and academic reputation, and were somewhat satisfied with counseling services,

responding to individual needs of students.

41



https://www.surveymonkey.com/results/SM-WTCFL5C58/

Siress
TH62016 4:186 PM View respondent's answers

siress

711612016 2:5

View respondent's answers

Had an undiagnosable disease that the administration didn't recognize as legitimate

1672016 1:39 PM View respondeni's answers

There is no social counselling

1672016 12:04 PM View respondent's answers

The only serious problem was poor management and planning, affecting the curriculum

1672016 12:04 PM View respondent's answers

Unstable curriculum

THE/2016 1

0-44 AM View respondent's answers

Some stupid university rules that can cost a student a lot

N A S Gimaas R [y | PR —

Figure [ 111-3] : View of some respondent’s answers to satisfaction survey (source:
Author)

The investigating of the individual learning characteristics and educational needs,
followed through comprehensive surveys, questionnaires, studying university’s documents,
brainstorm sessions and face-to-face interviews, to provide significant information and joined
strategy formulation for various stakeholders, to support higher quality decision making, tailor
educational opportunities to specific students’ prerequisites, future planning and efficiency
improvement in the teaching-learning process, addressing LA challenges and enhance
utilization of the dynamic and diversity ocean amount of data that available/collected in HEIs
building EDW to be a solid foundation for mining knowledge and well understanding of the
Students’ learning experience and investigating user requirements of target groups in academic

background.

BIELA (see Figure[0-4]), is arises from empirical study, reviewing Bl initiatives in some
modern universities, desktop research, learning analytics modeling perspectives to fill the void
in LR, study universities’ Documents in QA measures, teaching learning standards and KPI,
surveying and interviewing target groups and experts, and by using design and development

methods. The Bl technology will then be appropriately applied for performance supervision.
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Assessment Data
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Figure [111-4]: Business Intelligence Enhance Learning Analytics (BIELA) framework
(source: Author)

3.2.1 Data preparation (Phase 1)

Data preparation, is the step concerns populating, manipulating and transforming the

raw data gathered into appropriate format that should meet the specific criteria of the quality

requirements for visualization, using BI tools.

To better oversee the nature of the data, it also includes checking data redundancy,

consistency, completeness, missing values, the credibility of attribute values. Contextual

knowledge can be used to lead these instructions.
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In addition, for inform knowledge, privacy, ethical consideration and ensuring the
quality of data by enforcing constrains and correcting wrong entries, typical examples of
manipulation include converting data from manual entry work sheet format to attributes in
database format, moreover, academic numbers which is the key field, are converted to
encrypted/fake numbers using specific code, to anonymize students’ personal information for

ethical considerations.

Data preparation &
cleaning

Metadata

arehousing Population

Data Marts

EDW

Metadata, ETL, Data
preparation &cleaning,
data marts

SIS, St-biography data,
St-grading,...

Figure [ 111-5] : 1% phase in BIELA (source: Author)

Preparation also involves metadata, schema, running correlation and significance
queries that help understanding data and clearing views, and data cleaning which includes
eliminating doubts and transforming missing and unknown values. Intelligent attributes
selections used, from the cleaned data to visualized really valued knowledge, in the later phases

for actionable insights.

Data preparation step is indeed, the most challengeable and time-consuming part of the
Data management process (Liu & Huang 2017), since the raw data used, is from different
resources (students’ data , students’ results and student biography information, with

different/heterogeneous format and mostly inconsistent.
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In our case, academic record and biography information are considered personal and not
allowed, unless under ethical requirements and guarantees, which have yet to be explored for
big data (Swenson 2018), so the researcher take precautions, to be vigilant, made several
actions to anonymize the origins of the data, like converted academic numbers which is the key
field, to fake/encrypted numbers using specific code, “ to achieve the goals”, that leads to
support and withhold students’ learning experience by improving learning outcomes and get

actionable insights of student achievement for students and society.

Data is captured from more than one resource, in different format, for the purpose of
this research, the most challengeable phase is the preparation of the data to meet the goals and

to extract real valued knowledge.

3.2.2 Analyzing knowledge (Phase I1)

After data preparation, will be the most important pillar, which is analyzing data for
extracting useful knowledge. Bl software tools, used to extract useful knowledge from
preprocessed data. Bl is the umbrella of fast growing powerful technologies (e.g. DM, OLAP,
Al,.. etc.), that can collect spread and dissimilar data in an intelligent way that will be suitable
for decision support and strategic organization, this usually comprises the standardization of the

factors to the optimal values.
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0%

Figure [111-6] : 2" phase in BIELA framework (source: Author)

The deliverable of this step is some visual model bounds or design capturing
predictabilities and increasing understanding, knowledge and insights in the higher level of the

pyramid (see Fig. [111.6]).

3.2.3 Visualization (Phase 111)

Visualization are vital tools of the communication, sharing and customizing of
information which provide users with the information required to monitor and controlling
deliverable outcomes to make intelligent, real-time decisions, that's why it should be prepared
very carefully. The well designed dashboards let managers make well-informed and suitable
decisions that help achieve institutional goals, therefore managers can avoid making decisions
only on intuition, and the result is more actual operations, which increase improvement of

learning outcomes and QA.

