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ABSTRACT

Play has long been understood as a crucial element in child
development, stimulating learning, emotional, and socio-psycho growth.
Unstructured play is a specific type of play activity that is associated with
child agency, imagination, creativity, and complex play, which has been
linked to prefrontal cortex development. The prefrontal cortex is a critical
brain region implicated in planning, complex cognitive behavior,
personality expression, decision making, moderating social behavior, and
certain aspects of speech and language. Although parents are
increasingly interested in providing their children with educational-
based toys, this market is currently dominated  by structured, objective-
based toys, whose outcome is predetermined. These toys, although
beneficial, should not be the only type of play offered to children, as they
are missing out on many of the benefits from free, unstructured play. This
paper investigates play and toys to propose a new unstructured, non-
symbolic toy design for the 21st century, aimed at stimulating learning,
creativity, agency, and development.

Keywords: unstructured play, toy design, child development, play and
development, symbolic play, non-symbolic play, open-ended toys
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INTRODUCTION

I completed my undergraduate degree in Psychology at Columbia
University and then went on to work in product marketing, where I
launched a number of consumer electronics and software products. This
work entailed market and consumer analysis, user research, developing
messaging and positioning, communications strategy, and more. When I
started the masters program I immediately discovered that designing
products themselves was much more alluring to me than just the work of
figuring out how to market a product to an audience. 
 
Children and child development have always fascinated me; it is such a
short and critical life phase that profoundly impacts the life that
someone will live. Yet, children are totally unaware of this and the
responsibility to help shape them into good, functional human beings
falls entirely on the people they are surrounded and encouraged by.
Needless to say, by my second semester I was already thinking I wanted
to explore different possibilities of design for children. I see design for
children as an opportunity to combine psychology, design, and aesthetics
in a very meaningful way. Design is intricately connected to the mental
wellbeing and development of a child, and the objects that they interact
with become an extension of their relationship to other people and the
world.

Ultimately, I chose toy design because it is the area of design for children
that can have the most profound impact. Toys teach children so much
about themselves, others, and the society and world in which they live in
a way that is unparalleled by any other ‘thing’ they interact with; a
thoughtfully designed toy can quite literally change a child's life.
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I .  PLAY IN
CHILDHOOD

As adults we often think of children as tiny grownups. Especially as they
become more articulate and able to verbalize their thoughts and
feelings, we begin to see them as more and more like us. When they
meltdown, we don’t understand why they can’t express themselves to us
or regulate their emotions like we can. Oftentimes, we attribute their
immaturity as simply due to lack of experience, but the reality is that
children are nothing like adults, and it is not simply because they have
yet to live all the things that one traverses on the journey from child to
adult. Children are fundamentally different from adults because their
brains are still developing and constantly evolving. 

This is why play is the work of children. Across centuries and continents,
in every culture and corner of the planet, children are intrinsically
compelled to play. It is the lens through which they understand and view
the world and it is the tool they have to learn, grow, and develop.

WHAT IS PLAY?

Play is something we generally associate with children and child-like
activities, but in fact it occurs at any and all stages of life and even
among other intelligent animals, particularly mammals. However despite
its pervasiveness within our species and beyond, defining play can be
quite complicated; it is an abstract idea. Everyone can recognize play,
but succinctly conceptualizing ‘what is play’ is not so easy. Perhaps when
you think deeply about play, your mind begins to fill itself with
contradictions. Play is whimsical but not trivial; it is fun but also serious;
it is imaginative yet ruled; it is fantasy while also being profoundly 
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connected to reality; it is a specific activity that also can happen at any
moment, in any context.

There are many definitions that tend to focus on the different aspects of
play. For example, some people understand play as the opposite of work,
or an undesirable activity, so it is clear that play is an activity done for
pleasure or enjoyment. Play is also something that occurs spontaneously,
without prompting or pressure, making it an intrinsically motivated
activity. True play is completely voluntary; it is self-chosen and self-
directed (Gray, 2017). 

Furthermore, we understand that there are many different types of play
activities: physical play, constructive play, language play, fantasy or
pretend play, social play, exploratory play, and play with formal rules.
Authors Kurdowitz and Wallace (2010), through an extensive comparison
of attributes and analysis of play define it as, “the quality of mind during
enjoyable, captivating, intrinsically motivated and process focused
activities” (p.3). This definition tries to capture the state of mind that
describes the activity of play, encompassing any type of play.

THE IMPORTANCE OF FREE PLAY 

Play has long been understood as a crucial element in child
development, stimulating learning, emotional, and socio-psycho growth.
Play is fundamentally important for learning problem solving,
collaboration, and creativity (Yogman, Garner, Hutchinson, Hirsh-Pasek, &
Golinkoff, 2018). It contributes to many critical aspects in childhood,
teaching children agency through learning how to create their own
activities, make friends, resolve conflicts with peers, take control of their
own lives, and confront their fears. According to Gray (2013), “when
[children] are provided with the freedom and means to pursue their own
interests, in safe settings, they bloom and develop along diverse and
unpredictable paths, and they acquire the skills and confidence required
to meet life’s challenges” (p.6). Free play is the primary tool children have
to practice and attain the physical, psychological, and intellectual skills
that are essential for them to be functional members of the society in
which they are growing.

In other words, play is not frivolous. It has both physiological and 
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psychological implications: it promotes brain structure and function,
enhances learning and executive function, and stimulates development
across multiple domains, all of which are critical to growth during
childhood and ultimately, adult success. In fact, play is understood to be
so important to optimal child development the United Nations High
Commission for Human Rights has recognized it as a fundamental
human right of every child (Ginsburg, 2007).

Gray (2013) asserts that children are naturally meant to play as their
means of acquiring knowledge, and that the play in childhood is a basic,
biological drive, without which children’s growth is stunted. Multiple
studies have confirmed this, indicating that children who are afforded
more free time to play score better on a range of tests in comparison to
their counterparts whose time was more structured by adults. The
children who had more freedom to play and explore performed better in
terms of self-directed executive processing as well as demonstrated
greater creative potential years later in adolescence (Gray, 2017). Gray
(2013) goes on to state, “the things that children learn through their own
initiatives, in free play, cannot be taught in other ways” (p.5).

PLAY AND COGNITIVE, SOCIAL, AND EMOTIONAL

DEVELOPMENT

Neuroscientists have found that play activities actually change the
structure of the developing brain. Complex play strengthens the
connections of the neurons in the prefrontal cortex, a critical brain region
implicated in planning, complex cognitive behavior, personality
expression, decision making, moderating social behavior, and certain
aspects of speech and language (Hamilton, 2014). It is also believed to be
the last region of the brain to fully develop, further solidifying the
importance of giving children ample time for free play throughout
childhood.

Neuroscientists have also identified key points to create environments
for children that are conducive for prefrontal cortex development which
include: large blocks of time made available for free exploration, giving
children the opportunity to choose what they engage in, offering
children primarily hands-on experiential learning experiences, and 
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activities that are modeled for children to have time to explore and play
both independently and with peers (Rushton, Juola-Rushton, & Larkin,
2010). All of these recommendations are aligned with the idea that play
and free exploration are critical activities to brain development.

Play, specifically pretend play, is intricately linked to social and
emotional development and is the vehicle through which children learn
expression of emotions, the control of their own emotions, and modeling
of emotions. From birth through the first eight years of life children are
constantly developing, practicing, and refining different patterns of
emotions (Kwon & Yawkey, 2000). Developmental psychologist Erik
Erikson focused on what he called the ‘play age,’ where children act out
roles of imaginary characters and construct fantasy worlds that enable
them to deal with the social and emotional dilemmas they face in their
lives (Berger, 2015). Children use pretend play as a way to act out their
own feelings, learn to have empathy for others’ feelings, and develop
their own emotional intelligence. 

Pretend play allows children to develop feelings in a social context.
Hoffman and Russ (2012) assessed pretend play processes in children
ages 5-10 to measure cognitive and affective processes. They found that
pretend play activities related to two different types of creativity,
divergent thinking, as well as emotional regulation. Their work
concluded that important life skills such as identifying emotions in
others and children’s ability to correctly express their own emotions are
developed through pretend play with peers or alone. Children learn
through this kind of play how to cognitively assume the roles of others
and thus develop healthy, empathic relationships (Klein, Wirth, & Linas,
2003).

PLAY AND MOTOR DEVELOPMENT

Play in childhood is not only important to mental and cognitive
development, but to physical development as well. It is directly
correlated to motor skill development, which is an important aspect of
overall childhood development. The first eight years of life are critical for
both gross and fine motor skill acquisition and during this time children
are continually acquiring, refining, and consolidating their motor
functions and integrating these skills across multiple domains in their 
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everyday life. For the purpose of this research, this section focuses
primarily on the importance of motor skill development in the arms and
hands.

Fine motor development has many important implications for children,
including fine arts engagement, drawing, and most significantly,
emergent writing and literacy experiences. Evidence suggests that there
is a close relationship between fine motor development and other
aspects of language, literacy, and cognitive development (Cadoret et al.,
2018). Although there is an increasing use of digital technology
beginning from early childhood, research has found that handwriting is
still the most immediate form of graphic communication (Dinehart,
2015). All of this provides justification for activities that encourage
developing motor skills that support writing as an important skill for
emergent literacy. 

The fine motor skills implicated in writing are primarily small muscle
movements in the hands, and secondarily, larger muscle groups in the
arm. This constellation of motor skills can be understood as a set of
capacities that encompass a system of perceptual-motor skills that
include both fine and gross motor abilities. This begins with building
gross motor strength in the whole arm and then moves toward
developing the fine motor function and control in the hands and
dexterity in the fingertips (Huffman & Fortenberry, 2011). 

Play activities in early childhood are the principal tool to encourage the
motor skill development that supports writing and emerging literacy
beginning in early infancy. Whole hand development can be seen in the
first months of life through grasping objects in one or both hands;
transferring objects from hand to hand and from hand to mouth; by
clapping and waving; and banging objects together - some of the
earliest play activities that babies engage in. These skills continue to
develop throughout childhood until fine, detailed hand motor control is
fully established at the end of early childhood. Play activities that
support and develop finger dexterity include building with blocks;
connecting and disconnecting blocks (such as LEGO bricks); threading
objects; pinching and sculpting with clay or play-doh; and picking up
objects of different sizes (Literacy Teaching Toolkit, 2019).
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PLAY STAGES

Children go through different stages of play development as they grow
and mature. Early childhood, which is typically defined as birth through
the first eight years of life, is a unique time marked by enormous
development across all domains - physical, cognitive, socio-emotional,
and language. 

There are many theories on child development and play. The grandfather
of child development theory is arguably Swiss developmental
psychologist, Jean Piaget. Piaget’s theory of cognitive development
asserts that children take an active role in the growth of intelligence and
learn by doing, which in early childhood is through play. He believed that
children have the freedom to explore and construct knowledge through
their own participation in their learning. 

Piaget’s stages of cognitive development describe specific milestones
associated with children as they develop and acquire new skills and
knowledge. According to Piaget, children engage in different types of
play that reflect their level of cognitive development: these include
functional play, constructive play, symbolic/fantasy play, and games with
rules (Johnson, Christie & Wardle, 2005). Piaget’s stages of cognitive
development and play are summarized as follows (Bee & Boyd, 2000):

1. Sensory motor period (from 0 - 18 months): during this earliest
period of child development, children engage in sensory play and play
that involves actions and reactions, exploration, and imitation. This
period is entirely about trial and error as the child learns based on
experience. The goal of this period is the development of object
permanence, or knowing that objects remain even when the child
cannot see them. 

