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Toward a Technologically Literate Society:
Elementary School Teachers’ Views of the Nature of Engineering

Abstract

Generating a technologically literate society is considered to be one of the main goals of
primary and secondary education. At the heart of technological literacy would be a knowledge of
the nature of engineering (NOE) upon which content knowledge in engineering/technology could
be built. Technological literacy of this nature cannot be developed among elementary school
students, however, without dedicated and well-informed teachers. That raises the question: What
should teachers know to promote technological literacy and spread it in their students’ hearts and
minds? We believe that an appropriate view of the NOE can play a role in the development of
engineering and technology literacy that is similar to the role that an appropriate view of the
nature of science (NOS) plays in the development of scientific literacy. We therefore studied
elementary-school teachers’ views of the NOE to obtain information that could guide both
researchers and curriculum developers understand the current status of elementary-school
education.

A naturalistic research approach was applied to design of this study. Data were collected
by employing individual interviews with ten K-5 teachers. Content analysis was applied to the
interview data to find general themes and patterns in teachers’ views of the NOE. Results
showed that teachers have positive attitudes towards engineering, but their knowledge of NOE is
mostly limited to what they have experienced through popular culture. We noted that teachers’
views of the NOE were influenced by personal relationships they might have with engineers who
were close relatives or friends. Another pattern that was found in teachers’ views of the NOE
involved their perception that engineering is a problem-solving activity, or involved problem
solving within the process of inventing or creating innovative products. Although the teachers
believed that engineers need to function in a holistic fashion, taking social and economical
factors into account in their work, their perceptions of engineering were not sufficiently rich to
allow them to explain how social and cultural factors affect engineering.

The results of this study of teachers’ views of the NOE provide insight into the way
professional development programs for elementary-school teachers should be designed to help
these teachers bring engineering into the elementary-school classroom.

Background and research questions

The literature on the nature of science (NOS) has suggested that students, teachers, and
the vast majority of society, in general, believe certain common myths about science, including
the myths that scientific facts are absolute and purely objective, that there is no role for human
interpretation or imagination in science, and that scientists have certain rigid methods to generate
scientific knowledge and/or solve problems.'” Driver and her colleagues ® have shown that
students form ideas about science, its process, and its product — scientific knowledge — before
any formal science instruction. The students’ ideas are not nearly as sophisticated as those held
by scientists and/or philosophers of science, but even elementary school students have ideas
about how scientists work. It has been suggested that these ideas come from the students’
exposure to the image of science and scientists from a variety of sources, including films,
television programs, and from their parents and relatives.’
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Research on students’ misconceptions of science has suggested that teachers are a source
of students’ alternative frameworks.®'? The alternative frameworks held by the teachers can play
a particularly important role in students’ learning because formal instruction may either generate
new alternative frameworks for the students or support the old ones. As a result, attempts to
change students’ conceptions of a particular phenomenon using conceptual change strategies
may not be as fruitful as we would either hope or expect because, in the end, teachers deliver the
instruction we design.'® Teachers who have naive or alternative frameworks or conceptions of a
subject may not teach them well or they may produce ill-structured schema in students’ minds.

Unlike the well-established field of the philosophy of science, no equivalent study of the
philosophy of engineering exists."” However, inasmuch as engineering and engineering artifacts
are part of our everyday life, elementary school students and their teachers have some elements
of a developing epistemology of engineering and engineering thinking which may not be the
desired one. '+

It has historically been difficult for many people to separate achievements in science
from those in engineering. When the Apollo 11 put Neil Armstrong on the surface of the moon,
for instance, many people called it a victory of science. When a new type of material, such as
lightweight, super-strong composites emerges on the market, newspapers and other media often
report it as a scientific discovery. Genetic engineering of crops to resist insects is also usually
attributed wholly to science. However, even though science is strongly tied with all of these
advances, they are actually examples of technology that requires the application of unique skills,
knowledge, and techniques.'” Thus, there is reason to believe that teachers are likely to confuse
science and engineering,15 especially inasmuch as there is no direct exposure to engineering in
pre-service teacher training programs.

