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Abstract
Objective: Taxonomic categorization plays an important role in the cognition development and language learning
of children. This study aimed to analyze and compare the trend in the superordinate categorization in typical children
across age, gender and type of superordinate categories.
Method: A total of 226 typically developing Kannada speaking children between the ages of 2 to 4 years served
as participants of this study and were tested in individual set up. After providing 3 practice trials, a total of 122 items
were presented and children were asked to assign or categorize each item under 11 categories which were
indicated with referent pictures on a stimulus board. The responses of the children were rated on a 4 point rating
scale.
Results: Results revealed a developmental trend in typical children between 2 to 4 years for superordinate
categorization. The performance of children between >2.0 to <2.6 years was poorer compared to other age groups
in general. There was no ceiling effect observed in any of the age groups, even in children between >3.6 to <4.0
years. Effect of gender was not observed in all the age groups and on all the superordinate categories. There was
no significant difference in the performance of children between natural categories and artifacts across age and
gender.
Conclusion: The task for superordinate categorization in typical Kannada speaking children between 2 to 4
years showed a developmental trend indicating that superordinate categorization evolves with age and may
continue after four years of age. The performance of children was not significantly different on natural categories and
artifacts and this suggests that the children were capable of identifying perceptual and functional/contextual
similarities and this could have probably helped in the categorization task, although they are differently used as a
function of context and circumstances.

Keywords: Taxonomic categorization; Superordinate categorization;
Conceptual organization; Natural objects; Artifacts; Perceptual
similarities; Functional/ contextual similarities

Introduction
Classification is a powerful cognitive process, allowing us to
organize a great deal of information efficiently and flexibly. When we
form classes, we highlight important similarities among objects and
events, treating very different items as equivalent for certain purposes,
since a particular item could be a member of many different classes.
For example, an apple can be classified under ‘fruit’, ‘food’, ‘physical
object’, etc. These classes are hierarchically organized and they honor
inclusion relations.
Taxonomic categorization involves classification of items into
groups based on similarities in the characteristics, structure, origin etc
of the stimuli. In taxonomic categorization, it is often expected that
items in a group have a strong association between them. For example,
‘lion’ is strongly associated with ‘tiger’ as both belong to the cat family.
Taxonomic categories are classified into basic, superordinate and subordinate levels [1]. The categories of ‘animal’, ‘vehicle’ and ‘furniture’
belong to the superordinate level. Subordinate levels share greater
Commun Disord Deaf Stud Hearing Aids
ISSN:2375-4427 JCDSHA, an open access journal

number of attributes when compared to superordinate level and lesser
number of attributes when compared to basic level. For example, ‘pug’,
‘gearless scooter’ and ‘armchair’ belong to the subordinate level. Basic
categories have more number of attributes associated with them. For
example, ‘dog’, ‘scooter’ and ‘chair’ belong to the basic level. Lesser
attributes are reported to be associated to superordinate level when
compared to basic level [2]. Hierarchical categorization or taxonomic
classification operates on basic categories and sets them into new order
relationships with other categories at the same level and at higher and
lower levels. Although children possess cognitive skills that enable
them to form categories and hierarchies, acquisition of the taxonomies
of a given cultural and linguistic community is a result of exposure and
experience with the language used to formulate them. Taxonomic
principles of inclusion and asymmetry emerge from these acquisitions
and are not apriority or prerequisites to them.
The superordinate domains generally include broad biological kinds
(such as animals, birds, and fruits/vegetables) or man-made artifacts
(such as vehicles and tools) [3]. The basis of category specificity
remains controversial; one influential view is that the natural kinds/
artifacts dichotomy captures a fundamental difference in the nature of
the representations underlying different semantic categories, rather
than simply reflecting the presence of two distinct knowledge systems.
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Knowledge about one class of objects (dominated by natural kinds) is
thought to be encoded principally in terms of perceptual features (size,
shape, color, etc.), whereas functional attributes (such as how we
interact with or use the object) are more salient for another class of
objects (predominantly artifacts) [3].
Typical children are reported to use the superordinate relations
naturally and spontaneously. In order to examine if 5 and 6 year-old
children could understand taxonomic relations even though they
prefer thematic ones, they were presented with a target picture and two
choice pictures, where one was thematically related and the other was
taxonomically related to the target. When the experimenter pointed to
the target and asked for “the one that goes best with this one”, children
tended to pick thematic choice, thereby indicating a preference for
thematic relation. Nevertheless, when they were asked about the
taxonomic choice, all the children could explain the taxonomic
relation. Hence it was concluded that, children have the ability to
organize objects taxonomically, but it is often obscured by their
attention to thematic relations [4].
The traditional view of organization abilities in children holds that
preschoolers have little grasp of taxonomic relations, while children
between 7 to 8 years of age understand these relations. This view is
now challenged and to a large degree replaced by the "nonshift" view,
which holds that both taxonomic and schematic knowledge are
available to the young child [5]. This view is supported by studies
which used different experimental designs in children aged 19 months
to 5 years who were reported to rely on taxonomic category relations
when tested on cued recall [6], match-to-sample [4,7,8], and forcedchoice or sorting tasks [9,10].
Two developmental models explain the concept formation in
children as follows:
1.
2.

The concepts mature based on contextual similarity (i.e., how
objects are used) [11-15].
The concepts mature based on perceptual similarity (i.e., how
objects look) [16-18].

