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Abstract- Introducing e-assessment in high-level cognitive
courses is still a difficult issue, especially when adapting
theoretical models and systems to real courses. One of the
challenges is that most of the e-assessment tools offer simple
types of questions such as Multiple -Choice Questions (MCQ),
which does not allow proper assessment for skills. Another
challenge is to find an appropriate way to offer formative
assessment in this type of courses through both practice and
assessment facilities with personalized feedback. In this paper, a

general e-assessment system and a formative e-assessment
model for hlgh—level cognitive courses are presented. They allow
going beyond MCQ type of questions, and an easy adaptation to
different learning scenarios. The model and the system are
applied into an actual high-level cognitive course, a Logic course
of a Computer Science degree program in a fully online learning
environment. As a result, it showed that students' participation

in the continuous assessment has increased. Overall when -

comparing students' results before and after the introduction of
the e-assessment system, it shows that with the introduction of
the system, students' performance, in terms of students' marks
had improved.

Keywords- formative e-assessment; high-level cognitive course;
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I. INTRODUCTION

Assessment is central to learning and teaching. What is
assessed defines what is taught and how it is learned. The
process of assessment, in turn, shapes institutional practice
and affects a learner’s view of the value of engaging in
learning [1]. Technology can play a significant role in this
process, if used appropriately; it can add value to any of the
activities associated with assessment. Generally,
assessment,
technology-enhanced assessment, can be defined as the end-
to-end electronic assessment process where Information and
Communication Technology: (ICT) is wused for the
management of the end-to-end assessment process from the
perspective of learners, tutors,

E-assessment, have traditionally been used for tasks that
focus on testing the acquisition of declarative knowledge.
Such tasks have required studeénts to select a predetermined
response based on factual recall like, for example, the simple
MCQ and short answer question types [3]. Such questions
have been popular because they are quick to write and are
easily ' constructed in common Learning Management
Systems (LMS) used in higher education institutions [4].
However, cognitive skills where students have to apply their
analytic, creative, and constructive skills cannot be assessed
via MCQ and equivalent forms of basic assessment items [5],
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educational institutions,’
awarding bodies and regulators, and the general public [1],[2].

I

€=
commonly known as online assessment or .

- [6]. As the current change in education is to transform

learning and assessment from the memorized facts to a broad,
well-rounded model that reflects the learner-centered
outcomes, academic programmes should work on building
and assessing student's critical thinking skills [7]. As G. Crisp
[4], [8] stated, in order to test higher order capabilities, it is
needed to design authentic assessment activities, but the

- workload in designing such tasks is considerable. Also, it is

possible to minimize opportunities for copying and cheating
by allowing the assessment software to randomly select items
from an item bank and also by shuffling the order of items
and the order in which the options are presented to the
students [9]. Considering the above, one of the motivations
was to go beyond tools which offer MCQ types of questions
and investigate the introduction of an interactive, dynamic
environment for both skill and knowledge assessment in an
online educational environment while minimizing the level of
copying and cheating by students. ~
Practi€e is an important aspect of assessment as it allows
students the opportunity to act on the feedback [10]. Also,
timely and constructive feedback motivates students to learn
more efficiently [10]. By considering the above, to improve
students' performance, as the second motivation, it was
needed to examine a formative e-assessment model that can
be used to offer both practice and assessment facilities.
Advances in computer hardware and software, interactive
technologies, and more importantly, advances in e-learning
and e-assessment standards and specifications made it
possible to address the aim of this research. Therefore, the
motivations mentioned. were achieved through a design and
development of an e-assessment system that is compatible
with the current standards and specifications. Assessment is
provided through a formative e-assessment model which is
comprised of both practice and assessment facilities. After
completion of testing and evaluations, the e-assessment
system together with formative e-assessment model was
applied in the actual classroom of a fully online
university. In this paper we present .the effects
of introducing e-assessment in a high-level cogmtlve course
through student engagement and results.
_ In this article, section 2 presents a review of the central
concepts related to e-assessment. Section 3 provides a
detailed explanation about the design, development and

