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Abstract—This paper presents a software tool for generating
e-courses using accreditation document ontology defined for
Serbian Higher Education. On this way, one can get e-
courses which structure and organization is compliant with
the formal regulative of higher education system in Republic
of Serbia. The tool facilitates creating e-courses for Canvas
LMS since it provides populating information from
accreditation documents programmatically. The verification
of the tool has been carried out through a case study on
accreditation documents for the Software engineering and
information technologies study program from the Faculty of
Technical Sciences, University of Novi Sad.

L INTRODUCTION

Usage of Learning Management Systems (LMS) in
higher education is increasing day by day. Such education
environment has made teaching process easier in terms of
course management, data availability, as well as
communication among course participants [1]. Alongside
facilities that LMS provides, some activities, such as
creating and populating courses, must be done manually.
In order to make the course creation process more
effective, there is a need to automatize some parts of this
process by generating courses programmatically.

Although the course generation is a widely researched
problem, existing solutions mostly do not relate the
proposed course model to the official accreditation
documents. In particular, this problem has not been
tackled for the Serbian higher education so far.

While creating a course, a teacher should obey the rules
defined in the accreditation documents. The created
course should have a structure and contain information
proposed by the state officials. Accreditation documents
define the structure and content of the courses that is
proposed by the official state organization. Accordingly,
e-courses inside LMSs should comply with those
regulations. The main aim of this work is a tool for
automatic generation of e-courses that are in accordance
with the accreditation documents.

In our previous work [2], accreditation documents in
Serbian Higher education have been formally described
using the accreditation document ontology (ADO). ADO
has been implemented as a component of the semantically
driven document management system (SDDMS)
described in [3]. Based on the techniques of the semantic
web [4], ADO enables extending SDDMS with a new set
of services that use information stored within the
accreditation documents.

The tool presented in this paper has been built as a
semantic service on top of ADO. The service provides
reasoning on accreditation documents represented within

ADO and generation of e-courses that are compliant to the
data stored using ADO.

In addition to the compliance of a generated course with
the accreditation documents, our research deals with the
selection of an appropriate electronic format for an e-
course. We have chosen to generate courses for Canvas
LMS [5], mainly for two reasons. Canvas course structure
has significant expressivity ensuring that the most of
accreditation data can be represented within a Canvas
course. In addition, Canvas LMS has been used at our
university for few years meaning that we are familiar with
its functionalities and course structure.

The rest of the paper is structured as follows. The next
chapter presents other researches in this field. Chapter
three gives a description of Canvas LMS and its course
format. Then, the ontology for accreditation documents is
presented. Chapter five presents the software tool for
generating courses in Canvas LMS. In the six chapter, a
case study on a representative study program from the
University of Novi Sad is presented. Finally, the last
section gives paper’s summary and outlining plans for the
further research.

II.  RELATED WORK

In this chapter, we present other researches on the topic
of generating courses.

In [6], authors present a system for e-courses generation
based on competencies ontology. Their solution provides
a deductive object-oriented knowledge base system for
querying and reasoning on one side as well as a planning
system for generating courses. The focus is on personal
evaluation planning, consisted of the initial state (current
knowledge level), the goals (educational objectives) and
the actions (available learning objects). The result of the
system is a course content in a form of a table, consisting
of direct links to learning objects such as web pages, pdf
files, etc. But, there is no relation between the system and
roles and data defined in accreditation documents. In
addition, a course is not generated in a format which can
be imported directly into some LMS.

The system presented in [7] enables automatic course
generation based on explicitly represented machine-
readable instructional design templates. Authors have
defined three inputs for course generation, i.e. ontology of
learning goals, learning resources, and instructional design
templates. Instructional design templates provide an
explicit and formal specification of instructional strategy
in a course. The generated course is given in an LMS-
compliant format, but still data structure and content are
not conformant to accreditation documents.
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The solution presented in [8] also enables automatic
course generation based on ontology. The ontology is
designed to enable the international format of courses. The
model of this solution consists of two layers, an abstract
course layer and a layer for generating courses in IMS LD
format. The abstract course layer supports defining
learning objectives and objects, learning activities and
instructions. Course generation is based on a sequence
consisting of the instructional plan, current user
knowledge and learning activities. Learning activities
contains data stored within a manually created knowledge
concept map with no automatic integration with the
officially accredited curriculum.

