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ABSTRACT 

This presentation addressed the impact of a middle school engineering design curriculum on 

standard achievement test scores and explored how the curriculum has impacted the local 

educational infrastructure.  An examination of 8
th

 grade students who completed at least pilot 

versions of all of the engineering design modules found differences favoring in EYE students in 

data analysis and statistics across two standardized tests. Other differences in favor of EYE 

students were found in some test strands that connect with the EYE curriculum. These 

differences were found to be especially significant when looking at special education and 

minority students. While these differences need further exploration, they suggest positive 

impacts of EYE on students who typically have less success in STEM areas.  We also report on 

two changes in educational infrastructure resulting from EYE: A district STEM initiative, and 

the development of a center for studying STEM learning at the University of South Alabama.      
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INTRODUCTION 

The present study is based on a project, Engaging Youth through Engineering (EYE), initiated in 

2007 at the request of area business and industry leaders as a K-12 workforce and economic 

development initiative to impact science, technology, engineering and mathematics (STEM) 

education reform in a large, diverse school district.  The district serves a region whose workforce 

needs were, and continue to be, rapidly changing and now requiring workers with STEM skills, 

including critical thinking and innovative problem solving skills. EYE is designed to increase the 

number of students, especially those from populations underrepresented in STEM, who choose to 

take the necessary mathematics and science coursework in high school and are eager and able to 

pursue STEM-dependent careers.   

EYE incorporates engineering design challenges at the elementary, middle and high school 

levels – either as part of the required curriculum or as part of elective or extracurricular 

opportunities.  At the elementary level, the intervention targets fourth and fifth grade students 

and is implemented through extra-curricular clubs and summer camps.  At the high school level 

the intervention occurs through a project-based physical science elective course that satisfies a 

state science elective requirement for graduation.  For both the elementary clubs and camps and 

the secondary level physical science course, EYE uses curricula developed by the Museum of 

Science, Boston: Engineering is Elementary and Engineering the Future. At the middle grades 

level, through the support of a National Science Foundation, Discovery Research K-12 award 

#0918769, EYE is developing, implementing, and researching  a set of eight supplemental 

engineering design curricula, the EYE Modules, that are implemented in required mathematics 

and science classes. 

The project is based on the hypothesis that systematically infusing a sufficient quantity of quality 

engineering design challenges and the design problem solving process over a student’s 

elementary, middle and high school experience will have a cumulative positive impact on 

students, their parents and teachers.  The anticipated impact includes improved attitudes and 

beliefs related to STEM education and careers, and the importance of STEM education for all. 

Other impacts are projected to include improved student achievement in mathematics and 

science and the development of an “engineering habit of mind” for students when solving 

complex problems.   One purpose of EYE and the EYE Modules is to serve as a catalyst for 

district level STEM reform. “STEM reform” is defined as integrating required mathematics and 

science content through the use of engineering design challenges and the design process and 

incorporating those challenges in the district’s curriculum standards required for every 

mathematics and science class so that all students are well positioned to pursue STEM fields. 

Engineering is defined in the same broad sense found in the 2011 Framework for K-12 Science 

Education “to mean any engagement in a systematic practice of design to achieve solutions to 

particular human problems” (National Research Council, 2011, p. 4).  

EYE was initially implemented in a “feeder pattern” of six elementary, two middle schools and 

one high school, where a large portion of the elementary and middle school children attend the 

same high school. This set of schools was strategically selected as a laboratory for EYE because 

the high school hosts the only engineering academy in the region. The demographics of the 

feeder pattern of EYE schools (53% on free or reduced lunches and 47% African-American) 

sufficiently reflects the diversity of the school district providing a practical research and 
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development laboratory where best STEM practices can be tried out before replicating 

throughout the district.   

The EYE Modules 

 

The EYE Modules are a set of eight comprehensive instructional guides for middle grades 

teachers to implement collaboratively in mathematics and science classes that provide students 

with opportunities to design solutions to relevant and contemporary human problems. They 

address STEM content and practices that fill gaps between state-mandated and tested content and 

what business and industry say they need, including innovative problem solving, communication 

and teamwork skills.  Table 1 provides a list of EYE Modules.  Each EYE Module requires a 

combination of six to eight hours of mathematics and science class time and 1) addresses an 

engineering design challenge around issues of relevance to the Gulf Coast region, e.g., protecting 

our water resources; health care, green manufacturing, including chemical exploration and 

production, 2) fosters the development of an “engineering habit of mind,” 3) integrates 

technology and other resources to engage and meet the diverse needs of children in a large, urban 

school district, and 4) deepens understanding of mathematics and science content, with an 

emphasis on mathematics.  The Modules are not a complete engineering, technology or STEM 

curriculum, rather they are a supplement to the existing mathematics and science curriculum.  