Significance

It has been argued that America's progress has been synonymous with engineering
innovations, and that corporate growth and economic development, coupled with a higher
standard of living, are inextricably tied to technological advancement.'® As societies of the 21*
century have become increasingly dependent on engineering and technology it is more important
than ever that our citizens, as well as the technologically minded workforce, are scientifically
and technologically literate.'*'** There are many possible ways to develop technological
literacy among public and recruit engineers. However, one of the most wide-reaching is through
K-12 education. '*'®'®

According to Lewin®' engineering has become a banal academic subject with the
unwanted perception of an anti-social nature in today's contemporary culture. Engineering is
perceived to lack social and intellectual respectability, as indicated by recent public polls and the
rate of enrollment in engineering programs. > > Lewin argued that the reason for this perception
of engineering is either the absence of an understanding of what is engineering or a
misperception of the field of engineering. In other words, the inadequacy of the socially shared
meaning of the nature of engineering might make engineering unpopular. To overcome this
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problem what we need to do is similar to what has been done in science and mathematics —
cultivating a lasting love for engineering in students that starts among the very young.

The literature in science education strongly suggests that curriculum development should
be derived from and shaped by students’ conceptions and misconceptions. 2 Our research
designed to probe 6"-grade students’ conceptions of the NOE suggests that students’ views of
engineers and nature of engineering are very naive and include many misconceptions.26 Many
students, for example, mistakenly consider train conductors, factory workers, mechanics,
technicians, individuals involved in artistic design, and architects as representations of an
engineer. These findings overlap many findings of Knight and Cunningham'® and the recent
report of the National Academy of Engineering prepared by Baranowski and Delorey.27 When
we asked students where they obtained their knowledge of engineering, they noted that an
important source was their teachers. This is not surprising when one looks at the research
literature about students’ views of the nature of science, which suggests that teachers’
conceptions were a major constraint on students’ attempts to learn about NOS."?® This literature
has also noted that teachers represent one of the important sources of student misconceptions of
the NOS.? As the research literature on VNOS evolved, it is not surprising that researchers
shifted their focus from probing students’ views of the NOS to their teachers’ views of the NOS.

Cunningham et al." noted that “knowledge of teachers’ background knowledge,
conceptions, attitudes, and comfort related to engineering and technology is important
information that should shape engineering curriculum development, teacher resources and
materials, and teacher professional development.” However, relatively few studies have probed
teachers’ conceptions of engineering and technology.'” Therefore, the goal of this study is to
probe elementary school teachers’ views of the nature of engineering (NOE). Guiding research
questions for this study include:

e What are the elementary school teachers’ views of engineering?
o What are elementary school teachers’ views of engineering process?
e How do elementary school teachers distinguish engineering from science?

Methods

To address the guiding research questions, a qualitative research approach was pursued.

Pilot Study

A pilot study was carried out with a total of 14 elementary and middle school teachers by
employing informal-conversational group and individual interviews in order to generate the
questions that were used in the main study and to identify other factors that may affect data
collection. The questions used in the pilot study were based on the work that has recently been
done by examining elementary and middle-school students’ views of the nature of engineering.*®
All interviews were audio-recorded, but not transcribed.

Setting and participants
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Two school districts and 5 elementary schools from a Mid-Western county were selected
to conduct the study. Ten teachers from first- to fifth grade were chosen on a voluntarily basis.
As seen in Table 1, all but one of the participants were women. Grades 3, 4, and 5 were chosen
as the target of this study because more science, technology, and engineering topics are covered
in these levels than in grades 1 and 2. Years of experience was another criterion used to identify
the participants because we want to compare teachers who had taught various grades and grew
up in pre-computer era with teachers who had less experience, but grew up with computers.

Table 1. Participants

Pseudonym | Age Exp. Grades Education Engineers in relatives
Amy 60 23 1 EE (BS, MS) N/A

Sam 26 4 2 EE (BS) Father (E)

Lily 48 22 2-3 Gifted EE (BS), CD (MS) N/A

Rick 46 10 3 GM (BS), EE (MS) N/A

Lisa 36 14 4 EE (BS) N/A

Jamie 58 35 4 EE (BS, MS) Brother-in-law (E)
Carol 49 12 4 EE (BS) Bother-in-law, nephew
Debra 61 26 4-5 Gifted ED, ES (BS); R (MS Daughter-in-law (E)
Mary 35 35 5 EE (BS) Brother

