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Executive Summary 
 

In the fall of 2014, the Maricopa County Educational Service Agency, an agency of the 

Maricopa County School Superintendent’s Office, began the Engineering STEM Identity (ESI) 

project. Funded by the United States Department of Education the project proposed a novel 

approach to address the national STEM professional shortage by using strong theory-based 

methodologies that built upon previous efforts for supporting 6th through 8th grade students and 

teachers.  

 

The project aimed to create a prototypical process for developing student STEM Identity that 

would add to the development and advancement of theory, knowledge, and practices for K-12 

STEM education.  ESI targeted middle grade students and aimed to maximize student persistence 

in STEM by emphasizing STEM identity using a holistic approach that redesigned student 

experiences using a Modeling Curriculum, STEM Professionals, Challenge Cohorts, and Peer 

Panel discussions. Teachers were trained in this new pedagogy. Content knowledge and 

processes were established so students living in rural communities could equally benefit. 

 

The following paper reports the impact of the ESI program on students who participated in two 

years of the program (SY 2014-2015 and SY 2015- 2016) while they were in 6th and 7th grades 

respectively. Impact was determined by studying student achievement in science and math based 

on the Assessment Technology Incorporated’s Galileo Assessment. Achievement of treatment 

students was compared to a similar group of comparison schools and students who did not 

receive the ESI services.    

 

Findings: The two year analysis, which was conducted in accordance with What Works 

Clearinghouse standards with reservations requirements, shows ESI students made progress 

toward attaining the goals of the grant, particularly at the six-grade level and after two years of 

program participation. Importantly, the effect size and the improvement index more than doubled 

for ESI 6th Grade students in Science at the conclusion of the second year of program exposure 

when compared to those same students after one year of program exposure. ESI students in both 

years achieved statistically significant gains in Science as compared to developmental level 

achievement scores of students in the comparison group. 
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1.  Introduction 

A well-prepared, innovative science, technology, engineering and mathematics (STEM) 

workforce is crucial to the Nation's health and economy. Indeed, recent policy actions and 

reports have drawn attention to the opportunities and challenges inherent in increasing the 

number of highly qualified STEM graduates, including STEM teachers. Priorities include 

educating students to be leaders and innovators in emerging and rapidly changing STEM fields 

as well as educating a scientifically literate populace. Achieving these priorities depend on the 

nature and quality of the education experience.  

The Investing in Innovation (i3) Fund administered by the US Department of Education supports 

these priorities. The i3 program was established under section 14007 of the American Recovery 

and Reinvestment Act of 2009 (ARRA). The program, through a competitive grant process, 

provides funding to eligible applicants with a record of improving student achievement and 

attainment to expand the implementation of, and investment in, innovative practices that are 

demonstrated to have an impact on improving student achievement or student growth, closing 

achievement gaps, decreasing dropout rates, increasing high school graduation rates, or 

increasing college enrollment and completion rates. 

The Maricopa County Education Service Agency (MCESA) was awarded an i3 grant to develop 

the Engineering STEM Identity (ESI) project. ESI focuses on the development of STEM identity 

in middle school students and the utilization of the Modeling Instruction supported by STEM 

professionals as an instructional approach for learning. The program was designed to support 

students who live in both urban and rural communities with a focus on underserved youth. The 

first year of this multi-year grant was the 2014 – 2015 school year. The project is funded through 

School Year 2016-2017.  

This report provides the evaluation findings of the first two years of the three year project. 

 

2.  Background/Problem  
Nationally, engineering corporations and technology-dependent industries face a future shortage 

of highly skilled employees, and colleges and universities are unable to meet the increased 
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demand (NAE, 2013). Without research-based intervention, this urgent need will not be fulfilled. 

For decades, researchers in science and engineering education have been working toward 

increasing student persistence and likelihood to choose STEM careers. Efforts to prepare 

students in math and science have continued to fall short and contribute to the greater national 

STEM professional crisis.  

The results reported in this paper show that the ESI students made progress toward attaining the 

goals of the grant. This finding was particularly evident with students who began the program as 

sixth graders and had two years of program participation.  

