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Abstract—Traditional  higher-education  classrooms
lecturers to observe students’ behaviours and nsgsoto a particular
pedagogy during learning in a way that can inflgeabanges to the
pedagogical approach. Within current e-learningtesys it is
difficult to perform continuous analysis of the cots behavioural
tendency, making real-time pedagogical decisiorfficdit. This
paper presents a Virtual Learning Process Environn{¥LPE)
based on the Business Process Management (BPM)emtoad
framework. Within the VLPE, course designers cardehosarious
education pedagogies in the form of learning precesrkflows
using an intuitive flow diagram interface. Thesagtams are used to
visually track the learning progresses of a coldrstudents. This
helps assess the effectiveness of the chosen ppdamoviding the
information required to improve course design. Aecacenario of a
cohort of students is presented and quantitataésttal analysis of
their learning process performance is gathereddisplayed in real-
time using dashboards.

allow

In an asynchronous e-learning environment, where
structured course materials are delivered to online
undergraduate students, Virtual Learning Environsien
(VLESs) such as Moodle, WebCT, Blackboard etc. ptewthe
platform that many third-level online educationse ar
implemented [6]. However, runtime pedagogical atpents
can be difficult to make [7].

In contrast to the classroom environment, behawlour
learning process is difficult to measure within tberrent
VLEs [8]. More often than not, accounts of competeinr
desired learning outcomes are often apparent tturkers
during a summative process; and the areas of diiés faced
by the cohort are often blurred as continuous iegrprocess
information in a real-time manner are not availgBle In fact
according to [8], the basic data provide by VLEsowtb
students’ activities are the frequency of loginsitvihistory;

Keywords—Business Process Management, Cohort Analyﬂc?nessage post on the discussion board; etc. Howefer,

Learning Processes, Virtual Learning Environment.

|. INTRODUCTION

lecturers are afforded the necessary learning psoce
information that could provide the means to obsemenitor,
track and analyse students’ online learning behasio

N a formal higher education setting for “traditibna continuously, then lecturers’ runtime pedagogigatraaches

classroom” or “online” undergraduate studies (esdlgdor
distance students), the desired learning outcomepart of
the broader context of pedagogical reform [1]. Bedgy,
though a concept, is crucial to learning becausadtows the
relevance of the process through which knowledde-is
achieved upon the lecturer. The collective meawmslie: the
contents to be delivered through the rigorous aislgf the
contents; the students’ needs through a propeysinadf the
entire audience; and, the learning outcomes orctibbgs in
form of the goal analysis [2].

In the traditional classroom environment, lecturets
although bound by time constraints — are natugakgisposed
to a more flexible pedagogy [3]. Lecturers may aymot
expand on a topic, change learning contents, enploasa
broader participation in class discussions, adopneav
formative approach based their pedagogical tendéviogt of
the observable students’ activities in the classrothat
influence pedagogical shift are not based on cogniéarning
processes, but behavioural ones - albeit, learisinglated to
both processes [4], [5].
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might be dynamic (i.e. customised assessment, gromp
feedback, and more personalised attention) as defd}.
Therefore, it is necessary to devise an analytigedns within

the online environment, beyond the summative pces
such a way that would allow behavioural learninggesses of
the cohort of students — right from the inceptioh the
teaching and learning process — to be continuouslgitored
and analysed until completion [11], [7]. Such systewill be
productive and timesaving for the management oblo
learning process by the lecturers [7].

The aim of this paper is to present a BPM-basezheing
system (VLPE) that focuses on learning processes
management through the modelling of a learning gssc
workflow around structured course materials based ao
desired pedagogy. The automated agents associ#tedhe
BPM technology are employed to perform the learning
process information gathering. Consequently, athowfor the
behavioural learning process information of up teesy large
cohort of students to be captured and presenteal learning
process dashboard for continuous monitoring antysisan a
way that could prompt lecturers to intervene eartpugh in
the learning process where and when necessaryaridigtical
results of the cohort of students that are preskntéhis paper
are made up of ten first-year students selectedk® part in a
three-week foundation Mathematics course (Mathemati
EE101). Although the cohort of students is madeotipen
students in total, the system analytical dashbazad be
applied to up a very large cohort.
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Il. LEARNING AND LEARNING PROCESS

In many undergraduate education programs, muctsfbas
been on the pedagogy of passing knowledge fronurestto
students. Focus on students’ learning process &esived
lesser recognition [12] and the current VLEs aré exempt
from this conventional pedagogical approach. Thpaat of
this approach on learning is often measured agairstt of
learning outcomes and/or students’ overall perforcea
during a summative process. However, the full agiptn of
the pedagogy employed is hard to gauge.