In general, in the abovementioned researches, the
course model is not created in the accordance with the
accreditation documents and therefore the systems do not
strictly conform to the accreditation process, which is the
main goal of our approach.

The solution presented in this paper implements a
semantic service for course generation which is in
accordance with the official accreditation legislatives.
Semantic layer allows further implementation on other
services that provide course retrieval based on the valid
accreditation documents.

The following section presents Canvas LMS and its
course format, as targeted platform for course generation.

III. CANVASLMS

Canvas by Instructure is a new generation open-source
LMS with the built-in cloud support [5]. It has been
implemented using Ruby on Rails platform as the web
application framework. Canvas provides a wide range of
e-learning functionalities and tools such as managing
curriculum, learning material, assessment, file sharing,
scheduling, course organization, creating content
collaboratively, information sharing, etc. Canvas courses
are described by defining learning outcomes and course
structure represented through learning resources files
organized into modules. The evaluation of learning
process is supported through specialized grading tools
such as assignments, quizzes, and polls. Users have their
own file repositories and they can share experiences
through discussions and messaging system. Course
organization and navigation can be customized as well as
student profiles. In addition to a predefined set of tools,
Canvas may be extended by additional third-party
applications and plug-ins.

A. Course format

Canvas LMS uses its own course format to represent
course entity. It is possible to import course data in the
system from an archive file stored on the disk. The
proposed e-course generator generates files in the format
recognized by Canvas LMS. The file is populated
programmatically with the data fetched from the
accreditation documents.

Canvas course format is organized into zip archive with
the .imscc extension. The structure of this archive is
presented in Figure 1.

The archive contains XML and HTML files organized
into folders whereby the main imsmanifest XML file is
located in the root folder. The course structure and settings
are described in the imsmanifest XML file.

™ | canvas-import-course
™ | announcements
3 ‘ assignment1
b d assignmenkt2
™ | assignments
v " course_settings
assignment_groups.xml
canvas_export.txt
course_settings.xml
files_meta.xml
learning_outcomes.xml
module_meta.xml
rubrics.xml
syllabus.html

[ g ‘ nen_cc_assessments

B ] quizzes

™ | web_resources
4~ | wiki_content
imsmanifest.xml

Figure 1. Canvas LMS e-course archive

Root manifest tag contains three children tags -
metadata, organizations, and resources. Metadata tag
describes course and imscc archive global meta
information. The tag organizations define course modules
and organization of their items through the course life
cycle. Beside title, the item may contain a file from course
resources. The tag resources stores metadata on all
learning resources placed in archive file hierarchy. Each
learning resource is represented by the resource tag that
specifies resource identifier and resource type. In addition,
resource tag has child tag file, which references a physical
file within the course archive. In addition, different course
sections can be described in more details using XML
configuration files stored within the course_settings
folder. We are going to describe the most important
configuration files from this folder.

File course_settings contains course details and
multiple settings such as course identification, file storage,
grading scheme, license, visibility and course formats.
Course content and structure are organized into modules
which contain items of type header or attachment,
respectively. All modules are grouped by module tag into
module_meta XML file. Course evaluation methods are
represented using learning outcome XML tags within the
learning_outcomes file. The outcome of each evaluation
method is described with min/max points necessary for
the successfully master the course. Learning outcomes can
be arranged by learningOutcomeGroup XML tag.

Announcements are defined within XML files stored in
the announcement folder. Assignments are composed of
HTML and XML settings file placed into folders which
name start with the prefix assignment. Additionally
assignment group configuration file is located into
previously mentioned course_settings folder. Quizzes and
assessment methodology are described within files placed
into quizzes and non_cc_assessments folder. Course home
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page and other wiki pages are stored in the wiki_content
folder.

The next section presents the ontology of accreditation
documents that is used as a basis for the generation of e-
courses in Canvas LMS format.

IV.  ONTOLOGY OF ACCREDITATION DOCUMENTS
(ADO)

In the second chapter, we mentioned ADO and its role
in SDDMS. Our software tool uses knowledge stored
within ADO to retrieve course data that will be exported
in Canvas LMS e-course format.

