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Abstract

The non-profit organization, YWCA of Central Massachusetts, hosts a preschool

educational center for children ages two to five. The goal of the center is to better the futures of

the children they instruct and prepare them for the world they live in. In particular, they work to

educate children in science, technology, engineering, art, and mathematics (STEAM) literacy.

This project provided a piece of playground equipment to aid the YWCA in their ability to

educate their students in STEAM concepts (in particular simple machines).  The IQP team

analyzed current methods and tools used in STEAM education, government standards,

interviewed YWCA instructors, and observed students to develop a device consisting of several

interactive simple machines that was installed in the YWCA playground.
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Executive Summary

Introduction:

Organizations such as the YWCA of Central Massachusetts (YWCA CM)

promote early childhood STEAM education work to create and expose children to these

positive experiences. They aim to encourage all interested children to pursue STEAM

regardless of background or externally perceived identities. However, there are

stumbling blocks to every good mission. At present, few items exist for children to utilize

in an outdoor setting that are both engaging and educate on foundational STEAM

principles (i.e. simple machines).

This project produced an educational toy capable of demonstrating rudimentary

physics and engineering principles in an engaging and accessible manner. The toy,

coupled with a set of educational activities created around the Massachusetts

Department of Elementary and Secondary Education Curriculum Framework, is capable

of reaching PreK students from any background to assist in their development and

understanding of the world around them.

Methodology:

The IQP team employed the engineering development process to design,

construct, and install the playground equipment at the YWCA of Central Massachusetts.

We observed the children at play in the preexisting playground and interviewed

teachers to establish the baseline behavior of the children and the goals of their

educators to identify attributes that both groups would value in the final implementation.

After generating and assessing designs internally, the team presented them to the

instructors for final approval and then constructed the playground equipment. We

installed it at the YWCA for their use for both recess and class time.



Results

The communication with the teachers and observations of the students shifted

our preconceived ideas of the design to focus on a more cooperative model that

prioritized teamwork on the part of the students to operate. The team developed eight

initial designs and then presented three refined designs for considerations by the YWCA

CM faculty. Once the final design was selected, the design was further developed,

constructed, and installed in the playground. The children of the YWCA CM appeared to

thoroughly enjoy the toy and the teachers likewise enjoyed the opportunities the new toy

provided, albeit with some safety concerns.
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1. Introduction

Children have always sought to learn and understand the world around them until

they are satisfied with the amount of information they have gathered. Yet, children do

not instinctually form complex hypotheses that rival Nobel laureates, nor do they

conduct double-blind studies. Children the world over learn through play, and it is

through play, educators can best give their students the tools to discover concepts

about the world around them (The British Association of Early Childhood Education).

Chief among these concepts are abstract constructs that are difficult to verbally explain,

especially to an audience with limited communication abilities. Science, in particular

physics, has several foundational laws and theories that are difficult to comprehend

through pure verbal explanation, such as work, required force, and mechanical

advantage. Children at play do not require complex explanations to derive an intuitive

understanding of how things—such as levers—work. This project will create a group

play structure for young children that will assist with their education in teamwork,

foundational physics and engineering, and promote a mindset of curiosity and

exploration.

Science, technology, engineering, and mathematics (STEM) education is of vital

importance in early education. A foundational principle of STEM education is

student-led discovery and exploration of conceptual principles (Bencze, 2008). This

system, coupled with play, provides instructors powerful tools to inspire children to

investigate and question everything—the ultimate goal of science. Additionally, early

introduction of STEM can “set the stage for their college curriculum later. Besides

scoring higher in the SAT and needing less remedial classes when they start college,

these children are most likely to pursue a career in STEM with confidence” (MandLabs,

2020).

Beyond the understanding of theorems and postulates, STEAM (science,

technology, engineering, arts, and mathematics) education provides children

opportunities to investigate, collaborate, design, and solve challenges across a

multitude of fields and disciplines (Alacapinar, 2008). These social (or soft) skills provide
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all children the ability to interact more effectively with the society around them and work

with others to solve the great problems of their world.

In addition to the intangibility of the subjects, the world may influence children in

unnecessary ways. Even at a young age, children are exposed to racial and gendered

stereotypes that influence their self-perception and may sway the directions of their

lives. This is especially true in the sciences, where there are a significant majority of

homogenous groups. The National Center for Science and Engineering Statistics (2019)

reported that approximately 74% of all science and engineering positions in the United

States were held by male-identifying individuals. Of all STEAM occupations, 64% were

held by white employees. In particular, Asian, African American, Hispanic, and other

underrepresented women make up less than 10% of all science and technology

occupations despite being over 50% of the population.

In central Massachusetts, “more than 40 percent of all employment in the

Commonwealth revolves around innovative industries such as clean energy, information

technology, defense and advanced manufacturing” (The Commonwealth of

Massachusetts, 2021). While the state government has provided numerous programs

and opportunities for post-early-childhood education, few resources are made available

to support similar programs at the pre-kindergarten or kindergarten level.

Organizations attempt to alleviate these lapses in education through their own

independent programs to empower children to be who they want to be in life without

socio-economic status or societal prejudice diverting their interests. The YWCA (Young

Women’s Christian Association) is one such organization that works to provide

resources and programs to eliminate racism and gender biases. In addition, this

organization is moving to bolster its’ youth education program that works with

preschool-aged children (ages two to five years). However, few resources currently exist

to effectively teach physics or other STEAM subjects to such a young age group,

especially within the price range of a nonprofit. Additionally, little research exists to

evaluate gender or racial equity of education at this age range.

2



This project will work with the YWCA of Central Massachusetts (YWCA CM) to

produce a set of educational lesson plans and a set of playground equipment to

educate young children (ages two to five years) about physics and STEAM concepts,

specifically those that pertain to simple machines. The lesson plans will be used to not

only further explain the scientific ideas but to begin the education of related

skills—problem-solving, communication, teamwork— and to encourage gender and

racial neutrality amongst the children interested in STEAM. The playground equipment

will allow children the ability to learn through play and experiment with the physical

concepts at play in a semi-structured environment—such as recess—and during

directed lessons.

The development process of this project will employ an iterative engineering

design model in which designs and macro concepts will be developed using a mixture of

archival research, intended-user interviews, and field observations to establish baseline

requirements. The designs will be developed and prototyped digitally, go through

several phases of redesign, and then presented to stakeholders for critiques before

finalizing. Through feedback, the team will deploy the solutions and evaluate via

observation and instructor assessment the effectiveness of the products.
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1. Background

This project aims to develop an educational system for young children that

enables and empowers them to explore, think, and create regardless of their

background. To do so, one needs to understand how young children learn, how they

traditionally develop the ability to explore and create, what factors can discourage

children from doing so, and what research is being conducted to encourage similar

growth.

The following preliminary review of the literature provides an overview of the

current studies and related perspectives on those foundational aspects of this project.

The chapter is broken down into six primary sections: Play, STEM Education and

Physics, Gender Discrepancies in STEM, Racial Inequalities, YWCA Central

Massachusetts, and Simple Machines.

2.1 Play

Play, a word traditionally associated with the movements and activities of children

untethered from their responsibilities and assigned duties, has undergone a radical

redefinition. Over the last fifty years, developments in neuroscience and developmental

theory have recategorized play as a critical tool of education. Dr. Frost of the University

of Texas in Austin has described the ongoing renaissance in the study of play as

scientists realizing that “play is indeed serious business and is perhaps equally

important as other basic drives of sleep, rest, and food” (1998). Additionally, Education

Professor David Whitebread of the University of Cambridge states that “Play in all its

rich variety is one of the highest achievements of the human species, alongside

language, culture, and technology” (Whitebread et al, 2012). Play’s necessity in

children’s lives has gone so far as to be declared a right of all children. Article 31 of the

United Nations Convention on the Rights of the Child states that all members recognize

the right for children to ”engage in play and recreational activities appropriate to the age

of the child” (1989).
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Why does play merit such high regard by modern developmental researchers?

During the first few years of human life, the brain makes rapid developments and is

highly influenced by its environment. As the brain develops during this period of life,

play has been shown to affect its structure and functions on a molecular and neuronal

level that result in increased connectivity and activity levels. It has even been shown

that play can affect the length and density of neurons in the brain which can increase

the speed at which electrical signals move across regions of the brain, and it promotes

the production of hormones that are important for long-term memory and social learning

(Yogman, 2018).

Beyond physiological improvements, children given opportunities to play have

also been shown to have improved executive functioning. Executive functions (also

called executive control or cognitive control) are mental processes used when one

concentrates and pays attention. Primary executive functions are inhibition control,

working memory (information that is held and consciously processed or manipulated),

logical reasoning, and problem-solving (Diamond, 2013). The improvement of executive

function allows for increases in early math skills such as numerosity and spatial

concepts. Panksepp has also suggested that children deprived of play experience a

degradation of executive functioning, which could be associated with the increasing

prevalence of attention-deficit/hyperactivity disorder (2012).

Play allows for children to engage with and interact with their peers and develop

necessary social skills that they will use throughout their lives. Activities performed

during play, such as sharing toys, coordinating with others, and taking turns, are

necessary to develop complex social behaviors (Bruder & Chen, 2007). Social

competency development is heavily impacted by children’s ability to play, especially in

pretend play—in which children act out situations that demonstrate their understanding

of their world (Moore & Russ, 2006). Socially competent children apply developed

behaviors, cognitive skills, and effective methods developed during play to unfamiliar

and diverse social situations (Bruder & Chen, 2007).

As stated elegantly by Michael Yogman, “to encourage learning, we need to talk

to children, let them play, and let them watch what we do as we go about our everyday
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lives” (2018). Play is quintessential to well-developed and well-rounded children

equipped to traverse the large and dynamic world in which they will have to live.

The focus of this project is to design, implement, and evaluate a piece of

equipment conducive to play behavior in children as a means to educate them on

identifying and using simple machines.

2.2 STEM Education

The use of play as an educational tool tends to be weaned from children as they

age. When they move to higher levels of education, society seems to believe we must

lose our sense of wonder and curiosity in exchange for being taken seriously. However,

the recent boom of STEM (Science, Technology, Engineering, and Mathematics)

education is working to help engage children in the creativity and wonder traditionally

lost in post-primary education.

This focus on STEM education, on the surface, is to prepare children for

technical careers and fields that have been rapidly expanding in the last few decades.

For example, the Smithsonian Science Education Center (2016) reports that the

development of STEM-related jobs was three times higher than other jobs from 2000 to

2010. In addition, the U.S. Bureau of Labor Statistics (2021) estimates that STEM

occupations will continue to grow at about 10.5% from 2020 to 2030. With such high

demand and a positive outlook for the fields, it is imperative that STEM education at the

early-childhood and secondary levels familiarize children with the associated careers

and provide support for interested children to pursue these occupations.

Beyond the capitalist viewpoint of STEM education, research suggests that all

children should participate in STEM education to at least some degree, as this form of

education typically incorporates project-based learning (PBL). PBL gives children

structured independence to develop their own solutions based on the project’s criteria. It

enables the learner to self-pace, define the problem, generate objectives to answer the

problem, plan to achieve the goals, organize information, coordinate with team

members, and acquire valuable skills (Alacapinar, 2008). An additional study conducted
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in Thailand showed that exposure to STEM education activities and curriculum

increases the children’ creative problem-solving ability (Sangngam, 2021). This form of

education allows children to be exposed to a variety of projects and concepts that

necessitate the development of a wide array of problem-solving techniques. Regardless

of the child’s field of interest, they will be faced with problems that need to be solved,

and the foundational skills developed from STEAM education will assist in their ability to

accomplish it.

