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Abstract

Guided by the theoretical framework of curriculum as a platform for talent development, this quasi-experimental field
study investigated an intervention focused on engineering curriculum and curriculum based on a biography of a scientist
through a comparative design implemented in low-income schools. Student outcome measures included science content
achievement, engineering knowledge, and engineering engagement. The sample comprised 1,387 Grade | students
across 62 classrooms. Multilevel modeling was used separately for each of the three student outcome measures. The
intervention resulted in an effect size of 0.28 on an out-of-level science content assessment and effect size of 0.66 for
the engineering knowledge measure. Students in the intervention group reported a high level of engineering engagement.
General education teachers were trained to implement the curricula through a summer institute and received coaching
throughout the subsequent academic year. Evidence suggests the intervention functioned as a talent-spotting tool as
teachers reported they would nominate a substantial portion of low-income and culturally diverse students for subsequent
gifted and talented services. Discussion focused on the match between the needs and preferences of students from low-
income households for hands-on design experiences and the curricular affordances in the engineering domain as a talent

development pathway for young, poor children.
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Poverty drops a screen over talent. The underrepresentation
of students living in poverty in the highest achievement quar-
tiles has been documented for the college age cohort (Wyner,
Bridgeland, & Diiulio, 2007) and for students in K-12 educa-
tion (Plucker, Hardesty, & Burroughs, 2013). Although the
overall percentage of U.S. children living in poverty has
remained steady at approximately 20% from 1958 to 2013,
there are significant pockets of poverty entangled with geog-
raphy, race, and the key demographic of single mother
households (Child Trends, n.d.). The problems associated
with child poverty are widespread, recalcitrant, and demand
a call to action (Burney & Beilke, 2008; VanTassel-Baska &
Stambaugh, 2007; Wai & Worrell, 2015). Childhood poverty
affects health, educational outcomes, and life chances.
General achievement and school readiness gaps begin early
and close erratically at a slow rate (Morgan, Farkas,
Hillemeier, & Maczuga, 2016; Reardon & Portilla, 2016).
Who will stand in the gap between undiscovered potential
and the opportunity to achieve for low-income children? In
what innovative educational ways can academic talents
among children in poverty be spotted and nurtured?

Review of the Literature

Challenging Curriculum and the Development of
Talent

Despite the challenges of poverty, resilient children develop
their talents and can achieve at high levels (Borland &
Wright, 1994; Swanson, 2006). With respect to low-income
learners, one theoretical framework focuses on the use of rig-
orous curriculum designed for high-ability learners to
encourage talents to emerge in children (Gallagher &
Gallagher, 2013; Little, 2012; Robinson, Bradley, & Stanley,
1990; VanTassel-Baska & Stambaugh, 2006). The essence of
the curricular approach to developing talent is exposing all
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students to enriched and accelerated curriculum and then
observing student engagement and performance indicative of
advanced learners. Known variously as front-loading
(Briggs, Reis, & Sullivan, 2008) or talent spotting (Robinson,
2017a), the goal is to provide subsequent services at an
appropriate level of challenge. The curricular approach to
talent development has been recommended for a variety of
underrepresented groups including children from low-
income homes (Olszewski-Kubilius & Clarenbach, 2012;
Stambaugh, 2007) and/or children from traditionally under-
represented cultural groups (Briggs et al., 2008). It has been
investigated in core academic domains such as mathematics
(Gavin, Casa, Firmender, & Carroll, 2013) and language
arts/reading  (Swanson, 2006; VanTassel-Baska &
Stambaugh, 2006). In addition to the dominant curricular
foci of primary schools, literacy and numeracy, providing
rigorous science curriculum as a platform for talent develop-
ment with low-income students has also been recommended
and investigated (Cotabish, Dailey, Robinson, & Hughes,
2013; Kim et al., 2012; Robinson, 2017b).

Engineering Curriculum and Promising Students
from Low-Income Households

The arrival of the Next Generation Science standards with
their focus on engineering practices has opened a new aca-
demic domain once thought the purview of college-age stu-
dents and practicing professionals; the salience of engineering
in the elementary school has increased (Anning, 1994;
Cunningham & Carlsen, 2014; Cunningham & Hester, 2007,
Miaoulis, 2014). Mann, Mann, Strutz, Duncan, and Yoon
(2011) noted the similarities between gifted education and
engineering education which share interests in creativity,
innovation, problem solving, and the visualization of solu-
tions. More specifically, engineering provides an engaging
curricular platform for the development of talents in young,
promising learners from low-income households (Robinson,
2017b; Robinson & Kidd, 2017). We suggest that the condi-
tions of poverty where young children learn early that they
must “make-do” and solve problems of everyday challenges
such as broken household items, dilapidated or missing
school backpacks, or a lack of traditional toys may allow
children of poverty to develop early “talents for tinkering”—
the very talents and habits of mind that adult engineers put to
use in the practice of their profession, and that prompt teach-
ers to spot these talents in contexts with everyday objects
(Brophy & Mann, 2008).

One key feature of engineering for young learners is the
opportunity to take things apart and see how they work
(Royal Academy of Engineering, 2014) and to tinker with
objects (Vossoughi & Bevan, 2014). A definition of tinkering
from standard dictionaries often includes the meaning, “to
attempt to improve or repair something in a desultory way.”
In at least one dictionary, a synonym for the verb, “tinker,” is
“bungle.” In contrast to these negative connotations, the

increased calls for emphasis on engineering in the Pre-K-12
school curriculum (Brophy, Klein, Portsmore, & Rogers,
2008; Katehi, Pearson, & Feder, 2009; Royal Academy of
Engineering, 2014) and the rise of the maker movement have
reinforced tinkering as a valuable source of hands-on experi-
mentation and creativity for children. Martinez and Stager
(2013) described tinkering as a mind-set that involves a play-
ful approach to solving problems. Resnick (2011) empha-
sized tinkering as technology with a low floor (accessible
and easy to get started), a high ceiling (supportive of creating
sophisticated projects), and wide walls (inclusive of many
different types of hands-on projects). Resnick and
Rosenbaum’s (2013) conceptualization of tinkering is posi-
tive and connected with the creative endeavor of design—a
key concept in engineering and engineering education. In a
review of the literature, Vossoughi and Bevan (2014) empha-
sized the value of tinkering as an activity that may promote
equity as it focuses on everyday objects and processes that
have “low barriers to participation” (p. 4). Resnick (2011)
noted that tinkering and the more formal domain of engineer-
ing are a good match for low-income children whose life cir-
cumstances have presented them with the need to dismantle,
redesign, and repair everyday objects or to improve pro-
cesses that are necessary for day-to-day living within the
constraints of scarce resources.

