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The interplay between background colour and individual characteristics such as gender significantly 

influences cognitive performance in visual attention tasks. While colour's role in cognition has been 

studied, the impact of low-saturation colours and their gender-specific interactions remains 

underexplored. This study examined the effects of nine background colours—seven low-saturation 

hues (red, orange, yellow, green, cyan, blue, purple), standard grey, and standard white—on visual 

attention among 54 participants (27 males, 27 females) in a dark psychophysical laboratory. A 

multimodal approach combined cognitive performance data (accuracy and search time), functional 

near-infrared spectroscopy (fNIRS) data (activation of brain regions associated with visual attention), 

and eye-tracking measures (fixation and pupil metrics). Results revealed that males exhibited higher 

accuracy and faster search times on cyan and yellow backgrounds, whereas females demonstrated 

greater neural activation on orange and cyan backgrounds. Eye-tracking data indicated longer fixation 

durations for females on orange backgrounds and higher cognitive load for males on blue backgrounds. 

Correlation analysis revealed contrasting cognitive strategies, females showed a positive correlation 

between search time and accuracy, while males exhibited a negative correlation. These findings 

underscore the nuanced role of gender-specific responses to background colour in shaping visual 

cognition. Insights gained have applications in human-computer interaction, educational tools, and 

tailored interventions for cognitive impairments.  
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Introduction 

In today's rapidly evolving information technology landscape, cognitive abilities are increasingly 

significant in learning, work, and daily life [1-3]. Data from the World Health Organization (WHO) 

indicate that 1 billion people—approximately 15% of the global population—are affected by varying 

degrees of mental or cognitive disorders [4-6]. These challenges not only impact individual quality of 

life and work efficiency but may also have profound effects on socio-economic development [7-9]. 

Enhancing individual cognitive performance becomes particularly crucial. Among cognitive functions, 

Visual Attention (VA) is vital for information selection and processing, forming the foundation for 

learning, decision-making, and problem-solving [10-13]. Understanding the factors influencing visual 

attention performance is therefore crucial for enhancing cognitive efficiency and developing effective 

intervention strategies.  
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Colour, as a significant characteristic of visual stimuli, profoundly influence individuals' allocation 

and concentration of attention [14-16]. Existing studies have demonstrated that colour affects emotions, 

psychological states, and cognitive processes, enabling improved attention concentration and 

interaction with information systems [15, 17-20]. Despite this, previous research has focused on highly 

saturated or three primary colours, with limited analysis of low-saturation backgrounds [21-23]. 

Furthermore, evidence suggests that males and females may exhibit distinct attention allocation 

strategies [24-27], yet the interaction between gender and background colour in visual cognition 

remains underexplored. Additionally, previous studies have typically used a single method (e.g. 

behavioural data or self-report data) to assess cognitive performance [28-30], which ignores the 

relationship between brain activities performance and cognitive responses. On the other hand, the 

functional near-infrared spectroscopy (fNIRS) monitors cerebral blood flow changes in real time, which 

shows the ability to understanding the activation of brain regions associated with VA [31-33]. 

Meanwhile, Eye-tracking technology provides quantitative analysis of visual attention allocation and 

decision-making processes [34-35].  

Therefore, this study investigates how nine background colours, including seven low-saturation hues 

(red, orange, yellow, green, cyan, blue, purple) and two achromatic colours (grey and white), influence 

visual attention. By combining cognitive performance data (accuracy and search time), fNIRS-based 

brain activation data, and eye-tracking metrics (fixation duration and pupil diameter), this research 

addresses the following objectives: 

1. Examine cognitive performance differences in visual attention performance across genders 

under varying background colours. 

2. Explore patterns of brain activation associated with visual attention tasks using fNIRS data, 

with an emphasis on gender-specific differences. 

3. Correlating accuracy and search time integrates cognitive performance data to uncover 

potential cognitive strategies.  