Of the many topics that fall under the wide umbrella of STEAM, physics is an

essential and underrepresented subject matter at nearly all levels of education. It is

particularly missed in early childhood education as the vast majority of physics

education does not take place until secondary level education. Introducing physics from

an early age is a necessity (Nasrudin et al., 2021). The study strongly associates future

student STEAM success with an early understanding of physics principles. Young

children have seen an increased capacity to learn media, logic, language, and physics

literacy when the proper approach is utilized. The method suggested by Nasrudin

(2021) uses a Focus Group Discussion (FGD), including (1) more straightforward

physics logic that is easy to understand, (2) omission of symbols of language, (3)

through the right approach, method, and media, delivering learning by the teacher. This

research concludes that physics is possible to be taught in early childhood and

recommends that early childhood teachers implement cross-disciplinary collaboration

with physics teachers in planning, implementing, and evaluating physics learning

(Nasrudin et al., 2021). Although the study focuses on physics, the fundamental

concepts of problem-solving, collaboration, sequential planning, and discussion of

results are applicable across the board regardless of discipline.

STEAM lessons like physics are able to be taught in early childhood. We believe

that if we lead children to explore STEAM with the right approaches and media, children

will benefit from it. The project will provide an interactive tool for teachers to introduce

their classes to physics starting from the simplest concepts of force, work, and

movement via a direct lesson and allow the children to derive the conceptual
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relationship between these foundational ideas independently by using the toy at recess

and during their varying forms of play.

2.3 Massachusetts Department of Elementary and Secondary Education

The U.S. Department of Education identified the Massachusetts Department of

Elementary and Secondary Education (DESE) as the state education agency for the

Commonwealth of Massachusetts. The program was started in 1991 by the Early

Education Department, who still runs and funds this grant today.

Massachusetts DESE continuously publishes, evaluates, and corrects several

curriculum frameworks including common courses such as English Language Arts,

History, Art, Mathematics, Science, Technology, and Engineering.

The purpose of the Massachusetts Curriculum Frameworks is to codify

expectations for what all children should know and be able to do at the end of each

school year. The frameworks “represent a promise of equitable education for all

children. They formalize the expectation that all children in the Commonwealth have

access to the same academic content, with no prejudice” (Massachusetts Department

of Elementary and Secondary Education, n.d.).

As preschool students, the frameworks lay out a series of standards necessary

for teachers to address throughout the academic year as a means to prepare the

children for success. As a whole the standards aim to provide the children with the

means to operate in the very new-to-them world around them. Learning to socialize,

communicate, and collaborate are key tools for any child’s future success. Additionally,

many standards articulate the necessity of the children moving and becoming more

effective in manipulating their environment.

In the study of Arts, children at the Pre-Kindergarten (PreK) level explore topics

such as dance, music, theater, visual and media arts. Dance, music, and theater work to

develop the children’s fine and gross motor skills and their ability to differentiate

between different parts of their bodies and use them as a means of expression. Visual

and media arts work on a more conceptual level to encourage the creation of artistic
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thoughts or works (Massachusetts Curriculum Framework for Arts, 2019, p 24, 32, 40,

50, 59).

The English Language Arts (ELA) standards encourage the PreK children to

expand their means of communication and their comprehension of written or verbal

information. Written information is omnipresent in society and the children will need to

have the means to read, comprehend, and respond to the information they encounter in

everyday life. The ELA framework also delves into the way information is distributed

digitally by instructing on the uses of mobile devices and internet enabled devices that

can send media nearly instantaneously (Massachusetts Curriculum Framework for

English Language Arts and Literacy, 2017, p26-29).

Social Sciences and History introduce the children to the general rules of society

and motivate the students to ask questions about why people act the way they do and

why our society works the way it does. By exploring civics and history on a very

personal level, the framework allows for children to develop habits that promote

fairness, friendship, and respect amongst their peers. Studies in geography begin the

process of the children understanding their place in the world and what is in the

environment around them (Massachusetts Curriculum Framework for History and Social

Science, 2018, 27-32).

The framework for mathematics wants the children to look out into their world

and have the capacity to quantify what they see. The curriculum standards do so by

expanding the children’s understanding of numbers into the double digits, and increase

their knowledge of simple shapes. The children will also take time to exercise their

spatial reasoning and learn to characterize objects they see using comparative

adjectives such as “this one is longer than that one”, “this is heavier”, etc. It is a

necessity for children to learn to differentiate aspects of their environment as a means

to communicate mathematical ideas and express their ideas  (Massachusetts

Curriculum Framework for Mathematics, 2017, 22-24).

Science, Technology, and Engineering are interwoven into a single collaborative

form in the curriculum standards to highlight their interdependence in today’s society. At
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the PreK level, children continue the work from their history and social sciences by

exploring the environments around them. The children observe the plants, animals, and

weather in their everyday life. They explore natural phenomenons like the sun and

moon, their movements, why they occur, and the effects of the sun’s light. The primary

focus of this scientific observation is to help establish the cause and effect relationships

that the physical world exhibits, provide the children with the tools and language to

express this relationship, and instill the sense of curiosity for children to question what is

causing these strange patterns they experience (Massachusetts Curriculum Framework

for Mathematics, 2017, 22-24).

The scope of this project will be to enhance the preschool teacher’s ability to

instruct the science, technology, and engineering standards by creating an intuitive

system for children to interact with during play and explore the mechanisms that can

cause change in their environments. This will allow teachers to begin discussions that

challenge the students to identify why the actions occur. Secondary to the science and

engineering standards, the ability to coordinate and discuss actions with their peers will

provide a means for the children to explore the social behaviors described in the civic

curriculum.

2.4 Gender Discrepancies in STEAM

Given the universal importance of STEAM education, the vast gender

discrepancies in those that pursue STEAM are shocking. The National Science

Foundation reported that in 2019 approximately 74% of all science and engineering

positions in the United States were held by male-identifying individuals.

The most prominent theory behind the wide gap in gender discrepancies is due

to perceived stereotypes of the engineering field. In the article, “When preschool girls

Engineer”, the author observed whether preschool girls were actively participating in

engineering-related activities and then interviewed the children regarding their future

goals and aspirations. The author believes that most preschool girls find it difficult to

actively participate in engineering education activities due to a bias in the material

presented that tends to cater towards male individuals. These materials often portray
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engineers as males and utilize examples that are perceived as excluding women from

technical fields. This makes it difficult for preschool girls to imagine that they will

become engineers in the future. Therefore, it is vital to redesign engineering courses to

include women, which can directly increase the proportion of female engineers by

reducing the stereotypical view of STEAM fields as being male dominated (Fleer, 2019).

To reduce the perception of the male-dominated field, it has been proposed to

intentionally use materials and examples that incorporate women and other minority

groups in equal proportion to the number of male examples. Sapna Cheryan (2009)

conducted a series of experiments to show that by replacing some traditional materials

which are considered engineering or science-related with examples amplifying women’s

roles in those fields, it increased the overall reception of the content by women.

Additionally, it was noted that the utilization of primarily male examples hindered

women's interest in engineering and science, even if a class consists entirely of women

(Cheryan, 2009).

Fleer from Monash University in Australia researched a cultural-historical study

investigating how a “Conceptual PlayWorld” changed the traditional Froebelian play—a

form of educational play characterized by Freidrich Froebelian that viewed play as “play

is the highest expression of human development” (The British Association of Early

Childhood Education)—to support girls’ play and motives in STEAM. Classrooms that

taught subjects traditionally difficult for girls to engage in were transformed and afforded

entirely new ways of playing, shown to be inclusive of girls, and disrupted gendered

interactions and divergence. Researchers designed a “Conceptual PlayWorld” over 12

weeks in the educational experiment focusing on role-playing engineers and scientists.

The study’s findings provide evidence to suggest that children that feel welcomed and

included in an area are more likely to engage in that subject regardless of the

established norms (Fleer, 2021).

Fleer asserts that “society as a whole is likely to benefit as girls gain equal

access to STEAM knowledge, changing the future course of STEAM fields where more

ways of solving STEAM problems can become the new normal” (Fleer, 2021). As a girl
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gains equal access to STEAM knowledge, it will become more beneficial for STEAM

education and society.

People need to diversify the image of computer scientists and engineers to

attract all groups of people and to stifle these preconceived notions of belonging to a

career or discipline simply due to your gender. Through interventions in the environment

and the media, and through the diversification of the types of people who represent

these fields, children's cultural stereotypes can be changed (Cheryan, 2015).

The development of a child’s toy necessitates that we as the developers take

stride to avoid unconscious bias towards or against any subset of the population. To this

end, we intend to avoid developing any structure that overly resembles structures,

concepts, tools, or other items that have become unnecessarily gendered. Additionally,

we will ensure that the toy incorporates colors and patterns that do not appeal to one

particular group. It will also be crucial that any diagrams, images, or descriptions that

are made available to the children, educators, or their parents avoid depicting only a

small part of the population.

2.5 YWCA of Central Massachusetts

Working to bridge the gaps of society and demolish the barriers that inhibit

gender or racial equality, the YWCA is dedicated to eliminating racism, empowering

women, and promoting peace, justice, freedom, and dignity for all. (YWCA USA, 2021).

During the industrial period of the late 19th century, young women started to come to

Worcester searching for jobs and education. The YWCA was founded for the needs of

these women and provided services from educational and job-training resources to

safe, affordable housing and health-promoting programs. These services and programs

empower young women to become self-reliant and financially independent when many

of them are not (YWCA CM, 2018).

Today, there are over 20,000 local YWCA branches located in more than 120

countries, such as the United States, Canada, and the United Kingdom (YWCA USA,

2021). Our local YWCA chapter, the YWCA Central Massachusetts (YWCA CM), was
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founded in 1885 and is the longest-serving agency in Central Massachusetts. YWCA

CM serves more than 13,000 individuals annually from 64 cities and towns (YWCA CM,

2018). The operating site of YWCA CM in Westborough, MA provides early-childhood

education and care and youth development programs for the surrounding communities

in order to promote their mission of helping early-childhood education, promoting racial

and social justice, and improving women’s health and wellness (YWCA CM, 2018).

YWCA CM provides four different programs for children from one month to five

years old. These programs include the Infant Program for children from 1 month to 15

months, the Toddler Program for children from 15 months to 36 months, the Preschool

Program for children from 2 years, 9 months to 4 years old, and the Pre-Kindergarten

Program for children from 4 to 5 years old. The goal of these programs is to develop

children's language skills such as reading and writing, athletic skills such as swimming,

social skills such as cooking, learning skills such as STEAM activities, and creative

skills. YWCA hopes to stimulate each child's curiosity and encourage them to learn

through these programs (YWCA CM, 2018).

To support the YWCA CM in the promotion of the educational and societal

welfare of young children, this project aims to provide a set of educational activities to

accompany the toy that promotes the children's abilities to explore and investigate their

surroundings. The activities can either be used on their own as individual experiences to

challenge the children to converse and interact with each other during a structured play

session or used as a series aimed to engage children in scientific learning and

collaboration through related activities.

2.6 Simple Machines

To better educate children regarding engineering and physics, the children need

to develop an intuition regarding the fundamental tools used in these fields. The most

basic tools upon which almost all mechanical devices are derived from are the set of

devices called simple machines. This set consists of levers, inclined planes (or

wedges), pulleys, wheels and axles, and screws (Victoria State Government, 2019).

Understanding how simple machines work can provoke curiosity for children, which
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leads to further interest in the topic (Lucas, 2018). Once a child learns the usage and

application of simple machines, they gain the ability to recognize the machines in their

everyday lives.

Simple machines in preschool classrooms provide an opportunity to develop fine

motor skills along with the engineering reasoning. Fine motor skills are defined as “the

movements and coordination of the small muscles of the body, typically thought of as

the movements that involve the fingers and the hands” (Rodil, 2020). It becomes

imperative for children to develop fine motor skills for usage in daily life. “These types of

movements are important for young children to practice as they develop because they

help a child lay the foundation to do such everyday tasks as buttoning a shirt, tying shoe

laces, grasping a pencil, using utensils, typing on a keyboard and much more” (Moyses,

2016). Asking children to balance two sides of a lever, raising a pulley to specific

heights, screwing in a screw, or turning a wheel are all activities to promote fine motor

development.

