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Abstract 

The purpose of this study was to examine the effects of a teacher professional 

development program carried out by the Institute for P-12 Engineering Research 

& Learning (INSPIRE) on elementary students’ knowledge about science and 

engineering and their engineering identity. Teacher professional development 

programs for engineering at the elementary level remain a developing area and 

as such there is a need to examine their effects to maximize learning outcomes for 

students. Teachers in a large school district in the Southwestern U.S. implemented 

the Engineering is Elementary curriculum and Model Eliciting Activities 

throughout the 2009-10 school year. Participants were 836 students in 2
nd

 

through 4
th

 grade whose teachers either implemented the engineering curriculum 

(treatment) or did not (control). Treatment and control group students took the 

Student Knowledge Tests (SKTs), which consist of separate tests for each grade 

level and the Engineering Identity Development Scale (EIDS), which assessed 

engineering identity beliefs. Results showed significant differences between 

treatment and control group students for all three grades on the SKTs. The 

Academic subscale of the EIDS showed no significant differences between groups, 

while the Engineering Career subscale showed that treatment group students 

scored significantly higher than control group students in all three grades. 

Implications include increased use of the engineering curriculum at the 

elementary level to improve student achievement and interest more students in 

engineering. 

 

 

Introduction  
 

Engineering curricula and engineering teacher professional development (TPD) at the elementary 

level remains a developing area (National Academy of Engineering, 2009). As such, there are 

few studies that reveal the impact of such teacher professional development programs, or 

engineering interventions on students’ engineering design, science, and technology knowledge. 

For example, the National Academy of Engineering (NAE, 2009)
 
reports that there is a “paucity 

of data” available to assess the impacts of K-12 engineering education on many student 

outcomes, which “reflects a modest, unsystematic effort to measure, or even define, learning and 

other outcomes” (p. 154). Furthermore, with engineering starting to appear more in K-12 

standards (Strobel, Carr, Martinez-Lopez, & Bravo, 2011), it is becoming increasingly important 
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to systematically measure the outcomes of TPD programs in engineering on students’ content 

knowledge and attitudinal outcomes.  

 

TPD programs in engineering are needed as early as the elementary level to not only strengthen 

students’ content knowledge in STEM, but to increase students’ interest in STEM fields, 

especially underrepresented minorities and females, who lag behind their peers in math and 

science (National Science Foundation, Division of Science Resources Statistics, 2006). 

Furthermore, elementary school is the point where students start losing interest in science (Baird 

& Penna, 1992), especially girls (Abell, 2007). As such, TPD in engineering is needed to 

integrate STEM concepts to increase students’ content knowledge, as well as attitudinal 

outcomes such as self-efficacy and perceptions of engineers. 

 

Background 

 

Although still a developing area, engineering at the elementary school level has recently gained 

momentum (NAE, 2009). School districts are increasingly incorporating K-12 engineering 

programs at the K-12 level, for example Orange County Public Schools in Florida and schools in 

Arlington, Texas have implemented large-scale elementary engineering teacher professional 

development and curricular integration. This momentum is also reflected in the standards, where 

more and more standards at the K-12 level have incorporated engineering. For example, the 

national science standards contain several explicitly stated engineering components (Strobel, 

Carr, Martinez-Lopez, & Bravo, 2011). Furthermore, several states have engineering standards, 

while engineering is embedded within other contexts in several more state’s standards (Strobel et 

al., 2011).  

 

As such, quality teacher professional development (TPD) programs that enable elementary 

teachers to effectively integrate engineering into their classrooms are needed. Duncan, Diefes-

Dux, and Gentry (2011) note that “teachers typically lack formal instruction on engineering” (p. 

520). One issue is that teachers with knowledge deficiencies in particular subject areas will often 

neglect to cover the material on that subject due to the fear that they will be unable to answer 

questions or deal with situations encountered while teaching that subject (Brophy, Klein, 

Portsmore, & Rogers, 2008; Capobianco, Diefes-Dux, & Weller, 2011). Teachers of younger 

children, particularly in the lower elementary levels, may find dealing with engineering related 

content while answering questions and teaching design, difficult, especially while balancing time 

constraints in the classroom (LaChapelle, Cunningham, Lee-St. John, Cannady, & Keenan, 2010; 

Rogers & Portsmore, 2004).  Therefore, it is important that teachers not only receive training, but 

also develop a level of comfort in subjects that they do not know well. 

