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Abstract: In the Next Generation Science Standards (NGSS), problem-solving skills are part of science
and engineering practices for K-12 students in the United States. Evaluating these skills for the
youngest learners is difficult due to the lack of established measures. This paper reports on our
process of developing an observation instrument to measure preschool children’s learning and their
application of problem-solving skills, namely, the steps of the engineering design process (EDP). The
instrument, Engineering Preschool Children Observation Tool (EPCOT), was intended to evaluate
the frequencies of problem-solving behaviors and use of EDP-related vocabulary by observing
preschoolers engaged with the Seeds of STEM eight-unit curriculum in the classroom. In this paper,
we describe the development process and revision of EPCOT, its current constructs, and present
descriptive findings from using the tool in a pilot study with sixteen classrooms: eight intervention
classrooms who received the entire curriculum, and eight comparison classrooms who received only
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updates the eighth unit of the curriculum (to enable comparison). We found that, out of 34 possible behaviors
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behaviors, suggesting that preschool children are indeed capable of meaningfully engaging in solving
problems. We also observed a trend that children who were exposed to more of the curriculum
(the intervention group) produced more novel vocabulary words than those in the comparison
group, who tended to repeat vocabulary words. Since EPCOT was developed in alignment with
state and national standards, we believe it has the potential to be used with other early childhood
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1. Introduction

Policymakers, educators, and researchers consider science, technology, engineering,
and math (STEM) literacy and expertise to be critical human capital competencies for the
21st century. However, research points at persistent gaps in the United States with regard
to access, opportunities, and performance in K-12 STEM education, where female students,
racial minority students, and students from high poverty backgrounds lag behind their
White male and Asian counterparts—a pattern demonstrated as early as kindergarten [1-3].

Despite promising evidence that introducing STEM/engineering ideas and practices
during the early childhood years supports children’s cognitive development and positive
attitudes toward learning and inquiry [4-7], there is very little STEM instruction within
pre-kindergarten classrooms [8,9]. In recent years, several published reports called for
investment in early childhood STEM research, curricula, and high-quality professional
development programs for teachers [10,11]. However, eight years after the release of the
K-12 Next Generation Science Standards (NGSS), which includes engineering practices [12],
Attribution (CC BY) license (https://  there is still a great need for a research-based and standards-aligned STEM curriculum and
creativecommons.org/licenses /by / assessment that enables early childhood teachers to engage their young learners in STEM
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The wide range of abilities at the preschool age, especially with regard to language,
makes it especially challenging to assess preschool children’s problem-solving skills in
an authentic setting. Our review of the literature reveals several authentic assessments
focusing on math and science learning and engineering “habits of mind” [13], but does
not reveal any validated measures for evaluating preschool children’s problem-solving
abilities, specifically the application of the steps of the engineering design process (EDP)
when solving problems.

This paper reports on our team’s process of developing an observation instrument
to measure preschool children’s learning and application of the EDP steps. The instru-
ment, which we call the Engineering Preschool Children Observation Tool (EPCOT), was
intended to evaluate the frequencies of problem-solving behaviors and use of EDP-related
vocabulary by observing classrooms where a federally funded, full-year STEM curriculum
was implemented as part of a 16-classroom pilot study [14]. Designed to evaluate problem-
solving skills as identified by the NGSS [12] and the Commonwealth of Massachusetts [15],
EPCOT has the potential to be used with other early childhood engineering/problem-
solving curricula.

1.1. Problem Solving in Early Childhood

Developmental researchers have long believed that children are natural tinkerers [16]
who use their conceptual knowledge and reasoning skills, as well as social information,
to solve problems. To succeed in solving problems, children need to encode the problem
accurately, which involves identifying important aspects of the problem and building a
mental representation of the problem. This is often challenging for young children [17,18].
Indeed, early accounts on children’s cognitive development, most notably Piaget’s, indi-
cated that young children cannot engage in problem-solving processes, such as scientific
reasoning [19]. However, more contemporary research has shown that with the right sup-
port, such as when problems are simplified, children can succeed in solving problems. Even
3-year-olds can form complex mental models [16], indicating their capacity to mentally
represent problems.

Differences in children’s problem-solving abilities can often be explained not by
cognitive-processing abilities that emerge only as they get older, but by considering the
particulars of the situation: children’s success in solving problems is greatly influenced by
the different ways and contexts in which problems can appear [20]. For example, infants as
young as 12 months can imitate an adult solving a modified balance-scale problem [21],
and even 2-year-olds can solve the balance-scale problem when it is simplified [22]. Later
research showed that when provided with opportunities to practice in a non-traditional
way, older children are less likely to misconceive a problem involving a commonly misun-
derstood concept such as equivalence in math equations [23]. Children also innovate after
both successes and failures—they can generate new strategies for a familiar problem that
they have previously solved using an older strategy [24].

