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Abstract: There is much that curriculum design can do to foster equity in elementary engineering 
and STEM more broadly. Based on the literature and our experiences working in classrooms, we 
developed a set of 14 design principles for curricula and materials that guided the development 
of an elementary engineering and technology curriculum we recently completed. Many of these 
principles should also underlie curriculum development in science and mathematics.  We set 
forth our inclusive principles as a starting point for a conversation about design for engineering 
and STEM educational resources.  
 

Introduction 
 
The introduction of a “new” discipline—engineering—into K-12 education comes with both 
opportunities and responsibilities. One opportunity is that, as a new discipline for this age level, 
relatively few entrenched ways of operating currently exist; there is room to start afresh with an 
eye toward best practices. At the same time, engineering has a history at postsecondary levels in 
which certain groups have been traditionally marginalized or underrepresented in colleges, 
universities, and the workforce (Burke & Mattis, 2007). As we introduce engineering into K-12 
education, we must work vigilantly to ensure from its inception that such patterns are not 
prevalent at this level. 
 
In 2003, we began the development of a curriculum for elementary school-aged children that 
would introduce them to principles of engineering and technology: Engineering is Elementary 
(EiE). Grounding our work is a belief that individual team members, engineering disciplines and 
solutions, and society benefit when all members engage in problem solving, innovation, inquiry, 
and engineering design. Our materials, therefore, would be designed to reach all children. Our 
team was and continues to be especially committed to attracting, reaching, and engaging 
underrepresented, underperforming, and underserved students including girls, minorities in 
STEM, students from low socioeconomic backgrounds, students with individualized education 
plans, and English language learners. From the project’s inception, we generated design 
principles that would be maximally inclusive. We also ensured that the student data we collected 
included information about student demographics so we could parse our analyses so as to 
examine the effects of the curriculum on different populations. 
 
An equitable and inclusive engineering or STEM curriculum must demonstrate the relevance of 
engineering to the real world. It must engage students in active participation in the practices of 
engineering as they work toward developmentally appropriate design challenges, with 
scaffolding and guidance to support students as they learn key concepts and practices and 
become fluent with the cultural norms of engineering. It must engender learning environments 
where students can contribute, collaborate, and develop their own sense of agency, expertise, and 
ownership. This call is similar to what others have advocated in science (Brotman & Moore, 
2008; Carlone, Haun-Frank, & Webb, 2011); however, engineering education affords unique 
opportunities heretofore unrecognized. 
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There is much that curriculum design can do to foster equity in elementary engineering. Based 
on educational literature and our experiences working in classrooms, we developed a set of 14 
design principles for curricula and materials that guided the development of EiE. Here we 
articulate these principles and briefly describe them. This is not offered as a comprehensive list 
but rather as a starting place that should be continually discussed, researched, and revised. 

Inclusive Design Principles 

Set Learning in a Real-World Context 

Research about K-12 science education has shown that “many students who are academically 
competent in the school subject matter ultimately view school’s knowledge and skills as 
irrelevant for their future career and/or everyday lives” (Carlone, et al., 2011, p. 2). In order to 
increase the interest of students—particularly those who are underrepresented—in engineering 
and science as fields of study and as future career opportunities, educators should help students 
see the relevance of what they are learning to the real world, and be able to see themselves filling 
such roles in the future world. The study of real-world contexts such as the local environment or 
global contexts has been found to increase students’ engagement, enthusiasm, and achievement 
(Kang & Lundeberg, 2010; Lieberman & Hoody, 1998). An emphasis on the social and societal 
connections with engineering and science—the place of engineering and science in development 
of knowledge and technology, the roles of engineers and scientists in driving theory-building and 
technological change, and the effects of these disciplines on all aspects of modern life—increases 
interest and motivation of students to drive their own learning and achievement (Brotman & 
Moore, 2008). 
 
In this section we introduce three design principles that contribute to greater interest and 
motivation for all students, but particularly for groups who are underrepresented in engineering: 
(1) using narratives to develop and motivate students’ understanding of the place of engineering 
in the world; (2) demonstrating how engineering helps people, animals, and/or society; and (3) 
introducing a variety of role models with diverse demographic characteristics. 
 