ADO represents domain ontology for the semantic
description of accreditation documents in Serbian higher
education. The ontology has been designed as an
extension of generic document ontology presented in [9].
This generic ontology is based on ISO 82045 families of
standards. ADO allows advanced search and machine
processing of accreditation data [2].

According to the guidance for creating accreditation
documents in Serbian higher education [10], ADO
consists of components that cover various topics such as
study program, teachers and teaching staff, teaching
process and so on. This paper focus is set on standards
that classify data related to study programs, curriculum
and teaching staff. Ontology classes and data properties
that represent data from the standards are shown in Figure
2.
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Figure 2. ADO semantic structure of focused standards

The Curriculum Standard describes courses and their
specifications such as title, type, semester, ECTS points,
content, teachers, literature, course and evaluation
methods, etc.. The Teaching staff Standard describe
teachers who are involved in the teaching process.
Teaching staff is represented by their personal data,
competences, publications and courses that they teach. We
have described these standards using ontology classes and
properties that can be seen in Figure 2.

Course generation requires mapping of course
information from accreditation documents, represented by
ADQO, to Canvas LMS course format. Basic information
from ADO, like course title, type, code and etc. are bound
to courseTitle, courseType, courseCode, courseECTS,
courseSemester, courseStatus, etc. Canvas course
attributes. This  information is stored in the
course_settings.xml file. Course content and structure is

described with the courseContent attributes and their data
are mapped to the module_meta.xml file. Methods for
knowledge evaluation are defined through the mandatory
or optional exam parts which require a certain number of
points for mastery. Combined data of courseOutcome and
knowledgeEvaluationMethods attributes produce methods
to determine the total score. The configuration of these
course outcomes and knowledge evaluation methods are
placed into the learning_outcomes.xml file. Other course
information such as teaching methods and goals are bound
to the courseGoal and courseMethods attributes which
data are saved in a form of wiki pages under the
wiki_content directory. All the mentioned XML
configuration files are linked with the main
imsmanifest.xml file and altogether represent course imscc
archive ready for import.

We must mention that not all data and relations among
them can be successfully exported from our ADO
knowledge base to a Canvas course. The reason is that a
Canvas course is less expressive than our ADO model and
it is not speciffically designed to support all the data
stored within the Serbian accreditation documents.

V. E-COURSE GENERATOR TOOL

In this chapter, we present a software tool that
facilitates creating e-courses for Canvas LMS by
supporting automatic population of information from
accreditation documents. The tool is implemented in Java
programming language as a console application. The tool
components are shown in the UML component diagram in
Figure 3.

E-Course generator component uses Jena Fuseki [11]
Server to provide the semantic reasoning on ADO. These
two components combined create a knowledge base on
accreditation documents, their curriculum and teaching
staff data. This knowledge base enables finding logical
relations between teachers and courses from various
accreditation documents. The tool retrieves data stored in
the ontology to generate a course that can be used in the
Canvas LMS.

E-Course generator component via REST service
executes SPARQL queries over Jena Fuseki server.
Obtained results contain in the XML form course data
taken from the accreditation documents. In order to create
Canvas course, it is necessary to parse retrieved results
and extract relevant data.

The result of the course generation process is a Canvas
imscc archive which represents the Canvas course filled
with the data retrieved from the accreditation documents.

The course generation process is presented in Figure 4
in a form of an UML activity diagram. The generation
process starts with defining semantic conditions that will
be wused during course searching in accreditation
documents. After that, the generator uses previously
defined conditions to generate SPARQL query. Results of
query executed on Jena Fuseki Server are stored in the
results.xml file. Then, the tool parses results file and create
course information which are than transformed to the
records stored in the separate files that make the imscc
archive. Finally, the user can import generated Canvas
course archive into the Canvas LMS.
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Figure 3. Component diagram of the generating tool

VI. CASESTUDY

The proposed tool has been verified by generating
twelve Canvas courses from the accreditation document
for the Software engineering and information technologies
study program at the Faculty of Technical Sciences,
University of Novi Sad.

The verification process consisted of two steps. At first
we retrieved data on courses via SPARQL query. After
that, the tool generated selected courses into Canvas LMS
format.

