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ABSTRACT

In laboratory courses, the assessment of exercises and assignments typically is treated as a simple, quantifiable approach.
This approach however rarely includes qualitative factors, especially if the grading is being automatically performed by
the system, and provides little to no feedback for the students to reflect on their work. The role of the laboratory in
engineering education however is very critical and engineering students must possess knowledge that goes beyond mere
theory, therefore a diverse and multidimensional assessment of laboratory students is a necessity. In this paper, an
educational tool for laboratory students implementing automatic assessment based on artificial intelligence is being
proposed, based on a pilot version that has been developed for MATLAB-related coursework. The highlights of the
proposed tool is that it is based on a proven cognitive theory, it is easy to compile and or modify its contents, it is based
on the same laboratory environment that the students are being trained in, it can include qualitative evaluation and it can
save time that the educators would otherwise require to manually evaluate the exercises.

KEYWORDS

Text adaptation; interactive learning environment; student profiling; computer-assisted education; laboratory education.

1. INTRODUCTION

In laboratory courses, the assessment of exercises and assignments typically is treated as a simple,
quantifiable approach. The student turns in an assignment and or exercise and the educator or system is
expected to grade it. This approach however rarely includes qualitative factors, especially if the grading is
being automatically performed by the system, and provides little to no feedback for the students to reflect on
their work. This is especially true if the assessment is based on simple questions that have only one correct
answer (Bush 1999), or if the assessment is only based on the end result, neglecting the efficiency of the
solution (Carter et al. 2003). The role of the laboratory in engineering education however is very critical and
engineering students must possess knowledge that goes beyond mere theory (Feisel and Rosa 2005),
therefore a diverse and multidimensional assessment of laboratory students is a necessity.

Educators can examine and grade the exercises either manually or by using automated tools. Automated
tools significantly reduce the effort required for such a task, especially when there are a significant number of
students; however, they are usually limited to a quantitative evaluation and cannot provide specialized
feedback to the students (Douce et al. 2005). Depending on the laboratory course, they also may operate
outside the actual tool/software that the students are being educated on, in an educational environment alien
to the students, frequently treating the examination the same way as that of a theoretical subject (Ihantola et
al. 2010).

In this paper, we suggest the creation of an automatic laboratory course assessment tool that can provide
personalized feedback to each student, allowing the students to discern their strength and weaknesses. The
approach suggests that the tool should operate in the same environment that students have been using during
their laboratory course. For this purpose, we chose to present an adapted MATLAB course, as it is the most
widely used software in laboratory engineering education and covers a wide range of subjects (Harris et al.
2002, Schmid and Ali 2000, de Magistris 2005). The approach presented in this paper is based on the text
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comprehension theory of Denhiére & Baudet (Denhiére and Baudet 1992). This suggests that the texts and
assessment questions of the tool should be adjusted into three different versions, R (Relational), M
(Transformative) and T (Teleological). Details on the adaptation of material to meet the requirements of the
applied comprehension theory can be found in (Samarakou et al. 2013b, Samarakou et al. 2013c).

2. DEVELOPMENT OF THE AUTOMATIC ASSESSMENT TOOL

The main objective of the content management system should be the easy, quick and user-friendly handling
of both the educational resources and student data, in order to require little or no experience for anyone with
basic computer skills to use it. As such, it is vital to simplify the system as much as possible by implementing
widely known tools and resources. As MATLAB is a very flexible software, it is easy to develop an
automated assessment tool that the students may use without having to result into another environment. The
entire process can be introduced as a set of MATLAB ".m" files, programmed to initiate the assessment
process once the student decides to access the software. The use of a spreadsheet file as a database for the
educational material is also recommended; as MATLAB is capable of accessing spreadsheet files, it is very
easy for the educator to provide the educational material via such a file, which may be very easily updated
and or modified by virtually everyone with basic computer knowledge. Such a file can include everything
that is required for the coverage of a specific topic, including the questions, technical texts and the data
related to the performance of the students (Fig. 1). As such, it is easy for the educator to check the
performance of each student and or automatically create a summary file with the performance of any number
of students.
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Figure 1. Example of a spreadsheet file used as a database for MATLAB

