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Abstract: Early childhood science and engineering education offer a prime context to foster
approaches-to-learning (ATL) and executive functioning (EF) by eliciting children’s natural curiosity
about the world, providing a unique opportunity to engage children in hands-on learning experiences
that promote critical thinking, problem solving, collaboration, persistence, and other adaptive
domain-general learning skills. Indeed, in any science experiment or engineering problem, children
make observations, engage in collaborative conversations with teachers and peers, and think
flexibly to come up with predictions or potential solutions to their problem. Inherent to science
and engineering is the idea that one learns from initial failures within an iterative trial-and-error
process where children practice risk-taking, persistence, tolerance for frustration, and sustaining
focus. Unfortunately, science and engineering instruction is typically absent from early childhood
classrooms, and particularly so in programs that serve children from low-income families. However,
our early science and engineering intervention research shows teachers how to build science and
engineering instruction into activities that are already happening in their classrooms, which boosts
their confidence and removes some of the stigma around science and engineering. In this paper,
we discuss the promise of research that uses early childhood science and engineering experiences
as engaging, hands-on, interactive platforms to instill ATL and EF in young children living below
the poverty line. We propose that early childhood science and engineering offer a central theme
that captures children’s attention and allows for integrated instruction across domain-general (ATL,
EF, and social-emotional) and domain-specific (e.g., language, literacy, mathematics, and science)
content, allowing for contextualized experiences that make learning more meaningful and captivating
for children.

Keywords: approaches to learning; executive functioning; early childhood; science; engineering

1. Introduction

In an effort to build the full complement of school readiness competencies among young
children, domain-general skills such as approaches-to-learning and executive functioning are
powerful levers for change [1,2]. Yet, while there is wide acknowledgement that the components of
approaches-to-learning (e.g., persistence, motivation, open-mindedness, acceptance of novelty and
risk, group learning, and sustained focus) and executive functioning (e.g., working memory, cognitive
flexibility, and inhibition) are important for early success, these skills are under-represented in early
childhood classrooms [3-5]. Even in cases where teachers are aware of approaches-to-learning and
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executive functioning—and their importance for learning and development—these skills are difficult
to teach devoid of academic content. To help a child to exercise persistence or to sustain focus, or to
practice being cognitively flexible, teachers need an engaging context that can capture children’s
attention and capitalize on their inherent drive to understand their world [6].

Early childhood science and engineering education offers a prime context to foster
approaches-to-learning and executive functioning by eliciting children’s natural curiosity, providing a
unique opportunity to engage children in hands-on learning experiences that promote critical thinking,
problem solving, collaboration, persistence, and other adaptive domain-general learning skills [7,8].
Indeed, while engaging in a science experience or designing an engineering solution to a problem,
children make observations and predictions, engage in collaborative conversations with teachers
and peers, and think flexibly in planning and carrying out investigations to answer their questions,
and design engineering solutions to their problems. Inherent to science and engineering is the idea
that one learns from initial failures within an iterative trial-and-error process where children practice
risk-taking, persistence, tolerance for frustration, and sustaining focus. Early childhood science and
engineering capture children’s attention and stimulate organic opportunities for educators to scaffold
children in exercising these critical domain-general learning skills. In this manuscript, we aim to
accomplish three goals: (1) describe the state of early childhood science and engineering (mainly
in the context of the United States); (2) offer theory and evidence suggesting that early science and
engineering are ideal platforms to develop domain general learning skills; and (3) present a pathway
towards supporting the early childhood education workforce in capitalizing on the many benefits of
early science and engineering education.

