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Abstract. This article presents a summary result of theeyuon the need for
mechatronics education. The study was conducted aeoperation project
between two teams established at two universii€i-UST from Poland and
University of Stavanger (UiS) from Norway. Both campes and High School
Pupils are surveyed in this project, but only femks from the former are
analyzed in this article. As a result of the denlininterest for engineering and
science education in general and mechatronics &doca particular, the
project is intended to work out an Internationalr@wlum for mechatronics
education that can stimulate pupils for science taotinology fields as well as
to encourage students in engineering education figlteof mechantronics has
been focused because this field, as a new anddisaiplinary area, has a high
potential to integrate topics that are necessarynfadern engineering industries
and can provide graduates in a multi-skill and kieolge.
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1 Introduction

Complex mechanical systems of today like airplanears, industrial process
machines and spaceships have many embedded meaihanit electronic systems
that monitor and control the behavior to avoid sataphic failure and improve the
performance. With its origin in Japan in late 19¢0sthe term mechatronics was in
principle coined to define such control and operasystems. The concept has since
spread all over the world and a significant intéioreal growth has been observed
within the last three decades. According to tecbgwlreview of MIT press [2],
mechatronics is identified as one of the top 10netogies that will change the future
world. The field is in general viewed as the vehibl which students are introduced
to and made to comprehend the diverse discipliRgs L) such as computer science,
electrical and mechanical engineering areas coextiyt By combining diverse
fields, mechatronics curriculum provides sufficidsackground, knowledge, depth
and breadth enabling the graduates to tackle congpigineering problems.
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Fig. 1. lllustration of the diverse fields and conceptkimg up mechatronics

Understanding the fact that mechatronics is a n@mgrging branch of study, that
can interlink engineering, science and technoldgyg.(1(b)), many universities [3-5]
have examined the curriculum in order to, amongmthimprove the structure and
content of the program, increase the recruitment saidents and improve
effectiveness of teaching.

A number of these recent studies have attempteu/éstigate the organization of
universities and how teaching of this disciplinen d@ conducted. Some of the
previous studies focused on the issue from the iéveducation philosophy of
engineering [6] while others worked on the prograrhsurriculum [7] as well as the
evolutionary development of the field as an engdimgebranch and the possible
standardization of the education on nearly uniVdisae [8]. The reported surveys,
mainly in universities, have both national and oegi characteristics[9].

Other studies [10] have attempted to define thentile and legitimacy of
mechatronics as well as the implications on thecsisiity and communication of the
subject. This identity definition considers mecbatcs as the “synergistic
combination of precision mechanical engineeringsctbnic control and systems
thinking in the design of products and manufactyrprocesses” rather than the
descriptions of the discipline solely as an intecgblinary subject, as the union
between mechanical and electrical engineering,rabttieory and computer science
or other combinations of traditional disciplineghim an engineering sphere. It is also
important to recognize that mechatronics is noty anlcombination of engineering
subjects, but it, as a multidisciplinary field afidy, integrates science and technology
with engineering (Fig. 1(b)).

The focus on formulation of mechatronics curriculand defining its identity is,
in a way, well motivated because comprehending dtidmsciplinary field is
challenging unless a suitable curriculum that naitig the students is outlined. At the
same time it is essential that the formulated culim fulfils the expectations of the
job market. A recent review bjlvarez Cabreraet. al. [11] highlights the list of some
of the existing challenges in design of mechat®wigrriculum and systems for both
the academia and industrial sector.



Based on the declining trend of interest for mexmats study at well established
universities like AGH-UST of Krakéw, Poland, asgasst of the need for this study
has been initiated. The purpose of this study giartireported in this article is
primarily to formulate a fundamentally new currigod that enables a greater degree
of self-direction in designing and developing meobics systems. To make the
survey more comprehensive the expectations of stad®ncerning the mechatronics
study were also taken into account during the assest. This article attempts to
present a brief summary of the results of this eoafive research.

The rest of the article is organized as followsm8ohighlight of the assessment
approach used in the study and analysis of the aaynfeedbacks are given Section 2
and 3 respectively. Section 4 discusses the peddtiplications of the feedbacks and
Section 5 presents briefly students’ expectatiomsmiechatronics study. Finally,
conclusion is given in Section 6.

2 Assessment Approach

This study is a result of a collaboration projeetvieen two teams: one team from
AGH-UST of Krakéw, Poland, and the second team fidniversity of Stavanger
(UiS), Norway. During formulation of the projectjebtives the team understood the
mission of universities in formulating the curriooi as twofold:

1. Supporting professional success of their graduatete labor market, and
2. Providing the candidates that suit the needs ofabenarket.

To achieve both objectives, questionnaires werpgyesel and concurrently distributed
among companies and high schools in Norway andniéol@he study in this article
presents the analysis results of company feedbachkshich 25 companies from
Krakow area, and 12 companies from Stavanger areainvolved. In line with the
stated project objectives, the questionnaires foousvo main parts.