The event schemas or scripts which are generalized representations
of the roles that people play and the objects that they interact with are
reported to develop at the end of the sensorimotor period [11,12].
With increased exposure and experience, the event schemas or scripts
are enriched wherein children begin to understand that the objects
which play the same role in a script can be substituted. This abstraction
mechanism leads to the development of the first type of superordinate
category which is slot-filler categories, in which the objects of the same
kind share functional features and occur in a similar context. In the
later stages, generalization mechanism allows the child to build
decontextualized superordinate categories. The path of development to
reach superordinate categories in children is reported to occur between
2 and 7 years of age in few studies [19]. According to some
investigators, [13-14] concept formation is driven by the role that
objects play in events and the global conceptual categories (e.g.,
animals or vehicles) which is similar to observation of
decontextualized superordinate categories [11,12] that is acquired by
7-9 months, while more precise distinctions of the basic concepts
develop later. In children as young as 14 months, specific functional
properties, such as drinking from cup, are more often generalized from
a similar concept of ‘dog to animals’ than ‘dog to vehicles’, but
nonspecific functional properties, such as entering a building, are
generalized often equally and are comparable to the concept of ‘dog to
animals’ and ‘dog to vehicles’ [15]. This suggests that by the end of the
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first year of life, some properties are generalized independent of the
visual appearance of objects and hence it is inferred that functional
similarity originates from event schemas. That is, contextual or
functional information extracted from event schemas form the basis
for the development of superordinate taxonomic concepts in the early
developmental period and continue to contribute for the development
of concepts in the later years of life.
Few other studies have suggested that object concepts develop
through the continual enrichment of perceptual categories [16-18].
During the first 3 to 4 months of life, infants form categorical
representations at both basic and superordinate levels for certain
natural objects (e.g., dogs, mammals) and certain artifacts (e.g: tables,
furniture) [16,20]. Further, the acquisition of global perceptual
categories precedes basic level categories [21]. Categorization in early
infancy is reported to be fundamentally perceptual because
modifications of the visual appearance of exemplars change infants’
categorical responses and connectionist networks which receive
physical attributes as input to reproduce infants’ behavior [21-23].
Further, with increasing age, additional knowledge is acquired in
several ways such as action with objects, language, and social
interaction, which are associated with early categorical representations
[16,17]. Object concepts are seen as having a single origin in all
children, namely a perceptual/visual origin that is thought to be
effective for all types of object. The visual information continues to
influence preschoolers’ categorization behavior, as in novel noun
generalization tasks (extending a novel name to a novel object and in
inductive generalization tasks extending a novel property to a novel
object) [24-28].
A pluralistic approach to cognitive development states that several
processes can fulfill the same cognitive function [29]. Others have
reported that the functional/contextual and perceptual/visual
similarities appear to play a role in infants’ and children’s concept
formation; they seem to rely either on functional similarity [30,31] or
on physical similarity [32,33] depending on situations. Further, the
pluralistic view predicts that each process that fits a given situation
would be utilized by a given individual. However, it is influenced by
their experience with objects and differential use of concepts such as
natural objects and artifacts [34-36].
Several other studies have also expressed that the visual and
contextual similarities might be helpful in the categorization of natural
objects and artifacts. In children aged between 4 years 2 month to 6
years 6 month, the core concepts of objects are reported to contain
both functional and perceptual properties [37]. Functional properties
were defined broadly as ‘the purpose of the item, the people or
instruments that act on the item, the way it is acted on, or the outcome
of the item’s actions’, and perceptual properties were defined as
‘physical properties, including color, shape, smell, feel, composition,
life cycle, and movement’, and further it was observed that only when
object concepts contained knowledge of both perceptual and
functional properties, objects were accurately identified by name [37].
The development of flexibility of categorization in children aged 3 to
5 years, were assessed in two experiments using a picture-matching
task [38]. Results revealed that the children were able to produce both
thematic and taxonomic types of categorization choices. Overall, a
developmental path varying from spontaneous variability in 3 year
olds to flexibility in five year olds was observed with a predominance
of one mode of response. However, a majority of 4-year-olds were
consistent on the thematic mode of response and adapted their
responses to the scenes only to a limited extent.
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A longitudinal study was carried out in children between 3 and 4
years to review the claims of pluralistic approach to concept formation
[39]. Findings in the first experiment revealed that both perceptual and
contextual similarities facilitated taxonomic grouping. Further, visual
similarity was found to be more helpful in categorizing natural objects
at the superordinate level, while contextual similarity facilitated
specifically the categorization of artifacts. The second experiment on 3
year old children revealed that their individual preference for either
basic level taxonomic (perceptually-based) or thematic (contextuallybased) relations were affected superordinate categorizations of objects
differently in both domains. In the third experiment, 5-year old
children were trained to look for either common visual properties or
common functions and it was found to differently modify
superordinate categorization of natural objects and artifacts. The
results of this study supported the pluralistic approach wherein
different cues were found to be involved in the formation of natural
and artifact concepts.
Another study on two to six year old children tested the ability of
the children in cross-classification. Two different categories were used
to test cross-classification: script (e.g: school-time items, birthday party
items) and taxonomic (e.g: animals, clothes). The results revealed that
from an early age, children form and use both taxonomic and script
categories for cross-classification [40].
In an fMRI study with match to sample task, taxonomic processing
was found to activate the visual networks that are commonly recruited
during perceptual tasks since it involves looking for similarities
between features [41].
This study aimed to analyze superordinate categorization abilities in
2-4 year old typically developing Kannada speaking children. Very few
studies have addressed the taxonomic categorization abilities in
children younger than 3 years of age [40]. Taxonomic categorization,
especially the superordinate relations are found to be difficult for
young children, though it is an important relation used by children in
word or language learning. Investigators have reported that children
rely more on thematic and slot-filler type of relations when assessed
using match-to-sample task or recall conditions [4,42-44]. Few studies
have used verbal prompt such as labeling or novel word conditions to
assess the superordinate relations and they found that children
preferred taxonomic relations in novel word conditions [10]. Hence
the type of training and instructions issued to carry out the task were
also reported to influence the children's ability to sort according to
taxonomic relations or appearance [45,46]. Few other studies have
reported that from an early age, children have the conceptual flexibility
to use different types of categorization skills such as thematic or scripts
and taxonomic [40,46,47]. Since different views are expressed and also
because very few studies have addressed the superordinate
classification abilities in children below 3 years of age, this study was
undertaken including children below 3 years of age, using selected
tasks which included classification of target stimuli presented along
with distracters under various superordinate categories.

