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Abstract

Knowledge-based learning has been the emphasized pedagogy and balanced with skills-based
learning in Engineering education for the last six decades. Students have learned and gained their
experiences mainly from lectures, assignments, laboratory sessions, project works, and a final-year
project or a dissertation. Besides pedagogy improvement, several teaching and learning methods
such as problem-based learning, project-based learning, virtual classroom, etc., have been introduced
and applied to offer a variety of learning activities to enhance graduates’ competence. This paper
presents an analysis of the learning experience that students gain from current teaching and learning
methods instructors are using. A survey was conducted on both European and Thai instructors in
Industrial Engineering departments and related fields on teaching and learning methods that they
normally use and that are effective in their opinion. The survey results were analyzed and mapped on
learning experience model called ‘LOVE’ that classifies learning activities based on the nature of
learning and student involvement to draw insight about experience students gain.
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1 INTRODUCTION

Engineering education is a field of knowledge transversally related to the teaching and learning
processes necessary for the development of engineering competences at all levels of training, initial,
postgraduate and continuing. The research interest in this field has been increasing almost
exponentially in the last decades [1,2]. The development of this field in the most prestigious schools of
engineering [1] aims to develop the teaching of concepts, techniques, competences, and values that
graduates will need for their professional activities. Thus, developing this field will contribute for the
improvement of the way engineers are able to develop and apply competences from several areas of
science and different technologies to solve real problems of the society [3,4].

In recent years, engineering education all around the world is witnessing truly innovative experiences
in the way we teach and how we learn. In other words, a model of teaching and learning centered on
students, promoting their motivation, participation, reflection, and creativity has received much
attention and becomes more preferable to a knowledge-based learning centered on the transfer of
knowledge from teacher to students and hoped that they will make the necessary connections to
develop their own competences. It is possible to witness a movement of active learning in engineering
education [5], engaging self-reflecting engineering students in meaningful experiences, which are
relevant from the point of view of them [6-8]. Several works have been reinforcing the importance of
this movement towards active learning, due to the positive impact on learning effects [7,9].

It is undeniable that the development of competences is affected by the way a teacher plans and
develops the environment and activities of students, and the way it is experienced by the students. It is
relevant to understand how engineering teachers develop their instructional methods. Several works
have been studying different instructional methods in the higher education context [10-14], but there is
a need for a deeper understanding of the main instructional methods used in engineering, for the
teachers’ beliefs regarding its effectiveness, and for a student learning experience.

This paper aims to make a contribution for a better understanding of the learning experience that
students gain from current teaching and learning methods instructors are using in several Thai and
European universities. Additionally, this work aims to cross-relate the use of instructional methods with
the beliefs the instructors have on the impact they have on learning success. A specific teaching and



learning method classification, denominated “LOVE”, is used as a framework for the analysis of the
results. The next section presents the LOVE model and its application for teaching and learning
method classification. The research methodology is exemplified in the third section where the research
results are also discussed. The conclusion is presented in the last section.

2 LOVE-BASED TEACHING AND LEARNING METHOD CLASSFICATION

Influenced by the 4Es model of the progression to experience economy [15], the LOVE model (Fig 1)
has been introduced recently to describe learning experience [16]. Based on student involvement
(passive or active involvement) and the nature of learning (absorption to immersion), four different
types of learning experience have been identified. They are learning (L), observing (O), visiting (V),
and experimenting (E). A student becomes a learner when he actively absorbs knowledge provided by
an instructor. He becomes an observer when he passively absorbs knowledge provided by an
instructor. He becomes a visitor when he passively immerses into a situation to obtain knowledge. He
becomes an experimenter when he actively immerses into a situation to obtain knowledge. Learning is
to learn, observing is to sense, visiting is to be there, and experimenting is to take action there. The
student will gain richest learning experience when the four experiences are offered to him. From being
a good observer, learner, visitor, and experimenter, he will become a good researcher, who has in-
depth knowledge and understanding in a subject.

