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Development of the Views about Nature of Engineering Knowledge (VNOEK)
Questionnaire

Introduction

The inclusion of engineering learning standards in most US states, often via their inclusion in
state science standards [12], has increased the demand for engineering professional development
(PD) for K-12 teachers. Gaps in teachers’ understanding about engineering can contribute
negatively to students’ understanding because teacher’s adoption, adaptation, and creation of
instruction are influenced by their epistemological views [17]. As engineering education
continues to gain attention in K-12 settings, gaps in teachers’ understandings about engineering
and engineering education, specifically among K-8 teachers and high school science teachers,
have emerged [2] [4] [5] [6] [8] [11] [15]. These are likely resultant from the lack of engineering
learning opportunities provided to K-12 teachers during their training where few teachers report
having coursework or other experiences related to engineering [3].

Whether PD is effective must be determined by evidence of its impact on participants. Our
ability to evaluate PD that promotes specific understandings about the nature of engineering
knowledge (NOEK) is limited by the lack of an adequate instrument, a problem that we
attempted to address in this study. This is a validation study of an open-ended questionnaire, the
Views about the Nature of Engineering Knowledge (VNOEK) Questionnaire, which was
designed to gather K-16 teachers’ views about the NOEK. The questionnaire was created as part
of our work providing engineering professional development (PD) and coursework to K-12
teachers. Other questionnaires (VNOE, multiple forms Deniz et al., 2016), surveys, and tools
(e.g. Draw an Engineer task [10]) exist and these have been used to understand how teachers’
view engineering and engineering knowledge in various ways [9] [18]. We wished to make
inferences about teachers’ understanding of the epistemology of engineering and engineering
design through engineering-specific scenarios. Existing tools did not satisfy these specific
constraints, so we used a previously published framework of the NOEK [1] to guide the
development of a new questionnaire.

This ASEE paper will a) summarize the NOEK framework used to frame the VNOEK; b)
describe the development of the VNOEK questionnaire; (¢) discuss the validity and reliability of
the VNOEK; (d) describe the participant groups in the validation study; and (e) discuss the use of
the VNOEK for work with K-16 teachers.

Evaluating Teachers’ Views about the Nature of Engineering Knowledge

The questionnaire we developed is not the first instrument of its kind. Existing instruments,
including the Views of the Nature of Engineering (VNOE) questionnaire [9] and the Pleasants
and Olson [14] Nature of Engineering tool for use with elementary teachers, are also available.
The VNOE was first and is designed to evaluate teachers’ conceptions about engineering within
five areas: demarcation, engineering design process, tentativeness, creativity, and socio-cultural
embeddedness. Later versions of the questionnaire added three additional areas: empirical basis,
subjectivity, and the social aspects of engineering [18]. At the time that our work began, the first
VNOE was available but was not selected for use because there were additional features and sub-

features of the nature of engineering knowledge that we were promoting in our work with
teachers. We needed an instrument that would elicit views aligned with our focus.

The conceptual framework, the NOEK framework, used in our work with teachers guided the
design of this new questionnaire [1]. The framework consists of seven features of engineering
knowledge and design that are co-dependent with one another. These features are categorized as
descriptions of engineering knowledge which is:
o interdisciplinary, it affects other knowledge domains like science and is also affected by
them;
e contextually responsive, it balances criteria and constraints and changes over time;
e empirical, the optimization process is characteristic of engineering which is evidence-
based, and modelling is the central means of data gathering and feedback,
o solution oriented, it is motivated by human problems and desires for new and improved
systems, processes, and artifacts,
e personal, engineers generate unique solutions and processes to identical problems
because they have individual perspectives, experiences, and insights,
e societally and culturally relevant, it is affected by, and also effects, societies, cultures,
communities and geographies, and
e social, it is often team-based and develops based on peer, colleague, and client feedback.

Elements of this framework reflect other NOE descriptions in the literature [9] [14] and it is also
supportive of those other articulations. However, it is not identical, and we needed an instrument
that would reflect the descriptions of the features in ways more specific than the existing
questionnaires would. Our purpose was to design and validate an open-ended NOEK
questionnaire aligned with the framework selected in order to further understanding about how
teachers view the epistemology of engineering. The literature around teachers’ understanding is
growing, but effective teacher education strategies have not been established. Supporting this
emergent knowledge necessitates continuing research in the area of what teachers know about
engineering, how they come to know it, and ultimately, how it impacts their students. We view
this study as making a contribution to the first of these areas; what do teachers know about the
nature of engineering knowledge? Further developing this understanding is supported by valid
instruments, the creation of which was the purpose of this work.