Method 

Colour conditions 

To investigate the influence of background colours on visual attention, this study employed nine 

background colours within the CIELAB colour space. These included seven low-saturation hues (red, 

orange, yellow, green, cyan, blue, purple) and two achromatic colours (grey and white). By focusing on 

low-saturation colours, this study aims to explore nuanced behavioural and physiological patterns 

across genders in visual attention tasks. 

All colours, except white, were standardised to maintain consistent luminance, ensuring that 

luminance contrast effects were controlled. Grey characters were displayed against the white 

background, while white characters were presented on all other coloured backgrounds. Lightness (L*) 

and chromaticity (a*, b*) values were measured in a display by using a JETI specbos 1211 UV-2 

spectroradiometer. As shown in Table 1, ΔL* ranged from -0.73 to 1.18, while ΔE spanned 0.91 to 11.02. 

Although certain ΔE values, such as green (ΔE = 11.02) and cyan (ΔE = 10.55), indicated noticeable 

numerical differences, these variations were perceptually negligible, allowing them to be treated as 

equivalent colours. This controlled setup ensured experimental reliability, providing a foundation for 

analysing the interactions between background colour and gender-specific visual attention responses. 
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Colour 
Target Real 

ΔL* ΔE 
L* a* b* L* a* b* 

Grey 50 0 0 50.46 -0.78 0.12 0.46 0.91 

Red 50 22.00 11.00 51.10 29.31 13.61 1.10 7.84 

Orange 50 13.00 22.00 51.18 17.75 26.71 1.18 6.79 

Yellow 50 1.00 25.00 50.67 2.28 29.75 0.67 4.96 

Green 50 -20.00 13.00 49.50 -31.01 12.99 -0.50 11.02 

Cyan 50 -13.25 -7.00 49.27 -23.66 -8.56 -0.73 10.55 

Blue 50 -2.15 -24.00 49.50 -9.73 -25.34 -0.50 7.71 

Purple 50 20.00 -13.00 50.96 23.83 -11.54 0.96 4.21 

White 90 0 0 89.70 -0.77 -0.83 -0.30 1.17 

ΔL*: Lightness difference between target and real 

ΔE: Colour difference between target and real 

Table 1: CIE chromaticity coordinates of the colours used in the experiment. 

Experimental procedures 

The experimental design aimed to simulate realistic visual attention cognitive tasks while 

maintaining controlled conditions for reliable data collection provided by the PsyToolkit platform. 

Participants performed a visual search task, a widely recognised paradigm for studying attention, where 

the goal was to identify a target—a positive “T”—among 20 distractor icons (see Figure 1a). This task, 

frequently encountered in daily life, was chosen to align with the study’s objective of examining 

behavioural and physiological responses under varying colour conditions [36]. 

Each trial began with a 2000ms display of the stimulus, followed by a 500ms grey screen to reset 

participants' visual attention. There were 15 trials per background colour, with each block lasting 30 

seconds, interspersed with 30-second rest periods displayed in standard grey (L* = 50). The 

experimental conditions and tasks were presented in randomised order to minimise bias and ensure 

balanced data collection across all colour conditions.  

Figure 1: Experimental procedural and setting. 

 

All experiments were conducted in a standardised dark, silent psychophysical laboratory to eliminate 

external distractions and maintain consistency in lighting. As shown in Figure 1b, Participants were 

seated 60-65 cm from a 27-inch Dell UP2720Q professional monitor (3840 × 2160 resolution), ensuring 

a controlled visual angle of less than 0.5 degrees. The setup included simultaneous recordings of brain 

activity using a 106-channel functional near-infrared spectroscopy (fNIRS) system (KY-A, Wuhan 

YIRUIDE Group) and eye-tracking data with a Tobii Pro Nano desktop eye tracker, providing 

synchronised multimodal data for comprehensive analysis.  
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Participants 

Fifty-eight participants took part in this experiment. After screening for data quality, 54 participants 

(27 males and 27 females) were included, as shown in Table 2, the age range was 17-36 years (M = 23.89, 

SD = 3.71). All participants were ensured to be without cognitive impairment and completed the 

Ishihara Colour Vision Test, at the end of the experiment, participants were appropriately compensated. 

