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Abstract—Monitoring and evaluating engineering learners
through computer-based laboratory exercises is a difficult
task, especially under classroom conditions. A complete
diagnosis requires the capability to assess both the compe-
tence of the learner to use the scientific software and the
understanding of the theoretical principles. This monitoring
and evaluation needs to be continuous, unobtrusive and
personalized in order to be effective. This study presents the
results of the pilot application of an eLearning environment
developed specifically with engineering learners in mind. As
its name suggests, the Learner Diagnosis, Assistance, and
Evaluation System based on Artificial Intelligence (StuDi-
AsE) is an Open Learning Environment that can perform
unattended diagnostic, evaluation and feedback tasks based
on both quantitative and qualitative parameters. The base
architecture of the system, the user interface and its effect on
the performance of postgraduate engineering learners are
being presented.

Index Terms—Electronic Learning, Engineering Education,
Semisupervised Learning, Unsupervised Learning

L INTRODUCTION

The rapid technological progress of computers and tele-
communications during the past few decades, and particu-
larly the adoption rate of home computers and the internet,
allowed for the development of educational methods that
were implausible some years ago. A large portion of the
research on new educational methods is focused on the
development of Open Learning Environments (OLEs),
especially by higher education institutions that seek to
deliver their educational material with limited supervision
and or remotely [1-6]. However, OLEs were initially de-
signed with theoretical education in mind, not laboratory
education that is vital in engineering training [7, 8]. Even
in conditions where the learners were expected to apply
their theoretical knowledge to perform experiments and or
exercises, the educational approach was based on a "one
size fits all" scheme and the evaluation was based solely
and quantitatively on the final result [9, 10]. This approach
does not provide feedback to the learners and restricts the
tutors, as the process followed by the learners and any of
their strengths or weaknesses are opaque to the tutor. It
soon became apparent that effective OLEs had to be adap-
tive to the individual learner and capable of providing
multivariate feedback and assessment [11, 12]. The moni-
toring process that measures the progress of the learners
and assesses their performance has to be continuous [13],
which is crucial both for the ability of the system to adapt
to the needs of the learners and for a didactic assessment;
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otherwise, the delivery of personalized education would be
ineffective [14, 15]. This is especially true during laborato-
ry courses in engineering education, where the "one size
fits all" assessment approach was proven to be highly
ineffective, depriving the learners from the possibilities of
adaptation and customization that are critical in engineer-
ing education [16-18].

Furthermore, the lack of face-to-face interaction with a
tutor can have a diminishing impact on the motivation of
the learner, which too requires the OLE to be capable of
realizing the behavior of the learner and respond appropri-
ately [19]. Despite the high adoption rate of OLEs, there
have not been many studies on how the use of an OLE
may affect the motivation of the learners. Motivation is a
highly complex part of human behavior, especially in
academia, as it is the enabler of academic success [20, 21].
Most of the studies were focused on the comparison of
earlier web-based systems, designed for distance learning
applications, displaying that the learners often felt isolated
and lost motivation [22]. Nevertheless, studies on recent
systems and methods indicated that the motivation of the
learners increased, with the eLearning tools assisting their
educational capabilities [23-25]. It has also been demon-
strated that advanced OLEs may be adjusted to monitor
and evaluate the motivation of the learner, even in real-
time [26].

In this paper, we present the Learner Diagnosis, Assis-
tance, Evaluation System based on Artificial Intelligence
(StuDiAsE), an advanced OLE developed specifically to
cater for the needs of engineering learners. StuDiAsE is
based on the text comprehension theory by Denhiére &
Baudet [27] and dialogue theory [28], and is capable of
monitoring the comprehension of the learners, assess their
prior knowledge, construct individual educational profiles,
provide personalized assistance, and evaluate a learner's
performance both quantitatively and qualitatively through
artificial intelligence [29-31]. It can also be adjusted to
monitor factors that may indicate the motivation of the
learner, allowing the delivery of personalized assistance
and feedback.

The structure of the paper is as following. In paragraph
II, we will present the architecture of the OLE and the
functions of its individual modules. In paragraph III, we
show the user interface of both the learner and the tutor. In
paragraph IV we provide the results of a case study that
has been performed with the participation of 60 learners
over four courses.
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IL SYSTEM ARCHITECTURE

To implement the educational environment, the system
is using C# and MS .net framework 3.5 technologies,
while various required parts are implemented via custom
web user controls and web services. The database is based
on Microsoft SQL-Server 2008. The online version of the
pilot system is accessible via the following link:
http://pclab.et.teiath.gr/studiase/index.en.htm.

The system architecture is divided into three levels. The
lowest level essentially implements the Database Access
Layer of the 3-tier architecture, where necessary entities
are modeled to represent the components of the system.

The upper level is the level that users interact with and
essentially is the User Interface (UI). This level essentially
implements the Presentation Layer of the 3-tier architec-
ture. The upper layer is split into three sublevels: the
learners sublevel, the tutors sublevel, and the administra-
tion sublevel. Learners should be able to access the system
in a classroom or through the internet. A user-friendly
interface helps the learners to easily and freely navigate
throughout the educational materials, perform activities
selected or created by their tutors, realize their own capa-
bilities and weaknesses and improve their educational
profiles. The interactive system seeks to cause them to
reflect on their answers, enhance their motivation and
guide them to acquire better scientific thought. Tutors can
access options regarding the modification and or insertion
of educational material, as well as options concerning the
assessment subsystem. If a learner has already performed
actions and or tests, the tutor can also view them and their
results.