They are a set of comprehensive instructional guides that use design challenges and the 

engineering design process to engage middle grades students in pursuing STEM careers and 

academics. Collectively they foster the development of a systematic problem solving habit of 

mind that we call an “engineering habit of mind.”   

 

The design of the EYE Modules is built on the theoretical foundation of the components of the 

“How People Learn” model (Bransford, Brown, & Cocking, 2000; National Research Council, 

2000). 

 Instruction needs to be learner centered, building on prior knowledge, motivation, and 

interests. 

 Instruction needs to be knowledge centered, use cognitive and social constructivist 

approaches that help foster deep understanding of content. 

 Instruction needs to be assessment centered, focusing on formative assessments that help 

students and teachers visualize complex processes. 

Table 1.  Engaging Youth through Engineering Modules 

6
th

 Grade 

Finalized 2011-2012 

7
th

 Grade 

To be Finalized 2012-2013 

8
th

 Grade 

To be Finalized 2013-2014 

Harnessing the Wind- 

Engineering & Siting Wind 

Farms 

EYE on Mars   

Designing Extra-Terrestrial 

Growth Chambers 

Engineering Bioplastics 

Designing Hockey Pucks and 

Balls 

 To Puppies and Beyond! 

A Genetic Engineering 

Connections Module 

Let’s Get Moving! 

Engineering Jet Powered Cars 

Don’t Go with the Flow 

Engineering Solutions for 

Sediment Discharge 

Catch Me if You Can! 

Engineering Blood Clot 

Filters 

Up and Down and All Around 

Designing Roller Coasters 
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 Instruction takes place within communities and needs to be connected to the broader 

community. 

 

General design principles guide the development of each EYE Module, including: 

 Learning outcomes and a driving question, coupled with Wiggins and McTighe’s “backwards 

design” process, guide the development of all materials (Krajcik, et al., 2006; Wiggins and 

McTighe, 2005). 

 Outcomes are measured in multiple ways during the course of the module, e.g., observation, 

artifacts, presentations (Barron, Schwartz, Vye, Moore, Petrosino, Zech, & Bransford., 

1998). 

 An engineering design challenge featuring industry and social issues of relevance to students 

provides the unifying theme and “hook” for each module, highlighting the “why bother” of 

learning of mathematics and science (Banilower, et al., 2008; The Cognition and Technology 

Group at Vanderbilt, 1990). 

 Modules systematically develop team work/communication skills (Driscoll, 2002; Wenger, 

1998). 

 The engineering design challenges involve technology, equipment and materials in the 

applications of mathematics and science content, promoting an integrated STEM curriculum. 

(Shymansky, 1996). 

 

REVIEW OF THE LITERATURE 

 

The need to produce more students in the United States eager and able to succeed in STEM 

coursework and careers has been well established.  Most recently the President’s Council of 

Advisors on Science and Technology (PCAST) found that economic forecasts point to a need for 

producing, over the next decade, approximately one million more college graduates in STEM 

fields than expected under current assumptions (PCAST, 2012). This report comes six years after 

the release of Rising above the Gathering Storm (National Academies, 2006) which alerted the 

nation that the United States was losing the competitive race in science, technology, engineering 

and mathematics (STEM) fields and the subsequent impact on the economy and the nation’s 

security. These issues have been articulated clearly in a plethora of other national reports 

(National Center on Education and the Economy, 2007; Institute for a Competitive Workforce 

and the Chamber of Commerce, 2011). At the heart of the solution is K-12 STEM education 

reform to incorporate and integrate rigorous STEM content that develops critical thinking, 

innovative problem solving, complex communication and team-building skills (U.S. Department 

of Education, 2007; Partnership for 21
st
 Century Skills, 2008).   