The ideal visualizing system would tell managers all they want to know and only those
things. Although no such ready-made system exists for every application. An effective
dashboard system will lower risk and cost and reduce information excess, it creates a
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communication channel to share information upward, downward and laterally, and transmit
information in whatever direction needed. The dashboards can communicate in more than one

direction at a time.

More accurate planning and foretelling is extremely important to running a progress
meters, since amazing technological development, and strategic planning becomes difficult. The
visualization system is timely evaluation and control, therefore managers may not necessarily

have the detailed fact and figure needed for comparison and evaluations (see Fig. [3.7]).

Active
Students

Summary Visualization

Students
Degree
View

Dashboards

Electronic
Reports

Figure [ 111-7] : Phase 11l in BIELA (source: author)

3.2.4 Operational Insights (Phase 1V)

This final phase, that an important aspect of the overall effort consists of predicting how
and where to put the final discovered knowledge into realistic activities and decisions. The
fundamental elements of this phase are derived from awareness and the lessons learned from all

the previous processes.
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A management plan can be produced by simply documenting the achievement principles
being used to improvement of teaching effectiveness, withholding and supporting
underachieving students before being dropout exploring their educational lifecycle, helping
academic advise catching them early. Outcomes consistency is the result of continuous
improvement with the approved changes to reach insights serves students’ success and

satisfaction.

These visualizations can deliver decisions’ makers with knowledge about progress
indicators, including students’ performance, and abilities. The discovered knowledge is then

finally positioned in this phase.

Outcomes
Consistency

Improvement
Of Teaching
Effectiveness

Support Operational Insights

For
Underachieving

Students

Figure [111-8] : Phase IV in BIELA, (Source: Author)

3.2.5 Assessment Data

The evaluation stage serves to help ensure that the discovered knowledge meets the
original research objectives and extracting real valued knowledge before moving further. The
quality of courses must be checked regularly through suitable evaluation mechanisms and
revised as required, with more extensive quality assessments conducted periodically.
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Researcher used evaluation techniques like interviews, surveys and case study, with
feedback from main stakeholder and decision makers. To further explain and validate the
framework, we next conduct a case study, employing the framework in Computer Science and
Information Technology College in SUST.
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3.3 Case study

3.3.1 Validation method

After the model is constructed, researcher need to validate the model, by examining its
usability, effectiveness, efficiency, and learnability. Once the model is constructed, then a
continuous improvement was made to the design, according to feedback, validation method and
researcher’s experience. An internal deployment is established in one of the public universities
in Sudan (SUST), using real students’ dataset, with continuous feedback form stakeholders and

experts (Figure [0-9]).

Model
validation (case
study)

Exploring Feedback from

insights and administration

further refining authority and
the model experts

Discussion of
the result,
visualization
adoption

Figure O[111-9] : Model validation procedure (source: Author)

3.3.1 Participants:

Researcher use data from real case study, of 6084 result records of undergraduate active students

(2016-2017 academic year), result records are between (2013 — 2017) years, (students’ mean
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age 19.5, 65% females), studying for degree of computer science in Computer Science and
Information Technology College in one public university in Sudan, Sudan University of science
and technology (SUST).

University of Sudan Selected in 2002 among a number of universities in the Arab
world for the United Nations Development Program (UNDP), qualitative performance
development project, for upgrading the institutional planning at universities, where the
program of computer science, faculty of science and its department upgraded to College of
computer science and information technology. In 2009 the quality assurance council of
Arabic universities Union, applied an institutional accreditation in SUST as the first Arab
University within four other Arab universities in the Arab League, and awarded certificate
of this in 2010. In the year 2017 University was selected from among Sudanese universities
within the external accreditation program Association of African universities (AQRM).

3.3.2 Instruments:

The data was gathered from multiple heterogeneous resources by the following
instruments:

e Extract the variables from heterogeneous resources (student information system
(SIS)/ registration information and university academic information) where most
data about students and their learning results are held, along with students biography
information from students’ interior center, to populate the EDW or the “one version

of truth” as a good start.

e Survey and data analysis for university target groups (teachers, head departments
(Appendix D), dean (Appendix C), academic adviser (Appendix 1) and QA dean
(Appendix J )), used for maximizing domain knowledge as the first phase in the
CRISP-DM method.
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e Exploring HEIs documents of teaching-learning standards (Appendix F), also, to
consolidate the base of domain knowledge. Explore which variables are coming

from LA, seeing what can serve the Bl concept.

e Deriving implications for the Business Intelligence performance towards LA

application area, identifying needs/user requirements.

e Use of BI software tools, for extracting hidden knowledge in the data at different levels

of granularity, and for verification of hypothesis.

o Identifying challenges, barriers and opportunities for data-driven, visioning how to solve

these problems and achieving the goals using framework serving those solutions.

e Investigating the validation of BIELA model, by deploying it in a HEI to assess the

results, and further refining according to feedback from stakeholders.

