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Abstract

Standard divergent thinking tests, e.g., the Wallach-Kogan
Tests, and the Thinking Creatively in Action and Movement
test, have verbal, representational, and imitative require-
ments limiting their use for children under 3 years. We pre-
sent a new non-verbal, non-representational divergent think-
ing test that shows validity in relation to other standardized
tests in 3- and 4-year-olds, and which is also reliable for use
with toddlers as young as 19 months. This research is of
value in understanding the early emergence of creativity. It
could also aid research into Artificial Intelligence and robot-
ics.

Introduction

A defining feature of humans is that we are able to adapt
(e.g., Kirton, 1989). This is critical, as if we always imitate
what has already been done, then we would likely not sur-
vive when changes hit our environment, such as climate
change, or the collapse of the economy. Thus it is crucial
that we can come up with novel, creative, ideas. This re-
search topic is of interest to government, industry, educa-
tion, and the arts (e.g., Department for Business, Innova-
tion and Skills, 2009; Learning and Teaching Scotland,
2010), and yet has been little studied in early development.
The advantages to researching creativity in toddlers are
numerous. First, such research would allow us to examine
the emergence of creativity, which could help answer ques-
tions as to how creativity originates. A knock-on effect of
learning about the emergence of creativity in toddlers is
that information about how creativity first develops, and
which factors affect it, can be used to inform research in
artificial intelligence and robotics on more effective strate-
gies for developing creativity computationally. Finally,
methods that test creativity earlier in development could be
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useful for testing robots as tests that work with younger
children have fewer cognitive and linguistic demands.

Standardized tests of creativity exist which can be used
with children, such as the Wallach-Kogan tests of creativi-
ty (1965), and the Torrance Creativity in Action and
Movement test (TCAM, Torrance, 1981). The Wallach-
Kogan tests require exclusively verbal responses, asking
questions such as “Name all round things you can think
of”. Thus this test is too verbal for toddlers. The TCAM
was created to rule out the requirement to answer verbally.
It does so by modelling actions for children, e.g., two dif-
ferent ways to put a cup in a bin, such as hit the cup off
your hand, or throw it overhand. Children are encouraged
to copy the actions, and then to come up with different
ways to do the action. This test works well with children as
young as 3 years (Torrance, 1981). However the test cre-
ates two new limitations making it difficult for children
under 3 years to participate. First, some of the subtests re-
quire pretense, introducing representational demands. Se-
cond, by initially having children copy actions, children
must then inhibit this copying response to be original. In-
hibitory control is difficult for 2-year-olds (e.g., Rennie,
Bull, & Diamond, 2004), and in a pilot study in our own
lab, we found floor effects when testing 2-year-olds as they
simply copied actions we showed them, rarely inventing
their own actions. Yet children as young as 6 months are
shown to explore and acknowledge the affordances of dif-
ferent objects and surfaces (e.g., Bourgeois, et al., 2005).
This suggests that infants and toddlers have the capacity to
be creative through action and object exploration.

We have developed the Unusual Box test, which exploits
children’s exploration of objects, to measure divergent
thinking. The test consists of a colorful box with a hole,
stairs, ledges, and strings, along with novel objects (see
Figure 1). Children are encouraged to play with the box,
with no prior demonstration, and divergent thinking is
measured through the number of action/box area combina-
tions toddlers produce. Thus the task is non-verbal, non-
representational, and non-imitative. Experiment 1 will as-



sess the validity of the Unusual box test by comparing 3-
and 4-year-olds’ divergent thinking scores on subtests of
the Wallach & Kogan tests (1965), the TCAM (Torrance,
1981), and the Unusual Box test. Experiment 2 will assess
test-retest reliability of the Unusual Box test with 2-year-
olds. Experiment 3 will assess the test-retest reliability of
the Unusual Box test with 19- to 23-month-olds, and its re-
lation to their level of motor development.

Experiment 1

The purpose of Experiment 1 was to determine whether the
Unusual Box test is a valid measure of divergent thinking.
To do so, we compared 3- and 4-year-olds’ fluency and
originality scores on the Unusual Box test to the fluency
and originality scores on three existing divergent thinking
tests: the Instances and Pattern Meanings subtests of the
Wallach-Kogan (1965), and the TCAM (Torrance, 1981).

Method

Participants
Twenty-four 3- and 4-year-olds participated (13 males,
mean = 46 months; range 37-57 months; SD = 6 months).

