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Introduction
Organization of mental lexicon in semantic network 

has been described using three major models including 
spreading activation model [1], semantic network model, 
and Interactive Activation (IA) framework [2,3]. As per these 
models, semantically related words are processed in increased 
activation spreading than unrelated words. However, truncated 
power distribution of activation happens if a word has multiple 
features sharing with other words. Priming allows testing the 
assumptions of semantic activation through network and utilized 
to comprehend the process in neurologically normal individuals 
[4]. However, neurological disordered population can equipped 
with handicapped representation of mental lexicon and retrieval 
among this population can be distorted.

Temporal Lobe Epilepsy (TLE) is the most common form of 
focal epilepsy which is a resultant of abnormal activity in the brain 
specifically in the temporal lobe which contributes to sensory 
loss, convulsions and loss of consciousness. Nevertheless, it is 
also responsible for causing speech and language disturbances. 
However, the severity of the problems is widely dependent upon 
the cause and nature of the disorder. Epilepsy disorder causes 
deviation in executive functions, reduced attention, memory 
impairment and is often associated with hampered language 
processing. A study showed intricate memory impairment on 
verbal intelligence tests and language impairment in people with 
epilepsy disorder [5]. There are different studies showing effect 
of epilepsy on language processing. One such study showing 
disturbances in semantic processing observed as a consequence 
of TLE. Results revealed that patients with TLE showed poor 
performance in matching and mismatching primes. Another 
study reveals the deficits in cognitive functions and semantic 
memory in patients with temporal lobe epilepsy [6,7]. 

Traumatic head Injury (TBI) refers to injury to the head or 
brain caused due to any trauma or external force. Some of the 
major effects of TBI on communication and cognitive abilities 
are obscurity in planning and completing necessary daily 
activities, difficulty paying attention while speaking, difficulty 
in understanding abstract information and reduced social 
communication skills. Language deficits can be seen as major 
problems in such patients. Even minor head injuries can cause 
a wide range of cognitive deficits, expressive and receptive 
language deficits, psychological deficits and sensory deficits 
[8]. A study by concludes that the patients after traumatic brain 
injury present auditory processing disorders of varying degrees, 
involving the processes of decoding and organization. The mild 
TBI group demonstrates deficits in attention, non-verbal fluency, 
and verbal memory. They also demonstrate slower visual 
and tactile reaction time [9]. Whereas a study by Schmitter- 
Edgecombe, Marks and Fahy in 1993 resulted that the closed 
head injury patients had slower Reaction Time (RT), overall, 
there were no significant group differences in the magnitude 
of either the automatic or attention component of semantic 
priming.

The present study aimed to analyse the word retrieval from 
semantic network in disordered population specifically patients 
with Temporal Lobe Epilepsy (TLE) and Traumatic Brain Injury 
(TBI) in temporal and/or parietal lobe. The objectives of the 
study were [1] Is speed and accuracy of word retrieval different 
for semantically associated from otherwise associated words 
[10] How far non- associated different from associated and 
semantically associated [3] How meaningfulness and frequency 
play part in semantic network representation[4] Is mental lexicon 
organization different in TLE and TBI [5] If yes, how different 
it is from neurologically normal population since the semantic 
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memory system localized in distributed regions in temporal 
and parietal cortices [11]. In order to fulfil the objectives, there 
were three groups considered including neurologically normal, 
TLE and TBI and paradigm experiment comprised of semantic 
priming and associative priming tasks were used to measure RTs 
and accuracy of word retrieval from semantic network in these 
populations. Stimuli were presented visually since peripheral 
auditory processing can be compromised in this population. 

Materials and Methods
Participants: A total of 27 participants were taken comprising 

of 10 patients with TLE, seven of them were diagnosed to have 
TBI and age and gender matched 10 normal individuals. All the 
participants were native Hindi speakers and literate with the 
mean age of 25-45 years. In TLE group, there were average six 
episodes of epileptic seizures and were under anti-epileptic 
drug use for 2-3 days. However, in TBI group, diagnosed to have 
lesions in the left parietal lobe and/or temporal lobe particularly 
lesion at ear level in most of the individuals while one of them 
had moderate subarachnoid hemorrhage involving left sylvian 
cistern. All the individuals were assessed on third day of their 
injury. Participants reported no premorbid speech, language, 
or cognitive disorders. All the participants had normal vision 
as per the informal assessment. Clinical reports of brain scans 
(Electroencephalography (EEG), Computed Tomography (CT) 
and Magnetic Resonance Imaging (MRI)) were used to identify 
the site and extent of lesion. The control group participants 
included considering no cognitive, linguistic or other associated 
deficits. 