This study was approved by the institutional ethics committee (ref: HKUST(GZ)-HSP-2024-0062). 

Before participation, all individuals were informed of the study's purpose, procedures, and potential 

risks. Written informed consent was obtained from each participant, ensuring voluntary participation 

and the right to withdraw at any stage without consequences.  

 

Demographic variable Item  Number Percentage 

Gender 
Male 27 50% 

Female 27 50% 

Age 
Average age 23.89 --- 

Age range 17-36 ---  

Education 

College/BA 16 30% 

Master 26 48% 

PhD 12 22% 

Table 2: Demographic data of participants. 

Results  

Data preprocessing was done prior to the analysis, and the average accuracy and average search time 

were calculated for the 15 trials in each condition. Raw data preprocessing for the multichannel fNIRS 

instrument was performed in MATLAB 2014b, Homer2, NIRS_KIT [36-37]. The data were first 

corrected for motion artefacts, filtered and processed, and converted to optical density, then the optical 

density signal was converted to changes in blood oxygen concentration using Beer-Lambert's law 

[38-40], and finally oxygenated haemoglobin (HbO) data were extracted from VA-related brain regions 

during the task based on the labelled task start and end times. Eye-tracking data were then computed 

from the raw data to obtain fixation as well as pupil metrics. Descriptive statistics were performed to 

summarise the cognitive performance (search time + accuracy), VA-related brain region activation, and 

eye-tracking metrics for male and female participants in the different colour conditions. Mixed ANOVA 

analyses were conducted with gender (male and female) as a between-subjects factor and nine 

background colours as a within-subjects factor. to assess the effect of background colour on cognitive 

performance, brain region activation, and eye-tracking metrics across gender. In addition, correlation 

analyses were conducted to explore the relationship between the cognitive performance data to further 

elucidate underlying cognitive mechanisms. All statistical analyses were performed using SPSS v27.0 

software, and the significance level was set at p < 0.05. 

Cognitive performance data 

Accuracy performance 

Figure 2a shows the mean accuracy across gender in different background colours, with male 

participants generally having higher mean accuracy than female participants in all conditions (Male: 

M = 0.816, Female: M = 0.723). Males performed best on the cyan background (M = 0.869), yellow 
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(M = 0.841) and red background (M = 0.839), and performed relatively poorly in terms of accuracy on 

the white background (M = 0.763). In contrast, female participants performed best against a white 

background (M = 0.758), followed by similar performance against orange, red, green, and grey (M > 

0.738). Table 3 presents the interaction effects of gender, colour, and gender and colour, which showed 

gender had a significant effect on participants' accuracy rates (F (1, 52) = 5.705, p = 0.02*, 𝜂𝑃
2  = 0.096). 

In particular, the greatest differences in performance between males and females were found in the cyan 

background (MD = 0.178, SE = 0.057, p = 0.003*) and yellow background (MD = 0.160, SE = 0.058, 

p = 0.008*). However, the interaction of background colour, colour and gender had no significant effect 

on accuracy. 

Search time performance 

In terms of mean search time, as shown in Figure 2b, the overall mean search time for male 

participants was slightly faster than that of female participants (Male: M = 1.820, Female: M = 1.856), 

and males had the fastest search time against the white (M = 1.648) and grey background (M = 1.692). 

Females show faster search times on purple (M = 1.797) and grey (M = 1.821). Table 3 also shows the 

results of the ANOVA, where the gender variable did not have a statistically significant effect on 

participants' search times. Background colour, on the other hand, had a significant effect on search 

times (F (8, 52) = 2.317, p = 0.019*, 𝜂𝑃
2  = 0.043), and both males and females had slower search times 

on orange than on the other colours.  

Figure 2: Accuracy and search time of gender in different colours. 