Aim of the Study
Aim of the study was to analyze and compare the performance of
typical children in the age range of 2 to 4 years on superordinate
categorization.
The specific objectives of the study were to analyze and compare the
performance:
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Across age and gender
1.
2.

Across the types of superordinate categories
Across and within the superordinate categories belonging to
‘natural objects’ and ‘artifacts’.

Method
Participants
A total of 226 typical children were selected from different play
homes and schools in Mysore city of Karnataka. All children spoke
Kannada as their first language. These children were incipient
bilinguals, with Kannada as their first language and exposed to English
as their second language as the medium of instruction in their
preschools. The children were divided into four sub groups based on
their chronological age (>2.0 to <2.6 years; >2.6 to <3.0 years; >3.0 to
<3.6 years; >3.6 to <4.0 years). The gender distribution of the group is
shown in Table 1.
Age Groups in years
Gender
>2.0 to <2.6

>2.6 to <3.0

>3.0 to <3.6

>3.6 to <4.0

Boys

29

32

34

23

Girls

27

25

29

27

Total

56

57

63

50

Table 1: Total number of boys and girls in the study.
All the children were screened for any speech-language delay and
deviations, neurological, sensory-motor, cognitive, behavioral and
learning deficits by administering WHO disability screening checklist
[48]. They were tested for age appropriate receptive and expressive
language skills using the Assessment Checklist for Speech and
Language skills [49]. All the children belonged to middle socioeconomic status as assessed on NIMH Scale [50]. Informal screening
by the investigator was carried out to ensure that all the children had
normal or corrected visual abilities. Ethical clearance was obtained
from heads of the play homes and/or schools to enroll the children for
the present study. The school principal and parents were explained
about the purpose and procedures of the study and verbal and written
consent were taken.

Task for superordinate categorization
A total of 136, 3D-computerized color picture symbols were
developed with the help of a professional graphic designer. These
included 11 referent pictures to represent 11 different superordinate
categories (animals, fruits, vegetables, clothes, birds, furniture, flowers,
vehicles, kitchen items, body parts and insects – see Appendix). Three
pictures were used as practice items and 122 pictures used for the main
task. The pictures were subjected to ambiguity test wherein 2 SpeechLanguage Pathologists viewed the pictures and rated them on a 3-point
rating scale, where ‘0’ indicated least ambiguity and ‘3’ indicated high
ambiguity. The pictures which were judged to be least ambiguous were
included as test items. If they were judged to be ambiguous, they were
modified by graphic designer and were again subjected to rating by
SLP’s to be included only after being rated as not ambiguous.
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Procedure
The children were interviewed, one at a time, in a quiet environment
in their kindergarten premises which was a familiar environment for
them. The match-to-sample task was introduced to the children as if it
were a game. Each child was presented with a stimulus board with 12
blocks, where each of the first 11 blocks was filled with pictures symbol
depicting lexical categories of animals, fruits, vegetables, clothes, birds,
furniture, flowers, vehicles, kitchen items, body parts and insects
respectively (see list in Appendix). The referents used to depict each of
the eleven superordinate categories were as follows: a picture symbol of
‘dog’ was placed as a referent symbol to depict the category ‘animal’,
‘apple’ was used to depict ‘fruit’, ‘carrot’ for ‘vegetable’, ‘shirt’ for
‘clothes’, ‘crow’ for ‘birds’, ‘chair’ for ‘furniture’, ‘rose’ for ‘flower’, ‘car’ for
‘vehicle’, ‘glass’ for ‘kitchen items’, ‘eyes’ for ‘body pats’, and ‘mosquito’
for ‘insects’. Children were explained about each of the referent picture
by taking one or two exemplars from each category as instances. Before
carrying out the task, the child was given 3 practice items (which were
not part of the study), to ensure that they understood the task and the
instruction. Once the child understood the instruction for the task to
be carried out, the child was presented with 122 stimulus items one
after the other and instructed to place each stimulus picture that was
handed over to him/her by the investigator in the respective block/

square depicting a particular superordinate category to which the child
thought the stimulus item belonged. The investigator used the
instruction “Look at this picture. Where should you place this picture?
To which picture does this match?” No feedback was given about the
performance of the child. The 122 sets were presented in random order
across children to overcome order effect. Time taken for testing each
child was approximately 1 hour with two to three rest periods in
between and the task was completed in 1-3 sessions depending on the
attention span and motivation of the child. Younger children (2-3 years
of age) usually required more number of sessions, whereas older
children (3.6 to 4 years) completed the task in one session with 2-3 rest
periods in between. The children were reinforced with tokens or verbal
praise irrespective of their response being correct or incorrect to keep
them motivated to complete the entire task.