This introduction to simple machines at the preschool level will enable better

recognition of the material when reinforced with mathematical formulas later in

education coupled with the physical benefits of fine motor development. To this end, we

will incorporate as many simple machines as possible, but give preference to those with

the most visible mechanism (pulleys, wheel and axle, and levers) as visual information

will provide a simpler method of conveying information to the young children.
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2.7 Summary

It is evident that play provides a quintessential area for young people to

investigate, discover, create, and reinforce thoughts on how the world around them

operates. When they are given these opportunities to develop a practical understanding

of scientific concepts and theories, they are better prepared to excel in these fields later

in life.

To provide the best environment and circumstances possible for a wide audience

of students to explore these fields, it is imperative that children are provided with

positively affirming (or at the bare minimum, not negatively affecting) examples of these

fields that they can connect with so as to not deter the children. The ability for children

to develop positive experiences related to these fields has been shown to encourage

children (especially those in traditionally underrepresented populations in STEAM) to

pursue and take interest in these fields.

Organizations (such as YWCA CM) that promote early childhood STEAM

education work to create and expose children to these positive experiences. They aim

to encourage all interested children to pursue STEAM regardless of background or

externally perceived identities. However, there are stumbling blocks to every good

mission. At present, few items exist for children to utilize in an outdoor setting that are

both engaging and educate on foundational STEAM principles (i.e. simple machines).

This project seeks to produce an educational toy capable of demonstrating rudimentary

physics and engineering principles in an engaging and accessible manner. The toy,

coupled with a set of educational activities created around the Massachusetts

Department of Elementary and Secondary Education Curriculum Framework, will be

able to reach PreK students from any background to assist in their development and

understanding of the world around them.
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3. Methodology

The goal of our project is to make an outdoor toy for preschoolers aged two to

five years old that can help them learn about simple machines and work with the simple

machines in a team setting. To accomplish this goal, this IQP team will:

● Analyze playstyles of children to deduce common traits and patterns of behavior

● Determine the current methods of teaching STEAM to children (2-5 years old)

● Develop designs for the toy and educational lesson plans to accompany the toy

using an iterative feedback system (see Figure 1)

● Construct and deploy the toy and lesson plans to preschool children

● Analyze the successes and shortcomings of solution

These steps are visualized in Figure 1, below.

Figure 1: Iterative style that is implemented to develop and test the lesson plans and physical structure
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3.1 Preliminary Observations and Interview

When they play with toys, children can learn many different things such as

shapes, colors, and numbers,  as well as abstract concepts like cause and effect,

forces, and teamwork. Therefore, it is very important to observe what children are

interested in and how they learn. At the same time, interviewing preschool teachers can

provide a better perspective on structuring and tailoring education to best fit this age

demographic. We will combine interviews with teachers and observations of children to

make an engaging toy that will allow children to freely learn about simple machines and

teamwork.

3.1.1 Observations:

Before we conducted interviews and observations, our team needed to identify

an ideal set of metrics to identify play behaviors in children for the observations. The

team reviewed current literature via educational databases—such as the Education

Resource Information Center (ERIC)—to firmly cement the metrics for observation. The

entire list of observation criteria is included in Appendix D. However, the primary

considerations during observation will be:

● Which pieces of playground equipment are most popular

● What are common characteristics between the most popular pieces

● How do most students interact with the available equipment

● Is there an observable bias for certain demographics of children and their

playground equipment interests/interactions

To ensure proper observation of the children, the team held two observation sessions

(Nock, Kurtz, 2005). Each session lasted approximately one hour during the afternoon

when children at the YWCA played at recess . The team documented all observations

on the synchronous notes platform Google Docs so the data was available to all

members and secure from unauthorized access.

3.1.2 Initial Interviews:

Adjacent to characterizing the play styles of the YWCA CM children that will be

using the final product, a focus group style interview with four YWCA CM teachers
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helped to establish the learning styles of the YWCA CM children and ideal approaches

to instructing technical and abstract information in an unbiased way.The interview

involved four YWCA teacher who volunteered to have the IQP team interview them via

Zoom video conferencing for about one hour. The IQP team members took turns asking

questions and used an auto-transcription program through the Zoom video conferencing

service to record the answers the teachers provided. The team followed the same

procedure for data storage as described for the observations. The formal interview

involved a range of skills: directing the interviewee to the information required,

minimizing defensiveness and anxiety, overcoming people's natural tendency to

suppress information, avoiding the introduction of information that has not yet been

established, and encouraging accurate, coherent, and elaborate detail (Powell &

Brubacher, 2020). The review of appropriate literature suggested that the interview

questions should be mainly open-ended questions because such questions can give

teachers better opportunities to articulate their exact thoughts. The interview questions

are listed in Appendix E.

The main questions of the interview will revolve around what methods are

needed for the children to learn a variety of different topics and subjects. Minimizing

misunderstanding and potential contamination of the memory process is the key to

getting the best evidence. Questions must be non‐leading and without coercion (Powell

& Brubacher, 2020). We avoided some wording deviations that would have affected the

answers by the interviewee.  Leading questions often carry personal opinions, provide

negative or positive information, and force respondents to make distorted or wrong

judgments. Further, the team framed questions to encourage elaboration and allow

interviewees to report what happened in their own words and at their own pace; these

elements comprise open‐ended questions (Powell & Brubacher, 2020).

Additionally, the IQP team also consulted the teacher for some simple data.

These data will include the number of children and the height of the children. This

information can help us design a toy suitable for children. However, to ensure the

privacy of the students and teachers being interviewed, we will gather no personally

identifying information such as names, birth dates, or home addresses.
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The information gathered from the interviews and observation was used to drive

the more hands-on portions of this project — i.e. the building of the playground toys and

development of lesson plans.

3.2 Initial Designs and Selection:

All group members developed a list of conceptual designs of the playground toy

during three primary brainstorming sessions. Each session was separated by about two

days to allow members time to develop new ideas or improve upon previously

discussed concepts. Prior to these sessions, the team established ground rules to the

session that followed a procedure similar to Tom Kelley’s and Jonathan Littman’s work

on discussing proper brainstorming practice (2001). An initial goal was established to

guide ideas towards the purpose of the session, no ideas were criticized, all ideas were

sketched on a communal whiteboard so all team members could be involved in

discussion and all designs were easily seen. The team recorded the designs by creating

a diagram-like drawing and a written description of a design idea. Each of these

concepts were generated to provide the team with as many different concepts as

possible to consider. A list of the designs and their descriptions can be found in

Appendix B.

To determine the best design, the team implemented a design matrix. A design

matrix is a list of candidate designs and characteristics we wish to achieve, such as

number of simple machines, repairability, resistance to child damage, etc (Complete list

of characteristics and descriptions in Appendix C). Each design was ranked in those

categories by giving points from 1 to 5 and adding up all points to see which design

receives the highest score—indicating the preferable design. Once scored, the highest

ranked design will be selected to continue through the design process.

Table 1 below lists the criteria included in the design matrix, the considered

designs, and their respective rankings for those criteria. The sums of those columns

was used to select the three highest designs used for further consideration.
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Criterion Weight Designs

Shovel

on

Wheel

s

Bucket

Pulley on

A-Frame

Moving

platform

with pulley

bucket

Rotating

Post  with

digging

tools

Model

Crane Auger

High Rise

Crane

3-D

Printer

Adv. Big

Dig

Giant

Excavator

Box Dirt

Mover

Stationary

Dirt Loader

Safety 10 4 4 3 4 4 3 4 4 4 2 4 3

Number of

Students

Required to

Operate 8 1 2 2 2 1 2 2 4 1 2 1 4

Number of

Unique Simple

Machines 7 3 3 3 3 3 3 3 4 2 3 3 2

Number of

Simple

Machines 6 3 3 3 4 2 3 3 5 3 3 3 2

Fun 3 4 3 3 3 4 4 4 5 3 4 4 4

Resistant to

Student

Damage 5 3 3 3 3 3 4 4 3 4 3 3 2

Obstructs dig pit

use 1 5 4 5 4 3 2 5 5 3 3 5 3

Repairability 2 4 3 2 4 2 3 3 2 2 2 4 4

Installation ease 1 4 3 2 4 2 3 3 1 4 2 4 4

Total: 131 132 120 141 117 128 141 170 120 111 131 125

Table 1: Design matrix used to evaluated design concepts
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3.3 Modeling:

The three initial designs (3-D Printer, Rotating Pole with Digging Tools, and

Bucket Pulley on A-Frame) allowed the team to develop a set of computer-aided design

(CAD) models using engineering modeling software, like Solidworks ©. Digital modeling

enables the team to make quick changes and measure all dimensions, mass, and

volumes. It also provides a 3-D visual appearance, structural analysis, and motion

animations. As a result, digital modeling saves money and time as well as provides

opportunities to improve the design before it is built and installed. Digital modeling also

presents an easier way for non-engineers as compared to a complex blueprint or other

standard technical drawings as it eliminates the need for the individual to project a 2D

design into 3-D space as the CAD model does so already. Krigsman et al. (2021)

performed a similar methodology on the development of an interactive cart as a

family-friendly mobile exhibit. In designing the cart, the group members each sketched

out their initial ideas on paper, in Microsoft Paint © and in SolidWorks ©, and compiled

them into a document. CAD programming allows them to develop a scaled prototype,

get better visualization, and aid in the cart fabrication.

This project will take a similar approach by first creating digital 3-D models of the

selected toy structures. The digital model will be true to size and include realistic

finishes, and moving parts. The digital models will be scaled down to 1:18 scale and 3-D

printed to a small-scale working physical model. This 3-D printed model will be

presented to the YWCA CM teachers and stakeholders for their input.

3.4 Material Selection:

During the modeling phase, the team must closely consider the material choices.

The playground set needs to be highly resistant to not only the wear and tear of children

playing but also prevent chemical reaction and natural corrosion. Dr. Kate Cronan

(2019) reports that “more than 200,000 kids are treated in hospital ERs for

playground-related injuries.” Ensuring the equipment we produce for the YWCA CM is

safe and will remain safe is of the utmost priority.
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The team will conduct a review of materials commonly used in playground

equipment to determine an ideal set of material properties to ensure strength, durability,

financially feasibility, and environmental resistance along with the appropriate material

standards. We will then apply this research to generate a list of appropriate materials,

apply them in different combinations to the selected designs, and analyze the cost of

the final product. There are several material properties we are going to focus on such as

anti-mold, moisture and UV-resistant, non-toxic, lightweight, and touch-friendly. The

intent of this process is to identify the ideal cost and material property tradeoff to

maximize the economic feasibility of the design.

The material selection will also allow for a complete rendering of the CAD model

with all of the colors and features of the design. A full model—which involves adding

material appearance, physical constraints, and animations—makes communication of

the designs to the teachers much easier on both our end and theirs.

In addition to enhancing the CAD models, the selection of materials and parts will

enable the team to generate an initial bill of materials to present. The bill of materials

will be used to estimate the cost of the designs as the final cost is a factor of the design.

3.5 Lesson Plans:

The development of the playground toy will be coinciding with the development of

lesson plans that utilize the toy design. The goal of these lesson plans is to encourage

the teachers to utilize the playground toy in formal lessons and not just as recreational

equipment for their children and as a demonstration of play-based learning. In the state

of Massachusetts, teachers are required to present information relevant to the state

educational standards—specifically, the State of Massachusetts Curriculum Framework

for Science and Technology (2016). We need to ensure that the lesson plans developed

to accompany the playground equipment provide teachers with a way of enhancing the

material they already present. Therefore, generating a set of lessons that cover material

required by the state provides the teachers an additional method to explain information.
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3.6 Final Review of Design:

With the full models in hand, the team will perform a focus group analysis of our

design to gauge the interests of the educators and gather feedback about the

playground toy’s design, accessibility features, and perceived educational value.  To

conduct the focus group, we will invite the same teachers that participated in the initial

teacher interviews to meet in-person to view an approximately 15 minute presentation

given by all four members of the team that highlights the three designs of the toy. After

the presentation, we will ask a series of questions to engage the teachers in discussion

about the design qualities, their preference in design, and features they believed were

missing. The teachers' responses will be recorded via manual transcription to Google

Docs. We view this set of opinions and focus groups with the utmost importance as this

group of primary stakeholders will be using the proposed designs to educate students

and therefore need to have their concerns and thoughts incorporated.