 Use narratives to develop and motivate students’ understanding of the place of 
engineering in the world. A narrative context helps students to understand the purposes, 
concepts, and processes of engineering because narrative is humanity’s natural means of learning 
and remembering (E. O. Wilson, 2002). Students connect to stories at a personal level (Stinner, 
1996). Providing a coherent narrative that sets school learning into a larger, connected storyline 
context can engage students in seeking out and constructing their own understanding and can 
provide a natural point of entry into the culture and aesthetic of a new discipline (Martin & 
Brouwer, 1991) such as engineering. Interest benefits all students, but it can particularly boost 
the participation of girls and other underrepresented minorities who may be less predisposed to 
identify with or apply themselves to more technical studies or the physical sciences. A narrative 
can help to raise questions in students’ minds, and to arouse their curiosity and imagination 
(Klassen, 2009). The “so what” question is a perennial one in schools, particularly when science 
instruction is divorced from direct experience (Buxton, 2010). Helping students to connect 
school learning to the real world can motivate students by providing relevance for what they are 
learning, whether that is science or technological problems and problem-solving (Baker & Leary, 
1995; Buxton, 2010; Klassen, 2007). Narrative stories and controversies that address science and 
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engineering as they apply to people’s lives have the potential to affect powerfully students’ 
attitudes towards and understanding of science, engineering, and technology ways in which they 
are practiced (Koul & Dana, 1997). 
 
To help students situate their tasks in the real world, each EiE unit begins with a storybook that 
introduces a problem that a protagonist would like to solve. The problem is the same as or 
similar to the one that students will encounter in class. Anchoring students’ activities in a setting 
and narrative helps them to situate what they are doing in a larger problem space. Students often 
evoke the storybook character or setting as they work on their solutions.  
 
 Demonstrate how engineers help people, animals, or society. Research finds that many 
students, particularly girls and underrepresented minorities, are interested in “helping” careers 
(Baker & Leary, 1995; Jones, Howe, & Rua, 2000; Miller, Blessing, & Schwartz, 2006). 
Students of both genders hold stereotypical views about physical science topics and activities as 
“for boys” and biological activities as “for girls” (Jones, et al., 2000); girls prefer and choose to 
participate more frequently in biological sciences than in physical science and engineering 
(Buccheri, Gurber, & Bruhwiler, 2011; Dawson, 2000; Drechsel, Carstensen, & Prenzel, 2011; 
Miller, et al., 2006). Looking at college-bound high school students, Miller, Blessing, and 
Schwartz (2006) found that girls tended to choose people-oriented majors, and when choosing a 
science or engineering major, they tended to focus on fields like biology, which they saw as 
allowing them to help animals, or people, particularly through health professions. Girls want to 
see the relevance of science and other school subjects to their lives, or to see its social value 
(Burke, 2007); girls’ attitudes towards school subjects is affected by these perceptions of 
relevance (Clewell & Braddock, 2000).  
 
However, the ways in which engineering benefits people, society, and the environment are not 
generally perceived by students. Engineering activities at the grade school level overwhelmingly 
tend to focus on the physical sciences: robot design is popular, as are challenges such as egg 
drops, vehicle races, and potato launchers. EiE units are specifically designed to counteract this 
trend. Each unit helps children to understand the societal impacts (both positive and negative) of 
engineering; the storybook and core design challenge of each EiE unit are carefully created and 
presented to draw out the ways in which the engineering solution contributes to people’s lives. 
 
 Provide role models with a range of demographic characteristics.  Girls perceive science 
as difficult, uninteresting, and leading to an unattractive lifestyle (Burke, 2007; Miller, et al., 
2006). Girls receive mixed messages about careers and gender roles from the media; however 
positive role models can be influential (Baker & Leary, 1995). A variety of role models—of both 
sexes from a variety of races and ethnicities, with different abilities/disabilities, and with a wide 
range of hobbies and interests—is necessary to combat these perceptions.  
 