These findings illustrate a common theme that has emerged in the cognitive devel-
opmental literature: that children are flexible problem solvers. Instead of linearly going
through strategies that increase in sophistication as they get older, children show cognitive
flexibility by entertaining different ways of representing and solving a problem at a given
time [25,26]. Children’s tendency to entertain multiple strategies and deploy them in differ-
ent ways, depending on the context, suggests that children have the capacity to brainstorm
solutions. These findings suggest that we can leverage children’s conceptual understanding
and problem-solving potential to teach them a systematic approach to problem solving:
the engineering design process (EDP).

The National Research Council (NRC) in the United States defines engineering as
“engagement in a systematic practice of design to achieve solutions to particular human
problems” [27] (p. 11). The Council’s Framework for K-12 Science Education states that
children are natural engineers, who build castles, dollhouses, and hamster enclosures using
a variety of tools and materials. This natural interest and ability can be enhanced by asking
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them to test and redesign their structures and by paying attention to challenges in their
design and construction efforts. The NGSS [12], developed based on the NRC’s Framework,
emphasizes engineering practices starting as early as kindergarten as part of the new set
of science standards. According to the NGSS developers, engineering is a context-based
subject with real-life applications, which makes it applicable to a diverse group of students
and therefore serves as a promising opportunity for deepening scientific knowledge [12].

Since the development of the NGSS and its emphasis on science and engineering
practices, there is a growing need to engage students in problem-solving activities. In recent
years, several STEM and engineering curricula were developed specifically for preschool
settings [13,28-30]. Raven et al. (2018) designed a series of science and engineering
activities to introduce the EDP to preschool-age children. Within each activity, three
main practices were emphasized: Asking Questions (for science)/Defining Problems (for
engineering), Planning and Carrying Out Investigations, and Constructing Explanations
(for science)/Designing Solutions (for engineering). The authors claimed that, even in
preschool, children can ask questions, design solutions, and improve their designs like
engineers do. Lippard et al. (2018) observed nine preschool classrooms and found that in
all but one classroom, children exhibited engineering “habits of mind,” such as systems
thinking, collaboration, communication, ethical consideration, and optimism [13]. In a
study conducted by Lottero-Perdue et al. (2015), in which preschool and kindergarten
children engaged in an engineering and design lesson, the teachers reported that students
were deeply engaged, enthusiastic, and had a desire to problem-solve [31]. Other observed
outcomes for engineering activities include critical thinking, problem solving, collaboration,
persistence, and other adaptive domain-general learning skills [32]. The increase in early
childhood engineering and problem-solving activities also requires the development of
age-appropriate authentic measures in order to determine the impact of the curriculum on
children’s learning outcomes and help improve instruction.

1.2. Measuring Early Childhood Problem-Solving Skills

Similar to effective instruction that follows evidence-based learning trajectories, an
effective assessment should measure attainment of the learning goal (i.e., mastery of
content or skill), the developmental progression toward that goal (i.e., levels of cognitive
processing needed to master the content or skill), and performance on the instructional
activities (i.e., tasks and other problem-solving experiences) designed to support the
development of these cognitive skills [33]. The assessment should also address whether
the curriculum has had positive, long-term outcomes, such as continued and accurate
use of terms learned (sustainability), application of knowledge gained (persistence), and
innovation that continues outside of the curriculum (diffusion) [33]. An authentic classroom
assessment is one that engages the student’s intrinsic interests and cognitive capacities,
and is intended to measure transferrable skills and abilities [34]. In the case of preschool
children’s competencies, observing them in their natural playing and learning environment
is crucial for authenticity [34-36]. Curriculum-embedded assessments can be administered
in a variety of formats, such as via observations, direct testing, and interviews [36]. Hence,
the measurement of young children’s knowledge and application of problem-solving
vocabulary and skills should focus on authentic observations as children engage with
meaningful problems in a variety of classroom tasks.

Methods to evaluate children’s problem-solving skills and knowledge tend to fall
into several categories: (1) analysis of children’s discourse during free play (i.e., [37,38]);
(2) observations of children at play [39]; curriculum-specific observation protocols for
researchers and teachers (i.e., [40]); (3) evaluation of engineering habits of mind ([13]);
and (4) assessment of children’s science and engineering knowledge through pictorial
measures [41]. Of these categories, only the last one, which doesn’t measure problem-
solving skills, has been validated.

Despite the development of standards-aligned engineering and problem-solving
curricula and classroom experiences, there is a lack of a valid measure to be used by
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teachers and researchers [41,42]. Methods for assessing science and engineering knowledge
and skills are critical for both researchers and teachers who are interested in children’s
learning and ways to improve science and engineering teaching efficacy [33,42]. The lack of
established measures has led researchers to develop ad hoc tools for their projects, making
it difficult to build upon previous work and replicate studies [43]. Hence, there is a need
for an observation protocol that is aligned with national standards and that could be used
with multiple curricula to evaluate young children’s engineering / problem-solving skills.