3.3.3 Data Sources:

Students’ study record held by SUST (active students at 2016-2017 academic year),
summarized in eight attributes (see table2), and student personal data provided by them at
registration, from registration office in SUST, summarized by four attributes (see tablel),
along with student biography that contains details like guardian work, sponsor, residence
and health status, from student central interior, summarized by fifteen variables (see table

3), all data was in excel format, so it was very noisy and inconsistent especially for table3.
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Table 1
Students Data

Attribute Description

Stnumber The academic number of student (PK)
Stname The name of student

State The state where student come from
Province The province where student come from

Table 3.2: Student basic information from registrar

Table 2

Students Result
Attribute Description
Stnumber The academic number of student (PK)
Stname The name of student
Yearno The year number
Semno The number of the semester (1 to 8/10) of the year
Sem GPA Semester grade point average
GPA Grade point average
Res Details The result details
DEPT The department name

Table 3.3: Students result records description

Table 3
Students biography information
Attribute Description
Stnumber The academic number of student (PK)
Stname The name of student
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Gender

University

College
DEPT
Level
Admission
St _telno
Residence
State
Province
Guardname
Guardwork

Healthstate

The gender of student

The university name

The name of the college which student admitted to
The department name

The level of the student

The admission year

The telephone number of student

The residence where student live

The state where student come from
The province where student come from
The name of student’ guard

The work of student’ guard

The student’ health state

Table 3.4: Students biography information

Stundents® e

@ Eiography 6
data Students"" information
 studening result studentne
- studentname - dmdeatng ~studentname
) - statename ‘@ - gtudentname -gender
_ name - gemno 3 | —university
- Xearno -college
- gem Gpa -DEFPT
-Gpa _ -level
- FRes Details —admizsion
-DEPT -st_telng
-residence
-statename
-provincename
-guardname
-zuardwork
-healthstate
-Sponsor
-notes

Figure O[I11-10] : ER Diagram (source: Author)
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3.3.4 Data Collection

Collecting computer science students’ datasets (College of Computer Science and
Information Technology in SUST) from SIS database, Students’ results and student’ registration
data, results’ dates are from (2013 to 2017 academic years), from registration office, and other
biography information from “Alshaheedain™ students’ interior center, that affiliated to the
National Fund for student support in Sudan, where the enrollment’s data of many universities

in Sudan are grouped there.

The data was extra noisy and in an excel format. Student assessment and feedback
Survey (second survey), is conducted (Appendix B), for the students only in the College of
Computer Science and Information Technology (the sample that dataset of the research is taken
from), to richen the domain knowledge and for understanding students’ needs, trends, opinions
as well as their individual learning characteristics. Questions in the questionnaire were seeking
pressures, limitations as well as motivations, that the researcher need to maintain and resolve
using third phase (visualization) and fourth phase (operational insights), in BIELA framework,

coping with performance measures.

The responses of the students’ questionnaire (63), have been analyzed and described
from students’ perspectives and taken into account, by considering them with information from
data analysis. We can see that, females are nearly 65%, males 35%, GPA is normally
distributed i.e. most students have 2.6 to 3.0 grades, more than 75% of the students are not
satisfying with the learning outcomes specification/consistency with the needs of the labor
market requirements, nor with the mechanism used to evaluate the learning outcomes. Most
students are complaining of time management, teaching effectiveness, time tables’

managements and lab preparations.
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In analyzing students’ individual learning characteristics, most of them prefer to learn
using photos and videos, take detailed notes, need very specific examples and share the others’
in their thoughts. About 50% of the students missing academic advisor and/or psychological
help. Students (more than 70%) are agreed that, this college has great desire and good academic

reputations.

These results were come in line with the data record analysis (discussed in chapter four
with details), and with decision makers’ survey, that agreed there was no system for academic
advising helping to reach at-risk students before being drop out and there was a lack of staff

retention, infrastructure, decision support systems and affordability.

Interviews were with dean of Computer Science and Information Technology College,
quality assurance dean, academic and administrative staff members on behalf of many keys

regions to understanding and capturing quality requirements.

Analyzing students’ result records along with their registration and biography
information for the purpose of mining knowledge and awareness about students’ experience

and performance, tackled in the next section in details.

Constrains which faced the researcher in data collection confined to: Privacy (students
‘data considered personal and not allowable), due to ethical considerations. Also data pre-
processing and ensuring of fitness and clearance of diversity nonhomogeneous datasets as a big
challenge.

3.3.5 Data Analysis and visualizations:

Data analysis has six steps: Beginning with collecting students’ records from all angles
to assess the situation, Extract-Transform-Load, data preprocessing and cleaning noise, which
is the most challengeable phase (described in the preprocessing phase Fig [I11-6]), data analytics

using BI software tools, Tableau, the dominant tools topping the Gartner lists for many years
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(according to Gartner analysis as of Feb. 2017 (see Figure [0l11-11])). Tableau has being used
in data visualization and has great desire, fast and broad adoption in practice and in academic
background (Mamonov et al. 2014). The author tried “RAPID MINER”, as one of Bl tool that
is completely free, but visualization was poor and redundant with limited flexibility.