In the introductory storybooks, EiE offers a range of engineer and scientist role models; each 
story features a child protagonist and an engineering mentor. The stories have been carefully 
planned to highlight a diverse group of people engaging in engineering. To this end, EiE sets the 
stories in countries around the globe so that the featured children are from a variety of races and 
ethnicities.  
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Present Design Challenges that are Authentic to Engineering Practice 

Research indicates that students learn concepts and skills through experience as they work and 
learn in rich contexts that mirror disciplinary problems and practices (Bruner, 2004; Lave & 
Wenger, 1991; Rogoff, 1990). Children’s learning is more profound when they engage in 
realistic disciplinary practices (Roth, 1994; Sawyer, 2006) that include the social and epistemic 
practices of a discipline and put key concepts into productive use (Duschl, 2008; Duschl & 
Grandy, 2008; Engle & Conant, 2002; Rosebery, Warren, & Conant, 1992). Recent research has 
shown that inquiry-based and project-based learning approaches in science lead to comparable or 
improved outcomes for students as compared to more traditional science (Anderson, 2002; 
Blanchard et al., 2010; Geier et al., 2008; Kuhn, 2007; Lehrer & Schauble, 2002; Prince & 
Felder, 2006; C. D. Wilson, Taylor, Kowalski, & Carlson, 2010). 
 
Our next five design principles regarding authentic opportunities to practice engineering address 
students’ need for agency and ownership, as well as their need to do work that is “real.” These 
include design principles: (4) ensuring that design challenges are truly open-ended; (5) making 
evident the value of failure for learning and improving designs; (6) producing design challenges 
that can be evaluated with both quantitative and qualitative measures; (7) cultivating 
opportunities for collaboration and teamwork; (8) engaging children in active, hands-on, inquiry-
based engineering activities. 
 
 Ensure that design challenges are truly open-ended with more than one correct answer. 
All too often science lessons are presented as a task in which students’ goal is to arrive at the 
correct answer. By mid elementary school, students readily categorize themselves as “good at 
school/science” or not, based upon their performance on these narrowly defined tasks and 
questions. 
 
For teachers, open-ended challenges can invite the use of new pedagogical strategies and ways of 
thinking about learning. For students, particularly those who have underperformed in the 
“correct” answer system, the openness of the problems and their solutions is refreshing and can 
re-engage their efforts. Open-ended activities invite deeper understanding, which can be 
particularly attractive to girls: research has shown that girls in particular strive for deep 
conceptual understanding and reject more formulaic, rote learning (Zohar, 2006). Open-ended 
questioning, inquiry, and problem-solving have also shown benefits for the achievement and 
attitudes of urban minority students, particularly African-American boys (Kahle, Meece, & 
Scantlebury, 2000). With open-ended activities, students can more readily make connections 
with their interests and prior experiences, and they have more reason to listen to and respect the 
views of others (Järvinen & Twyford, 2000). 
 
In the real world, engineering problems rarely have one unique solution—much depends on 
context and constraints. To communicate this feature of engineering to children; to foster 
creativity, problem solving, and innovative thinking; and to engage children who may have 
checked-out of rigid school activities that must result in one answer, EiE creates design 
challenges that afford a myriad of solutions. The challenges identify a set of criteria and 
constraints, and the children evaluate their solutions related to how well they meet these.  
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 Value failure for what it teaches. Failure is a necessary and inherent part of engineering 
that invites subsequent improved designs. In addition to not converging to one “right” answer, 
we encourage children to “fail often to succeed sooner” (Nightline, 1999). Embracing failure as a 
necessary part of the engineering design process can be a new experience for students. Instead of 
“being wrong,” failure is cast as a critical part of the process from which all engineers learn. 
 
