“Categories” Interpretation Guide
Development of Conceptual Reasoning in Young Children
Background:
Researchers from the University of Melbourne and VU
University in Amsterdam explored how conceptual
reasoning skills develop in young children. Conceptual
reasoning is part of the executive functions—a group of
processes in the brain that allow individuals to control
their thoughts and actions. Executive functions include
planning, focused attention, organization, emotional
control, and the ability to consider multiple viewpoints or
solutions to a problem. Some executive functions start
developing very early in life while others start in
!
preschool and early elementary years and continue
developing into the mid-20s. Conceptual reasoning includes the ability to perceive abstract ideas,
mental flexibility (the ability to switch back and forth to think about competing ideas), and the
ability to make connections between different ideas.
In the study, researchers explored how conceptual reasoning develops in children between the
ages of 3 and 7 years. Previous research on this topic mainly studied older children (between the
ages of 7 and 15 years) and used stimuli that were not as well suited to younger children.
For this study, researchers used a new test called the “Object Classification Task for Children”
(OCTC). As a “warm-up” activity, children were given the opportunity to explore two distinct
plastic toys. The researchers then showed two more objects that were identical to the first two
and asked the children to put the toys that were the same on opposite sides of the table. This was
repeated once more with a different set of objects to make sure that the children could make two
categories. Then the researchers gave the children six new toys: a big red plane, a big red car, a
big yellow car, a small red plane, a small yellow plane, and a small yellow car (which could be
sorted by size, color, or function/shape) and asked them to make separate groups. Researchers
looked at how many different ways the children could sort by and whether the children could
come up with categories on their own or if they needed assistance.
Researchers Found:
1. Children 5 years of age and older could sort the six toys into categories at least once on their
own. Children under age 5 were generally unable to sort the toys on their own.
2. Between ages of 5–7 years, children were increasingly able to generate additional ways of
sorting on their own.
3. Reducing the number of toys – from six to four - did help some 3 and 4 year-olds to sort.
However, reducing the number of toys did not increase the ability of 3-4 year olds to
generate multiple categories on their own—this ability develops with age.
4. While more older children than younger children were able to generate new categories when
asked to sort in a third way, even the 7 year-olds required some additional help (e.g., they
could identify categories that were sorted by the researcher, or sort according to categories
the researcher suggested).

Why is this important?
The results of this study help to show that conceptual reasoning skills begin to emerge early on
in childhood; the study also validates use of the OCTC as a way to investigate the development
of these processes in younger children. The ability to generate categories and switch between
multiple categories are key science and math skills upon which later learning builds. The ability
to form groups based on characteristics of things in a collection is the basis for scientific
classification and mathematical sets (e.g., even and odd numbers). The ability to think about
unrelated things in an abstract way is an important skill that serves as a building block for other
higher order tasks such as planning ahead, problem solving and evaluating multiple potential
solutions to a problem.
Method:
Recruiting Methods:
1. Introduce yourself to the parents. Explain that you are doing an activity based on a study
originally done by researchers from the University of Melbourne that looked at how children
sort different objects.
2. Ask the child if they would like to play a game with you. One way to grab their attention is to
show them the toys from the “warm up” activity.
Important Modifications:
• The original study had two “practice rounds” in the warm-up activity, where children sorted
toys into identical pairs. This activity uses only one practice round as one round was found to
be sufficient for explaining the activity in the museum environment.
• The original study used two pairs of identical objects in the warm-up activity (Practice
Round 1: two yellow mice with blue ears and two purple dinosaurs with orange toes; Practice
Round 2: two brown bears wearing green hats and two blue fish with white eyes). You can
use any four objects for these rounds as long as you maintain that there are two identical
pairs that differ in terms of shape and color. We used two pom-poms and two plastic ducks.
• We have substituted different toys in the activity rounds (called “testing rounds” in the
original study). The original study used one big red plane, one big red car, one big yellow
car, one small red plane, one small yellow plane, and one small yellow car. We maintained
the original sorting dimensions (shape/function, color, size), using bear and block toys (e.g.,
one big yellow bear, one small yellow bear, one small red bear, one big red block, one small
red block, and one big yellow block).
• In the original study, the researcher pointed to the sides of the table where children were
supposed to put the groups they made during sorting. In this activity, two circles were
added—one placed on either side of the table—for children to place their groups in. It was
found that the circles helped children understand the instructions in the museum
environment.
• In the original study, if children were unable to generate categories on their own, the
researcher provided support to help them sort. In the identification condition, the researcher
sorted the toys fully into two groups and asked children to identify the categories. In the
explicit cueing condition, researchers told children which categories to make (e.g., “Can you
put all the red ones on this side and all the yellow ones on that side?”). In the interpretation,
we offer these types of assistance to children if they have trouble sorting the toys. We have
modified the identification condition, so that the interpreter places one toy in each of the