2. Early Childhood Science and Engineering

Unfortunately, in the United States, science and engineering instruction is under represented in
early childhood classrooms, and particularly so in programs that serve children from low-income
families [9-11]. Additionally, teacher preparation programs typically do not prepare preschool
teachers to teach Science Technology Engineering and Math (STEM) content [12-14]. Consequently;,
early childhood teachers often report feeling intimidated and under-prepared to teach science, and in
some cases, they self-select into early childhood specifically to avoid it [15]. Part of this unpreparedness
and avoidance of science in early childhood is a consequence of our nations” approach to science
education. For most of us, science conjures memories of high school chemistry where we had to
memorize elements on the periodic table, or of high school physics where we were taught to apply a
complicated formula to obtain the “correct” answer to an obscure problem unrelated to our daily lives.
Further, since engineering education has traditionally not been part of the general K-12 education
experience (i.e., the beginning of primary school (age 5) through the end of secondary school (age 18)),
early childhood educators have minimal background in engineering pedagogy, and engineering
education has been largely absent from purposeful coverage in early childhood. Brophy and colleagues
reviewed several engineering curricula in the K-12 setting, and they highlight the urgent need for
introducing engineering at younger ages, but they only refer to small pilots and case studies at
the preschool level [16]. There has been a recent emphasis on bringing engineering to the K-12
environment through curricula [17] and interactive websites that provide educators with resources that
connect them to practicing engineers (e.g., www.teachengineering.org and www.linkengineering.org).
For example, The Institute for P-12 Engineering Research and Learning (INSPIRE) at Purdue University
has developed engineering academies for elementary school teachers, and has done recent work on
extending engineering opportunities to women and under-represented minorities at the K-12 level [18].
However, at the early childhood level, engineering is more scarce—Bagiati and colleagues [19]
conducted a review on early childhood engineering curricula and materials, and concluded that
“pedagogically and content-reliable sources are limited in number and difficult to identify among the
plethora of information.” Even so, there has been recent work on early childhood engineering, Gold and
colleagues demonstrated that large block play elicited more engineering behaviors in preschoolers than
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play in traditional playgrounds and play in the dramatic play area [20]. Further, Davis, Cunningham,
& Lachapelle [21] designed an engineering curriculum called “Wee Engineer” specifically for early
childhood classrooms. Finally, Bagiati & Evangelou [22] have developed a preschool STEM curriculum
with a specific emphasis on engineering. Despite these recent efforts, more research and resources for
early childhood engineering are essential for the development and progress of early STEM education.
A review by Tolmie, Ghazali, and Morris [23] suggests three core components of early science learning:
accurate observation, the ability to reason about causal connections, and the knowledge of mechanisms
that explain those connections. Early engineering may provide a learning context that is uniquely
conducive to building these core components, as engineering activities typically involve observing
physical phenomena, and identifying and manipulating causal connections to build a tool or structure
that solves a problem. By manipulating physical objects and observing how those manipulations
change the behavior of the tool or structure, children receive real-time feedback, which contributes
to their understanding of causal relationships. Further, the five-step engineering design process [21]
is particularly conducive to the inquiry cycle and iterative hands-on science learning. The first step,
“ask” requires children to identify the problem and explore how others have approached it. The next
step, “imagine” has children brainstorming ideas and deciding on the best one. Then, children
“plan”, which can involve drawing a diagram or listing the required materials. Next, they “create” by
following their plan and testing their idea. Finally, children “improve” by analyzing which aspects
of their designs worked, and which could be improved, and modifying and retesting their approach.
This systematic process of observation and manipulation is in line with calls from the field of education
that emphasize the need to provide earlier exposure to STEM experiences, and to increase the focus on
the process of scientific inquiry [24,25].

Accordingly, in a major revision to fact-based rote learning of large amounts of unrelated science
content—described as “a mile-wide and an inch deep”—a new conceptual framework from the
Next Generation Science Standards (NGSS) for K-12 science education is being implemented [26].
This new framework puts forth a three-dimensional approach to science education, emphasizing
learning science by doing science. It proposes eight scientific practices (asking questions and defining
problems, developing and using models, planning and carrying out investigations, analyzing and
interpreting data, using mathematics and computational thinking, constructing explanations and
designing solutions, engaging in argument from evidence; obtaining, evaluating and communicating
information), to acquire science content in four science disciplinary areas (life science, physical science,
earth and space science, technology and engineering) that are relevant for students’ everyday lives.
In addition, there is a major focus on attending to crosscutting concepts (i.e., patterns, cause-and-effect
relationships, scale, proportion, and quantity, systems and system models, energy and matter, structure
and function, stability and change) that have relevance not only across all science content, but also in
most areas of our lives (e.g., cause-and-effect is ubiquitous in our lives—actions have consequences no
matter what the context).