In the history of engineering, early engineers were not
necessarily associated with elite or wealthy members of soci-
ety. According to Rae and Volti (2001), engineering in a
modern sense flowered in Great Britain as part of the
Industrial Revolution. Among the creative engineers who
found careers were James Brindly (1716-1772), John Metcalf
(1717-1810), Thomas Telford (1757-1834), and George
Stephenson (1781-1848)—all individuals who came from
farming or mining families of very modest or impoverished
means. Rae and Volti (2001) noted that for individuals with
engineering talents, the emerging profession became a way
out of poverty. Even today, they assert that in comparison
with professions like medicine and law, engineers often
come from families with roots in manual labor. American
universities adopted the French approach to an engineering
curriculum that focuses on mathematics and abstract study
rather than practical application, but changing practices in
engineering education have begun to find a balance that once
again establishes the importance of hands-on experiences
and an appreciation for the craft of executing design. For
example, Smith and Lucena (2015) studied engineering stu-
dents from low-income backgrounds attending the Colorado
School of Mines and explored the ways in which these col-
lege-age students leveraged their working-class experiences
with manual labor and “make-do” problem-solving strate-
gies into professional strengths. The students noted that their
practical experience with machinery, appreciation of skilled
craftsmen and women, and understanding of the constraints
of materials and costs made them more effective engineers.
Evidence is also emerging from younger samples. A recent
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qualitative study of two elementary classrooms of gifted stu-
dents in low-income schools examined the emergence of
engineering identity in children over time as it evolved from
identification with child characters in storybooks to the
development of identities as engineers through personal
engagement in design challenges (Kelly, Cunningham, &
Ricketts, 2016).

STEM Biography and Advanced Learners

A challenge faced by promising students from low-income
households is that they may have little exposure to engineers
in their communities (Capobianco, Yu, & French, 2015). With
the positive influence of role models on talent development,
interventions that include them are important. In terms of cur-
ricular interventions, one means of introducing role models
systematically in the classroom is to incorporate role models
from books or other media. Holbrook, Panozza, and Prieto
(2008) reviewed the portrayals of engineers in children’s fic-
tion and reported that the appearance of engineers as fictional
characters is infrequent, generally male, and usually involves
cars. Although they concluded that the potential for fictional
mentors is considerable, current literary selections do not pro-
vide much information on typical engineering activities.
Nonfiction texts may provide more details of the ways engi-
neers, inventors, and scientists engage with their professions
and, therefore, can serve the function of role models when
low-income families, neighborhoods, or schools may not
have convenient access to practicing professionals. The inter-
vention investigated in this study capitalizes on the “role
model in a book” specifically through STEM biographies.
The use of biography across the curriculum has a long his-
tory in the education of gifted children through the work of
Leta Hollingworth (1936). She integrated biography study
into the school day through reading clubs managed by chil-
dren. After 2 years of study, Hollingworth concluded that
even very bright students required adult guidance in the selec-
tion of biographies to read and recommended 40 minutes of
discussion twice a week as optimal. More recently, biography
study has been linked to STEM education as a source for
engagement (Robinson, Kidd, & Deitz, 2016), for teaching
specific aspects of STEM practices (Fairweather &
Fairweather, 2010), to encourage scientific thinking in chil-
dren (Fingon & Fingon, 2009), and for presenting role models
to students (Daugher & Ford, 2005; Robinson et al., 2016).
Research on biography in the curriculum has also been used
to examine the use of STEM biographies in gifted and tal-
ented elementary programs and services through teachers’
perceptions of gifted children’s engagement and identifica-
tion with scientists, inventors, and engineers (Deitz, 2012).

Purpose

The purpose of this study is to investigate the performance of
children from low-income schools exposed to an enriched

engineering curriculum during Grade 1. Does the opportu-
nity for curriculum focused on problem solving in science,
engineering design processes, and STEM biography encour-
age the development of academic talents? The central claim
of this study is that the intervention is related to the student
outcomes of science achievement and engineering knowl-
edge and engagement.

The research questions for the study include the following:

Research Question 1: What are the differences by gen-
der, meal subsidy status, and underrepresented minority
status on science content achievement, knowledge of
engineers, and behavioral and emotional engagement in
engineering?

Research Question 2: How does the intervention affect
first graders’ science content achievement and knowledge
of engineers?

Research Question 3: After a year of the intervention,
what does the pool of students that general education
teachers would nominate for gifted programs and services
look like in terms of demographics? Do the students that
teachers would nominate differ on the outcome measures
from students who teachers would not nominate?

Method
Design

The design of the study is quasi-experimental with a control
group design with dependent pretest and posttest measures
(Shadish, Cook, & Campbell, 2002). In consultation with
the researchers and to ensure that students from low-income
households were represented, districts selected schools
with similar characteristics to assign to intervention and
comparison groups. Nine schools were included in the
intervention group. Nine schools were included in the com-
parison group. The number of schools invited to participate
in the study was determined with a power analysis con-
ducted in Optimal Design.

Participants

Grade 1 students in 18 schools across four districts were
included in the intervention study. The sample comprised
1,387 students who participated in at least one of the preas-
sessments or postassessments. They were in 62 different
classes, with an average of 22 students per class (SD = 2.26,
range = 16-31). There was an average of 3 classes per school
(SD=0.92, range = 1-5). Table 1 summarizes the demograph-
ics of student participants in the first year of implementation.

Intervention

The intervention, STEM Starters+, included an engineering
unit, a STEM biography, and a professional development
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Table 1. Demographics for Grade | in Year | Implementation.

