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Gr   upSM
Explore the Brain Activity During Translation 

and Interpreting Using Functional Near-Infrared 
Spectroscopy

ABSTRACT
Since the mid-1970, functional near-infrared spectroscopy (fNIRS) has been developing a 

non-invasive technique to investigate brain activities under different stimuli by measuring the 
changes of hemodynamic responses based on the near-infrared light between 650 nm and 950 
nm. fNIRS has been used to localize or monitor the cerebral activity under different cognitive 
tasks including visual, auditory, memory, attention, perception, somatosensory, motor, language 
and even translation.

Interestingly the text-to-text translation and simultaneous interpreting are both complex 
activities involved in many sub-skills including perception, listening and speaking, reading and 
writing, reasoning and decision making, problem solving, memory, and attention and so on. The 
neuroimaging techniques are essential to investigate the basic neurological mechanism underlying 
the translation and interpreting. Recently a bunch of work has been conducted for translation 
and interpreting based on electroencephalogram (EEG), functional magnetic resonance (fMRI), 
direct electrostimulation and positron emission tomography (PET), however, few have adopted 
the fNIRS measures. In this book chapter, we will talk about the fundamental of fNIRS and its basic 
applications in the study of translation and interpreting.
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INTRODUCTION
Since the mid-1970, functional near infrared spectroscopy (fNIRS) has been developing 

a non-invasive technique to investigate brain cerebral hemodynamic levels associated with 
brain activity under different stimuli by measuring the change of absorption coefficient of the 
near-infrared light between 650 nm and 950 nm [1-8]. Compared to the available functional 
neuroimaging modalities, such as functional magnetic resonance (fMRI) and positron emission 
tomography (PET), fNIRS has the advantages of portable, convenience and low cost, and more 
importantly, it offers unsurpassed high temporal resolution and quantitative information for both 
oxy-hemoglobin (HbO2) and deoxy-hemoglobin (HbR), which is essential for identifying rapid 
changes of dynamic patterns of brain activities including changes of blood oxygen, blood volume 
and blood flow. 

As a neuroimaging method, fNIRS enables continuous and noninvasively monitoring of 
changes in blood oxygenation and blood volume related to human brain function. fNIRS can be 
implemented in the form of a wearable and noninvasive or minimally intrusive device, and it has 
the capacity to monitor brain activity under real life conditions and in everyday environments. 
During neural stimulus processing, there will be local increase in blood flow, blood volume 
and also an increase in blood oxygenation in a stereotyped hemodynamic response. Recently, 
advances in the understanding of light propagation in diffusive media (also known as photon 
migration) and technical developments in optoelectronics components have made it possible 
to extract valuable optical/hemodynamic information from human brain. Different fNIRS 
instruments including commercial systems or laboratory prototypes have been developed and 
used effectively in preclinical and clinical studies. Obtaining measurements of the hemodynamic 
response of localized regions of the brain allows for inferences to be made regarding local neural 
activity. 

In addition, the text-to-text translation and simultaneous interpreting are both complex 
activities, which consist of many sub-skills including perception, listening and speaking, reading 
and writing, reasoning and decision making, problem solving, memory, and attention and so on. 
Successful execution of simultaneous interpreting to a large extent depends on verbal working 
memory, simultaneous speech perception and articulation, and switching between languages. And 
the capability for translating and interpreting is an accompaniment of bilingualism. So far a lot of 
work has been conducted to study the basic neural mechanism of the translation and simultaneous 
interpreting using different neuroimaging methods including electroencephalography (EEG), 
fMRI, direct cortical electrostimulation, PET and fNIRS [9-17]. Findings from previous work have 
indicated that 1) the types namely, single words, sentences and the direction of translation are the 
key factors involved in neural substrates; 2) there is a hemispheric lateralization process involved 
in the translation; 3) Broca’s area seems to be the most important in response to translation tasks; 
and 4) no particular brain regions have been demonstrated to be shown exclusive to translation 
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processes. In this book chapter, we will first talk about the methods and instrumentations of fNIRS. 
Then the applications of fNIRS in translation and simultaneous interpreting will be discussed.