- Tableau & Microsoft
- Qlik
Alteryx @i - SAP
SAS IBM
S L_J ]
= TIBCO Software
Oracle Birst «» & Salesforce
- - - 4 Sisense . .
Board International MicroStrategy @ ClearStory Data
Domo - ThoughtSpot
Information Builders gy - =
Yellowfin qp Logi Analytics
=
=
=
oS
— Pyramid Analytics i - Foomdat
=
= Datameer, o
= —= -
=
-_—
COMPLETENESS OF VISION As of February 2017

Figure [111-011] : Gartner MQ_analysis_and_BI_2017_HI_res source: Gartner (Feb. 2017)

Customizing visualization and dashboard detection, exploring which view is come on
line with demands and really valued for the purpose of informing decisions and enlarging
awareness of students’ learning experience, for decision making, predicting and presenting
useful data for enrollment trends and program review planning, and finally determining the end-
users’ perceived adoption and acceptance of the implemented technology for evaluation and

interpretation.

Only approved models are retained for the next step, otherwise the process is revised to
identify which data entry could be corrected to validate the results (e.g., writing wrong input
name, getting different data). The researcher assessed the results carefully through case study

and Expert Corporation and thus gain confidence as to whether or not they are qualified.
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Researcher exploring documents of QA in teaching learning standards in HEIs and gather ideas

about specific quality indicators to evaluate the effects of learning analytics technique.

The researcher encapsulate the results in figure [0-12] to figure [0-15]. The benchmarks
deliver away to regulate the assessment of learning analytics tools. In addition, the academic
context experts support interpreting the significant types of comparisons, results and checked

whether the exposed knowledge is useful, clear, and effective.
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Figure 111-12: Overall summary analysis (source: Author)
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Figure OIll -15] : Students distribution computer science and engineering (source:
Author)

Summary

In this chapter, we have been exposed to the research methodology and data collection
used to create and validate the BIELA model. Various issues in the model construction and
deployment, such as domain knowledge, participants, instruments’ development, data
population, and analysis of data, visualization of results, operational insights, assessment data
and case study method were offered in detail.
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CHAPTER 4

DISCUSSION OF RESULTS

Many aspects are presented in different granularities, using drilling down or roll up in
the visual results and dashboards. In the investigation of the states and provinces, results
showed that distribution of students is not identical, some state have very small number of
students comparing to other ones see Fig [111 -14].

Universities need to investigate the effect of number of students per college/department
on average GPA, results in our case study showed that, the average GPA does not affected by
the number of students, but could be affected by the curriculum i.e. tough courses in computer
science & network departments led to a lower average, than other departments (see Fig [0-12]).
Dashboards in the result, easily presented comparisons between different groups of

colleges/departments/students per years/semester/gender/GPA at any level of granularity.

Number of students per college/department per semester and the average Semester GPA
per college per semester to analyze the effect of curriculum, and number of students per
college/departments on avg. semester GPA, semester over semester (see figure [111-12]).

Individual student details, such as his personal profile and his results in his complete
educational lifecycle. To analyze that the student is improving his scores semester over semester
or going down, this process will be effective in picking at risk students before being dropout by
consulting and withholding them as early as possible, realizing a fall in student's performance
level/GPA, before sufficient time figure [ O111-14].
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Retention or sustaining needy ones, and will be a good tool for the academic and/or
psychological advise, raising student success, retention and satisfaction for students and society
by minimizing the risk of dropout (see Fig [ IV-1]).

Individual student details clearly showed that semester six, is the most challengeable for
most of student, also investigation and interviews of academic administrators and head
departments showed that the most difficult courses are taught in this semester, so university

need to review semester six courses and learning styles for utilization this challenge.
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Graduation Analysis: It shows number of graduated breaks down by gender and by
departments, their admitted and graduated years are detected, deriving new attributes by
splitting original one, researcher drive the admitted year from student academic number by
taking the first four numbers as separate attribute (using Tableau Prep & Tableau), so that

completion rate could be easily detected.

It shows that few students graduated in four years as required (successfully all through
courses, i.e. other students may graduate in four years but after sitting for alternative/
supplementary exams), and females are more succeeded in that (four females and no males),
this also confirming the bigger number of females enrolled. Most students graduated in six
years indicating a failure problem, few of them admitted in 2007, 2008 and 2009 meaning
studying for seven to nine years, taking into account the study suspension due to political or
weather or any other external factors. State and province wise graduated dashboards, shows that

most graduated students are from Khartoum, the capital state (see Figure [I11-15]).

Results in dashboards also shows that, most students are sponsored by the university,
and most parents are from the workers category, followed by officers, teachers, and free
business Figure [111-13]. Note that the word "worker" or free business is very flexible and may

include small/large business owners.

Fig. [ IV-2] : Most frequent words in the author research resources (sourse: Author)
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Main Contribution and Outcomes:

As any estimation or quality assurance process in HEIs, seeking progress indicators,
require advancing on preparation to demonstrate on students’ learning, and there is a growing
need in universities for an evidenced-base LA model to employ big data for the benefit of their
students, researcher build this novel but practical, step by step framework to fill the void in

literature.

The novel practical Business Intelligence Enhance Learning Analytic Framework
(BIELA), that represent meaningful guidance on effectiveness use of LA in HEIs, keeping up
with the revolution of ICT and the dynamic “big data” growing exponentially, toward growth

in HEISs, the extraordinary turbulent environment, is the main contribution of this research.