Analysis
The response of each child was scored as shown in Table 2. The
maximum possible score that a child could attain was 366 (if all the
122 stimulus items were performed correctly by the child without any
prompts). The total scores per child across the 11 lexical categories
were tabulated and the group scores were noted.

Score offered

Type of responses

3

Child placed the picture symbol under correct superordinate category without requiring any cue.

2

Child required a visual prompt wherein the investigator randomly pointed to few of the referent pictures including the correct referent
that matched the target, thereby reducing the number of distracters from 10 to 5.

1

Child required verbal prompt wherein the investigator named the target picture and facilitated placement of target under the required
superordinate category.

0

Child placed the target picture in an incorrect block despite the visual and verbal prompts.

Table 2: Scoring pattern for different responses on the task of superordinate categorization.

Results
The total scores and percent scores were subjected to statistical
analysis using SPSS software version 17 to address the objectives of the
study. The data was first checked for assumptions of normality, to see if
the dependent variable is normally distributed for each group for the
independent variables namely, age and gender. Shapiro-Wilk test of
normality was used and it was found that, there was normality only for
the age groups >2.0 to <2.6 years (both boys and girls) and in >3.6 to
<4.0 years (girls). The Levene’s test of homogeneity of variance was run
and it was found that, homogeneity of variance was absent in girls.
Since the assumptions of normality and homogeneity of variance were
not met for all the age groups and gender, nonparametric tests were
run on data set, to test the aims and objectives of the study. Statistical
measures such as descriptive statistics to obtain mean, median and
standard deviation, Kruskal Wallis-H test to compare across different
age groups, Mann Whitney- U test to compare between two
independent groups, Friedman test and Wilcoxon signed rank test to
compare between tasks were used in the study to meet the objectives of
the study.

scores indicate a developmental trend for the TSC task, inferring that
the accuracy of the performance increased with increase in age. The
main effect of age was significant on Kruskal Wallis-H test [(3)=97.97,
p<0.001]. Further, results of pair wise comparison of age groups using
Mann-Whitney U test on the overall TSC shown in Table 4 revealed a
significant difference in the performance of children across different
age groups wherein children of younger age groups performed
significantly poorer than the children of older age groups at p<0.008,
with large effect size (0.5>r <0.9) for all the pairs which were
significantly different.
Age group (years)
>2.0 to ≤ 2.6

>2.6 to ≤ 3.0

Effect of age and gender in superordinate categorization
The mean, median and SD of the children on the Task for
Superordinate Categorization (TSC) is presented in Table 3. The mean
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>3.0 to ≤ 3.6

Gender

Mean

Median

SD

Boys

16.14

10.38

17.22

Girls

12.18

1.91

20.36

Total

14.23

3.82

18.73

Boys

46.08

49.59

25.83

Girls

53.28

55.19

18.55

Total

49.24

53.55

23.02

Boys

49.96

56.01

25.59

Girls

66.54

70.22

13.93
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>3.6 to ≤ 4.0

Total

Total

57.59

64.21

22.48

Boys

63.67

65.03

18.26

Girls

70.6

68.03

9.69

Total

67.42

66.53

14.55

46.91

55.6

28.2

Table 3: Mean, Median and SD in percentage for the TSC across age
and gender. TSC: Task for Superordinate Categorization; SD: Standard
Deviation.

TSC Overall

The main effect of gender was found to be significant on Mann
Whitney-U test (/Z/=2.55, p<0.05). In addition, the effect of gender in
each age group revealed a significant difference in the age range >2.0 to
<2.6 years (/Z/=2.27; p<0.05), wherein boys performed significantly
better in this age group. Further, Kruskal Wallis-H test revealed a
significant difference in the performance of children across age groups
within boys [(3)=39.10, p<0.001], and also within girls [(3)=57.17,
p<0.001]. Results of Mann-Whitney U test as shown in Table 4
revealed a significant difference between boys of different age groups
with medium to large effect size (0.4>r<0.8) for the pairs which were
significantly different. Similarly, significant difference was found in the
performance of girls across different age groups with medium to large
effect size (>0.3 r<0.9) for the pairs which were significantly different.≤
TSC in Boys

TSC in Girls

Age groups (years)
/Z /
>2.0 to ≤ 2.6

>2.6 to ≤ 3.0

>3.0 to ≤ 3.6

r

/Z /

r

/Z /

r

>2.6 to ≤ 3.0

6.57**

0.62

4.00**

0.51

5.12**

0.71

>3.0 to ≤ 3.6

7.39**

0.68

4.32**

0.55

5.87**

0.78

>3.6 to ≤ 4.0

8.30**

0.81

5.51**

0.76

5.98**

0.81
0.37

>3.0 to ≤ 3.6

2.4

0.22

0.99

0.12

2.69**

>3.6 to ≤ 4.0

4.83**

0.5

3.14**

0.42

3.54**

0.49

>3.6 to ≤ 4.0

2.15

0.2

2.16

0.29

0.58

0.08

Table 4: Results of Mann- Whitney U test for pairwise comparison of age groups on TotTSC overall and in both gender groups. TSC: Task for
Superordinate categorization; **: p<0.008; r: Effect size.

Performance across superordinate categories
Figure 1, shows the mean percent scores of the children for different
superordinate categories. The observations from Figure 2 indicates that
children in all the age groups obtained highest mean percent scores on
the categories of birds, flowers, except for children of >2.0 to <2.6 years
who obtained highest mean percent scores on ‘vehicles’. Further,
children in all the age groups obtained lowest scores on clothes,
animals, furniture, followed by vegetables.

