
Implementing ‘visual thinking’ in the Engineering Orientation course
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Implementing an Engineering Orientation course for freshman year over several
years has allowed the author to understand the problems that students face in
developing the design skills that they will need in their future career. Using the
material prepared by the students in discussing general engineering issues has
been shown to be very effective. Including the ‘visual thinking’ technique in the
course enhanced understanding and motivation to participate in the discussions.
We argue that if students were to be exposed to this same practice throughout
their education, the level of professional skills that they would develop until
graduation would better satisfy the requirements of working places.

1. Introduction
The aim of an Engineering Orientation course is to expose freshmen students to

the basic requirements of the profession. The engineering curriculum and the fields
of application are among various topics that are generally covered in the course. It
is clearly expected that by the end of the course students should have learned the
tools the engineers have at their disposal. Engineering is a design activity requiring
the knowledge—among other things—of materials, processes, economics, sociology
and ethics. The course should be developed so as to satisfy the demands of the future
employers.

Unfortunately, classical educational methods are not adequate any more in
providing young engineers with the skills they need in a rapidly changing world
(Inelmen 1998). If both the instructor and the learners are to benefit from the inter-
action, it is necessary to reconcile education activities with research (Inelmen 1997).
Project-based learning is the educational bridge that can help the transfer of know-
ledge to practice (Inelmen 1999). While requiring all parties involved in the learning
process to develop professional skills (Inelmen 2000), extra-curriculum activities can
also help to enhance practical experiences (Egi and Inelmen 1999). In order not to
loose ‘the tree in the forest’, a more vertical and horizontal integration of the
curriculum should be implemented (Inelmen 1999). Unfortunately, all these changes
in engineering education can be made possible only with the support of industry
(Inelmen 1996).

There is a need to replace the current method of simply transferring textual
knowledge from the instructor to the learner. A more active and consequently more
productive environment must be generated. The most effective method of pulling
ideas from participants forming a group is by the concurrent ‘visual disclosure’ of
the ideas on adequately placed boards. The information posted on the boards can
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be easily discussed and, by using several techniques, consensus can be reached in a
shorter time. The author has been exposed several times to the practice of group
decision-making and strongly supports its use in the classroom environment. This
paper reports the experience gained while implementing this decision-making tech-
nique in the freshmen class.

2. Method
Starting in 1997, the author had the opportunity of giving an Engineering

Orientation course to freshmen students in a newly opened private university in
Istanbul, Turkey. Classes ranged from 30 to 50 students of different engineering
fields. A course book was prepared with the assistance of the Dean of Engineering,
a former student of the author. The short course book included subjects such as
planning, survey, research, design, quality, feasibility and environment (http:
//clubs.cc.boun.edu.tr/~eng1011/eor/eotext.doc). To encourage the students to be
more involved in class work a glossary of the concepts used in the book and some
current news were prepared to complement the course as reading material (http:
//clubs.cc.boun.edu.tr/~eng1011/eor/eogloss.doc; http://clubs.cc.boun.edu.tr/~eng1011/
eor/eonews.doc). Special emphasis was placed on the fact that engineering is a multi-
disciplinary endeavour which can been seen in the case of an air vehicle landing
system (see figure 1). 

Reading books and other documents did not motivate students to learn about
the engineering profession, so a different strategy had to be devised to make
students more active during class hours. Each student was given a unique engineer-
ing object to work during the whole semester. Every week a different stage of the
project was to be completed and presented during class (see figure 2). The follow-
ing is a list of the stages: 
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Computer (navigation)

Electrical (retract)

Mechanical (stress)

Industrial (speed)

Chemical (Þber)

Civil (pavement)

Figure 1. Integration of engineering undergraduate curriculum example (landing system).
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Figure 2. Students presenting and evaluating weekly work.
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(a) describe functions of the basic components of the given object; 
(b) choose the manufacturing process needed to produce the object; 
(c) decide the time required to produce each single component; 
(d) analyse the design of the components for durability; 
(e) calculate material and operation costs; 
(f) make a plant layout for the manufacturing facilities; 
(g) prepare the three-dimensional diagram for connectivity; 
(h) study the break-even chart to decide manufacturing volume; 
(i) determine the impact on environment of product and manufacture

processes.

