Paper—Updating Student Profiles in Adaptive Mobile Learning using ASP.net MVC, dotNetRDF,...

Updating Student Profiles in Adaptive Mobile Learning
using ASP.net MVC, dotNetRDF, Turtle,
and the Semantic Web

https://doi.org/10.3991/ijim.v11i3.6165

Dr. Samir E. Hamada
Farmingdale State College, Farmingdale NY, USA
shamada@bridgeport.edu

Dr. Ibrahim Alkore Alshalabi
Ma'an Community College, Al-Balqa Applied University, Jordan.
ialkorea@my.bridgeport.edu

Dr. Khaled Elleithy
University of Bridgeport, Bridgeport CT, USA
elleithy@bridgeport.edu

Dr. Ioana Badara
University of Bridgeport, Bridgeport CT, USA
ibadara@bridgeport.edu

Dr. Saeid Moslehpour
University of Hartford, Hartford CT, USA
moslehpoulhartford.edu

Abstract—In this paper, we present a conceptual framework for using the
Semantic Web to get student data from other educational institutions, enabling
the educational institutions to communicate and exchange student data. Educa-
tional institutions could then use this information to adjust the students’ profiles
and modify their learning paths. Semantic Web will create a more personalized
dynamic course for each student, according to his/her ability, educational level,
and experience.
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1 Introduction

Throughout the most recent decades, numerous research studies have examined the
possibilities of changing the educational instruction model from the customary one-
size-fits-all model to a more adaptive and customized learning model. Most of the
techniques calculate the optimal learning path, based on the characteristics in the
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student’s profile to make the course more personalized. However, we have not seen
any technique that updates profiles dynamically using the Semantic Web to exchange
information between educational institutions. The student profile contains information
about the student (such as first name, last name, address, course units that have been
completed, and grades of those course units). “eLearning is learning utilizing elec-
tronic technologies to access educational curriculum outside of a traditional class-
room. In most cases, it refers to a course, program, or degree delivered completely
online.” [1].

This current model can be applied to mobile learning and eLearning in community
colleges, as well as, in a typical graduate or undergraduate program at the university
level for any course. Students could benefit from and personalize their college experi-
ence and graduate earlier by completing their requirements. However, this model does
not apply to K-12 students, because they are outside the scope of our research. Adap-
tive learning is an educational method that aids students in the learning process ac-
cording to their needs. In addition, adaptive learning assists instructors in conveying
course content to their students in a personalized manner based on the students’ abil-
ity and background. Furthermore, from a developer’s point of view, adaptive learning
is a technique using computers and other resources to assist in producing a better
learning experience. One of the most challenging tasks for adaptive mobile learning is
to create an adaptive course. Several researchers have used different techniques in
order to make the course adaptive in terms of the course content and units. To the best
of our knowledge, there has been no research that attempts to make the course adap-
tive in terms of previously completed materials by the students at another educational
institution by using the Semantic Web to communicate directly with various educa-
tional institutions’ systems to acquire the students’ profiles.

According to our proposed system, the students complete their profile information
at the time of the course registration. If there is a claim that the student has success-
fully completed a course unit at another educational institution, our system will run a
query against the Semantic Web files; this will be performed using the SPARQL
(SPARQL Protocol and RDF Query Language) [2], where (RDF) the Resource De-
scription Framework, which “is a general-purpose language for representing infor-
mation in the Web.” [3]. For the purposes of our research, we ran the query against
Turtle files (“Terse RDF Triple Language, a concrete syntax for RDF” [4]) on another
website to simulate the other educational institution. We were able to obtain the stu-
dents’ profiles and grades in that course unit. If the grades fell within the accepted
grade range (which is predetermined by each academic institution’s subject matter
expert), then that course unit will be marked as completed. Otherwise, the student will
be presented with a quiz for that course unit. If the student successfully passes the
quiz (it is a computerized quiz provided by our system), the course unit will be
marked as completed. However, if the student does not pass the quiz, the student must
go through the course unit’s learning materials and retake the quiz until he or she
successfully passes the quiz in that course unit.