In this paper, we describe the high relevance and application of this framework to learning and
development, beginning at birth and continuing through all of early childhood. The “Early Science
Framework” [27], which we have adapted from the new NGSS K-12 framework [26], takes advantage
of young children’s natural curiosity and goal-directed motivation to understand the world in which
they live. The focus of learning science by doing science also advantages the hands-on interactive
activities that are emblematic of high-quality early-childhood learning. Our intended goal is to create
continuity in young children’s learning from birth through to high school that is meaningful, engaging,
and goal-directed. In describing our approach to creating this strong foundation for learning, we also
highlight science and engineering as ideal contexts to foster domain-general learning skills.

Early childhood science and engineering can elicit high-quality teacher child interactions.
Fucillo and Greenfield [28], conducted classroom observations—using the Classroom Assessment
Scoring System (CLASS; [29])—across four activity types: circle time, math, story book, and science.
Teachers were rated no differently across activity types in the domains of emotional support
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(teacher warmth and sensitivity), and classroom organization (preparedness for the lesson, pacing,
and managing behavior). However, in the domain of instructional support (developing concepts,
providing high-quality feedback, and using rich language) teachers were rated significantly higher
during science activities.

Science and engineering can also offer opportunities for children to learn across school-readiness
domains. For example, during science and engineering experiences, children are often recognizing
patterns, engaging in measurement, comparing and contrasting, and sorting and organizing, all of
which are critical skills in early childhood mathematics [30]. Children also learn new vocabulary in
the way we know children learn best, when new words are relevant and meaningful to them because
they arise in the context of an engaging learning experience where they are invested in solving a
problem or answering a question [31]. Children may also be more excited and attentive during book
readings if the book is about a topic with which they just had an exciting, hands-on experience. Science
and engineering often take place in a group setting where children have to share and cooperate,
promoting social emotional development. Further, small-group science activities like sink-and-float
lessons have been demonstrated to promote collaborative learning and enhance young children’s
cognitive development [32,33]. Science education is posited to be an ideal context to foster creativity
and imagination [34]. Finally, science and engineering are ideal for fostering approaches-to-learning
and executive functioning [7,8,35].

3. Early Science and Engineering Are a Natural Fit with Domain General Skills

Approaches-to-learning is recognized by Head Start as one of the five core school readiness
domains, and approaches-to-learning in preschool is predictive of academic success into late elementary
school [1,36]. Executive functioning is widely studied and recognized for its predictive power for later
cognitive ability and academic success [37-39]. Entire early childhood curricula have been developed
to target executive functioning (Tools of the Mind; [40]) and approaches-to-learning (EPIC; [41]),
demonstrating the need to acknowledge the importance of these domain-general learning skills and
to ramp up efforts to promote an intentional focus on fostering them in early childhood. Two recent
studies from the United Kingdom highlighted the dearth of science education in early childhood
classrooms, and emphasized that the ideal manifestation of science education is as a process of inquiry
that fosters domain-general learning skills [42,43].

Emerging evidence from the United States suggests a unique relationship between early childhood
science and engineering, and the domain-general learning skills of approaches-to-learning and
executive functioning. Nayfeld, Fucillo, & Greenfield [7] examined the predictive power of executive
functioning skills in 300 racially and ethnically diverse preschoolers served by Head Start. They found
that while executive functioning predicted gains in academic school readiness across the preschool
year in early literacy, vocabulary, math, and science, executive functioning predicted gains in science
more strongly than the other readiness domains. Bustamante, White, & Greenfield [8] demonstrated
a very similar pattern of results using approaches-to-learning as the predictor in a highly similar
population of children. Approaches-to-learning predicted gains across the Head Start school year
in the domain of early science, more so than in math and early literacy skills. These two studies
demonstrate a unique connection between early childhood science and the domain-general skills
of executive functioning and approaches to learning, where they predict science learning more
strongly than other school readiness domains (i.e., literacy, vocabulary, and math). Most recently,
Bustamante, White, & Greenfield [35] evidenced a bi-directional relationship between early science
and approaches-to-learning, where gains in science readiness across the school year predicted gains in
approaches-to-learning, and vice versa. This suggests a symbiotic relationship where science is helping
children to foster approaches-to-learning skills, and approaches-to-learning are helping children to
learn more science.

