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ABSTRACT

[T9TETE Brain trauma evidences suggest that the two grammatical categories of noun and verb are pro-
¢ cessed in different regions of the brain due to differences in the complexity of grammatical and semantic
Received: 24 Aug 2019 : information processing. Studies have shown that the verbs belonging to different semantic categories
Accepted: 05 Jan 2020 ¢ lead to neural activity in different areas of the brain, and action verb processing is related to the activ-
¢ ity of motor and pre-motor areas of the brain. Researchers use different tasks to evaluate action verb
processing. The most common tasks are action naming and action fluency tasks. Although these types
of tasks are sensitive to deficits in action verb processing, they do not specify the nature of the injury. To
understand whether dysfunction in action verb processing is due to difficulty in lexical access or specific
impairment in semantic processing, it is necessary to design a specific test to evaluate lexical-semantic
processing. Semantic Similarity Judgment (SSJ) test targets the lexical-semantic encoding at a deep and
controlled processing level. The purpose of the present study was to develop a SSJ test for Persian action
verbs and non-action nouns and determine its content validity.
In this methodological study, 70 Persian action concrete verbs and 80 Persian non-
action concrete nouns were first selected. For each word, a semantically related word based on func-
tional, physical, categorical features and similarity in action was selected according to the opinion of 4
experts (3 speech-language pathologists and one linguist) using a 7-point scale. For semantic similarity
rating, only the pairs of words with a high semantic similarity score (5 to 7) remained and the rest were
omitted. Then, for each pair of semantically related words, a semantically unrelated word was selected.
After determining content validity qualitatively by three experts and removing inappropriate items, for
matching the two sets of nouns and verbs, the lexical and psycholinguistic characteristics of the remain-
ing words (207 nouns and 156 verbs) including frequency, number of syllables, phonemes, letters, pho-
nological and orthographic neighbors, action association, imageability, familiarity and age of acquisition
were extracted by 18 volunteers (13 speech-language pathologists and linguists and 5 parents selected
by a convenience sampling method) based on a 7-point scale. The verbs with low action associations and
the nouns with high action association were removed and then, the two sets of words were matched
for other lexical and psycholinguistic characteristics. Finally, 34 triples of verbs with high action associa-
tion and 34 triples of nouns with low action association were selected. In both noun and verb sets, the
words were chosen in such a way that, in order to judge, the semantic features of the words need to be
carefully considered. Data analysis was performed using descriptive statistics and independent t-test.
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[EENTE The results revealed that there was no statistically significant difference in the mean of lexical
and psycholinguistic characteristics (P>0.05), except in action association between two sets of verbs
(5.86+0.51) and nouns (1.9240.45) (P=0.000). Action association rating revealed that the present set
of action verbs evoked stronger action associations than nouns. Independent t-test results for triplets
showed no statistically significant difference in the mean word length in each triplet including the num-
ber of syllables, phonemes and letters (P>0.05).

[@TTIELT The designed SSJ test with 102 action verbs and 102 non-action nouns was developed in 68
triplets. It enables the comparison of two different grammatical categories, and can be used to evaluate
action word processing at a controlled level. It can also be used to test the hypotheses of embodied cog-
nition theory in order to evaluate the role of motor system and the impact of damage to this system on
the linguistic and cognitive functions, especially in patients with neuromotor and cognitive impairments
such as aphasia, dementia, developmental and acquired stuttering, Parkinson’s disease or other motor
disorders in medical centers and for research and intervention purposes.

Extended Abstract provide verbal answers and not separating the speech mo-
tor planning stage from other pre-motor stages of language
Introduction processing. In addition, it is not possible to draw definitive

europsychological evidence in brain injury
patients has shown that the two grammatical
categories of nouns and verbs are processed
in different areas of the brain [1]. A review of
behavioral, brain imaging, and electrophysi-
ological studies in individuals with brain injury indicates
that verbs are more likely to be affected than nouns [2-5].
In general, verbs are inherently more complex than nouns
due to their pivotal role in a sentence as well as their mor-
phological complexity [6], and create more semantic pro-
cessing load [7, 8]. Therefore, their processing needs more
support from meaning selection mechanisms as well as the
integration of cortical and subcortical regions [9].

