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1. INTRODUCTION

Functional Near-infrared Spectroscopy (fNIRS) is a technique that 
measures metabolic changes in hemoglobin oxygen in vivo, using 
near-infrared light. fNIRS detects changes in concentration  
of oxy-hemoglobin, deoxy-hemoglobin, total hemoglobin, and 
measures alteration in cerebral blood flow caused by neural activity 
[1,2]. Brain function measurement using fNIRS is noninvasive, 
has excellent temporal resolution, and is performed under routine 
conditions. In recent times, fNIRS as a tool in advanced medicine 
is attracting attention. fNIRS examination using Verbal Fluency 
Task (VFT) is widely being used in diagnosis of depression symp-
toms. VFT is a task that requires to generate as many words within 
a category or starting with a given letter as possible within a time 
limit. In the Letter Fluency Task (LFT), words are recalled from 
particular letter. In the Category Fluency Task (CFT), words are 
recalled from semantic categories. The characteristics of brain 
activity in VFT are different in depression, bipolar disorder and 
schizophrenia, therefore, diverse activating tasks are used for dif-
ferent disorders. It has been pointed out that VFT tests not only the 
semantic memory related to vocabulary but also many cognitive 
functions such as effective vocabulary search power, information 
processing speed, and executive function [3]. There are several 
studies on brain activity differences in LFT and CFT of healthy 
subjects and patients with a mental illness [4–8]. However, only 
a few studies compare LFT and CFT as such. In this study, brain 
activities during LFT and CFT were compared in healthy subjects. 
We hypothesized a difference in brain activity between LFT and 
CFT and therefore, the purpose of the current study was to inves-

tigate the brain status of the two versions of the VFT over a wide 
area of the frontal and bilateral temporal brain regions using 40 
channels of fNIRS.

2. MATERIALS AND METHODS

2.1. Participants

Healthy subjects (average age 22.35 ± 0.93, 17 males, three females, 
right-handed) were recruited for this study. All the participants 
performed LFT and CFT, and brain activity during each task was 
measured using fNIRS. This study was approved by the Ethics 
Committee of the Doshisha University.

2.2. Experiment Procedure

In the experiment, a block-design VFT (letter and category version) 
was performed. The experimental design is shown in Figure 1.  
It consisted of 60 s of pre-task rest followed by 60 s of task period. 
Participants were initially instructed to watch a cross at the center 
of the computer screen during the experiment. The task section 
began with three tasks (a, ka, shi/animals, fruits, sports). This was 
explained to the participants by the computer as audible instruc-
tions. The content of the task was determined from the frequency 
of use of letters and previous studies [8,9]. During LFT, participants 
were instructed to generate as many words as possible starting 
with the displayed letters, while during CFT, participants were 
instructed to generate as many words which would fit in the 
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A B S T R AC T
Verbal Fluency Tasks (VFT) can be categorized into the Letter Fluency Task (LFT) that evaluates the ability to generate words 
starting with a particular letter, and the Category Fluency Task (CFT) that involves recall of words that belong to semantic 
categories. In this study, we investigated the differences in brain activity during LFT and CFT in healthy subjects. Brain activity 
in the frontal and the temporal region was measured using functional near-infrared spectroscopy with 40 channels. We observed 
more prominent brain activity when performing LFT than CFT. 
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presented category. The two tasks were done consecutively and the 
participants were explained about the order at the beginning of the 
experiment. The total number of correct words generated during 
the task was recorded as an indicator of VFT performance.

2.3. NIRS Instrument

In this study, a 40-channel fNIRS device (LABNIRS, Shimadzu 
Corporation, Kyoto) was used. The distance between the irradiation 
probe and the light receiving probe was set to 3.0 cm. To minimize 
the artifacts, the participants were instructed to avoid voluntary move-
ments. The experimental set-up is shown in Figure 2. The sampling 
frequency was set at 37.037 Hz. After data acquisition, three-dimen-
sional (3D) co-ordinates of each light source and detector were mea-
sured using a 3D digitizer (FASTRAK, Polhemus, Vermont, USA). 
Subsequently, these were input to the Statistical Parametric Mapping 
(SPM)-fNIRS toolbox for spatial registration, and the layout of each 
channel and Montreal Neurological Institute co-ordinates was created.