The paradigm experiment comprises of semantic priming 
and associative priming tasks. 60 pairs of words were chosen 
as stimuli for semantic priming task which comprised of equal 
number of meaningful and non-meaningful words. Different 
phonemes were randomly arranged to constitute non-meaningful 

lexemes. Meaningful words were further equally constituted 
based on frequency of usage in daily conversation. Similarly, 
non-meaningful words were categorised as frequent verses 
non-frequent orthographic representation. For the associative 
priming task 45 pairs of words were selected out of which 15 
pairs each were semantically associated, associated and non- 
associated. The semantically associated pictures chosen were 
typical and have same thematic category. However associated 
group of words were related based on forward, backward or 
symmetrical. 

Written words were used for semantic priming task and 
associative priming task was performed using color pictures. 
Each pair of words was presented in black font over white 
background and the words were centrally aligned on computer 
display. Colored pictures of each word were selected with white 
background appeared randomly aligned in centre. Prime words 
were presented for 500msec followed by target where the target 
word appeared after a delay of 2000msec of prime. Response 
device used for the experiment was keyboard.

Procedure: The paradigm experiment (www.
paradigmexperiments.com, version 2.5) used to administer 
both semantic and associative priming tasks. Randomized 
stimuli of both tasks were presented separately, and data was 
collected individually. For semantic priming task, participants 
were instructed to observe the prime and press right arrow if 
the following target was meaningful and press left arrow if the 
stimulus was non-meaningful. Associative priming task was 
administered in which the participants were expected to press 
right arrow if the primes were related and left arrow if the 
primes were unrelated. The responses were analysed based on 
the accuracy and the reaction time to complete the experiment. 
The control and clinical group responses were sorted out 
distinctively. 

Results 
Table 1: Mean and standard deviation of reaction time and percentage of accuracy of semantic and associative priming tasks.

Tasks
Normal TLE TBI

Mean & SD 
of RT

Mean & SD 
of PA

Mean &  SD 
of RT

Mean &  
SD of PA

Mean & 
 SD of RT

Mean &  
SD of PA

Frequent Meaningful 1920.67 
777.68

97.21 
11.02

5253.37 
932.14

55.12 
32.11

4312.29 
1022.32

62.97 
36.22

Non-frequent Meaningful  Frequent 2110.87 
998.99

96.86 
19.54

5496.88 
928.11

50.68 
33.76

4587.99 
975.52

62.01 
33.21

Frequent Non-Meaningful 2354.32 
992.47

87.77 
24.11

5518.23 
872.11

75.12 
27.11

4894.43 
1118.02

77.66 
30.54

Non-frequent Non-Meaningful 3166.14 
1825.75

89.09 
22.55

5912.63 
1992.55

84.41 
25.08

5551.11 
1065.22

81.33 
26.11

Non-associative 3822.77 
654.32

96.07 
15.77

5106.63 
509

69.45 
28.53

5110.21 
412.43

67.97 
19.45

Semantically associative 2864.03 
518.54

95.54 
12.01

4232.11 
611.08

70.11 
27.04

4083.62 
726.51

70.44 
18.38

Associative 1272.11 
355.34

98.11 
9.11

3833.76 
544.12

67.78 
28.66

4023.17 
622.21

71.83 
29.94
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Statistical analysis was carried out for each task of the 
experiment using SPSS (version 20). Mean and standard deviation 
were procured for the data of reaction time and Percentage of 
Accuracy (PA) of all three groups for both tasks. Results divulged 
prolonged reaction time for both the clinical groups compared 

to control group for both tasks. Mean percentage of accuracy 
was reduced in TLE followed by TBI. Table 1 depicts mean and 
standard deviation of reaction time and percentage of accuracy 
of semantic and associative priming tasks.

Table 2: Comparison of Reaction Time across groups.