The middle layer includes the subsystems that are nec-
essary to implement the logic operation of the system,
designed so as to allow the independent development and
use of the subsystems. This level implements the Business
Logic Layer of the 3-tier architecture. The middle layer
includes the five core subsystems of StuDiAsE, which are:

1. The monitoring subsystem
2. The logging subsystem

3. The profiling subsystem
4. The modeling subsystem
5. The evaluation subsystem

Fig. 1 displays how these subsystems are linked to the
main database and between each other. The operation of
these subsystems is imperceptible by the learners, as
StuDiAsE provides personalized educational material and
support based on the profile and performance of the learn-
er. The profiling, modelling and evaluation of the learners
is being performed by the use of artificial intelligence and,
specifically, fuzzy logic [32-34]. Using artificial intelli-
gence and exploiting the data logged during the education-
al process, StuDiASE is capable of deriving personalized
learner profiles. These profiles can then be used to assess
the capabilities and weaknesses of a learner, as well as for
their evaluation [35, 36]. The five subsystems that have
been developed by the research team for the pilot applica-
tion of StuDiAsE are being presented in the following
paragraphs in detail.
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Figure 1. The structure of StuDiAsE and the interconnections between

its subsystems.

A. Monitoring Subsystem

As its name suggests, this subsystem monitors and logs
selected actions of the learners during the educational
process. All recordings are being performed with the user's
knowledge and consent, yet on an imperceptible for the
user level, without any intervention of the educational
process. Data collected during this process can be correlat-
ed with the prior knowledge (theoretical background),
skills to use new technologies, attitudes and patterns dur-
ing his use of the learning environment, as well as the
times and points where assistance has been sought. The
objective of the subsystem is the logging of sufficient data,
in terms of both number and quality, which can be then
used to build a profile for the learner and provide personal-
ized material and assistance.

StuDiASE is capable of monitoring and logging several
different types of information, depending on the required
application. For the means of this study, the types of in-
formation recorded were selected from a series of research
studies, references and based on the experience of the
research team members. Specifically, the following basic
types of information are being collected:

1. Static information, such as the name and registration
number of the learner.

2. Dynamic information, such as the total time spent in
the educational environment, the time devoted to
each of the questions, the number and order of the
questions that have been answered, as well as the
number of questions answered correctly.

3. Other information that are relevant to the test, such as
the frequency and type of assistance which the learner
requested, the type and frequency of errors commit-
ted by the learner and specific information derived
from the navigation of learner within the learning en-
vironment and which can be used during his evalua-
tion.
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When the learner begins using the educational environ-
ment, the monitoring subsystem automatically triggers and
records the actions taken by the user. The learner is re-
quired to enter all the vital static information used to iden-
tify him and the logging subsystem initiates, standing by to
receive the dynamic information. At the same time, it
initiates the system timer, which records the time required
for every action of the learner. Any response or action
(help, skipping a question, etc.) by the learner is then be-
ing recorded. Upon the exit of the learner from the learn-
ing environment, the monitoring subsystem completes a
report and records it to the database, filed under the static
information provided by the learner.

B. Logging Subsystem

The logging subsystem operates in parallel with the
monitoring subsystem, recording the answers given by the
learner alongside the recording of the actions taken during
the process. By recording responses to questions on a
specific theme, it is possible to reveal the educational
needs of the learner: the inert knowledge, misconceptions,
contradictions, gaps, etc. Similarly, the recording of re-
sponses facilitates the analysis, processing and coding of
the arguments of the learner, in order to form the initial
cognitive profile.

The output of the logging subsystem includes infor-
mation: for the particular learner, for the selected module /
submodule, for the selected test, a specific number of
questions and alternative answers per question, for  the
kind of questions / answers (multiple choice, justification,
matching, fill the gap, etc.), for the type of questions
(relational, transformational, teleological), for the total
number of questions and the individual number of ques-
tions per question type and per subject, etc. This infor-
mation is used by other subsystems of the system, which
are being discussed in the following paragraphs, for the
diagnostic, modeling and evaluation processes.

C. Evaluation Subsystem

The involvement of learners throughout the entire
process depends on individual decisions, from answers
and movements, the willingness to participate, from the
compliance with instructions and encouragement offered
by the system in various phases. If the learner persists on
flawed or wrong responses, the artificial intelligence sys-
tem should be designed to seek the minimization of con-
flicts and focus on trying to change the reasoning of the
learner. The minimization will be possible when the learn-
er alone removes the contradiction and thus becomes able
to construct a more coherent argument (reflection) [37].

The core of the evaluation subsystem is the learner
model. By using artificial intelligence techniques, it is
possible to evaluate the details of the initial and final cog-
nitive profile. This subsystem implements fuzzy logic
techniques, the output of which is the cognitive profile of
the learner and the inputs are listed below.

1) Recorded data of learner involvement during
modeling

1. Elements indicating the engagement of the learner in
the diagnostic process: informing the learner for ini-
tial cognitive profile

2. Elements indicating the engagement of the learner in
the process of creating a cognitive profile and model:
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the number of times that the cognitive profile charac-
terization has changed, the learner's decision to re-
consider contradictory answers to questions / errors,
etc.

3. Elements indicating the engagement of the learner in
the improvement of his cognitive model: steps lead-
ing to a change in thinking and changes in the model.

2) Recording of system navigation elements

4. Recording data on getting help

5. Recording data of moving between previous and later
stages of the activity

6. Recording time intervals corresponding to engage-
ment with each activity

7. Any other information that may be associated with
this activity.

The utilization of information not related to answering
questions depends largely on the type of exercise and is
customizable. The rules should be based on the compari-
son with the corresponding figures of an expert who
solved the same exercise.