2. Preoperational stage (from 18 months - 7 years): the beginning of
this stage is marked by a cognitive shift where children begin to
understand that one thing can represent another thing and children
begin to engage in symbolic play. This period is about the
development of language, memory, perception, and imagination.
Throughout this stage, play becomes more complex; children begin to
act out symbolic sequences, which continue to become more 
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sophisticated throughout childhood. The goal of this period is
symbolic thought, or being able to attach meaning to objects with
language.

3. Concrete operations stage (from 7 - 11 years): play in this period is
more related to problem solving and involves rules and classification.
During this period children are able to engage in formal games that
require following rules or a set of sequential instructions. They are
also able to create their own games with specific rules. The main goal
in this stage is for children to develop operational thought, or the
ability to resolve things in their own head.
 

Piaget inspired other theories on childhood cognitive development and
how they related to play including Maria Montessori and Lev Vygotsk.
Although each philosophy has its own unique perspective, what is shared
among developmental psychologists is the concept that children move
through discrete developmental stages at more or less the same time,
barring developmental delays. Regardless of the specific pedagogy one
subscribes to, it is clear that play in early childhood is a critical aspect of
learning and development. The years that align with Piaget’s
preoperational stage and concrete operational stage are particularly
interesting, as children are becoming more independent and capable
during this time. These pre-school and early primary school years are
when children’s natural curiosity is highly stimulated by their expanding
worlds; they make new friends, have new experiences, and encounter
new environments. 

The way children play throughout this time evolves and changes as
children master new milestones across cognitive, socio-emotional,
language, and motor skills. Table 1 highlights developmental milestones
during these critical years and ways that children play at each stage
(Cheah, Nelson, & Rubin, 2001; Corsillo, 2020; Corsillo & John,  2020; Good
Toys for Young Children by Age and Stage, 2017; Harstad, & Albers-Prock,
2011).
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COGNITIVE

SOCIO-
EMOTIONAL

3 YRS OLD 4 YRS OLD 5 YRS OLD 6-8 YRS OLD

Understands
what “two”
means
Ask "why"
questions 
Is aware of the
past and
present 
Organizes
objects by size
and shape
Can group and
match objects
by color

May be able to
predict what
will happen in
a story
Can name
some colors,
numbers, and
letters
Understands
the concept of
counting and
can count to 5
Begins to
have a sense
of time 

Can
complete
instructions
with 3 or
more steps 
Can count
backwards
 Knows left
and right 
 Tells time

Counts up to
10 
Can copy
letters,
numbers, and
simple shapes 
Understands
the order of
simple
processes 
Knows where
they live
Names colors,
numbers, and
letters

Shows
empathy for
hurt or crying
children
Offers
affection
Understands
“mine” and
“yours”
 May get upset
if routines are
changed
Knows how to
take turns

Cooperates
with other
children 
Negotiates
solutions to
conflicts 
More
independent 
Views self as a
whole person
involving
body, mind,
and feelings

Is aware of
gender
Likes to play
with friends
Switches
between
being
compliant and
being defiant
Can tell the
difference
between
fantasy and
real

Cooperates
and plays
with others
May play
with kids of
different
genders
Mimics
adult
behaviors
Feels
jealousy

Talks using 2-3
sentences at a
time
Has the words
to name many
things used
daily
Can be
understood by
family
Understands
prepositions
like “in,” “on,”
and “under”

Understands
the concepts
of “the same”
and “different” 
Has mastered
some basic
rules of
grammar 
Speaks in
sentences of
five to six
words 
Speaks clearly 
Tells stories

Can tell stories
that stay on
track
Recites
nursery
rhymes and
sings songs
Can answer
simple
questions
about stories

Can read
books at
grade level
Understands
speech and
speaks well

LANGUAGE
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Table 1: Early childhood cognitive, socio-emotional, language, and motor skill
developmental milestone and play activities by age.

MOTOR

PLAY
ACTIVITIES/
TOYS

3 YRS OLD

Can walk up
and down
steps with one
foot on each
stair
Runs and
jumps
Catches a ball
Copies a circle
with pencil or
crayon
Can turn book
pages
Can work with
buttons,
levers, and
moving parts

4 YRS OLD 5 YRS OLD 6-8 YRS OLD

Can jump
rope or ride
a bike
Can draw or
paint
Can brush
teeth, comb
hair, and
complete
basic
grooming
tasks
Can practice
physical
skills to get
better at
them

Uses scissors
Hops or stands
on one foot for
about 10
seconds
Can swing on a
swing set
Goes to the
bathroom
independently

Can hammer a
peg into a hole 
Walks
backwards 
Climbs stairs
confidently 
Can hop 
Pours liquids
with some
help
Can draw stick
figures
Can dress and
undress
independently

3-4 piece
puzzles
Toys with
moving parts
like buttons
and legos
Building
blocks
Symbolic play
with dolls,
cars,
costumes, etc.
Paints and
crayons
Musical
instruments
Sensory
activities

Strategy
games
Robotic toys
Advanced
puzzles
More
complex
board games
Arts & crafts
for fine
motor skills
(like beads)
Science/
STEM kits
Building
blocks and
more
complex
building sets
Symbolic
play  with
dolls, cars,
costumes,
etc.

More complex
board games
Science/STEM
kits
Arts & crafts
for advanced
fine motor
skills (like
beads)
Building
blocks and
more complex
building sets
Symbolic play
with dolls,
cars,
costumes, etc.

12-20 piece
puzzles 
Simple board
games
Building
blocks and
more complex
building sets
Memory
games
Symbolic play
with dolls,
cars,
costumes, etc.
Play-doh
Arts & crafts
Musical
instruments
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The play activities listed in Table 1 are just a few examples of some of the
types of play and toys that are developmentally appropriate for children
at each age and is by no means a comprehensive list. At each stage it is
important to consider the age-appropriate developmental milestones
and look for toys and play activities that support them. Some toys and
play activities continue to be powerful and engaging educational tools
for children over many years. Building blocks are a perfect example of a
toy that children can play with from 3 - 9 years old, if not longer. They are
a toy that grows with a child and continues meet their developmental
needs: at age 3, they support motor skill development with stacking and
teach cause and effect; at age 4 they can be used to sort and organize by
size and color and to develop spatial awareness; at age 5 they can be
used for counting and teaching emergent math skills; and so on.

AGENCY AND PLAY

Research on children’s learning indicates that children thrive when they
are given some agency - or control of their own actions - to play a role in
their own learning (Yogman et al., 2018). Self-efficacy has long been
understood to be an important factor in children’s academic and social
development, and research has found that children with a higher sense
of self-efficacy in academics behaved better, were more well-known by
their peers, and experienced less peer rejection that their counterparts
with lower academic self-efficacy beliefs. Starling’s (2011) doctoral
research explored how exposing children to unstructured outdoor play
contributed to increased perceptions of self-efficacy. The findings
highlight that giving children opportunities to experience agency from a
young age has lasting impacts on childhood and beyond, and even
suggests that children who experience greater agency grow up to be
adults who are more likely to be leaders.

This is a fundamental concept behind the social pedagogical approach
found largely in Nordic countries and Central Europe. The focus in these
methodologies is on children’s play, social development, and agency,
including respect for the child’s natural learning tendencies. This is
viewed as contributing to children’s well being, interest and curiosity for
learning, as well as helping children build self-confidence in their own
learning processes (Dahlberg, 2009). Research has also indicated that
giving children the opportunity to choose unstructured activities driven 
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by their personal interests produces better performance results than
educational programs focused on pre-academic academic activities such
as explicitly teaching literacy and numeracy (Weikart, 2000).

Unstructured play - the type of play that promotes agency - is a specific
type of play activity that is associated with independence, imagination,
creativity and complex play. Gray (2013) defines unstructured play as a
category of play where the child is establishing his or her own objectives.
One can easily conceptualize the difference between unstructured and
structured play with the analogy of comparing physical education class
to recess. Unstructured play is open-ended play that has no
predetermined limitations and no fixed answer – children simply follow
their imagination to allow the play to go in any direction their creativity
takes them. There are no instructions, rules, or preset sequential guides
for children to follow, and therefore there is no 'right' or 'wrong' way to
play. This kind of play affords children endless possibilities during
playtime, and children develop many skills through unstructured play
that cannot be attained in other play scenarios or learning settings.
Furthermore, highly structured play - play that only teaches a specific
skill and has very limited ways to play - has been found to not develop
critical thinking and problem-solving abilities (Starling, 2011). Structured
play is not valueless, however the big, important learning that is
associated with greater life skills happens through deep, imaginative,
self-directed play.

PLAY IN THE 21ST CENTUARY

Despite the widely recognized benefits of play, time for free, child-
centered play has been markedly reduced for children globally. This is a
result of many factors that impact children all over the world in differing
life circumstances. For children living in poverty, forces such as child
labor and exploitation, war or violence, limited resources, and lack of
parental education all lead to the reduction of free playtime (Ginsburg,
2007). Conversely, in developed countries and for children not born into
poverty, they too are seeing a marked reduction in time allocated to free,
child-directed play in favor of other activities.

Modern urban life negatively affects children’s opportunities for play.
Gray (2017) highlights that in the last 50-60 years in the United States 
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there has been a well-documented, significant decline in free exploration
and play in children as a result of a number of factors. These include:
societal changes such as an increase in parental fears, thus reducing
opportunities for children to play alone or with other children away from
adults and the home; an increase in time children spend in school and
studying; an increase in amount of time children are enrolled in
structured extracurricular activities; and a decrease in both family size
and the degree to which neighbors know each other, resulting in fewer
potential playmates for children.

Whether consciously or unconsciously, modern life has devalued play
and has shifted focus toward children’s performance, which can be
quantified. This has resulted in parents and educators putting more
weight on the aspects of childhood which are measurable, scored, and
can be compared across children, rather than emphasizing true learning
and deep knowledge, which are difficult to define and impossible to truly
measure (Gray, 2013). Parents have become increasingly more concerned
with helping their children build their resume from an early age rather
than learning the life skills that teach them how to incorporate their
ideas and information into positive ways of responding to the world they
live in. Children are praised and rewarded for superficial knowledge that
allows them to pass a test but not for the acquisition of the necessary
fundamental skills that will equip them to be good, functional members
of society. This shift away from allowing children ample time for self-
directed free play has profound implications on children individually and
humanity collectively. 

Gray (2017) goes on to note that the decline in playtime for children is
correlated to a rise in depression and anxiety in children and young
adults, and a decrease in empathy and creativity. It is possible to infer
that all of the factors mentioned above that result in reduced play for
children can also be linked to an increase in emotional dysfunction. It has
long been known that children who feel a sense of internal control, or
agency, are more self-assured, happier, and less anxious. It is believed
that free play can help children self-regulate many dysfunctional
emotional states including aggression, depression, anxiety, and sleep
disturbances (Paul, 2011).
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I I .  OBJECTS OF
PLAY

While today we take for granted that childhood is a unique and special
life-phase dominated by learning, exploration, and play, this notion is
somewhat new. Up until relatively recently, children were simply
considered incomplete, imperfect adults. In the middle ages the concept
of childhood did not exist like it does today; for this reason children are
depicted in art during that time as miniature adults. It was not until the
18th and 19th centuries, during the Age of Romanticism and
Enlightenment, that people began to regard childhood as its own life
stage (In the Middle Ages There Was No Such Thing as Childhood, 2019).
With this new understanding of the distinctive qualities of childhood,
emerged for the first time, the design of child-centric objects (Appleton
& Berks, 2018). Although children have been playing with found objects
since the beginning of time, this shift in the understanding of childhood
marked the true beginning of toy design for children, which has only
grown in terms of market share and interest in the ensuing centuries. As
Charles Eames said, “toys are not really as innocent as they look. Toys
and games are the preludes to serious ideas” (Hoffman, 2015).

WHY ARE TOYS IMPORTANT?