Total sample (N = 1,387)

Intervention group (n = 765) Comparison group (n = 622)

Sex
Male 699 (50.4)
Female 622 (44.8)
Ethnicity
White 638 (46.0)
Asian/Pacific Islander 36 (2.6)
Black 573 (41.3)
Hispanic 64 (4.6)
Native American 17 (1.2)
Two or more races 19 (1.4)
Other 8 (0.6)
Lunch status
Full pay 609 (43.9)
Receive subsidy 745 (53.7)

401 (52.4) 298 (47.9)
329 (43.0) 293 (47.1)
337 (44.1) 301 (48.4)
14 (1.8) 22 (3.5)
321 (42.0) 252 (40.5)
54 (7.1) 10 (1.6)
4(0.5) 13 (2.1)
9(1.2) 10 (1.6)
4(0.5) 4(0.6)
349 (45.6) 260 (41.8)
394 (51.5) 351 (56.4)

Note. Table provides n (%). Percentages do not add up to 100 due to missing demographic data.

component linked to the curriculum as a platform for spot-
ting talent in young children from low-income and/or cultur-
ally diverse households. Specifically, an acoustical
engineering unit, Sounds Like Fun: Seeing Animal Sounds,
developed by the Museum of Science, Boston, and a
Blueprint for Biography based on The Watcher: Jane
Goodall's Life with the Chimps, developed at the Jodie
Mahony Center for the STEM Starters+ project form the
basis of the curricular intervention. In addition, teachers
implementing the intervention were trained in a 1-week sum-
mer institute and had access throughout the academic year to
a science and engineering specialist with preparation in
gifted education. The curricular components and the com-
panion professional development comprise the Grade 1
STEM Starters+ intervention and are described in the subse-
quent sections.

Given the theoretical framework guiding this study, chal-
lenging curriculum can serve as a platform for developing
talent, we selected curricula based on its suitability for
meeting the educational needs of advanced learners. First,
engineering is not a content area generally available to pri-
mary grade students and, therefore, provides an enrichment
opportunity for differentiation. Given that engineering is
also viewed as a content domain accessible to college
majors, the implementation of engineering curriculum in the
primary grades differentiates by acceleration. In addition,
the engineering design process at the center of engineering
curricula has been linked to the development of creativity—
a goal espoused in the field of gifted education (Mann et al.,
2011). Second, the use of biography has a long history as a
curricular approach in gifted education (Hollingworth,
1925; Robinson, 2009). Biography provides advanced learn-
ers an opportunity to explore talents in the lives of eminent
individuals and to identify with them. The biography cur-
riculum materials focus on talent exploration and provide

students with the opportunity to participate in creative and
analytical processes used by practicing professionals in the
fields of engineering, primary source research, science, and
the visual arts.

Engineering Curriculum. Developed by the Museum of Sci-
ence, Boston, the Engineering is Elementary (EiE) curricu-
lum series focuses on the engineering design process within
a variety of engineering specialties such as acoustical engi-
neering, agricultural engineering, electrical engineering,
materials engineering, and mechanical engineering. Exam-
ple units are found at https://eie.org/eie-curriculum/curricu-
lum-units. The goals of the curriculum include introducing
children to engineering and technology concepts, providing a
broad perspective on various engineering fields and the types
of work specialist engineers do, exploring linkages among
science, mathematics, and engineering, and integrating the
engineering design process into STEM programs. Units are
introduced through a story that features a child presented
with a problem to solve. For example, the acoustical engi-
neering unit, Sounds Like Fun: Seeing Animal Sounds, intro-
duces Kwame, a child from Ghana, who is given the
challenge of representing sounds to his cousin who cannot
hear them because he lives far away. In other words, the stu-
dents must develop a visual representation of sounds—a
form of coding.

After reading the storybook in Lesson 1, the students par-
ticipate in three additional lessons characterized by the
developers as follows: Lesson 2, A Broader View of an
Engineering Field; Lesson 3, How Scientific Data Inform
Engineering; and Lesson 4, Engineering Design Challenge.
The unit also includes a preparatory lesson to introduce chil-
dren to the concept that engineers use technology to solve
problems. The EiE website also includes extension lessons
for each unit. The STEM Starters+ application of this unit,
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Sounds Like Fun, also incorporated an extension lesson on
coding bird sounds.

Blueprints for Biography Curriculum. Developed at the Jodie
Mahony Center for Gifted Education, Blueprints for Biogra-
phy are a series of teaching guides linked to specific trade
book biographies. The goals of the curriculum materials are
to encourage biography study as a means of talent explora-
tion, to explore the life and work of eminent individuals
through trade book biographies, to link primary source anal-
yses of various types of documents to the methods of research
used by biographers, and to provide a window into the habits
and methods used by practicing professionals in specific
fields. The STEM series of the Blueprints was developed
through Jacob K. Javits funding and focuses on the lives of
scientists, engineers, and inventors to engage young learners
in the STEM fields (Deitz & Robinson, 2016; Robinson,
2017b). Example Blueprints can be found at http://ualr.edu/
gifted/curriculum/stemblueprints. Blueprints include ques-
tions that set the context for the biography (Before the Book),
questions that require close reading of text and illustrations
(By the Book), and questions that explore talent develop-
ment and investigations outside the text of the trade biogra-
phy (Beyond the Book).

Four extension lessons are included in the Blueprints
teaching guides: Portrait Analysis, Persuasive Writing
Prompts, Primary Source Analysis, and Point of View
Analysis. Prior to implementation in STEM Starters+, the
Blueprints model was field tested by teachers with prepara-
tion in gifted education (Deitz, 2012). The Blueprint devel-
oped for the Jane Goodall biography provided students with
a childhood photographic portrait of Jane Goodall and guided
them through the analysis of the portrait with a graphic orga-
nizer through group discussion (Kidd, Deitz, & Robinson,
2016). The graphic, FACE, incorporates strategies recom-
mended by curators at the National Portrait Gallery in
London (Morris, 1994). For the Persuasive Writing Prompts,
students were given the choice to write a speech convincing
people not to cut down the forests of Gombe or a letter con-
vincing their teacher to support a Jane Goodall Roots and
Shoots project in the classroom. In terms of Primary Source
Analysis, students were given an excerpt from one of Jane’s
typewritten field notebooks that included chimpanzee vocal-
izations and were asked to analyze the document using strat-
egies modified from the National Archives. Finally, in point
of view analysis, students were asked to consider both Jane’s
and Jane’s mother’s point of view about the dangers Jane
might encounter living alone in the rainforest for an extended
period.

