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Abstract—The course “Interdisciplinary Aspects in Science
and Engineering Education” is a unique course designed to
expose students of science and engineering education to the
characteristics of interdisciplinary teaching and learning.
The theoretical part of the course deals with the nature of
science and engineering and the interaction between the
two, various hierarchies describing the level of integration
between disciplines, and possible strategies for developing
interdisciplinary lessons. In the practical section, the partic-
ipants develop, in heterogeneous teams of students from
different academic backgrounds, an interdisciplinary lesson
integrating science and engineering, and teach it to their
peers. Using qualitative tools, the research described in this
paper characterized the attitudes of 112 students towards
developing an interdisciplinary lesson as part of a team. The
findings indicate that the students identified both the diffi-
culties involved in developing an interdisciplinary lesson as
part of a team and the advantages inherent to teamwork. It
was further found that the weight of the attitude component
that recognized the contribution of teamwork to the devel-
opment of interdisciplinary lessons was considerably higher
than the weight of the component indicating the difficulties
that involved teamwork.

Index Terms— Engineering education, heterogeneous teams,
interdisciplinary education, science education, teacher train-
ing.

L INTRODUCTION

Interdisciplinarity is the integration or synthesis of
knowledge from various disciplines [1]. Recently, in view
of the expectation that interdisciplinary learning will con-
tribute to the development of higher-order thinking skills
[2-3] and increase the motivation to study [4], numerous
high-school courses integrating science and engineering
have been developed. There are programs about avionics
[5], other focus on electro-optics [6-7], robotics [8-9],
information technology [10] or nanotechnology [11]. The
programs vary in duration: from a limited number of
meetings for outreach purposes [5, 7] to three-year pro-
grams ending with matriculation exams [6].

Alongside the benefits inherent to the aforementioned
interdisciplinary programs, there are also fundamental
challenges in developing and implementing such curricu-
la. These challenges stem, inter alia, from the difficulty in
developing a course which balances the interdisciplinary
and the disciplinary elements [12], and the difficulty
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teachers teaching interdisciplinary courses have in coping
with a field or with fields of knowledge they have not
been trained to teach [13].

In 2010, considering the importance of interdisciplinary
learning on one hand, and the difficulties inherent to inter-
disciplinary teaching on the other, a unique course de-
signed to expose students of science and engineering edu-
cation to the characteristics of interdisciplinary teaching
and learning was developed by the Department of Educa-
tion in Technology and Science, at the Technion — Israel
Institute of Technology. The course “Interdisciplinary
Aspects in Science and Engineering Education” included
both theoretical and practical contents culminating in an
interdisciplinary lesson each student was supposed to
develop and teach his/her classmates. A study, which
characterized attitudes towards interdisciplinary learning
and teaching integrating science and engineering among
sixteen students who participated in the course, was pub-
lished [14]. The results of this study indicate that the stu-
dents recognized the educational value of interdisciplinary
learning as well as the difficulties accompanying this kind
of teaching.

A fundamental change was made to the course in 2012.
The essence of the change is that the interdisciplinary
lesson, which is the core of the course, is developed and
taught by a heterogeneous team of students, with various
academic backgrounds, rather than by a single student.
The change was implemented in light of the acknowledg-
ment that modern work patterns are characterized by in-
terdisciplinary teamwork [15], and that one of the most
important conditions for the success of an interdisciplinary
program is for it to be developed and taught by a hetero-
geneous team of teachers [12, 16-17]. Therefore, the in-
tention was to allow students to practice working in a
heterogeneous team at a relatively early stage, i.e., during
the course of their studies, prior to them being certified as
teachers.

The study described below characterized attitudes to-
wards developing interdisciplinary lessons in heterogene-
ous teams among 112 students who had attended the
course between 2012 and 2015. To the best of our
knowledge, this is the first time a characterization of this
sort has been implemented.

The paper opens with a description of the course “In-
terdisciplinary Aspects in Science and Engineering Educa-
tion”, followed by a presentation of the research objective
and the chosen methodology. After describing the primary
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findings, a discussion is held and the conclusions are pre-
sented.

II.  COURSE DESCRIPTION

The elective course “Interdisciplinary Aspects in Sci-
ence and Engineering Education” is a two-hour weekly
course designed for students of science and engineering
education in the advanced stage of their undergraduate
studies. During the course of their studies, these students
specialize in one of the following tracks: engineering
education (electrical engineering or mechanical engineer-
ing), science education (physics, chemistry, biology or
computer sciences) or mathematics education. The course
was designed to expose the students to the characteristics
of interdisciplinary teaching and learning integrating sci-
ence and engineering.