 

Source Variable SS DF MS F p 

Accuracy Gender 1.087 1 1.087 5.705* 0.020* 
 Colour 0.047 8 0.006 0.178 0.977  
 Gender × Colour 0.326 8 0.041 1.241 0.288  

Search time Gender 0.157 1 0.157 0.385 0.538  
 Colour 2.095 8 0.262 2.317* 0.019* 

  Gender × Colour 0.685 8 0.086 0.758 0.640  

Table 3: Effects of gender and colour and gender × colour on accuracy and search time. 

Correlation analysis of accuracy and search time  

To better understand the relationship between the cognitive performance data, this study correlated 

correctness and search time using Pearson's correlation coefficient, which helped to provide insight into 

the cognitive strategies of participants of different genders.  
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Figure 3 shows the correlation between search time and accuracy for participants of different genders 

under different background colours, with females showed a significant positive correlation between 

search time and accuracy under almost all background colours, especially under cyan (r = 0.67, p < 

0.001*) and grey (r = 0.62, p < 0.001*) backgrounds. Meanwhile, there was a significant negative 

correlation between search time and accuracy for males, especially in the yellow background (r = -0.48, 

p < 0.01*), verifying that the shorter the search time, the higher the accuracy for male participants.  

Figure 3: Correlation between accuracy and search time. 

Brain activities data (fNIRS)  

The left occipital cortex (OC-L) 

As shown in Figure 4a, data from fNIRS showed that in the region of the left occipital cortex (OC-L/R) 

of the hindbrain, which is involved in basic visual perception and recognition when processing visual 

information, activation in female participants was higher than that in male participants in all 

background conditions (Male: M = 0.011 , Female: M = 0.039), and particularly in the orange 

(M = 0.043) and red backgrounds (M = 0.042) with higher activation. And as can be seen in Table 4 

gender had a significant effect on the activation of this region in participants (F (1, 52) = 11.737, 

p = 0.001*, 𝜂𝑃
2  = 0.184). It was also in the condition of orange background (p = 0.001*) that the 

difference in activation between male and female was the greatest (see Table 5).  

 
The left frontal eye field (FEF-L) 

As shown in Figure 4b, in the left prefrontal eye field (FEF-L), which involves visual attention, 

oculomotor control, and orientation of visual information, activation in female participants was 

similarly significantly higher than that in male participants in all background conditions 

(Male: M = -0.005 , Female: M = 0.011), and activation was higher in the blue colour (M = 0.015) and 

cyan colour  (M = 0.014). The main effect of gender can likewise be seen to be significant in Table 4 

(F (1, 52) = 6.091, p = 0.017*, 𝜂𝑃
2   = 0.105). Female participants showed the greatest difference in 

activation levels from males on the orange background (p = 0.019*) and cyan background (p = 0.005*) 

(see Table 5). Thus, in Figure 5, an activation map of male and female brain regions against an orange 

background was made, and a clear difference in activation can be seen in these two VA-related brain 

regions.  
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Figure 4: Activation of gender differences across colours on OC-L and FEF-L. 

 

Source (ROI) Variable SS DF MS F p 

OC - L Gender 0.097 1 0.097 11.737* 0.001* 
 Colour 0.002 8 <0.001 0.42 0.909  

  Gender × Colour 0.001 8 <0.001 0.273 0.974  

FEF - L Gender 0.031 1 0.031 6.091* 0.017* 
 Colour 0.002 8 <0.001 0.698 0.693  

  Gender × Colour 0.003 8 <0.001 0.952 0.473  

Table 4: Effects of gender and colour and gender × colour on OC-L and FEF-L. 

 

Variable Colour MD SE p 95% CI 

OC - L 

Orange 0.036 0.01 0.001* 0.015-0.057 

Yellow 0.028 0.01 0.010* 0.007-0.048 

Green 0.028 0.011 0.016* 0.006-0.051 

Cyan 0.028 0.01 0.010* 0.007-0.048 

FEF - L 
Orange 0.018 0.007 0.019* 0.003-0.032 

Cyan 0.021 0.007 0.005* 0.007-0.035 

Table 5: Pairwise comparisons of gender differences across colours on OC-L and FEF-L (female vs 
male). 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Activation of gender differences across orange. 
 