A simple and concise view that collects all students' information in proficient and secure

way, prepared as a solid foundation for proper analysis.

High quality, informed, more timely and customizable fact-based reports and
dashboards that support high quality LA suggestions, retention and decision making to enhance
the learning processes and improve the HEIs’ performance and efficiency, addressing the most

challengeable issue in HEIs, which is students’ success.

Contributions to knowledge: Theory and practice of integrated MIS (Management
Information System) in HElIs.

Contributions to practice: Inspire a culture of evidence to resolve decision making
processes in teaching-learning process of HEI, by minimizing decision time and minimizing the

risk of dropout of the students as a big benefits to the organizational performance.
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With steady interest in data and analytics in the education sector, it is important to have

tools and techniques that go deeper than being assessed through tradition metrics such as blogs’

long, time spent online, content usage and number of clicks.

BIELA is from the result of empirical study in LR, presenting BI initiatives in some
universities, desk top research (Fig. [IV-2]), and study universities documents in QA
measures in teaching learning standard and KPI, surveying and interviewing target groups
and experts, and by using design and development methods. And then validated in one of

the public universities with real students’ dataset, and feedback form stakeholders.

Thus the importance of this model lies in its ability to provide a deep and accurate  insight
into students' learning experience and their environment. In this context, alternative and
diversified assessment and evaluation techniques are necessary to improve the
harmonization and articulation of technical, informational learning complexity that
constitutes the core of education in the twenty-first century.

Extra refining in the BIELA model after a continuous survey, considering opinions and
feedback from experts and stakeholders as target groups.

Publishing articles related to this field in valued academic journals.
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CHAPTER V

CONCLUSION AND FURTHER WORK

Bl is the process of increasing the competitive benefits of a company/institute by the
smart use of available data in decision-making to solve complex issues, and certify the critical
information availability since it emphasizes the practice of performance and analysis
assessment in all levels of an educational landscape which is extraordinary turbulent, (Duan et
al. 2013).

Today, most universities are actively gathering and storing students' data in large
databases (SIS, LMS). Most of them have understood their potential value and taken the
revolutionary approach of “FROM DATA TO PROFIT” by targeting competitive
improvements applying Bl toolkits, for making decisions to increase performance for strategic
transformations in terms of teaching quality, student satisfaction, students’ retention, students'
grades and preventing students’ failure/ dropping. The dramatically increasing demand for
better timely decision knowledge about the user demands and performance measures, that

increasing managers' satisfaction for Decision support.

The research was motivated by the lack of validated evidenced based, standard, practical
step by step framework that enhance LA in HEIs. The main contribution is the novel, practical,
and step by step Business Intelligence model (BIELA), that represent meaningful guidance on
effectiveness use of LA in HEIs, validated and grounded in Sudan.

Researcher use data from real case study, of 1034 undergraduate active students

(students’ mean age 19.5, 65% females), studying for degree of computer science in Computer
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Science and Information Technology College in SUST. The data was gathered from multiple

heterogeneous resources, and by survey and data analysis for the target groups.

BIELA is arises from empirical study, review LA construction and modeling in LR,
studying Bl initiatives in some universities, desktop research, , study universities’ documents
in QA measures, teaching learning standards and KPI, surveying and interviewing target groups
and experts, and by using design and development methods (CRISP- data mining method,

Monkey survey and Corel Draw).

BIELA framework, differs from previous models, in its fourth and fifth phases addition
that is insightful, assessment data and feedback, BIELA framework also differ in
fundamental elements that characterize the five Stages. BIELA framework is distinct because
verified and proved its success and hypothesis using real dataset for more than one thousand
university students, rather than the greatest of the research in the field of LA, which has been

applied on the Online/blended/survey/eye tracking etc. (Nistor & Garcia 2018).

This research has illustrated how Bl and LA can be exploited to develop successful
algorithms for extracting and analyzing constructions to produce an intelligent step by step
revolution model, act as a practical framework that serves and guidance the process of teaching-
learning by effectively dealing with the vast amount of data available and/or collected from

various sectors in HEIs.

Moreover, how that constructions can take the form of statistical outlines, models, KPIs,
insightful and interactive dashboards and relationships, offering a grand challenge for

technology enhance learning (TEL).
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Future work

e Broaden the system to include the result of students prior to university education
(secondary certificate) and linkage with the university admissions system.

e Discovering different hypotheses by exchanging data models or predictive models using

different variables/tools.

e  Concentrating in the future will be on how the learning will be takes place adopting

learners’ needs.

e  Challenge the complexity of Bl applications due to multi-layer of DW & B, perceived

cost of acquisition, user acceptance and improper implementation.

e  Adopting methods that integrate vast amount of dynamic and diverse datasets that growing
exponentially and can be structured or unstructured into a single coherent framework,

remain an open issue in the future.

e State of the art concentrated mostly on technology, information security and user
acceptance. Therefore, the future work will concentrate on further work like addressing
difficulty in creating dashboards and providing right reports at the right time to the right
persons, beside a lack of usefulness, customization and sharing/communicating analyzed
details records of results/information provided in dashboards for a wider user range what

makes a critical dearth in decision making.

