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Objectives: This paper aims to explore whether the Persian-speaking patients of different 
stages, ranging from mild to moderate, have a deficit in semantic processing by comparing the 
performance of Alzheimer’s patients with that of the healthy individuals.

Methods: The subjects of both the groups of Alzheimer’s patients and healthy control were 
matched for age, the state of monolingual or bilingual, and socio-cultural status. In order to 
assess the semantic processing ability of the subjects, Pekkala’s 2004 model was adopted. 
According to the model, the subjects were required to produce (say) the name of as many as 
category members of animals as possible within the time limit of 60 seconds.

Results: The findings showed that while healthy subjects had an intact semantic processing 
ability, the AD patients showed weak performance in the five measures of semantic fluency 
including the number of true linguistic units, the total quantity of words, word size in clusters, 
the mean cluster size, and the cluster switching. 

Discussion: Conclusion: Following the framework of Troyer (1998b), it has been concluded 
that AD patients suffer from the semantic processing.
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1. Introduction

emantic memory, which acts as a pivotal 
unit of the long-term memory, includes 
the constant representation of semantic 
concepts, linguistic units along with their 
meaning. and transforms our sensory ex-

periences into meaningful units [1]. It can derive the 
meaning from otherwise meaningless words and lin-
guistic expressions and can make us learn about novel 
concepts by applying our knowledge learned from past 
phenomena [2].

Furthermore, appropriate linguistic communication 
entails us to have sufficient knowledge about our sur-
rounding world, in order to be equipped with satis-
factory linguistic knowledge for proper utilization of 
the linguistic rules, i.e., to possess a healthy semantic 
memory. Although Alzheimer’s disease is considered as 
one of the most outstanding neurodegenerative diseases, 
the evidences revealed that the episodic memory is not 
only negatively affected but also results in the extreme 
impairment of semantic memory, which is envisaged as 
the key parameter of the disease [3, 4]. Despite the con-
sensus on the semantic deficit in AD, researchers have 
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opposing ideas regarding the nature of semantic memory 
deficit. While some researchers asserted that deficit in 
semantic memory originates due to semantic knowledge 
deficiency [5, 6], others insisted that semantic memory 
deficit arises from disorders in the retrieval of the seman-
tic information [7, 8].

Semantic fluency task, also called generative naming 
task, is most often practiced as a sensitive task by re-
searchers to investigate the semantic processing ability. 
In fact, it is a multi-factorial task that could be utilized 
to assess some of the psycho-linguistic components as 
categorization, whether the semantic ability is preserved 
or not. Moreover, it can assess the ability of speakers 
to dissect categories into smallest elements. As a mat-
ter of fact, this task could be conducted by utilizing the 
appropriate performance of working memory, which 
could play a key role in the transient protection of ut-
terances and their analyses. Alike other cognitive tests, 
this test aims at divulging and testifying profound mind 
capabilities. Central executive plays a pivotal role in the 
whole memory system, considering that it manages a 
lot of crucial tasks including the rapid investigation of 
effective, ordered, and focused linguistic elements as 
well as the flexible transformation of semantic units and 
sub-units [9]. Furthermore, it should be noted that every 
item that is processed and retrieved could be most im-
portantly monitored by working memory, whose major 
role is to block the repetition of retrieved previous words 
and dissect principles in fluency name test. Moreover, 
performance in this task may be affected by various non-
linguistic features, including image drawing and the po-
tentiality to produce pictures that arise from vision [5].

Semantic fluency task is regarded as an important diag-
nostic tool to assess the deficiency of semantic memory 
in the patients afflicted by Alzheimer’s patients [10, 11]. 

To perform appropriately in the task, the participants are 
expected to generate words of the members of specific se-
mantic group, such as animals, birds, and fishes, etc. De-
spite the abundant quantitative researches that have ana-
lyzed patients’ performance in the semantic fluency tasks 
[3, 6], only a few studies have investigated its qualitative 
aspects [9]. This study aims at showing whether Persian-
speaking Alzheimer’s patients show deficits in semantic 
processing ability. Pekkala’s (2004) model was adopted 
to see what kinds of the qualitative cognitive aspects of 
semantic fluency are more prone to be damaged [12]. 