BASIC PRINCIPLES OF FNIRS
Frans Jöbsis, the founder of in vivo fNIRS, reported the first real-time non-invasive detection 

of hemoglobin oxygenation using transillumination spectroscopy in 1977 [4]. Jöbsis and Chances 
also used fNIRS to study cerebral oxygenation in human subjects after concerning the applications 
of this technique in laboratory animals [18-20]. Later Ferrari investigated the effects of carotid 
artery compression on regional cerebral blood oxygenation and blood volume of cerebrovascular 
patients together with the data on newborn brain measurements by utilizing prototype fNIRS 
instruments [21,22]. Importantly, Delpy performed the first quantitative measurement of various 
oxygenation and hemodynamic parameters in newborn infants including changes in oxygenated 
HbO2, deoxygenated HbR and total hemoglobin (HbT) concentrations, cerebral blood volume, and 
cerebral blood flow [23,24]. 

fNIRS is based on the physical and physiological mechanisms that human tissues are relatively 
transparent to light in the near infrared (NIR) spectral window and the relatively high attenuation 
of NIR light in tissue is due to the main chromophore hemoglobin (the oxygen transport red blood 
cell protein) located in small vessels of the microcirculation, such as capillary, arteriolar and 
venular beds. fNIRS is weakly sensitive to blood vessels >1 mm because they completely absorb 
the light. Given the fact that arterial blood volume fraction is approximately 30% in humans 
brain [25,26], the fNIRS technique offers the possibility to obtain information mainly concerning 
oxygenation and blood volume changes occurring within the venous compartments. 

fNIRS is a non-invasive and safe neuroimaging technique that utilizes laser diode and/or light 
emitting diode light sources spanning the optical window and flexible fiber optics to carry the NIR 
light from (source) and to (detector) tissues. Fiber optics are very suitable for any head position 
and posture. fNIRS measurements can be performed in natural environments without the need 
for restraint or sedation. Adequate depth of NIR light penetration (almost one half of the source-
detector distance) can be achieved using a source-detector distance around 3 cm. The selection 
of the optimal source-detector distance depends on NIR light intensity and wavelength, as well 
as the age of the subjects and the head regions measured. As a consequence of the complex light 
scattering effect by different tissue layers, the length of the NIR light path through tissue is longer 
than the physical distance between the source and detector pair. 

According to Beer’s law [6], the wavelength-dependent tissue optical density changes can 
be written in terms of the changes of the chromophores including HbO2 and HbR at time t with 
wavelength ,
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in which OD  is the optical density as determined from the negative log ratio of the detected 
intensity of light with respect to the incident intensity of light using continuous-wave (CW) 
measurements,          is the optical density change (unitless quantity) at the position r, DPF(r) 
is the unitless differential path length factor, l(r) (mm) is the distance between the source and 
the detector, )(λε i  is the extinction coefficient of the ith chromophore at wavelength λ of laser 
source, 2HbO∆ and HbR∆ (µM) is the chromophore concentration change for oxy- and deoxy-
hemoglobin, respectively. After multiply the inverse matrix of the extinction coefficients for both 
sides of Eq. (1), the time series matrix for the changes of HbO2 and HbR is written as

											           (2)

in which Q (r,t) vectors are the product of the inversion matrix of the extinction coefficients 
and the optical density change vectors. Similar operational procedures could be extended to nth 
wavelength case based on regularization methods:
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where the matrix E is the extinction coefficient matrix and R is defined as the a priori estimate 
of the covariance of the measurement error. The change of total hemoglobin concentration 

HbT∆ (µM) is defined as the sum of 2HbO∆ and HbR∆ .