 

3.  Evaluation Design 
The ESI Grant evaluation utilized qualitative and quantitative, formative and summative 

evaluation methods to determine the effectiveness of the grant. Using this Cluster Quasi-

Experimental Design (QED) schools were matched on important variables such as achievement, 

percent on free lunch, or size - prior to the implementation of the grant.  

 

A Comparison group of schools and students were identified and matched with the treatment 

schools based on achievement, school size and free/reduced lunch.  The Comparison teachers 

and students followed the traditional science teaching method which involved lecture and 

demonstration.  

 

Both the Treatment and Comparison schools followed the Arizona Science Standards and 

Arizona State Standards for Literacy in Science and Technical Subjects. Even though the 

Treatment and Comparison schools utilized different approaches to teaching science, they 

incorporated the state standards in science education.  

 

The participating schools included large and small student populations, generally had high free-

reduced lunch percentages, and varied levels of student achievement. Most of the schools were in 

Maricopa County and administrators agreed to participate as Treatment or Comparison groups. 
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A three-component investigation with evaluation and statistical analysis based on What Works 

Clearinghouse standards was undertaken and is featured in this paper. The investigation 

included:  

 
Analysis 1: One-Year Investigation. 

• Analytic Sample. Sixth Graders from eight schools (four treatment and 
four comparison schools) 

• Pretest/Posttest In Math and 
Science. 

ATI Developmental Level Scores Fall 2014 – Spring 
2015 

• Average Number of Matched 
students having pre and post 
test scores, 

ESI Students N = 207 
Comparisons N = 290 

 
Analysis 2: Two-Year Investigation of same sixth graders promoted to seventh grade. 

• Analytic Sample. Sixth Graders from eight schools (four treatment and 
four comparison schools) 

• Pretest/Posttest In Math and 
Science. 

ATI Developmental Level Scores Fall 2014 – Spring 
2016 

• Average Number of Matched 
students having pre and post 
test scores. 

ESI Students N = 190 
Comparisons N = 217 

 
Analysis 3: One -Year Investigation of new seventh graders entering the program in year two. 

• Analytic Sample. Seventh Graders from ten schools (six treatment and 
four comparison schools) 

• Pretest/Posttest In Math and 
Science. 

ATI Developmental Level Scores Fall 2015 – Spring 
2016 

• Average Number of Matched 
students having pre and post 
test scores. 

ESI Students N = 239 
Comparisons N = 281 

 
The analyses performed and reported in this paper include: 

• Independent t tests • ANCOVA • Cohen’s d 
• Baseline Equivalence • Gain Score Analysis • Hedges’ g 
• Improvement Index   
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As indicated, the analyses were conducted in accordance with What Works Clearinghouse 

Standards with reservations. Specific requirements that were addressed included:  
 
Baseline Equivalence (BE) 

This estimate is computed from the difference of the pretest means of the Treatment and 

Comparison groups which is standardized by the pooled standard deviation of the two groups’ 

posttest. The criteria for analysis are given in WWC Version 3.0 in the following: If the BE is 

greater than zero and less than or equal to .05, then the two groups are sufficiently comparable 

and no statistical adjustment is required.  If the BE is greater than .05 or less than or equal to .25, 

then a statistical adjustment should be made. If the BE is greater than .25, then there is no 

recommendation suggested by WWC to compare the two groups. A BE greater than .25 would 

indicate systematic differences at a level whereby a statistical adjustment e.g., ANCOVA would 

be inappropriate.   

 

As stated in the WWC, “If the reported difference of any baseline characteristic is greater than 

0.25 standard deviations in absolute value (based on the variation of that characteristic in the 

pooled sample), the intervention and comparison groups are judged to be not equivalent. The 

standard limiting pre-intervention differences between groups to 0.25 standard deviations is 

based on Ho, Imai, King, & Stuart (2007). For differences in baseline characteristics that are 

between 0.05 and 0.25 standard deviations, the analysis must include a statistical adjustment 

for the baseline characteristics to meet the baseline equivalence requirement. Differences of less 

than or equal to 0.05 require no statistical adjustment” (What Works Clearinghouse, 2015). 