Learning has been defined by numerous researchecs,
from academic point of view, they unequivocally drapised
on “knowledge gain” as opposed to information regation.
More importantly, knowledge is gained through oomf of a
process or another. Therefore, an insight intopirezess of
learning can advance the online management of itegtoy
both the lecturers and students. Understandingwtigs in
which a student exhibits the characteristics ofrriem
constitute learning theories [13]. Although, leaitheories
have been around long before technology beganfligeirce
learning [14], its concept in understanding the plaxity of
learning and learning process are still relevarite Tmost
widely used models of learning theory are behavsour
cognitivism, and constructivism. Evidence in thterkture has
shown that constructivism learning theory is coriipatwith
the e-learning didactic ethics since it ensurasni@g among
learners in a more critical and engaging mannet toald
only spur motivation [15], [16], [17]. Neverthelgsan in-
depth knowledge into the complex nature of learnamgl
learning process within an e-learning environmerdubd
require more than the implementation of a single pathe
learning theories and/or one single pedagogy [18].

The paper argues that since learning is a proedsslanced
account of learning theories (cognitive learningogass,
behavioural learning process and constructive Iegrn
process) within an online learning environment esichble if
students’ learning is to be managed. A behaviol@&aining
process involves, according to [19], “... a retemtior
remembrance of observed behaviour, reproductioacting,
as like the observed behaviour and motivationat@mutes or a
positive reason for adapted behaviour”. The abtlitypbserve
students’ learning styles, paths and choices céoeimce a
shift in pedagogical approach. The traditional si@aem
environments strive in this process. Kesici [20]firkd
cognitive learning process as “a planning processd ufor
administering cognitive sources, such as attenéind long
term memory, which help the learner reach his/earrling
targets.” Observation of cognitive learning strasgvould be
significant in learning process management. Bramgnjizi]

technology in the enterprise domain, this papesqmts an e-
learning system (VLPE) that allows for the manageaf
learning process to be the focus of attentionmbedies the
characteristic of the most used learning theoriest tis
discussed above through the modelling/orchestratain
learning process workflows around course materifgctive
pedagogy and learning theories can help students’
development in learning and attention to their réay
characteristics, behaviours, needs, uniqueness,
experiences is essential to the effective managenoén
teaching and learning [22].

and

Ill.  LEARNING PROCESS ANALYTICS

When lecturers use VLEs to create, manage and edeliv
online course materials, students login and dowhltze
course materials. In some cases, lecturers uplaadse
materials periodically in an effort to prevent infation
overload that may de-motivate students learningariy case,
whatever the pedagogical approach adopted witlenvitEs,
many questions still remain [23]: How effectivetige online
course materials? Do they sufficiently meet thedsis’
needs? How can the students’ needs be better sagforo
What extent are the students’ interactions with toeirse
materials, tutors, lecturers and their peers dffeetHow can
the online course materials be improved? Answerthése
guestions would have a profound effective on teaghi
learning and pedagogical reforms.

Since different students browsing and studying shene
online course materials will usually show differdaairning
behaviours according to their personal charactesis4],
deeper analysis on their learning process wouldiired
advance technique beyond the simple upload and ldadn
histories. According to [23], there is a growingeirest in how
the data in an online learning environment can beduto
enhance teaching and learning; hence, the emergérceew
field of learning analytics. The emergence of laagn
analytics to improved teaching and learning is iiegpbby the
existence of many analytic tools such as web aicalyt
business intelligence, business activity monitofB§M) etc.
These tools have advanced within the commercia¢rgphnd
the academic environments are beginning to catclwitip
analytical tools such as academic analytics, actinalytics
and educational data mining [23]. Nevertheless] {¥served
that though the growing need for educational datamg for
intelligent report are beginning to gain tractitime access to
this data still falls short of been used to addteasning and
teaching.