Tasks
χ2 P Normal Vs TLE Normal Vs TBI TLE Vs TBI

|Z| p |Z| P |Z| P

Frequent Meaningful 20.6 .000* 4.186 .000* 4.762 .000* 1.3 0.2

Non-frequent Meaningful 35.46 .000* 4.227 .000* 4.72 .000* 1.28 0.2

Frequent Non-Meaningful 25.26 .000* 4.371 .000* 4.488 .000* 1.74 0.08

Non-frequent Non-Meaningful 45.6 .000* 4.782 .000* 4.282 .000* 0.19 0.85

Non-associative 21.04 .000* 4.236 .000* 3.903 .000* 1.72 0.09

Semantically associative 20.06 .000* 4.161 .000* 4.092 .000* 1.9 0.06

Associative 24.51 .000* 4.211 .000* 4.512 .000* 2.27 0.02

* Significantly different

Table 3: Comparison of Percentage of Accuracy across groups.

Tasks
χ2 P Normal Vs TLE Normal Vs TBI TLE Vs TBI

|Z| p |Z| P |Z| P

Frequent Meaningful 21.39 .000* 4.35 .000* 3.774 .000* 0.2 0.85

Non-frequent Meaningful 16.06 .001* 2.396 .017* 2.232 .026* 1.74 0.08

Frequent Non-Meaningful 2.23 0.327 - - - - -

Non-frequent Non-Meaningful 2.06 0.356 - - - - - -

Non-associative 19.46 .000* 2.331 .020* 2.441 0.12* 1.74 0.08

Semantically associative 15.8 .000* 2.17 .030* 2.217 0.21* 1.05 0.14

Associative 20.23 .000* 2.451 .014* 2.005 .045* 1.85 0.06

* Significantly different

Shapiro Wilk’s test of normality was carried for each task 
respectively and no responses indicated normal distribution. 
Hence non-parametric tests were administered. Kruskal Wallis 
H test was used to see the effect of semantic priming task across 
three groups. Table 2 & 3 depict the statistical analysis of RT and PA 
within and across groups. Results showed significant difference 
in RT and accuracy for frequent and non-frequent meaningful 
and non-meaningful words between groups. Mann-Whitney U 
test administered to do pair wise comparison in each category. 

There was a significant difference of RT and PA of control group 
from other two groups for frequent meaningful, non-frequent 
meaningful, frequent non-meaningful and non-frequent non-
meaningful words. And observed to have prolonged RT in TLE 
and TBI than control group and mean percentage of accurate 
response was higher in control than other groups. There was no 
significant effect of RT between TLE and TBI groups, however 
noted to have significantly higher accuracy rate in TBI than 
epilepsy group. 

Table 4: Comparison of reaction time and percentage of accuracy across subcategories of semantic priming task.

Groups RT PA

Frequent Vs  Non-frequent Meaningful Vs Non-
meaningful Frequent Vs Non-frequent Meaningful Vs Non-

meaningful

|Z| P |Z| P |Z| P |Z| P

Normal 2.705 .007* 2.098 .036* 0.71 0.478 2. 101 .038*

TLE 2.232 .026* 2.101 0.41* 0.854 0.393 2.643 .008*

TBI 2.294 .022* 1.979 .048* 0.854 0.393 2.232 .026*

* Significantly different

As seen Table 4, subcategories of meaningful and non-
meaningful tasks were analysed within each group using 
Wilcoxon signed Rank test. Results divulged that significant 

effect of frequent words and it retrieved faster than non-
frequent in both meaningful and non-meaningful category in all 
the experimental groups. Similarly, meaningful words retrieved 
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with greater accuracy and least RT in frequent and non- frequent 
words categories. No significant percentage of accuracy 
difference between the tasks in all three groups.

Effect of group within each subcategory of associative priming 
was assessed using Kruskal Wallis H test and as showed in Table 
5 results revealed significant effect of groups. Further, pair wise 

comparisons were governed using Mann-Whitney U test. There 
was significant difference between normal and other groups for 
non-associative, semantically associated and associated prime 
pictures with least RT for normal group compared to other two. 
However, epilepsy and TBI groups were significantly different 
from each other only for non-associative prime.

Table 5: Comparison of reaction time across subcategories of associative priming task.