It was later found that changing the order of the assignments and adding the eleva-
tion drawing of the manufacturing part and the marketing programme enhanced the
overall performance. Collaborative work was only encouraged by the end of the
semester, when the implementation on a web page was requested based on examples
of well-known corporations. The web page included items such as mission, organiz-
ation, portfolio and ethics.

Since all assignments were posted on the walls of the classroom grades were
announced within 1 day of the class using the computer network. In case of doubt
concerning the quality of the work done the students had ‘to see the instructor’ after
class. This practice allowed the author to clarify points and see where the students
were finding difficulties. A set of golden rules developed as the result of the experi-
ence gained with this practice (see the Appendix). Whenever possible the seating
was changed into a circular format, encouraging the students to participate in discus-
sions and evaluation of the work presented.

Advice for the preparation of the assignment of the next week followed evalu-
ation of the work of the current week. Peer evaluation based on predefined criteria
was implemented in one class. The use of the Project Management Institute textbook
proved to be of great help to the students in preparing their work (http:
//clubs.cc.boun.edu.tr/~eng1011/eor/pmi99a.ppt; http://clubs.cc.boun.edu.tr/~eng1011/
eor/pmi99b.ppt). The successful example (given in figure 3) prompted the author to
prepare a ‘case-based reasoning’ scheme to predict cost and time performance in
new projects (http: //clubs.cc.boun.edu.tr/~eng1011/eor/pmst998.doc). The results
presented at a workshop held in Istanbul were considered promising by the partici-
pants (Peteciler and Inelmen 1998).

3. Results
Experience shows that students are only motivated to learn when they are faced

with real problems. Assigning each student with a unique project allows the instruc-
tor to transfer his/her experience to each student by making periodic comments on
the work in progress. Requesting that the students prepare a ‘visual presentation’
of the project assigned and consequently present it orally in class helps the inter-
action between learners and instructor.

The work presented by the students over six different semesters showed the need
to enhance the knowledge on design and its relevance within the curriculum. An
attempt was made to show students how different courses they will be taking in the
future can enlighten the design procedure (see figure 4). Oral presentation skill was
another important deficiency the students needed to develop. The preparation
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of a slide show on oral presentations was also found to be very useful
(http: //clubs.cc.boun.edu.tr/~eng1011/eor/mpp.ppt). A simple example to stress
the importance of car maintenance had an enhancing effect (http:
//clubs.cc.boun.edu.tr/~eng1011/eor/car99.ppt).
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Figure 4. Mechanical engineering design flow diagram.

Figure 3. Home web page for a student initiative prepared by some members of the course
in partial fulfilment of course requirements.

1. IDENTIFICATION

2. DESCRIPTION

3. EMBODIMENT

5. IMPLEMENTATION

MECHANICS FLUIDS THERMICSSTAGES OUTPUTS

MATERIALS PROCESS ELEMENTS

ENERGY

TRANSPORTATION

HANDLING

PROPERTIES

DYNAMICS

STRENGTH POWER TRANSFER

COMPUTER

EXPERIMENTAL

SPECIFICATIONS

DIAGRAMS

DRAFTS

SYSTEMS

PROTOTYPES

INPUTS

4. CONTROL
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An important ingredient determining the success of the students participating in
the course was the quality of the projects. It was important to stress the relation of
the course with the curriculum at large (see figure 5). Effort was made to contact
industry to provide ‘real projects’ for the students to work on. The help obtained by
the local multinational sewing machine manufacturer was an example of such a need
(see figure 6). The results of collaboration were published in the proceedings of an
international conference (Inelmen et al. 1999).
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Year Subject Remark Symbol

Freshman Description Components

Sophomore Analysis Devices

Junior Synthesis Models

Senior Simulation Systems

Figure 5. Classification of engineering undergraduate programme in four levels.

Figure 6. Assembly of the three components of the thread take-up subsystem of a sewing
machine.
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The relation of the engineering course with the technical drawing course still
needs to be considered. The best order in which these two courses should be given
was discussed several times in class. Some students acknowledged the importance
of the orientation course when they were working in the drawing course. Some of
the work done by the same students in drawing courses was presented in other
conferences, showing the importance of ‘visual thinking’ in the education of young
engineers.