The combined instructional time for the EiE Unit and the
Blueprint for Biography was approximately 5 to 6 hours.
Most teachers delivered the engineering unit and the biogra-
phy study over a 4- to 5-week period. Teachers were permit-
ted to begin the curricular intervention with the Blueprint for
Biography, with the EiE unit, or to alternate lessons from

either set of curricular materials as their daily teaching
schedule allowed.

Teacher Professional Development. To support fidelity of
implementation, Grade 1 teachers were trained in a week-
long summer institute and provided a coaching specialist
with expertise in STEM and gifted education over the course
of the subsequent academic year. The summer institute
included information on acknowledging and locating talents
among low-income young children, science talk moves, spe-
cific lessons from the EiE curriculum unit, and specific les-
sons from the Blueprint teaching guide. Summer institute
sessions were provided by two STEM professional develop-
ment specialists with credentials in gifted education and by a
university faculty member with expertise in curriculum dif-
ferentiation and underrepresentation. All three individuals
provide professional development nationally. During the
academic year, coaching was provided by the full-time
STEM professional development specialist on an individual
basis depending on teacher need established informally
through direct contact with the teachers, individual school
visits by the coach, and requests for assistance from princi-
pals and/or gifted and talented coordinators in participating
districts. With respect to the coaching model for the interven-
tion, the coach demonstrated lessons, provided support
through e-mail, telephone calls, and conducted classroom or
school visits. These strategies drew from previously effec-
tive coaching strategies implemented and evaluated with
general elementary teachers (Dailey & Robinson, 2017;
Robinson, Dailey, Hughes, & Cotabish, 2014) and are repre-
sentative of factors incorporated into fidelity of implementa-
tion frameworks (Century, Rudnick, & Freeman, 2010;
O’Donnell, 2008). In addition to training and coaching on
specific curricular materials and on the characteristics and
needs of promising learners from low-income households,
fidelity of implementation was checked through classroom
visits and frequent contacts by the coaching specialist, the
collection of student work samples, and through on-site vis-
its and interviews conducted by the project external evalua-
tor (Robinson, Kidd, Adelson, Deitz, & Meadows, 2017,
Ruiz-Primo, 2006).

Instrumentation

Three instruments were used to assess student performance
and engagement outcomes: What is an Engineer? (a 20-item
measure of young student knowledge of engineering prac-
tices developed by the Museum of Science, Boston), the
Science Content Test (constructed of eight released TIMSS
[Trends in International Math and Science Study] and NAEP
[National Assessment of Educational Progress] items), and
the STEM Engagement Scale (SES): Engineering (developed
for the project).

What is an Engineer? includes 19 yes/no questions to
which students respond focused on what an engineer “could
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do at work” (in addition to one open-ended question, not ana-
lyzed for this study). Example “yes” stems include “develop
better bubblegum” and “design ways to clean polluted air.”
Example “no” stems include “repair cars” and “put roofs on
buildings.” Students score a proportion correct. The internal
consistency reliability for What is an Engineer? was good (o
= .781; Lachapelle, personal communication, September 8,
2017).

The Science Content Test includes six single-part ques-
tions and two two-part questions that were developed for and
released from TIMSS and NAEP assessments. TIMSS
releases items as a service for its member nations; NAEP
releases items regularly for educational and research pur-
poses. All released items meet standards of sound psycho-
metric properties; TIMSS and NAEP have procedures to
ensure that the items produce reliable scores and are devel-
oped with a focus on validity so that appropriate inferences
can be drawn from the results of the items. A science and
engineering educator and the external evaluator reviewed
released items from TIMSS and NAEP and selected items
that aligned with the objectives stated for the curriculum
unit. A test blueprint detailed the scope-and-sequence of the
designed test and how the items aligned with the objectives.
(Note that the external evaluator was unaware of the specific
curriculum, so items were chosen specifically to match the
objectives from the curriculum, not the curriculum itself.) A
third researcher reviewed the final assessment decisions to
check alignment. Each part was worth one point, with no
partial credit, for a total possible score of 10 points. Because
neither TIMSS nor NAEP assess Grade 1 students in science,
the Science Content Test is an out-of-level test.

The SES: Engineering is a parallel assessment to the SES:
Mathematics and SES: Science scales (Cash, Adelson, &
Robinson, 2016; Robinson, Kidd, & Adelson, 2017). It
includes 15 items, 6 of which measure Emotional Engagement
(such as “I enjoy learning new things in engineering”) and 9
of which measure Behavioral Engagement (such as “I pay
attention during engineering lessons”). Students rate the
items on a 5-point Likert-type scale ranging from not at all
like me to a lot like me. For the primary grade version used in
this study, each Likert response has a corresponding picture
of a face (from sad to happy). Scores on each scale are aver-
aged. Reliabilities for the scales were adequate (a = .70 for
Emotional Engagement, o= .77 for behavioral engagement).
Because schools were not explicitly conducting engineering
lessons with first graders prior to the implementation of this
project or at any point in the comparison schools, we were
unable to assess engineering engagement at pretest or in the
comparison schools. At pretest in both cohorts and at posttest
in the comparison group, students were simply not able to
report engagement in engineering because no engineering
opportunities were systematically or explicitly presented to
them. Thus, there was no opportunity to be engaged.

Finally, we used a teacher nomination form to learn which
students general education teachers would nominate for

gifted and talented services. We gave each teacher a form
with his or her class roster on it. For each student, teachers
were asked two questions: “Would you consider this student
to have high academic potential?” and “Would you nominate
this student for gifted and talented services?”” For this study,
we focused on the responses to the question regarding nomi-
nating students for gifted and talented services.

Data Analysis

The data in this study violate the assumption of indepen-
dence of observations. Students are nested together in the
same class, taught by the same teacher. Multiple teachers/
classrooms are within the same school, with the school being
the unit that was randomized to intervention or comparison.
Thus, we used multilevel modeling to appropriately adjust
the standard errors and to allow us to examine cross-level
interactions (McCoach & Adelson, 2010), using HLM 7
(Raudenbush & Bryk, 2002). We conducted a series of mod-
els, beginning with an unconditional model with no predic-
tors and building to our full contextual model, as
recommended by Raudenbush and Bryk (2002). This was
done separately for each of the three outcome measures.