2. Methods

Subjects

Participants were divided into two groups, one as Al-
zheimer’s patients (AD) and another as healthy con-
trol group, and were matched according to their age, 
education, social class, sex, and linguistic category (i.e., 
monolingual or bilingual). The AD group included five 
monolingual patients having no history of tumor, focal 
neurological sign, alcohol abuse, and neurological or 
psychiatric disease as severe depression. All the patients 
were between 65 to 85 years of age and were suffering 
from AD for four to eight years. However, the partici-
pants should have good reading and writing abilities in 
order to perform the task. The patients, the members of 
Iran Alzheimer Association, were under the regular su-
pervision and care services of Association’s doctors and 
psychologists. The control healthy subjects included the 
participants of Iran Alzheimer Association’s sensitive 
test (test of teaching the elderly healthy people to prevent 
Alzheimer’s disease) group. The severity of dementia in 
patients was evaluated by utilizing Mini–Mental State 
Examination (MMSE), which was devised originally by 
Folstein et al. (1975). The patients securing mark less 

Table 1. Demographic information of AD’s patients.

EDcBAPatient

8274847675Age

MaleFemaleFemaleFemaleMaleSex

Retired employeeRetired teacherHouse keeperSelf-employmentRetired employeeOccupation

DiplomaMAHigh schoolHigh schoolHigh schoolEducation

FarsiFarsiFarsiFarsiFarsiVernacular

64837Disease history (years)

ModerateModerateModerateEarlyEarlyStage
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than 8 were excluded and those securing 21 were classi-
fied under the mild to moderate stages of dementia [13]. 
Ultimately, 5 patients were finalized to participate in the 
task. In Table 1, the thorough demographic parameters 
of all patients are represented. 

Procedure

The generative naming task utilized in the research is 
a part of the Boston Diagnostic Aphasia Examination 
(BDAE). In this test, subjects are required to tell as much 
as possible names of the related members of different 
animal categories within the time limit of one minute. 
The perseveration (the implausible repetition of the pre-
vious words), neologism (the creation of novel words), 
and intrusion (the production of outside category items) 
were regarded as errors. The Pekkala’s (2004) theoreti-
cal framework and protocol was adopted for analyzing 
the collected data based on the subject’s performance in 
7 parameters. These parameters included 1) the quantity 
of produced linguistic units, 2) the quantity of semantic 
clusters (a group composing at least 2 successfully pro-
duced words which belong to the similar semantic cat-
egory, and 3) the mean cluster size. The cluster size was 
created by applying Troyer’s protocol, a linguistic unit 
designated with a size of cluster marked as 0, two linguis-
tic units as 1, three linguistic units as 2, and so on [14]. 

3. Results

The performance of the AD patients and healthy con-
trol participants for each parameter of the fluency task is 
shown in Table 2. 

In order to analyze the performance of the participants 
in each variable of fluency, an independent t-test was 
used, which is shown in the Table 1. As per the table, 
the t-test results showed that the performance of the two 
groups of Alzheimer’s patients and healthy control, based 
on parameters like true linguistic units, total quantity of 
words, the linguistic unit clusters, the mean cluster size 
and the number of switches, were significantly different 
(|t|˃2.16, P˂0.05). However, the task performance of both 
the groups in fluency, including the proportion of words 
in cluster and number of errors, did not significantly dif-
fer (|t|˂2.16, P˃0.05). In Table 3, the performances of the 
patients of both the AD and healthy control groups were 
compared for each variable of verbal fluency.

Furthermore, to observe whether there is a significant re-
lationship between the cognitive declines of patients and 
their performance in the semantic fluency task, we used 
Pearson Correlation Test. The result showed that the per-
formance of the Alzheimer’s patients, based on five vari-
ables of verbal fluency including the total number of words 
(P=0.002˂0.05, r=0.64), the number of correct words 
(P=0˂0.05, r=0.672), number of clusters (P=0.001˂0.05, 
r=0.63), the number of switches (P=0.007˂0.05, r=0.595) 
and mean cluster size (P= 0.015˂0.0, r=0.439), is signifi-
cantly, linearly, strongly, and positively correlated with 
their performance in MMSE. However, a linear strong 
negative correlation was found between the patients’ per-
formance in the measure of number of words (P=0˂0.05, 
r=-0.382) and the result of MMSE. Furthermore, the sig-
nificant linear correlation was not verified between the 
performance of the Alzheimer’s patients in the measure 

Table 2. Performance of subjects in semantic fluency task.

Subject A B C D E Mean Control (Mean)

TNW 7 7 5 4 7 6 17

NCW 6 5 5 3 4 4.6 16.1

NE 1 2 0 1 3 1.4 0.9

EP 16.67 40 0 33.33 75 33 5.59

NC 4 3 2 5 2 3.2 6.6

MCS 0.75 0.67 1 0 0.5 0.584 1.352

PWC 50 80 75 0 66.7 54.34 84.92

NS 4 2 2 5 3 3.2 9.2

Note. TNW=Total Number of Words, NCW=Number of Correct Words, NE=Number of Errors, EP=Error Percentage, 
NC=Number of Clusters, MCS=Mean Cluster Size, PWC=Proportion of Words in Cluster, NS=Number of Switches. 
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of the proportion of words in clusters and the MMSE re-
sult (P= 0.278˃0.05, r=0.009). 