The eye-tracking data 

Fixation duration 

Female participants had significantly longer fixation duration on all backgrounds than male 

participants (Male: M = 267.695, Female: M = 307.255), as shown in Figure 6a. Female subjects had 

longer fixation duration on white, orange, and cyan colours (M > 312). Gender had a significant effect 
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on mean fixation duration (F (1, 52) = 7.427, p = 0.009, 𝜂𝑃
2  = 0.125). In particular, there was a large 

difference in the time taken by males and females to process information on orange and cyan 

(p < 0.025*), as shown in Tables 6 and 7. 

 

Pupil diameter 

Furthermore, as shown in Figure 6b, male participants had larger pupil diameters than female 

participants on all backgrounds (Male: M = 3.605, Female: M = 3.332), especially on grey (M = 3.796) 

and green (M = 3.747). Moreover, the effects of gender (F (8, 52) = 4.363, p = 0.042, 𝜂𝑃
2  = 0.077) as well 

as colour (F (8, 52) = 109.568, p < 0.001, 𝜂𝑃
2  = 0.678) on pupil diameter were similarly significant, with 

male participants on cyan backgrounds (p = 0.02*) showing higher cognitive load than female 

participants and attention. 

 

Figure 6: Fixation duration and pupil diameter of gender in different colours. 

 

Source (ROI) Variable SS DF MS F p 

Average Fixation Duration Gender 190143.558 1 190143.558 7.427* 0.009* 

Pupil Diameter 
Colour 21.864 8 2.733 109.568* <0.001* 

Gender 9.036 1 9.036 4.363* 0.042* 

Table 6: Effects of gender and colour on fixation duration and pupil diameter. 

 

Variable Colour MD SE p 95% CI 

Fixation Duration 

  

Orange 52.111  16.441  0.003* 19.119-85.103 

Cyan 36.981  16.017  0.025* 4.841-69.122 

Pupil Diameter Cyan -0.317  0.132  0.020* -0.582--0.052 

  Blue -0.323  0.141  0.026* -0.606--0.041 

Table 7: Pairwise comparisons of gender differences across colours on fixation duration and pupil 
diameter (female vs male). 

Discussion and conclusions 

This study highlights the significant influence of gender on cognitive performance in visual attention 

tasks, revealing distinct cognitive performance, brain activation patterns, and cognitive strategies under 

different background colours. By employing a multimodal approach that integrates cognitive 

performance data, functional near-infrared spectroscopy (fNIRS), and eye-tracking metrics, the 

research provides a comprehensive analysis of how background colours interact with gender-specific 
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cognitive processes. This method allows for an objective examination of the impact of visual stimuli on 

cognitive load, combining behavioural and physiological data to uncover underlying mechanisms. 

The findings reveal that males generally exhibit higher accuracy and faster search times, particularly 

on cyan, yellow, and red backgrounds, suggesting an advantage in processing visual stimuli and 

efficiently locating targets. Females, in contrast, demonstrated slightly slower search times and lower 

accuracy, which may reflect the engagement of greater cognitive resources during task performance 

[41-43]. These cognitive performance differences were further supported by fNIRS data, which showed 

higher brain activation levels in females, particularly in regions associated with visual attention, such 

as the left occipital cortex (OC-L) and frontal eye field (FEF-L). Eye-tracking metrics complemented 

these findings by indicating longer fixation durations for females, consistent with a more detailed and 

comprehensive cognitive strategy. Males, on the other hand, displayed a negative correlation between 

search time and accuracy, reflecting a preference for quicker decision-making [44-47]. 

Despite these contributions, the study has limitations. The sample size, while balanced by gender, is 

relatively small and drawn from a specific demographic, limiting the generalisability of the findings. 