THE fNIRS INSTRUMENTATIONS 
Different fNIRS instruments with related key features, advantages and disadvantages, and 

parameters measurable by using different fNIRS techniques have been developed and listed 
in Table 1 [27,28]. Briefly, three typical signal measurement techniques using fNIRS light are 
currently being used for optical tissue imaging: CW, time-domain (TD) and frequency-domain 
(FD) methods. CW fNIRS systems directly measure the intensity of light transmitted or reflected 
through the tissue. The light source used in CW systems generally has a constant intensity or 
is modulated at a low frequency (a few kHz). TD systems use short laser pulses, with temporal 
spread below a nanosecond, and detect the increased spread of the pulse after passing through 
tissue. FD systems use an amplitude-modulated source at a high frequency (a few hundred MHz) 
and measure the attenuation of amplitude and phase shift of the transmitted signal. Typically in 
this approach, a radio-frequency oscillator drives a laser diode and provides a reference signal for 
phase measurement. Among the three methods, the CW approach is relatively cheap and easy to 
implement. So far CW setups are also the most used optical neuroimaging/spectroscopy systems. 
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Table 1: Three typical fNIRS measurements systems.

Main characteristics fNIRS techniques-based instrumentation

Continuous wave Frequency-domain Time-domain

Sampling rate (Hz) ≤100 ≤50 ≤10

Spatial resolution (cm) ≤1 ≤1 ≤1
Penetration depth with a 4 cm source-

detector distance Low Deep Deep

Discrimination between cerebral and extra-
cerebral tissue (scalp, skull, CSF) n.a. Feasible Feasible

Possibility to measure deep brain structures Feasible on newborns Feasible on newborns Feasible on newborns

Instrument size Some bulky, some small Bulky Bulky

Instrument stabilization n.r. n.r. Required

Transportability Some easy, some feasible Feasible Feasible

Instrument cost Some low, some high Very high Very high

Telemetry Available Difficult Not easy

Measurable parameters

[HbO2], [HbR], [HbT] Yes, changes Yes, absolute value Yes, absolute value
Scattering and absorption coefficient and 

pathlength measurement No Yes Yes

Tissue HbO2 saturation measurement (%) No Yes Yes

CSF = cerebrospinal fluid, HbR = deoxy-hemoglobin, n.a. = not available, n.r. = not required, 
HbO2 = oxy-hemoglobin, HbT = HbO2+HbR.

The development of fNIRS instrumentation started in 1992 with a single channel system with 
low temporal resolution and poor sensitivity, as shown in Figure 1. In 1995, the multi-channel 
systems (the first 10-channel system) were reported. The present high temporal resolution multi-
channel systems, using the three different fNIRS techniques and complex data analysis systems, 
provide simultaneous multiple measurements and display the results in the form of a map or 
image over a specific cortical area or the whole brain, as displayed in Figure 2. The potential that 
exists for fNIRS more than for any other neuroimaging modality is represented by the realization 
of multi-channel wearable and/or wireless systems that allow fNIRS measurements even in 
normal daily activities.
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Figure 1: Sketch of the development of fNIRS instrumentation from single channel with a 
low temporal resolution and poor sensitivity up to the multi-channel systems.

Figure 2: (a) A typical example of an fNIRS probe holder placed on the head of a participant 
(bilateral parietal lobe). In this setup, thin optical fibers (diameter 0.4 mm) convey near infrared 
light to the participant’s head (note that each location comprises two optical fibers, one for each 
wavelength), whereas optical fiber bundles (diameter 3 mm) capture the light that is scattered 

through the brain tissue.

 (b) The ISS Imagent: http://www.iss.com/biomedical/instruments/imagent.html; (c) the 
Hitachi ETG 4000: http://www.hitachi-medical-systems.eu/products-and-services/optical-

topography/etg-4000.html; (d) the Nirsoptix Brain Monitor: http://www.nirsoptix.com/CW6.
php and (e) the NIRScout: http://www.nirx.net/imagers/nirscout-xtended.
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THE APPLICATIONS OF FNIRS IN TRANSLATION AND 
INTERPRETING

Since the mid-1990, most of the research work done in neurosciences using fNIRS has been 
focused on quantitative analysis and imaging of human and small animal brain functions. They 
have utilized these two techniques to localize or monitor the cerebral responses under different 
stimulus including visual [29-31], auditory [32], somatosensory [33], motor [34-36], language 
[37], and even translation [38].