To illustrate this relationship, let us take an example where a class decides to recreate the story
of the three little pigs after reading the book as a class. Children could break into four groups,
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where one group is the wolf and the three other groups are each one of the pigs. Working in these
teams allows children to exercise communication and collaboration, which are both approaches to
learning skills and one of the scientific practices. Their first step would be to make a plan (a key
element of both approaches to learning and executive functioning) and carry out an investigation
(planning and carrying out an investigation is one of the eight science/engineering practices in the
new K-12 framework, and in the Early Science Framework). Each of the three pig groups would then
decide what kind of materials they want to use to build their houses (a key step in the engineering
and design process). They would have to demonstrate cognitive flexibility and working memory
(two components of executive functioning) to decide which materials from the classroom to use to
build their house, and not repeat the materials of the two other pig groups (the properties of objects is
a key physical science content area in both the K-12 framework and the Early Science Framework).
They would sustain focus to build their houses, and remain motivated when their original designs
were not as solid and stable as they anticipated (sustained focus and motivation are two approaches to
learning skills, and iterative design is fundamental to the engineering process). Finally, children would
have to take the risk of putting their house up to the test of the big bad wolf without knowing the
outcome, and the acceptance of novelty and risk is an element of approaches to learning (again, one of
the K-12 and early science framework practices, while testing designs is also essential in engineering).
The wolf group would have their own planning to do. They would decide how they will test the
houses (e.g., their breath, a fan, a blow-dryer) and would need to inhibit their urge to use their hands
if any of the houses withstood their blowing (cognitive inhibition is a key executive functioning skill).
Meanwhile, during this whole experience, children are provided the opportunity to learn important
science and engineering concepts like force and stability, and the properties of objects, and engage
in science and engineering practices like predicting, observing, testing and revising hypotheses,
drawing conclusions from evidence, and attend to crosscutting concepts including cause-and-effect,
structure—function, system and system models, and stability and change.

This example highlights the potential for science and engineering activities to serve as a context
to foster domain-general learning skills (i.e., approaches to learning and executive functioning),
and for those same domain-general learning skills to help children succeed in science and engineering
experiences. In order to capitalize on this unique symbiotic relationship, we must support teachers
in providing more science and engineering opportunities in their classrooms, and help them to be
deliberate about targeting approaches-to-learning and executive functioning.

4. The Early Science Initiative

The Early Science Initiative (ESI) is a science and engineering intervention for children aged
0-5 years of age, which is currently being implemented in four early childhood centers in the Educare
Learning Network [27,44]. ESI takes a multi-pronged professional development training approach
that includes in-person, video-conference, and web-mediated training. Although there is some direct
training with teachers, the project also relies heavily on a “train the trainer” approach, where ongoing
professional development is provided for mentor teachers, who in turn work with the teachers in
their center. The approach is to show teachers how to build science and engineering instruction
into activities that are already happening in their classrooms, which boosts their confidence and
removes some of the stigma around science and engineering. In this project, science and engineering
have quickly become favorite content areas for many teachers as they begin to notice the children’s
excitement and engagement in the science and engineering experiences that are already happening in
their classrooms.

In early childhood, science and engineering are naturally occurring, engaging, and goal-directed
hands-on, minds-on, interactive activities where children plan and carry out investigations or solve
problems instead of memorizing facts. Children, however, can only go so far on their own, making the
role of the adult critical for children’s effective science and engineering learning [21]. During initial
visits to ESI classrooms, teachers apologized for not doing more science and engineering. They felt
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unprepared for teaching science and engineering, and felt the pressure of spending more time on
language, literacy, and math activities. The goal of ESI is to make teachers aware that there are
already science and engineering experiences happening in their classroom, and providing them with
the knowledge and the transfer of knowledge to practice, and the opportunity to reflect on their
practice. The project also draws attention to the opportunities for including multiple areas of school
readiness (e.g., math, language, approaches to learning, and executive functioning) into these engaging,
goal-directed science experiences [27]. Next, we provide two examples to illustrate this approach.