Development of the Views about Nature of Engineering Knowledge (VNOEK)
Questionnaire

The VNOEK was designed to be holistically evaluated and categorical ratings (referred to as
scores) are generated for each of the seven features of the NOEK; similar to the well-established
Views of Nature of Science (VNOS) and Views about Scientific Inquiry (VASI) questionnaires.
Therefore, questionnaire items elicit views about each of the seven features, which are the focus
of scoring. The open-ended nature of each item was understood to precipitate views relevant to
multiple NOEK features. We first describe the design of the items followed by descriptions of
the design of the scoring procedures. However, this work was not conducted in isolated stages,
but instead the questions and evaluation procedures were developed in tandem.



We first generated open-ended questions aligned to each feature of the NOEK framework and
created a grid consisting of each question, every feature we believed the question might elicit
views about, and a description of the features. These questions were created by both authors
based on engineering scenarios that were believed to be accessible to a population with limited
engineering training. Both authors had engineering training and engineering education expertise,
the first author also had career experience in engineering. The questions were designed to be
authentic enough that engineers with expert knowledge relevant to the scenarios may have space
to reflect on their, potentially, more nuanced understanding. Item feedback was first gathered
from two nature of science (NOS) evaluation experts because the process of questionnaire
development could be informed by their experiences. Initial revisions were made to the structure
of the questions based on their feedback. Specifically, question length, organization, and wording
revisions were made. Next, the revised items were used to gather feedback from four NOE
experts. This resulted in further revisions to the engineering scenarios and to question wording.

The updated items were placed in the grid and realigned with the NOEK feature names and
descriptions. Meetings between the authors and NOE experts were conducted in which they were
asked to describe how they would respond to the questions and to identify which of the features
they believed the questions aligned to. Content validity was established through this process
whereby each expert described the instrument as being satisfactory with regard to its readability,
clarity, and comprehensiveness. During this time the evaluation procedures for the questionnaire
were also emerging. While some existing questionnaires that evaluate NOS and NOE use three
categories (e.g. naive, transitional/mixed, informed) to describe the extent of alignment with
descriptions of epistemological aspects, we wanted to develop a classification system of views
that would specifically distinguish between problematic conceptions, emergent views, general
understanding, and expertise. The purpose of this was to allow the questionnaires to inform
specific modifications to PD and to better inform the evaluation of PD efficacy. Table 1
summarizes the final grid resultant from the content validity procedures. Item numbers are
shown at the top and correspond to the questions that follow, and the NOEK features are along
the left side of the table.

Table 1. VNOEK Item and NOEK features correspondence

Contextually responsive: balance of criteria and
constraints; evolutions of design and design X |X|X X
processes

Empirical: optimization is a central process;
design is evidence based; modeling is the central
means of data gathering and feedback

Solution-oriented: motivated by human problems
and desires for new and improved systems, X|X|X|X
processes, and artifacts

Personal/Individual: reflective of the personal,
professional, and academic experiences; X | X
individuals can generate unique solutions to
identical problems

Societal and Cultural: affected by and effective of
aesthetics, problems, and expectations of
societies, cultures, communities, and geographies

Social: often team-based; develops through X X X
client, peer, and colleague feedback and insight

Interdisciplinary: science, technology, and X X | X
engineering co-develop

Final VNOEK Questionnaire Items

1) A small community has a water filtration system that was designed 50 years ago. A group of individuals
volunteer to propose a new design for the system. Identify the types of information the volunteers will need in order
to propose a new design.

2) Describe the types of activities they might complete in order to propose a new design

3) Do you think that their work and ideas will be different than the original designers, 50 years ago? Why or why
not?

4) Explain whether you consider their work engineering and why.

5) Two different groups of engineers are working at two different companies: Eager Engineers Inc., and Acme
Engineering. One group, Eager Engineers Inc., is working on a project to design a type of material similar to
concrete that will be able to harden under water. The goal of the project is to create a material that will start out as a
thick liquid but that will be able to harden in order to anchor bridges and stabilize pipes. Do you consider this
engineering? Why or why not? 6) The other group, Acme Engineering, is working on a project to design a way to
pour the concrete-type material into the location where it is needed under water. Do you consider this engineering?
Why or why not?