We have established that play is unequivocally important to child
development, thus toys, which are the objects of many types of play, are
by extension equally important. Just like play activities, toys - the
instruments of play - are implicated in social, emotional, cognitive, and
motor development. Toys influence children’s learning, and help them
build and improve on critical skills that prepare them for life, and toys
allow children to discover and interact with the world they live in.
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Toys play a specific role in enhancing and enriching symbolic knowledge
in the mind of children and can be seen as one of the gateways to many
aspects of socialization in early childhood. Playing with toys engages
children, encouraging them to learn new skills, imagine, problem-solve,
collaborate, and understand others. Toys are also products of complex
value systems. They are cultural statements which reflect social
interactions and social traditions. Play with toys becomes a form of
cultural communication, where children use toys like words to give
meaning to their world around them, within the specific context of their
society and culture (Sutton-Smith, 1986). Cultural norms determine how
play will be stimulated, what kinds of toys - and therefore kinds of play -
children will be exposed to, and whether adults value play with toys or
consider it frivolous. The world of toys is also a process of cultural
exchange across societies. New toys and ways of playing spread from
child to child, creating trends and fads that permeate the global culture
of childhood (Edwards, 2000).

STRUCTURED VS. UNSTRUCTURED TOYS

All toys are not created equal. Different toys offer different benefits and
some provide more opportunities for learning, development, and growth
than others. Although modern parents are increasingly interested in
providing their children with educational-based toys, the majority of the
toys in this category fall under the umbrella of structured, or closed-
ended toys. These include many STEM toys, puzzles, science kits, even
most LEGO sets, which are intended to be put together in a specific way
to build a defined creation. Structured toys all have a clear set of steps to
follow and/or an established outcome or finished product. These toys
have a specific way to be used and they teach a defined skill, making the
play predictable and sequential. There is value to these types of toys, but
as discussed earlier in this investigation, when structured play and
activities are occupying all or the majority of children’s playtime, they are
missing out on many of the major learning and developmental
opportunities that unstructured play and open-ended toys afford them. 

Unstructured or open-ended toys are toys with no instructions. They
include building blocks, dolls, play kitchens, and cars. These are the types
of toys that stimulate complex play, imagination, and creativity and give
children a sense of agency. Research has found that children who are 
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exposed to open-ended toys perform better at solving divergent
problems (problems that have more than one correct answer) and these
same children also demonstrated better creative thinking (Hirsh-Pasek &
Golinkoff, 2003). With unstructured toys, children play and create freely
without any imposed rules or constraints, and once they arrive at a
result, they have the knowledge and awareness that they achieved it
themselves.

Unstructured toys fall into two general categories: symbolic and non-
symbolic. Symbolic, unstructured toys are arguably the most prevalent
type of toy in the market. They are toys that represent a real thing and
include things like action figures and dolls, costumes, play sets like a
doctor’s kit and play food, etc. This type of toy is associated with pretend
play and allows children to act out scenarios from real life as well as
imagine fantasy scenarios through role-playing. Symbolic toys have no
rules. Children are able to self-direct the plot and outcome and use their
toy objects to represent actions, ideas, and stories. As explored earlier in
this research, this type of play lays the foundation for much of the
development and learning around language acquisition, executive
function, social-emotional skills, and creativity. Symbolic play creates a
cognitive foundation for literacy and math skills; it is children’s first
experience of using symbols to represent other things (Symbolic Play:
Imagination Comes to Life, 2017). Unstructured symbolic toys are a huge
asset for children, however they also have their limitations. Because their
meaning is pre-established, the opportunities for imaginative creation
are constrained within the context of their existing, prescribed meaning.

Non-symbolic toys, on the other hand, have no innate meaning. They are
blocks, or cups, or other nondescript objects that require children to
imagine and create in order for them to have any meaning beyond their
intrinsic shape or material. According to toy designer Cas Holman, who is
renowned for her designs that encourage creativity and imagination,
unstructured, non-symbolic toys are “what allow for the creation of
unusual objects, stories, and beings” (Reggev, 2019). This concept aligns
with the philosophy of Rudolf Steiner, the founder of Waldorf education.
Established in the 1920’s, Waldorf schools consider play and play things
an important aspect of children’s education. Steiner believed that
children’s toys and play materials should be generally abstract and
simple in order to stimulate creativity and fantasy. He asserted that by 
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giving children objects without a lot of detail or established symbolism,
they can become many things that the child determines as opposed to
being tied to a limited, predetermined meaning (What are Waldorf Toys,
2010).

Unstructured, non-symbolic toys are the types of toys that let children
decide that a block is a phone, or a car, or a door to a secret world, or a
piece of a giant castle that is in the middle of a lake on mars. In other
words, children still engage in symbolic play with non-symbolic toys,
however they themselves are defining the significance of the objects
with which they are playing. This means that they are getting all of the
benefits of symbolic play, plus the added bonus that comes from them
being completely in control of the narrative they are creating. This allows
children to be freed from any predetermined aspect within their play,
giving them total control.

GENDER AND TOYS

Play with toys is closely linked to children’s development of gender-
related knowledge. Children begin to be able to determine socially
“appropriate” or “inappropriate” gender-related behaviors and biases
very early in life. They also tend to display preferences for toys along
gendered lines from an early age (Cherney & Dempsey, 2010). Research
suggests that these gender preferences may have both biological and
environmental influences. There are some studies that show that higher
levels of prenatal androgen may make girls more likely to play with
typically masculine toys (Alexander, 2003), however environmental
factors such as cultural norms, parental influence, peers, and media
strongly influence children’s perception of gender stereotypes and thus
their toy choices. The socio-cultural influence over gender-based toy
preferences can be seen in the fact that before the 1940’s toys were not
marketed to specific genders. The idea that boys play with more
aggressive action toys and girls play with passive, nurturing toys was
something that evolved in the toy industry to increase sales (Mass, 2019). 

This is significant because traditionally masculine and traditionally
feminine toys elicit different types of play and therefore develop different
skill sets. Traditionally female toys such as dolls encourage social and
communication skills whereas male toys such as cars encourage spatial 
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skills and gross motor development (Klass, 2018). Research also has
found that play complexity varies depending on the gender of the toy.
Feminine toys like dolls and kitchen sets are more likely to elicit the
highest play complexity scores in both boys and girls (Cherney, Kelly-
Vance, Glover, Ruane, & Ryalls, 2003). This is likely because traditionally
masculine toys do not encourage storytelling, imagination, and fantasy
play to the degree that feminine toys do; rather, they are more about
movement. Cherney and Dempsey (2010) go on to note that boys are
more likely to be rigid about adhering to their own-sex stereotypes and
avoid playing with feminine toys. This creates a unique disadvantage for
boys, who may be at risk of lower exposure to the types of toys that can
elicit the highest potential of complex play.

On the other hand, analysis of hundreds of toys in the market by
researchers Blakemore and Centers (2005) found that strongly gendered
girls’ toys were associated with physical traits, nurturing, and domestic
skills, whereas strongly gendered boys’ toys were violent, competitive,
and dangerous. These kinds of gender stereotypes set potentially
dangerous precedents for both boys and girls in terms of how they view
their gender roles as they grow up. This research concluded that strongly
gendered toys for both girls and boys are less supportive of optimal
development. 

It is important, therefore, to think about ways to counter gender
stereotypes in toys and encourage all types of play for all children,
influencing the skills they will learn  and the possibilities they see for
themselves. Blakemore and Center's (2005) analysis found that the toys
rated as the most educational and strongly supporting children’s
physical, cognitive and creative development were categorized as
neutral or moderately masculine. The highest scoring toys promoted
problem solving, social interaction, and personal expression in both boys
and girls. Gender-neutral toys empower children by giving them the
freedom to play and explore their interests and imagine themselves in
different scenarios without being restricted by stereotypical gender
roles.

MATERIALS AND FINISHES IN TOYS

There is ample evidence to suggest that the materials and finishes used 
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in toys are significant and have an impact on children in various ways.
There are many benefits to incorporating multi-materiality in play, which
include more opportunities for creative play, giving children increased
agency by letting them choose what materials to integrate into their
play, and sensory stimulation. In open-ended play scenarios the goal is to
encourage children to create out of their own imagination - this can be
achieved by offering multi-materials, inspiring children to create many
different things from different materials (Hirsh-Pasek & Golinkoff, 2003).

Waldorf pedagogy believes strongly in the importance of materials in
play. In the Waldorf education, children are provided with toys made of
natural materials including wood, wool, cotton, and silk. These multi,
natural materials are specifically chosen to provide sensory stimulation.
This is similar to bringing the natural outdoor world - where children’s
senses are stimulated by playing in sand, dirt, water, and grass - indoors
and into every play activity (Baldwin, 2010). Sensory play is understood to
have great benefits in terms of brain development, building nerve
connections that will help children complete more complex tasks as they
grow. From the moment children are born, they are using their senses of
touch, taste, smell, hearing, seeing, and moving to explore and
understand the world around them (Gascoyne, 2011). Incorporating
sensory exploration into play with toys adds another element of
stimulation and more opportunities for learning. 

In terms of finishes there are varying beliefs. In early childhood, colors
are considered a critical element of sensory stimulation. As infants’ vision
develops it is important to expose them to many colors and then help
them learn first to identify and then to name them; these are cognitive
and language milestones that typically occur by 18 months and then
between 2.5-3 years, respectively (Bornstein, 1985). As children progress
beyond early childhood, however there are arguments that suggest that
fewer colors make toys more un-structured, offering children greater
agency and opportunities to construct their play scenario entirely from
their own desires and imagination. Toy designer Cas Holeman choses to
design her toys without employing colors or special finishes. Her
reasoning is that by eliminating those aspects from the toy and giving
children essentially raw materials to work from, they are removed from
as many constraints as possible, including aesthetic ones, which pushes
them to be more creative in their play (Guaricci, 2019). Waldorf also 
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echoes this concept with the belief that toy finishes should be natural
and simple, making it easier for children to imagine their objects as
many things.

SUSTAINABILITY AND TOYS

In today’s world where the global population is rapidly increasing, this
also means that the demand for and production of children’s toys will
continue to accelerate. Many toys have a very short lifespan, either
because they only serve a limited period of development, because they
are novelties and children lose interest, or because they are made of low
quality materials and do not last. This makes toys a product category that
is at risk of being extremely unsustainable. We are living in a critical
moment in time when concerns about increased waste and emissions
are extremely valid. The toy industry is not exempt from confronting this
reality and must consider what kinds of changes are necessary to
support a more sustainable future. One way to further sustainable efforts
is to be more responsible about the materials used in toy production,
ensuring that they come from sustainable sources and are durable
enough to last.

LEGO is a great example of how durability is not only an important factor
in a toy’s lifetime, but can also be a core product feature. LEGO bricks
last for generations; they rarely break, warp, or degrade over many, many
years. Furthermore, LEGO has pledged to become fully sustainable by
2030, replacing the plastic they currently use with sustainably and
responsibly sourced materials. Since 2018, they have begun to introduce
a new, sustainably sourced polyethylene made from sugar cane, and they
continue to experiment with plant-based and recycled options for the
LEGO bricks of the future (Barrett, 2018).

Packaging is another area where toys can become more sustainable,
either by opting for more sustainable materials or by eliminating
packaging entirely. More sustainable materials in packaging include
using recycled products and plant-based inks and reducing or
eliminating plastics. California-based Green Toys, whose toys are entirely
made out of recycled plastic, has been a leader not just in sustainable
materials used in their toys but also in packaging. Their award-winning
sustainable packaging is made from 100% recyclable cardboard and has 
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no additional plastic components such as bags, elastic bands, shrink
wrap, window sheets, or blister packs. They also have minimal printing
on their packaging and use only soy-based inks. (Barton, 2021).