1.3. The Current Project: Overview

Seeds of STEM was funded by the U.S. Department of Education [14] as a development
project, with the goal of developing a new problem-solving curriculum for preschool
classrooms serving 3- to 5-year-olds. In line with the grant structure, the developed
curriculum was piloted in preschool classrooms to demonstrate feasibility and fidelity of
implementation as well as potential for a larger study. The project was divided into two
major parts: curriculum development and pilot study.

Curriculum Development. The development of the curriculum was conducted in
partnership with Head Start, a federally funded early childhood education program devel-
oped by the United States Department of Health and Human Services, serving newborns
to 5-year-old children from low-income families. Our partner Head Start program was
from a large urban area serving close to 700 children in 35 classrooms. A team of six
developer-teachers and twenty tester-teachers collaborated with the researchers to de-
velop and test the multiple iterations of the curriculum’s eight units over the course of
two years (see [44,45] for a detailed description of the participatory-design curriculum
development process).

Pilot Study. The pilot study was designed as an underpowered randomized control
trial (RCT) in 16 mixed-age classrooms serving children 3-5 years old. These classrooms
were part of a different Head Start program, which did not take part in the curriculum
development process, and included classrooms in urban and rural settings. Forty teachers
took part in the pilot study (twenty-one teachers in eight intervention classrooms, and
nineteen teachers in eight comparison classrooms). Thirty-eight teachers identified as fe-
males, and 20% of the teachers identify as a minority (non-white). The student population
included 238 3- to 5-year-olds (68% identified by their parents as a minority /non-white),
with 130 children in the intervention classrooms and 138 in the comparison classrooms.
The pilot study lasted one school year, followed by 20 months of data coding and analy-
sis. Classrooms were randomly assigned to intervention and comparison groups (eight
classrooms in each condition), matched for teacher characteristics based on an opening
survey. Twenty one intervention teachers received 10 h of training prior to and during
the implementation of Units 1-7 of Seeds of STEM, as well as classroom visits by the
researchers. Nineteen comparison group teachers were asked to teach their current sci-
ence/STEM curriculum, and did not receive any training or support. All 40 teachers were
provided with Unit 8 of Seeds of STEM (the topic was light and shadow), and were asked
to follow the curriculum and teach Unit 8 over the course of two weeks. See Figure 1 for
an illustration of the study design. Teachers were offered the option of videotaping their
own lessons or having a research assistant help with videotaping the Unit 8 lessons. Only
children whose parents signed a consent form were included in the videos. This paper
describes the lessons learned from the research team’s development of an observation tool
to evaluate children’s problem-solving behaviors and vocabulary. While the development
of the observation tool was not among the original goals of the study, it is our hope that
other researchers would benefit from the description of the development process, and
would be able to include and further validate the tool in future studies.
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Figure 1. Pilot study design.

1.4. The Development of the Engineering Preschool Children Observation Tool (EPCOT)

EPCOT was developed to measure preschool children’s problem-solving skills and vo-
cabulary while engaged in Seeds of STEM activities in the classroom. The list of outcomes,
for both the curriculum and observation measures, was created based on established stan-
dards and frameworks: the Engineering and Scientific Practices in the Massachusetts Sci-
ence Technology /Engineering Framework for Pre-K (2014; 2019), the NRC Framework [27],
and the Head Start Framework [46].

1.4.1. EPCOT Version 1

Based on the established standards and frameworks [27,46], the research team defined
eight observable behaviors that are employed when solving a problem. For each one of
the behaviors, the research team defined several levels based on increasing cognitive com-
plexity (see Table 1). For example, for the first observable behavior of describing/recognizing
information, the first, most basic component will be marked when a student repeats a
statement about the scientific phenomenon, and the most sophisticated component will be
marked when the student offers an example about the phenomenon from their own lives.

Table 1. EPCOT (v.1) with 8 actions and 33 observable behaviors (Levels of cognitive complexity).

Component 1:
Component 2:
chart, model).
Component 3:
own lives.

Repeat statement about scientific phenomenon.
1. Describing/recognizing information: Describe materials shared by the teacher (book,
The extent to which children can recognize the scientific

phenomenon that underlies the problem. Offer observation or example from their

Component 0:
child states it.
Component 1:
Component 2:

2. Identifying the problem: Repeat the problem after the teacher or another

The extent to which children can articulate a problem and

L Recognize and articulate the problem.
its implications.

Explain why it is a problem.

Component 1: Ask clarifying question (What is/Where is?).
Component 2: Ask exploration question (Why

does/How does?).

Component 3: Independently explores (touches, plays,
examines) lesson materials.

Component 4: Prompted (by teacher) to explore materials.

3. Obtaining information/asking questions:
The extent to which children ask questions about the scientific
phenomenon, or about trying to understand the problem.
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Table 1. Cont.

4. Brainstorming;:
The extent to which children can draw on self- and others’
knowledge and observations to come up with
multiple solutions.

Component 0: Repeat a solution stated by the teacher or another
child to a problem.

Component 1: State a solution to a problem.

Component 2: Predict outcomes and difficulties: advantages or
disadvantages of a solution.

Component 3: Classify solutions as testable versus non-testable.
Component 4: Revising an initial idea/solution.

