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Introduction 
Contemporary daily life is more and more characterized by ubiquitous 

interaction with computational devices and systems. For example, it is 

commonplace for a person walking a busy street, to be engaged in 

conversation with a distant person using telephony, while simultaneously 

receiving directions via a GPS-enabled web application on their mobile 

device. This overwhelming increase in human-computer interactions has 

prompted the need for a better understanding of how brain activity is shaped

by performing sensorimotor actions in the physical world. In this context, 

neuroergonomics aims at bridging the gap between the abundant flow of 

information contained within a person's technological environment and 

related brain activity in order to adapt machine settings and facilitate 

optimal human-computer interactions ( Parasuraman, 2013 ). One way to 

achieve this goal consists in developing adaptive systems. In 

neuroergonomics, adaptive automation relies on passive brain-computer 

interfaces (BCI) capable of spotting brain signatures linked to the operator's 

cognitive state in order to adjust in real-time the operator's technological 

environment. With the growing area of interest in this topic, the need for 

neuroimaging methods properly suited to ecological experimental settings 

has risen. In this vein, near-infrared spectroscopy (NIRS) presents some 

advantages as compared to other neuroimaging methods. 

In this opinion article, we first concentrate on the benefits of utilizing NIRS 

for investigation in neuroergonomics. Recent neuroergonomics investigations

have used NIRS recordings in a number of laboratories (e. g., Ayaz et al., 

https://assignbuster.com/nirs-measured-prefrontal-cortex-activity-in-
neuroergonomics-strengths-and-weaknesses/



 Nirs-measured prefrontal cortex activity... – Paper Example  Page 3

2012 ; Mandrick et al., 2013a , b ). It is particularly worth noting that most of 

these investigations have reported NIRS data from the prefrontal cortex 

(PFC). We provide a brief review of these recent studies and their impact in 

the field by presenting a detailed analysis of the applicability of NIRS-

measured PFC activity to discriminate cognitive states in real life 

environments. In this paper, we will address two main questions: are NIRS-

derived hemodynamic variables sufficiently sensitive to changes in sustained

attention when measured over the PFC area? Are these measures useful for 

delineating different levels of mental workload? 

NIRS-Measured Prefrontal Cortex Activity in 
Neuroergonomics: Strengths 
In 1977, Jöbsis published the first paper exploiting near-infrared light to 

investigate hemodynamic and oxygenation changes in the human brain. 

Since then, the technique has garnered immense interest across a multitude 

of fields of research in neuroscience including, recently, neuroergonomics. 

What makes this technique attractive for neuroergonomics investigators? 

The answer lies in a set of technical advantages offered by NIRS compared to

other neuroimaging methods when performing experiments requiring 

ecological validity. 

One such advantage is that subjects can engage in experimental tasks 

without the noise and movement limitation constraints associated for 

instance with magnetic resonance imaging (MRI) investigations. In the same 

vein, the possibility of conducting experiments with the subjects in a sitting 

or standing position is a specific advantage of NIRS, since lying down in the 

magnet has been demonstrated to increase the risk of subject drowsiness (
https://assignbuster.com/nirs-measured-prefrontal-cortex-activity-in-
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Kräuchi et al., 1997 ) and so the level of attention. In addition, the MRI 

environment severely limits the establishment of ecologically valid 

experimental conditions despite the efforts of simulation paradigms [e. g., 

virtual reality in Calhoun and Pearlson (2012) ]. Instead, NIRS or 

electroencephalography (EEG) may be exploited to counteract all these 

magnet-related issues. As stipulated by Di Nocera et al. (2007) , although 

specific aspects of the EEG are sensitive to mental workload their robust 

acquisition and analysis in real-time is still a problematic area. Also, unlike 

EEG, NIRS recordings are not affected by electrooculographic or facial 

electromyographic activity and environmental electrical noise—which are 

undoubtedly ubiquitous in human-computer interactions. Additionally, 

investigators having exploited both NIRS and EEG techniques may attest that

the former technique is less sensitive to movement-related artifacts than the

latter. NIRS signals are, however, not totally free of artifacts. Solovey et al. 

(2009) investigated the effect of physical behaviors inherent to computer (e. 

g., mouse) usage during NIRS acquisition and proposed guidelines to further 

limit and correct artifact sources while using this modality in a 

neuroergonomics context. All the aforementioned technical advantages of 

NIRS are at the basis of its increasing use in neuroergonomics (e. g., Ayaz et 

al., 2012 ). 

NIRS in neuroergonomics has been focused predominantly on the PFC. 