The first example focuses on young children’s fascination with water and their constant
opportunity to interact with this material. Objects that float versus sink in water is a typical science
activity in many early-childhood classrooms. One approach that the adult might take to a sink-and-float
activity is an entirely child-directed small group activity by providing the children with lots of different
objects and letting them freely explore sinking and floating. Young children thoroughly enjoy such
an activity, but when they do this on their own, without any adult scaffolding, it is not clear what
they have learned, beyond possibly rote remembering which specific object sank and which floated.
Suppose on the other hand that the adult facilitates a small group activity in which each child is asked
to use a balance scale with a predetermined weight in one bucket, and measure out enough modeling
clay to make the scale balance. A discussion about each child having the same amount of modeling
clay could be tested using the balance scale (using math and computational skills). The teacher then
asks the children to brainstorm about molding their modeling clay into a shape that would sink
(designing and using models), make predictions from their brainstorming, and talk about what prior
information informed their predictions. Once a consensus shape has been agreed upon by the children,
with appropriate scaffolding by the teacher, each child makes that shape, and in turn drops their shape
(a ball is a likely choice) into the water (planning and carrying out investigations). The results (making
observations) that all the ball-like modeling clay shapes sink, are documented (e.g., photographed,
written by the teacher, drawn by the children; analyzing and interpreting data). The teacher could then
ask the children to think about molding their modeling clay into a shape that would float, following
the same format, and engaging the children in the same scientific practices, and in an engineering
design process (making observations, asking questions, making predictions, planning and carrying
out investigations, prototyping, and testing different designs). With appropriate scaffolding from the
teacher (e.g., prompting the children to think about objects they have seen float on water, and what
they noticed about the shape of such objects), children will mold their modeling clay into a “boat-like”
structure, and test to see if their boat floats (planning and carrying out investigations). If any such
“boats” sink, further discussion and testing would address (constructing explanations) why a particular
boat sank (e.g., it had a hole in the bottom or the sides were not made high enough to keep the water
out). A reflection with the children on what was learned builds the children’s foundational domain
content knowledge in physical science, the role of shape in influencing whether an object made of
exactly the same material might sink or float (the properties and attributes of a material), and surfacing
and making visible the crosscutting concept of structure and function, while engaging in a series of
scientific practices, and the engineering design process, as a means to solving problems and answering
questions in a hands-on engaging experience.