3.7 Acquisition of Materials:

We will modify our design based on the feedback they provided and then

produce a final computer design model with full rendering. We will determine at this time

if it is necessary to conduct another focus group or to proceed to construction.

Additionally, this rendering will enable the team to be able to generate a final bill of

materials (BOM). This rendering is necessary to construct as it provides a more detailed

version to provide exact quantities of each material we will need for construction of the

playground toy. The BOM that contains these quantities of all rough materials will

streamline the ordering of materials and the building process.

The materials will be sourced by using the funds provided by WPI Worcester

Project Center funds and from money raised by the YWCA CM.

3.8 Installation and Review:

Once the parts have been processed and built, the team will install the toy in the

YWCA CM playground for the children to access during recess and guided exploration

classes. We intend to identify how intuitive the design is for students to use. To achieve

this, we performed another round of observation following the same format as the initial
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observation. The group will observe the children's behavior. In particular, the team will

note how the children use the toy, the number of times children use the toys, particular

biases towards using or not using the toy, student difficulties in manipulating the toys,

etc.  The Center for Early Childhood Education research group has found that leaving

kids to explore and form discussions among themselves without formal lead by an

educator leads to more engaged play, especially for students who are 3 years old

(DeLapp, 2021). This information brought the most direct feedback to the IQP team as

to whether the children like the toy and if the toy meets the physical design demands to

resist the rough environment of a playground.

Once we are assured of the safety and proper design of the playground

equipment; the team will provide the teachers at the YWCA CM who participated in all

teacher interviews and focus groups with our set of developed lesson plans to

implement in their classes. After reviewing the lessons, the instructors provided written

feedback on the strengths and weaknesses of the lesson plans. This methodology and

similarly described instruments have been utilized by others in educational researchers

— e.g. Putnam et al. 2006.

The successful completion of this project will enable the YWCA CM not just

another toy to entertain the children they care for, but a tool to spark the interests of

students and engage them with the foundational concepts of physics, collaboration, and

problem solving. We intend for all students to approach the toy wondering how it works

and to leave the toy with the desire to ask questions about the mechanics of the world

around them.
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4. Results

4.1 Initial Teacher Focus Group:

The initial teacher focus group was conducted on November 11, 2021, and lasted

for 48 minutes. During this time, four YWCA CM preschool teachers (Elizabeth Scanton,

Deanne St. Pierre, Taylor Cullen, and Kayla O’Brien) discussed topics ranging from

curriculum, STEAM teaching methods, play habits of students, and expectations for the

final design of the playground equipment.

The YWCA at Westborough uses a curriculum design tool called Teaching

Strategies that complies with the Massachusetts Educational Frameworks. At the

preschool level, this curriculum calls for each day to have the following dedicated time

periods: free playtime, an overarching question for the day’s lesson, a large group

activity, a reading passage, hands-on activity representative of the day’s topic, art

project, tactile engagement, dramatic play, small group sessions, outdoor activity, and

handouts for students to work on with a family member. This system provides structure

for each day’s class but allows flexibility for teachers to employ varying activities that fit

into each.

The goal of the lessons is not to necessarily provide the most minute level of

detail regarding the day’s topic, but to instill a more abstracted sense of operation for

how a concept works. An example activity the teachers described involves students

constructing ramps for toy cars. The children develop the general understanding that

the higher the ramp, the further the car will travel after the release from the peak. The

children grow to understand the cause-and-effect systems in place at this level of

education, especially during STEAM activities.

The teachers discussed design concerns and criteria they were most interested

in seeing for the final product. There was discussion regarding the teachers’ concern for

safety as the young children rarely treat things gently, especially on a playground. The

safety concerns revolved around the ability to tip the equipment or climb on it. Both of
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these potential accidents should be avoided at all costs to prevent injury and ensure

compliance with state regulations. The focus group additionally recommended avoiding

small pieces or anything detachable because, as Deanne St. Pierre stated, “if it’s small

enough to go in their mouth, it’s gonna go in their mouths.”

While the anticipated safety and maintenance concerns were discussed, the

focus group provided a vast amount of information that the development team had not

previously considered in the preliminary discussions about possible designs. A primary

concept the teachers wanted to have integrated into the design involved mechanisms

that required more than one student to operate, a.k.a. teamwork. Systems that involved

teamwork were desired by the teachers as a way to improve their students’

communication and problem-solving skills. A collaborative system would also partially

negate kids attempting to ‘hog’ the toy or arguing over who should use the equipment.

Teacher Elizabeth Scanton described this issue by saying “The problem with a lot of

outside toys is if it’s ‘one’ toy, they’re going to fight over it. So there needs to be different

components of something out there…”.

The interview highlighted the need for the play equipment to be complex enough

to necessitate multiple students operating it for the development of critical social skills.

However, it needs to have systems that control clear cause-and-effect relationships for

children to grasp the physical forces and concepts at work.

4.2 IQP Student Observations of YWCA Children at Play:

Our observation period of an hour consisted of two distinct phases. Due to the

class sizes and age differences, the recess area was divided into two sections: a

blacktop with bikes, scooters, and other similar toys and a playground area with slides,

climbing equipment, and the dig pit. We focused our observations on the latter area as
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this is where the dig pit resided, and it is intended that the toy structure will be installed

in the dig pit.

Two age groups each used one area while the other age group played on the

other. At approximately 30 minutes, the two groups rotated so they could use the other

area. Initially, the younger group (up to 2.5 years old) played in the playground area with

the dig pit.

The younger group consisted of about approximately 13 children.  During their

thirty minutes on the playground, they primarily utilized the slide/platform equipment, the

stationary car, the green climbable frog, the scattering of balls, and a doll stroller.

Most notably absent from this list of activities that the students participated in

was the dig pit. None of the students in this age group interacted with this area for any

substantial period of time. The teachers reported that the dig pit is more popular when it

has a higher level of soil, and it has not been refilled recently.

Realizing we could not observe without creating a noticeable distraction to

normal play, we capitalized on the opportunity by asking the children a few questions

about their favorite toys and colors to determine what they would like to see in a new

piece of playground equipment. Unfortunately, for every child we asked, a new color

and favorite playground piece was named showing no consistent answer.

When the  classes rotated, the older children entered the play area. These

children ranged between about 3 to 5 years old. There were approximately 14 children

in this group.

These children were much more timid and uneasy around us. They played close

to their teachers, but once again did not appear to show any preference for playing in

specific groups.
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The older children were much more interested in the dig pit. However, the

teachers were actively encouraging the children to play in the dig pit. The children used

rakes and handheld shovels to remove leaves and manipulate soil. The teachers

claimed that the dig pit is very popular, but as soon as the teachers left the area and

stopped actively encouraging, the children left the area and moved to the slides and

climbing equipment.

4.2.1 Analysis:

The students observed during this time period seemed mostly uninterested in the

dig pit in its current form. Although some interacted with it. It was clear that it was

primarily due to encouragement from their instructors that they played with the Dig Pit.

This may be due to the IQP Teams presence in the playground or from the low level of

soil as the teachers only refill it a few times per year.

Beyond the Dig Pit, the students showed no gender or racial preference for any of the

toys nor did they appear to group together following any pattern. This provides further

evidence to earlier works that point to external pressures later in life causing the

development of the gender bias observed in STEM workers.

4.3 Initial Designs:

Eight unique designs were generated for consideration of the project (each

design is listed in Appendix B). The designs were analyzed using a decision matrix

(Table 1) to identify the most effective designs for further development. The decision

matrix was created with a heavy emphasis on safety and teamwork as these were the

properties most highly desired by the YWCA CM teachers.

Designs 2, 7, and 8 (the Bucket Pulley on A-Frame, High Rise Crane, and 3-D Printer

respectively) were selected with the highest scores on the decision matrix.
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The 3-D printer (seen in Figure 2) had the highest overall score of 171. The team

identified this design as having the most number of unique simple machines as it

incorporates pulleys, wheels and axles, a gear system, and a series of screws for the

students to operate. Additionally, It would require the most number of students to

operate. It would require one child to move the carriage along the X-axis, one child to

move it along the Y-axis, one child for the Z-axis, and one student to operate the digging

tool. In a more subjective matter, the design appeared the most difficult to operate and

would require more teamwork than the other designs. A concern was raised involving

the installation of the design as it was the most complex design presented.

Figure 2: 3-D Printer

The second highest design was the High Rise Crane (seen in Figure 3) with a

score of 141. This design required fewer students to operate the design as it would only

require one child to position the digging tool and one child to operate the tool. It required

a total of three unique simple machines (pulleys, wheel and axle, and a lever). It was

considered more resistant to student damage than the 3-D printer as it required fewer

parts and less overall moving pieces. For this same reason, it was deemed easier to

repair and install.
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Figure 3: High Rise Tower Crane Model

The Bucket Pulley on A-Frame (seen in Figure 4) was ranked with a score of

132. It also only required two students to operate (one to move the bucket along the

horizontal axis and one to operate the digging tool). The design included a pulley

system to raise and lower the bucket, a screw system to move across the horizontal

axis, and a wheel and axle to operate the screw. Due to the length of the overhead rod

and the estimated stress it could receive, it was rated at a 3 out of 5 for resistance to

student damage as pulling on the rod could possibly bend the system.
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Figure 4: Bucket Pulley on A-Frame Model

Overall, the majority of the other designs fell short due to the number of children

that could operate it at any given time. A few designs such as the Auger and the Giant

Excavator had safety concerns that eliminated the potential to continue with the

designs.

4.4 Selection of Final Design:

The IQP team presented the YWCA CM preschool teachers with the three

designs (High Rise Tower Crane, Bucket Pulley on A-Frame, and 3-D Printer) and their

estimated costs in a presentation format (presentation in Appendix F). The teachers

showed a significant preference for both the tower crane and 3-D printer design, but

disregarded the bucket pulley due to its limited reach and applications. Because of the

near tie in the selection of the design between the teachers and the unanticipated

sickness of the YWCA CM director prior to the presentation, the design selection was

delayed a few days until the director was able to render the tie breaking vote. The High

Rise Tower Crane design was eventually chosen for its cost and for the minimal time

required for installation.

The teachers were also asked the following questions in relation to the designs

presented:
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Are there any significant safety concerns?
The first suggestion that teachers proposed is that the toy must eliminate all

pinch points and prevent small crevices. The main reason behind this is that

teachers do not want students’ fingers to be stuck. For the team, the suggestions

are extremely useful because these tips help eliminate the chance of accidentally

using unsafe parts.

Will the children have difficulties using any of the designs?
The teachers think the kids will be able to use any of the designs that we

proposed without any problem. On our side, this means that we do not have to

simplify our designs and we can even add more simple machines onto our

current designs during the final design phase.

Do you have a preference for materials?
The teachers gave us a no on this question but still gave us some suggestions

on choosing the material. They indicated that the materials should be safe and

weather proof, besides that, they do not have any specific preference. Because

the materials are not limited, we can always use the materials that work best for

our designs.

Does the design need to be collapsible or weather resistant?
The teachers really want the toy to be collapsible as most of the toys and

equipment are taken off of the playground during the winter months or when the

playground will not be used for an extended period of time.

Any color preference for the final equipment?
The color should be bright and attractive, besides that, teachers do not have

much preference.

4.5 Final Material and Parts Selection

The final list of parts and materials (Appendix G) primarily consisted of

pre-shaped parts that would require as minimal modification as possible to minimize

time during the construction and assembly process. To this end, the IQP team searched

primarily at large hardware stores such as Lowes, Home Depot, Amazon, and

McMaster Carr as they have a large inventory of pre-manufactured parts.
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The overall structure of the toy was made of galvanized steel pipe as it provided

a cheap, relatively lightweight, and corrosion resistant metal that was able to withstand

the wear and tear of a playground environment. The use of a standard size galvanized

pipe (2 ⅜” OD) also allowed for compatibility with other pipe fasteners and joints that

were also used in assembly for mounting and the 90 degree angle joint at the top.