Recently, the LOVE model has been applied to classify twenty-eight existing teaching and learning
methods collected from pieces of literature [17]. As illustrated in Table 1, almost eighty percent of
these teaching and learning methods pack on the absorbing nature of learning and the majority are to
support the learning group of experience (active absorption). Educators can use this classification to
understand current learning experience offering as well as to design new learning experience offering.
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Figure 1. LOVE model [16].



Table 1. LOVE model and its application on teaching and learning method classification [16,17].

Type of learning

Definition

Applicable Teaching and Learning

experience Method
1. Discussion
2. Demonstration with exercising
3. Class debate
4. Small groups debate
5. Simulation
As a learner, a student actively 6. Problem-based learning (PrBL)
L-Learning absqrbs knowle.dge and informa_ttion 7. Programmed teaching
(Active provided _by an instructor by taking 8. Workshop _
absorption) some actions affected final 9. Brainstorming
outcomes. Examples are a class 10. Case study
presentation and class discussion. 11. Online interactive learning
12. Game-based learning
13. Guided practical exercises
14. Role play
15. Assignments
16. Individual presentation
As an observer, a student passively 1. Lecture
S, | phsonsinovedse anaiomaion |2 Guided conversaior
\ presence of the student does not 3. :nteghr_ated or interdisciplinary
O-Observing affect final outcomes. Attending 4 Ser? (;:w:rr:g video material
(Passive lecture and seminar as an audience 5' Seminars conducted in classes
absorption) '; I:IQ example of this experience 6-. Live lecture from a remote place
As a visitor, a student passively
immerses into a situation to obtain
knowledge and information. The ; . .
presence of the student does not 1. Field classes, trips and excursions
. affect final outcomes. An example is 2. C_o nferencg
V-Visiting . . e P 3. Virtual reality
(Passive a field trlp to an automol_alle _
immersion) production company which gives a
real atmosphere of immersion in a
production system to a student.
@ As an experimenter, a student
av» actively immerses into a situation to 1. Project-based learning (PjBL)
take action to gain knowledge and
. . X 2. Laboratory classes
. . information. The action of the student :
E—Expenr_nentmg influences final outcomes. An 3. Virtual laboratory
im()rr?g?svign) example is a student performs line

balancing analysis at a company.




3 RESEARCH METHODOLOGY

In order to perform an analysis of the learning experience that students gain from the current teaching
and learning methods, a questionnaire was created. It composed of three sections: demographic data;
the most applied teaching and learning methods; and the most efficient teaching and learning
methods. For the most applied teaching and learning methods, participants were asked to share how
often they use each of the twenty-eight teaching and learning methods. Choices were have never
been applied (0), applied in a very few of the courses (1), applied in some of the courses (2), applied
in half of the courses (3), applied in many of the courses (4), and applied in all of the courses (5). For
the most efficient teaching and learning methods, they were asked to share their opinions by ranking
the top five efficient methods in their viewpoints.

Weighted average and standard deviation were used to represent the most applied teaching and
learning methods. A five Likert scale was applied in descending order for weights of the importance of
the top five ranking and the sum of products was used for ranking the efficient methods.

4 RESULTS AND DISCUSSIONS

4.1 Survey Results

The survey was distributed among the members of the partner universities of a funded Erasmus Plus
Capacity Building in Higher Education project on “Curriculum Development of Master's Degree
Program in Industrial Engineering for Thailand Sustainable Smart Industry (MSIE4.0)". The project
consortium comprises of 6 Thai universities and 3 European universities. Forty-two Instructors who
are teaching in Industrial Engineering and related fields participated in the survey. According to the
respondents, 73.8% have been teaching for more than 5 years, and 50% have been teaching for more
than a decade. They have offered 4 courses on average. The survey results are available in Table 2.

According to the results, all twenty-eight teaching and learning methods have been applied in practice
but at different levels. Lecture is the most popular one. It has been applied in many of the courses
(degree of frequency = 4.43) and, at the same time, is perceived as the most efficient method that
eases student understanding. Other teaching and learning methods that posed the high frequency of
use are in the group of learning experience (L). The instructors interpreted that they have applied five
of the methods in this group in half of the courses. They are assignment, case study, guided practical
exercises, individual presentation and demonstration with exercising. It is appropriate to notice that
they are all conventional methods receiving votes from the instructors for the efficient teaching and
learning method. This is a remarkable point that underlines the current trend on the usage and the
perception of the conventional teaching and learning methods in engineering education. They are still
in the popularity of implementation and being perceived as the efficient methods.