Interestingly it was found from previous work that the findings using the native language (L1) 
or the non-native language (L2) in different settings during monolingual communication is not 
the same as that from translating [39-41]. It follows that translation-specific processes cannot 
be directly inferred from research on, or models of the bilingual brain. It was also reported from 
several behavioral studies that translation training has been shown to be able to modulate accuracy 
and response times (RTs) in a variety of linguistic and non-linguistic tasks. For example, Bajo et 
al. [42] reported that professional interpreters are able to perform better than interpretation 
students and bilinguals without translation experience in a semantic categorization task when 
nontypical exemplars are involved. It was also found that professional interpreters respond faster 
and more precisely than bilingual university students in both language and working memory 
tasks [43], and that they can even outperform foreign language teachers in terms of accuracy RTs. 
In particular, a comparison of stress-induced physiological responses between interpretation 
students and professional interpreters was performed, which revealed that the latter tend to 
maintain a lower and more constant pulse rate during simultaneous interpreting sessions [44]. 
The features on linguistic processing differences between interpreters and non-interpreters seem 
to be developed during the early stages of formal translation training [45]. 

Recent fNIRS work [38] has been reported to utilize a 12-channel CW system to explore 
the hemodynamics changes of the brain regions related to the translation tasks [38]. In this 
study, 8 right-handed male subjects aged between 19 to 24 years old participated in the tests, 
in which the subjects were native students and early bilinguals-Dutch (L1) and English (L2). In 
the experiment, the subjects were asked to implement four tasks including: 1) Translated from 
native language (L1) into non-native language (L2); 2) Translated from non-native language (L2) 
into native language (L1); 3) Translated 7 short sentences in each direction, for example, ‘I want 
to go shopping.’ and ‘She writes with a pencil.’ 4) A control task composed of reading simple 
sentences out loud. The four tasks were randomly presented and each were performed 4 times. 
The NIR instrument utilized in this study was two pulsed synchronised instruments (OXYMON, 
Artinis Medical Systems, Arnhem, and The Netherlands) [39]. Two wavelengths (775 and 850 
nm) with a laser power of about 1 mW were used and the light was transmitted and collected 
using a 2-meter-long optic fiber bundles with 4 mm diameter (four sources and five detectors). 
All the sources and the detectors were placed on a probe holder to keep the source–detector 
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distance at 3.5 cm. The geometry of the probe allowed the concomitant measurement of 12 sites 
over a head area of about 7 cm × 7 cm. The sampling frequency of the system was 0.1 Hz. Figure 
3 shows how the probe holder was positioned on the left lateral frontal lobe and centered around 
the Broca’s area.

Figure 3: Schematic representation of the optical probe (the white circles stand for source; 
the black circles represent detector;12 channels). The optical probe was located on the left 

lateral frontal lobe and centred around the Broca’s area according to the 10–20 system. (From 
reference 38 with permission).

A topographic presentation of the time courses of hemodynamic changes in the left hemisphere 
during translation from Dutch into English of seven short visually presented sentences was 
provided in Figure 4. It was observed from Figure 4 that left inferior frontal cortex including 
the Broca’s area showed a consistent and incremental rise in HbO2 accompanied by a smaller 
decrease in HbR, which indicated that Broca’s area was related to the neural activity during the 
translation process. The hemodynamic change pattern such as decreased HbR and increased HbO2 
is a representative feature of a localized increase in cerebral blood flow. A delay in the response of 
the HbR compared that from HbO2 may be identified.
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Figure 4: Typical topographic presentation of the time courses of hemodynamic changes 
(average of responses over four 21-s blocks) during a translation task (consisting of a 

translation from Dutch into English of seven short visually presented sentences). The vertical 
lines indicate the translation period. During the rest period the subjects watched a row of 

crosses presented every 3 s on the screen. Here O2Hb represents HbO2 while HHb represents 
HbR (from reference 38 with permission).

In addition, it was observed from Figure 4 that the activation areas were more pronounced 
in the inferior frontal cortex, including Broca’s area. However, the sites adjacent to Broca’s area 
were not uniformly activated. 

ACKNOWLEDGMENT 
This research is supported by SRG2013-00035-FHS Grant, MYRG2014-00093-FHS 

Grant from University of Macau in Macau and FDCT 026/2014/A1 grant from Macao 
Government.