The hand crank used to raise and lower the bucket will be a high contact surface

that all of the students will be manipulating. Sharp edges, pinch points, or anything that

could be uncomfortable for a child to use would highly discourage them from using the

toy in the future. The plastic hand crank chosen was used to ensure a smooth surface

with minimal pinch points for the children to use. Additionally, as it was designed to

withstand long exposure to marine environments, it is robust enough to endure the

frequent rains and other environmental conditions of central Massachusetts.

The pulleys themselves were stainless steel pulleys made to accommodate upto

½” rope. The stainless steel construction provides the environmental resistance for the

outside area it will be used in. The accommodation of wide diameter rope allowed for

the use of a thick rope that the children can easily manipulate and use without

struggling to hold.

The team elected not to use the maximum width rope for construction. While it

did provide a better surface to hold and grab, ½” rope limited the total length too greatly

to be useful. ⅜” rope was used instead as it provided sufficient length for the block and

tackle pulley system to be used and was easier to grab and hold than ¼” rope.

A 3.7” handle that was made of a 3.7” long M10 bolt and a 3.1” plastic cover was

used as a handle that was to be inserted into the left side of the tower crane for the

students to grab and rotate the upper central post and the overhead arm.

Three colors were chosen for the final paint color of the system. Yellow, red, and

blue were chosen as they are the primary colors in the natural color system as they

cannot be mixed or created from any combination of colors. These colors seemed an

appropriate match for the young children that would be using the end result. The colors

were found in a spray paint with a glossy finish and highly saturated pigment to

accommodate the request for bright colors. Additionally, a spray-on primer was acquired

to assist with the color uniformity across the surface.
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Internally, two types of bearings provided a smooth turning system for the tower

crane to rotate around its Z axis. Two ball bearings were inserted into the blue colored

upper section of the pipe (see image 3 above or image 5 below) with steel screws

above and below the bearing to hold them in place. The bearings were sealed to

prevent water damage. A third ball bearing was inserted in the red colored lower section

(see image 5 above) to stabilize the pipe in the lower section. The team also used a

thrust bearing (aka sandwich bearing) in between the two pipe sections to help reduce

metal on metal grinding as the upper section rotated.

Image 5: Ball Bearing Inside of Blue Upper Section of Tower Crane

The bearing would need something to rotate around, so the team used a 1 ¼”

solid steel rod as the shaft of the bearings to facilitate the smooth rotation and assist

holding the structure together.
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Concrete sleeve anchors were selected as part of the mounting hardware as they

are designed to securely connect the structure to the YWCA CM concrete retaining wall

near the dig pit.

Two steel fence brackets were used in conjunction with the metal sleeves to

provide a flat surface that the metal pipes could be mounted to the wall. The brackets

have a D shaped design that wraps around the pipe and provides four points to secure

to the wall.

4.6 Construction

The team began construction with measuring and then cutting the galvanized

pipe that made up the outer shell of the tower crane. The ends were filed to remove any

metal burrs or shavings that could cut or scratch the children. The upper section of the

main stem and the overhanging arm were then drilled with two ⅜” holes for the pulleys’

mounting hardware.

The solid steel rod that would sit inside of the assembly was cut from its initial

length of four feet to 22 inches to reduce stress on the system. The ends of the rod

were then filed down for safety. The sides of the rods were filed to remove the outer

coating as the coating made the rod slightly larger than the inner diameter of the

bearings that would need to slide onto it. The cut posts and filed rod can be seen in

Figure 6.
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Image 6: Cut Galvanized Posts and Filed Steel Rod

The steel posts were then drilled with two 5/32” holes per ball bearing installed.

One hole was above and one was below the position the bearings were to be installed

at for the set screws that would hold the bearings in place. The holes were tapped with

a 10-24 tap that matched the screws.

The posts were then heated using a heat gun to expand them slightly. Once

heated, the ball bearings were inserted into place and secured with the set screws.

The thrust bearing did not have as much surface area in contact with the post as

anticipated so a 2.5 inch outer diameter washer was epoxied above and below the

thrust bearing to provide better surface contact. The bearing and washers were left for

24 hours to cure.

The metal plate used to hold the hand crank in place was drilled for the mounting

holes. Three holes were drilled to secure the hand crank and then four were drilled (two

on the left side of the plate and two on the right) to attach the plate to the post brackets

that wrap around the upper section. The metal plate after drilling is seen in Figure 7.
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Figure 7: Metal Plate for Mounting Hand Crank

The hand crank had corresponding holes drilled through its handle for the three

mounting holes. The rope that initially came with the hand crank was removed and

replaced with the larger ⅜” diameter rope. It was determined that 18’ of rope was

needed as the system needed three feet to reach the overhead arm from the hand

crank, three feet to reach the end of the arm, five feet to reach the ground, five more

feet to reach the pulley on the arm for the block and tackle system, and about two feet

of additional rope to remain wrapped around the hand crank.

The team then assembled the central posts and inner rod to test the inner

assembly's ability to rotate and its smoothness. The lower section was found to have

too much play in the inner rod as the far end of the shaft could go from one wall of the

pipe to the opposite side of the wall. Two 3-D printed cylinders with an inner diameter of

1.3”, an outer of 2.18”, and a height of 2” were printed using ABS filament. They were

inserted into the lower section to secure the rod in place. These cylinders prevented the

excess movement and the system moved smoothly.
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The system was disassembled and a hole was drilled and tapped to allow a

handle to be attached on the left side of the tower crane.

The assembly was sanded with 120 grit sandpaper to scuff the galvanized

coating to allow for easy paint adhesion. An initial and secondary coat of primer was

used to prep the surface. This was followed by a top coat of spray paint. Red was used

for the lower section of the main stem, blue was used for the upper section, and yellow

was used for the overhead arm. The painted posts are seen in Figure 8.
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Figure 8: Painted Posts Waiting to Dry

After 24 hours, the paint was dry enough to handle, so the system was

reassembled to test for any defects (Figure 9).  No defects were found besides a couple

minor paint scratches, so it was approved for assembly.

Image 9: IQP Team Testing Assembly Under Load
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The lower half of the system including the inner rod was removed and everything

was made ready for transportation to the YWCA CM.

4.7 Installation

Installation inadvertently became a two phase process. Initially, the plan was to

arrive at the YWCA CM, confirm the location on the retaining wall for installation, drill

four mounting holes using a hammer drill to accommodate the anchor sleeves, attach

the anchors, attach the lower post, and then the rest of the assembly. This was

attempted in the first of the two phase process.

The team drilled the first hole with success, but the second hole was significantly

more shallow than the first hole. The drill could not advance further due to an unknown

obstacle that was narrowed to either rebar or significantly dense aggregate in the

concrete mixture. A similar pattern occurred in the other two holes that were drilled. The

team attempted to adjust the position of the mounting holes three times to no avail.

During this process, the masonry drill bit became overheated and slightly melted due to

the friction and constant drilling.  Figure 10 shows the holes that were drilled on the first

day. Two of the six holes were a proper depth for the sleeve anchors to be installed.

The team stopped the installation and reconvened to identify mitigations for the

obstacles.
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Figure 10: A Series of Failed Holes in YWCA CM Retaining Wall

The second phase commenced after the purchase of a rebar locator, a new

masonry drill bit, and shorter concrete sleeves. A rebar locator is an electromagnetic

device that can detect the presence of rebar (or other magnetic materials) in concrete.

The IQP team confirmed at that time the obstacle encountered in the first attempt was in

fact rebar. The rebar was spaced at 24” intervals starting at the end of the wall. An area

was located in between two sections of rebar that allowed for installation to continue.

The team drilled ¼” pilot holes into the desired mounting positions followed by ½” holes

for the shorter anchor sleeves. The holes were drilled to a depth of 2 ¾”. The bolts were

inserted and then the sleeves were pounded into place using a mallet.

The post bracket was inserted over the bolts and then lock nuts were tightened to

secure the brackets. The red lower section was attached to the bracket and secured
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approximately one inch off of the ground (see Figure 11) to prevent water from

accumulating on the interior.

Figure 11: Red Post Elevated Off of the Ground During Installation

The inner rod was lowered in place through the 3-D printed cylinders and

bearings that were already inside the post. This was followed by the sandwich bearing

and then the upper assembly (see Figure 12).
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Figure 12: Inner Rod Placed in Lower Post (Assisted by Enthusiastic YWCA CM Child)

The rope was fed back through the upper pulley and secured to a fixed point for

the block and tackle system (see Figure 13). The entire system was given a test for

functionality and then secured to prevent unnecessary movement while it was unused.

Some paint that was scratched during installation was repaired at the end of installation.
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Figure 13: YWCA CM Child Tests Toy Immediately After Installation

4.8 Final Observations

During the observation session after installation, a group of 15 students played in

the playground where the toy was installed. The number of students actively interested

in the toy varied from a low of seven to a maximum of 11 over the 40 minute

observation session. The maximum of 11 consisted of six boys and five girls indicating
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that in this group of students, the toy does not appear to discourage any particular

gender from engaging with or using the toy.

During the observation period, no student appeared to struggle with operating the

system beyond a reasonable amount. The most difficult portions to control were the

hand crank when the system was under load (i.e. the bucket was completely full of dirt)

and the most complicated part, the hand crank release. The students organically

discovered the release after about 10 minutes of play and did not have significant

struggles with it afterwards.

While the kids did not struggle to rotate the crane, it appeared that the crane was

in fact too easy to rotate as holding the arm in one position was hindered by the lack of

friction or another resistant force on the rotation. This was particularly noticeable when

one child attempted to crank the pulley up, putting torque on the system, and caused

the arm to inadvertently move.

When the children were playing with the tower crane the wind made the system

difficult to control due to the lack of resistance. Two children were heard saying “Stop!

We don’t want this swinging,” and “It’s not me! It’s the wind” as they tried to stabalize the

system. The major concern with the lack of resistance beyond the inability of the

children to precisely control the system is the safety of an overhead object swinging

quickly across a wide arc like a wrecking ball.

Although the system was designed to be tall enough to avoid hitting any children,

the toy appears to be the perfect height to hit teachers in the head when it rotates from

one side to the other. The concern for potential harm was significant enough that our

advisor, Professor Rosewitz, stepped in after the observation and implemented a

temporary restriction on the range that the crane arm can reach.

The arm was wrapped with two bungee cords that were attached on the adjacent

fence to prevent the students from moving the tower crane too far or too quickly from

one side or the other. Additionally, the originally metal pulley connected to the bucket

was replaced with a plastic one as the significant risk of a metal object falling on a

child’s head.

From a social perspective, the students were able to communicate to create a

coordinated effort in moving the toy. Three students worked cooperatively to load, raise,

46



and position to the crane in different areas of the dig pit through verbal communication.

While being monitored by both the teachers and the IQP team members, the students

took turns with the different mechanisms of the toy and helped each other with the toy.

5 Conclusion and Recommendations

5.1 Things That Were Done Well

After the observations, it was very clear that the children thoroughly enjoyed the

new addition to their playground. It is something that should bring them and the future

children of the YWCA joy for many years.

The simple machines integrated into the designs will provide the children the

opportunity to ask questions and investigate the mechanisms of their environment in a

manner that leads to inspiration and a yearning to learn more.

The interplay between children from a diverse set of demographics was a great

encouragement to the success of the design to be engaging to all children regardless of

background which suggests successful alignment with the YWCA missions.

5.2 Things That Were Done Poorly

Given an infinite amount of time to work on this project, the IQP Team would

definitely have spent more time gathering more observations both prior to and after the

installation of the toy in the YWCA playground. It has been several years since any

member of the team played on a playground so more understanding of their habits

would be a great asset to the team. Additionally, the data gathered for the findings may

be sufficient for the case study approach, but is lacking to provide a more generalized

conclusion to the success or failure of this venture.

From a time management perspective, the team should have started construction

at least one full week earlier. A lot of time was used in B and C Term for minimal

progress that could have been used for more effective research and development.