Focusing on a single specific cortical area stemmed from the goal of 

reducing the number of measurement channels required at the scalp level 

which is linked to the aim of developing ambulatory passive BCI. However, 

once this measurement simplicity is recognized, why should NIRS probes be 
https://assignbuster.com/nirs-measured-prefrontal-cortex-activity-in-
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placed over the PFC rather than, say, over parietal cortices? Firstly, the PFC 

is well-known as being involved in a large amount of cognitive and motor 

activities ( Miller and Cohen, 2001 ) and is therefore a good candidate for the

investigation of the interrelationships between cognition, action and the 

physical world. Secondly, there is an undeniable practical benefit of setting-

up NIRS probes over this hairless scalp area as compared to other—more 

dorsal—scalp areas, since the presence of hair may impact on both photon 

absorption ( Murkin and Arango, 2009 ) and the coupling of the probes with 

the underlying scalp. 

The use of NIRS offers then, technical advantages in the field of 

neuroergonomics, and especially so, when probes are placed over the PFC. 

However, one could be skeptical regarding the focus on one particular area 

over others as it may reduce the amount of relevant information for 

quantifying the operator's cognitive state. This concern gives rise to the 

following question: does PFC activity measurement through NIRS-derived 

hemodynamic variables allow for quantifying the cognitive-states of the 

people/operator with sufficient sensitivity in real life environments? 

Reliability of NIRS-Measured Prefrontal Cortex Activity for
Quantification of Operator's Cognitive-State 
A primary issue in neuroergonomics concerns the assessment of mental 

workload. Mental workload reflects “ how hard the brain is working to meet 

task demands ” ( Ayaz et al., 2012 ). Since excessive or insufficient mental 

workload can be associated with decreased efficiency and safety of human-

computer interactions, mental workload has to be assessed for designing 

new systems or adapting them in real time. Based on NIRS-measured PFC 
https://assignbuster.com/nirs-measured-prefrontal-cortex-activity-in-
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activity, Ayaz et al. (2012) investigated the sensitivity of HbDiff—

corresponding to the difference between oxy- (O 2 Hb) and deoxyhemoglobin

(HHb) values—for distinguishing three levels of mental workload during an 

Air Traffic Control task. In their study, augmenting the number of aircraft—6, 

12, or 18—that the subjects had to manage in a given time resulted in three 

levels of difficulty. For each level, the changes (Δ) in PFC activity as the 

difference between HbDiff values measured at the end of the task and during

the pre-task baseline were computed. The authors found significant 

increases in ΔHbDiff as a function of the level of difficulty. One of the 

conclusions drawn was that NIRS-based measurement of PFC activity 

appeared sensitive to large differences in task difficulty while sensitivity to 

smaller differences in task difficulty would have to be explored further using 

finer graduations in task level. However, the capacity of NIRS-based 

measurement of PFC activity to discriminate large differences in task 

difficulty has not been unequivocally proven and other published research 

suggests problems, especially for higher levels of mental workload. Using a 

similar paradigm, Izzetoglu et al. (2004) showed that the ΔHbDiff measured 

over the PFC increased when considering conditions involving 6, 12 or 18 

aircraft, but failed to find any increase in ΔHbDiff when the number of 

aircraft was increased to 24. By manipulating three degree of difficulty of an 

arithmetic task, Mandrick et al. (2013a , b) provided further evidence of this 

finding. Subjective measures (i. e., increase in the perceived difficulty and 

NASA-TLX scores) and behavioral results (i. e., increase in reaction times and

rate of errors) confirmed that three distinguishable levels of workload were 

produced. However, Mandrick et al. (2013a , b) were only able to find 
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differences in ΔO 2 Hb between the “ easy ” and “ medium ” levels of 

difficulty but not between the “ medium ” and “ difficult ” levels of difficulty. 

By computing the slope value of the linear regressions fitting for O 2 Hb 

signals from the beginning to the end of the task, the authors could 

distinguish differences in ΔO 2 Hb patterns between the “ medium ” and “ 

difficult ” levels of difficulty. In summary, NIRS-measured PFC activity has 

been demonstrated to be able to distinguish between large changes in 

difficulty ( Ayaz et al., 2012 ), especially for low to moderate levels of 

workload. At higher levels of workload, a plateau effect was found when 

exploiting ΔO 2 Hb or ΔHbDiff suggesting that alternative data analyses 

should be exploited (e. g., the slope method). Within active BCI systems—

where subjects have to intentionally control external devices ( Coyle et al., 

2007 )—the slope index has been identified as a discriminatory feature of the

user's cognitive state ( Power et al., 2011 ; Faress and Chau, 2013 ). Its 

application and implementation as passive BCI for quantifying the operator's 

mental workload constitute a future step in neuroergonomics. 