Tables 1 and 6 show the baseline equivalence between ESI students and comparison students and 

the results determine whether gain score analysis is utilized or the statistical adjustment 

(ANCOVA) is conducted. See Note under each Table for more information. 

 
Improvement Index 
Another measure to help readers interpret the practical importance of an intervention’s effect is 

the way WWC translates effect sizes into “improvement index” values. The improvement index 

represents the difference between the percentile rank consistent with the mean value of the 

outcome for the intervention group and the percentile rank consistent with the mean value of the 

outcome for the comparison group distribution. “The improvement index can be interpreted as 
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the expected change in percentile rank for an average comparison group student if the student 

had received the intervention” (What Works Clearinghouse, 2015). 

 

Hedges’ g Effect Size 
The WWC has adopted the most commonly used effect size index, the standardized mean 

difference known as Hedges’ g. It is defined as the difference between the outcome (posttest) 

means for the intervention group and comparison group, divided by the pooled standard 

deviation of the outcome measure. For differences in baseline characteristics that are between 

0.05 and 0.25 standard deviations, the analysis must include a statistical adjustment (ANCOVA) 

followed by a Hedges’ g calculation that reports the adjusted means and unadjusted standard 

deviations and uses these in computing effect sizes (What Works Clearinghouse, 2015). For 

baseline equivalence beyond 0.25, the Cohen’s d effect size calculation is used for gain score 

analysis. 

 

4.  Achievement Measure 
The Assessment Technology Incorporated (ATI), Galileo® longitudinal scale scores are based in 

Item Response Theory (IRT) from information gained through assessment to estimate a measure 

of student learning called the Developmental Level (DL) score. The DL score indicates a 

student’s position on a developmental path in the form of longitudinal scale scores that can be 

compared across years and grades. The DL Score can also be seen as a norm-referenced score 

and interpreted in a way that is more understandable and reasonable for teachers, administrators, 

specialists and parents (Bergan, Bergan, & Guerrera, 2009).  

 

In the analyses featured in this paper, the Galileo Math and Science tests were not comparable 

for simple pretest and posttest comparisons across grades/years. Thus, ATI converted the pretests 

and posttests to one longitudinal scale score (DL score) where the pretest-posttest comparisons 

could be made. ATI reports high reliability of the Galileo Math and Science management test 

system and along with DL scores includes growth expectations scores, raw scores, and 

percentages correct. The test was developed to measure Arizona Common Core elements.  Its 

reliability and validity have been shown to be high with alpha = .90. 
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5.  Results / Conclusions 
6th Graders 2014-2015 (One-Year Analysis): 
Math – When baseline equivalence was calculated, the difference in pretest means of the 

treatment and comparison group was 39% (.39) of the pooled standard deviations (PSD). Gain 

Score Analysis was utilized as a result of pretest mean differences being greater than 25% of the 

PSD (see Table 1 for baseline equivalence). The ESI students (N = 202) had shown a pretest 

mean M = 1040.68 and a posttest mean M = 1118.78 showing a pre/post difference of 78.10. The 

comparison group (N = 333) had shown a smaller pretest mean M = 1003.30 and posttest mean 

M = 1080.02 with a pre/post difference of 76.72. An independent samples t-test was performed 

on gain scores from pretest to posttest and had not shown a statistically significant effect (p = 

.833). Cohen’s d (the effect size used for gain score analysis) was estimated at .02, which is a 

small effect size based on Cohen’s (1992) guidelines. See Table 2. 

 
Science – When baseline equivalence was calculated, the difference in pretest means of the two 

groups was 15% (.15) of the pooled standard deviations. An Analysis of Covariance (ANCOVA) 

was utilized as a result of pretest mean differences being less than 25% of the PSD between the 

ESI group (N = 211) and the comparison group (N = 247). ANCOVA had shown a statistically 

significant difference in the adjusted posttest means between ESI students M = 1073.65 and 

comparisons M = 1057.70 after controlling for the pretest covariate (p = .018). Thus, the ESI 

students had shown a statistically significantly larger adjusted posttest mean than the comparison 

students after controlling for pretest scores. The resulting improvement index was +6, 

corresponding to moving performance for the average student from the 50th to the 56th 

percentile of the comparison group distribution if he or she had received the intervention (What 

Works Clearinghouse, 2015). See Table 3.  