When students sign-up and complete their profile information during the sign-up
process, they include the completed course units from different educational institu-
tions. The system will then query the Semantic Web files (Turtle) of that institution to
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obtain the student’s profile, verify the student’s grade, and determine if the student
passed the course unit (according to the passing grades imposed by the subject matter
expert of each educational institution using our system). If there is no result to ensure
that the student has passed the course unit, the student must take a quiz to evaluate
his/her knowledge in that course unit. If the student passes the quiz, the course unit
will be marked as completed. Otherwise, the student has to go through that course
unit’s materials and then retake the quiz in that course unit in order to complete it.

In this paper, we propose a technique using ASP.Net MVC, dotNetRDF, Turtle,
and Semantic Web to show how we can exchange information between educational
institutions in order to update student profiles (in terms of the course units that have
been completed) in order to calculate the optimal path for other course units. Student
profiles contain information such as student name, completed course units, and grades
in each course unit. As a result, students do not have to learn the same course unit
more than once. We oftentimes have introductory modules at the beginning of the
course, in which we introduce essential notions/concepts assumed to have been
learned elsewhere. To counter the common problem of students forgetting previously
learned content over time, the system starts by reviewing previously learned concepts
and modules; it then teaches students the new required content in order to finish the
course.

2 Related Work

In 2011, Bhatia and Jain [5] showed that the Semantic Web is an augmentation of
the current Web, in which data are characterized to empower computers and individu-
als to work with better coordination. This coordination will help in our research, be-
cause we will communicate with various educational institutions in order to verify
student claims. In 2013, Hadi et al. [6] stated that the Internet changed the way we
collect and deliver information. In their paper, they expressed that the methodology of
executing RDF queries against the Semantic Web information requires an exact
match between the inquiry structure and the RDF content. They addressed this prob-
lem by converting RDF content into a matrix of features and treated queries as classi-
fication problems. They effectively built up a working model framework that exhibit-
ed the appropriateness of their methodology; this approach might help in our research,
as we will use RDF queries against the Semantic Web data.

In 2013, Soualah et al. [7] stated that new technical capacities exist in the area of
learning, because of the improvements to mobile phones and wireless technologies.
They expressed that mobile learning (m-learning) is a natural extension of eLearning;
it has the ability to make learning available on a wide scale, because of the rapid ad-
vancements in wireless technologies and the broad utilization of mobile devices. They
also stated that learners have different backgrounds and objectives, located in differ-
ent learning environments (heterogeneity of time, learning time, visual support, ambi-
ent noise, etc.). By having more information about the learners, we could adjust the
learning strategies to satisfy every learning need. Their approach consisted of two
levels:
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1. The semantic level aimed to express semantic characteristics of learning content
and learner context.
2. The behavioral level provided users with only the most relevant information.

Their approach made use of learning practices already deployed in eLearning sys-
tems and adapted them to m-learning. This idea is fundamental to our current work,
since the new technical capacities provide a greater number of possible tools for en-
hancing learning. In 2014, Grivokostopoulou et al. [8] stated that eLearning frame-
work is turning into a crucial means of educational delivery. Information delivery is
one of the fundaments of this current study.

In 2015, Walia et al. [9] stated that the Semantic Web approach to eLearning pro-
vides relevant and meaningful information to the learner. Since the human mind de-
velops its own cognitive structure based on personal experiences and background, the
mind is usually ambiguous and inconsistent. It is not difficult to learn and secure
semantically associated information when the domain of knowledge is huge and well-
connected. In this method of eLearning, the Semantic Web adds the human conceptu-
al representation and the mechanism for using the learner profile and experience.
Providing relevant and meaningful information to the learner is fundamental to our
research.

As previously mentioned, various related works have contributed to the foundation
of our research. The following studies addressed security issues of the Semantic Web
that are relevant to our research, (since we have to secure sensitive data). In their
research, Kagal et al. [10] concluded that in order to secure the Semantic Web, the
following two fundamental parts are required: (1) a semantic strategy that character-
izes security necessities and (2) a distributed policy management approach. Further-
more, in the distributed policy management, each entity can determine its own partic-
ular strategy for security and privacy. It is essential for Web entities to have the ca-
pacity to express their security clearly. In order to achieve this end goal, Kagal et al.
utilize a policy language according to a semantic language to markup security infor-
mation for Web entities. Kagal et al., also, developed two security frameworks: one
for distributed environments and one for supply chain management.