~ evaluation of the formative e-assessment model and the e-

assessment system. Section 4 presents the analysis and results
after the introduction of the system in the actual classroom
with a focus on students' satisfaction and improvement of
students' marks. Finally, section 5 presents the discussions
and conclusions. -
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II. E-ASSESSMENT

E-assessment has the potential to offer new forms of
assessment with immediate feedback to students and is,
therefore, one of the major challenges for both schools an.d
higher educational institutions today. As a result, It is
becoming increasingly important to construct a pe<.1agog1cally
driven model for e-assessment that can Incorporate
assessment and feedback into a holistic dialogic learning
framework, which recognises the importance of students
reflecting upon and taking control of their own learning [11].

Formative e-assessment is predominantly about improving
student learning. Formative. e-assessment tasks with timely
and appropriate feedback should be used throughout a course;
these tasks are primarily intended to have an impact on the
current learning of students and most often use feedback to
.connect the formative task to potential improvements in
student performance in subsequent summative tasks [12]. As
mentioned in [13], formative e-assessment is a means of
promoting self-reflection and students taking control of theif
own learning.

Five key strategies for formative e-assessment can be
noted as: engineering effective classroom discussion,
" questions, and learning tasks that elicit evidence of learning;
providing feedback that moves learners; clarifying and
sharing learning intentions and criteria for success forward,;
activating students as owners of their own leamning; and
activating students as instructional resources for one another
[14].

Through the above five strategies, it shows the importance
of student engagement with e-assessment systems for
improving their learning process through practice and self-
assessment. Practice is an important aspect of formative e-
assessment as it gives students the opportunities to act on the
feedback [10]. Therefore, immediate constructive feedback is
particularly useful as it helps students to monitor their own
progress and motivates students to learn more effectively [3].
In this case, practice, immediate feedback and monitoring of
progress can be identified as the main elements of formative
e-assessment, which is the main focus of this study.

In recent years there has been a rapid increase in demand
for e-learning and e-assessment systems. Through the use of
these systems, the knowledge and skills are transferred
electronically through different communication mediums and
devices. There are some interesting and well-known tools
available for e-assessment in online education [15]. Some of
them can be noted as SCHOLAR [16], ExamOnline [17],
TOIA [18], Moodle Quizzes [19], Moodle Assignments [19],
Turnitin [20], Hot Potatoes [21] and Maple T.A. [22].
Typically, they focus on MCQs, which are not suited for
examining creative tasks and particularly they are not able to
assess mathematical calculations or proofs [5]. Therefore,
when it comes to formative assessment, for evaluating
cognitive skills of students, it is needed to go beyond MCQs
and provide a more dynamic and complex type of assessment
activities.

Both in e-learning and e-assessment, sharing of learning
resources as well as communicating with similar systems has
become a major challenge. Several standards and
specifications have been defined to design and build the e-
learning systems and components. In order to have a high
quality e-assessment system, one of the main requirements is
standard conformation while designing and implementing the
systems. Standards help to ensure five abilities such as
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interoperability, reusability, manageability, accessibility and
durability [23]. When communicating between different
systems, it is needed to use appropriate standards to maintain
security and interoperability while carrying out a seamless
communication. Therefore, standards and specifications such
as IMS LTI (Learning Tools Interoperability) [24], IMS LIP
(Learner Information Package) [25], IEEE PAPI (Public and
Private Information) [26] and O.K.I (Open Knowledge
Initiative) [27] can be used. The use of appropriate e-
assessment tools together with standards and specifications
offers a high quality assessment experience for both students
and teachers.

1. TECHNOLOGY-ENHANCED ASSESSMENT (TEA) SYSTEM

A. Formative E-Assessment Model

An appropriate formative e-assessment model is essential
to enhance students learning experience by providing

/) facilities to assess their own learning process by means of

feedback. Several formative e-assessment models were
analysed [1], [23], [28], [29] and out of them, the one
proposed by JISC [1] was selected as the starting point
because it clearly explains the relationship between e-
assessment -and effective learning. This model suggests a
seamless integration between learning and e-assessment.
Learning modules can be provided either as e-learning or
blended learning through an LMS. Once the learning module
is completed, students are provided with assessment activities
either as formative or summative depending on the course.
Later, once the assessment activity is completed, if students
have successfully completed it, they are provided with
feedback together with the final qualification. If not, students
are also provided with a constructive feedback and directed to
a revision module, allowing them to practice and take the
assessment at a later stage.