Additionally, while the experimental design-controlled luminance and chromaticity differences, 

individual perceptual variations were not directly measured. Future research could address these 

limitations by including larger, more diverse populations and incorporating subjective evaluations of 

colour perception to complement the objective metrics. 

The results have practical implications across several domains. For human-computer interaction, the 

findings provide insights into optimising interface design through gender-sensitive use of background 

colours. In educational tools, tailoring background colours could enhance focus and reduce cognitive 

load, especially for tasks requiring sustained attention. Furthermore, the study’s methodology 

demonstrates the potential of multimodal data integration for investigating cognitive performance, 

offering a robust framework for future research. 

Overall, this study advances the understanding of how background colour and gender interact to 

shape cognitive performance, contributing to the broader fields of cognitive science, interaction design, 

and educational psychology. By emphasising the importance of gender-specific responses, it opens new 

avenues for developing targeted applications that improve cognitive efficiency and user experience. 

References 

1.  Bandura A (1993), Perceived self-efficacy in cognitive development and functioning, Educational Psychologist, 28 (2), 117-

148. 

2.  Hanushek EA and Woessmann L (2008), The role of cognitive skills in economic development, Journal of Economic 

Literature, 46 (3), 607-668. 

3.  Hilton ML and Pellegrino JW (2012), Education for Life and Work: Developing Transferable Knowledge and Skills in the 21st 

Century, Washington, DC: National Academies Press. 

4.  Bai W, Chen P, Cai H, Zhang Q, Su Z, Cheung T, Jackson T, Sha S and Xiang Y-T (2022), Worldwide prevalence of mild 

cognitive impairment among community dwellers aged 50 years and older: a meta-analysis and systematic review of 

epidemiology studies, Age and Ageing, 51 (8): p. afac173. 

5. Feigin VL, Vos T, Nichols E, Owolabi MO, Carroll WM, Dichgans M, Deuschl G, Parmar P, Brainin M and Murray C (2020), 

The global burden of neurological disorders: translating evidence into policy, The Lancet Neurology, 19 (3), 255-265. 

6. World Health Organization (2022), World Mental Health Report: Transforming Mental Health for All. 

7. Basta NE, Matthews FE, Chatfield MD and Brayne C (2008), Community-level socio-economic status and cognitive and 

functional impairment in the older population. European Journal of Public Health, 18 (1), 48-54. 



Journal of the International Colour Association (2025): 38, 30-40 Xu et al. 

  39 https://www.aic-color.org/                                                                                                                            ISSN 2227-1309 

 

8. Glisky EL (2007), Changes in cognitive function in human aging, in Brain Aging: Models, Methods, and Mechanisms, Riddle 

DR (ed.), 3-20, Boca Raton, FL: CRC Press/Taylor & Francis. 

9. Pusswald G, Tropper E, Kryspin-Exner I, Moser D, Klug S, Auff E, Dal-Bianco P and Lehrner J (2015), Health-related quality 

of life in patients with subjective cognitive decline and mild cognitive impairment and its relation to activities of daily living, 

Journal of Alzheimer's Disease, 47 (2), 479-486. 

10. Kanwisher N and Wojciulik E (2000), Visual attention: insights from brain imaging, Nature Reviews Neuroscience, 1 (2), 91-

100. 

11. Langner R and Eickhoff SB (2013), Sustaining attention to simple tasks: a meta-analytic review of the neural mechanisms of 

vigilant attention, Psychological Bulletin, 139 (4), 870-900. 

12. Cabeza R, Daselaar SM, Dolcos F, Prince SE, Budde M and Nyberg L (2004), Task-independent and task-specific age effects 

on brain activity during working memory, visual attention and episodic retrieval, Cerebral Cortex, 14 (4), 364-375. 

13. Stevens C and Bavelier D (2012), The role of selective attention on academic foundations: a cognitive neuroscience 

perspective, Developmental Cognitive Neuroscience, 2, S30-S48. 

14. Brown LA and Brockmole JR (2010), The role of attention in binding visual features in working memory: evidence from 

cognitive ageing, Quarterly Journal of Experimental Psychology, 63 (10), 2067-2079. 