Students would have profited more from both courses if collaboration between
industry and university could have been enhanced. A model for collaboration was
first presented at a local international conference based on the experience gained by
the author in the university at which he is affiliated (Inelmen 1996). Here the
administration has established close relations with industry across the university
foundation. As suggested by the model, it still remains to include other associations
and agencies in the collaboration scheme. The research report on lifelong learning
by the SEFI working group corroborates this idea (see figure 7).

Students should always be reminded of the story of a traveller who was amazed
with the beauties he saw in the construction site of a new imperial building that he
was visiting for the first time. He asked an artisan what he was doing. The artisan
answered reluctantly that he was putting bricks one on top of the other. The trav-
eller moved on and asked a second artisan the same question. This time the artisan
answered by explaining that he was building the wall of the government’s new head-
quarters. Satisfied with the second answer, the traveller repeated exactly the same
question to a seemingly more experienced artisan. The third artisan answered enthu-
siastically: ‘I am pleased to be working on the wall of a building that will be in the
future the pride of our citizens’.
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Figure 7. Diagram showing the relations in work-based learning (from SEFI).
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4. Conclusion
In a fast changing world, engineering education contents and methods must

adapt in order to meet the needs of society at large. Students must be motivated to
be fully engaged in a self-lifelong learning scheme if they are to be successful in the
future. We strongly believe that implementing ‘visual thinking’ in class can help the
students to develop the professional skills they will need in the future. Since the
instructor can share more effectively his/her experience, this technique makes the
work for all parties more pleasant. With the co-operation of the industry we hope
that this technique will be applied throughout the whole curriculum, ending in the
final graduation project.

We wish to conclude by suggesting that ‘computer graphics—as a perfect mix of
technology and fantasy—can be used to excite students so as to develop the ability
to control, design, and simulate’. The introduction of this tool can be used in ‘moti-
vating students to discuss with each other, while developing their own explanations’
(Bailey 1999). When feasible the implementation of an online electronic environ-
ment can help in providing the learner with assistance whenever it is needed. A
modest implementation to show how simple computer tools can be used in distance
education was started by the author recently (http://clubs.cc.boun.edu.tr/
~eng1011/eor/logic.ppt).
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Appendix
(a) The instructor’s expectations should be stated very clearly at the beginning of the

course.
(b) Regulations on the desired conduct and evaluation procedures should be trans-

parent.
(c) Ill-defined unique assignments should be given the first day of class.
(d) Students should be encouraged to ask for help and express their opinions openly.
(e) Evaluation of assignments should be made ready available to renew enthusiasm.
(f) Periodic reporting of new developments should assure active participation.
(g) Emphasis should be given to the carrier development of each single participant.
(h) Close follow-up should discourage students from indulging in unfair practices.
(i) Peer evaluation should help in attracting the attention of the group as a whole.
(j) Joint participation in extra-curriculum activities should encourage informal contacts.
(k) Praising outstanding performance and warning failures should enhance group

dynamics.
(l) Genuine interest in changes in attitude should help in the disclosure of intimate

issues.
(m) Implementing a generous bonus system should motivate doing extra work.
(n) Immediate advice and help should overcome feelings of panic.
(o) Financial support from awards should promote outstanding projects.
(p) Relevance of the work in the context of the curriculum should be clear.
(q) Encouraging being autonomous should help in developing self-motivation.
(r) Follow-up student activities after the course is completed should provide feedback.
(s) In case of doubt in evaluation some extra time should be requested.
(t) Allowing for objection in the evaluation should increase personal contact.
(u) A penalty system for work which is submitted late should encourage self-discipline.
(v) Expressing pride in the improvements made in the institution should promote

loyalty.
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(w) Former students’ accomplishments should help in describing good models.
(x) The professional codes of ethics should be explained with real-life examples.
(y) Knowing the students’ abilities should help in choosing the best learning practices.
(z) Spending more time with low-performing students should help in raising standards.
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