2.1 Specifications and Requirements

In order to develop an automatic MATLAB assessment tool based on the proposed cognitive theory, there are
a number of requirements that need to be addressed. The requirements are both technical and educational and
can be split into two groups, those intended for educators and those intended for students.
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For educators, the requirements are:

1. The ability to create a virtually infinite number of new educational material

2. The ability to input/modify new educational material (texts, questions, etc.) into suitable fields,
without restrictions on their number, as well as the number of characters and answers to each
question.

3. The ability to designate the kind of text/question entered into the database, according to the cognitive
theory.

4. The ability to create activities with appropriate connection to the inserted educational material.

5. The ability to create diagnostic tests for a single section with a selection, random or forced, from the
pre-inserted questions

6. Protection of the database file, so that it will not be modified by unauthorized users.

7. The ability to share educational material between authorized authors/users.

For students, the requirements are:
1. The ability to register into the system (Name, Surname, ID Number)
2. User-friendly interface
3. The ability to choose any path after the diagnostic test, regardless of the received suggestion
4. The short and easy explanation of the differences between the different texts and activities offered
by the system (R, M and T type in our particular example)
5. The ability to request additional assistance/feedback regarding a question and or text
6. The ability to see the results of the taken tests

2.2 The Student Environment

Once the educator has set up the appropriate files, they can be either inserted into the workstations of a
laboratory before the examination or provided to the students via an online portal. If the educational process
is taking place into a controllable environment, such as a laboratory, the system can be programmed to
deliver and or combine the assessment results of each student to the computer of the educator through the
laboratory's computer network. If the files are given through an online portal, the files with the results will
have to be sent manually back to the educator and they should be followed by appropriate instructions. It is
thus vital for the file containing the results to be protected against unauthorized access, to prevent tampering
before it is sent back to the educator.

The MATLAB .m files should be programmed to be able to utilize a simple content database, which is a
typical spreadsheet file in our example, and generate a file with the assessment results of each student. In
order to do that, the program will ask the student of some basic identification data, such as the name, surname
and student ID number. Based on the comprehension theory implemented for our example, there should first
be a diagnostic test, assessing the prior knowledge of the student, followed by a recommendation to access
further educational material. This educational material may be of either R, M or T type, depending on the
cognitive profile of the student generated from the results of the first test (Samarakou et al. 2013c).

Once the diagnostic test is completed, the student is provided feedback on particular strengths and
weaknesses. The software will automatically assess on which type of cognition the student is the least
competent on (R, M or T) and will offer feedback to the student, alongside with the suggestion to supply
additional educational resources. It is vital to allow the student to choose resources of any type, regarding the
results of the text, or even skip the additional material entirely and proceed to the final test. After the student
completes the final test, the system should generate a file with the student's answers, profile, results and other
data of relevance that may be recorded during the test, such as the time taken to answer each question and the
number of times the student requested additional assistance from the software. Such data may be used to add
a qualitative portion into the evaluation process (Samarakou et al. 2013a). After the completion of the
educational process, the student should be clearly informed of his/her progress by the system in detail, which
includes his/her detailed performance on every (diagnostic, feedback, final) stage of the process.

The students should be using MATLAB during the entire process, working in the same environment that
they were being taught during the course. The tool should provide questions and problems by automatically
and possibly randomly extracting them from the content database file. These questions can range from typical
"True - False" type to simple problems. It is also possible to add the ability for the student to request
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additional help during the process. In our example, this ability has been implemented, as it is a recommended
part of the cognitive theory that the proposed system is based on, and the student can request additional help
at any time by simply typing a command.