D. Profiling Subsystem

The profiling subsystem is designed to extract the origi-
nal cognitive profile of a learner, which represents the
prior knowledge on the selected topic based on the options
that have been selected by the learner. The status of the
learner is then represented by particular characteristics,
such as level of prior knowledge, knowledge gaps, contra-
dictions, learning style, attitude during the study and his
willingness to participate. The aim is to study the charac-
teristics of the learner, which are important for personali-
zation of the environment, and those that are expected to
arise through interactive diagnostic feedback process.

The aim of the diagnostic process is utilizing the diver-
sity of learning needs and abilities of learners, who will be
identified based on their responses to questions (cognitive
profiles) to set the main educational objective and design
interactive feedback. Objective of the profiling subsystem
also is the investigation and evaluation of possible ways to
engage learners in the diagnostic process, which aims for
the proper generation of a cognitive profile.

1) Educational strategies

The research team has developed a series of educational
strategies for the extraction process of the cognitive pro-
file. These strategies are based on research studies and
references, but also in the teaching experience of the team
members. Logged results of the diagnostic tests, including
appropriate questions with alternative answers related to
the theme, must be interpreted by the profiling system.
There are three types of questions, equally numbered:

a. Questions R -type (relational)
b. Questions M -type (transformational)
c. Questions T -type (teleological)

R (Relational) text describes a document and questions
which focus on simple descriptions of the part-whole rela-
tions of the system described in the document, as well as
on descriptions of the processes, event and system status.
Due to its short, concise sentences and detailed text, the
relational text is usually better for weaker students and
beginners.
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TABLE L.
FEEDBACK FOCUS RULES
# Initial Cognitive Profile Cognitive profile type Focus of personalized feedback
1 R- High M- High T-Medium R/M- High T
2 R- High M-Medium T- High R/T- High M
3 R-Medium M- High T- High M/T- High R
4 R- High M-Medium T-Medium R- High M
5 R-Medium M- High T-Medium M- High R
6 R-Medium M-Medium T- High T- High M
7 R- High M- Medium T-Low R- High M
8 R- High M-Low T- Medium R- High M
9 R- High M-Low T-Low R- High M
10 R-Medium M- High T-Low M- High R
11 R-Low M- High T- Medium M- High R
12 R-Low M- High T-Low M- High R
13 R-Medium M-Low T- High T- High R
14 R-Low M-Medium T- High T- High R
15 R-Low M-Low T- High T- High R
16 R-Medium M-Medium T-Medium R/M/T- Medium R
17 R-Medium M-Medium T-Low R/M- Medium R
18 R-Low M-Medium T-Medium M/T- Medium R
19 R-Medium M-Low T-Medium R/T- Medium R
20 R-Medium M-Low T-Low R- Medium R
21 R-Low M-Medium T-Low M- Medium R
22 R-Low M-Low T-Medium T- Medium R
23 R-Low M-Low T-Low R/M/T- Low R
24 R- High M-Low T-Low R- High M
25 R- Low M- High T-Low M- High R
26 R- High M-Low T- High T- High M

M (Transformative) text designates a document and
questions which are focused on describing the sequence of
events and the state to state transitions of the system. The
transformative text assumes some basic educational back-
ground but describes the system events in detail, therefore
is usually more suitable for average students.

T (Teleological) text is focused on detailed descriptions
of the objectives and sub-objectives for which the system
has been constructed, or of the events and mechanisms
which take place within a system. The teleological text
jumps to the results and conclusions without a thorough
analysis of the system's events, usually assuming a strong
educational background and therefore is typically pre-
ferred by advanced students.

It is educationally useable to record the number of suc-
cessful responses to questions separately, R-type, M-type
and T-type, but of all the questions as well. This focuses
on identifying the skill of the learner to respond success-
fully to questions of R, M or T type, as any of their com-
binations.

2)  Cognitive profile structuring

The educational strategies set by the team members led
to the determination of the structure of the cognitive pro-
file and the classification of its potential cases. Thus, the
possible structures of profiles presented in this study are 1)
descriptive notation per answer for each question type (R-
type, M-type or T-type), with the possible classifications
being high, medium or low profile and 2) numerical nota-
tion in percentages: 0%-25%, 26%-75% and 76% 100%
respectively. Table 1 shows in detail the 27 possible cases
cognitive profile and the corresponding abbreviations for
the characterization of learner profiles. In the event that
the student displays very high overall performance that
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would result to an R/M/T-High profile, the system will
openly offer all three educational text versions to the stu-
dent for selection.

3) Profile generation rules

According to the data of table 1 and the educational
strategies set by the team members, a set of rules has been
formulated in order for the artificial intelligence of the
profiling subsystem to function. These are being summa-
rized in table 2.

4) Subsystem operation - process of the cognitive
profile generation

The profiling subsystem takes as input the output of the
logging subsystem, which recorded the answers that the
learner selected over a specific set of questions. Consider-
ing the rules displayed in table II and in conjunction with
the data recorded by the logging system, the initial cogni-
tive profiles are being generated. Thus, if a learner par-
takes a diagnostic test in order to determine his initial
cognitive profile consisting of, for example, fifteen ques-
tions total (five of each type) and the logging subsystem
records four or five correct answers out of the five ques-
tions for a specific type, then the learner’s skill over texts
of this type is considered high. Accordingly, if the learner
has two or three correct answers, then his skill is consid-
ered medium, while one or zero correct answers would
rate his skill as low.