The main purpose of introducing this model was to
provide more benefits for students to improve their learning
process through practice. Personalized feedback plays an
important role when introducing practice. According to [30],
personalized feedback has to be offered in a way that
encourages the students to actively change their ideas and
ways of organizing their answers and discourse within a
given subject domain. This was considered when defining our
formative e-assessment model. Also, this model is designed
in a general way to make it easily applicable to any subject
domain. In our formative e-assessment model, once the
learning module is completed, students are provided with a
new type of test called practice test, in addition to the
assessment test, presented in the JISC model.

Each practice test consists of an unlimited number of
attempts with no time restriction. For each attempt, students
are provided with a personalized feedback, both in the cases
of being successful and unsuccessful. If successful, students
are provided with a feedback and also directed to the
assessment test. In this case, to be successful, students need
to obtain a pass mark specified by the course. The reason for
having a restriction of a pass mark was to motivate students
to practice more before attempting the assessment test [11]. If
unsuccessful, based on the marks obtained, students are
provided with a constructive feedback and also directed to the
revision module. '

Each assessment test consists of a limited number of
attempts with a time restriction. The time allocated for each
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assessment test, depends on the difficulty level of the assessment tests with dynamic, interactive questions which
assessment and the course curriculum. Even in tests, for each  allows students to construct the answers with the guidance of
attempt, students are provided with a personalized feedback. feedback, errors and hints. As the skill assessment module, an
Limited number of attempts was provided to allow students intelligent tutoring system for learning logic, developed by
the possibility to obtain the required marks within given  the Universitat Oberta de Catalunya (UOC), known as AELL
attempts. At the same time, it gives a bit of pressure to  [32] was selected. It assists students in the process of practice
students and motivates them to think carefully about the and self-assessment. Basically, the system automatically
answers. It also motivates students to practice in order to  evaluates each step of the realization of an exercise, and
improve their mark by paying more attention to their errors or  assigns the value correct, wrong or incomplete. The AELL
mistakes [31]. To discourage guessing the answers, minus  system was enhanced into a skill e-assessment module by
marks are given. The questions offered within a particular  including the added functionalities such as inclusion of a
attempt are selected randomly from a bank of questions. For  database of questions categorized into different difficulty

questions where students have to select the correct answer, levels, random generation of questions and personalized
the answers are also shuffled within each attempt. These feedback for each step of the answer.
measures were taken to minimize the cheating and copying of Progress bar provides visual guidance to aid students to

answers by students [9]. As the final mark, the highest marks  understand their progress with respect to the course. For each
out of the given attempts are taken. This is also another way  student, it provides a graphical representation of total
to facilitate more practice, as students tend to attempt several  progress, activities completed, to be completed and not
times in order to obtain a higher mark. Once the assessment  completed. Teachers also have the facility to view the
test is completed, students can access the next learning  progress of all the students as a graphical report.

module. The formative e-assessment model is shown in Fig. Competencies provide both a graphical and a textual
1. display for both teachers and students. Teachers have the
Revision facility to assign competencies to students based on the marks
Module they have obtained for a particular test. Students can assess

feedback their own competencies both in the form of graphical and

textual as a progress bar and a table.
Gradebook provides grades and outcomes obtained by
_ Next students for each test.