 
6th Graders 2014-2016 (Two-Year Analysis): 
Math – Baseline equivalence is based on 2014 pretest means and follows the same calculation as 

the one-year BE analysis above. Therefore, the difference in pretest means of the treatment and 

comparison groups was 39% (.39) of the pooled standard deviations and Gain Score Analysis 

was utilized as a result (see Table 1 for baseline equivalence). The numbers (N) of students have 

changed because of matching 2014 with 2016 scores (two-year analysis). The ESI students (N = 

168) had shown a pretest mean M = 1040.68 and a posttest mean M = 1201.14 showing a 



 9 

pre/post difference of 160.66. The comparison group (N = 188) had shown a smaller pretest 

mean M = 1003.30 and posttest mean M = 1167.62 with a pre/post difference of 164.32. An 

independent t-test was performed on gain scores from pretest to posttest and did not show a 

statistically significant effect (p = .684). Cohen’s d (the effect size used for gain score analysis) 

was estimated at .04, which is a small effect size based on Cohen’s (1992) guidelines. See Table 

4. 

 
Science – Baseline equivalence here is also based on 2014 pretest means with the same 

calculation as above (and in Table 1). With the difference in pretest means at 15% (.15) of the 

pooled standard deviations, ANCOVA was conducted between the ESI group (N = 211) and the 

comparison group (N = 247). ANCOVA had shown a statistically significant difference in the 

adjusted posttest means between ESI students M = 1183.46 and comparisons M = 1144.23 after 

controlling for the pretest covariate (p < .001). Thus, the ESI students had shown a statistically 

significantly larger adjusted posttest mean than the comparison students after controlling for 

pretest scores. The resulting improvement index was +15, corresponding to moving performance 

for the average student from the 50th to the 65th percentile of the comparison group distribution 

if he or she had received the intervention (What Works Clearinghouse, 2015). The effect size 

and the improvement index more than doubled for ESI 6th Grade students in Science at the 

conclusion of the second year of program exposure when compared to those same students after 

one year of program exposure. Sixth grade ESI students in both years achieved statistically 

significant gains in Science as compared to achievement of students in the comparison group. 

See Tables 3 and 5.  

 
7th Graders 2015-2016 (One-Year Analysis): 
Math – The baseline equivalence calculation (2015) had shown a difference in pretest means 

between the groups at 31% (.31) of the pooled standard deviations therefore, Gain Score 

Analysis was conducted (as shown in Table 6). The ESI students (N = 238) had shown a pretest 

mean M = 1145.78 and a posttest mean M = 1203.07 showing a pre/post difference of 57.29. The 

comparison group (N = 284) had shown a smaller pretest mean M = 1123.30 and posttest mean 

M = 1174.53 with a pre/post difference of 51.23. A t-test was performed on gain scores from 

pretest to posttest and had not shown a statistically significant effect (p = .407). Cohen’s d (the 
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effect size used for gain score analysis) was estimated at .06, which is a small effect size. See 

Table 7.  

 
Science – Baseline equivalence is based on 2015 pretest means and follows the same calculation 

as the analysis above. Therefore, the difference in pretest means of the treatment and comparison 

groups was 30% (.30) of the PSD and Gain Score Analysis was utilized as a result (see Table 6 

for baseline equivalence). The ESI students (N = 240) had shown a pretest mean M = 1129.60 

and a posttest mean M = 1172.16 showing a pre/post difference of 42.56. The comparison group 

(N = 279) had shown a smaller pretest mean M = 1005.69 and posttest mean M = 1140.76 with a 

pre/post difference of 34.77. A t-test was performed on gain scores from pretest to posttest and 

did not show a statistically significant effect (p = .285). Cohen’s d was estimated at .04. While 

not statistically significant, new ESI students entering 7th grade in Year 2 of the ESI program had 

shown larger gains from pre to posttest in both math and science over the comparison group. See 

Table 8. 