5. Solution planning:
The extent to which children can develop a plan for the design
of the solution using simple materials/equipment and
investigate materials as needed.

Component 1: Choose/draw/describe a solution.

Component 2: Discuss/explore/state what materials are
needed/available.

Component 3: Describe steps of carrying out solution.
Component 4: Predict outcomes and difficulties: advantages or
disadvantages of a solution.

Component 5: Revise solution plan.

Component 1: Create a model of solution.

6. Solution creating and testing;: Component 2: Carry out a solution.
The extent to which children can work with others to selectand ~Component 3: Identify an effective aspect of the solution
use materials to build the solution, implement the design, and  (criteria and constraints).
gather data on the effectiveness of the solution. Component 4: Identify a limitation of the solution.

Component 5: Revise the solution.

7. Sharing findings:
The extent to which children can communicate the entire
problem-solving and design process, articulate findings, and
state conclusions to peers and teachers.

Component 0: Restate problem.

Component 1: Present solution.

Component 2: Explain a choice (material, final solution).
Component 3: Describes steps of problem-solving process (idea,
plan, solution, test results).

Component 4: Discuss effectiveness and limitations of the
solution.

8. Using the Engineering Design Process:
The extent to which children can use the engineering wheel to
communicate and elaborate on the problem-solving process.

Component 1: References/recognizes the current stage of the
engineering design process.

Component 2: Describes past activities or future steps in the
engineering design process.

Component 3: Spontaneously explores the wheel to guide
problem solving.

In addition to these dimensions of action, the EPCOT was also designed to capture
indicators of problem-solving vocabulary acquisition, in terms of the frequency of children
repeating the words (e.g., brainstorm, design, revise), saying them when prompted (cued vo-
cabulary production), and spontaneously producing them appropriately (novel vocabulary
production). A team of trained blind coders who were unfamiliar with the Seeds of STEM
curriculum tested the first version of EPCOT by observing classroom videos and scoring
the behaviors they observed. The team encountered significant challenges in defining
non-verbal gestures, needing to clarify each behavior to reduce code-misinterpretation, and
struggling to differentiate curricular and general classroom activities. As a result, coders
were not able to reach consensus and thereby meet the expected reliability (70%) on this
first version of the EPCOT.

1.4.2. EPCOT Version 2

To address the challenges in coding encountered when using version 1 of the tool, the
research team engaged in a process of creating “master-coded” videos that reflected the
research team’s goals for the observation tool (as recommended by the project’s expert
psychometrician). During that process, the research team observed dozens of classroom
videos, discussed each observed behavior, and revised the EPCOT wording to reflect the
agreement among the team and reduce ambiguity. As a result of this elaborated process,
EPCOT was revised and a second version was created (see Table 2). In addition, a detailed
training guide was developed. The revised EPCOT includes only five main actions, but
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each one consists of multiple observable behaviors to capture variations and nuances of
each action. Out of the five actions, three follow the steps of the EDP (Actions 2—4), one
focuses on connections to the scientific phenomenon and to the desirable skills of asking
questions (Action 1), while the last action (Action 5) focuses on behaviors that demonstrate
recognition and understanding of the problem-solving process itself. During the video
observations, the research team was challenged by cases in which the children referenced
the scientific phenomenon as they were engaged in different steps of the problem-solving
process. To distinguish these behaviors from the general Action 1, we added special codes
to Actions 2-4, namely 2.1, 3.1, and 4.1.

Table 2. EPCOT (v.2) with 5 actions and 33 observable behaviors.

Action/Category Code Behavior Description
la Repeat statement about scientific phenomenon.
b Describe/reference /acknowledge materials/activities shared by the teacher
1. Unpacking the Scientific related to a scientific phenomenon.
Phenomenon or Process le Offer an observation or example about a scientific phenomenon from
experiences outside of the current activity.
le Ask a clarifying question (What is/Where is?).
1f Ask an exploration question (Why does/How does?).
21 Make a connection between the problem and any scientific phenomenon.
2a Repeat the problem soon after the teacher or another child states it.
2. Identifying & Researching a %b Recognize/identify a problem (for the fir.st time/analyzing a context to voice
the problem/out of a situation presented to them).
Problem
2c Articulate/share/present a problem.
2d Explain (on their own) why it is a problem.
2e Explore materials/photos in order to understand the problem/solution.
31 Make a connection between the plan/proposed solution and any
' scientific phenomenon.
3a Repeat a solution stated by the teacher or another child to a problem.
3. Brainstorming-Planning- 3b Propose/state a solution to a problem.
Choqsmg 3c Draw /explain/share a solution plan/idea.
Solutions
Predict outcomes and difficulties: advantages or disadvantages of a solution
3d . . .
(with or without teacher assistance).
3e Classify solutions as testable versus non-testable.
3f Revise an initial idea or plan.
41 Make a connection between the solution and any scientific phenomenon.
4a Discuss/explore/state what materials are needed /available while building
or testing.
4b Create a model of the solution.
4. Creating-Testing-Revising 4c Discuss steps of building/testing a solution (during building/testing phase).
Solutions 4d Carry out/test a solution.
4e Identify an effective aspect of the solution (criteria and constraints).
4f Identify /discuss limitations of the solution (after testing).
4g Revise/propose revisions (to) the solution/model (not plan or idea).
ih Present/state/explain the built solution to others (including choices made in

creating /revising the solution).
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Table 2. Cont.