For example, if the learner answers correctly five R-
type based questions, four M-type based questions and one
T-type based question, then the initial profile of the learner
will be set as R/M - High and the system will provide
personalized text and assistance over teleological texts.
Accordingly, if the learner answers correctly one R-type
based questions, five M-type based questions and zero T-
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TABLE IL.

COGNITIVE PROFILE GENERATION RULES

O 00 NN AW =

The student with 76%-100% successful answers in questions of R-type and M-type and T-type has a cognitive profile of type: R/M/T- High.
The student with 76%-100% successful answers in questions of R-type and M-type has a cognitive profile of type: M/T- High.

The student with 76%-100% successful answers in questions of R-type and T-type has a cognitive profile of type: R/T- High.

The student with 76%-100% successful answers in questions of M-type and T-type has a cognitive profile of type:M/T- High.

The student with 76%-100% successful answers in questions of R-type and M-type has a cognitive profile of type:R/M- High.

The student with 76%-100% successful answers in questions of R-type has a cognitive profile of type: R- High.

The student with 76%-100% successful answers in questions of M-type has a cognitive profile of type: M- High.

The student with 76%-100% successful answers in questions of T-type has a cognitive profile of type: T- High.

The student with 26%-75% successful answers in questions of R-type and M-type and T-type has a cognitive profile of type: R/M/T- Medium.

10 The student with 26%-75% successful answers in questions of R-type and M-type has a cognitive profile of type: R/M- Medium.
11 The student with 26%-75% successful answers in questions of R-type and T-type has a cognitive profile of type: R/T- Medium.
12 The student with 26%-75% successful answers in questions of M-type and T-type has a cognitive profile of type: M/T- Medium.
13 The student with 26%-75% successful answers in questions of R-type and M-type has a cognitive profile of type: R/M- Medium.
14 The student with 26%-75% successful answers in questions of R-type has a cognitive profile of type: R- Medium.

15 The student with 26%-75% successful answers in questions of M-type has a cognitive profile of type: M- Medium.

16 The student with 26%-75% successful answers in questions of T-type has a cognitive profile of type: T- Medium.

17 The student with 0%-25% successful answers in questions of R-type and M-type and T-type has a cognitive profile of type: R/M/T- Low.
18 The student with 0%-25% successful answerss in questions of R-type and M-type and has a cognitive profile of type: R/M- Low.
19 The student with 0%-25% successful answers in questions of R-type and T-type has a cognitive profile of type: R/T- Low.

20 The student with 0%-25% successful answers in questions of M-type and T-type has a cognitive profile of type: M/T- Low.

21 The student with 0%-25% successful answers in questions of R-type and M-type has a cognitive profile of type: R/M- Low.

22 The student with 0%-25% successful answers in questions of R-type has a cognitive profile of type: R- Low.

23 The student with 0%-25% successful answers in questions of M-type has a cognitive profile of type: M- Low.

24 The student with 0%-25% successful answers in questions of T-type has a cognitive profile of type: T- Low.

25 The student with 76%-100% successful answers in questions of R-type has a cognitive profile of type: R- High.

26 The student with 76%-100% successful answers in questions of M-type has a cognitive profile of type: M- High.

27 The student with 76%-100% successful answers in questions of T-type has a cognitive profile of type: T- High.

type based questions, then the system would diagnose the
learner as of M-high type, offering personalized assistance
primarily over texts and examples of relational type, then
of teleological type.

E. Modeling Subsystem

According to the initial cognitive profile of the learner,
which is generated by the profiling subsystem, the model-
ing subsystem begins the assembly of a learner model.
This includes the initial cognitive profile and personalized
feedback according to the results of the initial cognitive
profile. The final cognitive profile is obtained after any
additional activities have been partaken.

The feedback is given to the learner after the initial di-
agnosis as a personalized activity that includes text and
questions with alternative answers. Additional feedback
can be given in the form of assistance, suggestions/advice,
didactic instructions, examples, or any combination of the
above, in order to achieve the best possible learning and
diagnostic result. There are 26 possible initial cognitive
profile cases, which the system will provide feedback and
personalized activities for, as displayed in table 1. The
artificial intelligence is programmed to provide personal-
ized feedback to learners so as to first maximize their
relational text comprehension, then their transformational
text comprehension and finally their teleological text com-
prehension.

The final cognitive profile includes any changes that
may have occurred on the initial cognitive profile of the
learner after the personalized feedback procedure. The
learner is provided with the same exact test that has been
used to generate the initial cognitive profile, assuming that
the answers to the initial questions did not became known
to him and or they were not included in any of the person-

26

alized tests provided during the feedback process. Other-
wise, a test with different questions but of the exact same
difficulty level may be used. For example, a learner with
an initial cognitive profile designated as R/M-Medium will
receive additional support so as to improve on the rela-
tional text comprehension. Once the profile of the learner
has changed from R/M-Medium to R-High, the next step
for the system would be to provide personalized assistance
based on M-type educational material, in order to improve
the comprehension of the learner on texts of transforma-
tional type. If the comprehension of the learner improves
until the final cognitive profile becomes R/M-High, then
the system will proceed to provide assistance with teleo-
logical educational material.

III.  USER INTERFACE

StuDiAsE essentially covers five user interface usage
scenarios. There are the theory and laboratory sections for
learners, the same sections for tutors, and a fifth section
that is the administration section for personnel with access.
Tutors can create dynamic activities for learners to in-
crease their comprehension on various subject areas. They
may also expand the tree of activities by adding their own.
For the creation of these activities, the tutor is being led
systematically by the interface. Each activity includes a
properly structured text into paragraphs, which is accom-
panied with corresponding comprehension diagnostic
questions from several categories.