In particular, the processing of action verbs is related to
the activity of motor and pre-motor areas of the brain [10].
Recent studies have shown that, during understanding and
expressing the action verbs, the same areas of the brain
involved in planning and performing the movements that
describe those words are active [11-14]. The association
between language defects and damage to motor areas of the
brain has been shown in patients with movement disorders,
especially Parkinson’s disease [15-20]. The results of these
studies have led to the formation of the theory of embodied
cognition [21, 22]. Linguistic and cognitive assignments
are useful tools for testing the hypotheses of this theory.
In evaluating action word processing, three types of tasks
are used: 1. Word-retrieval tasks; 2. Semantic processing
tasks [17, 23-26]; and 3. A combination of these two types
of tasks [20].

Naming is the most common task of lexical examination
[15, 27-29]. Action verbal fluency [18, 19, 30], as another
word-retrieval task, requires semantic, lexical, or grammat-
ical analysis [31]. One of the limitations of these tasks is to

conclusions as to whether the observed damage is due to
word retrieval problems or the involvement of specific pro-
cessing levels such as semantic encoding. To understand
whether the action verb processing defects are due to word
access problems or special damage at any level of language
processing, a special task needs to be designed.

The Semantic Similarity Judgment (SSJ) test targets lexi-
cal-semantic encoding and, by distinguishing it from other
levels of linguistic encoding, can detect damage at this level
of processing. To perform this test, the target word at the
top and the two related and unrelated semantic words at the
bottom of the page are presented in a triangular arrange-
ment. Then, participants are asked to judge which of the
two lower words is more semantically similar to the upper
word. Due to the clear comparison and judgment between
the meaning of the words and, finally, the decision that is
made, its implementation requires access to deeper and
controlled processing levels; therefore, it puts more cogni-
tive load on semantic sources.

The use of tasks that specifically address semantic pro-
cessing can provide stronger support for evidence of se-
mantic impairment in patients with motor neuron diseases
[20]. Due to the lack of a valid test for judging the seman-
tic similarity of verbs and nouns in Persian language and
considering its importance, the purpose of this study is to
design a SSJ test of two categories of action verbs and non-
action nouns in Persian language and to evaluate its content
validity in a qualitative manner.

Materials and Methods

This is a methodological study. The development of SSJ
test was done in three steps: Selecting appropriate lexical
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stimuli, designing triplets of nouns and verbs, and deter-
mining the psycholinguistic and lexical features of stimuli.

Selecting appropriate lexical stimuli

At this stage, appropriate lexical stimuli including 80 non-
action concrete nouns and 70 action concrete verbs in dif-
ferent occurrence frequencies and lengths (number of syl-
lables, phonemes and letters) were selected. For each word,
a semantically related word was chosen. Content validity
was determined qualitatively with the help of 3 experts (one
linguist and two speech-language pathologists) and inap-
propriate words were eliminated according to them. The se-
mantic similarity of the pair of semantically related words
(target words and semantic related words) was determined
based on a 7-part scale with the opinion of 4 experts (3
speech-language pathologists and one linguist). Criteria of
semantic similarity between nouns was existence of simi-
larity in conceptual properties (including two functionally-
related and category-related properties) and perceptual
properties [32]; and for verbs, it was existence of similarity
in action and activity between two words.