2.3 Evaluation Results

A preliminary evaluation of the proposed system took place in the Informatics laboratory of the
Technological Educational Institute of Athens, during the course "Introduction to MATLAB". A group of 40
students has been asked to use a preliminary version of the tool and then provide feedback through a short
questionnaire. The students are expected to take at least ten laboratory classes per course, accompanied by
ten laboratory tests. The laboratory tests are normally given and assessed manually by the educators, but one
test has been skipped and the students have been asked to use the proposed tool instead. The questionnaire
and the results of the survey are displayed in Table 1.

Table 1. Survey Feedback

. Strongly Neither . Strongly
Question Adree Agree Agree Disagree Disaaree
g or Disagree g
The tool was straightforward and easy to use 80% 15% 5% 0% 0%
The instructions were clear and helpful 70% 12.5% 15% 2.5% 0%
Im rfgc;hgjaesct;eIped to improve your comprehension 75% 15% 250 506 2 50
-rregi ;:gglgequwed to complete the process was 40% 40% 15% 2506 2 50
:c()gllj vl:\)lglsli\a/;arthat the automatic assessment via the 50% 350 20% 506 0%
You would like the tool to replace all standard 506 40% 30% 20% 50

laboratory tests in the future

As it can be seen from the results of the survey, the students reacted very positively and generally enjoyed
using the proposed tool over their typical manual assessment. As the students were given the exact same time
to complete the tests of the tool as their common manual tests, most found the tool faster and easier to use
than the manual test, despite the fact that additional educational material was being given to them during the
process, and they generally found the assessment process fair and transparent. When asked if they would like
all of their manual tests to be replaced by the automatic assessment tool, the results were generally favorable
but more diverse than those of the previous five questions; this indicates that a slower adoption process
should take place, in order to both resolve any problems prior to completely automating the process and to
quell the worries of the students.

3. CONCLUSION

In this paper, an automated evaluation tool for the laboratory training of engineering students has been
proposed. The proposed tool has been based on the well-known text comprehension theory of Denhiére &
Baudet, forming a cognitive profile of the student via a diagnostic test and offering personalized feedback
and assistance based on the results of this test. This helps to overcome the "one size fits all" approach, which
is dominant in engineering education today. Similar tools can also be developed based on other
comprehension theories as well.

The system proposed in this study has multiple advantages. From an educational point of view, the
greatest advantage is that the student continues to use the same tool he has been receiving training on,
without having to result into a classic "pen and paper" type of test or an alien eLearning environment. For
educators, the advantages of the proposed approach are that it is simple and effective. By making use of
typical computer files, such as spreadsheets, the modification and or addition of new educational resources is
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a simple and straightforward matter for anyone with basic computer skills. The time that it would require to
develop such a tool should be less than the time required to manually assess the exercises of a single course.

Assessment via the proposed tool can be multidimensional, implementing both quantitative and
qualitative factors. Depending on the cognitive model used, aside from the number of correct, wrong and
unanswered questions, qualitative factors can also be implemented 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 required to complete each question and the entire test, the number of times that
the user requested assistance, etc.

The proposed tool can also be used for online and distance training, provided that the student will be
instructed to return the file with the results to the educator or informed that the file will be automatically sent
to the educator once the test has been completed. The only drawback of such an approach is that the
computer of the user must have a licensed version of the software tool used for the educational process, as the
system is based on the actual tool itself.

ACKNOWLEDGEMENT

This research has been co-funded by the European Union (European Social Fund) and Greek national
resources under the framework of the “Archimedes III: Funding of Research Groups in TEI of Athens”
project of the “Education & Lifelong Learning” Operational Programme.

REFERENCES

Bush, M. (1999) 'Alternative marking schemes for on-line multiple choice tests', in 7th annual conference on the teaching
of computing, Belfast, UK,

Carter, J., Ala-Mutka, K., Fuller, U., Dick, M., English, J., Fone, W. and Sheard, J. (2003) How shall we assess this?,
ACM, 107-123.

de Magistris, M. (2005) 'A MATLAB-based virtual laboratory for teaching introductory quasi-stationary
electromagnetics’, Education, IEEE Transactions on, 48(1), 81-88.

