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Abstract: The present study reports the use of an interview task to identify the initial conceptions of
engineering and teaching engineering held by secondary mathematics and science teachers upon
entering a professional development program. Results obtained from this task gave insight on several
points, including: (1) the requirements for a task to be considered engineering; (2) the role of a
student in practicing engineering; (3) the role of the teacher in teaching engineering; and (4) the
differences in discourse choices, between mathematics and science teachers, pertaining to conceptions
of engineering and teaching engineering. Through understanding the beliefs of our teachers,
appropriate action may be taken to ensure that we are fostering desirable classroom environments,
as well as better understand how to prepare them for challenges that may present themselves in
the classroom.
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1. Introduction

The origins of democratizing education in the United States may be traced back to the early
19th century to contributors such as Henry Barnard and Horace Mann, who believed that developing
a common curriculum would be the best way to properly prepare our children to be active democratic
citizens upon entering society. Barnard saw the most optimal curriculum as one which “...embraces the
harmonious development of [the] whole nature of the child . . . [and that] it shall end in a preparation
for the real business of life—not for any particular pursuit, but for any and every pursuit [1] (p. 41).”
As we fast-forward to contemporary American society, we have seen in recent years, another effort to
try and create a common level of curriculum, with particular focus in the STEM fields to pass along
21st century skills. In attempts to revive the competitive spirit of American education within the
modern global economy, and in hopes of better preparing our students for college, careers, and life,
many states have taken to adopting the Common Core Standards for Mathematics (CCSM) and the Next
Generation Science Standards (NGSS) into their curriculum [2,3].

These standards aim to make mathematics and science content more applicable and engaging,
particular to those students who may not identify as strong STEM students in traditional style
classrooms. Developers hope that through exposing a wider audience to applied science topics,
more students may be drawn to pursue STEM careers further down the road [2,3]. Given the recent
nature of adopting these standards, however, many teachers have been left wondering how to best
implement these new classroom practices. One possible solution is the integrating of engineering-based
activities into classrooms. Research on the matter has shown that engineering design can be used
as a lens for authentic learning which can foster student understanding of STEM concepts [4–6].
Yet, the research detailing how to best integrate engineering into the classroom is still limited in
the literature.
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As a result, if engineering concepts are to be adopted as part of the curricula, an effort needs to
be made at the professional development level to properly equip our teachers with the tools needed
to face challenges that lie ahead. By expanding mathematics and science teachers’ understanding of
engineering and teaching engineering, we can equip them with a knowledge bank that may be drawn
upon later when planning and executing their respective curriculum.

The study reported here is a subset of a larger professional development program which was
aimed at helping secondary mathematics and science teachers learn more about engineering, as well
as how to best develop and carry out engineering-based units in their classrooms. Upon entry into
the program, several teachers volunteered to participate in an interview task to understand their
conceptions of teaching engineering. The research question addressed in this paper is: What are the
initial conceptions of engineering and teaching engineering held by mathematics and science teachers?
It is hoped that the results presented here may act as a reference for those wishing to conduct PD
programs on integrating engineering into curricula. If we wish to best improve the quality of teaching
a particular subject, we must first take the time to understand the thought processes of those who are
teaching the subject [7], as these beliefs are rich with detail and generally not homogenous.

2. Theoretical Framework

2.1. Engineering Education

The use of engineering in science teaching may be traced back to Science for All Americans [8],
and ideas of scientific literacy, with typical manifestations being activities for students such as
the ‘egg drop challenge’, or catapult designs. In early conceptions, engineering activities were an
opportunity for authentic learning in science and mathematics [4,5]. However, with the adoption
of new mathematics and science standards by many states in the U.S., engineering is now formally
established as a component of a rigorous education. NGSS placed engineering on an equivalent plane
as scientific inquiry, creating a substantial shift in the frequency and quality of its role in instruction.
Inherent to this shift was reaching some consensus of what constitutes engineering in K–12 classrooms.