 

While those engaged in education reform and research see a variety of pathways to improving 

the STEM crisis, a growing number are exploring the viability and effectiveness of using 

engineering and engineering design challenges as a strategy to engage students - before they 

leave middle school—in science and mathematics, helping them understand the importance of 

STEM to their future success and prosperity.  A body of research is slowly emerging that 

suggests that engineering education improves students problem solving skills and promotes 

interest in and improves learning in core mathematics and science content (NRC, 2011; Apedoe, 

et al., 2008; Hjalmarson, Diefes-Dux, & Moore, 2008).  However, the National Academy of 

Engineering (NAE) and the National Research Council (NRC) acknowledge the need for 
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additional research on the impact of K-12 engineering education on student engagement and 

learning of STEM subjects and the need to develop and research the impact of engineering 

curricula (NAE, NRC, 2009). 

 

THE PRESENT STUDY 
 

Hence, one goal of the present study was to explore some initial data on a cohort of students who 

have completed at least pilot versions of the EYE curriculum in their middle school careers in 

comparison to students who have not been involved in EYE who attend a demographically 

similar school.  In particular, we look at the standardized achievement test data in mathematics 

for the students who have been in EYE to explore whether there is any relationship to EYE 

participation and standardized mathematics achievement.  Further, it is important to note that we 

do not consider overall scores in mathematics, but scores in particular areas that we view as 

potentially impacted by working on EYE design challenges in middle school.  Also, since EYE 

is an initiative that involves all children our focus has been at disaggregating data to look at 

groups who are at risk (special education and minority students).  We believe that the 

engineering design modules provide an opportunity for all students to see knowledge represented 

in ways that more abstract text representations may fail to capture.  For example, students with 

learning problems might better be able to understand a concept like rate when collecting rate data 

rather than reading about rate in a textbook.  

 

Along with examining achievement test data, the present study examines district-wide changes 

that appear to be connected to the development and implementation of EYE (the modules at 

middle school, EYE clubs for elementary schools, and EYE camps).  A descriptive analysis of 

these changes in policy and curriculum will be presented along with a description of how they 

are related to EYE is presented below.  

 

METHODOLOGY 

 

Student Standardized Achievement Analysis 

 

Participants.  The test score data were examined for the cohort that completed 8
th

 grade in 2010-

11.  Students in that cohort, had they been in the EYE school over their entire middle school 

experience, would have been involved with the implementation of 9 EYE modules.  The modules 

in some cases were close to the complete products we expect at the end of the project, but others 

were in pilot or more primitive stages when the students participated.  The future cohorts we 

examine will have a more refined EYE experience, although they will only work on 8 EYE 

modules over middle school.  The focus of the analysis will be on two “regular” middle schools 

(one EYE school and one comparison school) that had similar demographics and similar levels 

of achievement previous to EYE.  Both schools had substantial minority and special education 

students; although the EYE school was in a different suburban area (EYE school was inside the 

city limits and the other outside it).  The Ns associated with the analysis vary between 626 and 

645 students.  Approximately half come from the EYE school and half from the comparison 

school. Data were analyzed separately for both disability status and ethnicity (with a focus on 

African American children—by far the largest minority in the schools and district).  
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Standardized Assessments. Two standardized assessments in mathematic were examined:  the 

Stanford Achievement Test -10 (SAT-10), and the Alabama Reading and Mathematics Test 

(ARMT).  The SAT-10 is a nationally normed achievement test that is usually reported by 

districts in terms of national percentile ranks of students.  Along with the summary scores it is 

possible to draw from the SAT-10 scores on particular strands within the domain of interest.  For 

example, we can examine how students did on items involving data analysis.  Because of test 

length constraints, the scores within these subdomains are based on limited item sampling.  

Nevertheless, it is possible to examine differences in these subdomains.   

 

The overall ARMT scores are used to determine Adequate Yearly Progress (AYP), so it is a high 

stakes test. The ARMT overall scale score is on a continuous scale with cutoff points to indicate 

competence at grades 3-8.  A similar analysis within different domains can be carried out, 

although in the ARMT the domains are based on the Alabama Course of Study in mathematics. 

One can analyze the percent of items correct for a particular test objective from the Alabama 

Course of Study.  

 

Domains Analyzed:  For the ARMT we analyzed the domains shown in Table2 because we felt 

they might be connected to EYE.  It should be noted that the linkages in most cases are 

moderate. The EYE modules were not designed to teach specific mathematics objectives, but 

contain applications of those objectives that may provide connections to those concepts.  For 

example, most EYE modules involve using data analysis and statistics.  Hence, we felt that items 

reflecting those domains might be impacted.  Similarly, graphing of relationships, rates and 

proportions are part of several EYE modules, so we felt objectives on the ARMT and SAT-10 

addressing those kinds of content strands might be impacted.    