Fig. 2 displays the introductory page that all users will
be greeted with when they enter the educational environ-
ment. From this page, the user is called to choose whether
he or she wants to enter the section with the theoretical
courses or the section with the laboratory courses. Once
either option is selected, the user will be asked to log into
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the system. Learners and educators alike log in from this
section and can create new accounts as well. All new ac-
counts that are being created are treated as learner ac-
counts, unless the administrator changes their access privi-
leges.

1) Learner User Interface

The learner user interface is split into two main sec-
tions; the theory and the laboratory. Once the learner se-
lects a section, he or she will be asked to log in. The home
page of the learner's theory section user interface can be
seen in Fig. 3. The learner can select a course, view com-
pleted courses and activities, as well as check his or her
progress and cognitive profile when enough data has been
acquired. The suggested path for a learner to follow is to
take an initial diagnostic test first, with which the system
will assess the initial cognitive profile of the learner, and
will then offer a personalized suggestion regarding which
educational text to study in order for the learner to im-
prove his or her cognition on the subject.

Afterwards, the system will propose the completion of a
second diagnostic test that will assess the progress of the
learner. However, if the learner does not wish to follow
this path, he or she can freely choose other options, alt-
hough the system may not be able to perform certain func-
tions if the suggested path has not been followed. For
example, if a learner decides not to take the initial diag-
nostic test, the system will suggest the relational text type
and will not be able to assess the level of educational im-
provement of the learner.

The tasks of learner profiling and personalized feedback
are being performed by the profiling subsystem, using
fuzzy logic Al and based on the comprehension theory of
Denhiére & Baudet [27, 34]. Note that even though the
system will propose a specific type of text after the com-
pletion of the diagnostic text, the learner is free to choose
from any type of text available (relational, transformative
or teleological) [34]. After selecting and studying a text,
the learner can start an assessment activity that is based on
the exact type of text he or she just studied. There may be
any number and type of questions as the educator who
compiled the particular section saw fit. The learner may
choose to skip a question, revert to a previous question and
even seek additional assistance on a specific question. The
latter is being done by clicking the "?" icon to the right
side of the interface, in which case a supplementary text
will appear in the teal box to the right. This option is not
available during the diagnostic tests. Although the pilot
system presented in this paper has such options disabled
for the time being, the logging and monitoring subsystems
can also log information regarding the user's actions and
preferences, such as the time to answer a question, the
number of times that he or she reverted to previous ques-
tions and or requested help, etc. Such information can then
be used by other subsystems to improve the quality of the
feedback and assessments. Fig. 4 displays the user inter-
face while the learner is taking an activity after reading an
educational text.

After the learner completes the second diagnostic test,
the system will present his or her assessment results. If the
learner followed the suggested path, performing the initial
diagnostic test, then any of the three available educational
activities and finally the second diagnostic test, the system
will also display his or her initial and final cognitive pro-
files, as well as the specific improvement on each type of
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educational text (Relational, Transformative or Teleologi-
cal). Fig. 5 displays such an assessment, of a hypothetical
learner who performed the first diagnostic test, then chose
a transformative text and completed the associated activity
and, finally, took the second diagnostic test as well.

StuDiASE

===

Home
Welcome to the educational environment StuDIASE, which enables you to perform reading comprehension activities and laboratory exercises.

The choice of either Theory o Lab allows you to select a course section:

* We propose to perform a diagnostic test (D1), which estimates your initial cognitive profile.

« Then, based on the cognitive profile, the system suggests that you study the most appropriate out of the three texts: Relationships (S), Steps (M)
and Targets (T). After studying this text, you are given a series of questions to answer in order to investigate your understanding of that text.

« Finally, you are given a second diagnostic test (D2) that will assess the change from your iitial cognitive profile.

Of course, you can navigate freely, read any type of text and answer the corresponding questions.

For a theoretical course select THEORY, for a laboratory course choose LAB.
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Figure 5. Assessment results and the learner's cognitive model.
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2)  Tutor User Interface

In a way similar as with the learner user interface, the
tutor user interface is also split into the theory and the
laboratory sections. Once a section is selected, the user
will be asked to log in. If the username/password corre-
sponds to an account with educator access, the user is
directed to the tutor's user interface home page (Fig. 6).
The home page of the educator allows the user to access
the management pages of courses, activities, texts and
questions. It is up to the administrator to limit the capabili-
ties of a tutor's account if that is deemed necessary, other-
wise the tutor can insert a virtually infinite amount of
educative material into the system. It is also possible to
give certain tutor privileges to accounts, such as the ability
to manage activities and questions but not courses, allow-
ing the creation of tutor accounts that can essentially only
alter the material of their own course.

The management of the courses, activities, texts and
questions is a guided process and the insertion of educa-
tional material requires only very little familiarization with
computers. Higher education tutors nowadays are highly
adept on the use of computers and therefore the use of a
guided UI should be a seamless process with a very short
learning curve [38-41]. For example, the tutor selects to
create a new course, the system will automatically request
the input of the core educational text (Fig. 7).

The insertion of activities, texts, feedback material and
questions follows a similar guided pattern. Finally, the
tutor is also capable of selecting to which user accounts
the course will be visible to, allowing the selection of only
the learners partaking the course or the creation of learner
groups. Even though the generation of the eLearning edu-
cational material and the evaluation parameters/rules can
be a tedious process at first, the use of the OLE reduces
the workload of the tutor considerably in the long run [42].