In general, there is agreement that engineering includes knowing and using the engineering
design process (EDP). NGSS broadly defines the EDP in a similar way to prior definitions given
in the literature [9–12]. Engineering in K–12 Education: Understanding the Status and Improving the
Prospects [13] analyzed available engineering curricula, determining that their primary focus was the
design process. This design process included: problem identification, research/gathering information,
identifying constraints, generating a potential solution, model building and solution testing, as well
as evaluating results (repeating these steps as necessary). This focus on the design process was not
considered by the authors to be sufficient in enabling students to understand engineering. Instead,
a full teaching of engineering, in addition to a focus on the design process, should include: rigorous
uses of mathematics and science, increased exposure to engineering careers, and connections to
individual and societal problems.

2.2. Challenge-Based Learning

Challenge-based learning (CBL) acted as the primary framework through which the program
participants in this study were introduced to engineering instruction. CBL is an extension of
problem-based learning, where now the students and teacher work together as collaborators to
solve a given challenge at hand. Each lesson begins with an overarching concern or challenge, relating
to a real societal issue, which is then broken down into smaller constituent questions. Solutions to these
smaller questions then come together, in order to address the larger challenge [14]. In most instances,
CBL environments have an engineering design process (EDP) embedded within it to strengthen
essential 21st century skills [9,12,15], bringing about a learning context, increased motivation for
learning, creating and testing products, and defining a ‘best solution’. CBL activities allow for students
to explore different variables which impact the created products’ effectiveness, and get exposed
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to, and familiar with, multiple solution outcomes. This is in contrast to traditional EDP activities,
which normally cease once all design criteria have been satisfied [16–18].

2.3. Teacher Beliefs

It has been well established in the teacher cognition literature that the beliefs teachers hold about
class content, as well as the learning potential of their students, has a significant influence over their
decision making in the classroom [19–21]. Similar to the issues experienced with trying to change
students’ conceptions, teacher conceptions have also proven difficult to change. Yet, this has shown
to be a necessary endeavor when trying to alter teaching practices in hopes of improving student
learning [22,23]. Therefore, if we wish to truly improve the quality of teaching a particular subject,
an effort must first be made to understand the beliefs held by those teaching the subject [7]. With this
knowledge in hand, professional development programs may then be utilized to cultivate teacher
beliefs that will foster desirable classroom environments.

3. Materials and Methods

3.1. Research Context

The current study was a subset of a two-year longitudinal professional development program
aimed at helping secondary mathematics and science teachers learn more about engineering and how to
integrate engineering units into their curricula. The program took place at a large Midwest university
in the U.S. All teachers were recruited to the program through a partnership project between the
university and a dozen local school districts. Upon joining, several teachers volunteered to participate
in an interview task which was developed to explore conceptions of teaching engineering. Those who
participated, partook in the interview task at the beginning of their first summer in the program.

3.2. Interview Task

Inspired by the Conceptions of Teaching Science (CTS) task presented by Hewson & Hewson [7],
an interview task was developed for this study that enabled the researchers to explore the conceptions
of teaching engineering held by the respondents, and was coined as the Conceptions of Teaching
Engineering (CTE). When discussing the ‘conceptions of engineering’, we are referring here to: the set
of ideas, understandings, and interpretations of experience concerning the teacher and teaching,
as it relates specifically to engineering and teaching engineering. It investigates the interviewees
understanding of the relationships between engineering as content, process, and profession, as well as
the teachers’ views of the relationship between the teaching and learning of engineering.

The structure of the task utilizes an “interview about instances” technique, which was devised
by Osborne & Gilbert [24]. When carrying out this technique, each person interviewed is given a
list of instances, and asked to explore each instance within the confines of a particular label [24,25].
In this case, the particular label in question was teaching engineering. The CTE interview consists of
eleven scenarios which vary along the following constructs: (1) teacher/adult instructional presence;
(2) process, content, and skill development; (3) explicitness of links to school Science or Mathematics
content; (4) grade levels or age of students mentioned; (5) ease of identification of engineering in
the activity. Out of the eleven scenarios, none explicitly used the term ‘engineering’ or referred to
teaching engineering; however, four instances modeled typical engineering topics, products, or tasks.
The scenarios may be seen below in Table 1.