Kim 30 6 5 EE, SE (BS, MS) N/A

Exp: Experience in the field; BS: Bachelor Degree; MS: Masters Degree; CD: Curriculum Development; ED:
Education; EE: Elementary Education; ES: Earth Science; GM: General Management; R: Reading; SP: Special
Education; E: Engineer

Data collection and analysis

Teachers’ views of the NOE were investigated by conducting individual semi-structured
interviews (see Appendix for the interview protocol).*® The interviews took 20 to 40 minutes to
complete. All interviews were audio-recorded and transcribed verbatim. The data from the
interviews were analyzed by employing content analysis in order to find repeating themes and
patterns. The analysis process began with open coding because there are no pre-determined
categories, a technique known as inductive data analysis.*® Interview transcripts were examined
by looking for similarities and differences among them. The hermeneutic circle that underlies
research methodologies such as phenomenology presumes that this first stage of analysis leads to
initial categories that describe participants' views of engineering. The data were then subjected to
a second, deeper analysis that helped us develop more general categories and themes. In category
development process, internal consistency of each category was one of the important goals.

Results

We found five main categories into which we could classify teachers’ view of
engineering: the purpose of engineering, the process of engineering, the scope of engineering, the
impact of engineering and the factors that influence engineering (See Table 2).

Purpose of engineering

As can be seen in Table 2, almost all of the teachers stated that the main purpose of
engineering was to improve the efficiency of products or productivity in general.
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Mary: Basically, that is kind of what I see as the role is... they (engineers) are
trying to do something better, faster, more efficiently, more cost effectively. They
are trying to improve things so you...

Almost half of the teachers pointed out that engineering is a field that works constantly to
make our lives better and easier.

Researcher: OK. What do you think the main purpose of engineering ?

Rick: To make things easier. I say to make things easier for people, to make
things safer for people... to make things more efficient, umm... to make things...
to give better accessibility to different things. Like if you think a lot of designs in
transportation that allows people to go to different places to... see different
things, to... have different experiences.

Solving problems that arise was cited by four teachers as another aspect of engineering.

Researcher: I asked you “is engineering important?” You said “yes.” Why is it
important?

Lily: Well, I think that as we progress for the future, new and different problems
arise. And I think there is a need for more immediate communication, more
immediate transportation. Umm... and I think technology and engineering kind of
go hand-in-hand to help those things happen to make our lives more efficient.

As can be seen in Table 2, the aspects of engineering that were mentioned by teachers
less frequently were: meeting a need, making life safer, helping civilizations progress and
understanding how things work. In general, teachers perceived engineering as a tool or a vehicle
for progress in almost every aspect of life.

Processes of engineering

Another category that was created on the basis of the interview data involved statements
that referred to the processes of engineering. In this category we summarized methods and
techniques that teachers thought engineering work involved: Problem solving and designing
were mentioned by eight teachers, six of whom referred to both.

Researcher: What images come to your mind when you think of engineering?

Lisa: Lots of math, working on complex problems and equations that related to an
actually practical problem you’re trying to solve that is what I think of...

*

Researcher: So, when you think about... if you think... another bridge is going to
be built over the Wabash River, what do you think engineers do in the process of
building that bridge?
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Mary: They would first start with computers and paper, getting some data they
would have to know the load strength and all of that. So they would be using some
science involved. They would get it all planned out most likely with a computer
program. Umm... they would... you know would they have to check their
specifications, make sure everything and then they would pass the plans on to the
people who would build it.

Researcher: OK. In your view what does design mean in the context of
engineering?

Mary: Design is coming up with the idea and putting it down into a form that
some can read like either it be on paper pencil or be with a computer aided
program. Design would be thinking... either taking somebody else’s idea and
improving on it or coming with the idea using the science behind it. Putting it all
together into a form that can be used by somebody whether it’d be a line in a
factory or a bridge or something else.

Mathematical calculations were described as part of the engineering process by more than
half of the participants.

Researcher: So, why do you think a good engineer should have a good
mathematical mind?

Lisa: Well, to calculate so that things work though right way. I mean you know
you have to be able to calculate what is gonna go together to make it work right
or if you are chemical, you have got to be able to understand measurement in a
different sense.

Researcher: So, engineering deal with mathematics a lot?