The first weeks of the course are dedicated to a discus-
sion about the nature of science and engineering and the
interaction between the two [18]. During this stage, crite-
ria allowing distinction between science and engineering
[19] are discussed, like for example, the driving factor
(curiosity in science as opposed to necessity in engineer-
ing), aspiration (perfection in science as opposed to opti-
mum in engineering) and the type of solution sought (a
general solution in science as opposed to a specific solu-
tion in engineering). Later, classification methods for
different disciplines and various hierarchies describing the
level of integration between fields of knowledge are re-
viewed. For example, Piaget’s hierarchy [20], which starts
with multidisciplinarity (a presentation of a number of
fields of knowledge with no attempt to integrate them),
continues on to interdisciplinarity (integration between
various fields of knowledge) and ends in transdisciplinari-
ty (the highest level of integration, in which it is no longer
possible to identify the components of the various fields it
is based on). The theoretical section is sealed with a dis-
cussion about possible strategies for developing interdis-
ciplinary lessons [21], like the use of a crossdisciplinary
concept (e.g., linearity) or focusing on a system or a prob-
lem which requires knowledge from several fields (e.g.,
genetic engineering — is it ethical?).

At the beginning of the practical part, the students are
asked to divide themselves, at their own discretion, into
teams of two to four students, in such a way that the teams
are heterogeneous and composed of students from various
tracks of study. The team members are asked to develop a
45-minute lesson on an interdisciplinary topic of their
choosing, which integrates science and engineering. The
lesson is to be at a high-school or university level, without
being restricted to a particular method of teaching. For
the purpose of developing the lesson, the students may
seek the assistance of the course faculty; however, the
working procedures of the team are determined by the
team members without faculty interference. Examples of
interdisciplinary lessons developed as part of the course
are provided in Appendix A. A description of an interdis-
ciplinary lesson on the topic of Laser Rangefinders, which
integrates physics and electrical engineering, can be found
in Appendix B.

All the team members take part in the process of teach-
ing the lesson. The rest of the students participate actively
in the lesson, and simultaneously, fill out an appropriate
evaluation form. In the form, each student is asked to
identify the location of the lesson on the interdisciplinary
hierarchy proposed by Piaget [20] and mentioned above.
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In addition, if the lesson was indeed interdisciplinary — the
student must determine the strategy the team implemented
in order to develop the lesson in question. At the end of
the lesson, the team members are required to submit a
reflection report based on the impression they got and on
the evaluation forms they received from their classmates.
A summary discussion is held in class during the last
course session.

The primary component of the course grade is derived
from the lesson’s interdisciplinary level. Failure to suffi-
ciently reflect the integration of the various disciplines in
the lesson — will compromise the grade. The team mem-
bers’ quality of teaching and the report written by them
are also taken into consideration in determining the grade.

III.  RESEARCH GOAL AND METHODOLOGY

The objective of the study was to characterize attitudes
of students participating in the course towards developing
an interdisciplinary lesson as part of a team.

The research population included 112 students who par-
ticipated in the course (in its new format) between 2012
and 2015. It is important to note that the students were not
exposed to interdisciplinary education prior to this course,
and that they did not have prior experience in working (or
learning) in a heterogeneous team. In addition, between
2012 and 2015, the format of the course (including the
contents, the assignments and the composition of the final
grade) and the teaching faculty did not change.

Since the study focused on characterizing students’ atti-
tudes, the constructivist-qualitative methodology [22] was
chosen. Each student was asked to fill out an open-ended
questionnaire at the end of the lesson taught by him/her as
part of the team. The questionnaire is provided in Appen-
dix C. In addition, in order to increase the trustworthiness
of the findings, after the completion of the course, twelve
semi-structured interviews were held with students, in
eight of which, teams were interviewed, and in four, indi-
vidual students. A sample of the interview questions ap-
pears in Appendix D.

The data underwent content analysis and were classi-
fied into categories. Rosenberg and Hovland’s tri-
component attitude model [23] served as the theoretical
framework for the qualitative analysis.