Denhiere, G. and Baudet, S. (1992) Lecture, compréhension de texte et science cognitive, Presses universitaires de
France.

Douce, C., Livingstone, D. and Orwell, J. (2005) ‘Automatic test-based assessment of programming: A review', Journal
on Educational Resources in Computing (JERIC), 5(3), 4.

Feisel, L. D. and Rosa, A. J. (2005) 'The role of the laboratory in undergraduate engineering education’, Journal of
Engineering Education, 94(1), 121-130.

Harris, T. R., Bransford, J. D. and Brophy, S. P. (2002) 'Roles for learning sciences and learning technologies in
biomedical engineering education: a review of recent advances', Annual Review of Biomedical Engineering, 4(1), 29-
48.

Ihantola, P., Ahoniemi, T., Karavirta, V. and Seppéld, O. (2010) Review of recent systems for automatic assessment of
programming assignments, ACM, 86-93.

Samarakou, M., Fylladitakis, E., Prentakis, P., Papadakis, A., Gelegenis, J., Tsaganou, G. and Tselikas, N. (2013a) 'A
student diagnosing and evaluation system for laboratory-based academic exercises', in 24th annual conference of the
Society for Information Technology and Teacher Education, New Orleans, 27 March, 2013, Association for the
Advancement of Computing in Education (AACE).

Samarakou, M., Fylladitakis, E. D., Tsaganou, G., Gelegenis, J., Karolidis, D., Prentakis, P. and Papadakis, A. (2013b)
'Adaptation Of Educational Text To An Open Interactive Learning System : A Case Study For Retudis', in IADIS
International Conference e-Learning 2013, Prague, Czech Republic, 23 — 26 July,

Samarakou, M., Tsaganou, G., Papadakis, A., Gelegenis, J., Fylladitakis, E. D. and Grigoriadou, M. (2013c) '‘Monitoring
the Text Comprehension of Students for Profiling in ReTuDiS', Journal of Information Technology and Application
in Education (JITAE), 2(4), 132-142.

Schmid, C. and Ali, A. (2000) A web-based system for control engineering education, IEEE, 3463-3467.