,L\jam'”g PLearning The TEA system was mainly developed using PHP and

odule Module
MySQL and this allowed the system to be easily connected
Fig. 1 Formative e-assessment model with  any LMS while maintaining security and
interoperability. For this purpose, the IMS LTI specification
[24] together with OAuth [33] protocol was used. Users of
any institutional LMS can automatically access the TEA
system with the single sign-on facility provided by the IMS
LTI specification. To establish a standard integration between
rich learning applications (often remotely hosted and
provided through third-party services) and platforms like
LMSs, portals or other educational environments, IMS LTI
specification can be used. This provides a seamless learning
experience for students by allowing them to access to rich
applications that appear to take place inside the learning
k ) environment. All the modules and the system are also linked
assessment module and skill assessment module are domain together using the IMS LTI specification and for transferring

dependent and therefore, according to the subject context,  gata hetween these modules, and to the LMS, OAuth protocol
these modules can be changed. In order to make the system i |;seq together with the IMS LTI specification. OAuth

general enough to be used for any subject and context it was  rotocol s used to secure its message interactions between
designed following a modular architecture. the tools. To carry-out both connections and communications
The TEA system was developed on top of Moodle [19].  perween tools, both message-based and service-based

One of the reasons is that Moodle provided user management  .,nnections were used. The modular structure of the TEA
facilities, one of the main considerations needed for the system is shown in Fig. 2.

system. Another reason is that Moodle is one of the most

B. Modular Structure ofthe Technology-Enhanced
Assessment (TEA) System

The “Technology-Enhanced Assessment (TEA) system”
was developed following a modular structure and consists of
five interconnected main modules: knowledge assessment
module, skill assessment module, progress bar, competencies
and gradebook. Out of these modules, the progress bar,
competencies and gradebook are taken as the standard
modules of any TEA system, which provides teachers with
the facility to track students skill and knowledge learning
process throughout the whole learning process. Knowledge

commonly used LMS and any educational institution who TEA System

doesn't have their own LMS can use it as their own. Finally, cnowledae

Moodle is a standardized tool and its modules should also be i assessmegnt progress bar

developed according to standards. Therefore, by developing oAt odule oAuth

the system as modules with the Moodle LMS, it was possible g competencies

to maintain the required technological requirements such as MsLm r ™ skin N s

security and interoperability. assessment gradebook
Knowledge assessment module provides both practice and - module J

assessment tests with simple type of questions such as MCQ \/ e 3

with feedback for each step performed by the student. Skill ' ’ -

assessment module also provides both practice and Fig. 2 Modular Structure of the TEA System

r
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After completion of the development, the evaluation of the
TEA system was carried-out under two stages such as testing
and validation. For testing, a methodology comprised of unit,
integration, system and usability testing was deployed in
parallel with the system design and development process.
Validation was defined with respect to a validation plan to
verify the quality, performance of the system and the model
and whether it satisfies expected educational requirements
and user needs. In other words, the objective of validation is
to show ‘proof of demonstration' in the real life and show that
the system and the overall process fulfil its intended purpose
[34], For validation, a mixed-mode evaluation technique
comprised of both quantitative and qualitative techniques was
used [35]. This was carried-out in a high-level cognitive
course of a real online environment.

Evaluation of the TEA system yielded some interesting
results: the system supported student learning process in
terms of students performance, using the system and the
formative e-assessment model to perform continuous
formative assessment helped in the final examination marks,
using formative e-assessment model helped students to
improve their learning process through practice and
immediate constructive feedback, teachers could track
student learning process throughout the whole course, and as
a result of the TEA system, students were more engaged in
the classroom. Detailed description of the evaluation and the
results are explained in [36],

V. Application of the TEA system

After completion of the evaluation, the system and the model
were adapted to a concrete course. In this section, we present
this process and the analysis and results in terms of students’
engagement and improvement in the final qualifications. As
the real scenario, an introductory Logic course in the
Computer Science Degree programme of a fully online
university, Universitat Oberta de Catalunya (UOC;
www.uoc.edu) was selected. The traditional Logic course is
an overview of propositional and predicate logic and special
attention is given to formalization and reasoning procedures.
Thus, it is a high level cognitive course, where students must
acquire higher order problem solving skills in addition to
knowledge. In the Logic course, the AELL system mentioned
in the previous section was used for learning purposes.