IV. FINDINGS

An analysis of the findings indicates the presence of an
affective component, a behavioral component and a cogni-
tive component in students’ attitudes. From the affective
aspect, about one fifth (18.75%) of the students answering
the questionnaire thought that work in teams contributed
to reinforcing their sense of self-confidence: “In a team
you can rehearse the lesson [in front of the rest of the team
members], and the rehearsals reinforce the sense of self-
confidence” (questionnaire).

From the behavioral aspect, approximately one quarter
(23.20%) of the students mentioned the inclination of the
team members to attempt to place the most emphasis on
the discipline they were familiar with at the expense of the
other disciplines: “During the preparation [of the lesson]
everyone tried to make more room for his or her own field
of knowledge” (questionnaire).

The cognitive component in students’ attitudes is more
complex and includes reference to the difficulties in
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teamwork on one hand, the advantages inherent to it on
the other, as well as insights in relation to teamwork. The
students indicated two primary difficulties: about one third
(30.40%) of the students stated that they encountered
difficulty in choosing an interdisciplinary topic which was
agreed upon by all members of the team: “As a team it’s
difficult to pick a topic which interests everyone” (ques-
tionnaire), and approximately one quarter (24.10%) of the
students noted the difficulty in getting agreement from the
team members regarding the contents of the lesson: “The
greatest difficulty is deciding what to include in the lesson
and what not to... sometimes one of the team members
really likes a certain example, but someone else does not”
(interview).

Alongside these difficulties, the students mentioned
four advantages embodied in teamwork. About two thirds
(62.50%) of the students recognized the contribution of
the team members in completing knowledge gaps, since
each of them was well versed in a different field: “Every-
one comes from a different field... each contributes his or
her share... I [the student well versed in mechanical engi-
neering] taught B. mechanical engineering and she [who
was well versed in biology] taught me biology... that’s an
important benefit of teamwork” (interview). Approximate-
ly 40% of the answers noted the team’s contribution to
improving teaching skills: “I could use the team members
to see whether I was explaining all the concepts I was
using well, and if the examples I was giving were good
examples” (questionnaire). A similar rate (37.50%) of
students mentioned the team’s contribution to finding a
mix that balanced the disciplinary and the interdisciplinary
components of the lesson: “One can consult [the team] to
ensure the topics do in fact integrate well... to see whether
the proportion between the disciplinary and the interdisci-
plinary sections is appropriate” (interview). About one
fifth (17.85%) of the students claimed that working with
the team contributes to the development of soft skills,
such as responsibility and meeting deadlines: “Working in
a team teaches you what responsibility and meeting dead-
lines mean and how important they are in teamwork”
(questionnaire).

Over three quarters (76.80%) of the students recognized
that teamwork has a central contribution to the develop-
ment of interdisciplinary lessons: “Teamwork is very
important... it plays a great part in the development of the
interdisciplinary lesson” (questionnaire). Approximately
half (48.20%) the students expressed an attitude, accord-
ing to which in order to overcome the aforementioned
difficulties, one needs to show flexibility and compro-
mise: “You have to negotiate... the final product is a
compromise... sometimes teamwork requires flexibility...
you have to try seeing how the others see the whole pic-
ture” (interview).

Tables I shows the cognitive component of students’ at-
titudes towards developing interdisciplinary lessons as
part of heterogeneous teams. The frequency stated in the
Table only refers to the frequency in which the findings
arose in the questionnaire. In addition, the examples were
taken from students’ answers to the questionnaire.

V. DISCUSSION

The study described in the paper followed students’ at-
titudes towards developing interdisciplinary lessons in
heterogeneous teams. The findings of the study indicate
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the presence of an affective component in students’ atti-
tudes, according to which working as a team reinforces
the sense of self-confidence; the presence of a behavioral
component, according to which while developing the
lesson, team members tried to place more emphasis on the
discipline they were familiar with at the expense of the
fields of knowledge their teammates were familiar with;
and the presence of a cognitive component, which relates
both to the difficulties in teamwork and the advantages
inherent to it. The main challenge pinpointed was the team
members’ difficulty in agreeing on an interdisciplinary
topic, and the primary advantage found relates to the fact
that the team contributes to the completion of knowledge
gaps in various disciplines due to its heterogeneous com-
position. According to the results, the weight of the com-
ponent which recognized the contribution teamwork made
to developing the interdisciplinary lesson is considerably
higher than that of the component pointing out the diffi-
culties in teamwork. It is important to note that the finding
that the students pointed out the difficulties accompanying
teamwork is not surprising, since students generally find it
hard to acclimatize to teamwork, which usually constitutes
a new learning environment for them [24].