After a series of hands-on workshops and continuous job-embedded professional development via
reflective coaching sessions, many teachers in the ESI intervention reported feeling more comfortable
and confident in identifying and supporting naturally occurring science and engineering experiences
and investigations that draw upon children’s goal-directed interests. The next step is to support
teachers in intentionally targeting approaches to learning and executive functioning skills in the
context of these science and engineering experiences. The following example illustrates how this
can be done. Let’s say that a class has an upcoming field trip to the zoo. The teacher notices several
children playing with animal toys during center time. Seizing the opportunity to generate excitement
for their upcoming trip and make a meaningful connection between science and engineering learning
objectives and children’s lives, the teacher brings the children together and asks if they want to make
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a zoo. Group activities are easy to implement for teachers, and they provide an excellent way to
foster approaches to learning and executive functioning skills. First, the children gather all of the
toy animals in the classroom and start building the structures to house the animals with blocks in
the block area (engaging in the engineering process). They might initially build a single enclosure.
The teacher could prompt them to think about which animals could be together, which ones need to be
separated and why (engaging the approaches to learning the skill of strategic planning). With teacher
scaffolding, they could observe the different features of the animals (e.g., do they have sharp teeth or
flat teeth?) and discuss how the physical characteristics of an animal affect its behavior (e.g., animals
with sharp teeth eat meat, and animals with flat teeth eat plants). While the children are sorting the
animals, a child may put a zebra and a lion in the same group. The teacher can prompt that child to
think back to the strategic plan (separate carnivores from herbivores), causing the child to exercise
their working memory (a key component of executive functioning) and correct the error. Once the
animals were sorted into groups, children would build the exhibits. A teacher could ask the children
if different animals would need different kinds of exhibits (a basic engineering design question).
Do the walls of the lion or tiger exhibits need to be taller than the walls for a peacock or a turtle?
Do they need to be stronger and harder to knock down? Why? Teachers can encourage children to be
cognitively flexible and open-minded (core skills of executive functioning and approaches to learning
respectively) as they construct the enclosures, by asking guiding questions that help the children
make revisions to improve their designs (e.g., laying the blocks vertically instead of horizontally to
maximize height with fewer blocks). The teacher may notice that one of the younger children in the
group is attentive but not contributing ideas. The teacher could gain the group’s attention and ask that
child’s opinion on where a certain exhibit should be placed and why (providing an opportunity for
the child to exercise their approaches to learning skill of vocal engagement). This zoo activity gives
teachers and children a chance to engage in critical thinking and hands-on engineering in an engaging
and playful context. At the same time, children are learning core science and engineering content
(e.g., animal habitats and diet, and how to build stable structures), crosscutting concepts (e.g., structure
and function relationships such as the features of an animal or building change its function), and they
are engaging in science and engineering practices (e.g., observing, sorting, categorizing, and drawing
conclusions based on evidence). This pre-trip experience would result in a more intentional and
focused visit to the zoo. Children with adult support would generate a series of questions that they
could investigate at the zoo (e.g., how do enclosures vary; how do the actual zoo structures compare to
the model they built). The teacher would also support the children in preparing for their investigations
(e.g., bringing binoculars, devices for taking pictures and videos, materials to document what they saw
including pictures of animals). Once back from the trip, further engagement in science and engineering
practices, executive function, and approaches to learning skills would occur as they document what
they saw and learned, reflect on what was different from their predictions, and analyze the pictures and
videos they took to redesign their model zoo. The above example illustrates how teachers can employ
subtle strategies that may make meaningful differences in children’s approaches to learning, and the
development of executive functioning skills over time—facilitating group activities, asking children
to plan, asking children to think back on their plans and decisions, prompting children to engage
verbally and talk through ideas, and encouraging children to be flexible and open-minded—provide
opportunities for children to bolster important domain-general skills. The ESI teachers will work
to identify and capitalize on the many opportunities to build approaches to learning and executive
functioning skills during science and engineering experiences.

5. Empowering Teachers to Be Science Thinkers and Learners

The ESI project endeavors to empower teachers to become experts in science and engineering
pedagogy, and fully capable of developing activities based on the interests that are demonstrated by
the children in their classrooms. While this is a challenging goal, the necessary supports are provided
to allow teachers to think flexibly and to extend science and engineering opportunities that arise
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organically in the classroom. The primary support is the Early Science Framework, which details the
key science and engineering practices, disciplinary core ideas, and crosscutting concepts that children
should learn in early childhood. This framework provides teachers with a set of defined practices
and important concepts that can be applied across multiple settings and topics to engage children
in answering their goal-directed questions about the world in which they live. The framework is
particularly useful for educators who lack confidence in their knowledge of science and engineering
content and pedagogy, helping them to see and support the science and engineering that is already
happening in their classroom. The second resource is an instructional coach who can help develop and
provide feedback on science and engineering lesson plans, as well as engage in reflective conversations
on teachers’ experiences implementing science and engineering activities. These reflective coaches
are aided by an interactive web-based platform that extends their reach and mitigates some of the
burden of scheduling and engaging in face-to-face meetings—enhancing the generalizability of the ESI
model [45].

Another intervention by Brenneman, Lange, and Nayfeld [46] sought to impact early childhood
educators’ attitudes and beliefs, knowledge, and teaching practices in STEM via a research-based
professional development model. This effort is unique in that the design of the model itself is based on
concrete best practices in what we know about early childhood STEM learning, as well as best practices
in adult learning to fully support and build capacity for the participating educators. Specifically,
they outline 10 key levers that were intentionally built into the model as it was developed. These are:
(1) includes educators and administrators in the ongoing design; (2) includes training for coaches;
(3) builds teachers’ content knowledge; (4) attends to teachers’” attitudes and beliefs; (5) engages
with teachers at multiple levels (large group, small group, and one-on-one); (6) is connected to
classroom practice; (7) involves educators reflecting on practice, with feedback; (8) creates a community
of practice; (9) is sustained and long term; (10) is individualized. This approach acknowledges
that preschool teachers and district coaches often do not have prior training in teaching science,
engineering, technology, and math, and they are therefore provided a framework for workshops,
coaching, and learning communities around developmentally appropriate STEM concepts while using
an iterative design framework that seeks feedback and the construction of resources based on what
teachers and coaches identified as being lacking or most helpful.

