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Abstract 

One of the goals of K-12 education is to help students develop skills and competencies to be 

creative thinkers. Engineering design activities provide a natural context for assessing and 

teaching creativity in K-12 classrooms. The purpose of this paper is to define engineering design 

creativity and develop an assessment tool to measure the creativity of students’ design ideas. 

This assessment tool is developed by analyzing and comparing four 4
th

 grade and four 5
th

 grade 

students’ design solutions to an egg drop activity. Individual students’ design drawings are 

evaluated based on novelty and quality. These results can be used to evaluate how aligned are 

students’ decisions in selecting an idea for further design and testing with the engineering 

creativity of the selected idea.  
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Introduction 

Creativity is vital to engineering success, and as such, fostering creativity is crucial in 

engineering education (National Academy of Engineering, 2004). Though research has 

historically targeted engineering in secondary and post secondary education, the framework for 

science education (National Research Council, 2012) now makes engineering important at all 

levels. The 2009 National Association of Engineering (NAE) report also stresses that 

engineering is a critical component of STEM education at all grade levels (NAE, 2009).  

 

The 2009 NAE report set forth several principles that we believe should be used for the 

development of the assessment tool we developed in our study: 1) K-12 engineering education 

should emphasize engineering design; 2) K-12 engineering should incorporate important and 

developmentally appropriate mathematics, science, and technology knowledge and skills; and 3) 

K-12 engineering education should promote engineering habits of mind (in which creativity is 

included). These principles are also highlighted in the framework for K-12 science education 

(NRC, 2012). By creating an assessment designed to evaluate engineering design creativity, we 

can measure the effectiveness of K-12 engineering lessons and programs in supporting 

engineering creativity while simultaneously reinforcing these principles. 

 

Literature Review 

When developing an assessment instrument, it is necessary to first establish an operational 

definition for the construct to be examined. The construct we focus on is engineering design 

creativity. Historically, cognitive scientists have defined creativity as a skill that encompasses 

fluency (also called quantity), flexibility (also called variety), and novelty (Torrance, 1974; 

Torrance, 1997). In alignment with these definitions, a multitude of creativity tests have been 
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developed. Cropley (2000) categorized these into tests of: 1) creative products; 2) the creative 

process; 3) the creative person; 4) procedures based on the adjective checklist. These general 

measures of creativity have limitations.  

 

Though several of these tests are used widely for assessing individual aptitude for creativity, e.g. 

the Torrance Tests of Creative Thinking (Torrance, 1997), and can generally be used at the K-12 

level, they do not specifically address the assessment of solutions to engineering problems. The 

need for engineering-specific creativity evaluation has given rise to another set of metrics such as 

Owens’ Creativity Test (Owens, 1960) and the Purdue Creativity Test (Laweshe, 1960). 

However, these instruments were limited as they assessed only divergent thinking. More 

recently, the Creative Engineering Design Assessment (CEDA) (Charyton & Merrill, 2009) 

incorporated both divergent and convergent thinking to measure individual creativity. Still, while 

the context of the questions included in these instruments focus on engineering (e.g., mechanical 

engineering design), what is measured are components of general creativity such as fluency and 

flexibility. 

 

According to Shah and Vargas-Hernandez, “an engineering design must not only be novel 

(unusual, unexpected) but it must also satisfy some intended function(s) to desired specifications 

(have desired utility).” (p. 111). In engineering design aspects such as technical feasibility, 

economic viability, and user desirability often need to be considered as key criteria (Kelley & 

Littman, 2001). Other metrics that address this gap (e.g., idea effectiveness in engineering design 

metric designed by Shah & Vargas-Hernandez, 2003) are often designed for professional or post-

secondary level design activities, too complex, and lack the structure needed to evaluate K-12 

students’ design ideas.  

 

Theoretical Framework 

The design of our instrument is built on Shah and Vargas-Hernandez (2003)’s definition of 

design creativity, especially when measuring ideation effectiveness. In their model of ideation, 

they argue that engineering design must satisfy a set of pre-determined specifications, and the 

success of a design is judged based on how well designs meet these desired goals. They have 

developed an objective and scientific approach to determining aspects of design ideas, which 

include: quantity, quality, novelty, and variety. Among these aspects, we focus on the assessment 

of two (quality and novelty), which can be quantified and assigned to each idea generated by the 

students (See Figure 1). 