A. Adapting the general TEA system

Before the introduction of the TEA system, the Logic
course had Continuous Assessment (CA), which students had
to complete using the AELL system in order to facilitate
automatic assessment to the teachers. These CA were the
same for all the students, with approximately two weeks to be
accomplished, after studying the relevant teaching units and
therefore, they had the possibility to copy answers from each
other. In addition to that, at the end of the course, students
had to do a 2-hour face-to-face final examination (EX). Both
continuous assessment and face-to-face final examination
were used as a summative assessment. In this case, students
were not provided with facilities for formative assessment.
When calculating the final mark, the EX had twice the weight
as the CA, provided the EX exceeds a minimum grade. In
fact, the CA could only improve the EX grade, due to the
high risk of copying between students.

In order to adapt the general TEA system, we have
implemented both the formative e-assessment model and the
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modular structure. All the modules were connected to the
UOC LMS using the IMS LTI following the general model of
Fig. 2. As with a normal online classroom, students login to
the LMS of the UOC, supporting administration,
documentation, tracking, reporting and delivering of
educational courses. After login into the system, they move to
the Logic classroom where they are provided with necessary
information, schedule and guidelines. From there, students
are automatically logged into two modules which they can
use for practice and evaluation purposes.

For knowledge assessment, MCQ questions are used and
the data such as grades and statistics are stored within the
module itself. Using the AELL system, students are provided
with questions of skill type, where they have to build the
answers in a step-by-step manner. The screen captures of the
questions provided for both skill and knowledge assessment
are shown in Fig. 3 and Fig. 4. Grades and statistics are

fstored within the module. For both modules feedback is

provided. Finally, the grades are passed to the UOC LMS.

<UOC

Fig. L MCQ question with feedback and marks
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After the introduction of the TEA system, the Logic
course is able to offer formative assessment through
Continuous Assessment (CA). Here, the CA consisted of both
practice tests and assessment tests for both skill and
knowledge assessment according to the formative e-
assessment model in Fig. 1. Students have to pass the practice
test (with a minimum mark) within an unlimited number of
times to be able to attempt the assessment test. As practice
tests were used only for practice purposes, the questions were
the same for all the students and when calculating the final
CA marks, only assessment test marks were counted. For the
assessment test, students were given only 3 attempts. The
questions provided within the assessment test, were selected
randomly from a large database of different difficulty level,
therefore the questions offered were different for each student.
Sometimes, students got the same questions as in the practice
test, but the probability was less, as the course consisted of a
large question bank. In addition to this, a 2-hour face-to-face
final examination was offered. The introduction of formative
assessment through the TEA system has increased the
difficulty of cheating and, therefore, the confidence in the CA
grades. As a result, and to promote formative assessment, a
change in the final course evaluation model has been possible.
Based on another type of assessment model of the UOC, now,
when calculating the final mark, based on students
participation and performance on the continuous assessment,
students had the possibility to obtain a higher weight for CA.
Therefore, if students' performance is higher in the CA, they
are given a double weight than for the EX. If students do not
pass the CA minimum grade, they can go for the traditional
evaluation method (EX) where they have to pass the final
face-to-face examination. This was done to promote CA as
well to offer equal benefits to students who spend time on
completing CA online.

B. Analysis and Results

In this paper, we have analyzed, whether the students'
marks have improved with the use of the TEA system in the
actual Logic classroom. Also, students' perccptlons after
using the system were also considered.

-First, we analyzed the students final marks in both-
Contmuous Assessment (CA) and final face-to-face
examination (EX) in the Logic course. Accordingly, overall
88% of students completing the continuous assessments and
76% of students attending the final examination have passed

it. Then, we analyzed the students passing the course after.

taking the final face-to-face examination, before and after
using the TEA system.. To evaluate whether student
engagement in the classroom has improved with the use of
the TEA system, the percentage of students who were present
for the final examination was analyzed. Then the effect of

completing the CA and then doing the EX was also evaluated.

The data for the above, before and after the use of TEA
system is displayed in the Tablel.