Understanding the nature of students’ interactioith w
course materials can further enhance learning psoaealysis.

stated that “In the learniAgased system, a constructiveChuang [24] categorised the engagement of students’

learning process is understood as the studentg lzeitively
involved in transformative processes driven by eob
solving”. Records on the level of collaborationscagst the
participant (students, lecturers and tutors) durirgy
constructive dialogue can also help in the managené
students’ learning process. Inspired by the benefitBPM

interaction with course materials as follows: (¥q8ential:
Students follow the instructed ways of learningm®times
they jump out the recommended paths, but turn batkem
soon after; (2) Challenging: Students will browseges
related to course summaries and unit tests firsteMthey fail
such tests, they go back to find related detairs®unaterials
and iteratively perform the tests until passed; @Bge:
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Students browse the pages randomly without sperifess or 2) Connection objects: This allows flow objects b
sequences, often due to their interest toward réiffecourse connected together. 3) Swimlanes: These serve as a
subjects; and (4) lterative: Students have hyle@iing paths mechanism to organise activities and respons#sliton a

of those mentioned above, often browsing the samese process diagram. 4) Artifacts: These allow deveispe bring
webpage iteratively. How these scenarios occusatifficult some more information into the model/diagram. lis thvay

to observe within the current VLEs as the data be tthe model/diagram becomes more readable [29]. F&hows
interactions with these learning materials is oftermore than a snapshot of the standalone pedagogical modelling
student’s login profile and downloads historiesefiéhare not application tool.

sufficient learning activity captured data for lewrs to Core Set of BPMN Elements
adequately personalise learning needs for thedesiis [26].
Consequently, intelligent decisions on the effamiizss of the Of"]‘;'“ “3:;’::;“9 Swimlanes Artifacts
online course materials, pedagogical approach #undkests’ poot T
learning progressions and performances are diftounake. Events o Flow D
One of the challenging areas in learning analymsording O - —
to [27] is “scaling the collection and retiine use of learner tSiam]
analytics by students, instructors, and advisarsprder to Lot LT Annotations
improve student success”. This challenge is onethaf G o e
motivations for the research and implementatioa t#arning- ["‘W’J
process-focused e-learning system (VLPE). It presica Gateways Association Crou
mechanism that allows for the analysis of up toesy\Jarge <> ---------- - T !
cohort of students to be made possible within auair (A H
learning environment.
Part of the design and implementation strategieshef Fig. 1 Core set of BPMN elements
VLPE that is presented in this paper is based enuge of [E Mothemotics - E6101a | % Mathematics - €E10L &2
BPM automated agents to aggregate the auto-gederate | ™ O
learning data. Analysis can then be performed tjincu visual Learlng Tesk Comnéctar Q
learning process analytics dashboard. This providaktime e mm_zm) . ‘
learning process performance details to all theagding B el B oo r "~o T
participants (lecturers, students and tutors) anatinvolved in e @i N T sompor
the entire lifecycle of a learning process. The saiane to: 4 f &

prevent delay in early identification and provisioh much k @
woponreaien | i
(EEL01-Student) |

needed support for the students until the endesdmester or [ i
during a major summative stage; capture feedbamhk fthe : T [ s
cohort satisfactory and competent level of achiexets and, 2 . =
adapt runtime pedagogy based on learning process i - ‘ ,@

performances. il o,

[

IV. PEDAGOGICAL MODELLING IN BUSINESSPROCESS Fig. 2 Pedagogical modelling tool based on BPMtetbgies

MANAGEMENT (BPM) TooL . . - .
( ) Using the modelling tool shown in Fig. 2, courseigeers

With pedagogy at the heart of our VLPE implemeo®@ta can model various education pedagogies in the fofm
pedagogical modelling tool that is based on BPNhtetogies  |earning process workflows using intuitive flow grams
has been designed and developed. One of the bagkbothe associated with the BPMN elements. The modelledigegy
successful implementation of this tool is the a@wptof, -an then be deployed unto the VLPE (web-based BPM e
among many others, a B_PM technology called Busine%rning system). A sampled designed learninggee¢hat is
Process Management Notation (BPMN). designed around a Mathematics module course (Mattiesn