1) Collecting information on the companidkis involves, among others, company
size, profile, business life and the legal formtloé company, and the role of
mechantronics as a multidisciplinary area of knalgke as well as the extent of
research oriented activity in the company and coatmn with universities.

2) Assessing the companies’ expectatioties focuses on what the companies
expect from a university graduate (possible rerreiated to the knowledge and
predispositions. This includes what guides the camygfs recruitment policy and
the basic knowledge, competence and skill the compexpects from a
graduate. In order to collect sufficient informatidor this part of the
guestionnaire, the survey has attempted to adthiedsllowing three issues:

i. personal traits of the graduates,
ii. the theoretical knowledge base of the graduates and
iii. the necessary practical engineering skills.



3 Analysis of Company Feedbacks

3.1 Characteristics of the Surveyed Companies

Company Size, Profile and Legal FormAs depicted in Fig. 2(a), some specific
features are observed regarding the results ofuheey. The survey from Stavanger
area covers mostly SME companies that were foundedntly. This has a clear
historical reason related with the recent develaptned oil industries in the region.
Quite a large number of these companies have @ueras individual business
companies. The survey indicates also that aboatfaohthem are involved in R&D
activity and knowledge-based products and/or sesvito not constitute the critical
part of their output.

The Polish partners, on the other hand, condudtedsurvey mainly at large
companies, where a considerable amount of them Ihese operated quite long and
currently most of them are international firms (wjartial ownership). Majority of
the companies conduct their own research at th&D Rnits. Most of the products
and/or services offered by these companies are ledge-based ones. The majority
of the companies in both areas are involved in peddn and services (Fig. 2(b)).
Further, the legal form of the companies involvedthis study, in both areas, is
limited liability ones that are usually the moshavative part of the technical service
as well as manufacturing market.

A good communication between industries and thele@wéa can be considered as
a key to correlate the needs of the job markettheatontent and depth of teaching as
well as the conducted research at universities.didgrams in Fig. 3 show the results
of two of the questions forwarded to the compamiesrder to get some indication on
the level of R&D activities in the companies ane tthegree of cooperation with
universities. The survey shows that many of the gamies in both areas have their
own R&D department and they do cooperate with usities. The usual forms of the
cooperation are R&D projects and support of teaghity arranging visits and
internships for students. The companies in Stavaagea do have high level of
cooperation with universities, particularly in raseh consulting. On the contrary, the
important area of cooperation between companiesuangrsities in Krakow area is
support of testing by universities.
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Fig. 2. (a) Size and (b) profile of surveyed companies
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(a) Do you have R&D department?
AGH uis NO 8%
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Fig. 3. (a) Availability of R&D department at the compaanyd
(b) degree of cooperation with univiesi

(b) Do you cooperate with universities?
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Fig. 4. Role of mechatronics in industry (top) and a@fasechatronics used in industry

Role of Mechatronics in the Compani€ne possible reason for the declining interest
in mechatronics can be the fact that this discipls multidisciplinary. It demands,
among others, to device or to develop new methaods emgineering tools for the
teaching process and the demonstration of mechesrosolutions in terms of
modeling, simulation, evaluation and optimizatidihe developed methods and tools
should have an advanced character targeting thehamogeniety of the knowledge
among the involved disciplines.

Further, the role of mechatronics field of studyi @epend on how the identity of
the field is defined and recognized both at unities and on the job market. A



challenge to universities in stimulating interestthis discipline is to find the right

identity in terms of coining courses from computetectrical and mechanical

engineering fields and clear professional definitaf the graduates so that the job
market understands the skill and knowledge gained graduate. Clear definition of

the identity will have high implications on, for axple, the design methodology, the
modeling approach, the manufacturing processes thad material selection of

mechanical products, components and systems.

Contrary to the suspicion of the project team, fdexbacks in general show that
the companies use mechatronics as the methodolbgpleing problems in their
everyday activity (Fig. 4 (top)). Among the are&steld in the questionnaire, the
feedbacks indicate that mechanical engineeringaamdmation are mostly used (Fig.
4 (bottom)). Quite strikingly, the distribution file of the used technology in both
surveyed regions is similar.

Most preferred plan of teaching for mechantronics:

3.2 Expectation of Companies from Mechatronics Educatio

Apart from few exceptions, the feedbacks from batgions have similar
characteristics in terms of expectations and peefeg to mechatronics education and
its curriculum. Most of the companies consider pssfonal knowledge to be the most
important skill of a candidate to be recruited. dnder to contribute to this
expectation, they stressed that practical apptinadf knowledge through internships
or trainings should be focused as part of educatioangineering, compared with
laboratory works and lectures (Fig. 5). Though ¢femeral preference tendency is
similar in both regions, companies in Poland intlica significant interest in lectures
and laboratory work based teaching.