 

Conclusion: Overall, this paper illustrates that the 6th Grade ESI Treatment students after two 

years of program exposure in Science had shown progress toward achieving the goals of the 

project. The effect size and the improvement index had more than doubled for ESI 6th Grade 

students in Science at the conclusion of the second year of program exposure when compared 

with these same measures after one year of program exposure. Both years had shown statistically 

significant gains for 6th Grade ESI students in Science over the comparison group. Please 

compare Table 3 with Table 5. 
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6.  Tables  
 
 
 

Table 1. ATI Developmental Level (DL) Scores: Independent t Test Results on the Pretest 
to Determine Baseline Equivalence for 6th Grade Students Participating in the ESI Science 
Project and Comparison Students, for 2014 – 2015 (One Year) and 2015 – 2016 (Two Year) 
Analysis 

DL Subscales/Groups  Pre DL Scores   Baseline 
Equivalence N M SD Diff t p 

        
Math        
ESI Students 202 1040.68 97.37 37.38 4.36 .001 .39 Comparisons 333 1003.30 95.44 
        
Science        
ESI Students 211 1007.64 76.67 10.86 1.56 .119 .15 Comparisons 247 996.78 71.98 
        
Note. Math: The difference in pretest means of the two groups was 39% (.39) of the pooled 
standard deviation (PSD). Gain Score Analysis was utilized as a result of pretest mean 
differences (baseline equivalence) being greater than 25% of the PSD (see Table 2). Science: 
The difference in pretest means of the two groups was 18% (.18) of the pooled standard 
deviation (PSD). ANCOVA was conducted as a result of pretest mean differences being between 
.05 and .25 of the PSD (see Table 3). 
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6TH GRADERS: ONE-YEAR INVESTIGATION 2014-2015  
(TABLES 2 & 3) 

 
Table 2. DL Scores Math: Gain Score Analysis on 6th Grade ESI Students and Comparison 
Students, 2014 – 2015 
DL Score 
Math/Groups 

 Pre DL        Post DL   Effect 
Size N M (SD) M (SD) Diff t p 

 
Math 

       

ESI Students 202 1040.68 (97.37) 1118.78 (98.49) 78.10 .211  .833 .02 Comparisons 333 1003.30 (95.44) 1080.02 (97.46) 76.72 
        
Note. Math: t test = .211 and p = .833 had not shown statistically significant differences in the 
means. Cohen’s d was estimated at .02 which is a small effect size based on Cohen’s (1992) 
guidelines.  
 
 
 
Table 3. DL Scores Science: Analysis of Covariance (ANCOVA) on 6th Grade ESI Students 
and Comparison Students, 2014- 2015 
DL Score 
Science/Groups 

 Covariate Adj. Posttest  Improvement 
Index N Mean (SD) Mean (SD) F p ES 

 
Science 

       

ESI Students 211 1007.64  (76.67) 1073.65 (97.21) 5.65  .018  .16 +6 Comparisons 247 996.78 (71.98) 1057.70 (96.30) 
        
Note. ES: The adjusted posttest means and unadjusted standard deviations were used to compute 
Hedges’ g effect size (.16), p = .018 which is statistically significant. Improvement Index is the 
expected change in percentile rank for an average comparison group student if the student had 
received the intervention. It is measured as the percentile difference between the intervention 
group mean and the comparison group mean using the comparison group distribution. In Table 3, 
the estimated average impact of the intervention is a .16 standard deviation improvement in 
Science Developmental Level scores. An average comparison group student (at the 50th 
percentile) would be expected to have scored .16 standard deviations above the mean if he or she 
had received the intervention, or at the 56th percentile of students. The resulting improvement 
index is +6, corresponding to moving performance for the average student from the 50th to the 
56th percentile of the comparison group distribution (What Works Clearinghouse, 2015). 
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6TH GRADERS: TWO-YEAR INVESTIGATION 2014-2016  
(TABLES 4 & 5) 

 
Table 4. DL Scores Math: Gain Score Analysis on 6th Grade ESI Students and Comparison 
Students, 2014 – 2016 
DL Score 
Math/Groups 

 Pre DL        Post DL   Effect 
Size N M (SD) M (SD) Diff t p 

 
Math 

       

ESI Students 168 1040.68 (97.37) 1201.14 (100.80) 160.66 .407  .684 .04 Comparisons 188 1003.30 (95.44) 1167.62 (113.76) 164.32 
        
Note. Math: t test = .407 and p = .684 had not shown statistically significant differences in the 
means. Cohen’s d was estimated at .04 which is a small effect size based on Cohen’s (1992) 
guidelines.  
 