•

circles, asks children what is different between these toys, and, then, asks children to
complete the sort. We found that one toy in each group was sufficient for most children to
identify the categories and enabled children to have another learning experience of
completing the sort. For example, the interpreter places a large toy in one circle and a small
toy in the other circle and asks, “What is different between this these toys? Are there more
toys like this one (point to the toy in one circle)? Are there more toys like this one (point to
the toy in the other circle)?” If children still have trouble, the interpreter suggests sorting into
specific categories as in the explicit cueing condition in the original study. For example:
“Can you put all the red toys in this circle [point to one circle] and the yellow toys in that
circle [point to the other circle]?”
In the original study, if the child didn’t know what to do when presented with six toys or
sorted the toys in a way that didn’t clearly divide the toys based on one of the three
characteristics of interest, the researcher would remove two toys and children would sort with
four toys, instead. This happened with some 3 and 4 year-olds (~60% 3 year-olds sorted with
four objects and ~55% of 4 year-olds were asked to sort with a reduced set of objects). We
found that, in the museum environment, children were able to sort six toys when provided
support like the guiding questions above.

Activity Instructions (the “study method”)
“Warm up” activity:
1. Explain to the child that they are going to play a sorting game (Let’s play a sorting game.
We’ll put toys into groups!). Give the child one pom-pom and one plastic duck. Let the child
play with the toys.
2. Show the child the second set of identical toys. These toys are the same as the ones you have
there. The toys that are the same go together to make a group.”
3. Ask the child to sort the toys. Can you put the two toys that go together in this circle (point to
circle on one side of the table) and the other two toys that go together in that circle (point to
circle on the other side of the table)? If s/he has trouble, ask him or her to describe what is
the same about each set of toys. Great! You put the ducks in this circle and the pom-poms
together in that circle.
Activity Rounds:
4. Say to the child: Now, let’s play with some new toys! Give the child all six toys: a big yellow
block, a big red block, a small red block, a big yellow bear, a small red bear, and a small
yellow bear. Let them play with the toys. Ask the child: Can you put these toys into two
groups? Remember, something has to be the same about all of the toys in each group. When
two groups have been made, ask the child to describe what is similar about the toys in each
group).
5. If the child is able to make two categories, ask the child: What is the same about these toys
(point to one circle)? What is the same about these toys (point to the other circle)?
6. Ask the child to mix the toys up in the middle of the table. Then, ask him or her to sort the
toys in a new way: Can you make two new groups? Is there another way you can sort these
toys? Repeat until the child has a chance to sort by all three ways the toys can be categorized.
7. If a child is unable to sort into two groups without help, try the Identification Condition.
Place one toy in each circle—select toys that differ in one dimension (e.g. the big yellow bear
in one circle and the little yellow bear in the other circle). Point to the two toys, and ask: Can

you tell me what’s different about these toys? Are there more toys like this one (point to the
toy in one circle)? Are there more toys like this one (point to the toy in the other circle)?
8. If a child cannot identify categories to sort by in the Identification Condition, try the Explicit
Cueing Condition. Ask the child to sort into specific groups. For example, Can you put all
the big ones in this circle and all the small ones in that circle?
9. Congratulate the child on a job well done. Talk to the parents or caregivers about the original
study and what the researchers found. Use the graphs to help explain.
Activity Tips:
Help Parents Observe:
• How did your child initially sort the toys?
• How does your child explain their categories?
• Did your child come up with a new category?
• How many different categories did your child come up with on his/her own?
• If your child had difficulty coming up with categories, did your child identify categories
when they were shown two sets of sorted objects?
Keeping Kids Interested – Modifications for Older and Younger Children:
• 3 and 4 year-olds may have trouble sorting the toys on their own, and even 5 to 7 year-olds
(and adults) may have trouble coming up with more than two categories on their own. Try
giving them more support. Discuss with caregivers that these are abilities children develop as
they grow older and gain more experience with different kinds of objects.
• Older children (6 year-olds and up) will find the warm up activity very simple and do not
require as many explicit instructions. Use the shortened script found in Appendix A.
• For younger children (less than 3 years-old), ask children which toys go together to make a
group. When they pick up a particular toy, ask if there are other toys like it. For children
who are not yet verbal, carefully watch the order in which the child touches the toys. Discuss
with parents that researchers studying how very young children classify will use touch order
to understand the groups that the children are making. Children of this age may not place
toys in groups that are physically separated. Children’s touch order can allow us see which
ones they are mentally grouping together. For example, if the child touched in order: a big
yellow bear, a little yellow bear, then a red bear, then we could infer that they were grouping
based on the shape/function of the object—in this case, “bears.” Rakison et. al. used touch
order to observe that children as young as 14-months can classify objects and that how
children classify objects changes as they grow older (Rakison 1998).

