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Abstract

We aimed to investigate meaning expansion from the perception of unknown shapes-that is,
nonobjects-among 82 Japanese university students and compare the results with a previous
American study. Participants were shown 10 nonobjects and were required to indicate what the
unknown shape looked like. The responses were grouped into categories, and the Japanese and
American responses were compared. Although there were some differences in expressive forms
and categories between languages, most of the semantic representations associated with the
nonobjects belonged to the same category, indicating the relativity and universality of language.

1. Introduction

When children and adults acquire new knowledge, they need to constantly update their perception
and memory and integrate events they have experienced in the past with the new information”. In other
words, when we encounter a new word or the shape of an object, we recall a known word or shape. This
associates the known semantic representations to the features of the new object?.

The constraints on vocabulary acquisition include whole object constraint, taxonomic constraint”, mutual
exclusivity”, and shape bias”. Shape bias originates from the symbolic nature of language, as described
above®. According to Gershkoff-Stowe and Smith”, paying attention to an object’s shape can speed up noun
acquisition in a child. Therefore, the effect of object shape on vocabulary acquisition was suggested to be
significant.

Storkel and Adlof® conducted a study in which 82 English-speaking university students and 92 preschool
children were presented with pictures of nonobjects (nonexistent objects) and asked what they looked like.
They investigated the semantic neighbor and semantic set size of nonobjects by aggregating the words
that participants associated with each nonobject and proposed applications for future studies on word
learning and nonverbal memory. Studies have been conducted to investigate words learned and semantic
representations using the size of passive vocabulary”, a word-sense explanation task to explain the meaning
of words”, and a word recall task to list words belonging to a category'’. However, there are no studies that
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have investigated semantic neighbors using semantically related representations among Japanese speakers.
This study aimed to investigate the semantic neighborhood of Japanese university students in terms of
their perception of unknown shapes (nonobjects), following Storkel and Adlof’s method®. Furthermore,
we examined differences in semantic representations across languages by considering the individual and
cultural differences.

2. Methods

2.1 Participants
82 university students (23 men and 59 women) with a mean age of 21.1 years (SD 0.95) participated in the
study.
2.2 Stimuli and procedure
The stimuli used in this study were the 10 nonobjects used by Storkel and Adlof® (Table 1), which are
line drawings created by tracing and stitching together parts of real figures taken from the 88 nonobjects
created by Kroll and Potter”

cm long and 21-cm wide piece of paper on which a nonobject was drawn. They confirmed that they could

. The participant was presented by the examiner (the first author) with a 13-

see the nonobject clearly, and then were asked, "What does this look like? Please say the first word that
comes to your mind." The participant’s response to each stimulus was recorded by the examiner.
2.3. Data analysis

To investigate the semantic neighbor of each of the 10 nonobjects, we used the same analysis method as
Storkel and Adlof®. Semantic neighbors of the nonobject were defined as words answered by two or more
participants that were recollected. The number of semantic neighbors was counted for each nonobject, and
the number of semantic neighbors was defined as the semantic set size, which indicates the extent of the
meaning of the nonobject.

Since some of the words uttered by the participants had slightly different forms, similar words were
merged by referring to Storkel and Adlof’s procedure®, For example, "cash register machine" and "cash
register' were combined as it was assumed that the imagined object was the same. To compare the
semantic neighbor between this study and its English counterpart®, it was necessary that the labels to
be compared were the same. Since it is difficult to accurately translate English words into Japanese'?,
we selected 11 categories from the semantic neighbors of both studies and defined category neighbors as
superordinate concepts (1. General Tool, Equipment, Device, 2. A Living Thing, 3. Clothing, Accessories,
Footwear, 4. Physical Structure and Function, 5. Art 6. Movement, Appearance, Sport, 7. Food and Drink,
8. Information (including letters), 9. Plant, The Four Elements, Landform, 10. Game, Toy, 11. Trash). The
semantic neighbors associated with each nonobject were classified by category neighbors, and the number
of category neighbors for each nonobject was defined as the category set size. Two speech-language
pathologists (first and last authors) determined the categories to ensure the reliability. All the authors
checked whether the classification and wording of the categories were appropriate. Any disagreements or
doubts regarding the categorization or wording were resolved through discussion.

Finally, to compare category neighbors between studies, the percentage of the total number of category
neighbors obtained for all nonobjects was compared using Fisher’'s exact probability test with Holm’s
method adjusted for p-value.

Neighbor strength was calculated by dividing the number of respondents for each semantic neighbor
by the total number of subjects (n = 82) in accordance with Storkel and Adlof®. This value indicates the
percentage of participants who recalled the semantic neighbor. Spearman’s correlation analysis was used
to examine the correlation between the semantic set size and the first, second, third and fourth strongest
neighbor for each nonobject.