To answer the third research question, we examined
descriptively the student sample that teachers indicated they
would nominate for gifted programs and services, particu-
larly focusing on traditionally underrepresented students.
Then we compared the students teachers would nominate
with those they would not nominate using ¢ tests.

Results

Descriptive statistics for the three assessments at each wave
for the full sample, for the intervention group, and for the
comparison group are included in Table 2. As indicated by
both the range and the mean, the content test was sufficiently
difficult; there was no evidence of a ceiling effect. The aver-
age scores on What is an Engineer? also suggest an adequate
ceiling, although some students (» = 9) in the intervention
group did answer all questions correctly on the posttest.
Overall, 20 students (2.24%) scored above 90% and 53 stu-
dents (5.93%) scored above 80% on the posttest.

Science Content Test

First, we estimated an unconditional model of the average
score on the content assessment and calculated the proportion
of variance at each of the three levels (between students
within classes, between classes within schools, and between
schools). On average, students scored 2.96 (out of a possible
score of 9) on the posttest, which was statistically signifi-
cantly different from 0 (z,; = 19.60, p < .001). As expected,
most variability (85%) was between students within classes.
However, 7% of the variability in content assessment scores
was between classes within schools, and 8% of the variability
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Table 2. Descriptive Statistics for Assessments.

Full sample Intervention group Comparison group

Assessment Range M (SD) Range M (SD) Range M (SD)
Content

Pre 0-6 1.45 (1.21) 0-6 1.39 (1.22) 0-6 1.53 (1.20)

Post 0-9 2.98 (1.80) 0-9 3.20 (1.90) 0-8 2.69 (1.63)
What is an Engineer?

Pre 5.26-94.74 42.89 (13.40) 10.53-94.74 42.88 (13.76) 5.26-84.21 42.89 (13.05)

Post 10.53-100.00 48.47 (18.13) 10.53-100.00 54.17 (19.07) 10.53-84.21 41.18 (13.76)
Emotional. engagement® — — 1.00-5.00 3.89 (0.85) — —
Beh. engagement® — — 1.00-5.00 4.10 (0.73) — —

*The Emotional and Behavioral Engagement scales were not administered at pretest or to the comparison group because engineering was not taught
explicitly in either group except during the project, meaning that at pretest for both groups and at posttest for the comparison group students were

simply not engaged in engineering.

was between schools. There was significant variability at both
Level 2 (between classes) and Level 3 (between schools).

Next, we added the content pretest as a predictor of the
posttest (grand-mean centered). For every 1-unit higher
students scored on the pretest, they were expected to score
0.29 points higher on the posttest (¢,; = 3.99, p < .001).
This relationship did not vary significantly between classes
(1, = 0.002, x*;; = 22.38, p > .500), so we fixed the Level 2
random effect. This relationship did vary between schools
(tp = 0.04, 16 = 32.56, p = .009). The pretest explained
6.16% of the variability between students, 13.04% of the
variability between classes, and 11.54% of the variability
between schools, with variability remaining to be explained
at each level.

To answer Research Question 1, what differences exist
by gender, lunch subsidy status, and underrepresented
minority status, we next added those three student character-
istics to the model. We eliminated any random effects that
did not randomly vary (p > .10), one at a time. For random
effects that had a significance between .05 and .10, we also
conducted a chi-square difference test and eliminated them
if they did not significantly improve the model fit. The rela-
tionship between gender, lunch subsidy status, and under-
represented minority status and the outcome variable
(content assessment score) did not vary between classes or
between schools. As shown in Table 3, gender (coded 0 =
male, 1 = female), lunch subsidy status (coded 0 = full pay,
1 = receives subsidy), and underrepresented minority status
(coded 0 = not Black or Hispanic, 1 = Black or Hispanic)
were all related to the outcome. On average, girls scored
0.27 points higher than boys, students receiving a lunch sub-
sidy scored 0.51 points lower than those who do not, and
students who are from an underrepresented minority group
scored 0.32 points lower than those who are not. These stu-
dent characteristics explain only 5.41% of the variability
between students within classes. Although student charac-
teristics did not explain any variability between classes, they
did explain 26.09% of the variability between schools.

To answer Research Question 2, examining the effects of
the intervention, we entered group (coded 0 = comparison, 1
= intervention) as a predictor of the intercept. As shown in
Table 3, students in the intervention group scored 0.50 points
higher than those in the comparison group scored. Although
the p value for this parameter estimate was .050, the effect
size was rather large. Whether a school was in the interven-
tion group or not explained 41.18% of the variability in con-
tent assessment scores between schools. As another measure
of effect size, we divided the parameter estimate by the
square root of the variance components from the null model
(i.e., the standard deviation for the outcome), resulting in d =
0.28, indicating that students receiving the intervention
scored 0.28 standard deviations higher on an out-of-level sci-
ence content test than those in comparison schools.

What is an Engineer?

First, we estimated an unconditional model of the average
score on What is an Engineer? (i.e., proportion of correct
responses) and to calculate the proportion of variance at
each of the three levels (between students within classes,
between classes within schools, and between schools). On
average, students scored 48.04% on the posttest, which was
statistically significantly different from 0 (¢, = 31.28, p <
.001). As expected, much of the variability (65%) was
between students within classes. Much more of the vari-
ability in this measure was at Levels 2 and 3 than in the
content assessment; 14% of the variability in What is an
Engineer? scores was between classes within schools, and
22% of the variability was between schools. There was sig-
nificant variability at both Level 2 (between classes) and
Level 3 (between schools).

Next, we added the What is an Engineer? pretest as a pre-
dictor of the posttest (grand-mean centered). For every 1%
higher students scored on the pretest, they were expected to
score 0.21% higher on the posttest (z5,, = 4.75, p < .001).
This relationship did not vary significantly between classes
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Table 3. Results of Final 3-Level Models: Intervention Group Comparisons on Achievement.