With the aforementioned timeline, a more complex machine would allow the children a

greater opportunity to learn and develop the intuitions that could aid them in future

educational opportunities.
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The team’s oversight on the height of the teachers and the possible risk they take

by being within the tower crane’s reach is a failure in our roles as engineers. It was our

duty to ensure the safety of all participants and not just the primary users. This was an

error on our part that will need a mitigation for safe usage.

5.3 Recommendations for Future Improvements

Should any group or individual pursue a similar project or take it upon

themselves to improve the system this team installed, we have a few recommendations

for the future development.

● The height of the system should be increased to allow for clearance over the

heads of the adults

● Rotation of the crane arm needs more friction or some resistance to allow the

children more precision in placing the arm

● Both the handle on the left of the crane and on the hand crank should be longer

and thicker to make it easier for the students to use.

● A clear coat of sealant or a protective layer of paint should be applied to prevent

scratches during standard wear and tear.

● A cap should be created to place over the lower section when the system is

disassembled during the winter months, so the entire post does not need to be

disconnected from the wall.

● A series of lightweight digging toys could be made to swap out with the bucket

such as a sieve, funnel, or controllable scoop.

5.4 Conclusion

It is evident that play provides a quintessential area for young people to

investigate, discover, create, and reinforce thoughts on how the world around them

operate. To provide the best environment and circumstances possible for a wide

audience of students to explore complex topics while at play, it is imperative that

children are provided with positively affirming (or at the bare minimum, not negatively

affecting) examples that they can connect with so as to not deter the children from

pursuing similar careers, ideas, or goals. The ability for children to develop positive

48



experiences related to these fields has been shown to encourage children (especially

those in traditionally underrepresented populations in STEAM) to pursue and take

interest in these fields.

Organizations (such as YWCA CM) that promote early childhood STEAM

education work to create and expose children to these positive experiences. They aim

to encourage all interested children to pursue STEAM regardless of background or

externally perceived identities. However, few items exist for children to utilize in an

outdoor setting that are both engaging and educate on foundational STEAM principles

(i.e. simple machines).

This project sought to produce an educational toy capable of demonstrating

rudimentary physics and engineering principles in an engaging and accessible manner.

Based upon the information gathered from teacher interviews and student

observation, it was established that creating an experience centered solely around

technical skills would be ineffective in bettering the student as a whole. Instead, the

designs need to work to help the student improve both their traditional “book smarts”

and their interpersonal skills such as peer-to-peer communication and coordination of

tasks amongst a small group. Additionally, the team needed to ensure the safety of the

children as people of their age group have a propensity for breaking things and not

using devices for their intended purposes.

After the development of eight designs that were narrowed down to three designs

that the team felt confident met the defined criteria set by the observations, interviews,

and overcame the shortcomings of currently available devices, the teachers selected

two designs of similar merit. However, external constraints such as time and financial

feasibility caused the team to select the less complex of the two designs for production

and installation.

As the team finalized designs and communicated with the YWCA CM instructors,

the importance of the CAD models became blatantly obvious. The 3-D models enabled

easy communication of ideas both within the IQP team and between the team and the

teachers. The model of the proposed designs and a scaled replica of the playground
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was critical in conveying our ideas in a meaningful way. It also assisted in the

construction process as all of the measurements and proportions were based upon the

work done in the CAD software.

Installation at the YWCA CM highlighted the importance of proper planning prior

to execution of the plan as improvisation can only get you so far. We failed to anticipate

the rebar as a possible obstacle and experienced setbacks due to the lack of foresight.

The quick acquisition of proper tools allowed us to continue with only a minor delay, but

still cost us valuable time that could have been used for data collection and reflection.

In the end, the project produced a fun and educational device that all of the

children thoroughly enjoyed using during our observation. The children were able to

analyze the different mechanisms at work in the device and quickly learned how to

manipulate them to whatever end they could imagine.

While the teachers shared similar comments in regards to the effectiveness of

the toy for the students, they also identified safety concerns we had failed to anticipate

during design, construction, or implementation. The oversight led to our faculty advisor

stepping in and applying temporary fixes for the concerns until a more permanent

solution can be implemented.

This project blended together the development of interpersonal communication,

foundational physics, play theory, and drilling into concrete into a singular toy made to

be used by ages two years old and up. We were able to assist the YWCA organization

in the betterment of their students and hopefully the betterment of the YWCA CM

facilities through the creation of this system. The students have gained a new outlet of

exploration. The IQP team has obtained a much more thorough understanding of the

engineering design and development process.

50



Works Cited

Agranovich, S., & Ben-Zvi Assaraf, O. (2013). What makes children like learning

science? An examination of the attitudes of primary school students towards

science lessons. Journal of Education and Learning, 2(1).

https://doi.org/10.5539/jel.v2n1p55

Alacapinar, F. (2008). Effectiveness of project based learning. Egitim

Arastirmalari-Eurasian Journal of Educational Research, 33, 17-34.

Amir, & Abdullah, N. B. (2021). “Dancing dolls in resonance”: a simple

design-and-make STEAM toy project to promote student interest and

engagement in physics. Physics Education, 56(2), 25022–.

https://doi.org/10.1088/1361-6552/abcf0f

Anne Lowry. (2021). Yes, Engineering in Preschool. Science and Children, 58(3),

12–13.

Bagiati, A., & Evangelou, D. (2015). Engineering curriculum in the preschool classroom:

the teacher’s experience. European Early Childhood Education Research

Journal, 23(1), 112–128. https://doi.org/10.1080/1350293X.2014.991099

Bencze, J. L. (2008). Promoting student-led science and technology projects in

elementary teacher education: Entry into core pedagogical practices through

technological design. International Journal of Technology and Design Education,

20(1), 43-62. doi:10.1007/s10798-008-9063-7

51



Bruder, M. & Chen, L. (2007). Measuring social competence in toddlers: Play tools for

learning. Early Childhood Services, 1, 49–70.

Cheryan, S., Master, A., & Meltzoff, A. N. (2015). Cultural stereotypes as gatekeepers:

increasing girls’ interest in computer science and engineering by diversifying

stereotypes. Frontiers in Psychology, 6, 49–49.

https://doi.org/10.3389/fpsyg.2015.00049

Cheryan, S., Plaut, V. C., Davies, P. G., & Steele, C. M. (2009). Ambient Belonging:

How Stereotypical Cues Impact Gender Participation in Computer Science.

Journal of Personality and Social Psychology, 97(6), 1045–1060.

https://doi.org/10.1037/a0016239

Cristobal de Brey, Lauren Musu, Joel McFarland, Sidney Wilkinson-Flicker Melissa

Diliberti, Anlan Zhang, Claire Branstetter, Xiaolei Wang. (Feb, 2019) Status and

Trends in the Education of Racial and Ethnic Groups 2018.

https://nces.ed.gov/pubs2019/2019038.pdf.

Cronan, K. M. (2019, September). Playground Safety (for Parents) - Nemours

Kidshealth. Retrieved from https://kidshealth.org/en/parents/playground.html

Cynthia Dias Bicalho, Poliana Pereira de Oliveira, & Thiago Guimarães Azevedo.

(2019). Design and early childhood education: proposal of an educational toy for

preschool children. Projetica, 10(2), 105–120.

https://doi.org/10.5433/2236-2207.2019v10n2p105

52

https://doi.org/10.3389/fpsyg.2015.00049
https://doi.org/10.1037/a0016239
https://doi.org/10.5433/2236-2207.2019v10n2p105


DeLapp Julia. 2021. Do New Toys Need to be Introduced?. Eastern Connecticut State

University. Sep 29, 2021.

https://www.easternct.edu/center-for-early-childhood-education/research/researc

h-files/transcript-toy-introductions-study.pdf

Diamond, A. (2013). Executive Functions. Annual Review of Psychology, 64(1),

135-168. doi:10.1146/annurev-psych-113011-143750

Durham, J. (2021). Pulley Play for Kids. Inventors of Tomorrow.

https://inventorsoftomorrow.com/2021/01/07/pulley-play-for-kids/

Equal Employment Opportunity Commission (EEOC), Prohibited Employment

Policies/Practices | U.S. Equal Employment Opportunity Commission.

https://www.eeoc.gov/prohibited-employment-policiespractices. Accessed 23

Sept. 2021.

Fleer, M. (2021). Re-imagining play spaces in early childhood education: Supporting

girls’ motive orientation to STEM in times of COVID-19. Journal of Early

Childhood Research : ECR, 19(1), 3–20.

https://doi.org/10.1177/1476718X20969848

Fleer, M. (2021). When preschool girls engineer: Future imaginings of being and

becoming an engineer. Learning, Culture and Social Interaction, 30, 100372–.

https://doi.org/10.1016/j.lcsi.2019.100372

Florida Department of Education. (n.d.). Defining STEM. Retrieved September 19,

2021, from

https://www.fldoe.org/academics/standards/subject-areas/math-science/stem/defi

ning-stem.stml

53

https://www.fldoe.org/academics/standards/subject-areas/math-science/stem/defining-stem.stml
https://www.fldoe.org/academics/standards/subject-areas/math-science/stem/defining-stem.stml


Frost, J. L. (1998). NEUROSCIENCE, PLAY, AND CHILD DEVELOPMENT. IPA/USA

Triennial National Conference (Longmont, CO), 18. Retrieved from

https://eric.ed.gov/?id=ED427845.

Funk, C., & Parker, K. (2019, December 31). Racial diversity and discrimination in the

U.S. STEM workforce. Retrieved from

https://www.pewresearch.org/social-trends/2018/01/09/blacks-in-stem-jobs-are-e

specially-concerned-about-diversity-and-discrimination-in-the-workplace/

Kelley, T., & Littman, J. (2001). The Art of Innovation: Lessons in creativity from ideo,

America's leading design firm. Currency/Doubleday.

Krigsman, J., Dollins, C., Calcagni, A., & Pham, B. (2021). Designing an Interactive

Smiley Face Cart as a Family-Friendly Mobile Exhibit. Worcester Polytechnic

Institute. https://digital.wpi.edu/pdfviewer/8049g797w

Lawson, A., Alghamdi, B., Lucke, K., Aljami, F., & Palmer, M. (2017, January 24). Table

3: Decision Matrix [Digital image]. Retrieved from

https://ceias.nau.edu/capstone/projects/ME/2017/BicycleMotionMod/dm.html

Lee, E., Wood, N., & Ellis-Rech, R. (2020, March). InteractiveSTEAM Education for

Young Children:Ball WallInteractive Qualifying Project (Publication). Retrieved

https://digital.wpi.edu/pdfviewer/vm40xv05q

Lucas, Jim. “6 Simple Machines: Making Work Easier.” Livescience.Com, 7 Feb. 2018,

https://www.livescience.com/49106-simple-machines.html.

MandLabs. (2020, December 01). Why STEM education should be introduced early on

for children. Retrieved from

https://www.mandlabs.com/why-stem-education-should-be-introduced-early-on-fo

r-children/

54



Moore, M. & Russ, S. (2006). Pretend play as a resource for children: Implications for

pediatricians and health professionals. Journal of Developmental and

Behavioural Pediatrics, 27, 237–248.

Moyses, Kendra (2016, June 14). Building fine motor skills and why it matters.

Retrieved from

https://www.canr.msu.edu/news/building_fine_motor_skills_and_why_it_matters

Nasrudin, D., Fitriyanti, N., Muhtar, S.N., Dalimunthe, R.N.R.P.,  Nandang, A., Hidayat,

W., & Kurnia, A. (2021). Introducing physics in early childhood: logic, language,

and literacy. Journal of Physics. Conference Series, 1806(1).

https://doi.org/10.1088/1742-6596/1806/1/012024

National Center for Science and Engineering Statistics (NCSES). 2019. Women,

minorities, and persons with disabilities in science and engineering. Alexandria,

VA: National Science Foundation. https://ncses.nsf.gov/pubs/nsf21321/report

National Health Service Greater Glasgow and Clyde. (2021, March 08). Play & Leisure.