303



	INTERNATIONAL CONFERENCE E-LEARNING 2014
	COPYRIGHT
	TABLE OF CONTENTS
	FOREWORD
	PROGRAM COMMITTEE
	KEYNOTE LECTURE
	FULL PAPERS
	CULTURE, GENDER AND TECHNOLOGY-ENHANCED LEARNING: FEMALE AND MALE STUDENTS' PERCEPTIONS ACROSS THREE CONTINENTS
	IPADS IN LEARNING: THE WEB OF CHANGE
	A BLENDED APPROACH TO CANADIAN FIRST NATIONS EDUCATION
	A STORYTELLING LEARNING MODEL FOR LEGAL EDUCATION
	ACCEPTANCE AND SUCCESS FACTORS FOR M-LEARNING OF ERP SYSTEMS CURRICULA
	SELF-REGULATION COMPETENCE IN MUSIC EDUCATION
	TIME-DECAYED USER PROFILE FOR SECOND LANGUAGE VOCABULARY LEARNING SYSTEM
	E-LEARNING TRENDS AND HYPES IN ACADEMIC TEACHING. METHODOLOGY AND FINDINGS OF A TREND STUDY
	PROOF OF ECONOMIC VIABILITY OF BLENDED LEARNING BUSINESS MODELS
	DOES SATELLITE TELEVISION PROGRAM SATISFY ETHIOPIAN SECONDARY SCHOOL STUDENTS?
	ORGANISATION AND MANAGEMENT OF A COMPLETE BACHELOR DEGREE OFFERED ONLINE AT THE UNIVERSITY OF MILAN FOR TEN YEARS
	STRUCTURAL RELATIONSHIPS BETWEEN VARIABLES OF ELEMENTARY SCHOOL STUDENTS’ INTENTION OF ACCEPTING DIGITAL TEXTBOOKS
	DYNAMIC FUZZY LOGIC-BASED QUALITY OF INTERACTION WITHIN BLENDED-LEARNING: THE RARE AND CONTEMPORARY DANCE CASES
	DO ENGLISH LISTENING OUTCOME AND COGNITIVE LOAD CHANGE FOR DIFFERENT MEDIA DELIVERY MODES IN U-LEARNING?
	THE USE OF ELGG SOCIAL NETWORKING TOOL FOR STUDENTS’ PROJECT PEER-REVIEW ACTIVITY
	EDUCATIONAL MULTIMEDIA PROFILING RECOMMENDATIONS FOR DEVICE-AWARE ADAPTIVE MOBILE LEARNING
	INSIDE, OUTSIDE, UPSIDE DOWN: NEW DIRECTIONS IN ONLINE TEACHING AND LEARNING
	A STUDY ON THE METHODS OF ASSESSMENT AND STRATEGY OF KNOWLEDGE SHARING IN COMPUTER COURSE
	USING AGENT-BASED TECHNOLOGIES TO ENHANCE LEARNING IN EDUCATIONAL GAMES
	DESIGNING A CULTURALLY SENSITIVE WIKI SPACE FOR DEVELOPING CHINESE STUDENTS' MEDIA LITERACY
	SHARED COGNITION FACILITATED BY TEACHER USE OF INTERACTIVE WHITEBOARD TECHNOLOGIES
	MODELING PEDAGOGY FOR TEACHERS TRANSITIONING TO THE VIRTUAL CLASSROOM
	THE EFFECTIVENESS OF SDMS IN THE DEVELOPMENT OF E-LEARNING SYSTEMS IN SOUTH AFRICA
	ONLINE LEARNING BEHAVIORS FOR RADIOLOGY INTERNS BASED ON ASSOCIATION RULES AND CLUSTERING TECHNIQUE
	THE USE OF SDMS IN DEVELOPING E-LEARNING SYSTEMS IN SOUTH AFRICA
	ASSESSMENT OF THE USE OF ONLINE COMUNITIES TO INTEGRATE EDUCATIONAL PROCESSES DEVELOPMENT TEAMS: AN EXPERIENCE IN POPULAR HEALTH EDUCATION IN BRAZIL
	STEREO ORTHOGONAL AXONOMETRIC PERSPECTIVE FOR THE TEACHING OF DESCRIPTIVE GEOMETRY
	DELIVERY OF E-LEARNING THROUGH SOCIAL LEARNING NETWORKS
	THE IMPLEMENTATION OF WEB 2.0 TECHNOLOGY FOR INFORMATION LITERACY INSTRUCTION IN THAI UNIVERSITY LIBRARIES
	DESIGNING EDUCATIONAL SOCIAL MACHINES FOR EFFECTIVE FEEDBACK
	A SUPPORT SYSTEM FOR ERROR CORRECTION QUESTIONS IN PROGRAMMING EDUCATION
	A PLATFORM FOR LEARNING INTERNET OF THINGS
	DEALING WITH MALFUNCTION: LOCUS OF CONTROL IN WEB-CONFERENCING