BPMN is the core driving force or promoter of BPMis @  EE101) based on a non-linear pedagogical strudsusaown
standardised notation for modelling business pseE®sIsing i Fig. 3.

graphic symbols in the workflow system. BPMN was
developed by the Business Process Managementtilratia
(BPMI) to allow business users to understand gigbhi
representation of the development of their busimessesses
[28]. BPMN elements are made up of simple intuitfleav
diagrams that use a small set of graphical eleméfits 1
shows the core sets of BPMN elements, which fath fiour
categories: 1) Flow objects: These include eveids §tart,
end and intermediate events) activity (i.e. tasks) gateway
(i.e. a diamond shape and will determine differdgtisions).
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The same diagrams shown in Fig. 3 can be instadtiay
as many as possible students that are enrollethéomodule,
with each instantiation representing the learnimgcess of an
individual student. Consequently, all instances lsarused to
visually track the learning processes and progoessiof a
cohort of students as they learn through the conraterials.
Furthermore, the ability to visually track thesearkdng
processes would allow for the effectiveness of adgpted
pedagogy to be re-assessed with the potential farowve
course design based on the analytical results.oVeearching

benefit of using BPM technologies is the volume of
guantitative learning process data that can be-generated
during the process of learning. These data caraprieed and
processed for the Key Performance Indicators (KBifg)lysis
on the cohort learning processes. KPIs are quéwétaor
gualitative measurements and evaluations of thecgfeness,
efficiency and quality of a business process, wheftect the
overall process success factors or success of @cuar
activity within the entire process and addresspédormance
of the business process [30]. Within the desigresitning
process in Figure 3, the non-linear pedagogicakrcggh is
such that the KPIs are measured against the sgident
successful learning outcomes through the formaireeess of
assessing their competencies on every chapteitjaaitrate;
progression rate; mathematical problem solving Isskil
frequency of supports; feedback; and, completida. rd/hile
these KPIs are applicable to the modelled pedagbgwn in
Fig. 3, they may or may not apply to a differentggogical
construct. In other words, KPIs measurements apertient
of the pedagogical choice by the lecturer. Thisepapesents
the analytical results of the learning processeb@fcohort of
students who were enrolled in a Mathematics-EE108lute.
The results are based on three weeks of analysigich the
cohort learning progressions and performances wkrsely
monitored within a cohort analytics dashboard.

V.COHORTANALYTICS DASHBOARD: ANALYTICAL RESULTS
FORLEARNING PROCESS ONVIATHEMATICS-EE101MODULE

In this section, the analytical results of the héag process
of the cohort of students (10 students in totad) pmesented.
Within the VLPE system, there are several feat(lesning
process interfaces) that are designed specifichly the
management of learning processes. However, foptinpose
of the analytical results that are presented is Haction, 2
key-features are highlighted — Learning Processrfate and
Cohort Analytics Dashboard.

A. Learning Process Interface (LPI)

The LPI shown in Fig. 4 is the demonstration aresy
process workspace that contains learning objeats@ois for
accessing heterogeneous learning resources (i.@gl&o
YouTube, Dictionary Services etc.). The LPI is &afale to all
the e-learning participants that have been preaddfiand
assigned a role within the learning process orcatsh. Once
the learning process on any course is instantiatedsse
contents are systematically displayed as a tasKiles "read
this topic", "answer that question”, "validate asseent”,
"approve or reject progression" etc.) and intecectvith the
learning objects by the e-learning participants ta@ place
within the LPI. Therefore, course materials or héag objects
are not made readily available for immediate doadlo
Instead, learning objects are an integral parthef learning
process workflow designed shown in Fig. 3; learnifjects
are embedded into the process as a task list. 18thds to go
through each part of the learning activities witttile process
as shown in Fig. 4. This way the student’s digledrning
footprints can be tracked and monitored. Downlofdonrse
material is automatically made available to studehb has
gone through the lifecycle of a learning process.
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B. Cohort Analytics Dashboard (CAD)

What cannot be measured cantinei be improved, nc
managed Therefore, measuring the cohorts of stud
learning processes in a raahe manner provides the moni-
ability, manageability and improvability of studentearning
experiences through evaluation and intervention the
lecturer and/or tutors wheend when necessary, based on
monitored data as students learn through courseriak The
capturing, monitoringand measuring (the cohort learning
processes lifecyclén a transparent manner would requir
learning process dashboard. Within the ‘E, Cohort
Analytics Dashboard (CAD) was implemented to dd jhat.
CAD is the marriage between data mining for leagt
activities and learning procedstelligence gatherir. The
major benefit of CAD is that provides re«time alerts based
on statistal metrics when learning press are in need of
intervention and lecturers and/tutors can analysedetec in
real-time the: rate or lack of progressis; learning
performances;frequency of supportslive feedbacks and
completion rate.