Another area of research in neuroergonomics concerns the monitoring of 

sustained attention. In this case, the interest is to capture relevant brain 

signatures so as to detect performance breakdown—characterizing the so-

called time-on-task (TOT) effect—during sustained attention tasks. In this 

context, some NIRS-based PFC activity investigations revealed the sensitivity

of the method to attention degradation. For instance, Li et al. (2009) showed 

significant changes in NIRS-measured O 2 Hb, total hemoglobin (tHb) and 

regional oxygen saturation (rSO 2 ) over the left PFC in parallel to TOT effect 

development during a prolonged driving task of 3 h duration. In the same 
https://assignbuster.com/nirs-measured-prefrontal-cortex-activity-in-
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way, we recently demonstrated ( Derosière et al., 2013 ) that the O 2 Hb 

variable was sensitive to the TOT effect development—in the form of 

increases over the lateral left and right PFC and decrease over the medial 

part of the PFC—during a simple reaction time task of 30 min duration. When

considered together, these results suggest that certain variables measured 

using NIRS over PFC may be sensitive to the TOT effect development. These 

variables include O 2 Hb and tHb. Finally, the sensitivity of the rSO 2 variable 

to the TOT effect should be questioned since, in some cases, it has been 

found to remain stable despite performance degradation ( Helton et al., 2007

; De Joux et al., 2013 ). In these studies, the shorter duration of sustained 

attention than in Li et al. (2009) may explain the discrepancies in the results.

To put it succinctly, the O 2 Hb and tHb variables—as measured over the PFC

—can be considered sensitive to attention decrement regardless of task 

duration while rSO 2 may be sensitive to prolonged tasks only. 

Finally it is worth noting that the scope of neuroergonomics is not limited to 

stressful conditions exclusively but includes positive mental states—such as 

pleasure—as well. In this vein, hedonomics is defined as “ that branch of 

science which facilitates the pleasant or enjoyable aspects of human-

technology interaction ” ( Hancock and Szalma, 2006 ). The aim is to develop

interfaces fostering the emergence of flow states ( Csikszentmihalyi, 1990 ) 

in which operators are fully engaged in a task while information processing is

fluid and almost automatic rather than effortful and controlled. Recently, 

Peck et al. (2013) demonstrated that, based on changes in ΔO 2 Hb, users' 

movie preferences could be reliably classified. Such a result is encouraging 
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and suggests that NIRS-measured PFC activity may allow for the adaptation 

of computer interfaces based on the operator's design preferences. 

Conclusion and Perspectives for NIRS in Neuroergonomics 
The investigation of cortical activity by NIRS presents real advantages 

especially when measurement in ecologically valid conditions is required. 

Further, the PFC is of interest for NIRS investigation in neuroergonomics due 

to its acknowledged role in linking cognition, action and the physical world. 

Neuroergonomics studies have confirmed that NIRS-measured PFC activity 

can be useful for distinguishing changes in the operator's cognitive state. 

However, some NIRS-measured hemodynamic variables appeared relatively 

insensitive to certain changes in mental workload or attentional state. While 

alternative data analyses method (e. g., the slope index) can be proposed to 

solve some of these issues, further investigation is required to determine the

relevancy of each NIRS-measured hemodynamic variable, as taken 

independently or in a combined manner, for distinguishing changes in the 

operator's cognitive-state. 

References 
Ayaz, H., Shewokis, P. A., Bunce, S., Izzetoglu, K., Willems, B., and Onaral, B. 

(2012). Optical brain monitoring for operator training and mental workload 

assessment. Neuroimage 59, 36–47. doi: 10. 1016/j. neuroimage. 2011. 06. 

023 

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 

https://assignbuster.com/nirs-measured-prefrontal-cortex-activity-in-
neuroergonomics-strengths-and-weaknesses/

http://dx.doi.org/10.1016/j.neuroimage.2011.06.023
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=21722738
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21722738


 Nirs-measured prefrontal cortex activity... – Paper Example  Page 10

Calhoun, V. D., and Pearlson, G. D. (2012). A selective review of simulated 

driving studies: combining naturalistic and hybrid paradigms, analysis 

approaches, and future directions. Neuroimage 59, 25–35. doi: 10. 1016/j. 

neuroimage. 2011. 06. 037 

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 

Coyle, S. M., Ward, T. E., and Markham, C. M. (2007). Brain–computer 

interface using a simplified functional near-infrared spectroscopy system. J. 