7) Do you think that the design process for the Acme Engineering project and the Eager Engineers project will be
identical? Explain your answer and provide an example if you can.

8) Eager Engineers and Acme Engineers are working together to design a new bridge structure that will connect two
roads on either side of a lake. There are 2 engineers from each company working on the bridge design; 4 engineers
total. Do you think they will have identical ideas for the project? Please explain your answer.

9) Do you think that the community and society where the bridge will be built will affect their design? If yes, how?
If not, why not? Do you think the community will affect the design of the concrete-type material that will hold the
bridge in place? Why or why not?

10) Do you think that the community and society where the bridge will be built will be affected by the design? If
yes, how? If not, why not? Do you think the community will be affected by the design of the concrete-type material
that will hold the bridge in place? Why or why not?

11) If the engineers have more than one idea, how will they decide which idea to use? Explain your answer.

12) What is an engineering model? What is the purpose of an engineering model? What information is used in order
to create an engineering model?

13) How do science and technology relate to engineering? Provide an example to explain your answer.

Pilot with an Intervention Group
The resulting questionnaire was composed of 13, open ended items where each of the seven
features of the NOEK framework would be evaluated against five possible scoring categories.

These categories are shown in Table 2.

Table 2. Rating categories used for each NOEK feature on the VNOEK

Category Informed (5) General (4) Emergent (3) Problematic (2)  Absent (1)
Understanding

Description of . Missing some of ~ Missing most of Partial Does not

Category Desired NOEK the definition the definition knowledge contain any

understanding but no but no about the aspect NOEK




misstatements problematic or of engineering knowledge that

or incorrect inaccurate but includes aligns with the
information is information is some definition
expressed expressed problematic
views

A class of 25 pre-service, middle grades science teachers was used to pilot the VNOEK first. The
students had engaged in explicit NOEK instruction and reflection throughout a three-week
module at the end of a 16-week semester in a science methods course and did not have any
previous NOEK or engineering learning experiences. Their responses were used to make final,
minor edits to some language and to clarify the evaluation procedures for each feature. These
finalized questions and procedures were then used in our validation study. Three scorers
evaluated each item for evidence of alignment between specific elements (sub-features) of the
descriptions of each NOEK feature in participant responses. The separation of sub-features was
accomplished by taking the descriptions and parsing out individually scorable components. For
example, the description of the contextually responsive feature is described in Table 1 as the
balance of criteria and constraints and the evolution of design and design processes. Because this
definition is multifaceted, scoring each element of the description simultaneously was difficult.
Figure 1 illustrates how the description was broken down so that the three scorers could first
capture each of the layers of the feature and could use them to derive a single score for the
contextually responsive category.

Sub, e:  Sub e: Subfe e: ing Feature: Contextually responsive: balance of criteria
criteria constraints  design often changes and constraints; evolutions of design and design
matter matter over time processes

Figure 1. Example of feature and corresponding sub-features from scoring procedure

Each sub-feature was given a rating of yes, no, or somewhat in order to indicate whether
evidence of participant understanding of that sub-feature was present, absent, or partial but
incomplete. These ratings were then used to inform a decision on a feature score according to the
descriptions in Table 2. An example based on figure 1, the contextually responsive feature, is
provided in figure 2. This example comes from the responses of a teacher who identifies their
role as a grades 3-4 elementary teacher. Their overall view of engineering is expressed on their
questionnaire in item 4 where they were asked whether the design of a water filtration system for
a community should be considered engineering.

1 believe that their work is engineering for several reasons. Firstly, having access to clean
water is an example of a human problem. Secondly, the volunteers are working to design
a system that solves that problem. Their goal is not to observe and provide an answer to
how a filtration system works. Rather, they are using that knowledge to help them design
a better solution.

Their response is indicative of a typical response among participants, and this is why they were
chosen as an exemplar. Only their responses and ratings on one feature, contextual
responsiveness, are illustrated in figure 2.