There are two sections to the CAIDd the summary pan
to the CAD sections is shown in Fig. The first section,
shown in Fig. 6, is the aggregat€odhort Learning Process
Dashboard (CLPD) which provides the analytical means
view the entire cohortlearning process. CLPD is the
analytical tool of interest in the papdihe second section is
the Individual Learning Process Dashboard which provides
the analytical means to drill into an individualugént's
learning process.

For effective analysis of cohort learniprocesses, CLPD is
made up of several analytical compon: Learning Task
Progression Chart earning Task Progression Level Gau
Learning Process Instance Graph for Learning PNumber
of Request for Tutor's Suppo@hart; Number of Request f
Lecturer’'s SupporChart; Number of Attempts On Chapt
Chart; Number of Attempts On Assessments C and
Student’s Satisfaction Level Charta¢h ofthese components
provides different statistical argtaphica information on how
the cohort learning pgyessions and performanccan be
intuitively comprehened by the lecturers and/or tut. The
analysis can be performed ahy stage of an instantiat
learning process. For exampthis paper presents two sets
analytical results collected using th& KD shown in Fig. €
The first set is based on tkehort learning procees into the
second week of starting the three-wemline Meahematics-
EE101 course. fle second set is based cohort learning
processes into the third weéke normal course duration)
the cohort learning processédthough, while the lecturer ce
set the course duration with the VLPE, and the tsbourse
presented in this paper is $et a duration of three weeks wi
24/7 access to the online coureere is the option for stude
who has not completed the learning process to redearning
as normal. However, thesecond set of learning proce
analyses that ipresented in this paper accounts for
students’ learning processes and performs within the
normal course duration — three weeks.

1. Analytical results based on the cohort learning processes
into the second week of starting the online Mathematics-
EE101 course

Analysis on thecohort learningexperience, progressions
and performances were @pged onthe CLPD components
and charts are as follow:

mio

o m— A —

Fig. 9Number of tutor supports requestedthe cohort in week 2

uppart

rer

of Luctu

i

Fig. 10 Number of lecturer supports requein week 2
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Fig. 14 Cohort feedback on satisfaction level captérs in week

Based on the reaime monitored learning information «
the CLPD, the following observationand analyses were
made: Fig.7 indicates that majority of the studs were
struggling to get through the first chapter and ahsessmen
that follow. Fig. 8 givesan accurate account of the level
advancement each student was making on the ertirese
material.Some had covered 60% of the material, few had
cover30% and only one student had actually cover : Fig.
9 shows that the tutor received much request fppsd from
the cohort. Conversely, just 2 requeftis supportwere made
directly to the lecturer as shown in Fig0. The number of

times the studest had to read through the chaptwas
captured in Fig. 11 aniig. 12 shows the number of times
student hd to attempt the assessments follow each of the
chapter.Fig. 13 confirms the percentage of support giver
the lecturer and tutathus fa. Fig. 14 presents the students’
satisfaction level with each of the chaj, prompting a real-
time feedback on the effectiveness of each learmibgct
structure to the lecturer.

The analyses were conducted on a continuous bamk
interventions were madehere and when neec accordingly
since the cohort digital learning footprints wereeeh
monitored live. This mimics and provida similar experience
that would normally be experience in the classreetting:.

2. Analytical results based on the cohort learning processes
at the end of the three weeks of the normal course duration of
the online Mathematics-EE101 cour se

To be conclusive on the effect of the pedagogipar@ach
and course design structure, it was important teenke the
overall learning processext the end for the cohort learni
experiencesThis way the course coordinator/lecturer ca-
assess, revaluate the entire cohort performances witt
view to reform the modelled pedagogy if need At the end
of the three weeks of thermal course duration the online
MathematicsEEE101 module, analyses were conducted b
on the monitored learning information shoin the Fig 15 to
Fig. 21.