Educ. Sci. 2017, 7, 88 4 of 10

Table 1. Conceptions of Teaching Engineering (CTE) Protocol.

Interview Prompt: Is this an example of teaching engineering?

1. If the participant cannot tell: What else would you need to know in order to be able to tell if this is
teaching engineering?

2. If the participant answers “Yes”: What tells you that this is an example of teaching engineering?
3. If the participant answers “No”: What tells you that this is not an example of teaching engineering?

How would you alter the situation such that it becomes an example of teaching engineering?

Scenario Descriptions:

1. Two students working on assigned slope y-intercept problems for homework from their textbook.
2. A student making fudge.
3. A student is at home watching a TV documentary about the building of the Hoover Dam in the 1930’s.
4. A 10th grade class creates rapid composting columns. The teacher puts out a challenge to the students to

create a plan for a community rapid composting plant.
5. In an 11th grade physics class, the students use a rocket kit to build a compressed air rocket.
6. After an accident in the school parking lot, the teacher for an after school enrichment project decides the

group should develop a traffic regulation system.
7. After learning about plate tectonics, an 8th grade science teacher has students create toothpick and

marshmallow structures then tests their strength on a shake table.
8. A class reads an article about genetically modified foods, and then debates the pros and cons of using

technology in food production.
9. A math teacher has students measure the water was by a dripping faucet in a 10 min interval, and then

create a linear equation to represent the data.
10. A class trip to an amusement park.
11. Two kids adjust and test their BMX bike seat height to figure out how to get maximum speed going into

a jump ramp.

The participants were given a sheet listing all eleven scenarios as a reference upon request,
and the interviewer read through each scenario sequentially. Upon reading a scenario, the interviewer
then posed the question, “Is this an example of teaching engineering?” Generally, this resulted in
a dichotomous response (i.e., yes, or no). From here, the respondent was probed to explain their
reasoning. If they agreed to the prompt, they were asked to explain why they believed this to be so.
Alternatively, if they did not agree, they were asked why they did not find the instance to be teaching
engineering, as well as how they would alter the scenario such that it would become an example of
teaching engineering. The ambiguity of the scenario descriptions allowed for a variety of organic
responses, with no interference or influence from the interviewer. Interestingly, rather than address
whether or not they found the scenario to be an example of teaching engineering, most participants
chose to explore whether they believed the scenario to be an instance of students practicing engineering.
This allowed for an analysis to determine what components, in the eyes of the participants, are deemed
essential to practicing engineering.

3.3. Participant Information

From the larger professional development program population of 96, a total of: 16 teachers
volunteered to participate in the CTE interview task. The collective was a well balanced mix of urban
and suburban math (n = 7) and science (n = 9) teachers, from both middle school (n = 8) and high
school (n = 8) settings. In terms of gender, 12 identified as being female, with the remaining 4 identified
as male.

3.4. Data Analysis

The entire interview process was digitally recorded, and then sent out to be transcribed
externally. These transcripts then underwent qualitative thematic analysis by each of the researchers.
Standard codes and definitions for the CTE interviews were derived from the literature on
engineering education, with particular attention to aspects detailed in Engineering in K–12 Education,
which elaborated learning and instructional aspects beyond simply the EDP. Further contributors to
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the initial code set were transcripts taken from faculty professional development activities which had
been introducing the CBL and the EDP, along with several partial CTE interviews conducted with
engineering faculty members who collaborated on this project. The research team then independently
coded one PD participant’s CTE interview to check for standardization and emerging codes. A code
set was then developed and agreed upon by the research team. These codes included elements of
the design process and the specific non-design elements of careers, societal challenges, modeling,
constraints and parameters, pros and cons (trade-offs), content, and optimization.