Figure 2: Developmental trend for superordinate categories across
age groups.

Figure 1: Mean percentage scores of all children for 11
superordinate categories.
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Friedman test revealed significant difference in the performance of
children across different superordinate categories [(10)=409.64,
p<0.001]. Wilcoxon signed rank test was run and the results are shown
in Table 5. Kruskal Wallis-H test revealed a significant main effect of
age on each of the eleven superordinate categories at p<0.001 levels of
significance. That is, a developmental trend was seen in all the
superordinate categories with increase in age. Further, results of MannWhitney U test revealed that children of >2.0 to <2.6 years performed
significantly poorer compared to children of all other age groups, on all
of the superordinate categories at p<0.008 levels of significance with
large effect size (0.5>r<0.7). No significant difference was found
between the performance of children of >2.6 to <3.0 years and >3.0 to
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<3.6 years on all the categories except for that of animals with small
effect size (r=0.27. However, they performed significantly poorer when
compared to children of >3.6 to <4.0 years on all the eleven
superordinate categories at p<0.008 levels of significance with medium
effect size (0.3>r<0.5). There was no significant difference found
Superordinate
categories

between children of >3.0 to <3.6 years and >3.6 to <4.0 years group on
all the categories except on fruits. In summary, highest scores were
achieved by the children in the age range of >3.0 to <3.6 years and >3.6
to <4.0 years on all the categories except for fruits which was
performed better by children of >3.6 to ≤4.0 years.

/z/ & r values

Animals

Birds

Body parts

Flowers

Fruits

Insects

Vehicles

Clothes

Furniture

Utensils

/z/

5.21**

10.80**

7.84**

10.30**

9.05**

9.25**

9.9**

5.61**

3.41**

8.60**

r

0.35

0.72

0.52

0.68

0.6

0.62

0.66

0.37

0.23

0.57

/z/

9.42**

5.34**

8.89**

6.79**

6.91**

7.91**

0.97

1.2

4.71**

r

0.63

0.36

0.6

0.46

0.53

0.06

0.08

0.31

/z/

4.46**

1.81

5.13**

3.64**

3.44**

9.62**

9.50**

6.50**

r

0.3

0.12

0.34

0.24

0.23

0.64

0.63

0.43

5.41**

1.26

Vegetables

Animals

Birds

/z/

3.73**

0.57

1.8

1.72

3.92**

r

0.25

0.04

0.12

0.11

0.26

0.34

0.08

/z/

3.99**

1.88

2.27**

8.40**

8.54**

4.98**

r

0.27

0.13

0.15

0.56

0.57

0.33

/z/

1.34

1.82

5.75**

6.19**

1.93**

r

0.09

0.12

0.38

0.,41

0.13

/z/

0.26

6.47**

7.75**

3.40**

r

0.02

0.43

0.52

0.23

/z/

7.74**

8.31**

3.08**

r

0.52

0.55

0.21

/z/

2.59

4.07**

r

0.17

0.27

Body parts

Flowers

Fruits

Insects

Vehicles

Clothes

/z/

5.24**

r

0.35

Furniture

Table 5: Results of Wilcoxon signed ranks test for pairwise comparison of superordinate categories. **: p<0.05; r: Effect size.
Results of Mann Whitney-U test revealed a significant effect of
gender on the superordinate categories of vegetables, clothes, animals,
body parts and fruits at p<0.05 levels of significance, where the
performance of boys were significantly better than girls on these
categories. Further, the effect of gender in each age group revealed a
significant difference between gender in children of >2.0 to <2.6 years
(where in boys performed significantly better on birds and flowers at
p<0.05), in >2.6 to <3.0 years (girls performed significantly better on
furniture at p<0.05), and in >3.0 to <3.6 years (girls performed
significantly better on animals, body parts, fruits, vehicles, clothes, and
utensils at p<0.05).

p<0.008 levels of significance with large effect size (0.5>r<0.9). A
significant difference was found between the performance of boys of
>2.6 to <3.0 years and >3.0 to <3.6 years only on the categories of
animals and insects with medium effect size (0.3>r<0.5). Further,
significant difference was found between the performance of boys of
>2.6 to <3.0 years and >3.6 to <4.0 years only on the categories of
birds, body parts, fruits, insects and utensils at p<0.008 levels of
significance with medium to large effect size (0.3>r<0.6). There was no
significant difference found between children of >3.0 to <3.6 years and
>3.6 to <4.0 years group on all the categories at p>0.008 levels of
significance.

Further Kruskal Wallis-H test revealed that there was a significant
difference in the performance of children across age groups in all the
11 superordinate categories within boys and also within girls at p<0.01
levels of significance. Results of Mann-Whitney U test reveals that boys
of >2.0 to <2.6 years performed significantly poorer compared to boys
of all other age groups, on all of the superordinate categories at

The response of girls of younger age groups i.e., girls of >2.0 to <2.6
years on Mann-Whitney U test were similar to the boys of the
corresponding age group at p<0.008 levels of significance with medium
to large effect size (0.4>r<0.8). Further, significant difference was
found between the performance of girls of >2.6 to <3.0 years and >3.6
to <4.0 years only on the categories of flowers, fruits, vehicles and
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furniture at p<0.008 levels of significance with medium effect size
(0.3>r <0.5).