Groups χ2 P Non-associative Vs 
associative

Non-associative Vs Semantically 
associative

Associative Vs semantically 
associative

|Z| P |Z| p |Z| p

Normal 20.067 .000* 3.589 .000* 2.232 .026* 2.634 .013*

TLE 9.8 .007* 3.137 .002* 2.433 .015* 0.71 0.478

TBI 7.916 .019* 2.232 .026* 2.561 .010* 1.717 0.086

* Significantly different

Associative priming task was assessed within each 
experimental group using Friedman test and results showed that 
there was significant difference of RT between non-associative 
pictures from semantically associated and associated pictures 
in all three groups. Semantically associated pictures were 
retrieved significantly slowly than associative words in normal, 
however, there was no such variation in epilepsy and TBI groups. 
Percentage of accuracy was similar in both tasks for all three 
groups.

Discussion
In the current study, there was significant difference in the 

reaction time and accuracy between the control and experimental 
groups in both tasks. Though the electroencephalography and 
MRI findings of the participants did not show any significant 
lesion specifically in TLE group, the prolonged reaction time can 
be attributed to the diminished retrieval abilities. Similar results 
reported by Miyamoto et al. [6] and explained as disturbances 
of semantic processing in patients with TLE. Similarly, there 
was a difference seen in the accuracy of the tasks between 
normal and epilepsy participants revealing language processing 
difficulties in later. The reason for the deviation from the normal 
participants in the tasks was due to epilepsy affecting the 
retrieval and processing abilities. However, few of other studies 
explain no priming effect in temporal lobe epilepsy [12]. Similar 
results found in Event Related Potential (ERP) of temporal lobe 
epilepsy where non-matched had prolonged RT than matched 
words [6].

Present study results stated that TBI had prolonged RT and 
reduced accuracy as compared to normal group. Congruent 
with this, few studies explain reduced amplitude in ERP study 
in pediatric TBI survivors, comparative to the control group, 
demonstrating a decreased efficiency in the detection of semantic 
violations [13]. Similarly, long term patients of severe closed 
head injury had slower reaction times with no significant group 
differences in automatic or attention component of semantic 
priming [14]. Also, patients with early stage of moderate-to-
severe TBI had reduced efficiency in ability to access semantic 

information [15]. Another ERP study used N400 response for 
assessing the linguistic processing and revealed a significantly 
smaller N400 response in the unrelated condition compared to 
congruent and incongruent categories in TBI [16].

Effect of frequency and meaningfulness had seen in all 
groups. RT of frequently occurring and meaning full words were 
reduced as compared to the counterparts. However evident 
variation of PA was seen in meaningfulness. This has been 
studied in neurologically normal group and reported in different 
language speakers [17,18]. As per the present study, similar 
results obtained in both neurological normal and disordered 
populations which was reported in aphasics in literature [19,20].

Moreover, relation of words in mental lexicon plays major 
part in processing duration and it was shown to have declined 
RT, however there was no difference in PA in any of the group. 
This is in agreement with spreading activation model [1] which 
explains the processing based on the shared features. Faster 
retrieval of frequently occurring orthographical representation 
firm the representation of spreading activation. Semantic 
features including both semantically related and associated 
words were processed faster than non- associated. This explains 
the activation of nodes in the semantic network, where the 
stronger network as explicated in semantic network model. 
Furthermore, this result in consistent with IA framework [1-
3], integration of semantic and associative priming effect to IA 
framework well illustrated [18]. However, associated words had 
reduced RT than semantically related, and this can be considered 
as a clarified picture of priming effect [10].

Most of these results pattern were following in both 
neurologically normal and disordered population, where TLE 
and TBI had taken comparatively prolonged time for retrieving 
from the mental lexicon except the differentiated processing 
of semantically related and associated words. Disturbed 
neurological network demand prolonged processing time in 
these groups [7,9] and it is possible to perceive the significance 
of parietal and temporal lobe in semantic network since it 
demanded in present studied disordered population [11].
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Conclusion
Semantic and associative priming effects were studied in 

neurologically normal and disordered populations. Reaction 
time and percentage of accuracy were measured among these 
population and results were appeared to be imperative to 
the representation of semantic organization specifically for 
neurologically disturbed population. Frequency and meaningful 
effect had contemplated along with semantic feature similarity. 
This can be highlighted during rehabilitation of these kind of 
populations who has difficulty to retrieve words. Particularly, 
initial sessions of communication therapy can be included 
words those are frequently used in their language which are 
meaningful, also strongly associated words can be considered 
as token to get better results. This can ease the speech out 
which build self-confidence especially when the incident creates 
psychological trauma in this patient.
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