Once all of the gathered CTE-1 responses had been read through, transcript excerpts identifying
specific constituents to practicing engineering were consolidated into a single summary table.
From here, ideas that appeared across codes were identified, and new codes began to emerge within
the design cycle category. The data was then reanalyzed, with the specific intent of pinpointing the
emergent codes. This final code set may be seen below in Table 2, and will henceforth be referred
to as ‘components’ of engineering. Finally, a third analysis sought to distinguish when the teachers
specifically defined engineering activities through the lens of either a student or a teacher as the
primary agent in their response.

Table 2. Final Code Set: ‘Components’ of Engineering.

1. Application/Real-World Context: direct application of classroom knowledge to a real-world problem
or concern.

“I feel like it’s just like basic, traditional work and it doesn’t have any application to it.”—Briana (95–96)

2. Creating a Product/Design/Model: hands-on activity involving the creation of a product/design/model.

“I think that’s engineering because, they’re designing, they already designed or created the product and
now they’re looking for larger global and social applications...”—Samuel (414–416)

3. Experimentation: conducting experiments (planned, as well as trial and error); troubleshooting errors in
design process; gathering empirical data.

“Now that can be definitely teaching engineering because they’re doing some tests... have a goal in mind,
and then they just keep refining the process and taking information and readjusting.”—Houston (220–222)

4. Background Research: developing a knowledge base to better address the task at hand.

“I don’t think that that’s engineering process. That’s more background knowledge and just gathering
information. It’s definitely part of the process, it’s just not the full, I don’t think you get the full experience,
the full process.”—Holly (267–268; 273–274)

5. Revision Process: Refining or revising the design such that the process or product is improved.

“Are these solutions the most economic way to do this? Is this the best way and then redefining...
designing, redesigning and... rethinking what happens.”—Abby (271–274)

6. Challenge/Multistep-Problem: open-ended problem with multiple solutions.

“... it would need to have some kind of challenge or problem solving piece that would be solving a real
world problem.”—Claire (277–279)

7. Brainstorming: developing a set of possible solutions and upon weighing constraints, determining the ‘best’.

“... evaluate, brainstorming and picking the best solutions and finding alternatives and then trying
it.”—Mason (339–341)

8. Communication: challenges are faced in a group setting rather than an isolated one; results are relayed to
external parties outside of the classroom.

“Because they have to go through their own process and refine it and come up with pros and cons of their
own plan and, since it’s going to effect the community, they’ll have to relay information to key people and
cooperate with each other, the community too.”—Olivia (211–215)
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4. Results

The results presented below are given through the view of the teachers’ conceptions, and explore
the following questions: (1) What is required for a task to be considered ‘engineering’? (2) What is
required of students for a task to be considered ‘practicing engineering’? and (3) What is the role of the
teacher in teaching engineering? Following these sections, there will be a discussion on the response
differences observed between math and science teachers. When presenting each component, a fraction
will be given in parentheses that follow. This corresponds to the number of participants, relative to the
whole, who mentioned the component in at least one of their scenario responses.

4.1. Requirements for a Scenario to Be Considered Engineering

The most frequently mentioned component of engineering (present in ~36% of total responses)
was that there must be some Application/Real-World Context (16/16). Both sets of teachers were quite
vocal that establishing a connection to real-world concerns is the primary ingredient in practicing
engineering. Inherent to having a sound application, the task at hand must also be a Challenge/Multistep
Problem (12/16). That is to say, in order for the task to be considered engineering it cannot be a single
question that upon addressing, resolves the entire concern. There must be a breaking up of a larger
complex problem into multiple smaller problems whose combined solutions then position the student
such that they may address the overarching concern. Furthermore, the task must involve Creating a
Product/Design/Model (15/16). There was a clear understanding from these teachers that commonly,
engineering work is not something that is done on a purely theoretical level. Rather, it is used to create
something which may be of use on a larger scale than the classroom. As a result, not only must the task
given to students have an application, and consist of multiple smaller steps to address an overarching
concern, but it must also end with creating a final product/design/model.