EiE invites children to think about engineering problems as an iterative event—a solution can 
always be improved. Initial designs may “fail” to meet the baseline criteria set forth, but such 
failures enable students, like engineers, to learn more in order to make their subsequent designs 
better. The focus is one of constant improvement—EiE design challenges call for students to 
redesign their solutions at least once. A number of teachers have reported to us that students 
readily embrace the opportunity to continually hone their thinking and solutions, requesting the 
chance to continue to work to improve it before and after school, during recess, and over 
holidays.  
 
Furthermore, engineers often test their designs to the limit—probing the edge of where they 
function so they understand under what conditions they will function. Testing a design to failure 
can be fun for students, and highly engaging.  
 
That the productive use of failure is a crucial aspect of engineering can be liberating for many 
students—especially for low-achieving students (Meece & Jones, 1996). Instead of worrying 
about being wrong or appearing stupid, students focus learning from their failed attempts as part 
of an iterative process they engage in to create a feasible solution. The iterative nature of the 
engineering design process means students keep analyzing their tests to determine how they 
might improve their solution a bit more in the next design. A student doesn’t fail; a particular 
design fails, and in so doing hopefully sparks a set of new, improved ideas.  
 
 Produce design challenges that can be evaluated with both qualitative and quantitative 
measures. The possibility for multiple solutions does not mean that all of them meet or address 
design criteria equally as well. Children (and adults) often champion their own ideas, without 
adequately considering designs of others or without conducting “objective” analyses. 
 
To encourage students to analyze their various solutions objectively and to determine which best 
meets the challenge’s criteria, EiE design challenges aim to have students collect both qualitative 
and quantitative data during testing. Materials ask students to reflect upon the needs of the design 
and to assess how well each solution meets them. Thus, instead of children’s preconceptions, 
popularity, or perceived “smartness” driving decisions, more objective and impartial data play a 
role in students’ decisions. 
 
Whether measures are quantitative or qualitative, they must be sensibly linked to the goals and 
context of the design challenge. Ultimately, though most EiE units provide quantitative and 
qualitative measures that students can use, the goal is for students to be able to identify what a 
successful design should be able to do and then to develop and improve their own measures.  
 
 Cultivate collaboration and teamwork. Competitive environments that nurture the 
designation of a “winner” can differentially curtail or discourage participation of some groups, 
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especially girls and underserved minorities (Burke, 2007). Many girls and some American 
minority cultures value interaction and collaboration more highly than competition (Baker & 
Leary, 1995; Lee, 2003). With collaboration a highly valued skill in both science and 
engineering, and elementary educators tasked with developing in their young charges the ability 
to work productively in groups, it makes sense to engage all students in practicing these skills. 
 
Collaboration and teamwork afford students rich opportunities to develop expertise and identity 
as valued science and engineering contributors. Learning environments where such interactions 
are the norm allow students to be valued as contributors in a variety of ways, reducing the 
disparate impacts of race and socio-economic status by allowing students multiple routes to gain 
social status instead of sorting and alienating them through hierarchies and competition (Carlone, 
et al., 2011; Olitsky, Flohr, Gardner, & Billups, 2010).  
 
EiE lessons and tasks are designed to foster collaboration and teamwork within and among 
groups. In almost every activity children are working either with a partner or with a larger group. 
Care is taken not to compare or rank order groups’ solutions and ideas against each other; rather, 
the challenges ask each group to compare their solution to a set of fixed design criteria as well as 
to prior designs the group has generated.  
 