Materials

The Unusual Box is a wooden box (33.6x18x14.4cm). It
contains the following features (see Fig. 1): (1) Ledges;
three small blocks attached to an external wall of the box,
and one shelf-like block. (2) Strings; 21 tie-wraps were tied
across a wire so that they hang down the short side of the
box. (3) Rings; seven closed tie-wraps in different sizes, at-
tached to an external wall of the box to resemble rings. (4)
Round hole; a hole (5.7cm in diameter) cut into the other
short side of the box. (5) Rectangular room; a space of
10x5x8cm that can be reached via the round hole or the top
of the box. (6) Stairs; two steps and a small edge on the
top, covering two-thirds of the inside of the box. The stairs
could be reached from the top of the box. The box was
placed on a turntable (25cm diameter) to ensure that chil-
dren could easily reach all sides of the box. Furthermore,
five objects were used in the Unusual Box test, which were
novel to the participants (see Fig. 1): a spiral-shaped egg
holder, spatula, feather roller, kong rubber toy and hook.

Fig. 1 The Unusal Box and the five novel objects

Materials for the TCAM included paper cups, a small
garbage bin and duct tape. Materials for the Pattern mean-
ings subtest included cards with line drawings. The Unusu-
al Box test and TCAM were recorded with two digital vid-
eo camcorders (SONY Handycam) and tripods. The In-
stances and Pattern Meanings subtests were recorded with
an Olympus MP3 recorder.

Design

A within-subjects design was used. All children were test-
ed on the Unusual Box test, Instances, Pattern Meanings,
and the TCAM. The order of tests was counterbalanced be-
tween children. Instances and Pattern Meanings were con-
ducted together. For the Unusual Box test, the order of ob-
jects given to children was counterbalanced.

Procedure

For the Unusual Box test the experimenter placed the Unu-
sual Box on top of the turntable. The experimenter high-
lighted each part of the box in the following order: ledges,
strings, rings, round hole, rectangular room, and stairs. The
experimenter turned the box while explaining so that the
specific features were directly in front of the children. The
children were given a chance to turn the box as well. Next,
the children were told that s/he could play with the box to-
gether with another toy, until the experimenter instructed
that s/he should stop. The children were then given one of
five objects. They were given 90 seconds to play with each
object, after which the object was replaced by a new one.

For the Instances and Pattern Meanings subtests the in-
structions were used as described by Wallach and Kogan
(1965). Three out of four items of the Instances subtest
were used. The items were presented in the following or-
der: “Name all round things you can think of”, “Name all
the things you can think of that will make noise”, and
“Name all the things you can think of that move on
wheels”. The fourth item was omitted as pilot testing
showed children did not understand the question.

For the Pattern Meanings subtest children were asked to
name as many things as possible that a line drawing could
be. Only the first four of nine items were used as pilot test-
ing showed children did not pay attention for more items.

The instructions for the TCAM are described by Tor-
rance (1981). Three of the subtests of the TCAM were
used as the fourth did not involve divergent thinking. In the
subtest “What might it be?’ the child had to think of as
many possible different uses for a paper cup as they could.
Two examples, using the cup as a hat and driving it around
like a car, were demonstrated before the child could have a
turn. In ‘How many ways?’ the child was asked to move
between two lines (duct-tape attached to the floor) in as
many ways as possible. As examples, walking and crawl-
ing were modeled. The last subtest was ‘What other ways?’
The child was asked to put paper cups into a garbage bin in
as many different ways as possible. Two examples given
were “putting the cup on the palm of your hand and shov-



ing it in with the other hand”, and “throwing the cup in the
bin while standing a meter away from the bin”. There was
no time limit to the responses of the child in any subtest.

Coding

For the Unusual Box test, each trial started from the mo-
ment the child took the novel toy from the experimenter,
and lasted 90 seconds. For each child two different types of
scores were calculated: a fluency and originality score. The
fluency score consisted of the number of different actions
that the child performed for all trials combined (5 x 90 se-
conds). Actions were recorded on two features: the action
performed (e.g. jump, hit, place) and the part of the box
used during the action (e.g., ledges, hole). Thus a child
would receive a score of 1 for repeatedly hitting the ledge,
but a score of 2 for hitting the ledge and the stairs, as two
locations were explored. Likewise a score of 2 would be
received for hitting and sweeping the ledge as two actions
were explored. Performance of the same action with differ-
ent objects or the hand was given a score of 1. Inter-rater
agreement for 20% of the videos was good (k= 0.81).