Alternatively, packaging can be an opportunity for play, also helping to
eliminate waste. Educational Insights’ Design & Drill Bolt Buddy line is an
example of how the product packaging can become an added element
rather than go straight to the garbage. The toys themselves are vehicles
or characters that children can assemble, but the box also folds out to
become a playset backdrop for the toy (Connolly, 2020). Another
example is Lovevery’s The Block Set. This comprehensive block set boasts
that it is 20 toys-in-one. It is made up of 70 pieces including a wooden
box which is designed to not simply hold the blocks, but to also become
a piece itself. The box turns into a sorting game, can be made into a pull-
car, or anything else the child imagines with it (Brown, 2020). 

Although materials are undoubtedly a critical factor for sustainability in
the toy industry, another way the toy industry can support sustainability
is through design. Designing toys that grow with the child through many
stages and are durable enough to be handed down from one child to the
next or through generations is a key way to create built-in sustainability.
Hand in hand with these ideas is also the concept of designing for
product attachment (Tvedt, 2016). Imbuing emotional attachment into
toy designs may help create stronger bonds between children and their
toys, which in turn will increase the personal value the child places on
the toy as well as extend the lifetime use of the object. One way to create
emotional attachment may be to design toys for immersion. Immersion,
also sometimes referred to as flow, is a state of intense mental focus
where one loses awareness of the outside world and is completely
engaged in the activity. Optimal immersive experiences typically provide
rich sensory and cognitive experiences to captivate users' attention
resulting in feelings of deep satisfaction and joy (Lidwell, Holden &
Butler, 2003).

TOYS AND SAFETY

Toys, which are typically made from materials including plastic, wood,
metal, and synthetic fibers are very prone to health and safety risks
among children. Generally, safe toys for children are well crafted with no 
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sharp parts and do not pinch; are made with quality materials that are
not toxic, corrosive, nor flammable; are painted with non-toxic, lead-free
paint; are shatter-proof; and are easily cleaned. Toy manufacturers must
adhere to strict guidelines and regulations, which strive to minimize
hazards and threats posed to children by toys which include: choking,
strangulation, chemical reactions, hearing damage, burns, electric shock,
and microbial reactions (Arizton Advisory & Intelligence, 2020). The ASTM
F963 – Standard Consumer Safety Specification for Toy Safety, which was
developed under ASTM International (2017), is strictly followed by
toymakers and has been widely considered as a global standard for toy
safety since its introduction in 1986. The standards defined by the ASTM
are meant to minimize accidents in intended use and reasonable wear
and tear of the toy categories it covers.

In addition to regulating materials and other hazards, the ASTM also
provides age-grading guidelines to ensure that toys are appropriate for
children at specific stages of mental and physical development. The
primary concern of age-grading guidelines is that toys are safe for the
intended user. The ASTM recommends that once the skill level of a toy is
determined, that the design is then tailored to satisfy the safety
requirements associated with the specified age level. The considerations
to be taken into account for age-grading include: the physical ability of
the child to play with the toy including fine and gross motor skills, size,
and the strength required to operate the toy; the mental ability to
understand how to use the toy so as the toy adequately challenges the
child and stimulates development rather than frustrates; and the toy
should meet interests and play needs associated with appropriate
developmental levels and be fun for the intended age of the child. 

Two major developmental cut-offs for toy age-grading are under three
and over eight years old - under the age of three a major concern is
potential choking and aspiration hazards due to small parts, as children
at this age are highly prone to putting objects in their mouths; over the
age of eight children have achieved a level of reading proficiency and
cognitive capacity that enables them to read, understand, and follow
instructions, meaning that they can play with sophisticated toys that
may include statements of caution and directions on the safe use of the
product (ASTM International, 2017).
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DESIGN AND AESTHETICS IN CHILDHOOD

Today we live in a time when the objects that surround children are
abundant. There is an almost frenetic pressure put on parents to buy all
the ‘right’ things for their children. Any adult who has a child or has
spent some amount of time around a child, particularly in their home,
can attest that today’s children are surrounded by gear - clothes,
furniture, toys, games, stuffed animals, books, etc. Anyone with any
semblance of a modern minimal aesthetic is probably horrified. The vast
majority of the objects for children on the market are garish, tacky, and
downright ugly. It seems that most toy designers are focused on flashy,
gimmick-y ploys to capture the attention of children because they
assume that kids have no concept of aesthetics. This however, could not
be further from the truth.

Just like the rest of children’s minds and bodies, their sense of aesthetics
is being developed and the objects that surround them have an
enormous impact on their perceptions of the world they live in.
Returning to Rudolf Steiner, the founder of the Waldorf education, he
believed that children should be nurtured in a visually appealing
environment and that their play objects should be beautiful and
aesthetically pleasing as well. He contended that surrounding children
with beauty not only contributes positively to their 'sense of life,' but also
plays an important role in developing their sense of aesthetic awareness
and appreciation (Steiner, 1999). 

Another strong advocate for the importance of aesthetics in childhood
was Japanese sculptor Isamo Noguchi. Noguchi was driven to bring fine
art and design into everyday living for children. He saw a correlation
between the principles of design - defined by the interaction of function,
form, and beauty - and nature. He believed that exposing children to
great design from an early age accentuated this connection by enabling
them to experience the perfection of nature and natural forms through
elements of design that they interacted with in their everyday lives. His
lifelong endeavors in the design of playgrounds and what he referred to
as ‘play sculpture’ was born from this ideology and his conviction of the
education potential of incorporating sculpted, fine art forms for the use
of children (Larrivee, 2011).
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I I I .  MARKET
RESEARCH

The global toy industry surpassed $100 billion in 2019 and grew even
more in 2020 (Arizton Advisory & Intelligence, 2020). Although the
COVID-19 Pandemic has wreaked havoc on countless industries, the toy
industry was one that flourished during these exceptional times, seeing
significant growth in nearly every major market (Reece, 2020). In
addition to providing fun and unique experiences, toys are widely
considered an effective tool for developing skill sets of children, as
explored in this research. The Coronavirus pandemic has forced families
to be home together, and parents across the globe have had to occupy
and educate their children, resulting in a much heavier reliance on toys
to help families traverse these unprecedented times. 

Independent of the COVID-19 pandemic, however, the toy industry is
remarkably resilient and steady growth is expected to continue. Toys are
considered one of the basic necessities for children, and whether it is
from one of the major global brands or a small, local start-up, this
demand is constantly driving new innovations and novel products to an
ever-growing market. The toy business has a unique advantage over
many other industries, which is the desire of parents (and adults in
general) to bring joy to children and support their development. As Steve
Reece (2020), an expert on the toy industry notes, “unless the entire
fabric of a global society changes, it is hard to see how this underlying
demand driver for the toy business would not continue.”

MARKET ANALYSIS

The past decade has been a major growth period for the global toy 
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market. This has been driven by factors including education,
entertainment, interactivity, development, and engagement. In 2020 the
global toy market reached $108.06 billion with the breakdown of sales in
the following age groups (Arizton Advisory & Intelligence, 2020):

0–3 YEARS: $33.04 BN
3–5 YEARS: $29.6 BN
5–12 YEARS: $24.08 BN
12–18 YEARS: $16.75 BN
18+ YEARS: $4.58 BN

Toy sales are concentrated in the 0-5 segments, representing nearly 60%
of total sales, and 0-12 years representing 96% of all sales. The
opportunities for selling toys in many categories in these age segments
is very high. Looking to the future, by 2025 the global market is expected
to grow at a compound annual growth rate (CAGR) of 4.49%, reaching
global sales of $131.6 billion. The 5–12 years segment is projected to grow
at the highest CAGR during this period, at 5.5%, as it is a major user of
many toy categories including board games and puzzles, building blocks,
construction, outdoor, and sports toys.

CURRENT TOY TRENDS

Every year thousands of new toys are released into the market, generally
representing myriad trends, niche interests, and pop culture fads.
Christmas 2020 was no different, with some of the top-selling toys for the
holiday season including an animatronic Baby Yoda doll, the robotic
Squeegee the balloon dog, Fifi the flossing sloth, Playmobil's Scooby-Doo
sets, LOL Surprise dolls, and the custom car racetrack, Power Treads.
Some of these hit toys are novelties, some are riding the pop-culture
licensing wave, and others are aligned with greater market tendencies.
The Playmobil Scooby-Doo line, for example, sits nicely in the middle;
Playmobil is a classic open-ended toy that children have loved for
generations and this particular theme is also capitalizing on a pop
culture trend of Warner Brothers’ animated remake of Scooby-Doo,
“SCOOB!” which was released earler in 2020.



27

There will always be the hottest new toys, which these all fall under, but
market analysis has highlighted additional, prevalent trends within the
toy industry, which are predicted to have a significant impact on the
market within the next five years. These trends are explored below:

DEVELOPMENTAL TOYS
Globally, parents have become increasingly interested in providing their
children with toys that support their development. Two major segments
within developmental or educational toys that have seen strong growth
are STEM toys and open-ended toys. The majority of STEM (Science,
Technology, Engineering, and Math) toys currently focus on chemistry,
electronics, robotics, and mechanics and are intended to promote
education, curiosity, and learning (Arizton Advisory & Intelligence, 2020).
STEM toys come in both structured and unstructured varieties, however
market analysis has found that the majority of parents prefer STEM toys
that include directions, to reduce frustration.

Open-ended or unstructured toys are another segment that is predicted
to continue to grow. These toys, also referred to as 'kid-powered,' put
children in charge of their play experience. The benefits of this kind of
play are being widely touted and parents recognize the value of this
segment of toys to encourage creativity, imagination, self-directed
learning, leadership, confidence, and critical thinking skills. Furthermore, 

Figure 1: Top toys Christmas 2020. All images copyright of the retailers.
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open-ended toys can be found across a wide range of categories
including dolls, play-sets, STEM toys, arts & crafts, and more (Mid-Year
Trend Update, 2020).

SUSTAINABILITY
Sustainable and eco-friendly toys are highlighted as a potential
upcoming trend in the toy industry. Parents, particularly millennials, are
more interested than ever before in purchasing toys that are less harmful
to the environment, made from sustainable materials, and non-toxic.
These desires are expected to be major market drivers within the next
five years. Although the use of plastics is likely not going to be
eliminated from the toy industry for practical and economic reasons, the
use of recycled plastics which are free from harmful chemicals such as
BPA, phthalate, and PVC, will likely continue to become more prevalent
and offer a certain level confidence among parents (Arizton Advisory &
Intelligence, 2020).

PARENT-DRIVEN PURCHASES
While toys are the property of children, the purchasing power is in the
hands of their parents. Child-driven impulse purchases are on the
decline, particularly in the era of COVID, when if parents are in stores
they are more likely to be alone, and they have moved a lot of their
shopping online. Parents are focusing more on making well-thought out
purchases, carefully choosing toys that they believe will captivate their
children’s attention for longer and enrich them. This means that
categories such as building toys, family games, active/outdoor toys, and
creative toys are becoming more highly valued by parents (Mid-Year
Trend Update, 2020).

Parents also use their toy buying power to project their own aspirations
for their children and lifestyle. This impulse is driving parents to consider
elements such as the appearance of their children’s toys and how they
look in the home (Howarth, 2017). Parents are now considering not only
the type of play the toys afford but also the aesthetics of the design.
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IV.  ANALYSIS &
OPPORTUNITIES

The research discussed in this document underscores many key aspects
to consider in toy design, both from child development perspectives as
well as market demands. As explored, there is no one perfect toy, but
nevertheless this investigation has highlighted that some toys are better
than others to help children develop optimally. The intention of this
project was always to design an open-ended toy. This is supported by the
research around the importance of unstructured play and the myriad
benefits it affords across social, emotional, and cognitive development. It
is also clear that in addition to being unstructured, the toy should be
non-symbolic to capitalize on the value added by giving children the
personal agency to choose whether to assign symbolic meaning, and
what that meaning is, to their play activities and objects of play.
Furthermore, in reviewing the current toy offerings within the open-
ended toy segment, it became immediately clear that while there are
countless open-ended toys - from dolls, to cars, to action figures, to
stuffed animals, to play food, etc. - there are far fewer and less
differentiated offerings in the non-symbolic subcategory.