It is interesting to compare these findings to those relat-
ed to the course’s original format where the students did
not work in teams, rather, each student developed and
taught an interdisciplinary lesson on his/her own [14].
Those students found, similarly to what is stated in litera-
ture [12-13], that interdisciplinary teaching requires sub-
stantial resources, and that it presents a challenge due to
the need to cope with new fields of knowledge, and be-
cause one needs to find a mix balancing the disciplinary
and interdisciplinary elements. It was further found that
during the interdisciplinary lessons, the students preferred
to teach the field of knowledge they were familiar with at
the expense of teaching disciplines that were new to them
[14].

The components referring to the large investment of re-
sources and the challenge involved in coping with new
fields of knowledge do not appear in the findings of the
current study. This may be assigned to working in hetero-
geneous teams, in which each team member was well
versed in a different discipline, that assisted the students in
mutually completing their knowledge gaps, without it
being necessary to invest a great deal of resources. In
addition, according the findings of the present study,
teamwork contributed to finding a balanced mix between
the lesson’s disciplinary and interdisciplinary elements. It
is interesting to note that the behavioral component in
students’ attitudes mentioned in the previous study, ac-
cording to which students preferred to teach the discipline
they were well versed in over the new fields of
knowledge, was found to be present in the current study
too, although with the necessary adjustment: while devel-
oping the lesson, team members tried to give the disci-
pline they were familiar with greater weight at the expense
of the fields of knowledge the other teammates were fa-
miliar with.

The theoretical contribution of the study is reflected in
the characterization of science and engineering education
students’ attitudes towards developing interdisciplinary
lessons in heterogeneous teams. To the best of our
knowledge, this is the first time a characterization like this
has been implemented. The practical contribution is likely
to be expressed in the implementation of the findings

61



PAPER

DEVELOPMENT OF INTERDISCIPLINARY LESSONS INTEGRATING SCIENCE AND ENGINEERING IN HETEROGENEOUS TEAM...

TABLE L.
DEVELOPING INTERDISCIPLINARY LESSONS IN HETEROGENEOUS TEAMS — STUDENTS’ ATTITUDES (COGNITIVE COMPONENT)
Category Sub-category Frequency (%) Example Interpretation
Difficulty in choosing It [the process of deve.lopmg th§ lessqn] raises the dlfﬁcgl- D}fﬁpulty in reaching agreement
. ty of choosing the topic [of the interdisciplinary lesson] in |within the team regarding the
an agreed upon inter- 30.40 . o s . N .
Lo . a way which will integrate all of the team members’ fields |interdisciplinary topic of the
disciplinary topic .
. . of interest and knowledge. lesson
Difficulties Difficultv i i Difficultv i i
itficulty in reaching It [the process of developing the lesson] raises disagree- iticulty in reaching agreement
agreement in relation . . . within the team regarding the
24.10 ments regarding the contents, the depth they will be dis- . LS
to the content of the . content of the interdisciplinary
. Lo cussed, and the order of their importance.
interdisciplinary lesson lesson
Completion of It’s good that each member of the team is well versed in | Teamwork contributes to the
p 62.50 another field. I had knowledge gaps which A. noticed and |completion of knowledge gaps
knowledge gaps .
we discussed them together. among the team members
One can practice speaking in front of an audience [the . .
. . - . . Teamwork contributes to improv-
Improving teaching team members], and receive constructive criticism regard- |. R .
. 42.85 . . s . ing the team members’ teaching
skills ing the content and the presentation, and that’s how it skills
[teamwork] contributes to improving teaching skills.
Advantages ——
Finding a balanced Teamwork contributes to findin,
mix between the Teamwork helps in understanding how the lesson should . &
Lo . . a balanced mix between the
disciplinary and the 37.50 be structured, how much of the lesson should be interdis- | .. . . . R
. Lo C . R disciplinary and the interdiscipli-
interdisciplinary ciplinary and how much of it should be disciplinary.
nary components of the lesson
components
Instilling soft skills 17.85 It [worklr.1g ina tea}m] teaches you about responsibility Teamwork‘ 1-nstllls responsﬂyhty
and meeting deadlines. and the ability to meet deadlines
Major contribution to Teamwork makes a major contri-
the development of Teamwork is important; it contributes greatly to the de- . J
. A 76.80 . L bution to the development of the
interdisciplinary velopment of interdisciplinary lessons. . Lo
interdisciplinary lesson
. lessons
Insights Th he difficulties [choosi d
Need for mutual e way to overcome the ditficulties [.c 00SINg an agree Overcoming the difficulties
- . upon interdisciplinary topic and reaching a decision about |. . .
consideration and 48.20 s . . . .. |involved in teamwork requires
. the lesson’s components] is by being attentive and consid- . . .
compromise . consideration and compromise
erate of each other’s wishes.