For originality scores, first, an originality index was cre-
ated. Summing across children in Experiments 1 and 2, ac-
tions that were performed by fewer than 5% of children re-
ceived a score of 3; actions performed by 5-20% of chil-
dren received a score of 2; actions performed by 20-50% of
children received a score of 1; and actions performed by
more than 50% of children received a score of 0. Next, a
total originality score was calculated for each child by add-
ing up the originality scores of all the actions that s/he had
performed. An originality ratio score was also calculated
by dividing the total originality score by the Fluency score.

Fluency scores for the Instances Task were calculated by
counting the number of different appropriate answers that a
child gave. For example, when asked to “name all the
round things you can think of” a circle was coded as a cor-
rect answer, while a brick was coded as incorrect. Original-
ity scores were given for correct answers which no other
children reported. The Pattern Meanings Test was scored
in the same way.

Fluency scores for the TCAM were calculated by count-
ing the number of different correct actions. For the “What
might it be?” subtest, correct answers included actions with
the cups that involved placing the cup in unusual places or
building something out of several cups. The “how many
ways?” subtest was coded for the number of times a child
moved in a different way. For the “What other ways” sub-
test, correct answers included dropping the cup into the bin
from one of the child’s body parts (e.g. knee drop, arm
drop, head drop), making specific movements before
throwing the cup into the bin or putting the cup into the bin
accompanied by something else. Lists of possible answers
for all three subtests are given by Torrance (1981).

Originality scores were calculated following the manual
provided with the TCAM (Torrance, 1981). Each response
in the manual corresponds with an originality score. This
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score is based, “primarily upon the statistical infrequency
of the response in a normative sample of five-hundred
children” (Torrance, 1981, p. 15). Each separate response
was given an originality score between 0 and 4. All scores
were added up to provide a total originality score.

Results
No effects of gender were found in any analyses.

Fluency

Table 1 shows the descriptive statistics of the fluency
scores for each test. Age was positively correlated to In-
stances and Pattern Meanings. Therefore, further analyses
were corrected for age.

The correlations between the test scores are also given in
Table 1. The Unusual Box test was positively correlated to
Instances and TCAM, but not to Pattern Meanings. In fact,
Pattern Meanings scores were not significantly correlated
to any of the other tests.

Correlations
Mean Range  Age 1° 2° 3°
1.Unusual 24.00 8-34 0.18
Box test (6.5)
2.In- 8.33 2-18  0.49*%  49%
stances 4.1)
3.Pattern 5.8 3-10 0.44% 34 22
Meanings 2.0)
4. TCAM 91.58 71— -0.32  .60*  .60* .02
(11.2) 114

Table 1. Means and standards deviations (in brackets), and corre-
lations of fluency and scores among all divergent thinking tests in
Experiment 1.

*Partial correlations, corrected for age. * p <.05.

Originality

Table 2 shows correlations of 0.35 to 0.41 between the
originality scores on the Unusual Box test and originality
scores on the other divergent thinking measures. However
this is largely predicted by Fluency. When looking at the
ratio of total Originality divided by Fluency, no correla-
tions are found.

Discussion

Experiment 1 demonstrates that the Unusual Box test cap-
tures divergent thinking as the fluency scores for the Unu-
sual Box test correlated well with the fluency and originali-
ty scores on the Instances subtest and the TCAM. The Un-
usual Box test is thus a valid measure for capturing diver-
gent thinking. The Pattern Meanings subtest did not corre-
late with any other measures, suggesting it is not suitable
for use with 3-year-olds.

Originality scores on the Unusual Box test correlated
well with originality scores on the other tests, however this
was driven by Fluency. This confoundedness of fluency
and originality scores is not uncommon (e.g. Clark &



Mirels, 1970). Thus increased fluency may lead toddlers to
be more original, or vice versa.

Correlations
Mean Range 1° 2 3 4
1. Unusual 21.17 4-41
Box 9.0)
2. In- 296 0-8  A4l*
stances (2.3)
3. Pattern 204 0-5 41* .16
Mean- (1.3)
ing
4. TCAM 95.83 80— 35! 22 22
9.6) 112
5. UB Flu- 24.00 8-34 .88* 46* 41* .50*
ency (6.5)
6. UB 87 39— 28 29 .19
original- (24) 142
ity ratio

Table 2. Means and standard deviations (in brackets) and correla-
tions of originality scores among all divergent thinking tests in
Experiment 1. UB = Unusual Box

* Spearman’s Rho instead of Pearson’s 7, *p < .05, Tp <.1

Experiment 2

Experiment 2 investigated whether the Unusual Box test is
suitable for children younger than three years. We investi-
gated the test’s reliability with a test-retest design.