Results of the Original Study:
Main Results: As children age, their ability to generate categories from a variety of objects
increases, as does their ability to switch back and forth between thinking about different
categories. While 3- and 4-year olds may have trouble sorting without support, children 5-years
and older are able to sort at least one category on their own. Between ages 5- and 7-years,
children’s ability to sort by more than one category increases. As children continue to age, they
become more proficient at generating categories without assistance until reaching an “adult”
level around age 10.
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Figure 1: As children grow, their ability to sort the objects into categories increases. This graph
displays the trend line from the original study’s analysis (Y=0.17x-4.49 where x is age in months;
for ease of reading, we converted x to age in years). “Sorting points” were a measure of
children’s sorting in the experimental rounds. Children received points for sorting the toys (3
points/round) and explaining the categories (1 point/round). With three sorting rounds, 12 points
were possible.
NOTE (Figure 1): If the child was unable to sort on their own, but could identify the
characteristic used by a researcher to make two groups, s/he received 2 points/round. If the child
was unable to identify the characteristic used in a researcher’s sort, but could sort when the
researcher provided explicit categories, s/he would receive 1 point/round. For 3-4 year-olds, if
only four toys were used (instead of six), children received 2 points for sorting on their
own/round.
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Figure 2a: Children’s mental flexibility (ability to switch back and forth between ideas in order
to sort by new categories) increased with age. As children got older they became increasingly
able to switch between thinking about one type of category to generating new categories on their
own. This ability increased the most between 5 to 7 years-old: with increased age, children
increasingly freely generated categories to sort the objects a second (purple) and even a third
(blue) way. However, even some 7-year olds had trouble sorting a third time (blue), indicating
that this ability is still developing past age 7.

Identification

Proportion of total children
(%)

100

Second round
Third round

80
60
40
20
0
3 year-olds

4 year-olds

5 year-olds
Age group

6 year-olds

7 year-olds

Figure 2b: Figure 2b only includes children who were not able to sort in the “free generation”
round. If children were unable to sort on their own, researchers provided support. Many children
who could not generate their own categories could still think abstractly about the objects. When
shown sets of toys divided by a category, some children could identify the characteristic used to
make the sets. Identifying existing categories is an intermediate step in conceptual reasoning
(between freely generating their own categories and being given explicit instructions on which
categories to make).
NOTE (Figure 2): Children freely generated categories (Figure 2a), or identified categories made
by the researcher (Figure 2b), or were explicitly told categories to sort by (not pictured). If
children were unable to freely generate categories, they would be shown categories and asked to
identify the characteristic by which the groups were made, if they could not identify the
characteristic, the researcher would explicitly ask them to sort the toys into two specific groups
(e.g., red and yellow).