Market analysis supports this direction, as this category is widely known
to be beneficial to learning and development, which is indicated to be a
key market driver. This category is also best suited for children in the 3-12
years old age range, which accounts for a considerable share of the
overall addressable audience in the toy market. It is not a flashy,
fashionable toy category in the sense that it does not align tightly with
current pop culture trends, however if executed properly, this type of toy
could easily be considered an heirloom toy that children continue to play
with for many years and also eventually pass down to other children. 



30

These characteristics do align with many parental values that are
underscored in the market research.

BENCHMARK ANALYSIS: UNSTRUCTURED NON-SYMBOLIC

TOYS IN THE MARKET

Although this investigation has identified an opportunity in the category
of open-ended non-symbolic toys, there are some excellent examples in
the market already. Figure 2 is a detailed benchmark analysis, which
evaluates 12 toys in this segment. This analysis is by no means an
exhaustive list of all toys that meet the specified criteria, but rather a
survey that includes contemporary favorites such as PicassoTiles, historic
cornerstones such as Froebel Gifts, and unique toys created by
independent toy designers like Balencín. 

Generally, all of these toys are in the 3+ age range, which is for several
reasons. Firstly, the toy segment for infants and toddlers, particularly 0-18
months, is relatively limited and opportunities for true innovation are
arguably less; this category sees more innovation with materials and
incremental innovations to existing products. This is because the
objective in this stage is sensory motor development and object
permanence; children are not yet capable of symbolic play. Secondly,
toys in the under 3 category are typically less interesting to older
children. One constraint of this project is to create a toy that will engage
children for many years, and this necessitates catering to an older age-
range. This is not to say that there are not toys or children which are
exceptions, however for the purpose of this project, it made sense to
narrow the analysis to the 3+ age range.

Notably, LEGO is omitted from this analysis. This is because most current
LEGO offerings do not meet the criteria of unstructured and non-
symbolic. Although historically they could be considered a market leader
in this toy category, and they are undoubtedly still a dominating player in
the toy industry as a whole, the vast majority of LEGO sets available
today are structured and symbolic. It is true that LEGO bricks can be
used for unstructured, non-symbolic play, but the bulk of LEGO products
currently sold are sets to build specific projects, and these sets are both
structured and symbolic. The subset of children who choose to build
their own creations with the blocks after creating the sets is difficult if 
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not impossible to quantify. It is true that many children build the sets
and then play with their creations, making it an intriguing combination
of structured play then followed by unstructured, symbolic play, but this
is not the area of interest in this analysis.
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Table 2: Benchmark analysis of 12 unstructured non-symbolic toys in the market.
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RESULTS

The benchmark analysis evaluated 12 toys in the market across 26
criteria, plus age range, price, and number of pieces included in a basic
set (where applicable). For each criterion the toys were rated on a scale
of 1-5, and those scores were weighted based on their importance.

Based on this analysis, the highest scoring toys were PicassoTiles,
Rigamajig Jr., and Squigz. PicassoTiles are undoubtedly an excellent toy
and are a bestseller in the market for a reason. These magnetic plastic
tiles are an amazing construction toy that go far beyond any simple
building block set. Their magnetic union is novel for children (and adds
an STEM element), children continue to play with them for years, they are
relatively reasonably priced, and durable. The individual pieces are a
good size for small hands but also encourage building as big of a
structure as one can with the pieces available. For this reason it is a toy
that encourages buying more than a basic set to expand possibilities.
They fall short in this analysis for the fact that they only come in a few
basic geometric shapes, are made of a single material, and offer no
sensory stimulation.

Rigamajig Jr., designed by Cas Holman, is a very niche due to its
extremely high price-point but scored so well despite this because it is
truly an innovative product. It is a set of birch planks and pieces that
range in size and shape; plastic nuts, bolts, and joints; wheels; pulleys;
and rope. The size of the pieces range from midsize to large, so it can go
from a tabletop toy to big enough that children can play inside their
creations. The set boasts 160 pieces with an interesting mix of basic and
abstract shapes. Its larger scale makes it ideal for collaborative play, and
it encourages problem solving and exploration in mechanics,
engineering, and structure. The fact that children can incorporate
movement of the pieces into their play makes it slightly more sensorial
than the majority of the other toys analyzed. It is however, a very high-
end product, making it inaccessible to most families, and is only available
for purchase from a limited number of speciality retailers.

Squigz are another favorite in the marketplace. Some of their most
salient features include that they suction together and to surfaces, are
made from silicone, and come in eight distinct shapes. Also, although not



Figure 2: Top row: PicassoTiles, Rigamajig Jr. Squigs. Bottom row: Nesting Wave
Stacker, El Balancín, Bilibo. All images copyright of the retailers.

34

included in this analysis, it is worth noting that there is a version called
PipSquigz, which are designed for infants and toddlers that incorporate
different textures. Squigz are interesting because while they are not a
true sensory toy, something about their silicone material and how they
suction does make play with them feel more sensorial than other toys
included in this analysis. While younger children love Squigs, they
perhaps are not as likely to capture the attention of older children.
Additionally, the play with them tends to be focused on sticking them
together and sticking them to things, so they do not invite a high level of
fantasy play.

The next two toys in the analysis, the Nesting Wave Stacker - a
Montessori toy - and El Balancín came right at the heels of Squigs. These
are both interesting for their use of abstract shapes. The play with both
of them focuses on stacking and balancing and children are able to
create unique abstract and symbolic forms with the pieces. Neither of
these toys however, are bestsellers in the market. The Nesting Wave is
outshined considerably by its ‘sister’ toy, the Nesting Rainbow Stacker,
which is likely the most popular Montessori toy in the market. While the
Nesting Rainbow Stacker is also an excellent toy, it was not included in
this analysis in favor of evaluating conceptually the same thing but with
abstract shapes. Balencín on the other hand, is an expensive design toy 
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that is artisanally crafted and only available through high-end toy
retailers.

The remaining toys, while they were not top scorers, are all still good, if
not great toys. The lowest scoring toy, Bilibo, performed quite poorly in
this analysis, however it is a fascinating toy and it is also the most
differentiated compared to the rest of the toys evaluated. Bilibo is the
only totally non-construction toy (Froebel Gifts have some construction
gifts). It affords more sensory and physical play because children can sit
in it and rock, spin, and slide. It is also distinct because it is very apt for
outdoor play - it can be used in pools, in the snow, in sand, as a bucket,
as a seat, as a shovel, as a helmet, and more. It did not perform well in
this analysis because it is a single piece that is one, not particularly
abstract, shape; it is made from a single material; and it does not
promote the creation of unusual shapes. However it offers very distinct
play from the other toys in this analysis, and even with its low score,
provides a lot of insight and is a source of inspiration.

CONCLUSIONS

Based on the research explored in this document, it is clear that in order
for children to experience the greatest benefits of unstructured, open-
ended play, the toy should stimulate them abstractly, allowing for more
complex creations and interpretations, as well as give them a multi-
sensorial experience. All of this invites them to imagine their own stories
and invent their own ways to explore, learn, and create. The benchmark
evaluation highlights that this market is currently dominated by single-
material, geometric, non-sensory, construction toys. There is opportunity
to innovate around multi-materiality, abstract forms, and sensory
stimulation, which could be achieved by incorporating different textures,
elements of sound, different weights, or movement. Bilibo demonstrates
that it may be difficult to achieve a toy design that meets all the desired
constraints and toy attributes without also incorporating construction
into the play activity.
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V. PRODUCT
DESIGN

Non-symbolic
Multiple abstract shapes
Multi-material and/or sensorial 

As the research phase of this project concluded, there were several main
takeaways that initially guided the design process. I determined that in
order to design the ultimate unstructured object and to be innovative
within the product segment, the new open-ended toy design needed to
incorporate the following elements: 

 
The design process for this project was fairly formalized, beginning with
drafting a design brief, followed by several rounds of brainstorming and
distilling ideas through drawing, then exploration through models,
iteration, and finally the process of defining and fabricating the first
prototype. This section documents the process of product design in
detail.

DESIGN BREIF

PROBLEM: TIME FOR FREE PLAY IS REDUCED IN MODERN LIFESTYLES
Play has long been understood as a crucial element in child
development, stimulating learning, emotional and socio-psycho growth.
However, despite the widely recognized benefits of play, time for free
play has been markedly reduced for many children globally. In developed
countries, this is a result of many factors including a hurried lifestyle,
changes in family structure, and an increased attention to academics
and enrichment activities at the expense of free, child-centered play 
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from both parents and educational curricula.

OPPORTUNITY: THERE IS A LACK OF UNSTRUCTURED, NON-SYMBOLIC,
MULTI-MATERIAL TOYS IN THE MARKET
Although parents are increasingly interested in providing their children
with educational-based toys, the majority of truly open-ended didactic
toys are for infants and toddlers. For older children, the market is
dominated by structured, objective-based toys, whose outcome is
predetermined. These toys, although beneficial, should not be the only
type of play offered to children, as they are missing out on many of the
benefits from free, unstructured play. 

Unstructured play is a specific type of play activity that is associated with
child agency, imagination, creativity and complex play, which has been
linked to prefrontal cortex development, a critical brain region
implicated in planning, complex cognitive behavior, personality
expression, decision making, moderating social behavior, and certain
aspects of speech and language. Unstructured play can be defined as
open-ended play that allows children to express themselves freely and
creatively without any preset guidelines or limitations. 

Unstructured toys can be divided into two broad categories, the first and
most prevalent being symbolic toys such as play kitchens, dolls, action
figures, and cars - this kind of unstructured toy is abundant in the
market. These toys do not have a predetermined outcome for the play
activity and allow for imaginative play, but their meaning is already
established, therefore restricting the opportunities for fantasy and
storytelling within the toy’s defined context. These toys also tend to be
inherently more gendered, eliciting different types of play between boys
and girls and often limiting which gender will choose to play with what
object.

The second type of unstructured toys are open-ended and neither have
an objective nor established symbolic meaning, thus eliminating
preconceived gender notions and giving the child the ultimate
opportunity for expression, imagination, and creative interpretation
through their play. This market is dominated by construction toys such
as blocks and legos, which are typically geometric shapes made from a
single material.
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For children to experience the greatest benefits of unstructured, non-
symbolic play, their toys should be abstract and sensorial, allowing for
more complex creations and interpretations, and a multi-sensory
experience.

STAKEHOLDERS
The toy designer (Elizabeth J. Dellheim) seeks to independently design
the toy and sell it direct to consumers or through an established retailer.
Manufacturing would be determined and managed by the designer. 

DESIGN OBJECTIVES: FUNCTION
To create a series of open-ended, unstructured, sensorial play objects for
children ages 4-10.

DESIGN OBJECTIVES: DESIGN, MATERIALS, AND SUSTAINABILITY
The idea that children’s toys are all garish and disposable is passé. For a
play object to be sustainable, it must meet certain requirements across
the materiality, craftsmanship, and design to secure its longevity.

Materials: The play objects must be made of durable, non-toxic,
sustainable materials that can withstand the whims of childhood -
indoor/outdoor, easy to clean, waterproof. 

Craftsmanship: The quality of the craftsmanship needs to ensure that the
objects will not break with normal use over time.

Design: The design of the objects themselves should be timeless and
captivate the attention and creativity of children over years and
generations, rather than weeks and months.

MARKET AUDIENCE
Although influenced by the desires of their children, the purchasing
power of toys is in the hands of parents. Therefore, parents are the
primary market audience and their children are the primary users. These
play objects will appeal to families looking for beautiful, stimulating,
open-ended toys of heirloom quality.