Science content test What is an Engineer?
Fixed effect Coefficient (SE) t (df) b Coefficient (SE) t (df) p
Model for outcome score (1)

Intercept (Yogo) 2.89 (0.20) 14.29 (16) <.001 43.63 (11.75) 22.01 (16) <.001

Group (Yoo,)* 0.50 (0.23) 2.12 (16) .050 11.75 (2.52) 4.66 (16) <.001
Model for gender slope ()

Intercept (Y,q0) 0.27 (0.12) 2.26 (636) .024 0.21 (1.19) 0.18 (518) .858
Model for lunch subsidy slope (1,)

Intercept (Y90) =-0.51 (0.13) -3.96 (636) <.001 =2.01 (1.32) -1.53 (518) .126
Model for underrepresented minority slope (1;)

Intercept (Y3q0) -0.32 (0.14) -2.23 (636) .026 =2.77 (1.47) -1.89 (518) .059
Model for pretest slope (11,)

Intercept (Y490) 0.28 (0.07) 3.80 (17) .001 0.20 (0.05) 442 (518) <.001
Random effect Variance x(df) p Variance x(df) p
Level | (students within classes)

Variance between students (e;) 2.45 206.92
Level 2 (classes within schools)

Variance in class means (ry;) 0.21 77.04 (37) <.001 20.76 79.18 (30) <.001
Level 3 (schools)

Variance in school means (uoy) 0.10 29.97 (15) 012 10.10 27.40 (14) .017

Variance in pretest slope (uy) 0.04 31.46 (16) .012 — — —

Note. df = degrees of freedom; SE = standard error.
*Group was coded as 0 (comparison group) and | (intervention group).

(t, = 0.02, x’ = 0.13, p = .150) or between schools (15 =
0.0006, y*,s = 14.91, p > .500), so we fixed the Level 2 and
Level 3 random effects. The pretest explained almost no
variability between students within classes (0.27%), but it
explained 44.97% of variability between classes within
schools and 37.91% of variability between schools.

To answer Research Question 1, what differences exist by
gender, lunch subsidy status, and underrepresented minority
status, we next added those three student characteristics to
the model. We eliminated any random effects that did not
randomly vary (p > .10), one at a time. The relationship
between gender, lunch subsidy status, and underrepresented
minority status and the outcome variable (proportion correct
on What is an Engineer?) did not vary between classes or
between schools. As shown in Table 3, gender (coded 0 =
male, 1 = female), lunch subsidy status (coded 0 = full pay,
1 = receives subsidy), and underrepresented minority status
(coded 0 = not Black or Hispanic, 1 = Black or Hispanic)
were not related to the outcome. On average, girls and boys,
students receiving a meal subsidy and those not, and students
identifying as an underrepresented minority and those not,
did not statistically significantly differ in the proportion of
items they answered correctly on What is an Engineer?

To answer Research Question 2, examining the effects of
the intervention, we entered group (coded 0 = comparison, 1
= intervention) as a predictor of the intercept. As shown in
Table 3, students in the intervention group averaged 11.75%

more correct than those in the comparison group. Whether a
school was in the intervention group or not explained 74.19%
of the variability in What is an Engineer? scores between
schools. As another measure of effect size, we divided the
parameter estimate by the square root of the variance compo-
nents from the null model (i.¢., the standard deviation for the
outcome), resulting in d = 0.66, indicating that students
receiving the intervention scored 0.66 standard deviations
higher than those in comparison schools.

Engineering Engagement: Emotional Engagement

Because the STEM Engagement Scale: Engineering was
administered only to students in the intervention schools,
nine schools provided data on this instrument. We ran this
analysis as a 2-level model using full information maximum
likelihood. After running the full model, we reran it to include
eight dummy codes to control for differences in the schools,
but the results were robust.

First, we estimated an unconditional model of the average
score (on a Likert-type scale 1 to 5) and to calculate the pro-
portion of variance between classes (vs. within classes). On
average, students scored 3.89, which was statistically signifi-
cantly different from 0 (#;, = 74.81, p <.001). As expected,
the majority of variability (94%) was between students
within classes, with 6% of variability in student engagement
being between classes.
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Table 4. Results of Final 3-Level Models: Engineering Engagement.

Emotional engagement

Behavioral engagement

Fixed effect Coefficient (SE) t (df) p Coefficient (SE) t (df) p
Model for outcome score (f3,)

Intercept (Yoo) 3.95 (0.08) 49.83 (31) <.001 4.19 (0.07) 63.99 (31) <.001
Model for gender slope (B3,)

Intercept (v,0) 0.06 (0.07) 0.84 (469) 401 0.06 (0.06) 0.96 (469) 337
Model for lunch subsidy slope (B,)

Intercept (v,) -0.07 (0.08) -0.90 (469) 367 -0.18 (0.07) -2.69 (469) .007
Model for underrepresented minority slope (1T;)

Intercept (Y300) -0.10 (0.09) -1.17 (469) 242 -0.04 (0.07) -0.61 (469) .545
Random effect Variance x2(df) p Variance x*(df) p
Level | (students within classes)

Variance between students (r;) 0.67 0.49
Level 2 (classes)

Variance in class means (ug) 0.04 59.40 (31) .002 0.02 53.66 (31) .007

Note. df = degrees of freedom; SE = standard error.

To answer Research Question 1, what differences exist
by gender, lunch subsidy status, and underrepresented
minority status, we added those three student characteristics
to the model. We eliminated any random effects that did not
randomly vary (p > .10), one at a time. The relationship
between gender, lunch subsidy status, and underrepresented
minority status and the outcome variable (emotional engage-
ment) did not vary between classes. As shown in Table 4,
gender (coded 0 = male, 1 = female), lunch subsidy status
(coded 0 = full pay, 1 = receives subsidy), and underrepre-
sented minority status (coded 0 = not Black or Hispanic, 1 =
Black or Hispanic) were not related to the outcome. On
average, girls and boys, students receiving a meal subsidy
and those not, and students identifying as an underrepre-
sented minority and those not, did not statistically signifi-
cantly differ in their emotional engagement in engineering.

Engineering Engagement: Behavioral Engagement

As with the emotional engagement scale, we analyzed the
behavioral engagement data using a 2-level model and full
information maximum likelihood. After running the full
model, we again reran it to include eight dummy codes to
control for differences in the schools, but the results were
robust.

First, we estimated an unconditional model of the aver-
age score and to calculate the proportion of variance
between classes (vs. within classes). On average, students
scored 4.09 (on a Likert-type scale from 1 to 5), which
was statistically significantly different from 0 (¢;, = 96.91,
p <.001). As expected and like emotional engagement, the
majority of variability (95%) was between students within
classes, with 5% of variability in student engagement
being between classes.