 

Additionally, teacher professional development programs in engineering are needed to curb the 

loss of interest in STEM subjects that occur starting as early as elementary school. This is 

especially important for female students who tend to show less interest in science than boys 

(Dawson, 2000). Girls in particular also “turn off” to science and mathematics as early as 

elementary school (Abell, 2007; Davison, Miller, & Metheny, 1995; Lederman, 1997; Roth, 

1996). Furthermore, many misconceptions are present among elementary students who do not 

understand what engineering is or what engineers do. For example, an analysis of middle school 

students’ drawings of engineers showed that while many students have no perception of 



engineering (one of three drawings portrayed no person at all), students who drew engineers 

most commonly drew engineers working outdoors and engaged in manual labor (Fralick, Kearn, 

Thompson, & Lyons, 2009). These perceptions can negatively affect students, especially 

females, who cannot relate and as a consequence may not pursue further study or careers in 

STEM fields (Packard & Wong, 1999). 

 

Finally, there has been little research on pre-adolescent students’ engineering identity formation 

and career aspirations (Capobianco, French, & Diefes-Dux, in preparation). One such instrument, 

the Inventory of Children’s Activities – Revised (ICA-R), measures elementary students’ 

interests and self-efficacy in various domains, including science and engineering-type activities 

(Tracey & Ward, 1998). The instrument focuses on interest rather than career aspirations because 

many occupations are unfamiliar to children (Tracey, 2002). It was found that girls score higher 

on the Artistic, Social, and Conventional subscales while boys score higher on Realistic and 

Investigative subscales (Tracey, 2002; Tracey & Ward, 1998), the latter of which tend to fall into 

activities performed in STEM fields. Given this, it is important to examine whether a TPD 

program in engineering has an effect on student outcomes according to sex.  

 

The construct of identity includes findings from a prior study indicating that students’ identity 

consists of “self-beliefs in who they are as students (academic identities),…affiliation or 

attachment to their respective engineering programs, courses, and/or the university (institutional 

or school identities, …beliefs in who they are as women and how their gender is mediated in an 

academic program (gendered identities), …and someone they aspire to be and/or how others 

encourage and support them (role models)” (Capobianco et al., in preparation, p. 8). It is 

necessary to determine whether students identify more strongly with engineering following 

integration of engineering curricula into their classroom to determine whether a TPD program in 

engineering is achieving the desired effects. 

 

Purpose 

 

The purpose of this study was to examine the effects of a teacher professional development 

program carried out by the Institute for P-12 Engineering Research & Learning (INSPIRE) on 

elementary students’ knowledge about science and engineering as well as their attitudes about 

engineering (engineering identity). Teacher professional development programs for engineering 

at the elementary level remain a developing area and as such there is a need to examine their 

effects to maximize learning outcomes for students. Specifically, the research questions were: 

 

 What are the effects of an engineering curriculum on elementary students’ content 

knowledge in science and engineering? 

 What are the effects of an engineering curriculum on elementary students’ engineering 

identity development? 

 

Methods 

 

Teacher Professional Development Program 

 



The summer academies at INSPIRE are week-long training workshops in which INSPIRE 

engineering education experts (faculty, staff, and graduate students) utilize a variety of methods 

and hands-on activities to aid teachers in their understanding of engineering and how to 

implement engineering lessons in their classrooms. Teachers primarily learn to use Engineering 

is Elementary (EiE; Boston Museum of Science, 2012) instructional materials, which integrate 

the engineering design process as well as concepts in technology, science, social studies, and 

literacy (Lachapelle et al., 2010). Teachers were also exposed to Model-Eliciting Activities 

(MEAs), which are open-ended problems for which students design a model or procedure to 

solve the problem (Diefes-Dux, Zawojewski, & Hjalmarson, 2010). 

 

Design and Procedures 

 

The design of the study was quasi-experimental, with a nonrandomized control group and pre-

post test at the beginning and end of the school year. An engineering TPD program was 

implemented in a large school district in the southwestern United States. Teachers attended a 

week-long summer academy to learn how to use the Engineering is Elementary curriculum and 

Model Eliciting Activities throughout the 2009-10 school year. At the beginning and end of the 

school year, teachers in both the treatment and control groups were asked to administer the 

instruments to their students. The instruments were given to the research team to enter into a 

database and analyze.  

 

Participants 

 

Participants consisted of 836 students in grades 2 through 4. Of those students, a total of 91 

students were in the control group and 745 students were in the treatment group. Sex was 

approximately equally represented.  Participants were ethnically diverse, with 10 Native 

American/Alaskan Natives, 76 Asian/Pacific Islanders, 141 African Americans, 277 Hispanics, 

238 Caucasians, one mixed race, and 93 unreported. Table 1 shows the total number of students 

in the treatment and control groups by gender, excluding those who did not report their sex. 