Neural Eng . 4, 219–226. doi: 10. 1088/1741-2560/4/3/007 

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 

Csikszentmihalyi, M. (1990). Flow: the Psychology of Optimal Experience . 

New York, NY: Harper. 

De Joux, N., Russell, P. N., and Helton, W. S. (2013). A functional near-

infrared spectroscopy study of sustained attention to local and global target 

features. Brain Cogn . 81, 370–375. doi: 10. 1016/j. bandc. 2012. 12. 003 

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 

Derosière, G., Billot, M., Ward, T., and Perrey, S. (2013). Adaptations of the 

motor neural structures' activity to lapses in attention. Cereb. Cortex doi: 10.

1093/cercor/bht206. [Epub ahead of print]. 

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 

Di Nocera, F., Camilli, M., and Terenzi, M. (2007). A random glance at the 

flight deck: pilots' scanning strategies and the real-time assessment of 
https://assignbuster.com/nirs-measured-prefrontal-cortex-activity-in-
neuroergonomics-strengths-and-weaknesses/

http://dx.doi.org/10.1093/cercor/bht206
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=23960205
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23960205
http://dx.doi.org/10.1016/j.bandc.2012.12.003
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=23375118
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23375118
http://dx.doi.org/10.1088/1741-2560/4/3/007
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=17873424
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17873424
http://dx.doi.org/10.1016/j.neuroimage.2011.06.037
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=21718791
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21718791


 Nirs-measured prefrontal cortex activity... – Paper Example  Page 11

mental workload. J. Cogn. Eng. Decis. Making 1, 271–285. doi: 10. 

1518/155534307X255627 

CrossRef Full Text 

Faress, A., and Chau, T. (2013). Towards a multimodal brain–computer 

interface: combining fNIRS and fTCD measurements to enable higher 

classification accuracy. Neuroimage 77, 186–194. doi: 10. 1016/j. 

neuroimage. 2013. 03. 028 

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 

Hancock, P. A., and Szalma, J. L. (2006). “ Stress and neuroergonomics,” in 

Neuroergonomics: the Brain at Work , eds R. Parasuraman and M. Rizzo 

(Oxford: Oxford University Press), 195–206. doi: 10. 1093/acprof: 

oso/9780195177619. 003. 0013 

CrossRef Full Text 

Helton, W. S., Hollander, T. D., Warm, J. S., Tripp, L. D., Parsons, K., 

Matthews, G., et al. (2007). The abbreviated vigilance task and cerebral 

hemodynamics. J. Clin. Exp. Neuropsychol . 29, 545–552. doi: 10. 

1080/13803390600814757 

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 

Izzetoglu, K., Bunce, S. C., Onaral, B., Pourrezaei, K., and Chance, B. (2004). 

Functional optical brain imaging using near-infrared during cognitive tasks. 

https://assignbuster.com/nirs-measured-prefrontal-cortex-activity-in-
neuroergonomics-strengths-and-weaknesses/

http://dx.doi.org/10.1080/13803390600814757
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=17564919
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17564919
http://dx.doi.org/10.1093/acprof:%20oso/9780195177619.003.0013
http://dx.doi.org/10.1016/j.neuroimage.2013.03.028
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=23541802
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23541802
http://dx.doi.org/10.1518/155534307X255627


 Nirs-measured prefrontal cortex activity... – Paper Example  Page 12

Int. J. Hum. Comput. Interact . 17, 211–227. doi: 10. 

1207/s15327590ijhc1702_6 

CrossRef Full Text 

Jöbsis, F. F. (1977). Noninvasive, infrared monitoring of cerebral and 

myocardial oxygen sufficiency and circulatory parameters. Science 198, 

1264–1267. doi: 10. 1126/science. 929199 

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 

Kräuchi, K., Cajochen, C., and Wirz-Justice, A. (1997). A relationship between 

heat loss and sleepiness: effects of postural change and melatonin 

administration. J. Appl. Physiol . 83, 134–139. 

Pubmed Abstract | Pubmed Full Text 

Li, Z., Zhang, M., Zhang, X., Dai, S., Yu, X., and Wang, Y. (2009). Assessment 

of cerebral oxygenation during prolonged simulated driving using near 

infrared spectroscopy: its implications for fatigue development. Eur. J. Appl. 

Physiol . 107, 281–287. doi: 10. 1007/s00421-009-1122-6 

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 

Mandrick, K., Derosiere, G., Dray, G., Coulon, D., Micalef, J. P., and Perrey, S. 