Designing noun/verb triplets

For each pair of semantically related words, an action verb
or a non-action noun that had no semantic connection with
the target word was selected. In general, the words were
chosen in such a way that for comparison and judgment,
the minor aspects of the meaning of the words to be con-
sidered, which increases the cognitive load of this task. At
this stage, the content validity was evaluated qualitatively
based on the appropriateness of the semantically unrelated
word and also its relationship with the target word, by two
experts (two speech- language pathologists) and inappro-
priate words were removed and replaced. In this way, two
nooun and verb triplets were designed. Each of the triplets
consisted of a target word, a semantically related word, and
a semantically unrelated word

Determining the psycholinguistic and lexical features of
stimuli

Lexical features included number of syllables, number of
phonemes, number of letters, number of phonological and
orthographic neighbors, and frequency of occurrence. In-
formation about the frequency of each word was extracted
from the Persian language database [33]. Psycholinguistic
features included action association [34], imageability, age
of acquisition, and level of familiarity, which were collected
and extracted using a 7-point scale and based on the opinion
of 18 experts and native Persian-speaking parents (14 spe-
cialists and 4 native Persian speakers aged 31-40 years with
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amean age of 35 years) [ 16, 34] face-to-face and online (via
e-mail). Nouns with very little or no action association, as
well as verbs with high to very high action association were
remained and others were removed. Finally, 102 non-action
nouns (34 triplets of nouns) and 102 action verbs (34 trip-
lets of verbs) that were matched for lexical and psycholin-
guistic features (except for action association) were chosen.

Results

In this section, the results of the analysis are presented in
two sections; one related to the two lists of nouns and verbs
and one related to the triplets of nouns and verbs.

Results related to the two lists of nouns and verbs

After selecting the appropriate words and examining their
content validity in a qualitative manner, the lexical char-
acteristics of each word were extracted based on available
sources. Then their psycholinguistic features were collect-
ed, extracted and analyzed using a 7-point scale, based on
the opinions of 18 experts and a number of parents. Table
1 shows the descriptive statistics of the lexical and psycho-
linguistic characteristics of the two sets (nouns and verbs).
In order to compare the mean of lexical and psycholinguis-
tic characteristics between the two sets, the independent
t-test was performed at a predetermined alpha level of 5%.
Before performing independent t-test, Levene’s test was
performed to test the equality of variances between the two
groups. For variables in which variance equality was not
reported, a modified degree of freedom was used.

Table 2 shows the results of the independent t-test. The
results show that the two word lists did not have a sta-
tistically significant difference (P>0.05)in the following
variables: number of syllables (t177.35=1.18, P=0.23),
number of letters (t178.53=0.63, P= 0.52), number of
phonological neighbors (t202=-0.08, P=0.93), number
of orthographic neighbors (t202=-0.63, P= 0.52), word
frequency (t202=-0.49, P=0.62), familiarity (t202=0.87,
P=0.38), age of acquisition (t202=1.68, P= 0.09) and im-
ageability (t182.44=1.09, P= 0.27);however, the differ-
ence between them was significant in terms of the mean
number of phonemes (t202=-2.27, P=0.02) and mean de-
gree of action association (t202=-57.38, P=0.000) which
was negligible (mean difference=0.58).

Results related to the noun/verb triplets

The mean number of syllables, phonemes and letters
in each of the triplets were in a range of 2.33-4.33, 5.33-
11.33 phonemes and 4.66-8, respectively. Table 3 shows
the descriptive statistics of the word length of noun/verb

Azimi T, et al. Developing a Semantic Similarity Judgment Test for Persian Action Verbs and Non-action Nouns. RJ. 2020; 21(2):154-181.



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=en&sid=1

Archives of

Rehabilitation

Table 1. Descriptive statistics of lexical and psycholinguistic characteristics of 102 nouns and 102 verbs

Set 1 (Nouns) Set 2 (Verbs)
Variables

MeantSD Max. Min. MeantSD Max. Min.
Number of Syllables 79.0+29.3 7 2 3.15+56.0 6 2
Number of Phonemes 7.29%+2.03 14 4 8.50%1.26 13 6
Number of Letters 6.40+1.69 11 3 6.72+41.1 10 4
Number of Phonological Neighbors 1.52+1.79 10 0 1.54+1.60 8 0
Number of Orthographic Neighbors 2.05+2.19 11 0 2.24+1.99 8 0
Frequency 178.02+494.95 3492 0 230.21+940.29 8815 0