3) Administrator User Interface

The management of other users can only be performed
by users whose the account has administrator access.
Specifically, the administrators may:

1. See a list of the registered users, their communication
data, as well as the time of their registration, their last
login and last action.

2. The number of the users online at the time and the
course that they are partaking.

3. Modify the data and the access privileges of any user.

The administrators may also manually create user ac-
counts with any level of access and access the data record-
ed by the logging system.

IV. CASE STUDY

In order to assess the functionality, abilities, capabilities
and shortcomings of the developed Open Learning Envi-
ronment, a pilot application was arranged. The sixty par-
ticipants were postgraduate students of the T.E.I. of Ath-
ens, pursuing a Master's degree on Energy Technology, a
course that is being taught in the T.E.I. of Athens in col-
laboration with the Heriot-Watt University. Four short
courses have been developed and sixty volunteers chose to
participate, using the system as additional educational
material. All of the students followed the path proposed by
the system. They first took a diagnostic test that the profil-
ing subsystem used to create their initial cognitive profile,
and then the system provided personalized feedback to
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Figure 8. Assessment results and the learner's cognitive model.

each of them. After the students completed going through
(or skipped) the extra educational material provided by the
system, they performed a second diagnostic test, with the
system generating the final cognitive profile of each stu-
dent. Fig. 7 displays a demo image of the final evaluation
that a learner received.

The same process was also performed by an expert in
parallel, in order to identify any flaws in the diagnostic
and or evaluation processes. For the means of this pilot
study, only quantitative assessment rules were implement-
ed. Qualitative data are being recorded but their inclusion
in the final evaluation of the learners is disabled. The
marks of the learners before and after the educational
process are extracted from the logging subsystem and are
examined by experts to determine how the use of the OLE
affects different user groups. The marks of the sixty stu-
dents that participated in this study are summarized in
Table III, which displays the original mark of the student
prior to using the learning environment and how much the
student improved after the process.

The data of table III reveal that the use of the OLE had a
positive influence on the performance of every participat-
ing learner. Depending on the course, the average score of
the class increased between 14% and 16% after the use of
the educational system. The improvement is more appar-
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Figure 10. Learner Score Improvement, Course #2

ent on weaker learners, with the most prominent example
being participants #13, 48 and 60, which managed to facil-
itate a score increase of 36%. However, the impact varies
from learner to learner, as there have been several learners
with low original marks that they did not display as much
as an improvement as others. In a few cases, advanced
learners that had high comprehension of the material be-
fore the use of the system did not show any improvement
at all.

According to the results of the case study and as it can
be seen in the following figures, the use of the system
affects all learners but the impact is higher on students
with lower performance and decreases for students that
performed very well before the use of the OLE.

The fact that some weak learners improved significantly
more than others with similar marks drove the experts to
seek the cause behind this by holding interviews with
some of the participants and manually checking the data
recorded by the logging system. The interviews revealed
that learners who displayed very significant improvements
were originally lacking in motivation to study, i.e. they
were finding the subject uninteresting or were procrasti-
nating, but had no significant lack of prior knowledge. As
something new and previously unexplored, the use of the
OLE motivated them to study the provided texts and feed-
back, which they could comprehend and implement with
ease. The learners that displayed low performance but still
did not improve a lot during this trial study had significant
knowledge gaps, either from a long history of low perfor-
mance or from being inexperienced on the topic of heat
transfer due to the curriculum of their undergraduate stud-
ies.

The examination of the data recorded by the logging
system also revealed three more cases that are interesting.
In two cases , the time in which the learner completed the

1IJET — Volume 10, Issue 3, 2015

30%

20% © e e o e e o o o o
e o o e o o o o o o
L] e O o o o o o o o o
L] L] e o o o
5%
e o o
0% L
30% 40% 50% 60% 70% 80% 90% 100%
Original Mark

Figure 11. Learner Score Improvement, Course #3

5%

20% e o o o o L] o o
- o o e o 0 o o 0 0 o o o
£ 15%
5
z e o o o o o . e o o o
£10%
. . e o o
5%
L] L]
0% L]
30% 40% 50% 60% 70% 80% 90% 100%
Original Mark

Figure 12. Learner Score Improvement, Course #4

test was considerably lower than the time recorded by the
expert. Both of these cases were during the fourth applica-
tion of the OLE (learners 3 and 32). Both of the learners
had good performance and participation in other courses,
indicating that they began to lose interest and or did not
want to invest time on the use of the OLE. The third case
is that of learner #47 during the second course, who in-
creased his score from 84% to 100%. The time that the
learner required to complete the educational process was
significantly greater than that of the expert and the logs
indicated that the majority of that time was spent during
the answering of the questions, as well as that the answers
of each question have been altered several times before the
final submission. By disabling the ability of the computer
to perform any other processes other than that of the OLE,
the performance of the particular learner in the following
courses was significantly reduced, which, in conjunction
with the data recorded by the logging system, hints that the
particular learner was engaged in dishonest behavior. The
data presented in figures 9-12 also indicates that the dis-
parity of the impact that the use of the OLE has on weaker
learners diminishes with time. This is due to two reasons.
First, the learners that were originally unmotivated to
study and were intrigued by the use of the OLE were those
that displayed the greatest score increases. However, after
using the OLE a few times, the effect that the inclusion of
the new procedure in the curriculum had on the motivation
of these learners began to diminish. Second, the learners
whose low scores were the result of educational gaps and
lack of comprehension gradually improved, displaying
higher and more constant performance improvements. The
proposed system can be programmed to recognize such
behaviors and attempt to motivate the students by chang-
ing the delivery method of the feedback and educational
material, which will be attempted in future case studies.
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After the completion of the current pilot study, the
learners were asked to complete a questionnaire, which
can be seen in table IV. As it can be seen from the results
of the survey, the evaluation of most aspects of the pro-
posed OLE is highly favorable. However, the survey also
indicates that there were some concerns about the user
interface, mainly regarding the use of icons/buttons and

the on-screen information. In response, the research team
is performing modifications on the user interface for a
second trial and a quick start user guide has been com-
posed respectively. Rightfully, the learner also expressed
concerns on the inability to download learning material, as
this option was disabled in the version that was used for
the means of the pilot study.