15. Küller R, Mikellides B and Janssens J (2009), Color, arousal, and performance – a comparison of three experiments, Color 

Research and Application, 34 (2), 141-152. 

16. Wijk H, Berg S, Bergman B, Börjesson Hanson A, Sivik L and Steen B (2002), Colour perception among the very elderly 

related to visual and cognitive function, Scandinavian Journal of Caring Sciences, 16 (1), 91-102. 

17. Elliot AJ (2005), Color and psychological functioning: A review of theoretical and empirical work, Frontiers in Psychology, 6, 

368:1-8. 

18. Bonnardel N, Piolat A and Le Bigot L (2011), The impact of colour on Website appeal and users’ cognitive processes, 

Displays, 32 (2), 69-80. 

19. Brooker A and Franklin A (2016), The effect of colour on children's cognitive performance, British Journal of Educational 

Psychology, 86 (2), 241-255.  

20. Silva AP and Frère AF (2011), Virtual environment to quantify the influence of colour stimuli on the performance of tasks 

requiring attention, Biomedical Engineering Online, 10, 1-14. 

21. Xia G, Henry P, Li M, Queiroz F, Westland S and Yu L (2021), A comparative study of colour effects on cognitive performance 

in real-world and VR environments, Brain Sciences, 12 (1), 31:1-33. 

22. Gnambs T (2020), Limited evidence for the effect of red color on cognitive performance: a meta-analysis, Psychonomic 

Bulletin & Review, 27 (6), 1374-1382. 

23. Llinares C, Higuera-Trujillo JL and Serra J (2021), Cold and warm coloured classrooms. Effects on students’ attention and 

memory measured through psychological and neurophysiological responses, Building and Environment, 196, 107726:1-11. 

24. Merritt P, Hirshman E, Wharton W, Stangl B, Devlin J and Lenz A (2007), Evidence for gender differences in visual selective 

attention, Personality and Individual Differences, 43 (3), 597-609. 

25. Proverbio AM (2017), Sex differences in social cognition: the case of face processing, Journal of Neuroscience Research, 

95 (1-2), 222-234. 

26. Ramos-Loyo J, González-Garrido AA, Llamas-Alonso LA and Sequeira H (2022), Sex differences in cognitive processing: 

An integrative review of electrophysiological findings, Biological Psychology, 172, 108370:1-13. 

27. Rubia K, Hyde Z, Halari R, Giampietro V and Smith A (2010), Effects of age and sex on developmental neural networks of 

visual–spatial attention allocation, Neuroimage, 51 (2), 817-827. 

28. Freund PA and Kasten N (2012), How smart do you think you are? A meta-analysis on the validity of self-estimates of 

cognitive ability, Psychological Bulletin, 138 (2), 296-321. 

29. Greene BA (2015), Measuring cognitive engagement with self-report scales: reflections from over 20 years of research, 

Educational Psychologist, 50 (1), 14-30. 



Journal of the International Colour Association (2025): 38, 30-40 Xu et al. 

  40 https://www.aic-color.org/                                                                                                                            ISSN 2227-1309 

 

30. Rabin LA, Smart  CM, Crane PK, Amariglio RE, Berman LM, Boada M, Buckley RF, Chételat G, Dubois B, Ellis KA, Gifford 

KA, Jefferson AL, Jessen F, Katz MJ, Lipton RB, Luck T, Maruff P, Mielke MM, Molinuevo JL, Naeem F, Perrotin A, Petersen 

RC, Rami L, Reisberg B, Rentz DM, Riedel-Heller SG, Risacher SL, Rodriguez O, Sachdev PS, Saykin AJ, Slavin MJ, Snitz 

BE, Sperling RA, Tandetnik C, van der Flier WM, Wagner M, Wolfsgruber S and Sikkes SAM (2015), Subjective cognitive 

decline in older adults: an overview of self-report measures used across 19 international research studies, Journal of 

Alzheimer's Disease, 48 (S1), S63-S86. 