10Neuroimaging  | www.smgebooks.com
Copyright  Yuan Z.This book chapter is open access distributed under the Creative Commons Attribution 4.0 
International License, which allows users to download, copy and build upon published articles even for commercial 
purposes, as long as the author and publisher are properly credited. 

References
1.	 Yuan Z, Zhang J, Wang X, Li C, A systematic investigation of reflectance diffuse optical tomography using nonlinear reconstruction 

methods and continue wave measurements. Biomed Opt Express. 2014; 5: 3011-3022. 

2.	 Yuan Z, Zhang Q, Sobel E, Jiang H. Image-guided optical spectroscopy in diagnosis of osteoarthritis: A clinical study. Biomed Opt 
Express. 2010; 1: 74-86.

3.	 Yodh A, Chance B. Spectroscopy and imaging with diffusing light. Phys Today. 1995; 48: 34-40.

4.	 Jobsis FF. Noninvasive, infrared monitoring of cerebral and myocardial oxygen sufficiency and circulatory parameters. Science. 
1977; 198: 1264-1267.

5.	 Huppert T, Diamond S, Franceschini M, Boas D. Homer: a review of time-series analysis methods for near-infrared spectroscopy 
of the brain. Appl Opt. 2009; 48: 280-298.

6.	 Yuan Z. A spatiotemporal and time-frequency analysis of functional near infrared brain signals using ICA method. J Biomed Opt. 
2013; 18: 106011. 

7.	 Yuan Z, Ye J. Fusion of fNIRS and fMRI data: Identifying when and where hemodynamic signal are changing in human brains. 
Front Hum Neurosci. 2013; 7: 676.

8.	 Yuan Z. Combing ICA and Granger causality to capture brain network dynamics with fNIRS measurements. Biomed Opt Express. 
2013; 4; 2629-2643. 

9.	 Klein D, Zatorre RJ, Chen JK, Milner B, Crane J, Belin P, et al. Bilingual brain organization: a functional magnetic resonance 
adaptation study. NeuroImage. 2006; 31: 366–375.

10.	Klein D, Milner B, Zatorre RJ, Meyer E, Evans AC. The neural substrates underlying word generation: a bilingual functional-imaging 
study. Proc Natl Acad Sci U S A. 1995; 92: 2899–2903.

11.	Price CJ, Green DW, von Studnitz R. A functional imaging study of translation and language switching. Brain. 1999; 122; 2221–
2235.

12.	Janyan A, Popivanov I, Andonova E. Concreteness effect and word cognate status: ERPs in single word translation. In K. Alter, M. 
Horne, M. Lindgren, M. Roll, & J. von Koss Torkildsen (Eds.), Brain talk: Discourse with and in the brain (pp. 21–30). Lund: Lunds 
Universitet. 2009.

13.	Lehtonen MH, Laine M, Niemi J, Thomsen T, Vorobyev VA, Hugdahl K. Brain correlates of sentence translation in Finnish–
Norwegian bilinguals. NeuroReport. 2005; 16: 607–610.

14.	Hervais-Adelman AG, Moser-Mercer B, Michel CM, Golestani N. The neural basis of simultaneous interpretation: a functional 
magnetic resonance imaging investigation of novice simultaneous interpreters. In Poster presented at the 8th international 
symposium on Bilingualism, Oslo, Norway, June 15–18, 2011. 2011.

15.	Borius PY, Giussani C, Draper L, Roux FE. Sentence translation in proficient bilinguals: a direct electrostimulation brain mapping. 
Cortex. 2012; 48: 614–622.

16.	Kurz I. Watching the brain at work – an exploratory study of EEG changes during simultaneous interpreting (SI). The Interpreters’ 
Newsletter. 1995; 6: 3–16.

17.	Rinne JO, Tommola J, Laine M, Krause BJ, Schmidt D, Kaasineni V, et al. The translating brain: cerebral activation patterns during 
simultaneous interpreting. Neurosci Lett. 2000; 294: 85–88.

18.	Brazy JE, Lewis DV, Mitnick MH, Jöbsis vander Vliet FF. Noninvasive monitoring of cerebral oxygenation in preterm infants: 
preliminary observations. Pediatrics. 1985; 75: 217-225.