TABLE III.
PILOT STUDY LEARNER SCORES
4 Course #1 Course #2 Course #3 Course #4
Initial Score Final Score Initial Score Final Score Initial Score Final Score Initial Score  Final Score

1 56% 68% 52% 72% 36% 60% 84% 96%
2 72% 84% 32% 60% 40% 60% 60% 80%
3 68% 80% 48% 60% 72% 84% 44% 56%
4 48% 68% 44% 68% 44% 68% 80% 96%
5 56% 64% 36% 64% 32% 60% 60% 80%
6 60% 80% 84% 92% 68% 80% 56% 72%
7 68% 84% 32% 60% 48% 68% 76% 92%
8 92% 96% 72% 84% 88% 96% 40% 60%
9 64% 76% 36% 52% 92% 92% 72% 92%
10 80% 92% 72% 76% 40% 64% 56% 72%
11 84% 92% 84% 96% 36% 56% 48% 68%
12 72% 84% 84% 88% 48% 60% 36% 52%
13 88% 92% 36% 72% 52% 60% 88% 96%
14 36% 64% 40% 68% 32% 48% 88% 92%
15 44% 68% 72% 88% 84% 88% 76% 92%
16 52% 56% 76% 84% 92% 96% 52% 68%
17 60% 76% 36% 60% 40% 56% 36% 52%
18 52% 72% 60% 76% 40% 52% 84% 92%
19 76% 88% 68% 80% 88% 92% 52% 72%
20 80% 88% 60% 72% 40% 60% 68% 84%
21 72% 84% 52% 72% 76% 88% 52% 68%
22 52% 72% 44% 64% 40% 60% 36% 56%
23 40% 68% 60% 76% 36% 56% 52% 68%
24 68% 80% 56% 64% 80% 88% 64% 76%
25 60% 72% 84% 88% 52% 68% 68% 88%
26 56% 84% 84% 92% 56% 68% 44% 60%
27 52% 76% 84% 88% 60% 72% 68% 76%
28 64% 80% 36% 48% 36% 52% 52% 72%
29 72% 80% 92% 92% 60% 80% 72% 88%
30 60% 76% 48% 68% 56% 76% 40% 52%
31 56% 80% 36% 60% 80% 92% 68% 88%
32 92% 100% 80% 92% 48% 64% 40% 52%
33 80% 92% 44% 64% 60% 68% 36% 56%
34 72% 88% 80% 88% 60% 72% 40% 60%
35 68% 84% 88% 96% 32% 52% 80% 92%
36 56% 60% 52% 80% 84% 96% 92% 96%
37 68% 80% 44% 64% 72% 88% 60% 76%
38 44% 68% 76% 88% 44% 64% 56% 68%
39 52% 76% 64% 80% 84% 92% 32% 48%
40 60% 80% 48% 68% 68% 84% 64% 80%
41 68% 80% 68% 80% 56% 72% 64% 80%
42 60% 76% 88% 92% 64% 76% 68% 88%
43 88% 92% 48% 64% 48% 64% 72% 84%
44 72% 88% 64% 84% 52% 64% 88% 96%
45 44% 68% 76% 96% 32% 56% 84% 96%
46 76% 84% 40% 64% 84% 92% 92% 92%
47 52% 72% 84% 100% 60% 76% 48% 64%
48 52% 88% 60% 84% 76% 84% 52% 64%
49 68% 84% 60% 80% 92% 96% 76% 84%
50 44% 64% 56% 72% 32% 56% 48% 68%
51 68% 80% 72% 96% 52% 64% 48% 60%
52 56% 76% 76% 88% 84% 92% 76% 88%
53 52% 76% 92% 96% 64% 80% 80% 92%
54 48% 72% 64% 72% 52% 72% 80% 92%
55 84% 92% 44% 60% 72% 92% 92% 100%
56 88% 88% 36% 56% 92% 96% 36% 48%
57 62% 80% 64% 84% 80% 92% 40% 60%
58 48% 56% 40% 60% 40% 60% 44% 64%
59 52% 68% 44% 72% 68% 88% 52% 72%
60 52% 88% 60% 80% 84% 92% 88% 96%
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TABLEIV.
EVALUATION QUESTIONNAIRE FOR LEARNERS
Criteria Agree Somewhat Neith'er agree or So.mewhat Disagree
agree disagree disagree
Evaluation Criteria Of The Curricular, Didactics And Education Methodology
The environment covers more than one subject areas related to the learning goal? 12% 68% 12% 7% 2%
Is there consistency regarding the terms and symbols used throughout the contents? ~ 85% 10% 5% 0% 0%
The construction and organization of information is apparent? 80% 15% 5% 0% 0%
Educational materials are properly organized and structured in modules? 38% 42% 10% 8% 2%
Are modules-submodules presented in a correct sequence? 32% 57% 10% 2% 0%
The student is being kept informed of the study time by the material. 0% 13% 43% 30% 13%
There is informqtion on the prerequisite knowledge and skills required for effective 0% 50, 43% 32% 20%
use of the educational environment?
The student has the ability to select educational material of his/her choice. 65% 33% 0% 2% 0%
The presentation of the contents stimulates the interest of the student. 43% 47% 5% 3% 2%
Evaluation Criteria On The Design And Layout Of The Contents
The learning environment is suitable for use by each individual student? 33% 47% 10% 10% 0%
The ed}lcationa-l environment provides the student with alternative navigation paths 42% 329 22% 39, 29
depending on his/her personal needs?
The presentation of concepts helps the student to understand and consolidate them? 60% 30% 7% 3% 0%
The educational environment leads students to predefined objectives and results? 45% 47% 7% 2% 0%
A student may repeat a learning path according to their needs? 77% 23% 0% 0% 0%
The students areiaided to follow different educational paths depending on the level of 729% 27% 29 0% 0%
knowledge or skills they have?
Evaluation Of The User Interface
The texts are legible and written in language simple and understandable? 40% 27% 20% 10% 3%
The vocabulary is rich and homogeneous? 40% 42% 15% 3% 0%
Grammar and syntax are consistent? 27% 68% 3% 0% 2%
Messages on transition from section to section are clear and understandable? 77% 20% 3% 0% 0%
Quantity and density of the information on the screen is functional? 75% 12% 12% 2% 0%
The use of icons, buttons and menus is obvious. 32% 33% 25% 8% 2%
Is it possible for the student to control the flow of information? 17% 47% 32% 3% 2%
It is easy to navigate back and forth? 92% 7% 2% 0% 0%
There is always the option of returning to a home menu. 97% 3% 0% 0% 0%
It is possible to logout from the program from any point. 98% 2% 0% 0% 0%
It is possible to return to the last point accessed, without data loss? 48% 40% 8% 3% 0%
Evaluation Criteria On The Functionality Of The Educational Software
Thf? educat.ional enviro_nment informs the s_tuder.lt - user about tth consequences of 329 50% 17% 29, 0%
various actions and choices that may lead to impairment of the application?
The environment allows the undoing of user actions or choices? 0% 62% 25% 5% 8%
The possibility of failure to complete a process due to an environment error is minimal 58% 2% 0% 0% 0%
or non-existent?
The messages displayed to the user are simple and understandable? 83% 13% 2% 2% 0%
The offered assistance covers how to use the environment? 23% 42% 20% 13% 2%
Is thf: response time of basic functions of the educational environment within reasona- 100% 0% 0% 0% 0%
ble limits?
Is it easy for students to use the basic functions of the educational environment? 97% 3% 0% 0% 0%
Protection.is provid-ed against users that do not have permission to access portions of 10% 15% 25% 47% 30
the educational environment and data.
It is possible to collect and transfer (download) learning material? 0% 0% 0% 12% 88%