 Engage students in active, hands-on, inquiry-based engineering. Not surprisingly, 
children prefer to engage in hands-on activities and experiments in science rather than in more 
traditional text-based activities; however, such learning experiences are still uncommon 
(Brotman & Moore, 2008). Not all hands-on experiences have an impact on student achievement 
(Kirschner, Sweller, & Clark, 2006); however inquiry-based instruction that emphasizes active 
student engagement in analyzing and making sense of data is clearly superior to techniques 
emphasizing passive student learning when it comes to increasing student conceptual 
understanding (Minner, Levy, & Century, 2010) and inquiry ability (Cuevas, 2005). A variety of 
studies studies have shown that two groups in particular benefit from hands-on and inquiry-based 
learning—girls (Brotman & Moore, 2008; Burkam, Lee, & Smerdon, 1997; Cavallo & Laubach, 
2001) and African-American students, particularly boys (Kahle, et al., 2000). Similarly, research 
has shown that unlike traditionally delivered science instruction, inquiry-based instruction 
equally benefits boys and girls (Cuevas, Lee, Hart, & Deaktor, 2005) as well as students from 
non-majority ethnic and/or socioeconomic groups (Blanchard, et al., 2010; Cuevas, et al., 2005; 
Thadani, Cook, Griffis, Wise, & Blakey, 2010; C. D. Wilson, et al., 2010) and students with 
limited proficiency in English (Cuevas, et al., 2005). One study found that middle-school 
students working on an engineering design curriculum outperformed students using a traditional 
curriculum and students engaged in an inquiry-science unit on an assessment of science 
reasoning (Silk, Schunn, & Cary, 2009). 

Scaffold Student Work 

Students need guidance in order to learn complex processes and to achieve and transfer what 
they have learned to new problems (Mayer, 2004). Instructional methods that provide guidance 
to students who are learning actively have consistently been shown to be superior to pure 
“discovery” methods in which students do not receive guidance (Hmelo-Silver, et al., 2007; 
Mayer, 2004). Scaffolds can include modeling and coaching to make the practices and ways of 
thinking of a discipline explicit, providing expert hints and explanations, and providing 
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structures and prompts to support students engaging in complex tasks in order to reduce 
cognitive load (Hmelo-Silver, et al., 2007). 
 
Three design principles address scaffolding directly. These include (9) modeling and making 
explicit the practices of engineering; (10) assuming no previous familiarity with materials, tasks, 
or terminology; and (11) producing activities and lessons that are flexible to the needs and 
abilities of different kinds of learners. 
 
 Model and make explicit the practices of engineering. There are many disciplinary 
practices and heuristics specific to engineering. For example, the work of engineers as they solve 
a problem can be generalized into a series of steps called the engineering design process. Similar 
to the scientific method, this sequence is not absolute or linear; rather it is a tool that can guide 
the work of designers.  
 
Tackling an open-ended problem can be daunting for students.  Engineering problem-solving is a 
complex process that can tax their abilities. Scaffolding by making the engineering design 
process explicit and by supporting each step with questions and prompts can increase students’ 
success and achievement. Parsing the problem into smaller steps with discrete goals can help to 
focus children’s efforts. During engineering design, novices are often in a hurry to build and test 
their ideas, bypassing the brainstorming and planning phases that are often critical to creating a 
successful design. 
 
While few young students may have had exposure to the norms and practices of engineering, 
there may be a particular need to provide support for students from backgrounds whose cultural 
or familial norms might not mirror those of Western science, whether they are from ethnic 
subgroups, language minorities, or high poverty areas. Teachers can call attention to the practices 
and values of engineering by explicitly naming the steps and saying why and when engineering 
practices and values are important, making the contrasts apparent to students in a context that 
does not devalue the practices they are accustomed to at home or elsewhere (Lee, 2003). 
 
EiE promotes a simple five-step cyclical process for engineering design. Though many standards 
for high school or middle school use a 7-step or 10-step engineering design process, elementary 
teachers’ insistence that five steps was the maximum number that their young charges would 
remember led us to develop a less nuanced (though functionally similar) process for younger 
students. In the context of a design goal, children (1) ask questions, (2) “imagine” or brainstorm 
a variety of possible solutions, (3) choose one design to plan, (4) create and test a design based 
on their plan, and (5) analyze and decide how to improve the design. To aid both teachers and 
children, each step is accompanied by a series of questions and prompts designed to focus 
children’s thinking. Teacher materials emphasize that the process is not formulaic and rigid but 
rather is meant as a guide. It can begin with any step, and steps need not be followed in order. 
  