During the workshops, teachers are given the background for a science or math concept—this,
however, was not enough. Participating teachers requested concrete examples, and hands-on activities
that they could readily use in their classrooms. In response, the professional development evolved to
provide hands-on small group learning experiences that built children’s understanding and experience
with this concept, through interactive, inquiry-driven explorations. Teachers were given model lesson
plans that described a progression of activities over the course of several days (or longer)—these plans
included the needed materials, the relevant literature to tie the lessons to literacy objectives, a list of
key words in Spanish (the dominant language of most children in the participating classrooms), and a
breakdown of what a scaffolded series of activities could look like.

Once the concept is presented and the discussion of developmental trajectories, pedagogical
content knowledge, and teaching strategies takes place in a large group, teachers rotate in small groups
to discuss and practice three different small group activities during the second half of the workshop.
They also receive a small bag of materials for one of the activities, to make the implementation easy.
All lessons are designed to be implemented in classrooms in under-resourced settings, and without
placing a financial burden on the teachers—therefore, while some suggested materials may have to be
purchased, great care is taken to create activities that use materials that are already present in most US
pre-K classrooms, or ones that can be easily and cheaply acquired at home or from a “99 cent” store by
the teacher, coach, or principal. Suggestions and alternatives are given to make the activity possible
and realistic for the educator.

One of the modules covered focuses on the concept of Change and Transformation. Within this
module, teachers are given an overview of the crosscutting concept of change and transformation,
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its relevance across earth science (e.g., changing weather), life science (e.g., life cycles), and physical
science (e.g., changes in matter), and how these can be explored in a preschool classroom. Then,
teachers discuss the opportunities to observe how change takes place, inquire and think critically
about the process, predict how we can affect change, design experiments, and restructure beliefs
based on new conclusions. After a whole group discussion, teachers engage in hands-on small-group
activities that give specific examples for making this topic actionable, with progressions of activities
that build on each other and are flexible so that teachers can make them work for their students and
existing curricula.

One example activity focuses on change and transformation in the context of food; specifically,
how oranges become orange juice. First, the teachers are asked to think about how we transform
food—oranges becoming orange juice, apples turning into applesauce, or tomatoes becoming ketchup.
Teachers are supported through a discussion of how one might engage children in thinking about and
discussing these concepts. A child’s first reaction to the question “Where does orange juice come from?”
might be “From the supermarket!” To dig deeper, teachers are asked to think of open-ended questions
they might ask to scaffold children’s reasoning as they go through the process of connecting an orange
to the orange juice that they buy in the store. Notably, the teachers are given strategies to make the
learning visual, such as to bring in real oranges, tools, and materials, and to use body language and
signage to connect the concepts for children at all levels, including dual language learners. In contrast
to a lesson where students are directly told that orange juice is made with oranges, or are given a
concrete set of steps to follow to make orange juice, a small group activity is proposed in which the
children are asked to think about how they might make orange juice out of an orange. What do we
need to do with the orange? As children make suggestions (“Cut it!”, “Smash it!”), they are encouraged
to try them. These exercises encourage persistence and cognitive flexibility as the children have fun
experimenting and observing the results of their method, and that of their peers. Over the course
of several small group activities, teachers can introduce different tools that might make getting the
juice out more efficient, allowing children to create experiments: for example, they might want to
compare squeezing an unpeeled orange, squeezing a peeled orange, and using a juicer. Teachers are
given ideas of how to lead such an experiment, collect data, and follow students’ natural inquiry to
encourage creative thought, collaboration, and sustained engagement. This seemingly simple activity
can fill several days or even weeks, spilling over into different parts of the day and academic domains,
leading to rich discussion, and potential continuation with other food transformations, and more
complex experiments that grow out of the children’s increasing understanding and curiosity.