 

RESULTS OF ANALYSES FOR ARMT 

 

Table 2 displays the results of the ARMT objectives comparing overall differences between the 

EYE school and the non EYE middle school. Starred differences are statistically significant in 

favor of the EYE school. As can be seen in Table 2, the EYE school students do significantly 

better on graphing linear functions and data analysis.   

 

Table 2.  Mean % Correct ARMT Domains as a Function of EYE Group 

ARMT Area 
School n Mean 

Std. 
Deviation 

Graphing Linear Function EYE* 308 49.50 25.46 

Comparison 315 45.14 24.45 

Interpreting Data EYE* 308 53.90 21.21 

Comparison 315 50.42 21.07 

Surface Area/ Volume EYE 308 31.17 26.13 

Comparison 315 29.21 26.64 

 Note * = p < .05, using independent t-test comparison 

 

Table 3 shows differences as a function of special education status, and Table 4 differences 

between African American students at the EYE and Comparison school.  Starred differences are 
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statistically significant in favor of the EYE school. As can be seen the pattern generally holds for 

Black and Special Education students, although “data analysis” does not quite reach statistical 

significance.  Additionally, there is an interesting significant difference between EYE and 

Comparison special education students on the surface area/volume items. Although the 

performance is not exceptionally high, it is nonetheless significant.    

Table 3.  Mean % correct for 8th Grade ARMT Domains as a Function of EYE Participation 
for Special Education Students 

ARMT Area 
school N Mean 

Std. 
Deviation 

 Graphing Linear Function EYE* 47 39.00 22.10 

 Comparison 68 31.03 20.74 

 Interpreting Data EYE 47 43.97 19.49 

 Comparison 68 37.50 22.00 

 Surface Area/ Volume EYE* 47 23.41 20.75 

 Comparison 68 15.69 19.50 

 *Significant P = .05, using independent t-test comparison 

 

Table 4.  Mean % correct for 8th Grade ARMT Domains as a Function of EYE Participation 
for Black Students 

ARMT Area 
School N Mean 

Std. 
Deviation 

Std. 
Error 
Mean 

Graphing Linear Function EYE* 170 45.36 24.30 1.86 

Comparison 98 34.45 22.20 2.24 

Interpreting Data EYE* 170 52.65 20.54 1.58 

Comparison 98 44.22 21.55 2.18 

Surface Area/ Volume EYE 170 24.02 19.85 1.52 

Comparison 98 19.91 21.62 2.18 

* = p < .05, using independent t-test comparison 

 

Now these differences need to be further explored to rule out some alternative explanations (e.g., 

prior test performance); however they are promising.   

 

SAT-10 RESULTS 

 

The SAT-10 has similar objectives (and the ARMT is based partially on the SAT-10).  Table 5 

show the data and statistics strand from the SAT-10.  The scores are reported as above average, 

average, and below average.  As can be seen in Table 5, there are fewer students in the EYE 

school who are below average, and there are marginally more above average.  A chi-square 

analysis supported this result (Cramer’s Phi = .13) with an analysis of standardized residuals 

supports this interpretation.   
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Table 5. Percent of 8

th
 Grade EYE and Comparison School Students at 

Different Proficiency levels for the SAT-10 Data Analysis and Statistics 
Strand 

 

 

Proficiency Level 

Total 

 Above 

Average   Average  

 Below 

Average  

school EYE 46.2% 42.9% 10.9% 100.0% 

Comparison 39.4% 40.2% 20.4% 100.0% 

Chi-Square = 12.48, p = .002     

 

An examination of special education data found that this pattern generally held for them.  Table 

6 shows that there are almost 3times the percentage of special education students at the above 

average level for the EYE school. A chi-square analysis confirmed the statistical significance of 

this result (Cramer’s Phi = .26).   