Action/Category Code Behavior Description
5 Repeat the name of the current design process stage as stated by the teacher
4 or another child.
5b Recognize the current stage of the engineering design process.
State (on their own or cued by teacher) past or future activities/steps in the
5¢ engineering design process (regardless of accuracy), or name/recognize the
5. The Problem-Solving Process process itself without describing the steps.
5d Spontaneously conduct the next step in the design process.
5e Describe the entire process (including all the steps from problem to solution).
56 Spontaneously explore/reference the wheel/process to guide
problem solving.
5 Explain/show understanding of the purpose of one or more of the steps (for
& example: why do engineers plan?).

2. Materials and Methods

The second version of EPCOT was used to assess the level of problem-solving behav-
iors and vocabulary as exhibited by children in 16 Head Start classrooms (8 intervention,
8 comparison). These classrooms did not take part in the curriculum development process,
and the teachers were not familiar with the curriculum. Teachers in the intervention group
taught all 8 units of the curriculum and received professional development training. Teach-
ers in the comparison group followed a “business-as-usual” protocol regarding the teaching
of science. Both groups taught the last unit of the curriculum (Unit 8, Light and Shadow)
as an assessment, and were asked to videotape all their classroom activities associated
with the curriculum (conducted over 2 weeks in whole-class and small-group settings).
The first week introduced the scientific concepts of light and shadow through stories,
exploration, and experimentation. The second week focused on solving a problem related
to the scientific concepts. Specifically, Problem Panda (the curriculum’s main character)
wants to play outside, but it is too hot and bright. The children were asked to create a
solution to Panda’s problem, based on concepts related to light and shadow. Only videos
from the second (engineering) week were used for the analysis. Table 3, below, illustrates
the different activities during the Unit 8 engineering week.

Table 3. Summary of Seeds of STEM weekly activities during “engineering week”.

Monday Tuesday Wednesday Thursday Friday
61 7.1 8.1 9.1 10.1
Large Group i Setting criteria and Sharing plans, Sharing and Problem solved!
Panda has a ; . - -1 . .
(the whole class) roblem! brainstorming voting on class providing feedback Sharing with a
p ' solutions. solutions. on solutions. special guest.
6.2
9.2 10.2
Small Group Research the 72 82 Improving Creating a poster

(3-5 children with  problem: how does
the teacher) it feel to play in the
sun?

Creating and

. . solutions based on  with pictures from
testing solutions.

feedback. the week.

Planning solutions.

2.1. Video Sampling

An algorithm was developed for randomly selecting videos from every classroom. The
goal was to select a total of 6 classroom videos (3 videos of small group activities, 3 videos
of whole class activities) out of 10 videos per class, in a way that all curriculum activities
(from 6.1 to 10.2) are represented. In addition, the algorithm selected videos so that the total
observable time was similar across all classrooms. The observable time of ~67 min was
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selected, based on the classroom with the least video recording time. This process was
done to ensure equal observation time for all classrooms (In addition to standardizing
videos prior to coding, we conducted robustness analyses in our main findings using
linear regression to observe the association between behaviors and groups, controlling
for time. These findings produced similar results to our main analyses and are available
upon request). Prior to the selection, videos were trimmed for non-curricular activities,
so the observation was mostly on the activities. Videos shorter than 3 min were excluded
from coding.

2.2. Coder Training

Blind coders were trained using the master-coded videos. A detailed scoring guide
was shared with the coders, and the document was updated during the training sessions.
Coder questions about specific situations were answered by the research team after review-
ing the video and agreeing on the next steps. The goal was to establish a reliability of 70%
with the master codes and among coders. Two coders met the requirement and classroom
videos were divided among them with a 25% overlap. Coder disagreements were reviewed
and discussed by the coders and the research team.

2.3. Coding Software

The coding of problem-solving behaviors and vocabulary was done with Behavioral
Observation Research Interactive Software (BORIS), a free and open-source video-coding
software. BORIS’s main features include adaptability to code entry, a timestamp for each
code, an easy export function, user-friendliness, and privacy of video subjects. The use of
the software allowed for numbering and coding individual students—a valuable tool when
coding groups of participants—enabling the coder to track the total number of participating
students out of the entire class.

2.4. Coding for Behaviors and Vocabulary

As coders watched the videos, they coded for a specific behavior and marked the
child(ren) who exhibited that behavior (see Table 2 for behaviors and categories). This
allowed for a summary of the percentage participation of each classroom. In addition, the
coders coded for expressive language of one of the designated problem-solving vocabulary
words: engineering design process /engineering wheel, problem, solve/solving, solution, engineer,
brainstorm/think, idea, choose, plan, design, create/build, revise, improve/make better, and share.
On the coding software, the coders noted whether the vocabulary words were produced
spontaneously by the children or repeated after the teacher or another child mentioned
the word.