Two other components are key in supporting the teachers. As in the ESI project, reflective
coaching was built into the supports so that the district coaches and teachers are able to review the
science activities together, discuss successes and areas for further improvement, and create a cycle
of increasingly effective STEM practice. A third aspect, professional learning communities (PLCs),
bring teachers together to discuss the ways in which they implemented the STEM activity in their
classroom (they are encouraged to use the activity as a starting point, and shape it to work for their
curricula, their setting, and their children), talk about challenges they encountered, and brainstorm
together with their colleagues. This model for collaborative professional development and learning,
shown to positively affect student achievement [47], is applied in this model to supporting STEM in
early childhood settings. The teachers reported that these three aspects of the model improved their
STEM practice [46]. A randomized control trial testing the intervention reported significant growth in
teachers’ and coaches” attitudes and beliefs around teaching STEM, as well as STEM knowledge [48,49].

An additional support that is currently in development is early science learning trajectories.
Learning trajectories provide teachers with an evidence-based approach to introducing content to
their classrooms by detailing sequential levels of knowledge that children typically progress through
in a specific domain. This allows teachers to identify the students” current levels of understanding,
and plan intentional experiences to scaffold their progress to the next learning goal on the trajectory [50].
Early childhood math has well-specified learning trajectories that have been at the center of highly
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successful intervention efforts [51]. However, this resource does not exist in early science. Therefore,
learning trajectories across all of the practices, core ideas, and crosscutting concepts in the Early
Science Framework would be a powerful resource for early educators. To our knowledge, only one
other research group has begun to conduct the conceptual research required to construct an early
science learning trajectory [52]. We encourage other early childhood researchers to join this effort,
as comprehensive trajectories could have a profound impact on the field of early childhood science
and engineering education.

6. Implications for Early Childhood Education

Moving forward, we propose that early childhood science and engineering be used as a
central theme that captures children’s attention, and allows for integrated instruction across
domain-general (approaches-to-learning, executive functioning, and social-emotional development)
and domain-specific (e.g., language, literacy, mathematics, science, and engineering) content, providing
contextualized experiences that make learning more meaningful and captivating for children.

There has been a recent emphasis in the field on integrated comprehensive curricula.
For example, Sarama and colleagues [53], developed an interdisciplinary preschool curriculum
called “Connect4Learning” that targets science, literacy, math, and social-emotional development in a
project-based approach. These comprehensive approaches allow teachers and children alike to draw
meaningful connections between different content areas, making for rich learning experiences [54].
We see great promise in this curricular approach, and we hold that science and engineering themes offer
an excellent context to foster approaches-to-learning and executive functioning, in addition to literacy,
math, and social emotional skills. Providing key supports, such as the Early Science Framework,
continuous job-embedded professional development (e.g., coaching), and evidence-based learning
trajectories, may boost the confidence of teachers in engaging in science and engineering pedagogy,
and can empower them to become science thinkers and lifelong learners who capable of identifying
and extending organic science and engineering learning experiences that arise from the interest of the
children in their classroom. Further, STEM professional development efforts should strive to meet the
10 key levers put forth by Brenneman, Lang, and Nayfeld [46], in the professional development model
that is discussed above.

7. Conclusions

This article offers a theoretical argument for early childhood science and engineering as
ideal contexts to foster domain-general learning skills (e.g., approaches to learning and executive
functioning) that can help children to achieve school and life success. We reviewed recent research
that suggests a unique relationship between early science and domain-general skills, and provided a
series of examples that demonstrate how teachers can capitalize on children’s goal-directed interests
to elicit science and engineering learning, and provide opportunities for children to exercise their
approaches to learning and executive functioning skills. This article also highlights the great need for
improvement of the infrastructure of science and engineering education in the United States, and offers
that the new K-12 science framework is a valuable resource toward that end. In order to maximize the
effect of the new framework, continuity between early childhood and later grades is essential, and the
new Early Science Framework, adequate professional supports (including the 10 key levers of STEM
professional development), and early science learning trajectories provide a clear path towards that
goal. We believe that an expanded focus on high-quality early-childhood science and engineering
education, and intentional instruction of domain-general learning skills could have great implications
for educational outcomes—particularly for young children from low-income families.
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