In a study by Thuraisingham [11], he provided an overview of the Semantic Web
and discussed security issues. Additionally, he stated that security must apply to all of
the Semantic Web layers. The security of the Semantic Web should start at the begin-
ning of the project. Also, he concluded that there are situations in which 100% securi-
ty should be guaranteed; however, he acknowledged that there are situations that do
not require 100% security. At this stage we have not incorporated any security policy,
because it is not within the scope of our research. However, we intend to incorporate
a security policy in a later stage of our research.

In 2015, Alshalabi, Hamada, et al. [12, 13] demonstrated the Learning Path Graph
(LPQG) that is a good representation of online courses in a computer-based usage of an
educational framework. This adaptive learning system is displayed as weighted di-
rected graphs, where each course unit is represented by a node on the graph. The
Learning Path Graph represents the structure of domain knowledge, learning goals,
and all available learning paths as shown in Figure 1.
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Fig. 1. Learning Path Graph.

In this current research project, we implemented an optimal adaptive learning path
algorithm utilizing learner information from the learner profile to enhance specific
end goals. This algorithm provides suitable content sequence in a dynamic structure
for all learners to accomplish their learning goals in the most effective manner. The
optimal path is calculated using our algorithm, which was designed to obtain the low-
est cost between the two course units on the path. The cost is determined by the sub-
ject matter expert. Cost factors include, but are not limited to, the difficulty level of
course units and estimated time required to complete the unit. This study shows how
to optimize an adaptive mobile learning system by using the LPG [12]. Furthermore,
we will demonstrate how to customize student profiles by using the Semantic Web in
order to provide online credit to students for the course units completed in other ac-
credited educational institutions. We, also, describe the conceptual framework of an
adaptive mobile learning system and how student profiles are used to adjust the learn-
ing path, thereby, making the learning path more dynamic. This means that when
students learn a course unit there will be an adjustment to their learning path. A new
optimal path will be generated by the system. The interesting point in this study is the
ability to use the Semantic Web to exchange student information among educational
institutions and to credit students for the course units that they have already complet-
ed. This feature may have the potential to boost the efficiency of the adaptive learning
systems and increase the chance for student success.
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3 Proposal

Ontology, as a term, is derived from the Greek words “onto” (which means being),
and the word “logia” (which means written or spoken discourse). Ontology means
different things to different people. In philosophy, it represents the study of the exist-
ence and nature of being. In the Semantic Web, ontologies are formal definitions or
representations of vocabularies or knowledge that allow the user to define resource
classes, resource properties, and relationships between resource class members [14,
15]

Eisenstadt and Vincent [16] said that, “An ontology is a partial specification of a
conceptual vocabulary to be used for formulating knowledge-level theories about a
domain of discourse.”

The three parts of the RDF triple are shown below in Figure 2,

Predicate
Subject -

Fig. 2. Resource Description Framework (RDF) Triple.

For example, as shown in Figure 3, the triple "(John) (Knows) (Jane)," (John) is
the subject, (Knows) is the predicate, and (Jane) is the object.

” Knows

a4y "4 )

John Jane

Fig. 3. Resource Description Framework (RDF) Triple Example.

Using Turtle syntax, it can be written as follows as shown in Figure 4.

Fig. 4. Parts of the Triple in Turtle format.

There are several advantages of ontologies including:

1. Publishing data using common vocabulary and grammar
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. Data are ready for inference
. Better visibility

. Extensibility

. Flexibility

. Visibility

03N L bk W

Table 1 shows a rough interpretation of terms used to describe relational databases

and ontologies.

. Preserving data semantic descriptions in ontologies

. Ability to add new properties at any time without breaking compatibility [17, 18].