Method

Participants
Sixteen two-year-olds participated (7 males, mean age = 28
months, range 24-32 months, SD = 3 months).

Materials
Same as the Unusual Box test materials for Experiment 1.

Design
A within-subjects design was used. All children played
with the Unusual Box test twice, two weeks apart. Coun-
terbalancing of objects was the same as Experiment 1.
Children received different object orders at each time of
testing.

Procedure
Same as the Unusual Box test procedure in Experiment 1.

Coding
Same as the Unusual Box test coding in Experiment 1.

Results
No effects of gender or age were found in any analyses.
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Fluency
The average fluency scores were 19.3 actions (SD = 5.9,
range 10-32) at Time 1, and 20.1 at Time 2 (SD = 6.2,

range 12-36). No differences in scores were found between
Time 1 and 2 (paired-sample #(15) = 0.856, p = 0.400), in-
dicating that children obtained similar scores on both as-
sessments. A strong positive correlation was found be-
tween the scores of the two assessments (Pearson’s r =
0.58, p=0.019).

Originality

The average originality-ratio scores were 0.76 (SD = 0.21,
range 0.39-1.13) at Time 1, and 0.74 at Time 2 (SD = 0.25,
range 0.33-1.19). No differences in scores were found be-
tween Time 1 and 2 (paired-samples #(15) = 0.037, p =
0.971), indicating that children obtained similar scores on
both assessments. A strong positive correlation was found
between the scores of the two assessments (Pearson’s r =
0.805, p <0.001).

Discussion

Experiment 2 demonstrates that the Unusual Box test is re-
liable for use with 2-year-olds. This is thus the first non-
verbal, non-representation, non-imitative divergent think-
ing test that can be used with children under 3 years.

Experiment 3

The aim of this study is to discover whether the Unusual
Box test can be used with toddlers under 2 years. An addi-
tional aim is to examine whether motor development is
linked to toddlers’ divergent thinking scores on the Unusu-
al Box test. This will mark the earliest time point at which
we can currently look at potential influences on creativity,
such as parenting style, and other cognitive abilities.

Method

Participants

Twelve 19- to 23-month-olds participated (7 males, mean
= 21.5 months, SD = 1.6 months). Eight of the children
have to date completed the 2-week follow-up with the Un-
usual Box (6 males, mean = 22.5 months, range = 21-23
months; SD = 0.75 months)

Materials

Same as Experiment 2. The Child Development Review
(CDR; Ireton, 1990) was used to assess toddlers’ fine and
gross motor-skill development through a parent check list.

Design
Same as Experiment 2. Children’s fine and gross motor
development served as additional independent variables.



Procedure

Same as Experiment 2, with the addition of asking parents
questions from the CDR after the toddler played with the
Unusual Box.

Coding
Same as Experiment 2. Fine and gross motor skill ages
were determined from the parent reports.

Results

No effects of gender or age were found in any analyses.
The mean scores for all 12 participants on the Unusual Box
test at Time 1 was 16.2 actions (SD = 5.6, range 8-26); and
for the 8 participants who participated in both assessments,
15.3 actions (SD = 5.5, range 8-25) at Time 1, and 16.7 ac-
tions (SD = 3.5, range 13-22) at Time 2. No differences in
scores were found between the eight children at Times 1
and 2 (paired-samples #7) = 1.27, p = 0.244), indicating
that children obtained similar scores on both assessments.
A strong positive correlation was found between the scores
for the eight children at Times 1 and 2 (Pearson’s r =
0.818, p = 0.013). Additionally, fine motor skills age
(Pearson’s r = 0.629, p = 0.029) and gross motor skills age
(Pearson’s r = 0.667, p = 0.018) both had large correlations
with the Unusual Box fluency score at Time 1 across all 12
participants. Since gross and fine motor skills ages were
highly correlated (Pearson’s » = 0.725, p = 0.008), it is dif-
ficult to determine whether one or both of these factors are
more closely related to divergent thinking scores.

Discussion

Experiment 3 demonstrated that the Unusual Box test is re-
liable for use with toddlers as young as 21 months. It was
also found that toddlers’ fine and gross motor skills were
highly correlated with their divergent thinking scores as
young as 19 months. We will collect more data with tod-
dlers as young as 12 months to further examine how young
we can use the test, and to further explore the role of motor
development. We will also calculate originality scores once
the full sample has been tested.