Lisa: Well, I think... Yes, uhum... I mean I think of that when I think of
engineering.

Experiments and testing were acknowledged by half of the participants as a
process of engineering. Mostly teachers referred to experimenting and testing as ways of
checking whether the developed or designed artifact or the system is working, but one
participant used “testing” to obtain the public opinion as well.

Researcher: OK. So, what do they do to make it better?

Sam: They again, I just think they have to do experiment just like a scientist, they
have to test things. Umm... I think a lot of times they test on the public in order to
get response back, this is great then they might put it in more cars, but if they get
back “oh my gosh this is horrible” then they might take it out from cars and try
something else.

As can be seen in Table 2, other processes that some teachers believed that engineering
work involved are collaborative or co-operative team work, trial-error, trouble shooting,
construction, observation, brainstorming, and reading others’ work.
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Scope of engineering

Teachers’ responses to the questions revealed that engineering was believed to deal with
developing, creating, or designing machines and consumer products (N=9), infrastructures and
buildings (N=7), agriculture for better yield (N=4), pharmaceutical and chemical (N=4), industry
and manufacturing (N=3), commerce and business (N=1), and services (N=1)

Researcher: What image or images come to your mind when you think of

engineering?

Carol: Probably more the civil type like buildings, bridges, and infra structures of
cities those things that need to be created. I know engineering not just the (fused)
building, but the internal strength and everything engineering. I also have... you
know the engineering part of... with the chemical engineering of food products

and different items it can be eaten and different that also come to in mind.

Table 2. Teachers’ views of engineering

wants, needs and their
opinions (N=6)

materials and /or
technology (N=6)

skills of engineers
N=5)

Purpose Improve productivity/ Making life better Solving arising Meeting a
efficiency / things (N=8) and easier (N=4) practical problems need (N=3)
(N=4)
Keeping things safer Figuring out how Helping civilizations
(N=3) things work (N=1) progress (N=1)
Process Problem solving (n=8) Designing (N=8) Mathematics (N=6) Experiment,
testing (N=5)
Team work, co-operation | Building, Trial and error (N=2) Trouble
or collaboration (N=3) construction (N=2) shooting (N=1)
Observation (N=1) Reading others' work | Brainstorming (N=1)
(N=1)
Scope Products (N=9) (Infra) Structures Agriculture (N=4) Pharmaceutical
(N=7) or chemicals
(N=4)
Industry (N=3) Commerce and Services (N=1)
business (N=1)
Impact Advancement in A better enriched Weapons (N=3) Economy
technology (N=10) world (N=6) (N=2)
Social and Cultural effects | Globalization (N=2) | Making life Dependence on
(consumption society) complicated (N=1) machines and
(N=2) medicine (N=1)
Pollution (N=1) Global warming Political conflict (N=1)
(N=1)
Influenced What consumer/client Available resources - | Characteristics and Safety concerns

(N=2)

Political climate (N=2)

Cost (N=2)

Money: Profit/income
(N=1)

Post effects
(society and the
world) (N=1)

Natural constraints (N=1)

Scientific knowledge
(N=1)
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Impact of engineering

Another category that emerged from analysis of the interview data is the impact of
engineering on the world. As can be seen in Table 2, eleven different sub-categories of the
impact of engineering were cited by teachers. All teachers agreed that engineering promotes
advancing in technology. More than half of the teachers also indicated that advancements in
technology help our world and helps us live our lives in a better way. A few teachers, however,
indicated that engineering is also responsible for weapons of mass destruction, pollution, global
warming, and political conflicts (because of globalization). Amy, for example, indicated that
even though she believed engineering offers a better future, it also makes us depended on
machines and medicines in order to survive. Debra, similarly, pointed out how engineering helps
advance technology and make our lives better. But, she also mentioned this has negative side
effects on our social life and culture.

Researcher: OK. So, how do you think engineering affect the world?

Debra: Umm... the new technology, the infrastructure of the country, building
roads and building you need engineers so the economy is then of course affected
by all that. The efficiency of farming for instance or manufacturing... good
engineer helps out their problems so I think it is important.

Researcher: Your examples are very good. So, when you think about generally
effect as global effects what do you think..?