	SHORT PAPERS
	COPYRIGHT AND CREATIVE COMMONS LICENSE: CAN EDUCATORS GAIN BENEFITS IN THE DIGITAL AGE?
	THE CURRICULUM DESIGN AND DEVELOPMENT IN MOOCS ENVIRONMENT
	STAKEHOLDERS INFLUENCE IN MALTESE TOURISM HIGHER EDUCATION CURRICULUM DEVELOPMENT
	ONLINE SOCIAL NETWORKS AND COMPUTER SKILLS OF UNIVERSITY STUDENTS
	IMPLEMENTATION OF ARTIFICIAL INTELLIGENCE ASSESSMENT IN ENGINEERING LABORATORY EDUCATION
	AN EXPLORATION OF THE ATTITUDE AND LEARNING EFFECTIVENESS OF BUSINESS COLLEGE STUDENTS TOWARDS GAME BASED LEARNING
	APPLICATION OF E-LEARNING TECHNOLOGIES TO STUDY A SCHOOL SUBJECT
	POSSIBILITIES OF IMPLEMENTATION OF SMALL BUSINESS CHECK - UP METHODOLOGY IN COMPARATIVE ANALYSIS OF SECONDARY SCHOOLS AND UNIVERSITIES IN SLOVAKIA
	DIGGING THE VIRTUAL PAST
	TECHNOLOGY ACCEPTANCE OF E-LEARNING WITHIN A BLENDED VOCATIONAL COURSE IN WEST AFRICA
	DEVELOPMENT OF AN E-LEARNING PLATFORM FOR VOCATIONAL EDUCATION SYSTEMS IN GERMANY
	FACEBOOK MEDIATED INTERACTION AND LEARNING IN DISTANCE LEARNING AT MAKERERE UNIVERSITY
	ASSESSING THE PURPOSE AND IMPORTANCE UNIVERSITY STUDENTS ATTRIBUTE TO CURRENT ICT APPLICATIONS
	E-LEARNING SYSTEM FOR DESIGN AND CONSTRUCTION OF AMPLIFIER USING TRANSISTORS
	TECHNOLOGY, GENDER ATTITUDE, AND SOFTWARE, AMONG MIDDLE SCHOOL MATH INSTRUCTORS
	STRUCTURING LONG-TERM FACULTY TRAINING ACCORDING TO NEEDS EXHIBITED BY STUDENTS’ WRITTEN COMMENTS IN COURSE EVALUATIONS
	INTEGRATION OF PBL METHODOLOGIES INTO ONLINE LEARNING COURSES AND PROGRAMS
	IMPROVING TEACHER-STUDENT CONTACT IN A CAMPUS THROUGH A LOCATION-BASED MOBILE APPLICATION
	INCORPORATING COLLABORATIVE, INTERACTIVE EXPERIENCES INTO A TECHNOLOGY-FACILITATED PROFESSIONAL LEARNING NETWORK FOR PRE-SERVICE SCIENCE TEACHERS
	THE EFFICIENCY OF E-LEARNING ACTIVITIES IN TRAINING MENTOR TEACHERS
	DEVELOPMENT OF AN IOS APP USING SITUATED LEARNING, COMMUNITIES OF PRACTICE, AND AUGMENTED REALITY FOR AUTISM SPECTRUM DISORDER
	USING CASE-BASED REASONING TO IMPROVE THE QUALITY OF FEEDBACK PROVIDED BY AUTOMATED GRADING SYSTEMS
	INTERNATIONAL MULTIDISCIPLINARY LEARNING: AN ACCOUNT OF A COLLABORATIVE EFFORT AMONG THREE HIGHER EDUCATION INSTITUTIONS
	INTERACTIVE LEARNING TO STIMULATE THE BRAIN’S VISUAL CENTER AND TO ENHANCE MEMORY RETENTION

	REFLECTION PAPERS
	HOW DIGITAL TECHNOLOGIES, BLENDED LEARNING AND MOOCS WILL IMPACT THE FUTURE OF HIGHER EDUCATION
	FACTORS INFLUENCING THE ACCEPTANCE OF E-LEARNING ADOPTION IN LIBYA’S HIGHER EDUCATION INSTITUTIONS
	MOTIVATION AS A METHOD OF CONTROLLING THE SOCIAL SUBJECT SELF-LEARNING

	POSTERS
	DESIGNING ENVIRONMENT FOR TEACHING INTERNET OF THINGS
	FOSTERING CRITICAL THINKING SKILLS IN STUDENTS WITH LEARNING DISABILITIES THROUGH ONLINE PROBLEM-BASED LEARNING
	A SYSTEM FOR THE AUTOMATIC ASSEMBLY OF TEST QUESTIONS USING A NO-SQL DATABASE

	AUTHOR INDEX