Comparison of performance between superordinate
categories representing natural objects and artifacts
The superordinate categories were grouped into two domains
namely ‘natural objects’ and ‘artifacts’. In this study, the classification of
natural objects and artifacts was adapted from a previous study [3],
which defined natural objects as those with biological underpinnings
(such as animals, birds, and fruits/vegetables) and artifacts as man-

made objects (such as vehicles and tools)]. In this study ‘natural
objects’ included 7 superordinate categories namely vegetables,
animals, birds, body parts, flowers, fruits and insects and ‘artifacts’
included 4 categories namely vehicles, clothes, furniture and utensils.
Although the mean percentage values for the categories of natural
objects and artifacts were different across the two categories as shown
in Table 6, when Wilcoxon signed ranks test was run, the differences
were not found to be significant across categories (/Z/=0.316, p>0.05)
and the four age groups, and within gender [boys: (/Z/=1.16, p>0.05)
and girls (/Z/=0.78, p>0.05)] at p>0.05 levels of significance.

NO
Age group (in years)

>2.0 to ≤ 2.6

>2.6 to ≤ 3.0

>3.0 to ≤ 3.6

>3.6 to ≤ 4.0

ARTF

Gender
Mean

Median

Standard Deviation

Mean

Median

Standard Deviation

Boys

15.75

9.01

16.21

17.09

12.77

19.47

Girls

11.98

1.8

20.51

12.77

2.13

20.94

Total

13.93

4.5

18.33

15.01

3.55

20.13

Boys

46.59

52.7

26.58

46.25

48.94

26.04

Girls

53.05

52.7

18.98

54.78

56.74

19.33

Total

49.42

52.7

23.58

49.99

53.9

23.53

Boys

50.32

59.01

25.49

50.46

58.16

27.05

Girls

67.92

72.07

13.89

65.79

68.79

15.78

Total

58.42

65.77

22.61

57.51

65.25

23.69

Boys

63.45

63.51

18.8

65.37

68.09

19.09

Girls

72.09

71.17

11.21

69.77

70.21

10.36

Total

68.12

67.12

15.63

67.74

70.21

15.02

47.27

48.32

28.7

47.35

48.94

28.71

Total

Table 6: Percentage Mean, Median and SD for *NO and *ARTF across age and gender. NO: Natural Objects and ARTF: Artifacts.

Comparison of performance within superordinate categories
representing natural objects and artifacts
The percentage Mean, Median and SD for the natural objects and
artifacts in the superordinate categories are shown in Table 7.