Debra: Growth with different areas. I don’t think it is always positive. I think that
some of the things that we haven'’t, technology have not created necessarily a
more humanlike person. I think it is taken away some of the humanity of... umm
looking off the window kids have to play their video game in the car of enjoying
nature. I mean technology to some kids is everything and what they don’t have is
reading, literature, talking about, I mean history, caring about it because it is so
math and science oriented and those what make good engineer I think are math
and science. So, I mean that is important and it is valuable, but I think we can get
it’s too wrapped up and that is the only thing.

Researcher: Good observations. Do you think any other effects?

Debra: No, I am just... I guess I just thinking in the terms of... our culture like we
need to buy things all the time. We need to buy the newest technology and we
have these huge lines overnight for the newest technology. But, you know do we
spend that kind of money another things that maybe are important too. I just don’t
know, I just think you know it is wonderful that we have new things, but then it
also creates problems that I don’t know the people really think about how people
are changing.

Factors influencing engineering
The last category that emerged from the data involved factors that affect the engineering

work in general. As illustrated in Table 2, consumers’/clients’ needs, wants, and/or their opinions
were perceived the main influence engineering design. The teachers believed that marketing
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success would be an indicator if the artifact was designed based on the customer’s or buyer’s
needs and wants.

Kim: Like if you buy a car certain cars easier to get into and certain cars you
really have to like kind of fall into you know. Like, I drive a Pontiac 5 and I like it,
cause you just kind of sit right into it and you don’t fall into it and you don’t have
to step in to it. You know you just kind of sit and there it is. And it is a great car
for like elderly people because of that. So that is good design and they’re looking
at a median and which that cars people use that car. Umm... Like a bad design
would be something that people don’t think about how someone would sit into
something or I know they have people who study like “how to reach for the rear
mirror, or how to like how comfortable it is to get the radio or changing your
flipper shooter I call it, u-turn signal so things like that. Those are all design and
how are you going to turn your turn signal? “Are you gunna pull it up? Are you
gunna to pull it towards you? Or are you gunna just twist it? What is the best and
why?” So things like that.

Researcher: OK. The last question is how do you think good engineering work
can be differentiated or distinguished from bad engineering work?

Rick: I think... the number one is the end result; does it meet the need you're
looking for? If it doesn’t that is bad engineering.

Science versus engineering

Another aspect we investigated involved teachers’ views of the relationship between
science and engineering. We found that many teachers could not recognize differences between
science and engineering. Many teachers believed that engineering is another branch of science
akin to chemistry or physics. A few teachers also indicated that they have never thought about
this until we asked them:

Researcher: OK. So, is science and engineering the same thing or different?

Jamie: I would say engineering is probably the manipulation of science isn’t it?
Never really thought about it (laughs). I know that is exactly what you always
think about, but never really thought about that.

*

Researcher: So, what do you think if there is any difference or similarities
between engineering and science?

Debra: Ohh... I suppose that I thought of engineering is a subset of science and
so. Science is more than engineering, but engineering is a part of science.

Researcher: Would you more elaborate that?
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Debra: OK. I guess when I think of the science is as you know life sciences
umm... earth sciences... umm... physical sciences things like that and I think of
engineering as part of I guess the physical sciences and so umm... engineering...
though I suppose you could have engineering that would be in the life sciences if
you are talking about biomedical engineering.

Conclusions

Elementary teachers’ views of engineering were collected under five main categories;
purpose, process, scope, impacts, and factors that affect engineering work. Teachers’ attitudes
towards engineering were generally positive and most of the teachers believed that engineering
improve productivity and efficiency as well as the life quality. In other words, many teachers
associated engineering with progress. However, they could not perceive the deep impact of
engineering on civilization and culture.

We also found that the teachers generally talk about positive effects of engineering to the
world unless we ask directly any “bad” or “side” effects of engineering. A few mentioned
humanitarian side effects of engineering (e.g. weapons and atomic bomb), one mentioned
ecological side effects (e.g. global warming), and another teacher pointed out increasing
dependence on machines and medicines would be a bad effect of engineering.