14. What is most important in the teaching plan of "Mechatronics"?
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Fig. 5. Preferred teaching plan of study in mechatronigsi@ulum



With respect to preference of personalities of adgate, the feedbacks (Fig. 6)
indicate that the following are most appreciatedh® employers: ability to work in
team, creativity, independence, responsibility Exyalty with integrity.

In addition, companies in Poland stressed abibtygeek self-knowledge through
patents and standards, while Norwegian companidicated importance of the
communication skills and ability to cope with sgess their best preference. One
main objective of the project is to formulate a newechatronics curriculum that
reflects the needs and expectations of the modednsiry. The assessment (as
depicted in Fig. 7) indicates that companies frathlzountries have high preference
for

« ability to integrate knowledge from different fisld

» ability to analyze structural behavior and funcéibty of products in their
environment,

« knowledge of computer-aided engineering systems,

« knowledge of mechanical systems and

« knowledge of construction and operation of machines

The companies from Poland highly prefer practicadwledge of a foreign language
as a language of professional communication, whiteresponse of companies from
Norway indicates very low preference for this skill

The last question in the questionnaire focusesssessment of expectations with
respect to specific skills that are important fbe tcompany in the future. The
preference of the companies in those specificsskifig. 8) is no exceptional. Most
preferred skills include knowledge of use of congpgtided design (CAD) systems,
knowledge of manufacturing technologies and selaaiif the engineering materials.

17. Which personalities (traits)of a graduate do you feelare the most importantin the future
work of your company? Please select 5 traits.
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Fig. 6. Feedbacks on required personalities of a gradnangineering



18. Which skills of an engineering graduate do you feel are the mostimportantin
the future werk of yourcompany? Please select5 skills.
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Fig. 7. Feedbacks on required skills of a graduate gineering

19. Which specific skills of an engineering graduate doyou feelare the most importantin the future work
in your company? Pleaseselect5 skills.
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Fig. 8. Feedbacks on important specific skills requieada future graduate in engineering

4 Some Practical Implications of the Feedbacks

Though only few companies are assessed in thisystheé feedback gives some
indications to be taken care of in formulating avneurriculum for mechatronics

education. The majority of the companies are wjllia cooperate with universities in

order to improve teaching methodology in the filethless this is materialized, it is

difficult to include practical trainings and intestrips in the study program. This study
has also brought some obstacles to our attentimmoducing internships in both

countries bears difficulties and risk of making #tedy program longer. Though a
successful internship may require only 2 - 3 monitis impractical to be completed

parallel with the studies in accordance with theent academic plan.



The companies, in general, seem to underestimatedtical knowledge and give
less emphasis on skills in application of mathecadtiools and laws of physics, while
concurrently they demand the innovative approaah skills that need training. To
train these skills a project based teaching andblpno solving in a team with clear
distribution of tasks and responsibility is suggdsby the project team.

5 Students’ expectations

The goal of any student to attend a given fieldstidy is gaining knowledge and
skills that provides him/her with well earned job.addition, there are certain other
factors that drive to enroll into a study programd astrive to complete it. This
involves primarily the correlation between interestd capability. One important
challenge for mechatronics curriculum is thus italtidisciplinary character. The
curriculum can be viewed as the means of introdudhre subject matter in those
diverse areas such as mathematics, electroniciameal and computer engineering
fields. Lack of interest or fundamental understagdin one or several of these
elements possibly leads to lack of interest in ragrcimics study.

The other issue is making the teaching processeistiag. This can be enhanced
by introducing a practical oriented teaching precas discussed in the previous
section. Experience shows that students, partiguangineering students, prefer
hands-on learning than theory based ones. This nidsnaesources in terms of
cooperation with industries and qualified teactstajf.

The field of mechatronics is relatively new and mall known in the ordinary
people’s life. In a survey carried out as partto$ tproject in Stavanger area, about
44% of the responded High School pupils do not Knoderstand what the word
“mechatronics” means. Some work is needed to mhkefield well known to the
potential candidates of the university enroliment.

6 Conclusions

The survey reported in this article was initiatededto an existing problem in
recruiting students to mechatronics study prograsnstated earlier in this article, few
articles have appeared in the literature addresdimg issue with a target of
formulating an effective curriculum for mechatrameducation. As it stands now, the
solution to the problem has more of regional omlocharacteristic than universal.
Among others, the knowledge and skill needed byldkally operating companies
influence the content, depth and method of teachifige feedbacks from this
assessment have provided key indications in thenéxb which mechatronics is
known and implemented in companies and enabled udentify their preferences.
This will for sure help us to formulate an effeetiand attractive curriculum of the
future. Further, it is highly expected that theadid responses in the assessment will
provide a good basis for discussions among mendfe¢he project team on the study
curriculum, methodology of education, and conteftthe didactic materials.
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