4.2. The Role of the Student in Practicing Engineering

From the students’ perspective, carrying out an engineering task is not a simple feat, but involves
a precise weaving together of several different elements. The first step is to conduct Background Research
(15/16). Before any kind of hands-on activity can occur, there must be ample time given to developing
a knowledge base which will then be utilized in the activity. This will allow students to gain a
better understanding of not only what they are doing, but also (and perhaps more importantly) why
they are doing what they are. Following time for background research, there must be a period of
Brainstorming (10/16). This is the time in which multiple solutions to approaching the problem at hand
will be generated. Intrinsic to this brainstorming multiple solutions is weighing of parameters and
consideration of constraints which then allow for a ‘best’ solution to be determined.

Upon developing a best solution, comes the actual Experimentation (15/16) portion. This is the
time for conducting various tests and gathering empirical data. Often times these tests will not be a
smooth or polished process, and so troubleshooting of problems that occurred should be carried out to
understand why one gathered the results they did, and what they can do differently to improve the
process or their results. This leads to a Revision Process (15/16). During this time, the experimental
design or process of carrying out an experiment is refined and adjusted so as to reach some optimal end.
Once some predetermined optimal end has been reached, the students must engage in Communication
(9/16). This is not only communication amongst one another, or with the teacher, but also to some
entity which exists outside of the classroom. Again, the task should be an application which has an
effect on a scale larger than simply the classroom, and so the communicating of these results to an
outside party will allow for the students to gain the experience of compacting their work and struggles
into a format that will be appropriate for laymen.
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4.3. The Role of the Teacher in Teaching Engineering

The primary way in which the role of the teacher came about in responses was in the setting of
goals for students to reach. Tasks involving engineering were conceived to have multiple possible
solutions, and thus it was the job of the teacher to set constraints or boundaries which scaffold the
students’ experiences into reaching some ‘optimal’ end. The majority of respondents believed that an
instructor must be present, in order for the students to truly be learning and practicing engineering.
However, when it came to scenarios 3 and 11, there were some who saw that with careful scaffolding
beforehand, the students could practice engineering without the presence of a teacher.

“...if this is just something they’re doing in their pastime then it’s just a recreational activity,
but if it’s teaching engineering, then it would be like watch this and then do something with
it. Use some of the principles to either make your own bill, own dam or decide on what
kind of things could’ve gone wrong or what things do they adjust.”—Houston responding
to Scenario 3 (106–111)

“I would say that’s definitely engineering ‘cause it’s, again they’re identifying an issue,
coming up with some possible solutions, testing their solutions. It sounds like a fun
activity for them to do... It’s not just a boring assignment...”—Victor responding to
Scenario 11 (411–415)

4.4. Response Differences between Math and Science Teachers

As a whole, the majority of responses from both mathematics and science teachers shared many of
the same elements. Both sets of teachers were quite conscious of the necessity for an engineering task
to have a well-established sense of real- world applicability, and that through determining solutions to
such problems, needs which exist at a higher level than the classroom would be addressed. In turn,
both parties agreed that there needs to be some amount of communication to entities which exist
outside of the classroom (e.g., administrators, community figures, etc.). They believed that it was not
sufficient to simply conduct one trial of an experiment, but that it is essential to revisit the design
process and allow for the manipulation of variables to note any observable variations in outcomes.
It is in this way that the generating of multiple solutions may take place, and then from there-given
certain parameters or constraints (i.e., classroom budget, or an intended ‘optimization’ goal), the most
appropriate solution could be determined.

There were a couple of discourse differences that arose which were quite intriguing. Firstly,
as mentioned above, both parties acknowledged that having a real-world context in a task was essential
for the task to be considered practicing engineering. However, in their responses, science teachers
generally made more frequent mentioning of specific examples for how the given scenario could
be applied in a more ‘real-world’ way, whereas mathematics teachers more frequently ended their
explanation after saying that a real-world applicability was necessary. This may be illustrated below
through responses given by Briana (mathematics) and Daisy (science), respectively, when addressing
the first scenario of: “Two students working on an assigned slope y-intercept problems for homework from
their textbook.”