Many teachers perceived engineering as a problem-solving activity or involved problem
solving along with the process of inventing and creating things. To solve these practical
problems, the majority of the teachers believed that creative thinking and a high intellectual
ability are essential. On the other hand, a few teachers indicated that engineers design buildings,
bridges, road, etc. before we asked them directly the meaning of design in engineering. However,
as opposed to similar studies in the literature, only a couple teachers stated that construction
work is part of engineers’ job. Rather majority of the teachers anticipated engineering as a
“behind the scene or back stage” occupation that requires mental tasks. However, teachers did
not mention brain storming and team work as often as problem solving or part of problem
solving mechanism. This indicates that the process of engineering might be the least understood
aspect of engineering because of its “behind the scene” nature.

The teachers, on the other hand, cannot easily differentiate engineering from science.
Even a few teachers thought that engineering is part of science akin to chemistry or physics. The
teachers’ knowledge about engineering and science was not justified, but rather tacit and out of
their everyday life.

As might be expected, a qualitative comparison between teachers who have a family
member who is an engineer showed that these individuals had lot more to say about engineering
and provided more insightful views of engineering than the ones who did not have engineers in
their family. Teachers who had family members or close friends who were engineers also tended
to respond the questions by giving examples from what their engineer relatives and/or friends do
in their jobs.
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Based on the findings of this study we recommended that any professional development
programs or teacher education curriculums that intent to enhance teachers’ scientific and
technological literacy should take into account followings:

e Teachers’ knowledge about engineering is tacit, although they don’t usually think or talk
about it. Thus, a professional development program or teacher preparation program
should be designed to allow teachers to reflect on their views of engineering to be aware
of their knowledge of and about engineering. Having practicing engineers talk to teachers
in a small group environment might lead teachers to have a better understanding of
engineering as a field.

e All of the teachers in this study pointed out one or more positive effects of engineering to
our world and everyday life. However, a few indicated potentially negative side effects of
the engineering and technology. Teachers would benefit from being exposed to
opportunities to think about the nature of engineering; that should include that it is
impossible to predict all aspects of how a technology would affect the society and the
world no matter how holistically engineers work. It is also necessary to explain to
teachers that engineering has the responsibility to overcome some of the side effects of
the previous technologies.

e Similarities, differences, and close relationship between science and engineering should
be part of any professional development and teacher preparation programs in order for
teachers to really understand nature of science and nature of engineering.

Acknowledgements

This work was made possible through the support of the Bechtel Foundation and the INSPIRE
institute at Purdue University.

References

1. Abd-El-Khalick, F., Bell, R. L., and Lederman, N. G. “The Nature of Science and Instructional Practice:
Making The Unnatural Natural,” Science Education, Vol. 82, No. 4, 1998, pp. 417-436.

2. frez, S. (2006). Are we prepared?: An investigation of preservice science teacher educators’ beliefs about
nature of science. Science Education, 90, 6, 1113-1143.

3. McComas, W. F. (1997). 15 myths of science: Lessens of misconceptions and misunderstandings from a
science educator. Skeptic, 5, 88-95.

4. Palmquist, B. C. & Finley, F. N. (1997). Preservice Teachers’ Views of the Nature of Science during a
Postbaccalaureate Science Teaching Program, Journal of Research in Science Teaching, 34, 6, 595-615.

5. Stein, S. J. & McRobbie, C. J. (1997). Students’ conceptions of science across the years of schooling,
Research in Science Education, 27, 4, 611-628.

6. Driver, R., Leach, J., Miller, R. & Scott, P. (1996). Young people's images of science. Buckingham, Open
University Press.

7. Comins, N.F. (1993). Sources of misconceptions in astronomy. In J. Novak (Ed.), Proceedings of the third

international conference on misconceptions and educational strategies in science and mathematics
(distributed electronically). Ithaca, NY: Cornell University.

21'€.21 T abed



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.
24.

25.

26.

27.

28.

29.

30.

Banerjee, A. C. (1991). Misconception of students and teachers in chemical equilibrium. International
Journal of Science Education, 13, 487-494.

Bodner, G. M. (1986). Constructivism: A theory of knowledge, Journal of Chemical Education, 63, 873-
876.

Calik, M. & Ayas, A. (2005). A comparison of level of understanding of eighth-grade students and science
student teachers related to selected chemistry concepts, Journal of Research in Science Teaching, 42, 638-
667.

Pardhan, H. & Bano, Y. (2001). Science teachers’ alternate conception about direct-currents, International
Journal of Science Education, 23, 301-318.