To answer Research Question 1, what differences exist by
gender, lunch subsidy status, and underrepresented minority
status, we added those three student characteristics to the
model. We eliminated any random effects that did not ran-
domly vary (p >.10), one at a time. The relationship between
gender, lunch subsidy status, and underrepresented minority
status and the outcome variable (behavioral engagement) did
not vary between classes. As shown in Table 4, gender (coded
0 = male, 1 = female) and underrepresented minority status
(coded 0 = not Black or Hispanic, 1 = Black or Hispanic)
were not related to the outcome. On average, girls and boys,
students identifying as an underrepresented minority and
those not, did not statistically significantly differ in their
engagement in engineering. However, lunch subsidy status
(coded 0 = full pay, 1 = receives subsidy) was negatively
related to behavioral engagement, indicating that students
receiving a lunch subsidy reported being less behaviorally
engaged in engineering class than students who did not
receive a lunch subsidy. To assess the effect size of this rela-
tionship, we ran a model with gender and underrepresented
minority status and compared the variance between these
two models to see what proportion of variance lunch subsidy
status explained above and beyond the other student charac-
teristics. Interestingly, meal subsidy status explained less
than 1% of variability in engagement between students
within the same class. However, it explained about 19% of
variability between classes. As another measure of effect
size, we divided the parameter estimate by the square root of
the variance components from the null model (i.e., the stan-
dard deviation for the outcome), resulting in d = 0.25, indi-
cating that students receiving a lunch subsidy scored 0.25
standard deviations lower on behavioral engagement than
those who did not receive a lunch subsidy. Significant vari-
ability remained to be explained.
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Table 5. First Graders Teachers Indicated They Would Nominate for Services After STEM Starters+ Year | Implementation.

School Total nominated Black, n (%) Hispanic, n (%) Subsidized Lunch, n (%)
| 41 10 (24) 0 (0) 18 (44)
2 17 5(29) 0 (0) 7 (41)
3 I 8 (73) 0 (0) 5 (45)
4 22 21 (95) 1 (5) 13 (59)
5 7 6 (86) 1 (14) 6 (86)
6 32 4 (13) 1 (3) 6 (19)
7 38 5(13) 1 (3) 8 (21)

Talent Spotting

To answer Research Question 3, we examined what the nom-
ination pool for gifted programming and services looked like
after a year of implementing the intervention curriculum in
Grade 1. We were particularly interested in whether teachers
were nominating students who received a meal subsidy or
who identified as Black or Hispanic. We asked the Grade 1
teachers which of their students they would nominate to be
identified as gifted and talented as an indicator of talent spot-
ting. As shown in Table 5, most teachers nominated a sub-
stantial proportion of students who received a subsidized
lunch or who identified as either Black or Hispanic. In School
5, which had no second graders identified the prior 2 years,
the teachers indicated they would nominate seven students,
all minority students and almost all receiving a meal subsidy.
Similarly, in School 2, no second graders had been identified
the prior year, but the teacher would nominate 17 students
after implementing STEM Starters+. In Schools 1 and 7,
although no minority children had been identified the prior
year, the teachers indicated they would nominate 10 minority
students and 6 minority students, respectively. The diversity
of students nominated by general education teachers who
were provided with professional development on talent spot-
ting among children from low-income households is a heart-
ening finding.

To examine the validity of the nominations, we compared
the posttest scores for students nominated and those not
nominated on the science content test, What is an Engineer?,
and the two engineering engagement scales. On all four
measures, the students nominated by their Grade 1 teachers
scored statistically significantly higher, as shown in Table 6.
Thus, teachers were spotting more academically promising
students.

Discussion

The discussion is organized in two sections: (a) Implications
for Practice and (b) Recommendations for Future Research.

Implications for Practice

First, Grade 1 children attending low-income schools can
and do learn science when time is provided in the daily

schedule for curriculum that addresses science embedded in
engineering contexts. In STEM Starters+, science content
was taught using an engineering unit anchored in the science
of sound and through a biography that explored the scientific
process of careful observation. Given the emphasis on engi-
neering concepts and design challenges in the Next
Generation Science Standards, the STEM Starters+ curricu-
lar intervention supports the nascent body of literature on the
efficacy of engineering taught at grades much earlier than
has been general practice. The results reported in this study
are strengthened by the rigorous measure used to assess sci-
ence content, an out-of-level test constructed from released
TIMSS and NAEP items. Creative enrichment and design
challenges linked to out-of-level testing provide a practical
means of fostering and documenting advanced performance
in science.

Second, exposure to engineering design challenges and
high-interest biographies provide rich curricular opportuni-
ties to engage promising learners in low-income schools.
Young students improved both their knowledge of engi-
neers and their reported engagement in engineering activi-
ties. Our findings are strengthened by the absence of
baseline differences and by comparable postintervention
outcomes on the measure of engineering knowledge
achieved both by children from low-income households
and by more advantaged students. Given the frequently
reported gaps between the performance of students from
low-income households and their more advantaged peers
on many academic measures, engineering experiences at
the early grades provide a creative and rigorous curricular
platform for advanced performance across income levels.
Although it remains speculative to link the historical pat-
tern of engineering as a pathway out of poverty to the cur-
rent achievement and engagement of children, we suspect
that young children from low-income environments may be
well matched to the more active and practical problem-
solving approach of engineering. Having had to “make-do”
with limited resources, a constraint frequently imposed in
real-world engineering design, children from low-income
households may have relevant experience in stretching
resources to make things work. The combination of engi-
neering curricula and an inspiring children’s biography can
foster the development of academic talent.
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Table 6. Comparison of First Graders Teachers Would Nominate as Gifted With First Graders Teachers Would Not Nominate.

Test Nominated? (n) M (SD) t (df) p

Science content No (237) 2.81 (1.68) 8.26 (381) <.001
Yes (146) 4.34 (1.88)

What is an Engineer? No (226) 53.31 (19.50) 4.26 (365) <.001
Yes (141) 62.26 (19.74)

Emotional engagement No (237) 3.78 (0.83) 3.78 (382) <.001
Yes (147) 4.10 (0.82)

Behavioral engagement No (237) 4.02 (0.73) 2.98 (382) .003
Yes (147) 4.24 (0.66)

Note. df = degrees of freedom.