 
Table 6. Percent of 8

th
 Grade Special Education EYE and Comparison 

School Students at Different Proficiency levels for the SAT-10 Data 
Analysis and Statistics Strand 

% within school 

 

Proficiency Level for Data Analysis 

and Statistics  

Total 

 Above 

Average   Average  

 Below 

Average  

school EYE 32.7% 42.9% 24.5% 100.0% 

Comparison 11.7% 49.4% 39.0% 100.0% 

Chi-Square  = 8.78, p < .02 19.8% 46.8% 33.3% 100.0% 

a. Demographic  =  Special Education Students  

 

A comparison among African American students also found this pattern to hold for them.  Table 

7 shows that EYE school students are much more likely to be above average and less likely to be 

below average than the Comparison school students.  Again, a chi-square analysis confirmed this 

pattern (Cramer’s Phi = .29).  Almost twice the percentage of black students at the EYE school 

performed above average than in the comparison school.   
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Table 7. Percent of 8
th

 Grade Black EYE and Comparison School Students 
at Different Proficiency levels for the SAT-10 Data Analysis and Statistics 

Strand 

 

 

Proficiency  Level for Data Analysis 

and Statistics 

Total 

 Above 

Average   Average  

 Below 

Average  

school EYE 39.8% 49.2% 11.0% 100.0% 

Comparison 20.7% 45.9% 33.3% 100.0% 

Ch-Square  = 26.18, p < .0005 32.8% 48.0% 19.2% 100.0% 

 Demographic  =  Black  

 

There are other analyses that could be presented here (for example the data, statistics and 

probability strand which is listed as separate strand has a similar pattern), but space and time 

limitations prohibit these.  These analyses involve examining longer growth patterns in 

performance, and exploring results at a magnet math and science school that has been involved 

in EYE.  

 

Most notable from these analyses are differences that show better performance by special 

education and African American students.  These differences are important in that they represent 

better performance in groups of students who are typically underrepresented in STEM 

disciplines.  They are also groups who have not always been successful in learning these 

disciplines through traditional lecture and text classes.  While some might suggest that the 

differences are due to teaching to their learning styles, we would like to suggest that it is the 

ability to see concepts come to life in engineering challenges that might support their 

improvements in areas like data analysis and statistics. We will be investigating this explanation 

further, as well as exploring elements of students’ learning about the engineering design process.   

   

We believe that experience with the engineering design process provides a “preparation for 

future learning” (Bransford & Schwartz, 1999).   That is, students will learn to think differently 

about complex problems when they have had experience approaching problems through use of 

the engineering design process.  For example, after the “Harnessing the Wind” design challenge, 

we asked students about building wind farms in the Mobile area.  What we found was that many 

students gave answers that reflected the complexity of that problem.  For example, they 

mentioned issues related to Mobile’s terrain, soil, and shore birds in suggesting that it might not 

be wise to build wind farms in Mobile.  Very few gave simple answers that only mentioned the 

need to lessen reliance on fossil fuels.    

 

EYE IMPACT ON THE LOCAL SCHOOL DISTRICT AND HIGHER EDUCATION:  

STEM IMPROVEMENT PROGRAM AND CISSTEM 

 

EYE has not only had an impact in the schools where it is situated, but also has impacted the 

entire school district.  The Mobile County School System is the largest school system in the state 

of Alabama. The district, recognizing the need for more project based learning in middle school 
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classrooms has developed and begun implementation of a series of short STEM challenges for 

middle school students in all middle schools (19) in the school district. They hired the retired 

dean of the local university’s college of engineering to spearhead this development and continue 

to push for a focus on STEM in the schools. The challenges have been developed and 

implemented in sixth grade.  They are currently being developed for seventh grade and will 

continue to be developed and implemented for eighth grade in the next two years.  These 

challenges involved are implemented in science classes and math classes.  The first year of the 

challenges has not been without bumps in the road.  The implementation of the challenges has 

been more difficult in mathematics classes, where direct instruction and drill and practice have 

ruled over these more open-ended types of activities. Nevertheless, the development, revision, 

and implementation of the challenges have continued.   

 

Not only has EYE had a significant impact on the local schools, it has helped point higher 

education toward the need for research and professional development in STEM areas for P-20.  

The University of South Alabama has invested in the creation of the Center for Integrative 

Studies - Science, Technology, Engineering, and Mathematics. The center will serve as a place 

for studying learning in STEM disciplines.  The center is a joint venture of three colleges at 

South Alabama and has recently hired a director.   

 

What EYE has done is help major institutions recognize the need to develop an infrastructure to 

support STEM education.  STEM areas have always been a concern both in k-12 and higher 

education in the Mobile region. Economically, Mobile has envisioned itself as a hub for 

aerospace engineering.  However, little investment in STEM education has taken place until 

recently.  These investments in both the school system and higher education might help build the 

infrastructure for supporting such a hub in the future.  
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