V. CONCLUSION

In this paper, we demonstrated the Student Diagnosis,
Assistance, Evaluation System based on Artificial Intelli-
gence (StuDiAsE), an advanced OLE based on the text
comprehension theory. By using logging/recording func-
tions and artificial intelligence rules, StuDiAsE can be
used to identify, assess and improve the comprehension of
students. In treating each user as a singular entity and in
conjunction with proper rules, compiled by an educational
expert, StuDiAsE can define the strengths, weaknesses and
individual characteristics of each student, provide person-
alized feedback and improve the engagement of the stu-
dent on the educational process. This processing helps to
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overcome the "one size fits all" approach that is the rule in
engineering education today.

The assessment provided by StuDiAsE is multidimen-
sional and may use both quantitative and qualitative ele-
ments. Aside from the number of correct, wrong and unan-
swered questions, qualitative factors can also be imple-
mented into the assessment. These can be the choice of the
additional educational material, if the user skipped the
additional material entirely and proceeded to the test, the
time taken to complete each activity, the number of times
that the user requested assistance, etc. Even though they
have not been included in the evaluation process during
this pilot study, the logging of qualitative data proved to
be very useful for the thorough evaluation of the learners.
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With the correct inclusion of evaluation steps and rules
using qualitative data, it is possible to affect the motivation
of the students, detect plagiarism and identify other specif-
ic educational problems.

During the pilot application of StuDiAsE and with the
help of sixty postgraduate learners, the research team iden-
tified multiple advantages, as well as numerous points that
required further research. For learners, the proposed envi-
ronment is an engaging educational tool that will automat-
ically identify their weaknesses and seek to improve them.
As the learner uses the educational tool, even if only out of
curiosity, StuDiAsE generates his or her educational pro-
file and seeks to improve his or her skills via personalized
feedback. This approach proved to be particularly effective
on unmotivated students, who would otherwise not study
sufficiently or at all, as the scores of average and below-
average learners were those that improved the most during
this pilot course. However, that effect appears to have
been temporary, as the learners ceased to display large
improvements after partaking a few courses, indicating
that they were losing motivation. As such, qualitative
evaluation and feedback can be implemented to instill the
motivation of the learners, which will be explored in future
case studies of the system. There are distinct advantages
for tutors as well, with the most apparent being the sim-
plicity and effectiveness of the OLE to include educational
material. The time to develop the material required for
each course may be significant at first but it is greatly
lower than the time required for the manual assessment of
the performance of each individual learner over the life-
time of the course.

Future research will be performed to assess the efficacy
of qualitative evaluation, the capability of the system to
include laboratory courses effectively and the possibility
to replace classic taught modules partially or entirely.
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