Another interesting point to consider is that project-based learning (PjBL)—one of the modern
teaching and learning methods—was ranked fourth for the efficient teaching and learning method, but
has not yet been exploited much in practice. For the methods that fall into the group of visiting
experience (V), they have received very little attention from the instructors in their teaching and
perceived as ineffective methods.



Table 2. Survey results and calculation

w Most Applied Teaching and Learning Method Efficient Teaching and Learning Method
g Teaching and Learning Method Sum
S 0|1]|2)|3)|4|5|Sum|Mean| SD |5 |4 |3 (2| 1]|Sum Rank
product
Assignments 0 4 8 2 8 120 42 | 376|144 1|7 |4]|3]|2]| 17 53.00 5
Case study 2 4 8 311114 42 [340| 15 | 32| 6]|4|4] 19 53.00 5
Guided practical exercises 2 56| 4]|13[12] 42 |336|154|4|6|6|2|1| 19 [ 67.00 2
Individual presentation 3 7 (7|3 |11|11]42 307|167 1|0 121 5 13.00 12
Demonstration with exercising 2 41 9|9]112|6 |42 |302|137|4|7|2|2]2]| 17 | 60.00 3
Brainstorming 3 111] 4 8 8 8|42 (274|163 1(0])0]| 3|3 7 14.00 10
Problem-based learning 6 8| 6|8 |10| 4| 42 |248|159)|6|2(0]|3]|4]| 15 | 48.00 7
L Discussion 8 8 8 8 5 5|42 (221163 1|4]2|3[0] 10 33.00 8
Workshop 9 |15] 2 8 4 14|42 |18 |162|]0[0f3]1]3 7 14.00 10
Class debate 175|657 ]2|42]167[169]0]0[2]|]0]0]| 2 6.00 19
Small group debate 1410|841 ]5]|42|160]163|0|1|1[2]2] 6 13.00 12
Simulation 519|747 ]0]| 4 |15]|147|0]|]0|0[2]0] 2 4.00 22
Game-based learning 6|13/ 6 |2 |3[2]42]126|(143|]0]|2]|2|0]f1 5 15.00 9
Role play 241 8 4|22 ]2|42[09]|]143]1|0|0f[0]|O 1 5.00 20
Programmed teaching 24 | 7 7 1 2 142|108 |128|]0(0f[0]0]O 0 0.00 -
Online interactive learning 26 | 8 3 1 2 12|42 ]08]|140|0]|]0f(0]|0O]O 0 0.00 -
Lecture 0 1 (5] 0[5 [31|42([443|112|13(3[2|3]|5]| 26 [ 94.00 1
Showing video material 5 8 |11 8| 5| 5|42 |236]|151]0(|1f[2]|0]2] 5 12.00 16
Guided conversation 11 3|10 1([12|5| 42 |236|18]0|0[2]2]0| 4 10.00 18
0 Seminars conducted in class 7110|114 | 8| 2|4 |205|148|0f[0]JOjOf[fO0] O 0.00 -
Integrated orinterdisciplinary 10| 8|12|7|5|0|4a|17a|13|ol1|of3]|3] 7| 1B0]| 12
teaching
Live lecture from a remote place 34| 6|0 1 1 (0|42 (|031|08|0f[0]J0]|]O0f1 1 1.00 23
Field classes, trips and excursions 20| 8 9 1 4 10|42 |107|128|]0f1[2]0]2 5 12.00 16
V Conference 23 |11({4) 2|2 |0f[42]|]079[110]0[0[0]0]0O]|] O 0.00 -
Virtual reality 31| 4214|042 ]|064[127]0[0[0]0]0O] O 0.00 -
Project-based learning 8 4|1 8710|542 |252]|167|6|4[0]4]0]| 14 | 54.00 4
E Laboratory classes 18|10 3| 5|3 ([3[4]138|(162]0]1]3]|]0]|0 13.00 12
Virtual laboratory 31| 43| 4]0|0]42([05|098|1|]0][]0[0]|O0 1 5.00 20

The comparision between the most applied and the most efficient teaching and learning methods (TLs) in ngineering education from instructor
viewpoint

Rank of the most efficient Tls
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Figure 2. Learning experience from teaching and learning methods
in Industrial Engineering Education.