2.4. Ethics statement

The research ethics committee of Kawasaki University of Medical Welfare (No. 18-107) approved the

experimental procedures of this study in advance. Prior to the experiment, we obtained written informed
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consent from each participant after informing them of the study purpose, methodology, risks, handling of
personal information, benefit of the study’s results, rights to withdraw, and voluntary participation.

3. Results

The category neighbors, semantic neighbors, neighbor strength, semantic set size, and category set size
for the 10 nonobjects are shown in Table 1. The categories associated with each nonobject are shown in
each row, and the semantic neighbors, the number of respondents, and neighbor strength are shown in
parentheses in the "Category Neighbors' column. The average number of recollections for each nonobject
was 115 * 35 (range 7-15) in this study, and 9.8 = 2.1 (range 7-12) in Storkel and Adlof®,

The relationship between the semantic set size of each nonobject and the neighbor strength was
significantly negatively correlated only with the first strongest neighbor (+ = -75, p = .011). The second,
third, and fourth strongest neighbor did not show any significant correlation with semantic set size (second:
r =-35, p = .320; third: » = -31, p = .386; fourth: » = -.05, p = .893).

Across 10 nonobjects, we compared the proportions of types of category neighbors between this study
and Storkel and Adlof’s study®, and significant differences were found among all nonobjects (p < .05).
Next, we compared the total number of categories represented in this study and in Storkel and Adlof’s
study®. As shown in Figure 1, there was a significant difference between some of the pairs (p < .001~.05).
In particular, "Movement, Appearance, Sport" and "Information (including letters)" were associated with
English-speaking participants significantly more frequently than most other categories. On the other hand,
there was no significant difference between the categories expressed in English and Japanese for the other

pair combinations.

4. Discussion

In the present study, we examined the expansion of meanings associated with the first visual stimuli
(nonobject) in different linguistic regions, referring to the work of Storkel and Adlof®. In this study, as
well as in Storkel and Adlof’s study®, we found a significant negative correlation between the size of the
semantic set and the first strongest neighbor. In other words, the larger the semantic set size, the weaker
was the neighbor strength of the word and vice-versa. Therefore, nonobjects with a large semantic set
size were seen differently among participants, suggesting that a variety of words are associated with
these nonobjects. On the contrary, the smaller the semantic set size of a nonobject is, the less likely it is
that its associated meaning will be broadened, and the more likely it is that many people will imagine an
approximation to an unknown object. In addition, the second, third, and fourth strongest neighbors were
not correlated with the semantic set size. This suggests that nonobjects with a large semantic set size
are more likely to be associated with many words, while words that are associated with the second or
subsequent strongest neighbors are less likely to be affected by the semantic set size, which means that
these nonobject stimuli are suitable for examining the semantic neighbor of the subject, since they are less
sensitive to semantic set size and can measure word recall ability.

The category neighbors for each nonobject differed between the Japanese and the American studies®.
It is suggested that the words associated with the 10 nonobject stimuli reflect the participants’ past
experiences” and the influence of the participants’ culture. It is also possible that different groups of these

" states that the role of our intrinsic cognitive

objects had different perspectives regarding nonobjects. Malt
abilities becomes more influential when the surrounding environment does not present us with perceptually
and cognitively obvious chunks of information. The nonobject has no obvious coherence and therefore
has few environmental cues. Thus, the responses associated with this task may reflect human cognitive
abilities, including individual and culture-specific views. On the other hand, when we look at the total
percentage of categories represented by the 10 nonobjects (Figure 1), we see that Storkel and Adlof® found
that two categories, "Movement, Appearance, Sport" and "Information (including letters)," were associated
with a higher percentage of nonobjects than in the present study. However, there was no difference in the
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Figure 1 Comparison between categories in the present study and Storkel and Adlof’s study®

frequency of associations between the studies in the other categories. Therefore, the overall perception of
the expansion of meaning associated with the perception of nonobjects might be universal in a similar age
group, regardless of cultural differences.

The target population of this study was limited to university students; the age range was narrow.
Therefore, the difference in semantic expansion by age was well controlled. In terms of gender, however,
this study had a large proportion of women (72%) compared to men (28%), whereas Storkel and Adlof’s
study® had a nearly equal proportion of men (48%) and women (52%). Thus, future studies need to consider
the impact of gender differences.

5. Conclusion

In this study, we examined the semantic neighbors associated with nonobjects and compared them across
languages, referring to the work of Storkel and Adlof®. The semantic neighbor (the form of expression
recalled by the participants) was found to be diverse among languages, indicating the individuality of each
language, while the category neighbor (the macro rather than the micro level) suggested that a few non-

overlapping and many overlapping expressions belonging to universal categories were associated.
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