3. Results
3.1. Students” Problem-Solving Skills and Vocabulary

Trained and reliable blind coders scored six randomly selected videos for each class-
room (three small-group activities, three whole-class activities). Coding output (through
BORIS) included frequency of problem-solving behaviors, frequency of expressed vocabu-
lary words, and proportion of students exhibiting the behaviors (out of total students in the
video). In total, the findings are based on 90 coded video clips across all 16 classrooms (out
of the expected 96; the loss was due to technical issues with the videos or missing coded
files). Among these videos, there was a representation of all 10 curricular activities that
were implemented during the engineering /problem-solving week (as depicted in Table 3).

Overall, 1696 behaviors were coded, of which 19% were coded under category 1
(unpacking the scientific phenomenon or process), 11% under category 2 (identifying and
researching the problem), 26% under category 3 (brainstorming-planning-choosing solu-
tions), 34% under category 4 (creating-testing-revising solutions), and 9% under category 5
(the problem-solving process), as depicted in Figure 2.
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Observed Behaviors by Category (N=1696)
40%
3500

30%

25%
20%
15%
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Category 1 Category 2 Category 3 Category 4 Category 5

Figure 2. Observed behaviors by coding category.

The six most frequently observed behaviors account for 53% of all observed behaviors.
These behaviors include 1b (Describe/reference/acknowledge materials/activities shared by
the teacher related to a scientific phenomenon), for example, when a child points out a shadow
in the picture made by the sun and the trees; 3b (Propose/state a solution to a problem). For
example, one of the children proposed to make a “house out of leaves so he can’t burn”; 3c
(Draw /explain/share a solution plan/idea), where a child was observed explaining how an
umbrella works during the planning process; 4a (Discuss/explore/state what materials are
needed/available while building or testing), for example, when a child explained “you would
need glue to stick the cups together”; 4g (Revise/propose revisions (to) the solution/model),
for example, when a child holds up a piece of cardboard and says “this can be the roof”;
and 5c (State past or future activities/steps in the engineering design process (regardless of
accuracy) or name/recognize the process itself without describing the steps), for example,
saying that, at the beginning, we need to find out “what the problem is.”

Interestingly, three behaviors were not observed at all in all 90 videos: category 3e
(Classify solutions as testable versus non-testable), 5e (Describe the entire process, in-
cluding all the steps from problem to solution), and 5f (Spontaneously explore/reference
the EDP poster to guide problem solving). Figure 3, below, shows the distribution of
observed behaviors.

Behavior Frequency (N=1696 Observed Behaviors)
200
180
160
140
120
100
80
60

20
I |||._ |” -l =11

lalb 1c 1e 1f2.12a2b 2c 2d 2e3.13a 3b 3c 3d 3e 3f4.14a 4b 4c 4d 4e 4f 4g 4h 5a 5b 5¢ 5d 5e 5f 5g

Figure 3. Behavior frequency.
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We analyzed differences in observed child behaviors across specific areas of the EPCOT,
small- and whole-class settings, and intervention and comparison groups. We hypothesized
that some behaviors would be more likely to occur than others, for example, that students
repeat vocabulary words rather than propose a solution or revise initial plans. Further, some
behaviors would be easier for students in small groups versus a whole class, for example,
having more opportunities to engage in testing solutions (category 4). Additionally, we
expected to see more higher-level behaviors (category 5) in the intervention group than in
the comparison group, since teachers and students had more practice and engagement in
the intervention group and it would be easier to demonstrate higher-order processing. We
present the results of our hypotheses testing here, acknowledging, however, that this is
an exploratory study focused on the development of EPCOT as a rubric. The study was
therefore conducted in a smaller number of classrooms, focusing resources on the use of
curriculum and the EPCOT rubric in each classroom. We do not necessarily have the power
required to detect statistically significant differences across groups. Still, the observation of
trends is important and can set a baseline for expected results in larger settings.

We found that behaviors were evenly divided between small-group and whole-class
activities (see Figure 4) in category 2 (6% and 6%), category 3 (14% and 13%), and category
5 (4% and 5%). However, more category 1 behaviors occurred during whole-class activities
(12% vs. 7%), and significantly more category 4 behaviors occurred during small-group
activities (31% vs. 3%). These findings were expected, as the children were revisiting
science concepts discussed in the previous week during the first whole-class circle of the
week, and engaged in creating their solutions in small groups. Behaviors of categories 2, 3,
and 5 were discussed throughout the week in both small-group and whole-class settings.

Behaviors Observed in Small Group and Whole Class
Settings (N=1696 Behaviors)

40%
35%
30%
25%
20%
15%
10%

5%

0%

Category 1 Category 2 Category 3 Category 4 Category 5

Small Group Whole Class

Figure 4. Behaviors observed in small-group and whole-class settings.