“I feel like it’s just like basic, traditional work and it doesn’t have any application to it.” (95–96)

“So I guess the way that I would push this more towards engineering is to... have them
making a ramp and then try to figure out what the slope is.” (219–220; 224–225)

Additionally, both sets of teachers agreed that a multistep challenge that involved the creation of
a product/design/model, as well as a revision process, was necessary for the task to be considered
engineering. Yet, science teachers were more inclined to talk about the specific manipulation of
variables so as to observe variations in outcomes, whereas mathematics teachers, again, generally ended
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the discussion after simply stating the necessity of the components. This may be illustrated through
responses from Abby (mathematics) and Mason (science) below, respectively. Where here, Abby is
addressing scenario 8, and Mason is addressing scenario 6.

“They’re not creating something new or using their own ideas . . . ” (537–538)

“...taking in consideration all of the variables that are in the parking lot scenario and then
deciding what the best plan of action is.” (523–525)

A final point worth mentioning was that both mathematics and science teachers were quite vocal
that neither a task involving solely mathematics or science content was enough to be considered
engineering. Rather, a union of the two must be present. This was encouraging to see, as too often
these fields tend to keep to themselves rather than actively interact. It is hoped that through the
inclusion of more engineering-based lessons in curricula, current communication barriers between
these two disciplines may perhaps be dismantled.

5. Discussion

To review, the most frequently mentioned components of engineering conceived by
the participants were: an Application/Real-World Context (16/16), Background Research (15/16),
Experimentation (15/16), a Revision Process (15/16), Creating a Design/Product/Model (15/16),
a Challenge/Multistep Problem (12/16), Brainstorming (10/16), and Communication (9/16). Both sets
of teachers were conscious of the necessity for an applicable context to the task at hand, as well
as ensuring that the scope of the solution to the challenge presented was larger than that of the
classroom. Tasks should be presented such that students may explore multiple possible solutions,
and after conducting experiments, a revision process should be had to improve the design process or
the outcome obtained. It is also essential that students be made wary about concepts such as external
parameters or constraints, namely: time, money, and available classroom resources.

A couple of discourse differences arose that were worth noting. Both sets of teachers
acknowledged the need for real-world applicability, however the science teachers more frequently
gave specific examples of how the given scenario could be applied, whereas mathematics teachers
generally only mentioned that an application was needed. Similarly, both parties saw the importance
of a multistep problem, exploring multiple solutions, and refining the process or design. Yet,
science teachers more frequently mentioned the manipulation and tweaking of variables to look
for observable changes in outcomes, whereas mathematics teachers, again, simply mentioned that
these components were essential. Interestingly enough, both mathematics and science teachers were
vocal that their specific content matter alone was not enough to define a task as being engineering.
Instead, both must exist in harmony.

6. Conclusions

In recent years we have seen a resurgence of American schools investing in improving the quality
of their mathematics and science education to equip students with 21st century inquiry skills in order
to better tackle challenges that they will encounter post-graduation. As a result, K–12 teachers are now
being asked to carry out new educational standards and classroom practices, which have not been
significantly explored and detailed in the literature. It is essential that we invest time in preparing our
teachers for the challenges that they may face while implementing these new standards and practices if
we truly wish to improve the quality of these classrooms. This study takes a first step in understanding
the initial conceptions of engineering and teaching engineering held by secondary mathematics and
science teachers. Results indicated that the participating teachers entered the PD program with some
understanding of engineering processes, but very minimal specific content knowledge and information
pertaining to engineering careers. It is hoped that through the utilization of tools like the CTE interview
task, we may better design and tailor professional development programs to assist in expanding
teachers’ understanding of content knowledge, engineering processes, and engineering careers.
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