 

 

 

 

 

 

 

Figure 1. Engineering design as the combination of quality and novelty  

(modified from Shah & Vargas-Hernandez, 2003)  

 

The other two aspects (quantity and variety) are excluded for several reasons. First, these metrics 

focus on the assessment of a person’s design creativity (a personality attribute) rather than the 
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assessment of his or her design ideas. In addition, in a design activity where students are asked to 

create a limited number of ideas, it is not possible to assess quantity (number of ideas generated 

by a student) or necessary to assess variety (number of different categories these ideas can be 

classified). Finally, though variety may be an indicator of creativity, refinement of ideas 

previously developed during ideation is a valuable attribute of engineering design creativity that 

would limit variety and not be reflected in its assessment. 

 

Purpose 

The purpose of this study was to develop an engineering design creativity assessment broadly 

applicable to diverse engineering design –problems used in K-12 classrooms. 

 

Methods 

Participants 

Data for this study were collected from 4
th

 and 5
th

 grade students at an independent school 

located in Indianapolis, Indiana. All students participated in an engineering class once a week for 

50 minutes. Students used design journals to record their designs, data, and engineering ideas. 

The students who designed the ideas analyzed for this study worked through the design process. 

The design processes emphasized in the design activities used a 5-step engineering design 

process (Boston Museum of Science, 2012): ask, imagine, plan, create, and improve. They 

conducted research before imagining and planning. They had to cooperate with their teammates 

in order to plan. They tested their designs to the point of failure, identified the point of failure to 

determine the parts that worked well and then improved those parts. Moreover, these students 

spent a significant amount of time reflecting and evaluating their designs.  

 

Curriculum 

The data for this study came from a packaging engineering activity where students designed egg 

containers for a fictitious organic farm. The students created egg containers that the farmers 

could use to store and transport their eggs. To test their designs, the containers were dropped 

from a distance of approximately 8 feet. After the drop, the containers were opened to determine 

the condition of the egg. 

 

Students first asked questions and conducted research about previous designs. Next, they 

engaged individually in ideation to develop four solution ideas. They evaluated their four ideas 

and placed a star next to the idea they felt was the best (based on effectiveness and cost). Next, 

all students in a group (N=3-4) shared their star ideas with their design group. The students then 

developed a group plan that incorporated elements from each member’s star design. After their 

plans were completed, students worked with their teams to construct the design they drew in 

their plan. They then tested and revised their design. Throughout and following the design 

process, students reflected on their designs, which were recorded in their design journals. 

 

Data Sources 

The main data source used for the development of the engineering design creativity assessment 

was students’ design journals and particularly drawings from the egg drop project. Students 

completed 4 unique drawings, labeled them, and calculated the cost for each design based on the 

cost of materials provided by their teacher. Each design considered the intersection of low cost 

and product effectiveness, and had to satisfy the needs of the client. We selected design journals 
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of four fourth grade (two girls and two boys) and four fifth grade (two girls and two boys) 

students. 

 

Development of the Engineering Design Creativity Metric 

As described in the theoretical framework, engineering design creativity is measured by 

examining two aspects: novelty and quality. 

 

Calculation of Novelty 

To measure novelty we first compiled all ideas generated by the students in our sample. This 

sample consisted of 32 ideas, four generated by each of eight students. The next step was 

identifying key attributes of these design ideas. For this analysis we examined students 

“imagine” design drawings. Several rounds of reviews resulted in identification of patterns that 

allowed us to group students’ design ideas based on their functional and structural 

characteristics. Seven different ideas emerged from this analysis (See Table 1).  

 

Table 1. Type and Frequency of Design Ideas 

 4
th

 grade 5
th

 grade Grades combined 

(A) Box, pouch, or tube with 

cushioning 

10/16 ideas 

 

9/16 ideas 

 

19/32 ideas 

(B) Box, pouch, or tube without 

cushioning 

3/16 ideas 

 

0/16 ideas 

 

3/32 ideas 

(C) Hanging in air 2/16 ideas 

 

0/16 ideas 

 

2/32 ideas 

(D) Sling 2/16 ideas 

 

0/16 ideas 

 

2/32 ideas 

(E) Wings on the sides 0/16 ideas 

 

2/16 ideas 

 

2/32 ideas 

(F) Life raft 0/16 ideas 

 

2/16 ideas 

 

2/32 ideas 

(G) Parachute 0/16 ideas 

 

2/16 ideas 

 

2/32 ideas 

 

Frequency counts of these ideas indicated how many ideas appeared repeatedly in the idea pool. 

The idea appearing most frequently was identified to develop a 5-point novelty scale. The 

highest frequency for an idea was 19 out of 32 ideas and the lowest frequency was 2, thus the 

novelty score chart is as follows, where the interval is two (19-2)/5 = 3.4 (rounded to 3.5).  