e How to access and extract real value from institutional captured data in terms of privacy

and ethical framework.

e Automating the process of improving performance and collecting more data about

students’ behavior and their learning experience.
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Opportunities for further research abound mostly as:

e The deployment of the envisaged BIELA model in further universities, national and/or
international with active community partnership and industrial collaboration, will serve
the broad need for big data exploration toward enhancing learning and educational
processes in the Higher Educational domain. This can be achieved by, for example: -
customizing the model to accommodate the partner requirements.

e More LA competences, intelligent security and increased reality are expected to gain more
prominence for SRM (Student Relationship Management) users in near future.

e Increasing the number of monitoring devises/ sensors for collecting more students'
engagement information and ensure an automated retrieval of institutional information
from anywhere.

e Developing other Bl toolkits for efficient managerial decisions.

e Developing real-time feedback and online analytics for evaluating performance.
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Appendices

Appendix A: Student satisfaction survey results
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Motify others when new results come In for this survey. Notify others now =

Student Satisfaction Survey =g
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Notify others when new results come In for this survey. Notify others mow »
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Appendix B: (SUST) student assessment and feedback survey results

Student assessment
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What is your gender?

Student assessment

All Pages ™

* =

what is your gender? m

Anwaaied B Skippad: G

ANSWER CHOICES —
Pl A Fr
Hala BT -
TOTAL pa

o O]

What is your age now? ¥ &l e £

Anwaaied B Selppad: 0

Shirw Link | hitpse f'wanw. surveymon key.comyfre m [Carans] YT . &3 responses



wWhat is yvour GPA? AN eSS il e ga WS
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Appendix C: The dean interview questions

THE DEAN OF COMPUTER SCIENCE AND INFORMATION TECHNOLOGYCOLLEGE
—SUST -INTERVIEW
DEAN OFFICE 5.AUG. 2018
Time: = email: = college web site:
Goals, view and message of the college
-From website
Student and staff statistics?
Three doctors (male), ceeeeeeeneennnnnns
Number of trained and certified teacher by gender and by level of
education

Education of staff (by gender)

(2) PhD males (three males, ...... females)
(1) MSc male (------)

(3) PhD females [C— )

(4) MSc females (-----)

Statistics (student enrolled, suspension, dropout and successfully
graduated by gender), graduation rate (students those passed the final year

successfully/ students those expected to graduate)?

Your opinion in BIELA framework, opportunities & recommendation?
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Appendix D: Teachers & Decision maker survey

STAKEHOLDERS SURVEY
Students' Assessment & Feedback

What is your occupation?
Question Title

1. What is your occupation?
WDecision maker
‘ X Dean
‘ X Staff member
WHead of Department

WSenior Staff

X OTHER

SUST has a Datawarehouse for mining knowledge
Question Title

2. SUST has a Datawarehouse for mining knowledge

WStrongly disagree
WDisagree

‘ X Neither disagree nor agree

‘ X Agree
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‘ X Strongly Agree
What is the most challengeable Class level, in your opinion?

Question Title

3. What is the most challengeable Class level, in your opinion?

L L L L L
evel 1-2 evel 3-4 evel 5-6 evel 7-8 evel 9-10
X
X X X X
Level 9-
Level 1-2 Level 3-4 Level 5-6 Level 7-8
10

Student assessment process are appropriate for the intended learning outcomes
and effectively and fairly administered with independent verification of standard
achieve.
3alae 48 sl (3 ae Caliail g Aleldy iy 5 sa el aledll il jiie Lalad canli Ul apds Cillee
daaaiall Huledl e

Question Title

4. Student assessment process are appropriate for the intended learning outcomes and effectively
and fairly administered with independent verification of standard achieve.
oalaall e Bl 48 Hlay (380 xe Sliall g Addeldy HIaT g3 ga el aladl) Cla jaie Lelad il QO 4l ililee

il
&Strongly Disagree
‘ X Disagree

‘ X Neither disagree nor agree
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‘ X Agree
‘ X Strongly Agree

Other (please specify) S )si&
Student learning outcomes are clearly specified, and consistent with the needs
of the labor market and requirements for employment? <z sa s 33330 daaidadll il Hal)
Aigall A jlaall lllaie g Janll (3 g dala o dBuia
Question Title

5. Student learning outcomes are clearly specified, and consistent with the needs of the
labor market and requirements for employment? (3w dals ae dudia 5 ¢z guia 53 8230 Apaplaill ils HA4l)

Aigal) du Hlaall cilillatia g Janl)
&1: strongly disagree s ()l
WZ: Disagree (=il
W's: neither agree nor disagree Jai ¥ (i )i ¥
W4 = Agree Jal

&5: strongly agree sady s Jai
The mechanisms used to assess students academically are appropriate and
sufficient to the program?
eiall pia 5 AAS a5 Laal€T Ul i adiiaall ildy)
6. The mechanisms used to assess students academically are appropriate and sufficient to
the program?

zeiall e 5 48S i LiapalST DUl apitl dandisall Y

Elz Strongly disagree sy (i )l
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X 2= Disagree = )|
‘ X 3= Neither agree nor disagree Js8i Yy xé )i ¥
&4 = Agree Jdl

&5: Strongly agree 2 Ji
What are the problems that can lead to a failure or a low student GPA?
"l Jaea G 5l gy () g5 O (Saal) (e Al OSSR " s (e SISy
7. What are the problems that can lead to a failure or a low student GPA?