Learning Task Progression Chart for Cohort of Mathematics - EE101 Students

f
L
T
1
b
H
b
I
I
L
i
=
1
b
I
L
h

| (e y— e,

Fig. 15Complete cohort Learning Task Progression (

Basedon the observed learning information on the ClL
upon three weelkcompletion of the learning processithe
following analyses were conclud 70% of the cohort
completed the entire learning process lifecycFig. 15
indicates thatchapter 1 was the modifficult chapter even
though it happens to be the less difficult topithkis suggest
that chapter 1 will need to be revamped in thertut&ig. 6
provides a example of how each student’s learning styles
paths can be differentThe resources, suorts sought,
repetitions made and most popular paths takeia student
can inform on the student’s learning behavi Fig. 17 shows
the overall number of support reqis received by the tutor.
Judging by the amount of reque¢, course material will either
need to be overhauledr numbe of tutors will need to be
increase in future so & accommodate deman Although it
is the system (VLPE) that automaticaalert lecturer when
progression is anemic or stalled, Fi8 shows that overall the
lecturer had had to makesignificant interventions where
needed — the last chaptemarticula.
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Fig. 19shows that many students were indeed going
and forth on different chapters before they wetesfad. This

corroborate®ne of the categories nature nteraction alluded
to by [24] —the challenging categc that is discussed in

section 3 aboveThe formative approach employed in

modelled pedagogy is based on providing quick ¢
assessments tagge students’ learning. Fig. show how the
studentdair through the number of times students haveat
the assessments before progression was alloChapter 1
proved more challenging based on performs. Fig. 21
would be even more of interest to the lecturerhis gives ¢
direct feedback on how stants view the course materials

their satisfaction levels.
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Opinion on each chapter across the board diffevgelver, (2]
there were few “very satisfactions” on chapter 1hisT
confirms the initial analysis made on Fig. 15 —ttbtlaapter 1

would need to be restructured and/or improved.

(3]

VI. y

E-learning is here to stay. If the value of leagnin online [5]
environments must be gauged or discerned, thentemmbn
administration and management are not enough. T
administration and management of learning processesd
need to part of e-learning formulations as this banjust as 7]
important as learning itself.

In this paper, we have presented a system (VLPE) thel
accounts for the management and analysis of theitep
process. What the students do and how they navibedegh
course materials is determined and quantitativeisttal
analyses are presented.

Within the VLPE system, monitor-ability, manageiil
and improvability are enabled using the Cohort bewy
Process Dashboard. Typical functions that aid lagrrand
learning process are also enabled. These funciiteiade:
assessment delivery; evaluation and analyses obrtadf
students’ performances; record keeping on the ¢gitogress
and statistical report about performances andféeelback on
students’ satisfactory levels. The VLPE capturesss forms
of learning activities conducted by all the e-léagn
participants i.e. when a student navigates awaw faocourse
material and sought a different path within theteys as
monitored in Fig. 16 (a) and (b). If a pedagogiapproach
within the modelled learning processes is iderdiftarough
the KPIs and marked for improvement through thenieg
process analysis, a new pedagogical approach care-be
modelled around the existing leaning process wovkfor as
micro sub-processes that can be integrated intoeKising
workflow. Either way, existing learning process Witow can
serve as a template that can subsequently be iregrogon
with time based on analytical results on its effextess.
Consequently, a very basic modelled learning paEm
potentially grow to a very complicated (intelligeartd rich in
pedagogy) large grid of learning activities, styl@sultiple
paths and outcomes. The drawback and disadvanfagero
BPM approach lies in its complexity. However, as tipen
source BPM frameworks, on which we rely, are 0n|3[/21]
beginning to gain traction we expect the level ofnplexity [22]
will reduce over time through the addition of massistive
and visual design tools. The VLPE system is a pyp®

CONCLUSION

[9]

[10

[11]

[12]

[13]

[14

[15]

16]

[17]

[18]

[19]

[20]

i . . [23]
demonstrator of the concepts presented in this rpdpes
likely that for commercial or open-source deploytiat this
approach would be integrated into a current VLEChsas (24]

Moodle; however, this would require a significaatactoring
of the Moodle system.
[25]
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