Table 1. Relational Database and Ontology

Relational database Ontology
row subject
column predicate
table data literal nodes

As shown in Figure 5, we have a students’ file in Turtle format and each student

has the following properties:

1D

. Given Name

. Family Name

. Email

. Street Address

. Address Locality
. Address Region
. Postal Code

. Address Country
. Student Group

SO 0N A WN

—

The following are some vocabularies from different schemas:

@prefix d: <http://adaptivemobilelearning.com/ns/data#>
@prefix person:<http://schema.org/Person>

@prefix address: <http://schema.org/>
@prefix place: <http://schema.org/Place/>

@prefix aiiso: <http://purl.org/vocab/aiiso/schema#>
@prefix contains:<http://schema.org/hasPart>
@prefix teach: <http://linkedscience.org/teach/ns#>

@prefix completed: https://schema.org/Completed

With the available schemas listed above, we were able to map to our data files;
they might not be an exact match, but this study was about a demonstration of how to
be able to get student results from another educational institution using Semantic

Web. Figure 6 shows student’s data in Turtle format.

22
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(Street Address) Address Locality )

e

.
(Address Region)

) ../ ’//_.@J

e ———-.

e RR—
~( Student Group )

R L

Fig. 5. Student’s Properties.

# filename: Students.ttl

(@prefix d: <http://adaptivemobilelearning.com/ns/data#> .
(@prefix address:<http://schema.org/> .

(@prefix place:<htip.//schema.org/Place/>.

(@prefix teach: <htip://linkedscience.org/teach/ns#=> .
(@prefix person: <http://schema.org/Person> .

d:122874839

person:givenName "John" ;

person:familyName "Smith" ;

person:email  "john.Smith@developmentstaging.com"” ;
teach:StudentGroup "Under Graduate” ;
place:address [ a address:PostalAddress;
address:addressCountry "USA";
address:addressLocality "Bridgeport";
address:addressRegion "CT";
address:postalCode "06604";
address:streetAddress "221 University Avenue” ].

d:122874840

person:givenName "Jane" ;
person:familyName "Roe" ;
person:email  "Jane.Roe(@developmentstaging.com" ;
teach:StudentGroup "Graduate"” ;
place:address [ a address:PostalAddress;
address:addressCountry "USA";
address:addressLocality "Little Rock";
address:addressRegion "AR";
address:postalCode "72210";
address:streetAddress "500 Quincy Ct." ].

--more records--

Fig. 6. Students’ File in Turtle Format.
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In Figure 7, we are going to use the SPARQL query to select students in Connecti-
cut (CT).

WHERE {

Pstudent

SELECT ?Last ?First ?City ?State

person:givenName ?First ;

person:familyName ?Last;

place:address ?postalAddress .

PpostalAddress

Fig. 7. SPARQL Query for students in CT.

address:addresslLocality ?City;

address:addressRegion ?State;

address:addressRegion ? 'CT'

Table 2. Result of query from Figure 7

Last First City State
Smith John Bridgeport CT
Bloggs Joe Stratford CT

As shown in Table 2, two students are in Connecticut, John Smith and Joe Bloggs.
Now, we will add one more condition: the city of Stratford as indicated in Figure 8.

?student

person:familyName ?Last ;

SELECT ?Last ?First ?City ?State
WHERE {

person:givenName ?First ;

place:address ?postalAddress .
?postalAddress
address:addressLocality ?City;
address:addressRegion ?State;
address:addressRegion ? 'CT';

address:addressLocality ? 'Stratford’;

_______________________________________________

Fig. 8. Query for students in city=Stratford and state=CT
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The only student in our table who lives in Stratford is Joe Bloggs, and the result of
running the query confirmed that, as shown in Table 3.

Table 3. Result of query from Figure 8

Last First City State
Bloggs Joe Stratford CT

Implementing dotNetRDF [13, 14, 19]

The dotNetRDF project aimed to create an open source .Net library using the latest
versions of the .Net framework to provide a powerful and easy-to-use API to work
with RDF, SPARQL, and the Semantic Web. The primary goal is to provide an effi-
cient method for working with reasonable amounts of RDF in .Net. Using dotNetRDF
is extremely simple. Reading Turtle files can be done as follows: The following snip-
pet loads the Turtle files to the computer memory, as a structured graph, as shown in
Figure 9.