Course search results are stored in the results.xml file
where sparql tag is root and contains the head and results
tag. Variables within the head tag represent search
attributes whose data are stored into the results tag. Every
result tag within the results tag present one course which

User Generating tocl

Chose the course

Generate
SPARQL query
Execute query on
Jena Fuseki Server
Parse results from

HML file
Create course
statements
Make imsco
archive

Import Canvas
Courses

Figure 4. Activity diagram of the generating tool

data is represented with URI or literal inside the binding
tag. The content of the results.xml file is presented in
Figure 5.

Based on the results.xml file, the tool has generated
twelve imscc archive files, that represent ready-for-import
Canvas courses. By importing these archive files into
Canvas LMS, the data from the accreditation documents
are transferred to the Canvas LMS.

VII. CONCLUSION

The paper presents the software tool that facilitates
creating e-courses for Canvas LMS. The tool automatizes
course creation process and populates the course with the
data stored in the official accreditation documents defined
for Serbian Higher Education. The tool relies on the
accreditation document ontology which represents
accreditaion data. The ontology has been designed as an
extension of a generic document ontology, based on ISO
82045 families of standards, that enables different
semantic services on a semantically-driven document
management system.

The main limitation of the proposed solution is the
expressiveness of the Canvas e-course format which does
not enables representing all the data stored within the
accreditation document ontology. This problem could be
overcame if the Canvas LMS supported dynamic
extensions of its course model. On this way, one could
add additional information into the course, resulting with a
course model which is more conformant to the
accreditation data.

Beside the suport for the dynamical extension of the
course model, future work will be aimed at the integration
of the proposed tool to the mentioned semantically-driven
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anz>

<head> ... </head>
<results>
<result> ... </result>
<result> ... </result>
<result> ... </result>
<result>

<binding name="course'">

<uri>
http://informatika.ftn.uns.ac.rs/files/faculty/NikolaNikolic/ic
ist2016/accreditation-document-ontology#SIIT Internet Mreze
</uri>

</binding>

<binding nams="courseTitle">

<literal>Internet mreze</literal>

</binding>

<binding name="courseType">
<literal>Ns</literal>

</binding>

<binding name="courseCode">
<literal>E233</literal>

www.w3.org/2005/spargl —resul ts#">

</binding>
<binding nams="courseECTS">
<literal datatype="http://www.w3.oryg/2001/XMLschema#integer">4
</literal>
</binding>

<binding name="courseSemester">

<literal

datatype="http: //www.w3.orq/2001/¥ML

shema#integer">2

</literal>

</binding>

<binding name="courseStatus">
<literal>0</literal>

</binding>

<binding names="courseCutcome">

<literal>Ovladavanje prakticnim znanjima potrebnim za

projektovanje,

implementaciju i odrzavanje lokalnih

racunarskih mreza baziranih na TCP/IP modelu</literal>

</binding>

<binding name="courseGoal">

<literal>Ovladavanje teorijskim osnovama i tehnologijama
TCP/IP mreza</literal>

</binding>

<binding name="weeklyAdditionalLessonsFund">

<literal datatype="http://www.w3.org/2001/MLSchema#integer">0

</literal>

</binding>

<binding name="weeklyExercisesFund">

<literal datatype—"http://www.w3.org/2001/iMLSchematinteger">0

</literal>

</binding>

<binding name="weeklyLectureFund">

<literal

datatype="http://wuw.w3.0rq/2001 /M

shema#integer" >2

</literal>

</binding>

<binding name="weeklyOtherClassesFund">

<literal datatype="http://www.w3.org/2001/yMischema#integer">2

</literal>

</binding>

<binding name="weecklyResecarchWorkFund">

<literal datatype="http://www.w3.org/2001/¥MLSchema#integer">0

</literal>

</binding>

<binding name="courseMethods">

<literal>Predavanja|Domaci |Vezbe|Konsultacije</literal>

</binding>

<binding name="teachers">

<literal>Goran Savic|Zora Konjovie</literal>

</binding>
</result>
<result> ...
<result> ...
<result> ...
<result> ...
<result> ...
<result> ...
<result> ...
<result> ...

</results>

</sparqgl>

</result>
</result>
</result>
</result>
</result>
</result>
</result>
</result>

Figure 5. SPARQL query results file

document management system and enabling e-course
generation in the formats recognized by other popular
LMSs.
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