19.	Chance B. Optical method. Annu Rev Biophys Biophys. Chem. 1991; 20: 1-28.

20.	Jöbsis FF. Discovery of the near-infrared window into the body and the early development of near-infrared spectroscopy. J Biomed 
Opt. 1999; 4: 392-396.

21.	Ferrari M, Zanette E, Giannini I, Sideri G, Fieschi C, Carpi A. Effects of carotid artery compression test on regional cerebral blood 
volume, hemoglobin oxygen saturation and cytochrome-c-oxidase redox level in cerebrovascular patients. Adv Exp Med Biol. 
1986; 200: 213-221.

22.	Ferrari M, De Marchis C, Giannini I, Di Nicola A, Agostino R, Nodari S, et al. Cerebral blood volume and hemoglobin oxygen 
saturation monitoring in neonatal brain by near IR spectroscopy. Adv Exp Med Biol. 1986; 200: 203-211.

23.	Wyatt JS, Cope M, Delpy DT, Wray S, Reynolds EO. Quantification of cerebral oxygenation and haemodynamics in sick newborn 
infants by near infrared spectrophotometry. Lancet 2. 1986; 1063-1066.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4230867/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4230867/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3005153/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3005153/
http://www.physics.upenn.edu/yodhlab/papers/1995/PhysicsToday_vol48p34_1995.pdf
http://science.sciencemag.org/content/198/4323/1264
http://science.sciencemag.org/content/198/4323/1264
http://www.ncbi.nlm.nih.gov/pubmed/19340120
http://www.ncbi.nlm.nih.gov/pubmed/19340120
http://www.ncbi.nlm.nih.gov/pubmed/24150092
http://www.ncbi.nlm.nih.gov/pubmed/24150092
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3797402/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3797402/
http://spie.org/Publications/Proceedings/Paper/10.1117/12.2033212
http://spie.org/Publications/Proceedings/Paper/10.1117/12.2033212
http://www.ncbi.nlm.nih.gov/pubmed/16460968
http://www.ncbi.nlm.nih.gov/pubmed/16460968
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC42326/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC42326/
http://www.ncbi.nlm.nih.gov/pubmed/10581218
http://www.ncbi.nlm.nih.gov/pubmed/10581218
http://old.nbu.bg/cogs/cvs/ajanyan/13JanyanEtAl.pdf
http://old.nbu.bg/cogs/cvs/ajanyan/13JanyanEtAl.pdf
http://old.nbu.bg/cogs/cvs/ajanyan/13JanyanEtAl.pdf
https://www.researchgate.net/publication/7924757_Brain_correlates_of_sentence_translation_in_Finnish-Norwegian_bilinguals
https://www.researchgate.net/publication/7924757_Brain_correlates_of_sentence_translation_in_Finnish-Norwegian_bilinguals
http://www.ncbi.nlm.nih.gov/pubmed/21377667
http://www.ncbi.nlm.nih.gov/pubmed/21377667
http://www.openstarts.units.it/dspace/handle/10077/4781
http://www.openstarts.units.it/dspace/handle/10077/4781
http://www.ncbi.nlm.nih.gov/pubmed/11058793
http://www.ncbi.nlm.nih.gov/pubmed/11058793
http://www.ncbi.nlm.nih.gov/pubmed/2982128
http://www.ncbi.nlm.nih.gov/pubmed/2982128
http://www.ncbi.nlm.nih.gov/pubmed/1867711
http://www.ncbi.nlm.nih.gov/pubmed/18163805
http://www.ncbi.nlm.nih.gov/pubmed/18163805
http://www.ncbi.nlm.nih.gov/pubmed/3026145
http://www.ncbi.nlm.nih.gov/pubmed/3026145
http://www.ncbi.nlm.nih.gov/pubmed/3026145
http://www.ncbi.nlm.nih.gov/pubmed/3799308
http://www.ncbi.nlm.nih.gov/pubmed/3799308
http://www.ncbi.nlm.nih.gov/pubmed/2877225
http://www.ncbi.nlm.nih.gov/pubmed/2877225


11Neuroimaging  | www.smgebooks.com
Copyright  Yuan Z.This book chapter is open access distributed under the Creative Commons Attribution 4.0 
International License, which allows users to download, copy and build upon published articles even for commercial 
purposes, as long as the author and publisher are properly credited. 