TABLEI
DATA BEFORE AND AFTER APPLYING THE TEA SYSTEM
Before TEA system After TEA system

March - June 2014
- No. of Students =185

Sep. 2011 —Jan. 2012
No. of Students =130

Completion of CA 66.9% 80.25%
Present to the EX 57.7% 71.0%
Passing the course '39.06 % 55.4%
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According to Tablel, it shows that the percentage of
students who passed the course had improved after using the
TEA system. Also, the number of students who attended the
final examination had improved. It can be taken as a reason
due to the use of formative e-assessment through CA in the
course, students were more interested and engaged in the
course. When looking at the percentage of students who have
passed the final examination after completing the CA, it also
shows a considerable improvement. On the one hand, with
the introduction of the new formula to pass the course taking
the CA and EX results, students had a higher motivation to
pass the CA. On the other hand, with the introduction of the
TEA system that incorporated the formative e-assessment
model, the cheating and copying were eliminated. Also, as a
consequence of the formative assessment, student had to
practice more in order to pass the tests given under the CA.
This made students mqre active and engaged in the system
and as a result, they were able to pass the final examination.
Overall, the use of the TEA system together with the
formative e-assessment model that comprised of both practice
and assessment tests had improved students' results in the
final examination.

To obtain students' perceptions. about their learning
experience, a questionnaire was introduced which was
voluntary and given after the completion of the course. With
respect to students' satisfaction, 100% of students agreed that

. instructions for answering questions were presented in a clear

and concise manner. 98% of students were-satisfied with the
automatic grades offered through the system for both practice
and assessment tests. Also, 100% of students were satisfied
with the questions provided in both practice and assessment
tests.

For formative e-assessment, 69% of students agreed that it

‘was helpful to practice before attempting the assessment tests.

When it comes to automatic personalized feedback, 98% of
students mentioned that it was satisfactory. Also, 87% of
students mentioned that the TEA system was capable of
offering correct marks as the marks obtained through the
system fit the knowledge and skills developed. When asked
about both practice and assessment tests, 84% mentioned that
they were helpful to learn skills related to the course and 96%
mentioned that they were helpful to understand the topics
covered in the materials. On average, students have used 2
attempts to obtain the minimum mark required to pass the
course. Also, 87% of students stated that when they pass-the
tests on the second or third attempt, they were able to identify
and understand the mistakes they made in previous attempts.
It shows that, they were able to obtain the facilities provided
through practice tests and personalized feedback. To evaluate
the importance of assessment tests in the learning process,
when asked whether they would have learned the same if
they did not have assessment tests, 96% of students said no.
This shows that they prefer and value the facilities offered
through the assessment tests. Overall, students were satisfied
with the TEA system and the formative e-assessment process.

V. DISCUSSIONS AND CONCLUSIONS

When it comes to introducing e-assessment in hlgh-level
cognitive courses, one of the challenges was that most of the
tools offered MCQs. Another was to find an appropriate way
to offer formative assessment through both practice and
assessment facilities with personalized feedback. At the same
time, it was needed to minimize the level of copying and
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cheating by students in a fully online learning environment.
This was achieved through a design and development of the
TEA system and the formative e-assessment model.

After application of the TEA system and the formative e-
assessment model in the actual Logic classroom of a fully
oriline environment, it showed that students' participation in
the continuous assessment has increased with the use of the
formative e-assessment model. Students were more active in
the classroom and in turn they have performed well in the
final face-to-face examination. Also, the percentage of

students who passed the course, after completion of the

continuous assessment had increased. Overall when
comparing students' results before and after the introduction
of the TEA system which incorporated the formative e-
assessment model, it shows that students' performance in
terms of students' marks had improved. Based on the
student’s perceptions, they were. satisfied with the system and
formative e-assessment provided. According to their answers,
it highlighted the importance of assessments as students
mentioned that they would not have learned the same without
having assessment tests. Also, as a result of the system, it was
possible to change the examination model by giving more
emphasis for continuous assessment. This is one of the
interesting results, due to the formative e-assessment model
and TEA system with minimized cheating facility.

As future work, it is especially needed to introduce more
adaptive assessment facilities with more personalized
feedback based on the skill and knowledge’level of each
student, in order to improve the application of the formative
assessment model to a real case.
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