Sub-features Responses used to inform rating Rating/Score

(italics)

Feature:

Contextual

Responsiveness

criteria matter ~ “The volunteers will need to know a lot of information to design ~ Yes (sufficient
an effective filtration system. Some examples include: - The evidence of

number of people in the community that the filtration system will  understanding role
serve - Knowledge of how/why the old filtration system stopped  of criteria in
working - Where the water source that will go through the engineering)
filtration system originates -Scientific knowledge on how a water

filtration system cleans water ”

constraints “The volunteers will need to know a lot of information to design ~ Yes (sufficient
matter an effective filtration system...Knowledge of cost-effective and evidence of
efficient materials for designing the system is needed” understanding role

of constraints in
engineering)

engineering “I think that the new design will most definitely include new Yes (sufficient
design often ideas. Scientific knowledge changes over time. Scientists and evidence of
changes over engineers have worked together for 50 years to create water understanding
time filtration systems that work better. The volunteers will be able to  engineering design
access this new knowledge to design an improved system.” develops over
time)
Contextually This is a cumulative rating informed by the three sub-feature Informed (5)
responsive ratings above Understanding
aligned with
NOEK framework

Figure 2. Example of contextually responsive feature responses and scoring for grades 3-5
elementary teacher with some engineering education training

Results: Administration and scoring validation

Participants in the questionnaire validation study were recruited from two listservs, based in the
U.S., for grades K-16 science teachers and grades K-16 technology and engineering teachers. An
announcement was posted to each listserv describing the purposes of the validation study and
seeking volunteers to complete the questionnaire. Additionally, participants were asked if they
would be willing to participate in an interview about their responses at the end of the
questionnaire. Respondents that indicated they were willing to participate in an interview were
contacted until 29 interviews had been conducted via phone. These interviews were conducted
by the first author using a short protocol, and participants were asked to elaborate on any
responses that were less clear or more nuanced. They were also asked to comment on the clarity
of the items. Interviews contributed to finalizing the scoring procedures because they illuminated
whether a rating was appropriate.

This study was approved by an institutional review board for human subjects research. Tables 3,
4, and 5 describe three characteristics of respondents: their professional roles, the extent of



engineering education they had received, and the extent of professional experiences in
engineering.

Table 3. Frequencies of participant roles (n=148)

Select the role(s) that best

describes you. Frequency Percent
Other 2 1.351
Pre-service teacher 28 18.919
Pre-K-2nd 11 7.432
3-5th 50 33.784
Middle grades 21 14.189
High school 9 6.081
College instructor 12 8.108
raduate student in STEM
gdui‘::ti:ns uee ° 6 4.054
Graduate student in STEM
discipline 2 1351
Engineer 7 4.730

Table 4. Frequencies of engineering education (n=148)

Have you received any

engineering education? Frequency Percent
None at all (0) 50 33.784
A little (1) 69 46.622
A moderate amount (2) 11 7.432
Alot (3) 9 6.081
A great deal (4) 9 6.081

Table 5. Frequencies of engineering related work experiences (n=148)

Do you have any

engineering related work Frequency Percent
experiences?

None at all 99 66.892
A little 26 17.568
A moderate amount 11 7.432
A lot 5 3.378
A great deal 7 4.730
Reliability

Two forms of reliability were established; inter-rater reliability and internal consistency. Inter-
rater was established as a percent of agreement between scorers where a value above 70% is
generally acceptable [16]. Using the procedures established during the pilot, at least two people
scored every questionnaire. Twenty percent (n=29) of the questionnaires were then randomly
selected and different scorers’ evaluations of each feature were compared. The percent
agreement between them was 87%; above the accepted value of 70%. For the purpose of this
validation study, all inconsistencies in scores were discussed until 100% agreement was
achieved.

Cronbach alpha, the statistic used to describe the internal consistency of the VNOEK, was 0.82.
In addition, we examined what the alpha value would be if any features or sub-features were
removed from the scoring procedures and no change in internal consistency was observed above
0.84. This supports the claim that each feature and sub-feature contributes uniformly.

Exploratory Factor Analysis

No gold standard exists with regard to the evaluation of NOEK understanding, therefore this
study sought to establish construct validity for the extent that VNOEK results were consistent
with the theoretical underpinnings of the NOEK framework. The scoring procedure consisted of
sub-scores on sub-features that were then used to inform a score for the NOEK features (see
table 2 and figure 1 for illustration). Exploratory factor analysis (EFA) was used with principal
components analysis (PCA) and the varimax orthogonal rotation method to determine whether
these scores loaded onto latent factors together. Although we wished to find that the features and
sub-features were correlated, the purpose of the study was to provide a rigorous assessment of
their relationship to one another in the scoring procedure. This required imposing limits on our
biases. Therefore, orthogonal rotation was selected because it assumes the features and sub-
feature scores were uncorrelated.