COMPETITORS
There are many interesting open-ended, non-symbolic toys in the 
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Toy name and tagline
High-resolution images: toy components; toy creations; children with
toy
High-resolution prototype: fully functional

market. While the benchmark analysis evaluated 12 specific toys, some
represent an entire category of toys; PicassoTiles, for example, represent
the general category of magnetic tiles, which are a highly popular
category of toys in the market at this time. There are several categories,
rather than individual brands, of unstructured, non-symbolic toys that
hold large market shares such as building blocks and Montessori toys. It
is worth noting that the beauty of unstructured play is that it intrinsically
allows for the incorporation of many play objects into a play activity.
Therefore to some extent it is important to consider the differentiation of
the offering and its compatibility with other toys rather than direct
market competitors. 

DELIVERABLES

DESIGN PROCESS

Incorporate shapes that interconnect
Offer a combination of geometric shapes and invented abstract
shapes
Have the container be part of the toy

The design process for this project began with idea generation. The first
exercise, called 60x60, consisted of 60 drawings done in 60 minutes. I
approached this exercise thinking about abstract shapes, materials, and
textures and tried to get out as many concepts as possible, giving myself
only one minute per drawing. Figure 3 shows some of the drawings from
this exercise.

I then analyzed all the drawings and grouped them by common themes
to uncover different tendencies in my ideas. The themes that emerged
were: geometric shapes, stacking shapes, nesting shapes, natural shapes,
invented shapes, textures, and different types of unions.

Through that exercise I was able to clarify several additional design goals:



Figure 3: Drawings from 60x60 exercise.
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This exercise was followed by
another round of exploration
through drawing, with the
purpose of iterating and
distilling from the first
concepts. This next round of
drawings were more deliberate;
there was no time limit or goal
for the numbers of drawings,
rather the focus was on
incorporating the new
constraints. Figure 4 shows
some of the drawings from this
phase.

I used these drawing exercises
to try to understand core
concepts of the toy before
beginning to experiment in 3D
with models.

Figure 4: Second round drawings.
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The first models I constructed were
with styrofoam and heavyweight
paper. I used existing shapes including
different sized balls, cones, and donuts.
I played with magnets and strange
cuts for different connections. I went
into this first attempt at model-making
very intrigued by magnets. I saw how
they made PicassoTiles so compelling
and was interested in exploring them
for this project as well. Through this
exercise however, I discovered that
while magnets are inherently cool and
offer an element of STEM to the toy,
they are also very limiting: you need a
lot of magnets to provide multiple
connection points, their opposing 

Figure  5: Beginning model-making 
with styrofoam, paper, and magnets.

charges can be a source of frustration, they are heavy, and they are
expensive. It became clear that while they are a trend in toys right now,
they did not make sense as the primary form of union for this toy. That is
not to say that there might not be some intelligent ways to incorporate 
 magnets into this design, but I needed to explore other types of unions.

Figure  6: First models in styrofoam with magnets.

This also helped me
clarify another important
product feature: pieces
should have multiple
ways to connect. I also
found that working with
existing styrofoam
shapes was not ideal for
designing invented,
abstract forms, and was
leading me in the wrong
direction. It was tying me
to existing geometric
shapes and I wanted to
break free from that
constraint.



challenging and engaging and began to experiment with incorporating a
second size of pegs and holes. This second size of pegs and holes created
an interesting new constraint and enabled me to start to mold new
forms with the larger hole as a part of the shape. Through this
exploration I discovered another form of union: I could incorporate
curves with the same diameter as the large peg into the shapes. These
curves then became incorporated in the forms of some of the pieces to
afford a third union.

Throughout the process of form defining, I continually played with the
pieces, creating different compositions. This helped me refine the shapes
and visualize which pieces would make sense together as a set. 
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I then moved to modeling shapes
in Foamy, a claylike modeling
material that dries with a spongy,
softer texture. I also incorporated
some basic geometric shapes in
balsa wood like a half sphere,
cylinder, and cube. I explored
different shapes and a basic
system of connections with pegs
and holes. I initially started off
with one size of pegs and holes,
but found that connection to be
too simplistic and one-
dimensional. I was interested in
making the play moreFigure  7: Models in Foamy and balsa.

Figure  8: Compositions of pieces in Foamy and balsa wood.



When I had sculpted close to 40 unique shapes I began to delimitate.
First, I did an exercise of picking out the shapes that I used the most in
my compositions and discarded the rest. With those pieces I then
categorized them based on their connection type. Category A were
pieces that were just pegs, category B were pieces with just holes, and
category C were pieces with both pegs and holes. 

43

Figure  9: Most used pieces categorized by connection type.

This helped me identify that I could make the pieces even more versatile
by incorporating a small hole into the larger pegs, providing more
opportunities of interconnection. Following this exercise I adjusted some
of the pieces based on my observations and then selected 18 of the most
versatile shapes that were consistently utilized in my compositions.

I also modeled a preliminary box design that serves as a container as well
as an element of play. Figures 10 and 11 show some of the process of the
box design. The concept is a series of interconnecting large triangles that
hold the pieces. The surface of each large triangle has a pattern of small
and large holes for the pieces to connect to the box like a base. The top
to the box also serves as an additional large triangle piece. The triangular
containers connect together via a hinge mechanism so that an 
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Figure 10: Drawings of box functionality

infinite number can be added,
creating larger surface areas to
connect the pieces to as well as
to form the triangle boxes into
other shapes. For example,
several can be lined up together
to make a sort of platform with
feet; they can be folded into each
other to make a multifaceted
shape; they can be rolled into a
helix, and so on. The concept is
based on the idea that children
will want to keep adding more pieces to their set and each box in turn,
gives them more play area.

Figure 11: Test models of box designs and drawing of the finalized design.

FIRST PROTOTYPE DESIGN

With the 18 shapes selected I transitioned from my exploration of forms
and product features to a formal process of specification, defining sizes,
dimensions and unions. I did technical drawing for each piece, making
adjustments from my models so that the unions would work together
and the different sizes of the pieces would combine harmoniously.

As I worked on this process of shape specification I consulted with the
ASTM (2017) to ensure that the pieces were compliant for safety for
children's toys for ages 3 and up. Although I did not consider this toy to
be designed for 3 year olds, it made sense for it to comply for safety of 3
and up rather than 8 and up, as discussed earlier in this document
regarding toy safety and age ranges. For toy safely for 3 and up, two 
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Figure  12: Process of shape specification from initial model to technical drawing to 3D
rendering.

major considerations are sharp points and sharp edges, which are a
potential hazard for children under age 8.

The 18 technical drawings were converted into 3D models for the
purpose of printing the first prototype in resin. After printing the first
round of each piece I discovered that two of the more complex shapes 

Figure  13: First prototype in resin. 

had problems with their
curves that rendered
that union dysfunctional
in those pieces - on one
piece it was too tight
and the large peg could
not fit in; in the other it
was too wide and the
connecting piece just
fell out. I adjusted the
design of those two
pieces and reprinted a
second version. Finally,
with those changes I
had my first fully
functional prototype.



46

The initial set of 18 pieces printed in resin includes a combination of basic
geometric shapes and invented, abstract forms. Each piece has multiple
unions: small pegs to small holes, large pegs to large holes, as well as
many of the curves of the pieces allowed for another form of connection.

BRAND

The working name for this toy is PINZ. I chose this name for a couple of
reasons: I wanted something fun, catchy, and one syllable; I didn’t want it
to be explicitly in English; and I wanted to incorporate an element of how
it functions. After bouncing around a few different name ideas I landed
on PINZ as it met all of the constraints that I had defined and had a
playful ring to it. I also think that it is vague enough that it leaves room
for the set to evolve - more pieces can be added, and there is space for
new sets and shapes to live within the abstract world of PINZ.The tagline,
“connect to your imagination” came from a desire to concisely describe
how the toy works and also incorporate the value of play this design
affords.

Connect to your imaginationCONNECT TO YOUR IMAGINATION

Figure  14: PINZ logo and tagline.



47

VI.  USER
RESEARCH

Although I personally spent countless hours playing with the models
myself, I would not have considered this a viable project without having
the opportunity to watch children interact and play with the design.
After all, not only did I invent all these pieces myself, I am not a child,
and as is explored thoroughly in this research, the mind of a child is
uniquely different from the mind of an adult. 

Due to the COVID-19 pandemic, the user testing methodology had to be
modified from what was initially proposed when this project began. The
most significant modification was conducting the majority of the
sessions virtually. This, plus incorporating measures of biosecurity meant
that children were not able to spend as much time with the toy as
originally planned, as the turnaround time between sessions was longer
than anticipated. Further limitations of conducting the user testing
sessions virtually are discussed in the Problems and Limitations section
below.

SUMMARY

The purpose of this user testing was to observe children playing with a
set of PINZ. The objectives were to analyze type(s) of play, duration of
play sessions, the kinds of forms created with the pieces, and to gauge
overall interest and engagement with the toy. The prototype was fully
functional and consisted of 36 pieces - two of each shape - in a wooden
box. The test subjects were nine children ages 4-8. 

Children were observed to engage in a wide range of play activities, both 
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independently and collaboratively. Play was unstructured and the
children incorporated self-directed pretend play into their play scenarios.
Age range considerations, design flaws, as well as recommendations for
future user testing of subsequent prototypes are discussed.

PARTICIPANTS

Nine children ages 4-8 participated in the user testing sessions. There
were three boys and six girls. The age breakdown was as follows:

Two 4-year-olds
Two 6-year-olds
Two 7-year-olds
Three 8-year-olds

Three of the children were homeschooled full-time by their mother while
the remaining six children attended private schools in Bogotá, Colombia.
At the time of the user testing, however, all the children were at home
due to the pandemic, with the private school educated children
participating in virtual online school.

METHODOLOGY

Participants were selected based on age criteria (4-10 years old) and
availability to participate in the sessions. Parents received an informed
parental consent form prior to the testing session. This form explained
the objectives of the user testing and the dynamic of the sessions.
Parents were informed that their children would be observed playing
with the toy and then asked several follow up questions when they had
finished and that the sessions would be recorded for the purpose of
analysis. Two of the sessions were conducted outdoors, in person, while
the remaining sessions were conducted virtually over Zoom.

Prior to the scheduled session, parents received a wooden box with
sanitized pieces. They were instructed not to open the toy until the
session began. For the virtual sessions, the children were in their homes
connected via a computer or phone, and the two in-person sessions were
conducted in parks where social distancing was possible. In both
scenarios, the children were given the toy at the beginning of their
session and allowed to play freely. They received no instructions and my 
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role was primarily as a passive observer. If they spoke to me directly I
would respond, but for the majority of the sessions I did not interact with
the children as they played.

The children were allowed to play for as long as they wanted, which was
either until they lost interest or their parents told them it was time to
stop. There were three sets of siblings and two children who played
alone. In the cases of siblings, they were presented with the toy together
and allowed to choose how they interacted with it. If one sibling lost
interest I considered their session over and let the other child/children
continue to play until they naturally were done.

While they played, I observed for length of the play session, time spent
constructing vs. playing, types of forms created, pieces most and least
used, and for affordance and immersion. Affordance is defined as a
property of an object in which the physical characteristics influence its
function (Lidwell et al., 2003). In the case of this toy, affordance was
measured by whether the design of the pieces enabled children to play
with them as was intended. Immersion, which was discussed earlier in
this document in relation to how it can encourage product attachment,
is the mental state of intense focus on the task at hand, which results in
feelings of joy and satisfaction (Lidwell et al., 2003).

When the children completed their sessions they were then asked the
following five questions:

Did it seem hard to put the pieces together?
Did you have a favorite or least favorite piece?
Were there any pieces you would have liked more of?
What would you change?
If you owned this toy would you play with it again?
 