31. Pinti P, Tachtsidis I, Hamilton A, Hirsch J, Aichelburg C, Gilbert S and Burgess PW (2020), The present and future use of 

functional near‐infrared spectroscopy (fNIRS) for cognitive neuroscience, Annals of the New York Academy of Sciences, 

1464 (1), 5-29. 

32. Pinti P, Aichelburg C, Lind F, Power S, Swingler E, Merla A, Hamilton A, Gilbert S, Burgess P and Tachtsidis I (2015), Using 

fiberless, wearable fNIRS to monitor brain activity in real-world cognitive tasks, Journal of Visualized Experiments, 106, 

53336:1-13. 

33. Quaresima V and Ferrari M (2019), Functional near-infrared spectroscopy (fNIRS) for assessing cerebral cortex function 

during human behavior in natural/social situations: a concise review, Organizational Research Methods, 22 (1), 46-68. 

34. Ojstersek TC and Topolsek D (2019), Eye tracking use in researching driver distraction: a scientometric and qualitative 

literature review approach, Journal of Eye Movement Research, 12 (3), 5:1-30. 

35. Wang Q, Yang S, Liu M, Cao Z and Ma Q (2014), An eye-tracking study of website complexity from cognitive load perspective, 

Decision Support Systems, 62, 1-10. 

36. Huppert TJ, Diamond SG, Franceschini MA and Boas DA (2009), HomER: a review of time-series analysis methods for near-

infrared spectroscopy of the brain, Applied Optics, 48 (10), D280-D298. 

37. Pinti P, Scholkmann F, Hamilton A, Burgess P and Tachtsidis I (2019), Current status and issues regarding pre-processing 

of fNIRS neuroimaging data: an investigation of diverse signal filtering methods within a general linear model framework, 

Frontiers in Human Neuroscience, 12, 505:1-21. 

38. Tak S and Ye JC (2014), Statistical analysis of fNIRS data: a comprehensive review, Neuroimage, 85, 72-91. 

39. Cooper RJ, Selb J, Gagnon L, Phillip D, Schytz HW, Iversen HK, Ashina M and Boas DA (2012), A systematic comparison 

of motion artifact correction techniques for functional near-infrared spectroscopy, Frontiers in Neuroscience, 6, 147:1-10. 

40. Cope M, Delpy DT, Reynolds EO, Wray S, Wyatt J and van der Zee P (1988), Methods of quantitating cerebral near infrared 

spectroscopy data, Oxygen Transport to Tissue X, 222, 183-189. 

41. Ling Y, Hurlbert AC and Robinson L (2006), Sex differences in colour preference, in Progress in Colour Studies 2: 

Psychological Aspects, Pitchford NJ and Biggam CP (eds.), 173-188, Amsterdam: John Benjamins. 

42. Marr D (2010), Vision: A Computational Investigation into the Human Representation and Processing of Visual Information, 

Cambridge, MA: The MIT press. 

43. Raab M and Laborde S (2011), When to blink and when to think: preference for intuitive decisions results in faster and better 

tactical choices, Research Quarterly for Exercise and Sport, 82 (1), 89-98. 

44. Barrouillet P, Camos V, Pougeon J, Beaudet J, Croizet P and Belletier C (2024), Human cognitive system privileges 

processing over short-term storage: asymmetry in working memory limitations, Journal of Experimental Psychology: Learning, 

Memory, and Cognition, 50 (10), 1550-1578. 

45. Putrevu S (2001), Exploring the origins and information processing differences between men and women: implications for 

advertisers, Academy of Marketing Science Review, 10 (1), 1-14. 

46. Hyde JS (2016), Sex and cognition: gender and cognitive functions, Current Opinion in Neurobiology, 38, 53-56. 

47. Bell EC, Willson MC, Wilman AH, Dave S and Silverstone PH (2006), Males and females differ in brain activation during 

cognitive tasks, Neuroimage, 30 (2), 529-538. 

 