 

Table 1.  Number of Participants by Group and Sex 

 

 Control Treatment Total 

Female 42 347 389 

Male 49 325 374 

Total 91 672 763 

 

Instruments 

 

Knowledge of science and engineering was measured by the Student Knowledge Tests (SKTs), 

which consist of separate tests for each grade level (2
nd

, 3
rd

, and 4
th

). There are 15 multiple-

choice items for each test, measuring science, engineering, and technology concepts. The SKTs 

have shown to be reliable measures of students’ content knowledge (Dyehouse, Diefes-Dux, & 

Capobianco, 2011). 

 



The Engineering Identity Development Scale (EIDS) was developed to measure the engineering 

identity development of students in grades 1 through 5. Following an exploratory and 

confirmatory factor analysis (Capobianco et al., in preparation), two subscales were identified: 1) 

Academic (α = .58) and 2) Engineering Career (α = .70) with an overall Cronbach’s α reliability 

of .76. The Academic subscale contains items that measure the types of work that engineers do 

(e.g., design, work in teams) and the Engineering Career subscale contains items that measure 

career aspirations with respect to engineering (e.g., solve problems that help people, design 

things). There are six items making up the Academic subscale and ten items that make up the 

Engineering Career subscale. The version for grades 1 and 2 contains items with three 

developmentally appropriate response choices (sad face, neutral face, smiley face), while the 

version for grades 3 through 5 contains items on a 1 to 3 scale (no, not sure, yes). 

 

Data Analysis 

 

The data were analyzed using two-way analysis of covariance (ANCOVA) to control for pre-test 

differences on both the SKTs and the EIDS. We examined the two factors of group (treatment or 

control) and sex (male or female) on the post-SKTs and post-EIDS.  

 

Results 

Engineering Identity Development Scale (EIDS) 

Results for the EIDS Academic subscale showed no significant differences between treatment 

and control groups, males and females, or interaction effects for all three grades. Table 2 shows 

the means, standard deviations, and ANCOVA results by grade level for the Academic EIDS 

subscale. 

Table 2. EIDS Academic Subscale Results by Grade Level. 

Grade Factor n Mean (SD) F p 

2
nd

 Control group 14 15.21 (2.12) .627 .430 

Treatment group 157 15.59 (2.18) 

Female 93 15.68 (2.28) 1.37 .243 

Male 78 15.41 (2.04) 

Interaction -- -- .917 .340 

3
rd

 Control group 27 15.04 (1.70) .060 .807 

Treatment group 168 15.21 (2.21) 

Female 95 15.27 (1.93) .006 .939 

Male 100 15.11 (2.34) 

Interaction -- -- .104 .747 

4
th

 Control group 33 15.88 (1.75) 2.80 .096 

Treatment group 227 15.43 (2.14) 

Female 139 15.52 (2.20) .882 .349 

Male 121 15.45 (1.98) 

Interaction -- -- 1.18 .279 

 



However, for the EIDS Engineering Career subscale, significant differences were found between 

the treatment group and the control group for all three grades on the post-EIDS Engineering 

Career subscale (Table 3). Specifically, for grade 2, the treatment group (mean = 25.76, sd = 

3.18) scored significantly higher than the control group (mean = 20.64, sd = 3.13) on the post-

EIDS Engineering Career subscale: F(1,165) = 35.82, p < .001, partial η
2
 = .178. Similarly, 

students in the 3
rd

 grade who were in the treatment group (mean = 24.61, sd = 3.18) scored 

significantly higher than students in the control group (mean = 22.07, sd = 3.03) on the post-

EIDS Engineering Career subscale: F(1,190) = 14.21, p < .001, partial η
2
 = .070. Finally, grade 4 

students showed a similar pattern, with students in the treatment group (mean = 24.41, sd = 2.70) 

scoring significantly higher than students in the control group (mean = 22.85, sd = 2.69) on the 

post-EIDS Engineering Career subscale: F(1,255) = 10.21, p = .002, partial η
2
 = .038. 

No differences between sex or interaction effects were found for the EIDS Engineering Career 

subscale. 

Table 3. EIDS Engineering Career Subscale Results by Grade Level. 

Grade Factor n Mean (SD) F p 

2
nd

 Control group 14 20.64 (3.13) 35.82 <.001 

Treatment group 157 25.76 (3.18) 

Female 93 25.50 (3.14) .845 .359 

Male 78 25.14 (3.83) 

Interaction -- -- .358 .550 

3
rd

 Control group 27 22.07 (3.03) 14.21 <.001 

Treatment group 168 24.61 (3.18) 

Female 95 24.48 (3.42) .106 .745 

Male 100 24.04 (3.13) 

Interaction -- -- 2.57 .111 

4
th

 Control group 33 22.85 (2.69) 10.21 .002 

Treatment group 227 24.41 (2.70) 

Female 139 24.00 (2.88) 3.56 .060 

Male 121 24.45 (2.58) 

Interaction -- -- 1.23 .268 

 

Student Knowledge Tests (SKTs) 

Results for the SKTs for each grade level showed a similar pattern (see Table 4). That is, for all 

three grades, there were no significant differences found between sex, nor was there a significant 

interaction effect. However, significant differences were found between treatment and control 

groups on the post-SKTs for all three grade levels. Specifically, for grade 2, students in the 

treatment group (mean = 9.71, sd = 3.70) scored significantly higher than students in the control 

group (mean = 6.86, sd = 2.14) on the post-SKT: F(1,179) = 8.35, p = .004, partial η
2
 = .045. 