The sessions and the children’s responses were then analyzed.

RESULTS

All the children’s play sessions were a combination of constructing and
playing with their creations, excluding Manuela, 8, who connected all the
pieces together and then said she was done. The average time spent 
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Figure 15: Time spent constructing vs. playing.

constructing was 23
minutes, and the average
time spent playing was 21
minutes. Figure 15 shows
time constructing versus
playing for each child. The
majority of the children
would go back and forth
multiple times between
focusing on constructing
and playing, changing their
designs or creating new
objects before returning to
play with them again. All
three sets of siblings
observed engaged in both
parallel play, where they
constructed and played
side-by-side but not with 
each other, and collaborative play, helping each other with the
constructions and then playing together. There was not any obvious
preference for one single piece observed, nor were there any pieces that
tended to be used less.

Almost all of the children used the pieces to create multiple, symbolic
objects. Only one child, Manuela, 8, created no symbolic objects. Both the
older boys, Fox and Antonio, 8, engaged in much more random non-
symbolic construction in comparison to the other children, who spent
the majority of their construction time creating symbolic objects.
Antonio and Fox did however, still engage in fantasy play with the
symbolic objects they created. Table 3 lists each child and the symbolic
forms they made.
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Table 3: List of symbolic forms created during user testing sessions.

The type of play varied significantly among the children. In order to
visualize how they played, Figure 16 utilizes The Play Pyramid, which is a
simple play classification tool developed by Kudrowitz and Wallace (2010)
at MIT. It identifies four fundamental types of play that all toys fall within:
sensory, fantasy, construction, and challenge. The children’s play was
analyzed based on the following criteria of each type of play:

Sensory play category: the play activity comes from how the toy feels,
smells, tastes, sounds or looks
Fantasy play category: the toy puts the player into a world or state of
mind that is outside of the ordinary and imaginative
Construction play category: the toy or play allows the user to create
intentionally
Challenge play category: the toy tests one’s abilities against other
entities or against oneself

David, 4

NAME, AGE FORMS

Robot
Multiple
machines
Spaceship

Lucy, 4 Gun

Evie, 6

Binoculars
Gun
Scanner
"Finder device"
Zapper
Telescope

Cristina, 6

Rabbit
Cat
Bunny
Bull
6 Pokemon
characters

Elise, 7

NAME, AGE FORMS

Bridge
Megaphone
People

Lucía, 7
Stethoscope
Rocket
Binoculars
"Inventions of
the future"
Telescope
Machines
Robot
Camera

Antonio, 8 Hammer
Snake

Fox, 8 Medical device
Robot
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Figure 16: Each user's type of play plotted on the Play Pyramid (Kudrowitz & Wallace, 2010)

All of the children from the user testing sessions are plotted onto this
pyramid, and their number correlates to their name and age on the right.
The children who spent more time playing with their forms than
constructing are closer to fantasy as their play sessions were very
imaginative. I observed that some of the users, particularly the youngest
ones, had a harder time finding connections and putting the pieces
together, so their sessions had more of a challenge element.

David, 4 yo
Lucy, 4 yo
Evie, 6
Cristina, 6
Elise, 7
Lucía, 7
Manuela, 8
Antonio, 8
Fox, 8

1.
2.
3.
4.
5.
6.
7.
8.
9.

Fantasy

Construction

Challenge

Sensory

1.

2.

3.4.

5.
6.

7.

8.

9.

The sensory area is the weakest, as for the initial prototype I did not yet
experiment with different sensorial elements such as materials, textures,
sounds, weights, colors, etc. I observed some children to be more focused
on the aesthetics of their creations, so I ranked their play as having more
of a sensory element, and one participant spent a lot of time banging
pieces together, which I also considered to be a sensorial experience. 

As noted in the methodology, affordance was measured by whether the
design of the pieces enabled children to play with them as was intended.
In general, there was good affordance as the pieces elicited unstructured
play and the children engaged in construction, collaboration, pretend
play, and storytelling. On a more granular level the curves, which were
elements of some pieces designed to afford another form of union, were
not exploited by any of the children. In one session I tried to intervene to
demonstrate the curves and they still were not utilized.
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Almost all the children seemed to experience some degree of immersion
but it varied significantly. The three children who I observed to be the
least immersed were Antonio, 8; Manuela, 8; and Elise, 7. Antonio was
extremely hyperactive and had a hard time sitting still. He would
construct for a few minutes, then run around the room, play with another
toy, then come back and play with what he made briefly. I observed him
to only experience short bursts of focus while constructing. In the case of
Manuela - who connected all the pieces together and then said she was
done - she appeared immersed in the process of construction and
satisfied when she completed the task that she gave herself but was not
compelled at all to play with the pieces in any other way. Elise, 7, was
observed to be somewhat more immersed because she set out to make a
bridge. This specific objective that she defined for herself added an
element of challenge, which I believe made the experience more
engaging for her and led to a greater level of immersion than
experienced by Manuela. Elise also made a few other smaller figures to
interact with the bridge and played with them all together for a short
amount of time.
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Figure 17: Elise's bridge, megaphone, and people.

The children who
I observed to
experience the
most immersion
were Cristina, 6,
and Lucía, 7. They
were both highly
engaged in their
play, going back
and forth many
times between
constructing and 

pretend play with their creations. They also had the two longest play periods,
and did not lose interest in the toy; both of their sessions ended because their
mothers told them it was time to stop playing. This analysis of immersion
suggests that the degree to which the child is able to engage in both physical
creation (construction) and pretend play is correlated to how deeply immersed
they can get in the play activity with this toy. The children who were observed
to be the least immersed were the children who engaged in the least amount
of pretend play, and the children who were the most immersed were the
children who engaged in the longest periods of pretend play.



All of the participants were asked a series of five simple questions at the
conclusion of their play sessions. Below are the questions and a summary
of the corresponding responses:

Did it seem hard to put the pieces together?
No child reported that they were hard to put together, however four
children stated that they were hard to take apart.

Did you have a favorite or least favorite piece?
Seven of the children reported having a favorite piece and two said
they liked them all. Of the seven children who had a favorite piece the
only tendency noted was that both 4-year-olds said their favorite
piece was the cube. The remaining five children all had unique
favorite pieces (zigzag, arch, elbow, “M”, and “8”).
 
Were there any pieces you would have liked more of?
Four children said they would like more of all the pieces. Two said
they would like more of their favorite piece (the zigzag and the “M”).
Three children said no.
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Figure 18: David, 4, plays with PINZ.

"I like this toy
because you

really have to
imagine with it,

and kids love
imagining.”

Fox, age 8



What would you change?
Two children said for the pieces not to break. Three children are said
to have more colors. Four children said nothing.

If you owned this toy would you play with it again?
One child said she might play with it again, the remaining eight
children said they would play with it again.

From these user testing sessions I can confirm that the toy met its core
benefit proposition: to afford unstructured play. The kids tended to be
very intrigued by the unusual shapes. 

I did not explicitly involve parents in my user testing sessions, however
several commented to me afterwards how much they liked the toy, and
that they both wanted to play with it themselves and also would want to
buy it for their children. Although unsolicited, this was very promising
since parents are a primary market audience with purchasing power.
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PROBLEMS AND LIMITATIONS

There were several failures with the first prototype design, which need to
be addressed. The small peg was too long and too thin, so it broke on
many of the pieces. As discussed above, the curves on some pieces,
which were intended to be another union, were not used by any of the
children. Lastly, with this particular combination of pieces, which was
two of each shape, there are more small holes than small pegs and more
large pegs than large holes. This meant that at times children would
encounter a moment where they had a piece that they couldn’t connect
anywhere. 

It is possible that the age range needs to be reevaluated. Although both
4-year-old participants played with the toy, from a fine motor skills
perspective, it appeared difficult for them to connect the pieces. This
could potentially be a source of frustration for a child and reason for
them to lose interest. The abstract nature of the design might also be a
bit cognitively advanced for them as at this age they are still engaging in
a lot of fantasy play with symbolic objects. Lucy, 4, asked me during her
session if I had any pieces that could make her gun “look like a real Nerf
gun.” As noted earlier in this research, age group classification primarily
focuses on the safety of the toy to the child - in this regard the toy would 



still be safe for 3+. However, the other consideration is in regards to the
relevance and entertainment requirements of the child. In this respect, it
is likely this toy would be best suited for 5+. Further user testing will be
necessary to fully validate the ideal age range.

There were a number of limitations to these user testing sessions. It was
a small sample size of children with very similar socio-economic and
educational backgrounds. The age-range was limited and I was not able
to find any available 5-year-olds, so could not observe the difference
between them and the 4-year-olds. I also did not test with children older
than eight, which would be important for future testing. The initial
proposal was to give each child/family a longer time with the toy and
conduct two sessions, in order to see how a second exposure changed
their play or interest in the toy, but due to time constraints and logistical
complications because of the COVID-19 pandemic, this was not feasible.

Conducting the user testing virtually was also not ideal; bad image
quality, unstable Internet connections, and children going out of the
frame plagued these sessions. I also felt that it was harder for me to be a
truly passive observer because the children were more aware that I was
watching them. In the two sessions I conducted outside it was much
easier for the children to forget that I was there.
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RECOMMENDATIONS AND CONCLUSIONS

Based on the results from the initial prototype user testing sessions there
are some design changes as well as additional phases of user testing
necessary. As noted in the above section, the small peg was poorly
designed and broke frequently; this needs to be redesigned to be wider
and shorter. Another design problem were the curves, which no child
used. One explanation for this might be because they were only
incorporated in a few of the pieces. Perhaps if they were a salient feature
across more of the pieces it would become apparent to the children that
the pieces could connect that way. The next redesign should aim to
incorporate the curves into more or all of the pieces. The pegs and holes
distribution needs to be reevaluated to ensure that there are always
more possible connections rather than players arriving at a moment
when they cannot connect a piece. This can be achieved both by
redesigning the holes as well as it being a consideration for the set 



configuration (how many of each piece is provided in a basic starter set).
I also noticed that many of the children at times used the pieces as
stand-alone objects, and all of the children stacked some pieces, so this
should be explored further for how to optimize the pieces for these
behaviors. 

Future user testing sessions should be conducted with a larger sample,
older children, and from a wider range of socioeconomic demographics.
The ideal age range should be carefully evaluated. Children should also
have the opportunity to have the toy in their home for a longer period of
time, to observe if it is a toy that they come back to again, as well as to
see how they incorporate it into play with other toys in their home. Box
prototype, colors, materials, textures, and finishes also need to be
validated through subsequent user testing.
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VII.  VALUE AND
POTENTIAL

The research supports that a product like this could be extremely
valuable to children’s health and wellbeing. User testing indicates that
the initial prototype met its core product benefit of affording
unstructured play with non-symbolic objects. Market research suggests
that within certain demographics of parents there is significant demand
for quality toys in this product category. Furthermore, an in depth
analysis of current products in this category has highlighted several ways
this product is differentiated from current offerings, while also adding
additional benefits to children. By incorporating abstracted shapes,
different materials, textures or other sensory stimulation, and designing
a container that is a play piece as well, this toy can offer a unique and
enriching play experience.

This product has potential for infinite expansions: new shapes, pieces,
and sets to create a growing collection of open-ended abstract play
objects. The box concept was designed specifically with this belief in
mind; that this would be a toy that expands and evolves with a constant
stream of new offerings to integrate into the play. Also, because it has a
very basic union of pegs and holes, it could even be something that is
‘open-source,’ allowing other creators to design new pieces that become
a part of the toy. 