" Al Jane (35 5 ey (5258 O Saall (g A COUSERN L Aa) (e S) LA (S
‘ X Time table is not proper ((fabuall & palaall) lua duia pe daul jall Jslaal)
‘ X Low teaching quality ol sasa (A
&Insufﬁcient credit hours (A8 e 3addiaall Cilelul) 22
&Lack of references gl el 5 sl 418
WLack of labs and preparations < el § Jalzall 418
WUnsuitable curriculum ad/calie ye ol )l zgial
&Teaching staff are not available O iie e 33LLY)I
&Test anxiety LAY 3B
ETime Management <l 5 1)

Other (please specify) _SX }TE
If student's GPAis high, that isas you think because of

" asm W 3 eme deail Wle Gl Jaa IS 1 M) e S) sl oSa
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8. If student's GPAis high, that isas you think because of

"N s Gl g (e Jeadl Tlle (LAY Jans S I3 M) e ST LT (S

‘ X Student work hard 4iaé s Al slgia)

‘ X High teaching quality cmelzall 3cliS

&Academic and social advice il 5 aSYI ALS Y
&Sufﬁcient credit hours  saaixall cilebud) axe 3US

WEasy of curriculum  4s sa 55 (ol Al mgiall Al s
WSufﬁcient labs and books ~ Jalee s i€ (e dnliall Al 8 53

&Continuing student meetings and activities leads to encouraging them to
study

Juaaill ‘_A.:: A @Mﬂ LSJJS Q\.EL&&]\J B yatuall Cfelall)

&The effectiveness of the orientation week fornew students

A2al) G3Ual) Ay ¢ ja...u\

&Students help and direct by their older colleagues

(),3\.'\..43\) Ay Lﬁ ?ﬁY\ aeka ) J8 e X 3) oAl 3ac Lua
ETime management < gl 513 o

EOther (please specify)

X
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What procedures are in place to ensure the quality of the program taught in
college
" e I (Sad? A 8 Ay 55 dainall el jall 83 g (e 2SUD g laa ay Al Sl Y o L
24
9. What procedures are in place to ensure the quality of the program taught in college

"ala) e S s e Y8 Ay Adirall zels 5l 33 g e S Lot jlae kN Cile) 2l A L
) e Ok 27 AR (A ) T > e Dlaa aly A

X The program seek and obtain a relevant academic and professional advice
in specifying intended learning outcomes for students 4wwslSY) 5 siadl Je Aue zali )

Al Aagiosall Fpadarl il aaad b Aleall il dsigall

&There is evidences showing how intended learning outcomes are consistent
with the Qualifications Framework Db ae Baaiaall aladll 35 Gl e Ja L elllia

O gall

&Teaching staff are made familiar with and enabled to use the strategies
included in the program and course specifications. alaaiul (pe agiiSal g (il s Cay jal 2

elial) G 1 s paall il i)

‘ X Texts and reference materials are updated for relevance and quality so that
students in academic/professional field are adequately prepared. — aal_all § Sl Euaas

GlS S8 igall/ ranlSY) Jlaall & Bl slae ] 4y Gy Lgis g 5 Lgilae Sl

‘ X Teaching staff are available at sufficient scheduled times for consultation
and advice to students, and in office hours sy sLiall 48l de oo (B G salia () g yaal)

A€l e L) Atlll 5 ) sl
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‘ X Measures have been adopted to provide appropriate preparatory support
and orientation to help students study in a higher education environment. a5 M

el aslal) R 3 Al e AN sae Ll Cppaniall (paa yaamnll agm sill 5 acdll il s,

&Measures are taken to see that students are given feedback on performance
and results of assessments in a timely manner, and there is additional assistance
provided where necessary. Ol o3y 42325 e () shasy Ol IS 13 Lo 48 jral i i

Jaxill e iy Ledic 2385 48lial oaclise llia 5 ¢ Caliall i gl) 8 Claggiall il 5 2121,
&The content of course and program portfolios are described as it relates to

changes made periodically. Lo il Jesd [l Cila s (5 ginal) Cana 53 2

Other (please specify) S Ls)ii‘ X
What is your teaching style? 4l 53 o puill coslal g L e ST i) eliSay
;i_.’lé“ll
10. What is your teaching style? — 4laés (5301 Lol bl sa Laala) e SiS1 jlia) iy
‘ X | take detailed notes during lectures <l _palaall ol dadiadi cillaaSle i
‘ X prefer to teach with images, videos or other media b sl aladinly G Hail) Juadl
Logac bl ol 5 jguall s
WCharts, diagrams, and maps help me to illustrate il &l 5 Al o g )l 5 illadaddl)
C‘).uﬂ\ J\ @m‘,ﬂ\éc ‘f&u
&I allow discussions and presentations by students Ul el )5 Rl G sl Juadl
sl apai