2.4. Data Processing

Functional near-infrared spectroscopy data was band-pass fil-
tered using 0.01–0.1 Hz. fNIRS data from nine participants were 
excluded due to a variation of 0.01 mM * cm in 0.1 s. fNIRS data 
was band-stop filtered (physiological noise removal) using 0.12–
0.35 Hz, and with 0.7–1.5 Hz after artifact correction based on 
moving standard deviation and spline interpolation. Next, trend 
removal was performed using a high pass filter based on the dis-
crete cosine transform set. General linear model analysis was used 
for extraction of the active regions in the brain. Using the hemo-
dynamic response function, a blood flow alteration model was cre-
ated as shown in Figure 3. Statistical significance in brain activity 
between the two groups was examined using the regression coeffi-
cient obtained by regression analysis of blood flow alteration model 

and measurement data. All the calculations and modeling was done 
using the SPM-fNIRS toolbox.

3. RESULTS

Brain activation analysis was performed with 11 fNIRS data. 
Regions with maximum activity for LFT and CFT are represented 
in Tables 1 and 2, respectively. Group analysis results are shown in 
Tables 3 and 4. Brain activity observed during LFT performance 
was higher than during CFT.

Table 1 | Activated brain region (LFT) (FWE, p < 0.05) 

Region Number of subjects

Precentral L 10
Precentral R 10
Frontal Sup L 8
Frontal Sup R 8
Frontal Mid L 10
Frontal Mid R 8
Frontal Mid Orb L 7
Frontal Inf L 10
Frontal Inf R 10
Postcentral L 9
Postcentral R 9
SupraMarginal L 8
SupraMarginal R 9
Angular R 7
Temporal Sup L 8
Temporal Sup R 8
Temporal Mid L 8
Temporal Mid R 6
Temporal Inf L 7

Table 2 | Activated brain region (CFT) (FWE, p < 0.05) 

Region Number of subjects

Precentral L 7
Precentral R 7
Frontal Sup L 7
Frontal Sup R 6
Frontal Mid L 7
Frontal Mid R 7
Frontal Inf L 7
Frontal Inf R 7
Postcentral L 7
Postcentral R 6
SupraMarginal L 6
SupraMarginal R 6
Temporal Sup L 6
Temporal Mid L 6
Temporal Inf L 6

Figure 1 | Experimental design.

Figure 2 | Experimental set-up.

Figure 3 | Creation of blood flow alteration model.
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5. CONCLUSION

Currently, several ongoing studies are investigating the difference 
in brain activity between LFT and CFT in healthy subjects and 
patients with a mental illness. However, there are only a few stud-
ies that compare LFT and CFT as such. Therefore, in this study, 
the brain activities during LFT and CFT were compared only in 
healthy subjects. The results from 11 healthy subjects established 
an increase in LFT activation compared to CFT. Our results suggest 
that co-activation of ANG and MTG makes it possible to search 
words with related word recall suppressed.

REFERENCES 

 [1] S. Heinzel, F.G. Metzger, A.C. Ehlis, R. Korell, A. Alboji, F.B. 
Haeussinger, et al. Aging-related cortical reorganization of verbal 
fluency processing: a functional near-infrared spectroscopy 
study, Neurobiol. Aging 34 (2013), 439–450. 

 [2] G. Strangman, D.A. Boas, J.P. Sutton, Non-invasive neuroimag-
ing using near-infrared light, Biological Psychiatry 52 (2002), 
679–693. 

 [3] C.E. Bokat, T.E. Goldberg, Letter and category fluency in schizo-
phrenic patients: a meta-analysis, Schizophr. Res. 64 (2003), 73–78. 

 [4] A.C. Ehlis, M.J. Herrmann, M.M. Plichta, A.J. Fallgatter, Cortical 
activation during two verbal fluency tasks in schizophrenic 
patients and healthy controls as assessed by multi-channel 
near-infrared spectroscopy, Psychiatry Res. 156 (2007), 1–13. 