Beyond this specific toy I see its fundamental unique traits -
unstructured, non-symbolic, abstract, and sensorial - as potential
foundations to create other toys and play experiences under the same
brand. Thinking about how to incorporate gross motor skills instead of
fine motor skills is one way to begin to imagine another toy; there could
be a much larger version for multi-users outdoors, for example. 
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CONCLUSION

This paper is the culmination of over a year of research, product design,
and testing. There were times when I questioned if I would be able to
achieve what I set out to; but those instances of self-doubt were
countered by many moments of pure joy. I have always loved to play
with toys. My little sister is 6 years younger than me and that gave me
the perfect excuse to keep playing with her American Girl doll and
Playmobil well into high school. As an adult this has stuck with me - I
love seeing what new toys my friends have bought for their kids and
being able to get in on the action with them. So, getting to spend so
much time researching, thinking about, making, and playing with my
own toy has been a gift that I didn’t even realize I was giving myself
when I began this project. 

There is something about the way children approach a toy that is very
unique. They instinctively know how to play without direction and
without insecurities. It is a beautiful and fleeting thing about childhood.
Seeing children play and interact with my toy both in the way I had
intended as well as in surprising and original ways was extremely
validating. 

Even though this paper and the accompanying prototype represent the
end of my masters thesis project, this is truly just the beginning. This
work lays the foundation to continue the development of something that
I feel very passionately about. The objects that we surround ourselves
with matter, and this is even more true for children. Particularly in the
tenuous moments, when the world is uncertain, when we are stuck at
home, when the burden of raising and educating our children to not only 
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be intelligent, but also be kind, good, global citizens falls squarely on our
shoulders. In these moments, the objects that we chose to give them are
not trivial.

Figure 19:  Lucy, 4, plays with PINZ.



62

BIBLIOGRAPHY

Alexander, G. (2003). An evolutionary perspective of sex-typed toy
preferences: Pink, blue, and the brain. Archives of Sexual Behavior, 32,
7–14.

Appleton, L & Berks, K. (2018). Design for Children: Play, Ride, Learn, Eat,
Create, Sit, Sleep. New York, NY: Phaidon.

Arizton Advisory & Intelligence (2020). Toys Market Global Outlook &
Forecast 2020-2025. Arizton Advisory & Intelligence.

ASTM International. (2017). ASTM D F963 − 17: Standard Consumer Safety
Specification for Toy Safety. West Conshohocken, PA: American
Society for Testing and Materials.

Baldwin, S. (2010, March 31). Nourishing the Senses. Bella Luna Toys,
retrieved from https://blog.bellalunatoys.com/2010/sensory-play.html

Barrett, B. (2018, March 11). LEGO Builds a Sustainable Future, One Brick
at a Time. Wired, retrieved from https://www.wired.com/story/lego-
sustainable-bricks/

Barton, J. (2021, January 19). Best eco-friendly children’s toys 2021: from
wooden toys to recycled ones. The Sun, retrieved from
https://www.thesun.co.uk/sun-selects/13718978/best-eco-friendly-
children-toys/

Bee, H. & Boyd, D. (2000). The Developing Child. Boston, MA: Pearson
 Education Inc. 



63

Bergen, D.(2015)  Psychological Approaches to the Study of Play.
American Journal of Play, 7 (3), 101-128.

Blakemore, J.E.O. & Centers, R. E. (2005). Characteristics of Boys’ and
Girls’ Toys. Sex Roles, 53 (9/10), 619–633.

Bornstein, M.H. (1985). On the development of color naming in young
children: Data and theory. Brain and Language: 26 (1), 72-93.

Brown, R. (2020, August 28). This is the only block set your kids needs.
Mother.ly, retrieved from https://www.mother.ly/shop/this-is-the-only-
block-set-your-kids-need

Cadoret, G., Bigras, N., Duval, S., Lemay, L., Tremblay, T., & Lemire, J.
(2018). The mediating role of cognitive ability on the relationship
between motor proficiency and early academic achievement in
children. Human Movement Science, 57 (November 2017), 149–157.

Cheah, C. S. L., Nelson, L. J., & Rubin, K. H. (2001). Nonsocial play as a risk
factor in social and emotional development. In Göncü, A.  & Klein, E. L.,
Children in play, story, and school (p. 39–71). New York, NY: Guilford
Press.

Cherney, I. D., & Dempsey, J. (2010). Young children's classification,
stereotyping and play behaviour for gender neutral and ambiguous
toys. Educational Psychology, 30 (6), 651–669. 

Cherney, I. D., Kelly-Vance, L., Glover, K. G., Ruane, A., & Ryalls, B. O. (2003).
The effects of stereotyped toys and gender on play assessment in
children aged 18-47 months. Educational Psychology, 23(1), 95–105. 

Connolly, K. B. (2020, March 6). Reusable Toy Packaging Boosts the Fun
Factor. Packaging Digest, retrieved from
https://www.packagingdigest.com/sustainability/reusable-toy-
packaging-boosts-fun-factor



64

Corsillo, Liza (2020, December 9). The Only Toy Gift Guide for a 4-Year
Old You’ll Ever Need. NY Mag, retrieved from
https://nymag.com/strategist/article/best-toys-gifts-for-4-year-old-
boys-girls.html

Corsillo, L. & John, S. (2020, December 17). The Only Toy Gift Guide for a 5
Year-Old You’ll Ever Need. NY Mag, retrieved from
https://nymag.com/strategist/article/the-best-toys-for-5-year-
olds.html

Dahlberg G. (2009). Policies in Early Childhood Education and Care:
Potentialities for Agency, Play and Learning. In: Qvortrup J., Corsaro
W.A., Honig MS. (eds) The Palgrave Handbook of Childhood Studies.
London: Palgrave Macmillan.
 

Dinehart, L. H. (2015). Handwriting in early childhood education: Current
research and future implications. Journal of Early Childhood Literacy,
15 (1), 97–118.

Edwards C.P. (2000). Children’s play in cross-cultural perspective: a new
look at the six cultures study. Cross Cultural Research, 34 (4), 318-338. 

Gascoyne, S. (2011). Sensory Play: Play in the EYFS. London: Practical Pre
School Books.

Ginsburg, K.R. (2007). The Importance of Play in Promoting Healthy Child
Development and Maintaining Strong Parent-Child Bonds. Pediatrics,
119 (1):e20182058, 182-191.

Gray, P. (2013). Free to Learn: Why unleashing the instinct to play will
make our children happier, more self-reliant, and better students for
life. New York, NY: Basic Books.

Gray, P. (2017). What Exactly Is Play, and Why Is It Such a Powerful
Vehicle for Learning? Topics in Language Disorders, 37 (3), 217-228.

Good Toys for Young Children by Age and Stage (2017). NAEYC, retrieved
from https://www.naeyc.org/resources/topics/play/toys



65

Guaricci, F. (2019, October 23). A Toy Without Instructions. Toy Design,
retrieved from https://www.toy-design.com/a-toy-without-
instructions/

Hamilton, J. (2014, August 6). Scientists say Child’s Play Helps Build a
Better Brain. NPR, retrieved from
https://www.npr.org/sections/ed/2014/08/06/336361277/scientists-say-
childs-play-helps-build-a-better-brain

Harstad, E., & Albers-Prock, L. (2011). Caring for Your Baby and Young
Child: Birth to Age 5, Fifth Edition, Journal of Developmental &
Behavioral Pediatrics: 32 (2). p. 102.

Hoffman, M. (2015, December 1). Five Things Ray and Charles Eames
Teach Us About Play. Eames Office, retrieved from
https://www.eamesoffice.com/blog/five-things-charles-ray-eames-
teach-us-about-play/

Hoffmann, J. & Russ, S. (2012). Pretend play, creativity, and emotion
regulation in children. Psychology of Aesthetics, Creativity, and the
Arts, 6(2), 175–184.

Howarth, D. (2017, January 16). Children’s products are a “huge market”
for design brands. Dezeen, retrieved from
https://www.dezeen.com/2016/04/11/childrens-products-huge-market-
furniture-brands-kartell-big-game-marcel-wanders-front-milan-
design-week-2016/

Huffman, J. M. & Fortenberry, C. (2011). Helping preschoolers prepare for
writing: Developing fine motor skills. Young Children, 66(5), 100-103.

In the Middle Ages there was no such thing as childhood (2019, January
3). The Economist, retrieved from https://www.economist.com/special-
report/2019/01/03/in-the-middle-ages-there-was-no-such-thing-as-
childhood

Johnson, J. E., Christie, J. F. & Wardle, F. (2005). Play, Development, and
Early Education. Boston, MA: Pearson/Allyn and Bacon.



66

Klass, P. (2018, February 5).  Breaking Gender Stereotypes in the Toy Box.
The New York Times, retrieved from
https://www.nytimes.com/2018/02/05/well/family/gender-stereotypes-
children-toys.html

Klein, T. P., Wirth, D., & Linas, K. (2003). Play: Children’s Context for
development. YC, Young Children, 58 (3), 38-45. 

Kudrowitz, B. M., & Wallace, D. R. (2010). The Play Pyramid: a Play
Classification and Ideation Tool for Toy Design. International Journal
of Arts and Technology, 3, (1): 36.

Kwon, J.Y. & Yawkey, T.D. (2000). Principles of emotional development
and children’s pretend play. IJEC, 32 (9).

Larrivee, S. D. (2011). Playscapes: Isamu Noguchi's Designs for Play. Public
Art Dialogue, 1(1): 53-80.

Lidwell, W., Holden, K., & Butler, J. (2003). Universal Principles of Design:
A Cross-Disciplinary Reference. Gloucester, MA: Rockport Publishers
Inc.
 

Literacy Teaching Toolkit (2019). Victoria State Government, retrieved
fromhttps://www.education.vic.gov.au/childhood/professionals/learnin
g/ecliteracy/emergentliteracy/Pages/finemoto.aspx

Maas, M. K. (2019, December 5). How toys became gendered – and why
it’ll take more than a gender-neutral doll to change how boys
perceive femininity. The Conversation, retrieved from
https://theconversation.com/how-toys-became-gendered-and-why-
itll-take-more-than-a-gender-neutral-doll-to-change-how-boys-
perceive-femininity-124386

Mid-Year Trend Update (2020). The Toy Association, retrieved from
https://www.toyassociation.org/ta/research/reports/trends/toys/resear
ch-and-data/reports/trend-spotting.aspx



67

Reece, S. (2020). Toy Industry 2021. Spielwarenmesse, retrieved from
https://www.spielwarenmesse.de/en/mag/markets/toy-industry-2021

Reggev, K. (2019, October 4). Toy Designer Cas Holman Is Obliterating
Old Notions of Play. Dwell, retrieved from
https://www.dwell.com/article/interview-toy-designer-cas-holman-
rigamajig-1f60ac26

Rushton, S., Juola-Rushton, A. & Larkin, E. (2010). Neuroscience, Play and
Early Childhood Education: Connections, Implications and
Assessment. Early Childhood Education Journal, 37, 351–361. 

Steiner, R. (1999). Psychology of Body, Soul and Spirit. Great Barrington,
MA: Steiner Books.

Sterling, P. E. (2011). An Investigation of Unstructured Play in Nature and
its Effect on Children’s Self-Efficacy. Doctorate in Social Work (DSW)
Dissertations. 15. University of Pennsylvania, Philadelphia, USA.

Sutton-Smith, B. (1986). Toys as Culture. New York: Gardner Press

Symbolic Play: Imagination Comes to Life (2017, April 28). BabySparks,
retrieved from https://babysparks.com/2017/04/28/symbolic-play-
imagination-comes-to-life/

Tvedt, G. E. (2016). How to design for children: Methods and
considerations for product attachment. Trondheim: Norwegian
University of Science and Technology.

Weikart, D. (2000). Early Childhood Education: Need and Opportunity.
Paris: UNESCO.

What are Waldorf Toys (2010). Bella Luna Toys, retrieved from
https://www.bellalunatoys.com/pages/what-are-waldorf-toys
 
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).