An analysis of children’s vocabulary captured a total of 436 vocabulary words related
to problem solving, of which 312 words were produced spontaneously by the children,
and 124 words were repeated after they were first mentioned by the teacher or by another
child. The majority of the captured vocabulary words (73%) fell into five categories:
brainstorm/think (22%), problem (15%), idea (14%), plan (12%), and create (10%). The rest of
captured vocabulary words (27%) included the words: solution, share, solve, design, engineer,
build, test/testing, improve/improving, creation, and choose. Figure 5 shows the distribution of
vocabulary frequencies.
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Figure 5. Proportion of novel and repeated vocabulary words.

3.2. Differences across Groups

No significant difference was detected between the intervention and comparison
groups in terms of frequency of behaviors (Figure 6) and problem-solving vocabulary
(such as problem, solution, brainstorming, and planning): 53% of behaviors were observed in
intervention classrooms, and 47% of behaviors were observed in comparison classrooms.
Although we expected to see differences in student behavior in the intervention and
comparison groups, these differences were not statistically significant. This may be due
to the lack of statistical power (sample size) to detect effects. Another unexpected finding
was related to category 5 behaviors that address the problem-solving process and its steps,
where observed behaviors were evenly divided between the groups.

Behaviors by Study Group (N=1696 Behaviors)
40%
35%
30%
25%
20%
15%
10%
= -

0%
Category 1 Category 2 Category 3 Category 4 Category 5

Intervention M Comparison

Figure 6. Behaviors by study group.

In order to analyze differences between groups, we tested (using a one-tailed, two-
sample t-test) the difference in small-group and whole-class activities, and intervention and
comparison group activities, across the five coding categories. As shown in Table 4, there
were statistically significant differences between small-group and whole-class activities
in category 4. As expected, creating-testing-revising solutions (category 4) occurred more
often in small groups. The differences in findings across the whole-class and small-group
settings may suggest that some activities are better geared toward particular classroom
arrangements.
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Table 4. Behavior and vocabulary frequencies by coding category.
Overall Small Group  Whole Class  Intervention = Comparison

1. Unpacking the Scientific Mean 10.99 8.2 14.2 11.2 11.0
Phenomenon or Process SD 10.90 10.1 12.7 12.1 11.7

2. Identifying-Researching Mean 640 6.6 6.4 6.9 6.2
a Problem SD 3.44 4.1 32 34 3.9

3. Bralnstormlng_Plannlng_ Mean 14.92 15.9 14.5 15.9 14.5
Choosing Solutions SD 12.53 14.2 12.9 13.4 13.8

4. Creating-Testing-Revising Mean 19.28 34.5** 4.3 241 15.8
Solutions SD 23.40 26.4 4.6 25.7 23.2

5. The Problem-Solving Mean 5.00 44 53 4.6 51
Process SD 6.24 6.3 7.3 5.8 7.6
Vocabulary (Novel)—Problem Mean 9.28 7.8 104 94 8.6
Solving SD 8.18 7.6 10.0 7.9 9.7

Note: Overall observations N
** p-value < 0.001.

25%
20%
15%

10%

0%
Brainstormy/ Problem
Think

=31, Small group N = 16, Large group N = 15, Intervention N = 16, Comparison N = 15; * p-value < 0.005,

Similarly, a vocabulary group analysis did not reveal significant differences between
the intervention and comparison groups in terms of overall frequencies. A total of
215 words were captured in videos from intervention classrooms, and 221 words were
captured in videos from comparison classrooms (see Figure 7).

Vocabulary by Study Group (N=436)

Share

Improving  Creation

Plan Create Idea Solution Salve Design Engineer Build Testing Choose

Intervention M Comparison

Figure 7. Proportion of vocabulary words by study group.

An additional analysis revealed an interesting trend such that children in the inter-
vention group produced a slightly larger percentage of novel than repeated words (75%
novel vs. 25% repeated) compared to those in the comparison group (68% novel vs. 32%
repeated; see Figures 8 and 9).

To further analyze the vocabulary data, we defined a threshold of at least 50% more
vocabulary words than the other group for any difference to be meaningful. Based on this
criterion, the intervention group had substantially more novel vocabulary words under
the categories problem, plan, solution, design, and engineer, and more repeated vocabulary
words under the categories think, problem, solve, and testing, compared to the comparison
group (see Table 5). This pattern may suggest that children who were exposed to more
of the curriculum (the intervention group) produced more novel vocabulary words than
the comparison group, who were exposed to just one unit of the curriculum. The children
in the comparison group seemed to be more engaged in repeating vocabulary than the
intervention group. There were also categories where the two groups were comparable:
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brainstorm, think (novel), plan (repeat), create (novel), idea (novel), solve (novel), engineer
(repeat), testing (novel), and choose (novel). There were no vocabulary words in either group
for testing or choose.