Retrieved from https://www.nhsggc.org.uk/kids/life-skills/play-leisure/

National Science Foundation,    Feb 28, 2013, Introduction - Nsf.Gov - Women,

Minorities, and Persons with Disabilities in Science and Engineering - NCSES -

US National Science Foundation (NSF).

https://www.nsf.gov/statistics/2017/nsf17310/digest/introduction/. Accessed 23

Sept. 2021

Nock, M. K., & Kurtz, S. M. (2005). Direct behavioral observation in school

settings: Bringing science to practice. Cognitive and Behavioral Practice, 12(3),

359-370. doi:10.1016/s1077-7229(05)80058-6

55



Pierson, J. (n.d.). Design Matrix [Digital image]. Retrieved from

https://sites.google.com/a/students.browndeerschools.com/jp3money/home/gtt/d

esign-matrix-and-performance-benchmarks

Powell, M. B., & Brubacher, S. P. (2020). The origin, experimental basis, and application

of the standard interview method: An information-gathering framework. Australian

Psychologist, 55(6), 645–659. https://doi.org/10.1111/ap.12468

Prashaw, J. M., & Thongsawas, P. (2014). Door Redesign on a Caterpillar Mid-Size

Loader for Access to Oil Filter and Maintenance. Worcester Polytechnic Institute.

https://wpi.primo.exlibrisgroup.com/permalink/01WPI_INST/dbokq8/alma993683

2717604746

Putnam, C. C., Rosewitz, J. A., Weir, R. J., & Tucker, M. J. (2006, October 05).

Partnerships Implementing Engineering Education: 2nd and 3rd Grade Lessons.

Retrieved from https://digital.wpi.edu/show/zs25x883h

Rector. (2018). Enhancing Accessibility and Engagement for Those with Disabilities.

IEEE Pervasive Computing, 17(1), 9–12.

https://doi.org/10.1109/MPRV.2018.011591056

Rodil, J. (2021, July 09). Fine Motor Skills Defined by an Occupational Therapist: NAPA

Center. Retrieved from https://napacenter.org/fine-motor-skills/

Sangngam, S. (2021). The development of early childhood students’ creative thinking

problem solving abilities through STEM Education learning activities. Journal of

Physics: Conference Series, 1835(1), 012008.

doi:10.1088/1742-6596/1835/1/012008

Simple machine. (2021, November 18). In Wikipedia.

https://en.wikipedia.org/wiki/Simple_machine

56

https://doi.org/10.1111/ap.12468
https://doi.org/10.1109/MPRV.2018.011591056


Six, S., & Panksepp, J. (2012). ADHD and Play. Scholarpedia, 7(10), 30371.

doi:10.4249/scholarpedia.30371

Smeding, A. (2012). Women in Science, Technology, Engineering, and Mathematics

(STEM): An Investigation of Their Implicit Gender Stereotypes and Stereotypes’

Connectedness to Math Performance. Sex Roles, 67(11), 617–629.

https://doi.org/10.1007/s11199-012-0209-4

Smithsonian Science Education Center. (2016, March 25). The STEM Imperative.

Retrieved from https://ssec.si.edu/stem-imperative

The British Association of Early Childhood Education. (n.d.). Early Education. Retrieved

from https://www.early-education.org.uk/about-froebel

The Center on the Developing Child. “Brain Architecture.” Center on the Developing

Child at Harvard University,

https://developingchild.harvard.edu/science/key-concepts/brain-architecture/.

Accessed 23 Sept. 2021.

The Center on the Developing Child, “Center on the Developing Child - What We Do.”

Center on the Developing Child at Harvard University,

https://developingchild.harvard.edu/about/what-we-do/. Accessed 23 Sept. 2021.

The Commonwealth of Massachusetts. (n.d.). STEM Education. Retrieved from

https://www.mass.gov/stem-education

U.S. Bureau of Labor Statistics. (2021, September 8). Employment in STEM

occupations. Retrieved from

https://www.bls.gov/emp/tables/stem-employment.html

57

https://doi.org/10.1007/s11199-012-0209-4
https://ssec.si.edu/stem-imperative
https://www.bls.gov/emp/tables/stem-employment.html


U.S. Consumer Product Safety Commission. (2005, July 28). Outdoor Home

Playground Safety Handbook. https://www.cpsc.gov/s3fs-public/324.pdf

Victoria State Government. (2019, March 19). Simple machines. Retrieved from

https://www.education.vic.gov.au/school/teachers/teachingresources/discipline/sc

ience/continuum/Pages/simpmachines.aspx

Wang, X. (2015). Preschool education toy. Retrieved form

https://worldwide.espacenet.com/publicationDetails/biblio?FT=D&date=20150701

&DB=EPODOC&CC=CN&NR=204428831

Weisgram, E. S., Fulcher, M., & Dinella, L. M. (2014). Pink gives girls permission:

Exploring the roles of explicit gender labels and gender-typed colors on

preschool children's toy preferences. Journal of Applied Developmental

Psychology, 35, 401– 409.

https://doi-org.ezpv7-web-p-u01.wpi.edu/10.1016/j.appdev.2014.06.004

Whitebread, D., Neale, D., Jensen, H., Liu, C., Solis, S. L., Hopkins, E., . . . Zosh, J.

(2017, November). The role of play in children’s development: A review of the

evidence. Retrieved from

https://www.legofoundation.com/en/learn-how/play-tips/types-of-play/

Whitebread, D., Kuvalja, M., & Verma, M. (2012, April). The Importance of Play (Rep.).

Retrieved

https://www.waldorf-resources.org/fileadmin/files/pictures/Early_Childhood/dr_da

vid_whitebread_-_the_importance_of_play.pdf

Winnie.com. (n.d.). YWCA of Central Massachusetts Early Education and Care

(Westborough) - Daycare in Westborough, MA - Winnie [Digital image]. Retrieved

from https://winnie.com/place/ywca-of-central-massachusetts-westborough

58

https://worldwide.espacenet.com/publicationDetails/biblio?FT=D&date=20150701&DB=EPODOC&CC=CN&NR=204428831
https://worldwide.espacenet.com/publicationDetails/biblio?FT=D&date=20150701&DB=EPODOC&CC=CN&NR=204428831


Yogman, M., Garner, A., Hutchinson, J., Hirsh-Pasek, K., & Golinkoff, R. M. (2018). The

Power of Play: A Pediatric Role in Enhancing Development in Young Children.

Pediatrics, 142(3). doi:10.1542/peds.2018-2058

YWCA USA. (2021).YWCA USA: eliminating racism, empowering women. Retrieved

September 8, 2021, from https://www.ywca.org

YWCA Central Massachusetts. (2018).YWCA Central Massachusetts: eliminating

racism, empowering women. Retrieved September 8, 2021, from

https://ywcacm.org

YWCA Central Massachusetts. (2018). About YWCA: our history. Retrieved September

8, 2021, from https://ywcacmlive.org/about

59



Appendix A: Sponsor Description

The YWCA is dedicated to eliminating racism, empowering women, and

promoting peace, justice, freedom, and dignity for all. (YWCA USA, 2021). The history

of YWCA can be traced back to 1855 when the philanthropist Mary Jane Kinnaird

established the North London House for nurses who traveled to and from the battlefield.

In 1877, 22 years later, it merged with the organization Prayer Union, a bible study

group created by Emma Robarts. Finally, in 1894, the World YWCA was established

(YMCA USA, 2021).

In the late 19th century, as part of the continued industrialization of the United

States, young women started to come to Worcester searching for jobs and education.

The YWCA was founded for the needs of these women and provided services from

educational and job-training resources to safe, affordable housing and health-promoting

programs. These services and programs empower young women to become self-reliant

and financially independent when many of them are not (YWCA CM, 2018).

Today, over 20,000 local YWCA centers are located in more than 120 countries,

such as the United States, Canada, and the United Kingdom (YWCA USA, 2021). Our

local YWCA, YWCA Central Massachusetts, was founded in 1885 and is the

longest-serving agency in Central Massachusetts. YWCA Central Massachusetts

serves more than 13,000 individuals annually from 64 cities and towns (YWCA CM,

2018). The primary operating site of YWCA Central Massachusetts at One Salem

Square currently consists of a five-story building that houses: early education and care

center, domestic violence services and youth development programs, young parents

program classrooms, and administrative offices with meeting spaces, all of which are

dedicated to their mission of helping early education and caring, promoting racial and

social justice, and improving women’s health and wellness (YWCA CM, 2018).

YWCA provides four different programs for children from one month to five years

old. These programs include the Infant Program for children from one month to 15

months, the Toddler Program for children from 15 months to 36 months, the Preschool

Program for children from 2.9 to 5 years old, and the Pre-Kindergarten Program for
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children from 4 to 5 years old. The goal of these projects is to cultivate children's

language skills such as reading and writing, athletic skills such as swimming, social

skills such as cooking, learning skills such as STEM activities, and creative skills.

YWCA hopes to stimulate each child's curiosity and encourage them to learn through

these programs (YWCA CM, 2018).
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Appendix B: Initial Designs

1. Shovel on Wheels:

This idea is inspired by the handle truck. With a shovel installed and foot pedal at back.

It’s like a shovel with a wheel, or a handle truck with a shovel bucket. So, kids can hold

the handle and use a fool padal as a force supply to shovel dirt. And lift to transform.

This design uses three simple machines: wheels and axles

2. Bucket Pulley on A-Frame:

Two or more stands across the dig pit. This stand could hold either rod

or rope which hold the pulleys. Pulley can help students move heavy

objects like sand and dirt. The reason why using several stands is

because we could make a smart rail for pulleys to transform in farther

distances without taking off it.

● Add pulley across length to allow for moving from either side

3. Moving platform with pulley bucket:

A movable platform is used to help children easily move heavy objects such as

dirt and sand. This simple machine includes Wheel and axle, pulley, inclined

plane and wedge.

4. Rotating pole with digging tools:

A fixed pillar buried in the ground. The column has arms that can move horizontally

360 degrees. Pulleys are attached to the arms to help children move heavy objects

such as sand or dirt within a limited range. This one includes gears and pulleys?
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5. Model Crane:

A small stationary excavator. Pulley can help students move heavy

objects like sand and dirt. Wheel and axle helps students move the

excavator around its Z axis. In addition to moving heavy objects it can

also dig dirt.

6. Auger:

A tool capable of digging holes in dirt. Move the soil

through the screws. When the kids turn the tool, the dirt

moves along the screw. Additionally, a lever could be used

to raise or lower the auger into the ground

7. Rotating Post with extended pulley system (High rise crane):

This one inspired by the high rise crane, which has a center rod and an extended

lever on top to extend the pulley system. The bottom part could be either a

bucket or hook. The extension lever could be rotated using the bottom part, and

the back grip is connected with the front hook by a rod and wheel system.

8. 3-D printer with hanging digging mechanism:

This design is trying to help students move dirt around in the dig pit. Like a

container crane, all its frameworks are above students. The crane is

designed with belts and screws to move the actual hook (digger). The digger

will be a pulley set.

● Block and tackles to move along axes
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● Mount controls at the post
● Ratchet and pinion to lock
● Switchable center tool

64



Appendix C: Physical Design Characteristics

● Safety

○ Number of pinch points

○ Overhead objects

○ Areas that children could climb on or crawl over

● Number of Students Required to Operate

○ A heavy emphasis on teamwork for the design to work due to results of

teacher interview

● Number of Unique Simple Machines

○ Allowing students the ability to manipulate and play with varying types of

simple machines would enable them to develop a better understanding of

their usages and their ability to identify similar systems in their everyday

life

● Number of Simple Machines

● Fun

○ This design is created for a playground, it must be fun for students to play

with

● Resistant to Student Damage

○ Number of supports

○ Placement of supports

○ Distribution of load

● Obstructs dig pit use

○ Dig pit still needs to be able to perform its current function so avoiding

complete obstruction is essential

● Repairability

○ Possible maintenance should be kept to a minimal

○ Unique or hard to acquire parts should be avoided

● Installation ease

○ The system will have to be setup quickly and by novice workers (aka the

IQP design team)
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Appendix D: Student Observation Considerations

● Interacted with the toys

○ Which toys did they interact with the most?