__________________________________________________

using VDS.RDF;
using VDS.RDF.Parsing;

()
//Create a Symantic Web Graph
Graph g = new Graph(

1
1
1
1
1
1
1
|
UriLoader.Load(g, new Uri("http://xyz.com/sparqgl/Faculty.tt!")); '
UriLoader.Load(g, new Uri("http.// xyz.com/spargl/Courses.tt!")); '
UriLloader.Load(g, new Uri("http:// xyz.com/spargl/Students.ttl")); 1
Uriloader.Load(g, new Uri("http:// xyz.com/spargl/StudentsCourses.ttl")); |
UriLoader.Load(g, new Uri("http.// xyz.com/sparql/CourseModules.tt!")); '
UriLoader.Load(g, new Uri("http.// xyz.com/sparql/StudentsModules.ttl")); :
Uriloader.Load(g, new Uri("http:// xyz.com/sparql/Courses_CourseModules.ttl")); !
Uriloader.Load(g, new Uri("http.// xyz.com/spargl/FacultyCourses.ttl")); !

Fig. 9. Loading the Turtle files to memory.

Figure 10 shows the SPARQL query that is going to be executed on graph g.

SELECT ?First ?Last ?topic
WHERE {

?student person:givenName ?First ;
person:familyName ?Last ;
person:givenName " + firstName + @"';
person:familyName '" + lastName + @"';
completed:Completed ?ct .

?ct aiiso:Module ?topic ;
aiiso:Module '

"

+topic+@"" .

Fig. 10.A SPARQL query on the files loaded in Figure 9
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The value of the variable firstName equals “John”, the value of the variable last-
Name equals “Smith” and value of the variable topic equals “Introduction”. The que-
ry is going to display last name, first name, and course unit, where first name equals
“John”, last name equals “Smith”, and the course unit equals “Introduction”. The
SPARQL queries can be executed with ExecuteQuery method, as shown in Figure 11.

//Query the data with SPARQL
Object results = g.ExecuteQuery(query);

__________________________________

Fig. 11.Executing Query in Figure 10

The ExecuteQuery method runs the query against a loaded ontology. In the follow-
ing code snippet, we will verify that the query-executed results are not null and then
parse them to a SparqlResultSet. The SparqlResultSet consists of a number of
SparqlResults. Each SparqlResult corresponds to a single fetched "row". We also will
get the count of records and then store it into the ViewData["Count"], which will be
displayed in the view. We will then create a ViewData["Result"] in which we will
store the value “Passed” if the record count is greater than zero; otherwise we will
store “Not Passed.” As shown in Figure 12.

if (results I= null)

{
//Parse results to resultSet
SparglResultSet resultSet =
(SparglResultSet)results;
ViewData["Count"] = resultSet.Count().ToString();
ViewData["Result"] = String.Empty;

if (resultSet.Count() > 0)

{
ViewData["Result"] = "Passed"”;
}
else
{
ViewData["Result"] = "Not Passed";
}

Fig. 12.Evaluating the Query result from Figure 11

4 Development of the Framework

We have performed tests on the system using ASP.Net MVC and the Turtle files:

26 http://www.i-jim.org



Paper—Updating Student Profiles in Adaptive Mobile Learning using ASP.net MVC, dotNetRDF,...

. CourseModules.ttl

. Courses.ttl

. Courses_CourseModules.ttl
. Faculty.ttl

. FacultyCourses.ttl

. Students.ttl

. StudentsCourses.ttl

. StudentsModules.ttl

0N bk W~

We were able to get student information about the completed course units by
providing the parameters, first name, last name, and course unit to the controller via
the view. We then received the results that indicated whether or not a student passed
the course unit. This information could be used to update the student’s profile and
used to adjust the learning path to make it more adaptive, according to the system
diagram of Figure 13.

Register
Student Using Semantic Web in our
research
|
Complete
Questionnaire
Verify _______W,/'(’Ilaim\s"\ ___________
Claims “Verified I
Yes
PN |
A ' ! =
" Checkif ™ | Mark Topic |

Mark Course as

Completed B

1 Adjust the i
Completed .

o L . "\\)
¥es—<__Required Topics Graph

"\_(\Zompletecj/'

'y A

el N
Select one of the "60m Iete\a"‘
A N
available topics and P p, ™
No < Quiz
go through the . g
al ~Successfully ~
materials i %
.
&
vy
No
Take a Quiz
?