24.	Reynolds EO, Wyatt JS, Azzopardi D, Delpy DT, Cady EB, Cope M, et al. New non-invasive methods for assessing brain 
oxygenation and haemodynamics. Br Med Bull. 1988; 44: 1052-1075.

25.	Delpy DT, Cope M. Quantification in tissue near-infrared spectroscopy. Philos Trans R Soc. Lond B Biol Sci. 1997; 352: 649-659.

26.	Ito H, Kanno I, Fukuda H. Human cerebral circulation: positron emission tomography studies. Ann Nucl Med. 2005; 19: 65-74.

27.	Marco F, Valentina Q. A brief review on the history of human functional near-infrared spectroscopy (fNIRS) development andfields 
of application. NeuroImage. 2012; 3: 49.

28.	Cutini S, Moro S, Bisconti S. Functional near infrared optical imaging in cognitive neuroscience: an introductory review. J Near 
Infrared Spectrosc. 2012; 20: 75-92.

29.	Heekeren HR, Obrig H, Wenzel R, Eberle K, Ruben J, Villringer K, et al. Cerebral haemoglobin oxygenation during sustained visual 
stimulation-A near-infrared spectroscopy study. Philos Trans R Soc Lond B Biol Sci. 1997; 352: 743-750.

30.	Meek JH, Elwell CE, Khan MJ, Romaya, J, Wyatt JS, Delpy DT, et al. Regional changes in cerebral hemodynamics as a result of 
a visual stimulus measured by near infrared spectroscopy. Proc R Soc Lond B. 1995; 261: 351-356. 

31.	Ruben J, Wenzel R, Obrig H, Villringer K, Bernarding J, Hirth C, et al. Haemoglobin oxygenation changes during visual stimulation 
in the occipital cortex. Adv Exp Med Biol. 1997; 428: 181-187. 

32.	Sakatani K, Chen S, Lichty W, Zuo H, Wang YP. Cerebral blood oxygenation changes induced by auditory stimulation in newborn 
infants measured by near infrared spectroscopy. Early Hum Dev. 1999; 55: 229-236. 

33.	Franceschini MA, Fantini S, Thompson JH, Culver JP, Boas DA. Hemodynamic evoked response of the sensorimotor cortex 
measured non-invasively with near infrared optical imaging. Psychophysiology. 2003; 40: 548-560. 

34.	Colier WN, Quaresima V, Oeseburg B, Ferrari M. Human motor-cortex oxygenation changes induced by cyclic coupled movements 
of hand and foot. Exp Brain Res. .1999; 129; 457-461. 

35.	Hirth C, Obrig H, Villringer K, Thiel A, Bernarding J, Muhlnickel W, et al. Non-invasive functional mapping of the human motor cortex 
using near-infrared spectroscopy. NeuroReport. 1996; 7: 1977-1981.

36.	Kleinschmidt A, Obrig H, Requardt M, Merboldt KD, Dirnagl U, Villringer A, et al. Simultaneous recording of cerebral blood 
oxygenation changes during human brain activation by magnetic resonance imaging and near-infrared spectroscopy. J Cereb 
Blood Flow Metab. 1996; 16: 817-826. 

37.	Sato H, Takeuchi T Sakai KL. Temporal cortex activation during speech recognition: an optical topography study. Cognition. 1999; 
73: B55-B66.

38.	Quaresima V, Ferrari M, van der Slujis, MCP, Menssen J, Colier WNJM. Lateral frontal cortex oxygenation changes during 
translation and language switching revealed by non-invasive near-infrared multi-point measurements. Brain Res Bull. 2002; 59: 
235–243.

39.	Grosjean F. Polyglot aphasics and language mixing: a comment on Perecman. Brain Lang. 1985; 26: 349–355.

40.	Hurtado Albir A. La competencia traductora y su adquisición. Un modelo holístico y dinámico. Perspectives: Studies in Translatology. 
1999; 7: 177–188.