Questions Parents May Ask:
What age does my child have to be in order to participate?
The original study looked at participants aged 3-7 years. For this demonstration in the museum,
children of any age (and adults!) are welcome to participate. See “Keeping Kids Interested”
(above).
Did my child “pass”?
The results of the study were based on findings drawn from the responses of many children.
Every child develops at a different rate, so there is no “right time” for children to be able to
succeed at this game—even within the study not all of the oldest children sorted three different
ways on their own. Children’s sorting ability and mental flexibility (the ability to switch back
and forth between categories) increase as they grow. Other researchers have shown that children
continue to develop these abilities until they reach adult proficiency, around age 10.
Why is this important?
We think this study is important because the ability to think about unrelated things in an abstract
way is an important skill for future science and math learning (e.g., classification, ordering,
dividing into sets) and other higher order tasks such as planning, creative thinking and problem
solving.
Where can I learn more about this study?
A citation for the original study can be found below. In addition, researchers at Carnegie Melon
have studied how very young children (14 to 22 month-olds) classify - that citation is also below.
More information on how children’s ability to make connections between disparate things and
executive functions can be found in: Mind in the Making: The Seven Essential Life Skills Every
Child Needs by Ellen Galinsky (citation below).
Activities for Families to Try at the Museum:
• Scientists classify—or sort—many different objects. A geologist sorts rocks; a biologist may
sort bones or shells or furs and feathers. Find a set of rocks, bones, or shells in the museum.
Ask your child to sort them into two or three groups. How does your child sort the objects?
What characteristics does s/he use? Ask your child to what is the same about all the objects
in each group. Ask your child if there is another way to sort the objects, too. Ask him or her
to sort the objects by color, by texture, then, by size.
• A field geologist will sort rocks to determine which ones are alike. Use a set of rock samples
from the museum teaching collection, or that you collect from outside. Ask your child to sort
the rocks into different groups. Which ones does your child group together? Ask your child
what is the same about all the rocks a group. Ask your child if there is another way that these
rocks could be grouped and how. Suggest that you’ll sort the rocks in another way. When
you are finished sorting ask your child to guess what the groups are. Take turns resorting the
objects with your child and identifying the groups.
• A marine biologist may classify—or sort—shells and ocean animals. Use a number of shells,
corals, and ocean animals (e.g., sponges, sea stars, sea horses) from the museum teaching
collection. Ask your child to sort these objects into two or three groups. How does your child
classify the objects? Does s/he sort the objects by color, texture, size, or another
characteristic? Ask your child what makes the objects in each group go together.

Activities for Families to Try at Home:
• Sorting activities can be done with any type of object, not just toys. Take a walk outside and
collect a variety of leaves or rocks. Ask your child to sort the rocks by color, then texture
(smooth vs. rough) or discover how many different ways your child can sort the leaves.
• Ask your child to help sort clean laundry into piles to be folded. Observe how s/he makes
different groups of clothes. Ask your child how they sorted the clothes (what is the same
about all the clothes in each pile). Did s/he sort by who the clothes belong to, type of
clothing, by color, or another trait? Ask your child to sort the groups into sub-groups. How
does your child sort? Does your child use the same categories for each big group of clothes?
Sources & Resources:
Smidts, D., Jacobs, R. & Anderson, V. (2004). “The Object Classification Task for Children
(OCTC): A measure of concept generation and mental flexibility in early childhood.”
Developmental Neuropsychology. 26 (1). 385-401.
Rakison, D.H., & Butterworth, G.E. (1998). Infants’ use of object parts in early categorization,
Developmental Psychology, 34, 49-62.
Galinsky, E. (2010). Mind in the Making: The Seven Essential Life Skills Every Child Needs.
New York, NY: William Morrow.
Materials:
Warm-up Objects:
Select any two pairs of matching objects. The pairs should differ in shape and color. We used
plastic animal toys (available from Safari Ltd) and large pom-poms.
Bears:
Available on-line, click: Lakeshore “My First Sorting Bears”
Blocks:
Available on-line, click: Lakeshore “Best-Buy Jumbo Basic Building Bricks”
Acknowledgements:
This activity was originally developed for Living Laboratory® by the Oregon Museum of
Science and Industry (OMSI), and was modified by the Maryland Science Center and Museum
of Science, Boston.

Appendix A:
Shortened Script For Working With Older Children
• Let’s play a sorting game.
• [Give the child all six bears/blocks.]
• Can you put these toys into two groups? Something has to be the same about
the toys in each group. Put one group in this circle [point to one circle], and
put the other group in that circle [point to the other circle].
• [Once the child has sorted the toys, ask the child:] What is the same about
the toys in this group [point to the group]? What is the same about the toys
in that group [point to the other group]?
• Great! Let’s mix the toys up in the middle of the table.
• Can you make two more groups? Is there another way you can sort these
toys?
• [When the child has sorted, ask him or her what is the same about the toys in
each group. Then, repeat this process until the child has a chance to sort
three times.]
• [Congratulate the child.] You did great!

Appendix B:
Printable Figures
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