 
 
Table 5. DL Scores Science: Analysis of Covariance (ANCOVA) on 6th Grade ESI Students 
and Comparison Students, 2014- 2016 
DL Score 
Science/Groups 

 Covariate Adj. Posttest  Improvement 
Index N Mean (SD) Mean (SD) F p ES 

 
Science 

       

ESI Students 211 1007.64  (76.67) 1183.46 (104.44) 20.74  < .001 .39 +15 Comparisons 247 996.78 (71.98) 1144.23 (94.14) 
        
Note. ES: The adjusted posttest means and unadjusted standard deviations were used to compute 
Hedges’ g effect size (.39), p < .001 which is statistically significant. Improvement Index: In 
Table 5, the estimated average impact of the intervention is a .39 standard deviation 
improvement in Science Developmental Level scores. An average comparison group student (at 
the 50th percentile) would be expected to have scored .39 standard deviations above the mean if 
he or she had received the intervention, or at the 65th percentile of students. The resulting 
improvement index is +15, corresponding to moving performance for the average student from 
the 50th to the 65th percentile of the comparison group distribution (What Works Clearinghouse, 
2015).  
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7TH GRADERS ENTERING ESI IN SECOND YEAR: ONE-YEAR INVESTIGATION 2015-2016 
(TABLES 6 - 8) 

 
Table 6. DL Scores: Independent t Test Results on the Pretest to Determine Baseline 
Equivalence for 7th Grade Students Participating in the ESI Science Project and 
Comparison Students 2015 – 2016 

DL Subscales/Groups  Pre DL Scores   Baseline 
Equivalence N M SD Diff t p 

        
Math        
ESI Students 238 1145.78 70.71 22.69 3.47 .001 .31 Comparisons 284 1123.09 77.31 
        
Science        
ESI Students 240 1129.60 76.68 23.92 3.43 .001 .30 Comparisons 279 1105.69 81.09 
        
Note. Math: The difference in pretest means of the two groups was 31% (.31) of the pooled 
standard deviation (PSD). Gain Score Analysis was utilized as a result of pretest mean 
differences (baseline equivalence) being greater than 25% of the PSD (see Table 7). Science: 
The difference in pretest means of the two groups was 30% (.30) of the pooled standard 
deviation (PSD). Gain Score Analysis was utilized as a result of pretest mean differences 
(baseline equivalence) being greater than 25% of the PSD (see Table 8). 
 
 
 
Table 7. DL Scores Math: Gain Score Analysis on 7th Grade ESI Students and Comparison 
Students, 2015 – 2016 
DL Score 
Math/Groups 

 Pre DL        Post DL   Effect 
Size N M (SD) M (SD) Diff t p 

 
Math 

       

ESI Students 238 1145.78 (70.71) 1203.07 (96.72) 57.29 .830 .407 .06 Comparisons 284 1123.30 (77.31) 1174.53 (92.32) 51.23 
        
Note. Math: t test = .830 and p = .407 had not shown statistically significant differences in the 
means. Cohen’s d was estimated at .06 which is a small effect size based on Cohen’s (1992) 
guidelines.  
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Table 8. DL Scores Science: Gain Score Analysis on 7th Grade ESI Students and 
Comparison Students, 2015 – 2016 
DL Score 
Science/Group 

 Pre DL        Post DL   Effect 
Size N M (SD) M (SD) Diff t p 

 
Science 

       

ESI Students 240 1129.60 (76.68) 1172.16 (95.77) 42.56 1.07  .285 .08 Comparisons 279 1105.69 (81.09) 1140.76 (101.02) 34.77 
        
Note. Science: t test = 1.07 and p = .285 had not shown statistically significant differences in the 
means. Cohen’s d was estimated at .08 which is a small effect size based on Cohen’s (1992) 
guidelines.  
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