Third, engineering demonstrated its usefulness as a talent- achievement, engineering knowledge, or engineering

spotting platform in a domain generally reserved for older
students or adult learners. Although this study focused on
students, their elementary generalist teachers could stimulate
and observe advanced performance as young children inter-
acted with hands-on materials, manipulated objects, and
adopted the mind-set of tinkering to solve practical prob-
lems. Given that Grade | classrooms emphasize vocabulary,
reading fluency, and basic numeracy, engineering in the cur-
riculum brought other talents to teachers’ attention. Many of
the children teachers chose to nominate for further services
were from low-income households/or and culturally under-
represented groups; this finding indicates that underrepre-
sentation can be addressed early and in innovative ways that
tap the talents and life experiences of children from these
groups. The increased numbers of children from low-income
households and culturally diverse groups who were “talent-
spotted” and whose achievement gains were related to par-
ticipation in the STEM Starters+ intervention is evidence for
the practice of encouraging primary teachers to look for tal-
ent systematically and to provide advanced students with
appropriate curricular interventions. By enriching first and
observing advanced performance second to plan and provide
more intensive interventions, the current study supports the
use of challenging curriculum as a framework for talent
development.

Recommendations for Future Research

In terms of future research, the current study sets the stage
for subsequent investigations. Studies that examine the lower
developmental bound of engineering talent spotting will add
to the literature. Do engineering design interventions work
with kindergarteners or with preschoolers to increase science
content achievement, knowledge of engineering, and engage-
ment with engineering?

Turning our attention to the other end of the talent pipe-
line, what are the longitudinal effects of early engineering
exposure to maintaining interest beyond elementary grades
into middle and high school and ultimately to collegiate
engineering majors? Future studies should measure science

engagement across multiple years to investigate issues of
educational dosage and longitudinal effects.

With respect to the use of biography as a curricular inter-
vention, are some elements of the Blueprints for Biography
model more effective than other elements in providing role-
models-in-a-book for children from low-income households?
Studies that vary the use of the Beyond-the-Book discussion
questions and the enrichment extensions would add to the
historically interesting, but limited empirical literature on the
efficacy of using biography with talented learners.

Finer grained studies of componential interventions such
as STEM Starters+ are needed. The STEM Starters+ inter-
vention includes three components: Engineering is
Elementary curriculum, Blueprints for Biography curricular
materials, and professional development to support these
curricula and their companion practice of talent spotting. In
the current study, the intervention was investigated holisti-
cally. In the future, implementing one or both curricular
components across two conditions, with and without profes-
sional development, would permit a nuanced understanding
of the relative contributions of the individual components to
the overall efficacy of the intervention.

Finally, the recognition of spatial ability as an important
contributor to engineering talent in older individuals sug-
gests that future research with young children who may dis-
play spatial talents early could inform the field (Wai,
Lubinski, & Benbow, 2009; Wai & Worrell, 2015). Although
the contributions of spatial ability to engineering perfor-
mance have been conducted, existing studies tend to measure
the construct during adolescence and with talent search par-
ticipants rather than with a younger cohort. Can spatial abil-
ity be measured validly and reliably among much younger
students, particularly among children from low-income
households? If the skills of visualization associated with
adult engineers and valued as problem-solving strategies in
both gifted and engineering education are measurable among
young children, engineering could provide an elementary
curricular platform to locate talent among young children
whose life circumstances have presented them with the need
to “tinker, design, and improvise.”
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Limitations of the Study

Measuring engineering engagement in young children pre-
sented challenges in both instrumentation and research
design. Children are exposed to activities related to engineer-
ing such as building with blocks or creating containers to
carry their toys, but these activities are not generally or for-
mally identified as engineering. If asked about their engage-
ment in engineering, Grade 1 children who have not had the
opportunity to learn the vocabulary of engineering or to par-
ticipate in engineering curricula in the classroom could be
confused by engineering engagement questions. Thus, we
were unable to pretest intervention children nor to compare
children who participated in the intervention with those who
had not on the engineering engagement measure.

Characterizing the “business as usual” condition in com-
parison classrooms presented challenges because STEM
opportunities in the comparison classrooms are heteroge-
neous. Some Grade 1 comparison teachers provide science
opportunities by reading a story about a science topic or by
offering occasional engineering-type activities such as con-
structing pinwheels; others provide little or no science or
engineering instruction. Thus, the observed gains cannot be
attributed to distinct differences among STEM curricula, but
rather to one distinct science and engineering intervention,
STEM Starters+ versus a spectrum of curricular opportuni-
ties that may or may not include science, engineering, or
STEM biography.

Inferences from curriculum interventions are strengthened
by multiple direct and indirect measures of fidelity of imple-
mentation. This study monitored fidelity, but did not request
individual teacher logs or provide multiple observers in all
intervention classrooms. The current study relied on classroom
visits with informal observations by the professional develop-
ment coach, collection of student work samples, and both face-
to-face and electronic interviews conducted by the external
evaluator with teachers, gifted and talented coordinators, and
principals. Thus, an individual teacher may have failed to imple-
ment an activity in the curriculum without our knowledge.

Conclusions

Guided by the theoretical framework of curriculum as a plat-
form for talent development, this quasi-experimental field
study investigated an intervention focused on engineering
curriculum and curriculum based on a biography of a scien-
tist. Implemented in Grade 1 classrooms in low-income
schools, STEM Starters+ was examined through a compara-
tive design. Student outcome measures included the follow-
ing: science content achievement, engineering knowledge,
and engineering engagement (both behavioral and emo-
tional). The intervention resulted in gains with a Cohen’s d
type effect size of 0.28 on an out-of-level science content
assessment constructed from released NAEP and TIMSS
items and an effect size of 0.66 for the engineering

knowledge measure. Students in the intervention group also
reported a high level of engineering engagement. Evidence
suggests the intervention functioned as a talent-spotting tool
as teachers reported they would nominate a substantial por-
tion of low-income and culturally diverse students for subse-
quent gifted and talented services; these students performed
at higher levels on the outcome measures than students who
were not “talent-spotted” by their teachers. Engineering,
with linkages to a design process emphasizing investigation
and creativity as curricular goals, provides a match between
the needs and preferences of students from low-income
households for hands-on design experiences. The curricular
affordances in the engineering domain are a promising talent
development pathway for young, poor children.
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