 [5] K. Ikezawa, M. Iwase, R. Ishii, M. Azechi, L. Canuet, K. Ohi,  
et al. Impaired regional hemodynamic response in schizophrenia 
during multiple prefrontal activation tasks: a two-channel near- 
infrared spectroscopy study, Schizophr. Res. 108 (2009), 93–103. 

 [6] Y. Kubota, M. Toichi, M. Shimizu, R.A. Mason, C.M. Coconcea, 
R.L. Findling, et al. Prefrontal activation during verbal fluency 
tests in schizophrenia—a near-infrared spectroscopy (NIRS) 
study, Schizophr. Res. 77 (2005), 65–73. 

 [7] K. Marumo, R. Takizawa, M. Kinou, S. Kawasaki, Y. Kawakubo, 
M. Fukuda, et al. Functional abnormalities in the left ventrolat-
eral prefrontal cortex during a semantic fluency task, and their 
association with thought disorder in patients with schizophrenia, 
Neuroimage 85 (2014), 518–526. 

 [8] C.J. Huang, P.H. Chou, H.L. Wei, C.W. Sun, Functional con-
nectivity during phonemic and semantic verbal fluency test: a 
multichannel near infrared spectroscopy study, IEEE Journal of 
Selected Topics in Quantum Electronics, IEEE, IEEE Photonics 
Society,  2016, pp. 43–48. 

 [9] T. Hatta, A. Kanari, M. Mase, Y. Nagano, T. Shirataki, S. Hibino, 
Strategy effects on word searching in Japanese letter fluency tests: 
evidence from the NIRS findings, Reading and Writing 22 (2009), 
1041–1052. 

[10] S.V. Tupak, M. Badewien, T. Dresler, T. Hahn, L.H. Ernst,  
M.J. Herrmann, et al. Differential prefrontal and frontotemporal 
oxygenation patterns during phonemic and semantic verbal  
fluency, Neuropsychologia 50 (2012), 1565–1569. 

[11] P. Hagmann, L. Cammoun, X. Gigandet, R. Meuli, C.J. Honey, 
V.J. Wedeen, et al. Mapping the structural core of human cerebral 
cortex, PLoS Biol. 6 (2008), e159.

Table 3 | Group analysis result (LFT) (FWE, p < 0.05) 

Region

Rolandic Oper L
Temporal Sup R
Frontal Inf Tri L
Frontal Inf Tri R

Table 4 | Group analysis result (CFT) (FWE, p < 0.05) 

Region

Frontal Inf Tri R
Caudate R

4. DISCUSSION

In this study, brain activation was investigated based on the 
change in hemoglobin concentration measured during VFT 
performance in healthy subjects. An extensive activation in the 
frontal and temporal brain regions including Broca’s areas was 
observed during the VFT performance. In particular, LFT aug-
mented the brain activation compared with CFT. During CFT, 
participants would search for words by utilizing the concept of 
associations such as already existing vehicles. On the other hand, 
in LFT, words were searched from the notion of phonology which 
is rarely used in daily life. In other words, participants suppress 
the recall of related words and perform complex word searches 
[10]. The results of this study suggest that LFT requires more acti-
vation of brain regions than CFT. As shown in Tables 1 and 2, four 
regions are activated exclusively during LFT. The regions include 
Angular Gyrus R (R-ANG), Middle Temporal Gyrus R (R-MTG), 
Superior Temporal Gyrus R (R-STG), and Orbital Part of Inferior 
Frontal Gyrus L (L-ORB) as shown in Figure 4. Amongst these 
four regions, ANG is located at the junction of the occipital, tem-
poral, and parietal regions and is regarded as an important inter-
face for communicating and integrating information with various 
brain regions [11,12]. Several studies have associated ANG with 
memory, meaning, memory consciousness, default mode net-
work [13]. MTG, on the other hand, is activated with a more dif-
ficult phonological task and plays an important role in controlling 
semantic search [14]. Co-activation of ANG and MTG observed 
during LFT suggests their role in word searches that suppresses 
related word remembrance.

Figure 4 |  Brain regions activated only during LFT.
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