Proportion of Novel and Repeated Words Observed in Intervention Group (N=215 Words)
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20%
15%
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Figure 8. Proportion of novel and repeated words in the intervention group.

Proportion of Novel and Repeated Words Observed in Comparison Group (N=221 Words)
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Figure 9. Proportion of novel and repeated words in the comparison group.

Table 5. Differences in vocabulary use across groups.

More Vocabulary in Intervention Group More Vocabulary in Comparison Group
(At Least 50% More Vocabulary Words) (At Least 50% More Vocabulary Words)
Novel Repeat Novel Repeat

Create
Idea
Problem Share Solution
Plan Problem . Share
. Build .
Solution Solve Improve Design
Design Testing pre Build
. Creation
Engineer Improve
Creation

Choose
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Thus far, our findings suggest that the Seeds of STEM curriculum engaged children in
all steps of the EDP, and elicited vocabularies and behaviors associated with the process.
Although we expected to see differences in student behavior in the intervention and
comparison groups, these differences were not statistically significant, which may be due
to the lack of statistical power (sample size) to detect effects. However, the intervention
group showed, on average, 24.1 behaviors in category 4, compared to 15.8 behaviors
in the comparison group (see Table 5). These differences are substantively meaningful
and are trending in the expected direction; however, a lack of precision due to the small
sample size obscures our ability to detect statistical differences (In addition to using a
t-test to assess differences between groups, we also used hierarchical linear modeling to
test differences across groups while accounting for clustering of teachers and students in
classrooms. Similar to the findings we present here, we found some trends, but nothing
statistically significant).

4. Discussion

EPCOT was developed to observe preschool children’s problem-solving behaviors
and vocabularies in classrooms that tested the Seeds of STEM curriculum. A total of
1696 behaviors were observed in videos taken from 16 preschool classrooms. Out of
34 possible behaviors across the problem-solving process, the children in these classrooms
engaged in 31 unique problem-solving behaviors, implying that preschool children are,
indeed, capable of meaningfully engaging in solving problems.

The process of establishing EPCOT was long and required dozens of hours of video
observations, discussions of ambiguous situations, and resolving disagreements between
coders and the research team. However, the process resulted in a detailed training guide
that enabled the training of reliable coders.

The high correlations between behavior category and curricular activities were ex-
pected, as both EPCOT and the Seeds of STEM activities followed the problem-solving
process from identifying problems to sharing the revised solutions. However, we have ob-
served behaviors from all categories in the different steps. For example, during a video clip
of children planning the solution to Panda’s problem, the children were observed talking
about the problem (e.g., “it’s getting too hot and Panda needs some shade”—category 2),
discussing criteria and constraints (e.g., “solution needs to be able to make Panda cool” and
“solution needs to be kind of large for Panda”—category 2), planning the solution and con-
necting the solution to a scientific phenomenon (e.g., “he planned a large tower, and it will
block the sun”—category 3), stating the next step in the problem-solving process (e.g., “we
need to create the solution”—category 5), engaging in building their solution (category 4),
and explaining their solution (e.g., “I will make a tunnel for Problem Panda”—category 4).
Other observations include children discussing the problem, sharing and testing their
solutions, and accepting suggestions from other children about improving their solu-
tions. In other words, the children demonstrated that the process of solving problems is
not linear, but requires repetitions and connections to the different steps throughout the
process [25,26].

To our surprise, no significant differences were detected between the intervention
and comparison groups in the frequencies of observed behavior. It is possible that our
sample was simply too small to detect a difference between the groups. Further, we should
note that the assessment unit was the eighth Seeds of STEM unit that the intervention
classrooms experienced, while for the comparison classrooms it was the first one. One
explanation could be that even one unit was enough to generate observable behaviors and
vocabulary among the children, which speaks to the potential strength of the curriculum.
Finally, a third possible explanation came from observing the teachers. The comparison
teachers, being recorded for the first time and teaching a new unit without training, relied
more closely on the curriculum and followed the instructions and activities provided in the
unit plan as written. The intervention teachers, on the other hand, were less reliant on the
written instructions and improvised some changes to the unit. They might have been more
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comfortable and confident in their teaching, having taught seven previous units. While we
did find more problem-solving behaviors and vocabulary in the intervention group, we also
found evidence for problem-solving behaviors and vocabulary in the comparison group.
This is, of course, good news from the curriculum development perspective; however, it
reduces the possibility of detecting a difference between the groups.

In addition to these limitations, it is important to note that the EPCOT was not yet
validated against other preschool learning measures. The research team is planning to
validate the observation tool against other video observation instruments as well as the
average of classroom assessment scores. In addition, the findings were only based on
post-curriculum data. Future studies comparing intervention classrooms with “business-
as-usual” (i.e., true control) classrooms without any overlap in unit coverage, and using pre-
and post-test measures, would help shine light on the effectiveness of the tool in detecting
the impact of the curriculum. The research team is also interested in exploring the teachers
and classrooms that elicited the most behaviors to learn more about characteristics that
contribute to successful problem-solving in early childhood.
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