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Development of an Instrument to Assess Elementary Teachers’ Design 

Process Knowledge: Findings from a Pilot Test 
 

Abstract 

 

As more states are adding engineering to their teaching and learning standards, teacher 

professional development activities are necessary to foster teachers’ familiarity with engineering 

and design content. We are in the process of developing an instrument to assess teachers’ 

knowledge of the engineering design process. This paper describes findings from one pilot test of 

the instrument. 

 

The instrument (the design process knowledge task) was piloted with sixty-two elementary 

school teachers who attended a professional development workshop that introduced an 

engineering design process model that the teachers could use in their classrooms. The design 

process knowledge task was given to the teachers before and after the workshop. Quantitative 

analysis showed that there were significant differences between pre-test scores and post-test 

scores. We discuss the findings from this pilot study in terms of the concepts of design for which 

the instrument captured differences as well as the concepts where the instrument did not capture 

differences. The findings from the study provide insights into how the instrument can be further 

refined as well as insights into potential areas where teachers may need additional scaffolding in 

order to infuse engineering in their classrooms. 

 

Introduction 

 

Engineering design has been identified as one of the key concepts to be learned at the K-12 

level
1
. Recent studies have provided evidence that learning engineering content, especially 

engineering design, can motivate students and facilitate the learning of science
2
. One of the 

frameworks that researchers use to understand design is to characterize the process of design 
3, 4

.  

New reports on engineering education have also recognized the design process as an important 

part of K-12 engineering learning
5
. 

 

Consequently, more and more states are adding engineering content, including design, as part of 

their K-12 teaching and learning standards. Efforts to include engineering at the K-12 level need 

to include teachers as one of the primary agents of engineering education. However, studies like 

the one conducted by Yasar et al. pointed out that K-12 teachers exhibited low familiarity with 

design and engineering content 
6
, which pointed out the need for teacher preparation in the field. 

There is a need to explore ways to assess teachers’ familiarity with engineering and design 

content in order to i) understand teachers’ initial understating of engineering and design and ii) 

make suggestions on the scaffolding we can give to teachers. We describe in this paper the 

efforts we made to develop an instrument that measures teachers’ knowledge about the 

engineering design process as well as some findings from a pilot study of the instrument. 

 

Method 

 

In order to assess elementary school teachers’ understanding of the engineering design process, 

we are in the process of developing an instrument based on an existing instrument used to 
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measure college students’ understanding of the engineering design process. Bailey and his 

colleagues developed, implemented, revised and tested a design task that prompts students to 

critique someone else’s design process, as it is documented in a Gantt chart with a brief verbal 

description
7
. In addition to administering the task to many different populations of engineering 

students, Bailey has also administered the task to practicing engineers in order to further validate 

the instrument
8
. 

 

We have changed the task description to ask the teachers to examine a students’ design process 

as depicted in Figure 1. The task description asked the teachers to “Imagine that you asked your 

students to design a container to keep an egg safe during an egg drop contest. Now imagine that 

we were able to capture one of the students’ design process and create the following table 

showing the different activities that she/he engaged in, how much time was spent on each 

activity as well as the student’s sequence of events.” and comment on 1) what is good about the 

depicted process and 2) how the process can be improved.  

 

 

Figure 1. The design process the teachers were asked to comment on 

 

As a part of the validation process, we pilot tested the instrument with elementary teachers 

voluntarily participating in a summer five-day professional development workshop that focused 

on integrating engineering content into mathematics and science curriculum. Among various 

activities that the teachers took part in, such as demonstration of what different types of 

engineers do, they were introduced to the engineering process model from the “Engineering is 

Elementary” units developed by the Boston Museum of Science 
9
. The teachers participated in 

design activities and discussions based on the model throughout the workshop, including an 

activity helping teachers to map their normal activities to the design process as well as two 

complete Engineering is Elementary units. For example, the teachers worked in teams to design 

sails for sailboats as a demonstration of what they could incorporate in their own classrooms. 

The learning goals of such activity were aligned with science learning standards for the teachers’ 

specific states, such as keeping a notebook that includes observations, investigating and 

describing how moving air and water can be used to run machines, etc. During the activity, the 

teachers were prompted to adhere to the design process as presented in Figure 2.  