while developing interdisciplinary programs. This contri-
bution is given new validity considering the expectation
that interdisciplinary learning will develop higher-order
thinking skills [2-3], and in view of the claim, according
to which one of the primary conditions for the success of
an interdisciplinary program is it being developed and
taught by a heterogeneous team of teachers [12, 16-17].

The current study focused on students’ attitudes to-
wards developing an interdisciplinary lesson as part of a
heterogeneous team. Informal conversations with the
teaching faculty indicate that the course is interesting,
although it is more time-consuming than regular courses.
In a continuation study, we intend to examine the teach-
ers’ attitudes towards the course.

VL

Considering that one of the most important conditions
for the success of an interdisciplinary program is it being
developed and taught by a heterogeneous team, the De-
partment of Education in Technology and Science at the
Technion — Israel Institute of Technology decided to train
students in teamwork for the purpose of developing an
interdisciplinary lesson integrating science and engineer-
ing. The current study examined students’ attitudes to-
wards developing an interdisciplinary lesson as part of a
heterogeneous team. The findings indicate that the weight
of the component which acknowledges the contribution of
the work in teams to the development of interdisciplinary
lessons is notably higher than the weight of the component
indicating the difficulties involved in teamwork.

CONCLUSIONS
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APPENDICES

APPENDIX A: INTERDISCIPLINARY LESSONS

Table II provides a sample of the interdisciplinary les-
sons developed as part of the course “Interdisciplinary
Aspects in Science and Engineering Education”. In addi-
tion to the lesson topic, the Table also specifies the disci-
plinary components.

TABLE II.
INTERDISCIPLINARY LESSONS — TOPICS AND DISCIPLINARY
COMPONENTS
Lesson topic Science component | Engineering component

Computers Computer sciences |Electrical engineering
Cranes Physics Mechanical engineering
Hearing aids Biology/Medicine |Electrical engineering
Laser rangefinders | Physics Electrical engineering
Mlcroellectromcs Chemistry Electrical engineering
processing
Optical communica- . . . .

- Physics Electrical engineering
tion
Photovoltaic cells  |Physics Electrical engineering
Prostheses Biology/Medicine |Mechanical engineering
i]i-ilygmomanome- Biology/Medicine  |Mechanical engineering
1JEP — Volume 6, Issue 2, 2016

APPENDIX B: INTERDISCIPLINARY LESSON ON LASER
RANGEFINDERS

The university-level lesson dealing with laser range-
finders integrated physics and electrical engineering. The
lesson started with a review of the Bohr model and a cal-
culation of the energy levels of a hydrogen-like atom. This
was followed by the description of the processes relevant
to light-matter interaction, such as absorption, spontane-
ous emission, and stimulated emission. Later on, the basic
operating principles of the laser were explained, and the
properties of laser light, such as monochromaticy, coher-
ence, and directionality were discussed, as well as the
difference between a continuous-wave laser and a pulse
laser. This was followed by a description of the structure
and the working principle of a laser rangefinder, and a
discussion was held about the factors influencing the ac-
curacy of the measurement. The lesson was ended with a
review of some civilian and military applications.

APPENDIX C: OPEN-ENDED QUESTIONNAIRE

Following is the open-ended questionnaire mentioned
in Section III:

* Describe your work during the lesson development
stage.

* What did you learn from the process of developing
an interdisciplinary lesson as part of a team?
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APPENDIX D: INTERVIEW QUESTIONS
Following is a sample of questions from the interview
mentioned in Section I1I:

* What do you think about the experience of develop-
ing an interdisciplinary lesson? Explain.

* Describe your work during the development stage.
Describe your feelings.

* What was the best thing about teamwork? Explain.
* What was the worst thing about teamwork? Explain.

* What did you learn from the experience of develop-
ing an interdisciplinary lesson as part of a team?
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