4.2 Discussions

In general, the strong interrelation can be observed between the assessment level of teaching and
learning methods and their actual use, especially for the type of methods that induce learning and
observing roles for students. The experiment type of experience also has a similar interrelation
although its high assessment is significantly less covered in actual use of the methods. No exception
could be observed for the visiting type of experiences, but this is probably due to quite small
application scale of these methods. Methods in this category of experiences are much different from
the others because they usually cannot be provided without the engagement of external actors or
have rather an occasional character and do not take much of studying time.

Despite the conformity of application level and efficiency rank, some significant exceptions can also be
observed from the general rule. The first type of exception is when a method has a noticeably higher
application level than its efficiency rank (e.g., individual presentation and showing video materials).
The individual presentation, for instance, is quite commonly used as a teaching method but has a
relatively low efficiency rank. No evidence is available for the reasoning behind such an assessment,
but this could be due to the outdated approach to run this type of presentations and relative ease in
preparing them with almost unlimited access to web resources, and therefore, not very demanding for
students. On the opposite scale, the second type is when a method has small coverage in application
but relatively higher rank. All the experimenter category methods could be regarded as methods that
have much smaller coverage than they deserve.

With more holistic and category oriented look at the expectations lying behind the assessment, the
teaching and learning methods can also be classified into the following three categories:

- redefining potential methods — this category would surely include type of learner experience
methods that have grounded position in teaching and learning process, but have also outdated
approaches and structure; this could be also the case for type of visitor experience methods that
have only supportive role in education but could not be replaced by any other methods, and surely
have significant role in engineering education,

- growing potential methods — this category would include the type of experimenter experience
methods that are expected to have higher coverage but certainly need strategic, program-oriented
development path,

- decreasing potential methods — this category would include the type of observer experience
methods that seem to have relatively low efficiency on average but still have a significant share in
methods portfolio.

According to recent MIT report on engineering education, the problem of current curricula is that the
rich in experience methods and courses are often unconnected with other curricular components and
these experiences remain unexploited and students are not encouraged to reflect upon and apply
what they have learned in other areas of the degree program [18]. This could be the case also for this
study, where methods with meaningful experience for the students have relatively low application
level, and at some point, are their potential could be lost among other not engaging methods. The
classification above is not only the interpretation of current state-of-art with regard to teaching and
learning methods in engineering education but also a contribution to formulating its development or
rather re-definition strategy.

Furthermore, the discussion of the results should also refer to the teaching and learning context as
perceived not only from the perspective of methods but also from other factors that have experience
and quality building roles. A more holistic perspective on quality of engineering education has methods
and programs at its interest but also considers employees and organization, equipment and
infrastructure [19], industry and R&D partners and networks of relationships, administration and
financing possibilities and opportunities [20]. Perhaps, starting development strategy with teaching and
learning methods is a good approach, but it would certainly be more efficient with the support in other
areas within a more comprehensive program of a change. Current study cannot address this issue
right now but it should be noted that internal and external factors could either boost or retard the
progress towards meaningful experience.



5 CONCLUSIONS

The LOVE-based teaching and learning method classification was applied in this study to analyze
student learning experience from the current practices and instructors’ point of view on the efficiency
of these teaching and learning methods. The survey was conducted with Thai and European
instructors in Industrial Engineering departments and related fields. The strong interrelation can be
observed between the assessment level of teaching and learning methods and their actual use,
especially for the type of methods that induce learning and observing roles for students. From their
opinion, majority of conventional teaching and learning methods are still efficient. Besides project-
based learning that actively immerse students into the subject, the instructors still prefer to transfer
knowledge to students and to encourage them participate in the transferring process.

The approach conducted in this research can also be applied in other disciplines for their instructors to
understand current student learning experience and properly make an adjustment to make student
learning experience richer.
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