Initial analyses resulted in the removal of three sub-features from the scoring procedure. Each of
them had posed challenges to scoring and had been previously discussed during the inter-rater
reliability portion of the study. The EFA confirmed their problematic nature and they were thus
removed. Table 6 shows the final results of this analysis after their removal. All loadings were
above the recommended value of 0.400 [13].

Table 6. Factor loadings

Contextually responsive . 0.926

constraints matter .0.723

criteria matter . 0.701

engineering design often changes over time . 0.608 . . .

Empirical . . . . 0915

engineering design is evidence based . . . . 0.460

models take a variety of forms and are of central importance . . . . 0.884
Interdisciplinary . . . . . 0.961
engineering impacts science and or technology . . . . . 0.800
science and technology impacts engineering . . . . . 0.620
Personal/ Individual . . 0.955

design reflects engineers’ individual backgrounds . . 0.827

engineers can generate unique ideas . . 0.634 . . .
Social . . . . . . 0.889
engineering groups influence design . . . . . . 0.490
stakeholders (clients) influence design . . . . . . 0.759
Societal and Cultural . . . 0.931

engineering affects its socio-cultural . . . 0.634

engineering is affected by its socio-cultural setting . . . 0.818



Solution-oriented 0.813
engineering creates both new and improved design 0.688
engineering solutions can be artifacts 0.696
engineering solutions can be processes 0.654
engineering solutions can be systems 0.749
Discussion

The EFA analysis supports the claim that the seven NOEK factors and their associated subfactors
in the VNOEK scoring procedures are measured by the instrument as intended. The PCA
extracted seven factors, and the features and associated sub-features loaded onto those factors
identically to their groupings in the framework and scoring procedure. This supports the
construct validity of the questionnaire as an instrument that evaluates the specific NOEK features
in the framework used. Furthermore, the content validity of the VNOEK was established by the
panel of experts and the iterative revision process. The member checking process conducted
using interviews with 20 percent of the respondents further supports content validity. Both inter-
rater reliability and internal consistency were also acceptable.

The value of this instrument rests in its sensitivity to layers of understanding relevant within the
NOEK features. Intended for teachers, this instrument provides more nuanced information about
aspects of teachers’ views about the NOEK that can be used to inform teacher supports. Every
feature is evaluated by between two and four sub-features and their analysis supports their
holistic evaluation.

Future Directions

The validation process for this instrument also reflected part of the utility of EFA as a means to
improve a tool [7]. Several, more problematic sub-features emerged and were removed. This
improved the instrument and its usability for researchers and PD evaluators. The potential for
additional future revisions or other versions are potential future directions for this tool. Although
the VNOEK is intended for use with populations of individuals who identify as teachers, its
potential for use with students is evident. Future work with undergraduate and graduate science
and or engineering majors as well as with high school students is also an area of need. Additional
revisions may be necessary for work with different populations of learners. Some differences
between different groups of respondents emerged based on their professional roles and the extent
of their engineering education experiences. We do not make claims at this time as to discriminant
validity, but initial analyses suggest that the instrument can likely detect differences between
individuals who have NOEK training and those who do not. This is an area of future work as is
the use of confirmatory factor analysis.

Conclusions

The gaps in teachers’ understanding about engineering that are reported in the literature center
mainly around engineering process knowledge as well as around the practices of engineering
design [8] [15]. While gaps in understanding in about engineering processes are important (and
are in addition to the need for support around pedagogical and pedagogical content knowledge
(PCK) for engineering instruction), this project focused on the epistemology of engineering. The
teachers targeted by our PD efforts have significantly more training for science education and,
anecdotally, we have observed that imbues a science-oriented lens whereby the distinctions and

inter-dependencies between science and engineering become conflated. Such conflation is likely
insufficiently addressed when PD focused exclusively on engineering processes. Instead,
introducing both process knowledge and experience while also promoting reflection on the
epistemological nature of engineering knowledge, may provide support for understanding the
structure of knowledge about engineering needed by K-12 teachers. This instrument will support
inquiry in this area.
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