 

 Time (e.g. hour 1, hour 2…) 

Activity: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Create many different concepts for the container 

through brainstorming 

              

Choose the most promising concepts               

Decide what materials are needed for the 

container 

              

Create a test-version of the container               

Test the test-version of the container               

Make changes to the container based on test 

results 

              

Build the final version of the container               

Write up a summary describing the project               
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Note that besides the concepts of ask, imagine, plan, create, and improve as presented in the 

design process model in the “Engineering is Elementary” unit, we also added test, time and 

document in the process. The test concept is an implicit activity that links create and improve—

after a design is created, it can be tested to identify opportunities for improvement. This testing 

process is included in the Engineering is Elementary units, although it does not appear in their 

diagram. The time concept came from Bailey’s original rubric. As teachers need to design lesson 

plans to carry out design process and also monitor students’ process, we choose to include it in 

our rubrics. The document aspect was also included in Bailey’s original rubrics. It is relevant to 

the elementary context since documenting process and observations are prevalent in the science 

learning standards in many states.  An additional reason for including the document concept is 

that the teachers were encouraged multiple times throughout the five-day workshop to document 

their ideas and activities in their “engineering notebooks.” At the beginning of the workshop, the 

facilitator also explicitly discussed the importance of documentation in engineering practice. 

 

 
Figure 2. The engineering design process model the teachers adhered to in the professional 

development workshop 

 

Our specific research question related to this pilot test were: 

• Will the Elementary Teacher version of the Design Process Knowledge 

Task capture changes in Elementary Teachers’ understanding of the 

What is the problem? 
What have others done? 
What are the constraints? 

What could be some 
solutions? 

Brainstorm ideas. 
Choose the 

best one. 

Draw a diagram. 
Make a list of  the 
materials 
you’ll need. 

Follow your plan 
and create it. 
Test it out! 

Make your 
design even 
better. 
T est it out! 

 
Design satisfies  the goal 
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engineering design process after a week-long teacher professional 

development workshop? 

This research question is important in the context of instrument development because one 

criterion of a successful assessment instrument is that it should be able to capture pre-/post- 

intervention differences. To address this question, we gave the task to a group of 62 elementary 

teachers who participated in the week-long workshop. The participants were given the task as 

described above on a web-based interface before the start of the workshop and right after the 

workshop. 

 

The participants’ written responses were qualitatively analyzed according to eight aspects of 

design process. The pre-test and post-test qualitative responses were coded with the eight aspects 

associated with the design process model as described above. Quantitatively, we chose to assess 

the responses dichotomously. The teachers’ responses either pertain to an aspect or it does not. 

Table 1 summarizes the rubrics used to evaluate the teachers’ responses. 

 

Table 1. Assessment rubrics  

Design 

Concept 
Ask Imagine Plan Create Test Improve Time Document 

Present in 

response? 
Y/N Y/N Y/N Y/N Y/N Y/N Y/N Y/N 

 

 

To analyze the quantitative data for pre/post differences, we chose to perform non-parametric 

tests since the data violated assumptions of parametric tests. All statistical tests were performed 

using SPSS statistical package version 17. To compare the responses of the pre-test and the post-

test, we performed McNemar test on the paired two-level data. Also, we calculated the number 

of design aspects in each teacher’s response. The sum of the number of concepts was counted as 

each teacher’s total design process score. Each teacher had a pre-score and a post-score. The 

highest possible score was 8 points. We then compared the pre-scores to post-scores using 

Wilcoxon signed rank test. Effect size was calculated where appropriate. 

 

 

Results 

 

According to one-tailed Wilcoxon signed rank test, the post-score had a significantly higher 

median (Mdn=3) than the pre-score (Mdn=2), z=-3.20, p<0.01, r= -0.29. Please refer to Table 2 

for descriptive statistics of the pre-score and post-score. 

 

Table 2. Mean and standard deviation of pre-score and post score.  

 

 (N=62) 

 Mean SD 

pre-score 2.27 1.45 

post-score 3.15 1.51 
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We further looked into which aspects of the design process improved after the workshop. The 

Mcnemar test using binomial distribution at a one-tailed significance level of 0.05 showed a 

significant increase in the number of participants mentioning the aspects of test, build, and time 

in post-test as compared to pre-test. Table 3 summarizes the proportion of people mentioning 

each concept in the pre-test and post-test. 

 

Table 3. Proportions of participants mentioning each aspect of the design process in the pre-test 

and post-test. An asterisk (*) indicates that the particular concept is significant in the McNemar 

test. 

 

 

 

Therefore, the instrument captured differences between the pre-/post- workshop responses for 

Test, Create and Time as well as total score (overall number of concepts addressed). The 

instrument did not capture statistically significant pre/post differences for Ask, Imagine, Plan, 

Improve and Document. 

 

Discussions and Implications 

In this section, we provide some discussion of the pre-/post- workshop differences that were 

captured by the instrument. However, we must consider these findings to be very tentative, as the 

instrument is still under development. The remainder of this section focuses on implications for 

the instrument.  