41.	Obler LK. La neuropsychologie du bilinguisme. Langages. 1983; 18: 33–43.

42.	Bajo MT, Padilla F, Padilla P. Comprehension processes in simultaneous interpreting. In A. Chesterman, N. Gallardo San Salvador, 
& Y. Gambier (Eds.), Translation in context (pp. 127–142). Amsterdam: John Benjamins. 2000.

43.	Christoffels IK, De Groot AMB, Kroll JF. Memory and language skills in simultaneous interpreters: the role of expertise and 
language proficiency. J Memory Language.  2006; 54: 324–345.

44.	Kurz I. Physiological stress during simultaneous interpreting: a comparison of experts and novices. The Interpreters’ Newsletter. 
2003: 12: 51–67.

45.	Fabbro F, Darò V. Delayed auditory feedback in polyglot simultaneous interpreters. Brain Lang. 1995; 48: 309–319.

http://www.ncbi.nlm.nih.gov/pubmed/3076826
http://www.ncbi.nlm.nih.gov/pubmed/3076826
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1691964/
http://www.ncbi.nlm.nih.gov/pubmed/15909484
http://www.iss.com/resources/pdf/publications/fnirs-history.pdf
http://www.iss.com/resources/pdf/publications/fnirs-history.pdf
https://www.researchgate.net/publication/233936561_Review_Functional_near_infrared_optical_imaging_in_cognitive_neuroscience_An_introductory_review
https://www.researchgate.net/publication/233936561_Review_Functional_near_infrared_optical_imaging_in_cognitive_neuroscience_An_introductory_review
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1691960/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1691960/
http://www.ncbi.nlm.nih.gov/pubmed/8587877
http://www.ncbi.nlm.nih.gov/pubmed/8587877
http://www.ncbi.nlm.nih.gov/pubmed/9500046
http://www.ncbi.nlm.nih.gov/pubmed/9500046
http://www.ncbi.nlm.nih.gov/pubmed/10463787
http://www.ncbi.nlm.nih.gov/pubmed/10463787
http://www.ncbi.nlm.nih.gov/pubmed/14570163
http://www.ncbi.nlm.nih.gov/pubmed/14570163
http://www.ncbi.nlm.nih.gov/pubmed/10591917
http://www.ncbi.nlm.nih.gov/pubmed/10591917
http://www.ncbi.nlm.nih.gov/pubmed/8905707
http://www.ncbi.nlm.nih.gov/pubmed/8905707
http://www.ncbi.nlm.nih.gov/pubmed/8784226
http://www.ncbi.nlm.nih.gov/pubmed/8784226
http://www.ncbi.nlm.nih.gov/pubmed/8784226
http://www.ncbi.nlm.nih.gov/pubmed/10585521
http://www.ncbi.nlm.nih.gov/pubmed/10585521
http://www.sciencedirect.com/science/article/pii/S0361923002008717
http://www.sciencedirect.com/science/article/pii/S0361923002008717
http://www.sciencedirect.com/science/article/pii/S0361923002008717
http://www.ncbi.nlm.nih.gov/pubmed/4084770
http://www.tandfonline.com/doi/abs/10.1080/0907676x.1999.9961356?journalCode=rmps20#.VuuWEOJ97IU
http://www.tandfonline.com/doi/abs/10.1080/0907676x.1999.9961356?journalCode=rmps20#.VuuWEOJ97IU
http://www.persee.fr/doc/lgge_0458-726x_1983_num_18_72_1190
https://openaccess.leidenuniv.nl/bitstream/handle/1887/14197/Christoffels_etal_JML_2006.pdf?sequence=2
https://openaccess.leidenuniv.nl/bitstream/handle/1887/14197/Christoffels_etal_JML_2006.pdf?sequence=2
http://www.openstarts.units.it/dspace/handle/10077/2472
http://www.openstarts.units.it/dspace/handle/10077/2472
http://www.ncbi.nlm.nih.gov/pubmed/7757448

	Title
	ABSTRACT
	INTRODUCTION
	BASIC PRINCIPLES OF fNIRS
	THE APPLICATIONS OF fNIRS IN TRANSLATION AND INTERPRETING
	ACKNOWLEDGMENT 
	References
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4

