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Abstract 
 
At the beginning of the school year of 2008, 76 elementary students from second through fourth 
grade participated in the study. We found significant differences between students from different 
grade levels in terms of their design process knowledge scores. Eleven of these students that 
received engineering instructions during the school year of 2008 went on to take on the same 
task at the beginning of the 2009 school year, along with 75 students that did not receive 
engineering instruction the first year.  
 
In the paper, we explore how the additional data collection in fall 2009 helps us in understanding 
the constructs of engineering design process knowledge. We observed that the score of fall 2009 
compared to that of spring 2009 did not exhibit a consistent trend in the small sample (n=11); we 
raised the question of whether it is due to task reliability or whether other factors should be 
considered when trying to look at longitudinal data in this context. 
 

Introduction 
 
Interest in introducing engineering design as process to elementary school children has continued 
to increase in recent years (Brophy, Klein, Portsmore, & Rogers, 2008; Duderstadt, 2008; Raizen, 
1995). Our motivation in examining the topic of students’ design process knowledge assessment 
is twofold. First, we are interested in developing an instrument that will help teachers with a 
means to formative assessment to students’ design activities. Also, we are interested in exploring 
how elementary students develop abilities in engineering design. In the study, we use an 
instrument that has been previously validated that asked students to comment on a depicted 
design process to assess how well students know the different aspects of the engineering design 
process (Hsu, Cardella, & Purzer, 2012). The overarching questions we are asking are: Do 
instructions and interventions make a difference in students’ argument of design process? What 
are the factors that impact students’ understanding of engineering design process?  

Previous Findings 

The analysis of the first year of data collection showed that before students received any 
engineering instructions, fourth graders performed significantly better than third graders and 
second graders . This result suggests that children’s ability to grasp the concepts is age-
dependent. Of this group of students, about half of them received engineering instruction during 
the school year and the other half did not. The instruction group received at least one unit of the 
“Engineering is Elementary” curriculum. At the end of the school year, the instruction group 
showed significant gains while the comparison group did not. The results seem to imply that the 
task and rubrics that we used were able to capture the differences between the two groups.  

Research Questions 



 

As we collected more data for the next school year, some of students in the instruction group 
repeated the task while students from other participants had never received engineering 
instructions. This round of data collection provides us with the opportunity to explore the 
following research questions: Do students we received engineering instruction the school year 
before maintain their design process knowledge? How do additional data help us in 
understanding the construct of design process knowledge?  

Setting of Data Collection and Participants 

In fall of 2009, eighty-seven students from 2nd through 4th grade were interviewed and asked to 
complete the design process knowledge task. Interviewers talked with students individually and 
showed them the illustration of a child’s design process and prompted the students’ response of 
what they think is good about the process and what needs to be changed about the process. Of 
these 87 students, eleven were in the engineering classroom in the school year of 2008 in which 
at least one unit of the “Engineering is Elementary” curriculum was introduced. The teachers in 
these engineering classrooms attended a summer professional development workshop on 
integrating engineering into curriculum. Eight of these 11 students were also interviewed two 
times in the prior school year, once before instruction in fall 2008 and the other after instruction 
in spring 2009. The other 76 students did not receive engineering instruction at this point and 
have not been interviewed before. Please see Table 1 for the number of students in each grade 
participating in the fall 2009 interview. 

We refer the group of students who received engineering instruction as the “instruction group” 
and the group who did not as the “comparison group”. The instruction group comes from two 
schools and the comparison group from five schools. All of these schools are in the same school 
district.  

Table 1. Grade level composition of the comparison group and the instruction group of the fall 
2009 interview 

  Comparison Group Instruction Group 

Grade 2 30 0 
Grade 3 26 7 
Grade 4 20 4 

76 11 
 

Analysis  

The audio recordings of the interviews were transcribed and analyzed with a coding scheme that 
we previously derived from using the grounded method by two independent users. The coding 
scheme consists of these following codes: Ask, Imagine, Plan, Create, Test, Improve, and 
Documentation. We assigned dichotomous scores for each of the code by calculating the number 
of design process concepts in each student’s response. The sum of the number of concepts was 
counted as each student’s total design process knowledge score. The maximum score was 7.  



Results and Discussion 

Because of the small sample size of the instruction group (n=11), we could not use either 
parametric or non-parametric test to test our hypothesis that the group indeed performs better 
with the task. We are listing the information of score means, standard deviations, and medians in 
Table 2. Please see Figure 1 for score distribution.  

Table 2. Descriptive statistics of the comparison group and the instruction group in the fall 2009 
data collection 

Comparison Group Instruction Group 
n 76 11 

Mean 1.39 2.18 
Median 1.00 2.00 

S.D. 1.27 1.83 
   

 

Figure1. Design Process Knowledge Score distribution among the instruction group and the 
comparison group  

We pointed out in the report of previous year’s results that no student comment on the “Ask” 
aspect of engineering design process least mentioned, which is consistent with studies on college 
engineering students’ design process knowledge (Bailey, 2008) and actual design behavior 
(Atman, Chimka, Bursic, & Nachtmann, 1999). We observed that for the first time, our student 
mentioned that asking should be incorporated into the design process. A 4th grader (I.8) said: 
“But what I think he could do differently was ask questions about it.  Like with his mom or his 
dad, and like how can I slow it down, how can I do stuff like that, how can I change the amount 
of pressure on it?” 

Also, Table 3 listed the score progressions of the individual students in the instruction group 
(two of them did not take the task in the 2008 school year). As consistent with the trend we 
observed from a larger group of student who received instruction, post-instruction score (spring 



2009) improves compared to pre-instruction score (fall 2008). We would expect that scores in 
fall 2009 be higher or at least equal to that of spring 2009. However, we are not seeing consistent 
increase; there is no consistent trend. This could be attributed to the lack of reliability of using 
the task to assess the knowledge construct, or it could be due to various reasons such as 
forgetting after the summer.  

Table 3. Score of the 11 students in the instruction group at three different points in time 

Design Process Knowledge Scores 
 Student Grade level in Fall 2009 Fall 2008 Spring 2009 Fall 2009 

I.1 3 1 3 0 
I.2 3 0 1 2 
I.3 3 3 4 3 
I.4 3 2 1 2 
I.5 3 0 3 1 
I.6 3 N/A N/A 2 
I.7 3 N/A N/A 0 
I.8 4 2 2 6 
I.9 4 1 5 5 

I.10 4 2 3 1 
I.11 4 N/A N/A 1 

 

In Figure 2, we compared the mean and standard of deviation of the two groups at three points in 
time (fall 2008, spring 2009, and fall 2009). Note that the instruction group in fall 2009 (n=11) is 
a subset of those being interviewed in fall 2008 and spring 2009 (n=37). Also, the comparison 
group in fall 2009 (n=76) is a total different group as compared to the group in fall 2008 and 
spring 2009 (n=34). As we stated earlier, because of the small sample size we have for the 
instruction group in fall 2009, we could not make inferences from statistical tests. However, we 
see that all the scores have very large standard deviation from the mean. This observation 
prompts the question of what it means to compare groups in this context. Are there other ways of 
assessing impacts of instruction other than comparing means or ranks?  

Finally, if we are to build a model of students’ understanding of design process knowledge from, 
the variables we are to consider is grade levels (Hsu, Cardella, & Purzer, 2010)and whether they 
receive instruction (Hsu et al., 2010). However, it seems that this might not be the whole story 
from what we have just reported. We are in the process of collecting and analyzing more data so 
the discussed issues can be further investigated. 



 

Figure 2. Score mean and standard deviation of the comparison group and the instruction group 
shown at three different points in time.  
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