4. Discussion

The performance of healthy subjects was good in all 
variables of the task, which showed that healthy con-
trol patients had an intact semantic processing ability; 
whereas the AD patients had weak performance in five 
measures of fluency task including the quantity of true 
linguistic units, the overall linguistic units, the quantity 
of linguistic units in the semantic clusters, the mean clus-
ter size and cluster switching. Troyer asserted that in the 
few cases, where patients showed weak performance in 
cluster size and cluster switching, it could definitely be 
concluded that the patients might be suffering from se-
mantic processing deficit [15]. 

The patients in our study showed deficit not only in 
measures of cluster size and cluster switching but also 
in other parameters of verbal fluency, including the num-
ber of correct words, total number of words, and num-
ber of clusters. Hence, in adherence to the viewpoint of 
Troyer et al, it can be concluded that AD patients in this 
research suffer from deficits in the semantic processing. 
In the standpoint of Troyer et al, the temporal lobe is re-
sponsible for word clustering while the cognitive vari-
able of the cluster switching is guided by the frontal lobe 
(ibid). Considering the fact that in Alzheimer’s disease, 
the frontal and temporal lobes are atrophied, it would not 
have been an unexpected phenomenon to observe the 
weak performance of our AD patients in the cognitive 
variables of clustering and switching.

The results of this research are in accordance with those 
of Hodges and Patterson [6], who found that the seman-
tic memory of Alzheimer’s patients compared to those of 
the healthy control group is impaired. They also proposed 
that the semantic (verbal) fluency task is the best and most 
suitable test to assess the semantic processing ability of 
patients’ with AD. Moreover, Troyer et al (1998) con-
ducted the same task on English-speaking patients whose 
frontal and temporal lobes were damaged and showed 
that the semantic memory of the patients was also injured. 
Ultimately, researchers have suggested that in patients 
with damaged frontal and temporal lobes, the cognitive 
variables of the number of correct words, switching, clus-
tering, and cluster size are extremely vulnerable. 

One of the most important and vulnerable cognitive 
variables is the cluster size. Furthermore, the finding 
of the semantic fluency task conducted in this research 
is partly tantamount to that of Pekkala (2004), in which 
the performance of the Alzheimer’s patients and healthy 
control subjects did not differ significantly with respect to 
the variable of the proportion of words in clusters. Unlike 
Pekkala (2004), the comparative analysis of the patients’ 
performance of the healthy control group to that of AD 
group did not show any significantly difference in the 
measure of number of errors. Moreover, the cluster size in 
this research has not approximately changed in the experi-
mental group of patients. In our study, the subjects of AD 
group differed with respect to the variable of cluster size 
and showed poor performance than those of the healthy 
control. A significant difference was found in the perfor-
mance of Alzheimer’s patients and the healthy people 
with regard to the measures of semantic fluency including 
the cluster size, the overall quantity of correct linguistic 

Table 3. Performance of AD patients and healthy control group for the variables of verbal fluency task.

ResultP-value|t|Dependent Variable

Significantly different0>0.055.15<2.16NCW

Significantly different0>0.054.904<2.16TNW

Significantly different0.002>0.053.884<2.16NC

Significantly different0>0.055.563<2.16NS

Significantly different0.019>0.052.683<2.16MCS

Not significantly different0.266<0.050.877>2.16NWC

Not significantly different0.397<0.050.877>2.16NE

Note: NCW=Number of Correct Words; TNW=Total Number of Words; NC=Number of Clusters; NS=Number of Switching; 
MCS =Mean Cluster Size; NWC=Number of Words in Cluster; and NE=Number of Errors. 
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units, the quantity of words in cluster, switch in semantic 
clusters, and thorough errors highlighted. The AD patients 
showed an overall weak performance, whereas the perfor-
mance of the healthy subjects was good. 

Ultimately, as shown in the result section, a strong sig-
nificant correlation was found between patients’ perfor-
mance in MMSE and their performance in the five vari-
ables of the verbal fluency task including the thorough 
quantity of linguistic units, the quantity of true linguistic 
units, total semantic clusters, total semantic switches, 
and the mean cluster size. It was found that the patients’ 
cognitive decline affects their semantic processing abil-
ity, i.e., the patient’s semantic processing ability decreas-
es with an increase in severity of dementia.
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