Action Association 1.91+0.45 2.79 1 5.8540.52 7 4.52

Imageability 6.40£0.59 7 4.44 6.32+0.42 7 5.11

Age of Acquisition 3.26x1.04 5.82 1.25 3.01+1.10 5 1.15
Familiarity 5.20+1.13 7 2.23 5.06+1.19 7 2
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Table 2. Independent t-test results for lexical and psycholinguistic characteristics of nouns and verbs

95%Cl
M SeEe
Lower Bound ::3:;
Number of syllables 0.13 0.11 1.18 177.35 0.23 -0.09 0.36
Number of phonemes -0.58 0.25 -2.27 202 0.024 -1.09 -0.07
Number of letters 0.12 0.20 0.63 177.53 0.52 -0.27 0.52
Number of phonological neighbors -0.01 0.23 -0.08 202 0.93 -0.49 0.45
Number of orthographic neighbors 0.18 0.29 -0.63 202 0.52 -0.76 0.39
Frequency -52.18 105.21 -0.49 202 0.62 -259.64 155.27
Action association -3.93 0.06 -57.38 202 0.000 -07.4 -3.80
Imageability 0.07 0.07 1.09 182.44 0.27 -0.06 0.22
Age of acquisition 0.25 0.15 1.68 202 0.09 -0.04 0.55
Familiarity 0.14 0.16 0.87 202 0.38 -0.17 0.46
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Table 3. Descriptive statistics of the word length of noun/verb triplets

Triplet MeantSD Max. Min.
Number of syllables 3.2940.53 4.33 2.33
Noun triplets Number of phonemes 7.9741.22 10 5.33
Number of letters 6.42+0.93 8 4.66
Number of syllables 3.15+0.42 4 2.33
Verb triplets Number of phonemes 8.39+1.39 11.33 533
Number of letters 6.25+0.81 8 5
Rehabilitation
Table 4. Independent t-test results for the mean word length of noun/verb triplets
95%Cl
arebes IVIe:-lennz:.ﬁer- Stdf.ef':'::emf- t g '?;lgle(dz) Lower Lower
Bound Bound
Number of syllables 0.13 0.11 1.16 66 0.24 -0.09 0.37
Number of phonemes -0.42 0.31 -1.32 66 0.19 -1.05 0.21
Number of letters 0.17 0.21 0.83 66 0.40 -0.24 0.60

triplets. The results of independent t-test showed no signifi-
cant difference in the mean number of syllables (t66=1.16,
P= 0.24), phonemes (t66=-1.32, P= 0.19), and letters
(t66=0.83, P=0.40) between triplets (Table 4).

Discussion

The purpose of the present study was to introduce and de-
sign a SJJ test of Persian nouns and verbs for patients with
developmental and acquired brain injuries and to determine
its content validity. The SJJ test targets lexical semantic en-
coding by comparing minor aspects of lexical meaning. The
lexical stimuli used in this test included 102 non-action con-
crete nouns with low action association and 102 action verbs
with high action association. In this test, nouns and verbs dif-
fered only in terms of action association. This contrast has
been used in many studies. The words of the two categories
were matched for lexical characteristics such as number of
syllables, phonemes, letters, phonological neighbors, ortho-
graphic neighbors, and frequency of occurrence as well as
psycholinguistic characteristics including action association,
imageability, age of acquisition, and level of familiarity.
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The results of independent t-test showed that there was
no significant difference in lexical and psycholinguistic
features (P>0.05), except for the number of phonemes and
action associations (P>0.05) between the two sets of nouns
and verbs, where the difference in the mean number of pho-
nemes between the two sets was very small. The words of
each grammatical category were classified into 34 triplets.
The results of independent t-test showed that there was no
significant difference in the mean word length of each cat-
egory between 34 triplets of nouns and verbs (P>0.05). It
can be said that the SSJ test with 102 Persian verb stimuli
and 102 Persian noun stimuli is a suitable tool for conduct-
ing research on Persian speech, language and cognition. By
establishing coordination in lexical and psycholinguistic
features of the two sets of word stimuli, the effect of these
variables on the test results of patients can be controlled and
eliminated, and only the lexical-semantic encoding of nouns
and verbs, and the semantic feature of action are examined.