Fig. 13.System Diagram
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Figure 13 shows when a student registers and completes the questionnaire, if there
are claims about completing successfully a course unit in another educational institu-
tion, the system will query the Turtle files located on that institution’s website to
verify the claim. Once the claim is verified, the course unit will be marked as com-
pleted, and then the system will check to see if the required course units (the units that
need to be completed in the course) were successfully completed. The system will
then mark the course as completed; otherwise, the student has to complete the course
unit quiz successfully in order to mark this course unit as completed. However, if the
student does not pass the quiz, then the student must finish one of the available course
units and take the quiz. Upon passing the quiz successfully, the course unit will be
marked as completed. The system will then check if the required course units to com-
plete this course are successfully completed. The system, afterwards, will mark the
course as completed.

Figures 14 through 17 illustrate the relationship between the student and completed
course units using the relations between the Turtle files.

ObjectProperty | ObjectProperty

06604 Bridgeport

address postalCode dress:addressLocality

address:PostalAddress |
‘address:addressCountry i
skl = address:addressRegion
ObjectProperty i ObjectProparty ObjectProperty

Fig. 14.Relations 1/4

ObjectProperty
jane.roe@developmentstaging.com

s Person-emal
ObjectProparty |

d:100000011 __mmq._.G

//\\

person:familyNarme person givenName

ObjectProperty ObjectProperty |

Fig. 15.Relations 2/4
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) oq'-w’mp-nv
Arrays

03901 / \ aagoa

\/

d:122874839 —@

o AN

Person emai teach StudentGroup ObjectProperty )

John.smith@developmentstaging.com Under Graduate

Fig. 16.Relations 3/4

( ObjectPropery | (Objecteropeny) ObjectProperty
Y
SK|MIK ——— airso:Module
(4302 ) s ) (43905 )

Fig. 17.Relations 4/4
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The following Turtle files were used to illustrate the relations on Figures 14
through 17:

. CourseModules.ttl

. Courses.ttl

. Courses_CourseModules.ttl
. Faculty.ttl

. FacultyCourses.ttl

. Students.ttl

. StudentsModules.ttl

NN N AW~

As indicated from these figures, we have a student with the following attributes:

. ID =122874839

. Given Name ="John"

. Family Name = "Smith"

. Email = "john.smit@developmentstaging.com"
. Student Group = "Under Graduate"

. Postal Address:

. Street Address "221 University Avenue”
. Address Locality = "Bridgeport"

. Address Region ="CT"

. Postal Code = "06604"

. Country = "USA"

— O 0 0 NN LA W~

John Smith has completed the following course units:

1. Introduction
2. Arrays

The Introduction and Arrays are parts of the course 390, which has the following
attributes:

. Study Program = "CPSC"

. Course Title = "Programming Pact"
. Building = "Main Campus"

.ects “Credits” = "6"

. Student Group = “Undergraduate"

[ N O R O R

This course has five modules:

. "Introduction"

. "If Statement"

. "Arrays"

. "Loops"

. "Sorting Algorithms"

DN AW =

This course has an instructor with the following attributes:
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Given Name = "Jane"

Family Name = "Roe";

Email = "jane.roe@developmentstaging.com"
Teacher = "course"

We could, also, query that the grade is in a specific acceptable range, as described
in the Semantic Web: Real World Applications from Industry Book to using RUD
(University Resource Descriptor) [20], SUD (Student University Descriptor), RQL
(RDF Query Language), RDQL (RDF Data Query Language), SWRL (Semantic Web
Rule Language), Buchingae, SPARQL, as shown in Figure 18.

SELECT ?x,7¢,7z

WHERE

(?x <http://apus.uma.pt/RUD.owl#HasGPA> ?y),
(?x <http://apus.uma.pt/RUD.owl#Studies> ?c),
(?y <http://apus.uma.pt/RUD.owl#Value> ?z)
AND ?z>3.5

Fig. 18.Querying Students with GPA > 3.5

5 Experiment

In this section, we present the results of our experiment. For this experiment, we
have used the Network Security course CPEG 561. CPEG 561 is a graduate course
offered as an elective for Computer Science and Computer Engineering students. We
tested two student groups, the AML Group and the Control Group. The AML is the
group that used our system. Both the AML group and the Control Group completed a
Pre-Quiz. The Pre-Quiz included 25 multiple choice questions and true/false ques-
tions. The Post-Quizzes contained three essay questions and the other 5 quizzes con-
tained 66 multiple choice and true/false questions, as follows:

Quiz 1 = 16 Questions
Quiz 2 2 12 Questions
Quiz 3 2 12 Questions
Quiz 4 2 12 Questions
Quiz 5 2 14 Questions

Table 4 shows the grades of the AML group and the Control Group for the Pre-
Quiz and Post Quizzes
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32

Table 4. Students Grades in our Study

AML Group Control Group
Pre-Quiz Post-Quizzes Pre-Quiz Post-Quizzes
56.00 50.12 72.00 1.56
80.00 53.89 40.00 37.72
56.00 55.10 48.00 41.33
60.00 57.11 84.00 42.78
56.00 61.47 80.00 42.82
64.00 63.91 56.00 43.90
52.00 65.98 64.00 44.37
60.00 67.27 64.00 44.54
84.00 69.13 52.00 47.40
56.00 70.47 84.00 47.98
60.00 71.45 84.00 49.96
36.00 74.44 72.00 52.40
56.00 74.76 72.00 55.58
44.00 77.92 76.00 65.38
48.00 85.35 60.00 71.84

Figures 19 and 20, illustrate the grades of both Groups for the Pre-quiz and the
Post-Quizzes. The graphs clearly show improvement in the AML Group compared to
the Control Group.

Grades

568888

8388

0

AML Group Improvement

i 2 3 4 5 6 7 8 9 10 1 12 1

Students

m Pre-Quiz

m Post-Quizzes

3 14 15

Fig. 19.AML Group Improvement
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Grades
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Control Group Improvement
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Students
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Fig. 20.Control Group Improvement

Figure 21 illustrates the distribution of the grades in the two groups.

Probability
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Results without Pre-Quiz

13 57 9111315171521232527253133353735414345474951535557596163656765717375777981
The two systems

« = Control Group Prob

AMLGroup Prob

Fig. 21.The distribution of the grades in the two groups

AML Group Average for Post-Quizzes = 66.56
Control Group Average for Post-Quizzes = 45.97

Improvement =

Improvement =

AML Group Average — Control Group Average 1
Control Group Average *

66.56 — 4597
4597

00

o100 = 44.79

From the previous tables and charts, we can see that the AML Group is more effec-
tive (44.79%) than the Control Group, furthermore, the grades in the AML group are
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steadier than the Control Group. A statistical analysis is conducted, to demonstrate
that the results are statistically significant.

The parameters below are computed in order to decide whether to accept or reject
the hypotheses Hy.

Hypothesis Testing
*  Null hypothesis (Hy):

XAML = XControl Group

These two groups have the same outcome.

¢ Alternative hypothesis (H,):
XAML > XControl Group

These two groups do not have the same outcome.

Where:
X1 is the AML Group mean.

Xcontrot croup 1S the Control Group mean.

By doing two tails t-value calculations.
The calculated t-value = 4.38
The Critical t-value (with =0.05) = 2.05

According to the values above, the calculated t-value is greater than the Critical t-
value. We reject the Null Hypothesis, because the calculated t-value of 4.38 is larger
than the Critical value which is 2.05 with 95% confidence level. This proves that the
results are statistically significant.

6 Conclusions

On March 11, 2016, prior to any survey data were collected, an Institutional Re-
view Board (IRB) approval was granted at the University of Bridgeport. The AML
system indicated substantial improvement over the Control System. The experiment
has shown that we could use the Semantic Web with adaptive mobile learning to
enhance the courses, making them more dynamic. The Semantic Web obtains the
information about completed course units, which are applied to the learning path
graph, and a new optimal path is generated. Furthermore, if the student completes the
target module, the student does not have to go through the rest of the modules. We
can also prevent teaching the same course unit for the student more than once. Thus,
the proposed approach could significantly improve the cost effectiveness for the stu-
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dents causing them to better manage their time more efficiently. Since there is a pre-
view component to each course, we made sure that the students have the required
information. The approach presented in this paper is expected to improve the perfor-
mance of adaptive mobile learning and provide a learning experience to students that
is more personalized and dynamic.
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