Domains

Superordinate
categories

Vegetables

Natural Objects
Animals

Birds

>2.0 to <2.6 years

>2.6 to <3.0 years

>3.0 to <3.6 years

>3.6 to <4.0 years

Total

Boys

Girls

Boys

Girls

Boys

Girls

Boys

Girls

Mean

8.58

7.69

35.58

39.79

39.52

53.49

51.17

63.06

37.01

Median

5.13

0

30.77

33.33

46.15

51.28

53.85

58.97

38.46

SD

14.56

17.33

26.25

28.8

25.63

17.47

25.68

20.37

28.94

Mean

13.19

12.61

43.04

44.42

45.05

65.82

56.37

62.51

42.63

Median

8.77

1.75

50.88

45.61

53.51

73.68

56.14

63.16

48.25

SD

12.51

21.1

25.72

19.5

24.67

18.95

21

14.85

27.61

Mean

20

12.35

56.77

66.13

63.43

75.98

76.23

85.93

56.71

Descriptive
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Body part

Flowers

Fruits

Insects

Vehicles

Clothes

Median

13.33

0

68.33

76.67

73.33

80

80

86.67

70

SD

22.84

23.6

33.45

23.92

34.11

18.05

22.97

12.86

35.24

Mean

19.23

12.68

48.96

57.82

49.38

70.95

64.82

74.41

49.33

Median

6.06

3.03

54.55

66.67

50

75.76

69.7

81.82

51.52

SD

26.3

21.15

30.07

24.15

30.98

23.03

28.76

23.76

33.52

Mean

23.22

13.83

54.58

68.8

61.96

71.26

72.75

79.51

55.34

Median

20

0

60

66.67

73.33

73.33

80

80

66.67

SD

21.35

21.32

28.26

19.51

30.64

18.44

18.08

13.83

31.53

Mean

15.98

13.95

46.46

57.07

50.98

73.91

70.58

78.77

50.35

Median

10

0

51.67

60

53.33

73.33

73.33

83.33

56.67

SD

16.98

25.47

29.68

23.91

28.14

17.86

22.71

15.64

32.5

Mean

19.35

12.55

53.99

58.67

59.48

74.14

69.08

77.37

52.85

Median

5.56

0

66.67

55.56

72.22

77.78

72.22

83.33

61.11

SD

23.92

23.35

31.99

21.22

31.24

18.68

24.78

11.42

33.07

Mean

26.19

17.02

50.3

58.57

55.25

71.43

72.26

72.84

52.53

Median

28.57

4.76

52.38

61.9

57.14

73.81

73.81

71.43

58.33

SD

25.32

25.57

28.16

21.85

28.46

18.8

21.15

13.41

30.41

Mean

13.12

11.32

41.75

54.67

46.73

62.84

60.75

66.26

44.19

Median

5.56

0

38.89

55.56

52.78

66.67

58.33

69.44

52.78

SD

20.55

20.67

28.9

19.49

28.87

14.87

18.94

12.3

29.31

Mean

11.93

9.72

37.76

51

47.79

58.33

59.42

58.49

41.39

Median

4.17

0

37.5

54.17

52.08

58.33

58.33

58.33

41.67

SD

16.01

19.23

24.06

19.74

29.23

19.19

22.45

17.28

28.4

Mean

14.15

11.4

51.28

53.13

50.38

67.02

65.89

76.64

48.35

Median

5.13

0

61.54

51.28

56.41

69.23

76.92

82.05

56.41

SD

22.84

22.64

29.6

26.1

29.63

21.23

23.72

15.29

32.79

Artifacts

Furniture

Utensils

Table 7: Percentage Mean, Median and SD for each category in the domains of natural objects and artifacts. SD: Standard Deviation.
From Table 7, it can be observed that the children scored the highest
for the category of birds and the least for the category of vegetables
within natural objects. Similarly, children scored highest for the
category of vehicles, and lowest for the category of furniture within
artifacts. Friedman test revealed significant difference in the
performance of children between all seven categories of natural objects
[(6)=251.18, p<0.01]. Further, Wilcoxon signed rank test revealed a
significant difference between all of category pairs of natural objects at
p<0.001 level of significance, except for flowers-birds (/Z/=1.81,
p=0.07), fruits – body parts (/Z/=0.57, p=0.57), insects- body parts
(/Z/=1.80, p=0.07), insects- flowers (/Z/=1.88, p=0.06), and insectsfruits (/Z/=1.34, p=0.18).
Within the pairs of Artifacts, Friedman test revealed a significant
difference in the performance of children between the 4 categories of
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artifacts [(3)=100.40, p<0.01]. Further, Wilcoxon signed rank test
revealed a significant difference between all the artifact pairs at
p<0.001 level of significance. That is, they performed significantly
better on the category of vehicles, followed by utensils, clothes, and
furniture.