(2013a). Utilizing slope method as an alternative data analysis for functional 

near-infrared spectroscopy-derived cerebral hemodynamic responses. Int. J. 

Ind. Ergon . 43, 335–341. doi: 10. 1016/j. ergon. 2013. 05. 003 

CrossRef Full Text 
https://assignbuster.com/nirs-measured-prefrontal-cortex-activity-in-
neuroergonomics-strengths-and-weaknesses/

http://dx.doi.org/10.1016/j.ergon.2013.05.003
http://dx.doi.org/10.1007/s00421-009-1122-6
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=19578870
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19578870
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=9216955
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=9216955
http://dx.doi.org/10.1126/science.929199
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=929199
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=929199
http://dx.doi.org/10.1207/s15327590ijhc1702_6


 Nirs-measured prefrontal cortex activity... – Paper Example  Page 13

Mandrick, K., Derosiere, G., Dray, G., Coulon, D., Micalef, J. P., and Perrey, S. 

(2013b). Prefrontal cortex activity during motor tasks with additional mental 

load requiring attentional demand: a near-infrared spectroscopy study. 

Neurosci. Res . 76, 156–162. doi: 10. 1016/j. neures. 2013. 04. 006 

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 

Miller, E. K., and Cohen, J. D. (2001). An integrative theory of prefrontal 

cortex function. Annu. Rev. Neurosci . 24, 167–202. doi: 10. 1146/annurev. 

neuro. 24. 1. 167 

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 

Murkin, J. M., and Arango, M. (2009). Near-infrared spectroscopy as an index 

of brain and tissue oxygenation. Br. J. Anaesth . 103, 3–13. doi: 10. 

1093/bja/aep299 

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 

Parasuraman, R. (2013). “ Neuroergonomics: brain-inspired cognitive 

engineering,” in The Oxford Handbook of Cognitive Engineering , eds J. D. 

Lee and A. Kirlik (Oxford: Oxford University Press), 159–177. doi: 10. 

1093/oxfordhb/9780199757183. 013. 0010 

CrossRef Full Text 

Peck, E. M., Afergan, D., and Jacob, R. J. (2013). “ Investigation of fNIRS brain

sensing as input to information filtering systems,” in Proceedings of the 4th 

https://assignbuster.com/nirs-measured-prefrontal-cortex-activity-in-
neuroergonomics-strengths-and-weaknesses/

http://dx.doi.org/10.1093/oxfordhb/9780199757183.013.0010
http://dx.doi.org/10.1093/bja/aep299
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=20007987
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=20007987
http://dx.doi.org/10.1146/annurev.neuro.24.1.167
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=11283309
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=11283309
http://dx.doi.org/10.1016/j.neures.2013.04.006
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=23665138
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23665138


 Nirs-measured prefrontal cortex activity... – Paper Example  Page 14

Augmented Human International Conference , (Stuttgart), 142–149. doi: 10. 

1145/2459236. 2459261 

CrossRef Full Text 

Power, S. D., Kushki, A., and Chau, T. (2011). Towards a system-paced near-

infrared spectroscopy brain–computer interface: differentiating prefrontal 

activity due to mental arithmetic and mental singing from the no-control 

state. J. Neural Eng . 8: 066004. doi: 10. 1088/1741-2560/8/6/066004 

Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 

Solovey, E. T., Girouard, A., Chauncey, K., Hirshfield, L. M., Sassaroli, A., 

Zheng, F., et al. (2009). “ Using fNIRS brain sensing in realistic HCI settings: 

experiments and guidelines,” in Proceedings of the 22nd Annual ACM 

Symposium on User Interface Software and Technology , (Victoria, BC), 157–

166. doi: 10. 1145/1622176. 1622207 

CrossRef Full Text 

https://assignbuster.com/nirs-measured-prefrontal-cortex-activity-in-
neuroergonomics-strengths-and-weaknesses/

http://dx.doi.org/10.1145/1622176.1622207
http://dx.doi.org/10.1088/1741-2560/8/6/066004
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?db=pubmed&cmd=prlinks&retmode=ref&id=21975364
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21975364
http://dx.doi.org/10.1145/2459236.2459261

	Nirs-measured prefrontal cortex activity in neuroergonomics: strengths and weakne...
	Introduction
	NIRS-Measured Prefrontal Cortex Activity in Neuroergonomics: Strengths
	Reliability of NIRS-Measured Prefrontal Cortex Activity for Quantification of Operator's Cognitive-State
	Conclusion and Perspectives for NIRS in Neuroergonomics
	References