EI allow frequent breaks during lectures 8 _alanall L) da) yiu¥) ol o iy
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‘ X ‘I move among my students during lecture 8 nalaall el (52aDM (o Ayl

WI explain the main idea and leave the rest to the diligence of the student ~ 3_Sall & i &K

AUl sy 5 Aikadl LY & 31 5 dpuslia)
WI prefer presented in a step-by-step way 8 shaiy 5 shad 44 yhay (i jad Sl £ Lud ) Juadl U

&I adopted specific examples in order to students' fully understanding 322 dial e aaie Ul

RE gl Jal o il

& Other (please specify)

X Lol o9 PSR s 5 g (s A yall
c:Academic advisor is available and helpful
Question Title

11. Lela o) s o 25 sa Sy 25 5l

2:Academic advisor is available and helpful
WStrongly disagree & b )l
&Disagree o=d
‘ X Neither Disagree nor agree Jsl Y s (=i i ¥
&Agree Jl
&Strongly agree sady Jal

EOther (please specify)
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x

o:Strategies have been developed in university to help weak students to
supporting/withholding them
agiailine 5 agac Al LSl Cpdeeazall Ul Bac Lisal draladl 8 Cilasi] il Cinia g

Question Title

12. «:Strategies have been developed in university to help weak students to

supporting/withholding them

agiailise 5 agaca LapalS) (il Ul Bac el Axalall & i) i) Camia
‘X . sy ad o]
Strongly disagree 3y (=8 )
&Disagree oad )l

‘ X Neither agree nor disagree Jsl Y5 =il ¥
WAgree Jal

&Strongly agree sy Jdl

How does your program use the following to provide evidence of the
appropriateness of intended (planned) learning outcomes and the extent to which
they are achieved (iakaaall) alaill s dae Sl e Jala auaill L Lo elaali yy p2diny oS
P83 (520 5 33 samiall

Question Title

13. How does your program use the following to provide evidence of the appropriateness
of intended (planned) learning outcomes and the extent to which they are achieved patiuy as

Leiiat (530 5 8 gaciall (Alaladiall) alail gils dae D e Jila wiil L Lo claali
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‘ X Graduating student surveys — Cps_aiall dllall bl ) ddbativl cilal
& Employment outcome data e sill il by

& Employer feedback —Jasll caalia cilidas

WPerformance of graduates after graduation z A axy Gaa 3l ¢

&Other (please specify)
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Appendix E: ALL SURVEYS:

9] Send your survey to consumers in over 100 countries
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Appendix F: National Academic Accreditation
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Appendix G: Teachers and decision makers summary:

ANEWER CHOICES = RESPOMSES
Tirvs mabibe b met poopar (ke patnaly U biia o Lo 23 10 Fre-os
L tinkehlag gusality m S KR A3 BEETH
Ircufficient cradit Bous S i Lukedll Zleldl D 16

= Lk of nals rarces ol gl )20 TEETR

= Lok of Libs ard pragarations <y i S

= Lifdaitabls Girieiikiin gl w ol O wpd 1EETR

= Tanching 51e® s not aadlible g S e S0 LT

= Testassiery sy T

= Tirs Managarsse —Ja5 s T

Tatil Nespondanti: &

i it 1)

Q8 Cuitamics

If student’s GPA is high , that is as you think because of _"=a o
al e S8 Jlesd ad' | Magerld ) 3 laghe e Jooal Lle LD

A fowared: &

Skl k- O

Studant work
hrd St

Academiz and
aocial achic...

Suffecimnt
eraclt houm...

High teaching
ity 4

Enwy of
curiculin. .

Sufficiant
Lnbw ard oz
=z [
whudent
the
wfmctivenan..
students huig:
ard diruct ...
Tims
mErageT—t

b (e
apactty]

AMEWER CHOICES

v Srudentwerk bird 65 00 1o

= High taacking guality il IS

v Acadurmibund ol idvics 0] 400 LY

= SuMciest coudit b Dl Sleld G

= Easyolcumilum s )-8 ppd Uga

= SuMciust labs and bosks ey S elaSa b dG

&

K, L s austy o 1F T PR ]

jeusiog L Lsdust

s ired ietivithes ks oo

e e 2 D

T —

of th oriastation wik For Sew o1 Lol o S s e

= studusts hadp ind dises by thalr older collagues o) LE8 0 o0 opTia § 06 mppa ol Ll
= Tirm managemant @10

Tatal Mesponsentic

101

B S

3

£

GIEISIGIE

3

&

@
E &



Upgrads to get masninghsl results: View all your responses and get powerful analysis. Vigw Pricing =

Teachers & Decision maker survey En
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Appendix H: Graduation Rate case study

(done manually), from Registrar Office (2012/2013 — 2017/2018 academic

years) - Gl ) aud

4 QL s Lo

Network Dep.:

Computer Science Dep.

35

45

93.33%
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45

86.67%

69.77%
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IT Dep.:
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Percentage of students entering programs who successfully complete final year

Course completion rates for Full time students in computer science and technology college
Apparent completion rate for undergraduate programs for full time students

Proportion of students entering post graduate programs who complete those programs in
specified time

list strengths and recommendations

Any quality management papers and performance indicators can be attached
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