The SSJ test designed in this study has three basic features:
1. This test evaluates semantic encoding at the controlled
(non-automatic) processing level; thus, creating a greater
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cognitive load on semantic resources. The word items used
in this test are such that its implementation requires the
comparison and judgment of minor semantic differences
between words. This will further increase the cognitive load
of this test; 2. this test evaluates the semantics of action. One
of the important aspects of the designed SSJ test was the at-
tention to the semantic characteristics of action.

Discussion

The approach of embodied cognition to conceptual
knowledge is that the motor system has the main role in the
semantic representation of action-related words [35-38].
For this purpose, we used action verbs with high action as-
sociation. According to the theory of embodied cognition,
the motor system is involved in semantic processing, but
its involvement can occur at different levels of processing.
Tasks with different processing loads produce different
neuroanatomical and temporal patterns of motor system
activity. Fernando et al.’s (2013) study [17] showed that
the motor system participates at the semantic processing of
action words at two levels: automated and controlled. One
of the features of the designed SSJ test is that it provides a
kind of processing of action words at a controlled level; 3. It
can evaluate and compare the lexical- semantic processing
of two grammatical categories of Persian verbs and nouns.
The two categories differ based on the semantic feature of
action, but the words in both categories are all concrete.

Opverall, the designed SSJ test can be a good tool for ex-
amining the processing of semantic feature of movement
in people with various neuromotor and cognitive-linguistic
disorders such as acquired and developmental stuttering,
Parkinson’s disease, aphasia, multiple sclerosis, ALS and
developmental disorders. It can be used to test the hypoth-
eses of the theory of embodied cognition. Another impor-
tant point is the type of patients’ responses to this test. Since
patients with neuromotor impairments also show impair-
ments in speech motor performance, providing nonverbal
response eliminates the effect of speech motor impairment
on the test response and allows the lexical-semantic encod-
ing to be evaluated more thoroughly.

Because the semantic complexity and cognitive load of
verbs are greater than those of nouns [39], the existence
of two different grammatical categories (nouns and verbs)
with different semantic complexities can distort the com-
parison of different semantic characteristics of action. By
adding action nouns to non-action concrete nouns, or ab-
stract verbs next to action verbs, the confound effect of the
word category type can be eliminated. To control other con-
founding variables that are not considered in this study, it
is suggested that when performing this test on groups with
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brain injuries, the control group should be used to compare
the two categories of non-action noun and action verb be-
tween the two groups of injured and healthy.

Conclusion

The purpose of this study was to introduce, design and
determine the content validity of the SSJ test to examine
the lexical- semantic processing of Persian action verbs
and non-action concrete nouns. The SSJ test, in addition
to allowing the comparison of two different grammatical
categories, can be used to examine action word processing
and test the hypotheses of the theory of embodied cognition
in order to evaluate the role of the motor system and the
effect of damage to this system on linguistic and cognitive
function, especially in patients with neuromotor and cog-
nitive impairments such as aphasia, dementia, especially
Alzheimer’s disease due to semantic defects [40], devel-
opmental and acquired stuttering, Parkinson ‘s disease and
other movement disorders as well as developmental lan-
guage disorders such as special language impairment due
to dysfunctional semantic system [41].
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3. Embodied cognition

4. Homunculus
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5. Verb generation task

6. Action naming task

7. Action fluency task

8. Lexical decision task

9. Semantic similarity judgment task
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