Similarly, for third grade students, those who were in the treatment group (mean = 8.82, sd = 

3.72) scored significantly higher on the post-SKT than students who were in the control group 

(mean = 4.53, sd = 2.00): F(1,190) = 19.85, p < .001, partial η
2
 = .095. Finally, students in fourth 

grade who were in the treatment group (mean = 9.74, sd = 3.53) scored significantly higher than 



students in the control group (mean = 8.29, sd = 2.39) on the post-SKT: F(1,245) = 4.60, p = 

.033, partial η
2
 = .018. 

Table 4. SKT Results by Grade Level. 

Grade Factor n Mean (SD) F p 

2
nd

 Control group 14 6.86 (2.14) 8.35 .004 

Treatment group 170 9.71 (3.70) 

Female 99 9.58 (3.69) .378 .539 

Male 85 9.40 (3.69) 

Interaction -- -- .570 .451 

3
rd

 Control group 15 4.53 (2.00) 19.85 <.001 

Treatment group 180 8.82 (3.72) 

Female 94 8.46 (3.73) .500 .480 

Male 101 8.52 (3.87) 

Interaction -- -- .450 .503 

4
th

 Control group 34 8.29 (2.39) 4.60 .033 

Treatment group 216 9.74 (3.53) 

Female 136 9.29 (3.55) .667 .415 

Male 114 9.84 (3.28) 

Interaction -- -- .005 .941 

 

Discussion 

The purpose of this study was to examine the effects of an engineering curriculum on elementary 

students’ content knowledge in science, technology, and engineering as well as their identity 

development, specifically their academic identity and their engineering career identity. The 

results revealed significant differences between treatment and control group students for all three 

grade levels on the SKT scores. That is, students in each grade who were in the treatment group 

scored significantly higher than students who were in the control group on the post-SKTs while 

controlling for pre-SKT scores. There were no significant differences between females and males 

found for the SKT scores. These results lend support to prior research that shows TPD programs 

can have an effect on students’ achievement (Fishman, Marx, Best, & Tal, 2003).  

Next, regarding students’ scores on the Engineering Identity Scale (EIDS) following the 

implementation of engineering in the classroom, we found that for the Academic subscale there 

were no significant differences between the treatment and control groups for each grade level nor 

were there significant differences between males or females for each grade level. This implies 

that the engineering curriculum may not have an effect on student’s beliefs about how they 

perform academically. That is, although students’ in the treatment group showed significant 

content knowledge differences on the SKTs, their perceptions of how they perceive themselves 

academically did not differ from the control group on the post-EIDS Academic subscale. This is 

surprising, because prior research shows a relationship between students’ academic achievement 

and their self-efficacy beliefs (Bandura, Barbaranelli, Caprara, & Pastorelli, 1996).  



Finally, we found significant differences on the Engineering Career subscale of the EIDS 

between students in the treatment and control groups for all three grade levels. Results showed 

that students in the treatment group showed higher Engineering Career identity than students in 

the control group, implying that students had an increased understanding of what engineers do 

and that they were able to identify with some of these roles (e.g., design things). This is a 

positive result because misperceptions of who engineers are or what engineers do is common 

among K-12 students (Fralick et al., 2009). This also aligns with prior research that studied the 

effects of the Engineering is Elementary curriculum, where research showed that following the 

EiE curriculum, students had a better understanding of the work of engineers (Lachapelle & 

Cunningham, 2007) and report more interest in being an engineer (Cunningham & Lachapelle, 

2010).  

In conclusion, this study lends support to the INSPIRE TPD program in that it is able to increase 

students’ science, math, and engineering content knowledge as well as increase students’ 

identification with an engineering career. Future research should explore why students’ 

perceptions of their academic identity does not similarly increase. Finally, some limitations to 

note in this study are the smaller number of control group students compared to the treatment 

group and the lack of random selection, meaning that these results may not generalize outside of 

this study.  

Implications 

 The INSPIRE TPD program shows potential for increasing 2
nd

 to 4
th

 grade students’ content 

knowledge in science and engineering as well as engineering career identification. Implications 

of the study include support for TPD programs in engineering at the elementary school level to 

increase students’ STEM achievement and interest more students in engineering.  
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