 

Discussion of the pilot results 

 

According to the Wilcoxon signed rank test, there was a significant difference between post-

score and pre-score. The aspects that improved the most after the workshop were test, build, and 

time. In the activities the teachers did during the workshop, although all aspects of the design 

process were emphasized, the teachers spent most time building prototypes and testing them. 

This could be a reason of why those two aspects improved significantly after the workshop. 

Also, as the teachers were involved in the activities in the workshop, they were concerned about 

the project management and time management aspect of incorporating engineering in their 

classrooms. Their attention to the time aspect of the design process might be a result of their 

attention to the applicability of design activities in the classrooms.  

 

Ask is the concept least frequently mentioned. Most problems in the science and mathematics 

curriculum are well-defined, and the teachers might be accustomed to teaching and working with 

 Proportions (N=62) 

 pre-test post-test 

Ask  3.23% 6.45% 

Imagine 22.58% 25.81% 

Plan 14.52% 22.58% 

Test* 41.94% 61.29% 

Create* 19.35% 41.94% 

Improve 37.10% 53.23% 

Time* 54.84% 70.97% 

Document 33.87% 32.26% 

P
age 15.200.6



well-defined problems. Ask refers to gathering information about the design problem and design 

task. It corresponds to the problem scoping aspect of design in which designers have to explore 

the problem space, which might be ill-defined. That the elementary teachers addressed “Ask” 

infrequently is consistent with studies of college-level engineering students who spend little time 

in problem scoping activities.
3
 However, ill-defined design problems can provide K-12 students 

opportunities to deal with problems that are closer to real-life and thus introducing ill-defined 

problems can teach the abilities to gather information, assess situations, and scope the problem. 

However, in order to lead classroom activities on problem scoping, teachers have to realize the 

importance of it first. Therefore it is important to: i) ensure that a design process knowledge task 

is able to accurately assess teachers’ understanding of Ask design activities and ii) conduct 

further research with a finalized instrument to see if there is truly gap in teachers’ understanding 

of the Ask concept. If this finding is persistent, then it will be important to scaffold activities in 

professional development workshops so that teachers can both realize the importance of Ask 

activities and develop skills associated with these activities.  

 

One way to help teachers (as well as students) develop this skill is through in depth 

conversations about design solutions (e.g. “for this solution, what problem is being addressed?”) 

and by stopping design activities to ask each teacher (or student) to articulate the problem that 

they are currently addressing. Alternatively, teachers (and students) can be given a design 

scenario and then prompted to list all of the possible problems one might address as well as all of 

the information that would be needed to address those problems. Finally, we might consider 

tasks such as the Midwest Floods Task
10, 

which was developed
 
to assess college students’ 

problem scoping abilities. Tasks like this might be used both as instructional activities or as 

another means for assessing problem scoping ability. 

 

Implications for the instrument 

 

The significant difference in total score suggested that the instrument were able to reflect the 

teachers’ gained experience during the workshop. To further validate the instrument, we plan to 

have a second coder  apply the rubric to the data and have another group of teachers who do not 

go through professional development workshop perform the task twice within the time frame of a 

week.  

 

Although the total scores showed significant differences, the effect size represented only a small 

to medium difference. Because the difference is small, it is possible that the instrument needs to 

be refined. It could be that the task itself needs to be refined, although it is probably more likely 

that we need to revise the rubric so that it captures different levels of proficiency. However, there 

are two other possible explanations: 1) the teachers’ design process knowledge did not change 

dramatically because the professional development was not long enough or 2) the teachers did 

not fully engage in the task at the end of the workshop because they had just finished an intense, 

week-long professional development workshop. At this time, we believe that the possibility that 

the rubric cannot fully capture changes in design process knowledge is worth further 

consideration.  

 

As reported in this paper, as a first step to explore ways to assess elementary teachers’ 

knowledge on design process, we adopted a set of rubrics depending on whether the teachers 
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mentioned an aspect of the process or not. What the rubrics we used did not capture is the how 

differently the teachers reasoned the process qualitatively. We will develop in the future a set of 

rubrics that maps to different levels of reasoning as documented on design process learning 

literature.  

 

Ultimately, the instrument can be used in teacher professional development workshops to answer 

questions such as i) which aspects of the design process should be emphasized in the workshop 

according to the pre-test results, and ii) if instruction need to be tweaked according to the pre-test 

and post-test comparison. Because the data reported in this paper were gathered as part of a pilot 

study, we must consider the findings to be very preliminary and tentative, yet worthy of future 

follow-up study. 
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