When we recognize that learning is a cultural process (not only a cognitive process) for all 
students (Nasir, Rosebery, Warren, & Lee, 2006) and that all students need help to become 
comfortable with the culture of engineering, including its norms and practices, we are able to 
design learning environments that welcome everyone, without running the risk of excluding 
those students whose personal cultural worlds are most discordant with that of engineering. 
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 Assume no previous familiarity with materials, tasks, or terminology. Children enter 
schools with a wide range of experiences and backgrounds that can affect their achievement in 
school (Lee, 2003). In an effort to minimize the effects of prior exposure and experiences on 
children’s success with EiE tasks, lessons introduce children to the materials and terminology 
and incorporate activities that give children relevant experience with them before they need to 
use such knowledge in tasks. Such introductions and interactions allow children who are English 
language learners or children who have not encountered the materials before to engage on a more 
level playing field.  
 
EiE activities are also designed to afford students experiences using a variety of measurement 
tools such as rulers, measuring cups, and weights. They practice mixing, cutting, taping, and 
other construction skills.  
 
 Produce activities and lessons that are flexible to the needs and abilities of different kinds 
of learners. The developmental and cognitive abilities of children in elementary classrooms 
can differ greatly. Offering challenges that can be successfully accomplished by a range of 
students requires that materials can be scaled up or down. Fortunately, engineering challenges 
are well suited for differentiated learning. Once a basic challenge has been developed, it can be 
made increasingly complex by adding additional criteria and constraints. 
 
EiE units are all developed at two levels—basic and advanced. The basic materials geared 
toward children in grades 1 and 2 contain less reading and writing and more pictures than the 
advanced materials, which are developed for grades 3-5. Additional and more complicated 
criteria, constraints, and measures for the design challenges are also introduced in the advanced 
materials. Within both basic and advanced materials there are additional tips for simplifying or 
expanding the activities as well as tips for scaffolding English language learners. Teachers can 
choose the materials that meet the needs of their students. 
 
Demonstrate that “Everyone Engineers” and Everyone CAN Engineer 
 
Children can enjoy “doing science” without having any desire to “be a scientist”—children’s 
identity is shaped by where they come from both in place and in culture—but also by their own 
desires about what they want to do and become, as people who have an effect on the world 
(Archer et al., 2010). Whether children wish to be engineers or not, we know that students are 
more engaged, interested, and confident when they have both the responsibility and the 
opportunity to become more competent and to make choices about what forms of competence 
they wish to “specialize” in. Students benefit when they are engaged in working collaboratively, 
not competitively, when they have choices for how to show their competencies, and when they 
are evaluated based on their effort. 
 
Our final three design principles focus on enabling and supporting the development of student 
identities as engineers, or at least as students who are good at engineering or understand the 
value of engineering. These include (12) cultivating learning environments in which all students’ 
ideas and contributions have value; (13) fostering children’s agency as engineers; and (14) 
developing challenges that require low-cost, readily available materials. 
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 Cultivate learning environments in which all students’ ideas and contributions have 
value.  When competence is something ascribed to particular individuals, students with lower 
achievement on standardized measures have less motivation to contribute and participate. 
However, environments where students can gain social capital through their participation and 
where students’ contributions are valued, are more likely to engage students  Roth and Lee 
(2007) (Roth & Lee, 2004). 
 
Such environments, where students are not compared on tasks but instead are valued for their 
contributions, are less likely to reinforce socioeconomic inequalities and ethnic and cultural 
differences and more likely to promote broad engagement (Gresalfi, Martin, Hand, & Greeno, 
2009; Olitsky, et al., 2010). An equitable classroom is one where all students can negotiate and 
expand the roles they play, where all students share authority, where students are agents with 
ownership over their learning, and where all students have the opportunity and the responsibility 
to participate with competence (Carlone, et al., 2011). 
 