Yip, D. Y. (1998). Teachers’ misconceptions of the circulatory system, Journal of Biological Education, 32,
207-216.

Koen, B. V. (2003). Discussion of the method, Oxford University Press, New York.

Cunningham, C., Lachapelle, C. & Lindgren-Stricher, A. (2005). Assessing elementary school students’
conceptions of engineering and technology. Proceedings of the 2005 American Society for Engineering
Education Annual Conference & Exposition, Portland, OR.

Cunningham, C., Lachapelle, C. & Lindgren-Stricher, A. (2006). Elementary teachers’ understanding of
engineering and technology, Proceedings of the 2006 American Society for Engineering Education Annual
Conference & Exposition, Chicago, IL.

Knight, M. & Cunningham, C. M. (2004). Draw an Engineer Test (DAET): Development of a tool to
investigate students' ideas about engineers and engineering, presented at American Society of Engineering
Education, Salt Lake City, UT, 2004.

Pearson, G. and T. Young, eds. Technically speaking: Why all Americans need to know more about
technology. 2002, National Academy Press: Washington, D.C.

Douglas, J., Iversen, E. & Kalyandurg, C. (2004). Engineering in the K-12 classroom: An analysis of
current practices & guidelines for the future. Retrieved March 2006 from
http://www.engineeringk12.org/educators/taking_a_closer_look/documents/Engineering_in_the_K-
12_Classroom.pdf.

American Association for the Advancement of Science (AAAS). (1993). Benchmarks for Science Literacy.
New York, NY: Oxford University Press.

Pearson, G. and T. Young, eds. Technically speaking: Why all Americans need to know more about
technology. 2002, National Academy Press: Washington, D.C.

Lewin, D. (1983). Engineering philosophy-The third culture. Leonardo, 16 (2), 127-132.

The Harris Poll: Prestige Paradox: High Pay Doesn’t Necessarily Equal High Prestige
http://www.harrisinteractive.com/harris_poll/index.asp?PID=939 2008 (accessed in January 2009).

Grose, T. K., Trouble on the horizon, ASEE Prism, October, 2006.

Duit, R., & Treagust, D. F. (2003). Conceptual change: A powerful framework for improving science
teaching and learning. International Journal of Science Education, 25, 671-688.

Tyson, L. & Treagust, D. F. (1999). The complexity of teaching and learning chemical equilibrium, Journal
of Chemical Education, 76, 554-558.

Karatas, F. O, Micklos, A. & Bodner, G. M. (June, 2008). Sixth Grade Students’ Images of Engineering:
What Do Engineers Do? Paper presented at the 115th Annual ASEE conference and Exposition, Pittsburgh,
PA.

Baranowski, M. & Delorey, J. (2007). Because dreams need doing: New messages for enhancing public
understanding of engineering, Global Strategy Group-NAE.

Lederman, N. G. (1986). “Students’ and Teachers’ Understanding of The Nature of Science: A
Reassessment,” School Science and Mathematics, 86, 91-99.

Lederman, N. G., Abd-El-Khalick, F., Bell, R. L., and Schwartz, R. S. (2002). “Views of Nature of Science
Questionnaire: Toward Valid and Meaningful Assessment of Learners’ Conceptions of Nature of Science,”
Journal of Research in Science Teaching, 39, 6, 497-521.

Patton, M. Q. (2002). Qualitative research & evaluation methods (3rd ed.). California: Sage Publication.

€1°€/21 T obed



Appendix: Interview protocol

1.

2.

In your view, what is engineering and what is its purpose?
What image or images come to mind when you think of engineering?

a. Would you more elaborate how this image related to engineering/aspects of
engineering?

How do you think engineering affects the world?
a. Do you think engineering is important? Why or why not?

What do you think about the characteristics that are needed to be a good engineer?
a. Explain why each?

Are there any similarities between engineering and science?
a. If yes, what are the similarities between science and engineering?
b. What are the differences between science and engineering?
¢. What do you think is the difference between an (environmental-own example)
engineer and an environmental scientist does?

Could you give me an example of something that engineers do? What do you think engineers
do during the process of designing/making (use their example)?

What does design mean in the context of engineering?
What factors affect engineering design?

How do you think good engineering work can be differentiated from bad engineering work?
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