General Discussion

Experiment 1 demonstrated that the Unusual Box test is a
valid tool for assessing divergent thinking as it correlates
well with other standardized tests of divergent thinking
(Instances, TCAM) in 3- and 4-year-olds. Experiments 2
and 3 demonstrated that the Unusual Box test is reliable for
use with children as young as 21 months. This test thus
provides a tool to examine the emergence of divergent
thinking at an earlier age than has been possible to date.
Experiment 3 also found that fine and gross motor skills
were highly correlated with divergent thinking frequency
scores, while age was not, for toddlers as young as 19
months.

36

It is important to note that the correlations between the
different divergent thinking tests in Experiment 1 were
moderate, but not high. This was not only the case for the
Unusual Box test in relation to the other tests, but was also
the case between the other tests as well. We argue that the
moderate correlations support the notion that these tests
capture divergent thinking. However differences in the
format of these tests, for example, the extent that they in-
volve verbal, representational, and visual information, like-
ly introduce variance in the scores. Thus children who are
more verbal may do better on the Instances subtest, or
some children may be more verbally creative, while others
are more physically creative. Future research should exam-
ine how different cognitive, communicative, and physical
abilities interact with divergent thinking skills, leading to
individual differences in creative outputs in different do-
mains.

An interesting question results from Experiment 3. Is it
the case that advanced fine and gross motor skills allow
toddlers to explore objects in more diverse ways, or is it
possible that toddlers who have higher divergent thinking
abilities develop their fine and gross motor skills more
quickly because they are motivated to explore? Longitudi-
nal research should address this question. In doing so, we
may also develop a better idea as to whether divergent
thinking abilities and individual differences are to some ex-
tent innate, and can later demonstrate themselves once
children develop their motor, language, and representation
skills. This claim would suggest that computer programs
should have intrinsic motivational properties to express di-
vergent thinking, which may be expressed as autonomy,
self-motivation, self-direction, independence, or freedom
(e.g., al-Rifaie, Bishop, & Caines, 2012; Jordanous, 20120;
Saunders, 2012). Conversely, it may be that the develop-
ment of these skills give toddlers an ability to think diver-
gently. This would suggest that divergent thinking could
emerge as a property of developing motor, language,
and/or representational skills, lending support to current
embodied approaches to creativity in Al (e.g., Saunders, et
al., 2010).

The development of this test is important as it will allow
us to examine which factors affect divergent thinking early
on. One potential factor is parenting. Parents have been
shown to directly scaffold infants” and toddlers’ under-
standing of two types of creative acts — joking and pretend-
ing — through cues such as language, actions, and laughter
(e.g., Hoicka & Gattis, 2012; Hoicka, Jutsum & Gattis,
2008; Lillard & Witherington, 2004; Mireault, et al.,

2012). Thus the way a parent interacts with their child may
be key to individual differences and learning of creativity.

Another area to explore is social learning’s role in the
early development of creativity. While Bonawitz, et al.
(2011) suggest that imitation reduces toddlers’ drive to ex-
plore, we posit that imitating abstract concepts, rather than
direct exemplars, could encourage creativity more general-
ly. For instance, toddlers come up with their own mislabel-



ing jokes (e.g., calling a cup, “goojooboojoo”) after being
exposed to other mislabeing jokes (Hoicka & Akhtar,
2011). Work in progress (Bijvoet-van den Berg & Hoicka,
in prep; Bijvoet-van den Berg, Liszkowski & Hoicka, in
prep.) suggests 3-year-olds create novel acts of pretense
through object substitution, and novel iconic gestures, after
copying similar acts. Future research can thus use the Unu-
sual Box test to determine whether toddlers can learn to
explore more broadly through social learning.

The main advantages of the Unusual Box test are that it
is non-verbal, non-representational, and non-imitative,
making it ideal for use with toddlers. Due to its nature, it
may also be useful with older children and adults with
communicative disorders, such as Autism, Speech and
Language Impairment, and deaf children born to non-
signing parents, as the verbal demands are very limited.
This type of task could also be of use in examining the
phylogeny of creativity as a variation of this task could be
used with primates. Finally, this paradigm is relevant for
use in Artificial Intelligence and robotics in two ways.
First, it can directly provide a tool to examine object explo-
ration in robots. Second, by further examining physical,
social, cognitive, emotional, and other factors that affect
creativity in early development, we can better understand
how creativity emerges, allowing for more sophisticated
computational models of creativity to be developed.
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