To afford opportunities for equitable productive engagement for all students, the curriculum they 
engage in must offer a range of means and opportunities for social and cognitive interaction. EiE 
provides such opportunities through the careful design of engineering challenges as well as 
through the structuring of participation in engineering design process routines. Engineering 
challenges are designed to have many possible solutions, with competing criteria for success. For 
example, one group of students may produce a water filter that works quickly, while another may 
produce one that is slower but removes more contaminants. Students conduct experiments to 
learn about the performance of different materials or procedures, and then decide as a group their 
strategy for applying what they have learned to a design. At the same time, EiE materials include 
participation routines that encourage all students to take responsibility for contributing to the 
group: for example, students brainstorm individually before sharing their ideas with their group 
and discussing the options set forth. The combination of complex challenges and a variety of 
participation structures allow students a myriad opportunities for engaging, contributing, and 
sharing authority and expertise in the classroom.  
 
 Foster children’s agency as engineers. Equity is not only an issue of opportunity to learn 
and participate; an equitable classroom is also one in which all children can see the relevance of 
what they are learning to their own lives. Students must be able to develop their identities as 
people who can do engineering, and who are capable and interested in engineering. Culture, 
gender, and socio-economic status all play into students’ views of themselves, as well as what 
they perceive it means to be “science people” in school (Carlone, et al., 2011). Whether they are 
knowledgeable or struggling, students are more likely to adopt a science (or engineering) identity 
if they have the opportunity to be active and collaborative producers of knowledge for the 
classroom community. If identities available to students are limited to attributes of individuals 
such as “good at tests and worksheets” and “good reader”, then students (particularly struggling 
students) are more likely to opt out. 
 
EiE units deliberately cast students as engineers. The language used throughout the lessons 
invites students to engineer solutions to problems. Children quickly internalize their roles as 
engineers, excitedly proclaiming “We are going to be mechanical engineers today!” or asking 
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“When do we get to engineer again?” Children who see themselves as capable of engineering are 
more likely to affiliate with the discipline and possibly continue to seek out engineering 
opportunities in the future. 
 
 Develop challenges that require low-cost, readily available materials. In creating 
engineering design challenges, the EiE project has consciously worked to use low-cost materials 
that can be purchased at grocery or hardware store. There are a number of reasons for this. First, 
“everyday,” inexpensive materials help children and teachers perceive engineering as accessible. 
Second, cash-strapped schools often have limited funds for materials. Third, by using 
inexpensive materials that can be purchased in neighborhood stores, children who are engaged 
by the challenges in schools have the opportunity to continue their explorations out of school.  
 

Recommendations 
 

The Engineering is Elementary project is firmly committed to creating curricular materials that 
invite all children to engage in problem-solving, inquiry, and innovation. Drawing from related 
research and our experiences, we articulated design principles and applied these principles to the 
guide the development of 20 elementary curriculum units. These units have been tested and used 
in classrooms across the country; to date we estimate that approximately 2,700,000 children and 
32,700 teachers have used EiE). Research and evaluation data suggest that the EiE materials 
have engaged girls, children of color, children from low socioeconomic groups, and children 
with disabilities and have resulted in learning gains related to both engineering and science 
(Lachapelle, Cunningham, Jocz, Kay, Phadnis, & Sullivan, 2011; Lachapelle, Cunningham, Jocz, 
Kay, Phadnis, Wertheimer, et al., 2011). 
 
We purport that attention to including underserved and underperforming groups must be central 
to the design of materials from their inception. Well-designed materials are critical for attracting, 
engaging, and retaining students’ interest and confidence in engineering. Thus, we set forth our 
inclusive principles as a starting point for a conversation about resource design.  
 
We encourage others involved in K-12 engineering programming and resource development to 
carefully consider ways in which to actively reach out to underrepresented populations—for 
unless such concerns are at the fore, the status quo will continue. We welcome application, 
adoption, and modification of our principles by others. Our experience has taught us that we will 
continue to revise and refine these as we learn more.  
 
Obviously, more research is needed both about elementary-level engineering and about how to 
develop materials that engage all students (in engineering). The opportunity for and magnitude of 
the impact of our EiE materials on a very wide range of students has far exceeded our initial 
expectations. Going forward, EiE plans to conduct research that measures the impact of the 
curricular design principles on students and to investigate the impact of the EiE curriculum on 
underserved groups in more depth.  
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