Discussion
The task for superordinate categorization in children between 2 to 4
years showed a developmental trend. The performance of children
between >2.0 to <2.6 years was poorer on the task of superordinate
categorization despite being facilitated with cues. In comparison,
children above the age of 2.6 years showed a better performance. There
was no ceiling effect observed in any of the age groups, even in
children between >3.6 to <4.0 years, who obtained a maximum score
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of 67%, which shows that superordinate categorization evolves with
age and may continue after four years of age. The performance of the
children in the higher age groups (>3.6 to <4.0 years) was better than
the lower age groups suggesting that with increase in age, the ability to
identify functional relationships within the superordinate categories
improves and this could probably be due to improvement in cognitive
abilities. This could also be attributed to increase in vocabulary and
familiarity with age for category labels such as birds, flowers, dress,
body parts, fruits etc as a reflection of exposure at home and preschool
environments. Further, categorization of superordinate items such as
vehicles, flowers and birds were better when compared to other
categories such as animal. For example, children in the higher age
group could label ‘mango’ as a ‘fruit’ when asked whether ‘mango’ is a
‘fruit or vegetable’, where as they failed to label ‘dog’ as an ‘animal’
when asked whether dog was an animal or bird. Hence it can be said
that the ability of superordinate categorization was yet to mature even
in children of >3.6 to < 4.0 years. Similar results were reported in
earlier studies [4,42-44]. These studies found that young preschoolers’
conceptual knowledge was confined to the level of slot-filler form of
taxonomic categorization which are event or context bound relations
(e.g., food eaten at lunch), with mastery of superordinate categories
with age and maturation of cognitive processes such as the ability to
identify the abstract functional relationships and commonalities
between different slot-filler categories and language growth to
recognize that the same superordinate term applies across slot-filler
sets. Further, it is observed that the performance of children in each of
the age groups is highly variable (very high standard deviation), which
suggests that the ability of superordinate taxonomic categorization is
not homogenous within the group; individual differences are possible.
Similar trend was found in earlier studies conducted by [38,40]. Other
studies also reported that children do not acquire the concept of
superordinate categorization until 7 to 8 years of age [51-54]. Contrary
to the observations made in these studies, the results of this study
suggests that the concept of superordinate categorization starts
emerging in children as young as 2.6 years and gets better with age.
There was no scope to compare these results with mature adults and
hence it is not sure whether the evolution of these categorization
abilities continues up to adulthood.
Further, the response pattern of children in the different age groups
varied. Many children in the >2.0 to <2.6 years group did not seem to
understand the concept of categorization. Few of these children were
observed to respond randomly despite controlling the instructions and
the cues. For example, some children matched beans to crow, owl to
glass, rabbit to glass. Few others seemed to partially understand the
concept of grouping, basing it on matching for perceptual similarities
that were largely influenced by colors. For example, matching a blue
colored vessel to a referent representing the category of vehicles, which
were also blue in color.
Few of the children were confused when categories which were
semantically similar such as fruits and vegetables and vice-versa were
presented. For example, matching banana with carrot, cabbage with
apple etc. Few of these children also showed thematic and functionally
guided responses like matching knife to apple, shirt to cup-board. The
younger children required more cues such as visual prompting and
naming to perform better on the categorization task than the children
of higher age groups who could perform better with visual prompting
wherein the number of distracters was reduced and they also required
lesser prompts in the form of naming when compared to children in
younger age groups. The response pattern of children in the >2.6 to
<3.0 years age group in the categorization tasks were similar to that of
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>2.0 to <2.6 years, but showed differences while categorizing the
members of ‘birds and insects’ and ‘animals and insects’. This can also
be viewed as the ability to categorize the stimuli based on semantic
cues as both the categories were related semantically. Further, the error
patterns of the children in the age group of >3.0 to <4.0 years were
similar to that of >2.6 to <3.0 years.
Also, no significant difference emerged in the performance of
children when compared across natural objects and artifacts; age
groups and gender. This suggests that the 2 to 4 year old typical
children have acquired the concepts of perceptual similarities and
functional/contextual similarities which help them categorize natural
objects and artifacts though they are differently used as a function of
context and circumstances. These results are in consonance with the
view expressed in the "Pluralistic approach" [29], according to which
both functional/contextual similarities and perceptual/visual
similarities appear to play a role in infants’ and children’s concept
formation. This was further supported by other studies [55,56].
The responses of the children for items belonging to natural objects
were better for the categories of birds and flowers, followed by insects,
fruits, body parts, vehicles, and utensils. On the other hand, poor
responses were observed for the categories of clothes, animals,
furniture and the least on vegetables. This suggests that the children
probably scored better for categories with high perceptual similarity to
the referent (such as birds and flowers) compared to the categories
with poor perpetual similarity to the referents (such as animals and
vegetables). It was also observed that although all the items of the
categories of birds and flowers were not within the expressive
vocabulary of the children, they probably depended on their
conceptual representations of overall features of birds such as presence
of beak, wings, and their familiarity with the category term for bird
[‘Pakshi’ (bird) in Kannada], functional concept such as ‘fly’ etc and
hence showed better performance for this category compared to the
category of animals which had more diverse perceptual features
compared to birds. The category items of animals were better known to
the children by their names such as dog, cat, cow, etc. than their
familiarity with the superordinate term of animals [‘Praani (Animal) in
Kannada]’. Similarly the better performance for the category of flowers
could be due to the overall similarity in the form of different flowers,
and familiarity with the category label [‘hoova’ (flower) in Kannada]’.
It could also be speculated that in most instances, the exposure to the
categories of animals and vegetables can be more frequent in children
compared to the categories of birds and flowers and hence along with
the factor of perceptual similarity, exposure and familiarity with the
term indicating the category holistically along with the knowledge of
functional attributes could have aided the performance. Similar view
was expressed by other investigators [37] who reported that the core
concepts of objects in children aged between 4 year 2 month to 6 year 6
month contained both functional and perceptual properties. The
findings of this study can also be compared with the view expressed by
investigators [57] who observed that the taxonomically related items
share one or more attributes and that in early phases of development,
the shared features that define a class for the child are likely to be
perceptual (e.g., dogs and cats look alike in many respects) and/or
functional (e.g., dogs and cats are both treated as pets), but with
increasing age, children seem to acquire the potential to appreciate the
abstract features which define superordinate levels of taxonomic
relations (e.g., birds and buffalo are both living beings). They [57] also
reported that 2-year-olds were capable of recognizing a variety of
taxonomic relations, but their ability to do so was largely depended on
the presence of shared perceptual features. This view was also
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supported by a study [41] wherein it was hypothesized that taxonomic
relations would selectively activate visual networks because they entail
similarity of features.
The performance of children on matching the artifacts revealed
better performance for the category of vehicles, followed by utensils,
clothes and furniture. The combined effects of high functional use/
similarity between the members of the vehicles (such as the concept
that all the vehicles move), frequency of exposure and attraction level
of the stimuli to the children of this age group, and also the perceptual
similarities between the members of this group (for example, most of
the vehicles have wheels), could be the reason for the better
performance for the category of vehicles compared to other categories.
It was noted that perceptual similarity, familiarity with the
superordinate label, and contextual similarity probably facilitated the
responses of the children and helped in categorization of natural
objects. On similar lines, it is observed that the functional or
contextual similarity, actions performed, and to some extent perceptual
similarities helped children to respond better for the artifacts. Further,
the amount of exposure and experiences with the stimuli, attraction
level of the stimuli served as additional factors to aid in the
performance of children on both the categories. These observations are
in line with a study [39] which reported that the developmental
mechanisms of concept formation differ according to the objects
involved and in this way support the ‘pluralistic approach’ [29,58]
rather than views based on either ‘contextual similarity [12,14] or
‘perceptual similarity’ [17] of development of superordinate concepts.
Another study [39] revealed that by 4 years of age, contextual similarity
serves as an efficient cue to group artifacts than the natural objects,
while visual similarity helps in the categorization of natural objects,
suggesting that different mechanisms might be at work as a function of
the objects involved and the children’s own preferences, during concept
formation.

Conclusion
The superordinate categorization abilities showed a clear
developmental trend with age and emerged in children as young as 2.6
years and continued to progress up to the age of >3.6 to <4.0 years.
Effect of gender was not consistent, as gender effect was not seen in all
the age groups and on all the superordinate categories. A
developmental trend was also seen in each of the eleven superordinate
categories where the performance of children got better on each
category with age. Overall the performance of children was better for
categories of ‘birds’, ‘flowers’, ‘insects’, and was poor for the categories
of ‘clothes’, ‘animals’, ‘furniture’, vegetables’. The performance of
children was not significantly different for natural categories and
artifacts across age and gender, suggesting that the children could have
acquired the concepts of perceptual similarities and functional/
contextual similarities which helped in categorizing natural objects and
artifacts although they are differently used as a function of context and
circumstances. Further, the results highlighted the role of perceptual
similarities, functional/ contextual similarities and familiarity with the
superordinate label, as key factors in superordinate categorization.
Other factors that seemed to influence the responses in the
superordinate categorization task included the amount of exposure,
experience with the stimuli and the level of attraction towards the
stimuli.
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