 

Table 2. Calculation of Novelty  

Novelty Score 5 4 3 2 1 

Frequency of Idea (out of 32) ≤2 ≤5.5 ≤8.5 ≤12 >12 

 

Calculation of Quality (Feasibility x Viability) 

The calculation of design quality was based on the two design criteria the students were asked to 

meet: 1) high effectiveness of the design in protecting the egg from breaking (technical 

feasibility) and 2) low cost (economic viability). Similar to the novelty score, 5-point scales were 
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developed for each of these design criteria. The quality score was calculated using again on a 5-

point scale. 

 

Table 3. Calculation of Feasibility  

Feasibility Score 5 4 3 2 1 

Key functions of Ideas: 

 Contains/holds egg 

 Keeps egg stable 

 Provides sufficient cushioning 

around egg 

 Provides sufficient cushioning 

under egg  

 Converts kinetic energy to 

potential energy (reduces 

impulse) 

 Slows down egg (increases 

drag or decreases acceleration 

during fall) 

Meets 5-6 

functions 

Meets 4 

functions 

Meets 3 

functions 

Meets 2 

functions 

Meets 0-1 

functions 

 

For cost, we recorded the cost of materials students identified for each design, using the lowest 

and highest cost to develop the scale. The highest cost indicated in design journals was $175 and 

the lowest cost was $50. The scale is created by ((175-50)/5 = 25) 

 

Table 4. Calculation of Viability  

Viability Score 5 4 3 2 1 

Cost of Idea ≤$75 ≤$100 ≤$125 ≤$150 >$150 

 

Calculation of Overall Engineering Creativity (Novelty x Quality) 

Overall engineering design creativity score was calculated by multiplying the novelty and quality 

scores, and its values range between 1 and 75.  

 

The most common idea identified by both 4
th

 grade and 5
th

 grade students was a design with 

cushioning consisting of bubble wrap, felt, and/or tissue paper. The parachute design, developed 

by only two students, was considered one of the most novel ideas. Another novel idea, sling 

design, was designed by a fourth grade student. This design resembled a sling idea where the egg 

was suspended by duct tape and attached to four corners of a box. 
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Table 5. Sample Design Ideas 
 

Idea 

Novelty Score 

(how different an 

idea is compared to 

others) 

Feasibility  

Score  

(is the idea 

effective) 

Viability  

Score 

(is the idea low 

cost) 

Overall 

Score 

Ivan, 4
th

 grade 

 
Sling Design (Star idea) 

$115 

5 5 3 75 

Nancy, 4
th

 grade 

 
Box Without Cushioning Idea 

(not a star idea) 

$50 

4 1 5 20 

Eric, 5
th

 grade

 
Parachute Design (Star idea) 

$150 

5 5 2 50 

Nicole, 5
th

 grade 

 
Vertical Tube Idea  

(not a star idea) 

$160 

5 3 1 15 

 

Conclusions and Discussion 
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The assessment method developed for this study provides a quantitative measure of engineering 

design creativity for a specific idea developed by elementary students. Both the novelty and the 

viability scores are calculated relying on the pool of ideas developed by the students. The 

feasibility score is calculated using a rubric that includes key design attributes or functions 

necessary for the idea to work.  

One aspect of this assessment method that is important to note is that the feasibility or 

effectiveness of ideas was not judged based on actual test results. For example, the two ideas 

with high engineering design creativity scores presented in Table 5 (sling idea and the parachute 

idea) were both unsuccessful in protecting the egg when tested by the students. These failures 

were due to diverse issues related to testing procedure, amount of cushioning used, and the way 

the parachute and the sling were constructed. However, these ideas reflect engineering creativity 

and theoretically would work, which the assessment is specifically designed to evaluate. 

Students’ judgments on the four design ideas compared above appear to be on target. The first 

two ideas (parachute & sling) were selected by the students as star ideas and used for further 

testing, while the last two were not identified as star ideas and developed further. However, 

further analysis of all 32 ideas is necessary to reach a robust conclusion. 

In summary, this paper makes a significant contribution to the current literature by describing the 

development of an engineering creativity instrument that: 

a) can be used in elementary classrooms, 

b) can help assess creativity in students design solutions & evaluate quality of decisions 

when comparing and selecting between alternatives, and 

c) emphasizes novelty and quality, which are both necessary for creativity in engineering. 

 

Further research is needed to test how adoptable this assessment is for different design projects 

and for older or younger grade levels. The metric described can be used by researchers to 

evaluate engineering creativity and compare the effectiveness of various teaching methods in 

supporting engineering creativity.  However, there is a need for future work to develop parallel 

measures that can be used by K-12 teachers in the classroom to evaluate where students’ 

strengths and weaknesses exist in specific aspects of engineering creativity (namely novelty and 

design quality) and how to strengthen weaknesses with targeted instruction. 
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