■ Take Photos of those

○ How long do students interact with one toy or an area of the playground

○ How many students use a piece of equipment at a time

○ Do some students not use any toys? Why?

■ Take photos of unused toys.

note: they may not playing those at that day, but take photos

○ Anywhere be empty or crowded?

● Interacted with their classmates  (*solo vs group)

○ Talking or non-verbal communication?

○ Do they share toys with each other?

■ Fight for toys？

■ How do they fight?

○ How many students work together (per group)

■ The ratio of boys to girls in a group?

○ Are there conflicts?

■ How are they handled?

■ Results (solved by themselves or teacher involved)

○ Any student being alone

■ What are they doing alone (solo play)

● Interacted with the teachers

○ Did they go to the teachers only for help?

○ Do teachers interact with students during play

■ How?

● Characteristics of the toys (take photos)

○ Type

○ Size

○ Colors

○ Materials
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● The Dig Pit Specifically

○ How many kids on average are playing around the dig pit?

○ How are kids playing in the dig pit?

○ Does the dig pit dirty their clothes while playing?

● Accessibility Concerns

○ Student ableness

○ Is there a space students avoid?

■ Why?

■ Different than the well-used spaces

○ Introverted vs Extroverted

○ Fine motor skills?

● Questions for the students

○ What is you favorite toy in the playground

○ How do you play with it

○ Who do you like to play with

○ What is your favorite color

○ Show me how you play in the dig pit
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Appendix E: Teacher Interview Questions

A. Teacher Information

a. Name

b. Pronouns

c. Permission to quote the teacher in the report: Y / N

d. What age range do you teach?

B. Lesson Plans

a. What is the best method for introducing new material to very young

students?

b. What are the primary components of your lesson plans?

c. Does Massachusetts have specific requirements regarding lesson plans?

d. How do you begin creating lesson plans for science topics?

e. Do you have any resources you use to generate ideas for lessons or

applications?

f. Would you describe the typical class that you teach as diverse?

g. When creating lessons, how do you ensure the ease of accessibility of the

material to a diverse group?

h. How do you design activities for students that you do not interact with

directly such as when a substitute teacher engages with them?

i. How do you develop activities for students to do on their own?

i. During freeplay, activities are setup for students but they are not

discouraged from playing and exploring on their own

C. Teaching STEM

a. What curriculum do you follow?

i. What age ranges do you think this curriculum is most applicable to?

ii. Do you feel like there is a better curriculum to follow?

b. What states are doing the best in STEM education?

i. What are they doing that makes them the best?

c. Do you use any educational toys or physical aids as demonstrations?
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i. What are they?

ii. How do you use them?

iii. What benefit do your students receive by using these

demonstrations?

D. Evaluating Understanding:

a. How do you check for understanding in your students?

b. What do you recommend we integrate into our plans to ensure

understanding?

E. Accessibility

a. What accessibility considerations should we be aware of when designing

playground equipment?

b. What are the qualifications for the least restrictive environment?

i. What are common modifications to a physical area to enable the

least restrictive environment?

c. Can you describe the level of fine motor control for the students you

teach?

F. Students at play

a. How often do you use play as a method of teaching?

b. When students play, what do you look for to see if they are gaining

anything from the experience?

G. The Toy

a. What kinds of toys do the kids like to play with?

b. Are there any prohibited toys that we should know about?

c. How do children usually play in the playground and the dig pit?

d. What type of STEAM (science, technology, engineering, art, math) lesson

would you like the toy to help teach the kids?

70



H. Concerns and Comments

a. Given that students will be using and playing with the final creation of this

project, what are the major concerns we need to be aware of?

b. What are some characteristics that you would be interested in seeing in

the final design?

I. Closing

a. Is there anything else we should have asked you?

b. Do you have any further comments, questions, or concerns?
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Appendix F: Presentation of Proposed Designs
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Appendix G: Final Parts List and Price

Purcha
se

Receipt Description

Link to
webpage for

item to
purchase

Num
ber
of

units

Unit
(Linear
feet or
Each)

Price per
Unit ($) Shiping Total price

Home

Depot

Online

3/8 in. x 3 in. External Hex

Hex-Head Cap Screw (6-Pack) home depot 3 6-pack 14.03 0 42.09

Home

Depot

Online

2.375 in. x 2.375 in. Aluminum

Silver Post Cap home depot 1 each 2.38 0 2.38

Home

Depot

Online

3/8 in.-16 Zinc Plated Nylon Lock

Nut (10-Pack) home depot 2 10-pack 2.73 0 5.46

Home

Depot

Online

1/2 in. x 3 in. Zinc-Plated Steel

Hex-Head Sleeve Anchors

(10-Pack) home depot 1 10-pack 14.45 0 14.45

Home

Depot

Online

3/8 in. Zinc-Plated Flat Washer

(25-Pack) home depot 1 25-pack 4.31 0 4.31

Home

Depot

Online

Steel 2 Wood Fence Bracket

WAP-OZ home depot 2 each 4.24 0 8.48

Lowe's 2-in Fixed Single Pulley in Nickel lowes 1 each 5.78 0 5.78

Lowe's

1-in Swivel Single Pulley in

Nickel lowes 3 each 3.88 0 11.64

Lowe's

2-in Wall/Cleaning Mount Pulley

in Zinc Plated lowes 2 each 6.58 0 13.16
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https://www.homedepot.com/p/Hillman-3-8-in-x-3-in-External-Hex-Hex-Head-Cap-Screw-6-Pack-2441/204786112
https://www.homedepot.com/p/Everbilt-2-375-in-x-2-375-in-Aluminum-Silver-Post-Cap-328558EB/312373085
https://www.homedepot.com/p/Everbilt-3-8-in-16-Zinc-Plated-Nylon-Lock-Nut-10-Pack-802632/204281836#overlay
https://www.homedepot.com/p/Red-Head-1-2-in-x-3-in-Zinc-Plated-Steel-Hex-Head-Sleeve-Anchors-10-Pack-11014/100148494
https://www.homedepot.com/p/Everbilt-3-8-in-Zinc-Plated-Flat-Washer-25-Pack-802324/204276362
https://www.homedepot.com/p/Oz-Post-Steel-2-Wood-Fence-Bracket-WAP-OZ-50110/204675163
https://www.lowes.com/pd/National-Hardware-N100-335-V3203-2-in-Fixed-Single-Pulley-in-Nickel/1002256658
https://www.lowes.com/pd/National-Hardware-N100-308-V3201-1-in-Swivel-Single-Pulley-in-Nickel/1002255360
https://www.lowes.com/pd/National-Hardware-N100-318-V3219-2-in-Wall-Cleaning-Mount-Pulley-in-Zinc-Plated/1002255172


Lowe's

1/2-in x 3-15/16-in Interlocking

Spring Snaps in Zinc Plated lowes 1 each 4.38 0 4.38

Lowe's

2-3/8-in x 2-3/8-in W x 6-ft H

16-Gauge Silver Galvanized

Steel Chain Link Fence Terminal

Post lowes 2 each 28.48 0 56.96

Lowe's

Blue Hawk 0.3125-in Braided

Nylon Rope (By-the-Foot) lowes 4 per feet 0.75 0 3

Amazon

Online Pail and Shovel amazon 1 each 10.22 0 10.22

Grainge

r Online

Structural Pipe Fitting: Elbow, 2

in For Pipe Size, For 2 3/8 in

Actual Pipe Outer Dia, Aluminum grainger 1 each 34.09 10.98 34.09

Home

Depot

2 in. Galvanized 2-Hole Pipe

Hanger Strap home depot 2 each 0.74 0 1.48

Home

Depot

5 in. x 8 in. 16-Gauge Stud

Guard Safety Plate home depot 1 each 1.98 0 1.98

Home

Depot 15 oz. Flat Gray Primer Spray home depot 2 each 7.98 0 15.96

Home

Depot

12 oz. Protective Enamel Gloss

Cherry Spray Paint home depot 1 each 5.48 0 5.48

Home

Depot

12 oz. Protective Enamel Gloss

Sunburst Yellow Spray Paint home depot 1 each 5.48 0 5.48

Home

Depot

12 oz. Protective Enamel Gloss

Sail Blue Spray Paint home depot 1 each 5.48 0 5.48
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https://www.lowes.com/pd/National-Hardware-N100-276-V3112-9-16-in-Interlocking-Spring-Snaps-in-Zinc-Plated/1002862130
https://www.homedepot.com/p/YARDGARD-2-3-8-in-x-2-3-8-in-x-6-ft-16-Gauge-Galvanized-Metal-Corner-Fence-Post-328942DPTS/307593704
https://www.lowes.com/pd/Blue-Hawk-0-3125-in-Braided-Nylon-Rope-By-the-Foot/1000759886
https://www.amazon.com/American-Plastic-Toys-Shovel-Beach/dp/B0027HR7GY/ref=sr_1_23?keywords=bucket+and+shovel&qid=1647735343&sr=8-23
https://www.grainger.com/product/54WJ78?ef_id=CjwKCAjwur-SBhB6EiwA5sKtjhqOtEX0IIiF_4i-VK2tqt9LgJ5KM8mM0yZfCpSBXFdeyLMEBLmafxoCxXAQAvD_BwE:G:s&s_kwcid=AL!2966!3!264955916132!!!g!438323477963!&gucid=N:N:PS:Paid:GGL:CSM-2295:4P7A1P:20501231&gclid=CjwKCAjwur-SBhB6EiwA5sKtjhqOtEX0IIiF_4i-VK2tqt9LgJ5KM8mM0yZfCpSBXFdeyLMEBLmafxoCxXAQAvD_BwE&gclsrc=aw.ds
https://www.homedepot.com/p/Oatey-2-in-Galvanized-2-Hole-Pipe-Hanger-Strap-33501/303434698
https://www.homedepot.com/p/Oatey-5-in-x-8-in-16-Gauge-Stud-Guard-Safety-Plate-33517/301505416
https://www.homedepot.com/p/Rust-Oleum-Professional-15-oz-Flat-Gray-Primer-Spray-7582838/100670373
https://www.homedepot.com/p/Rust-Oleum-Stops-Rust-12-oz-Protective-Enamel-Gloss-Cherry-Spray-Paint-248568/205585923
https://www.homedepot.com/p/Rust-Oleum-Stops-Rust-12-oz-Protective-Enamel-Gloss-Sunburst-Yellow-Spray-Paint-7747830/100134084
https://www.homedepot.com/p/Rust-Oleum-Stops-Rust-12-oz-Protective-Enamel-Gloss-Sail-Blue-Spray-Paint-7724830/100182623


Amazon

Online

Scuba Diving Reel with Thumb

Stopper amazon 1 each 16.99 0 16.99

Fastmet

als

Online 1 1/4" x 4' Internal Rod fast metal 1 each 33.71 0 33.71

McMast

er-Carr

Online

Ball Bearing, Shielded, Trade No.

R20-2Z, for 1-1/4" Shaft

Diameter

McMaster

Carr 3 each 14.43 25.02 43.29

McMast

er-Carr

Online

One-Piece Steel Thrust Ball

Bearing for 1-1/4" Shaft

Diameter, 2-11/32" OD, Shielded

McMaster

Carr 1 each 28.06 0 28.06

TOTAL
shipping 36

TOTAL
without
Shipping 374.31

TOTAL
overall 410.31
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https://www.amazon.com/ScubaMax-Dive-Reel-Thumb-Stopper/dp/B00E698VHK?th=1
https://fastmetals.com/products/1-1-4-dia-hot-rolled-round-astm-a36
https://www.mcmaster.com/60355K821/
https://www.mcmaster.com/60355K821/
https://www.mcmaster.com/bearings/one-piece-thrust-ball-bearings/od~2-11-32/
https://www.mcmaster.com/bearings/one-piece-thrust-ball-bearings/od~2-11-32/

