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The detection of food is crucial for our survival and health. Earlier experimental psychological studies have demonstrated that participants detect food more rapidly than non-food stimuli. However, it remains unknown whether color, which was shown to have various influences on food processing, can modulate the detection of food. To address this issue, a psychological experiment was conducted using a visual search paradigm in which photographs of food (fast food and Japanese food) and kitchen utensils were presented alongside images of non-food distractors (cars), with both color and gray images used. Participants used a key to indicate whether one item was different from the rest, and their reaction times (RTs) were measured. RTs for the detection of both food types were shorter than for the kitchen utensils when color images were used, but not when gray images were used; moreover, the RTs were slower for gray images than for color images for both food types but not for kitchen utensils. These results indicate that color facilitates rapid detection of food in the environment.
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INTRODUCTION

The detection of food is an initial and crucial stage in the conscious processing of food. For our ancestors, effective food detection supported a higher food intake, permitting the maintenance of energy level and improving the probability of survival. However, because advanced nations are heavily exposed to food and food advertisements, the sensitive detection of food may promote overeating and increase the risk of lifestyle-related diseases in modern life.

Several experimental psychological studies have used visual search paradigms to demonstrate that food items are detected more rapidly than non-food items in the environment (Nummenmaa et al., 2011; de Oca and Black, 2013; Sawada et al., 2017, 2019; Sato et al., 2020). For example, Sawada et al. (2017) investigated the detection of color photographs of fast food, Japanese food, and kitchen utensils among a crowd of non-food distractors (cars). Reaction times (RTs) for the detection of food items were shorter than those for the detection of kitchen utensils, suggesting that food is rapidly detected.

However, whether the color of food items influences detection speed remains unknown. Evolutionary theories have been proposed whereby color vision in primates evolved because of the need to find colored food (Allen, 1879; Polyak, 1957; Regan et al., 2001), suggesting that color processing may affect food detection. Numerous experimental studies have demonstrated that food colors affect various types of processing (e.g., identification) regarding taste and flavor, as well as their hedonic values (for reviews, see Spence et al., 2010; Spence, 2015). For example, Zampini et al. (2007) reported that appropriate coloring of solutions increased correct flavor identification compared with colorless solutions. Hidaka and Shimoda (2014) reported that sweet solutions with appropriate color were rated as sweeter than colorless solutions. One relevant study reported that participants were faster and more accurate at naming colored food images than gray food images (Wurm et al., 1993). The data suggest that color could facilitate rapid processing of food, possibly including food detection. However, because the naming task reflects not only perceptual processing, but also semantic and phonological processing (Humphreys et al., 1999), the effect of color on the detection of food remains to be tested.

To investigate this issue, a psychological experiment was conducted based on the visual search paradigm in which photographs of food (fast food and Japanese food) and kitchen utensils were presented alongside images of non-food distractors (cars), with both color and gray images used (Figure 1). Images of two food types were used to test the generalizability of the effects. Participants indicated whether an item that differed from the rest was present by pressing keys. RTs were measured and analyzed as the primary dependent variable, as in previous studies (e.g., Sawada et al., 2017). In addition, to evaluate the speed–accuracy trade off, response accuracy and inverse efficiency score (IES; i.e., the combined measure of RT and accuracy; Townsend and Ashby, 1983; Liesefeld and Janczyk, 2019) were also analyzed. Self-reported hunger level was also assessed; its relationship with the color effect on visual search performance was exploratorily analyzed, because some previous studies have reported its effect on visual food processing (e.g., Tapper et al., 2010; Gearhardt et al., 2012; Sawada et al., 2019; however, see Nummenmaa et al., 2011; de Oca and Black, 2013; Sawada et al., 2017). Based on the above-mentioned evidence of the impact of color on food processing, it was predicted that food items would be detected more rapidly than kitchen utensils in color images, but not in gray images.
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FIGURE 1. Illustrations of target stimuli (left) and the display (right) in the visual search task in the color and gray modes. Photographic stimuli were used in the actual experiment.




MATERIALS AND METHODS


Participants

The present study tested 32 young-adult Japanese participants (13 females; mean±SD age, 20.6±1.3years). The sample size was determined based on an a priori power analysis using G*Power software 3.1.9.2 (Faul et al., 2007). Assuming an α level of 0.05, power of 0.80, repeated-measures correlation of 0.5, and medium effect size (f=0.25), the results indicated that 28 participants were required for the planned analyses. Participants were recruited via advertisements distributed at Kyoto University, and each participant received a pre-paid card for purchasing books worth 1,000 Japanese yen. All participants reported that they had normal or corrected-to-normal visual acuity and no color deficiency. Participants reported their height and weight, and the data showed that their average body mass index was normal (mean±SD, 20.8±2.5kg/m2; range, 16.6–26.9kg/m2). Participants reported their hunger level before the experiment using a five-point Likert scale ranging from 1 (hungry) to 5 (satiated), and the data indicated that most were slightly hungry (mean±SD, 2.4±0.9). After the procedures were explained to them, all participants provided written informed consent for participation in this study. This study was approved by the Ethics Committee of the Unit for Advanced Studies of the Human Mind, Kyoto University. The experiment was performed in accordance with the Declaration of Helsinki.





Experimental Design

A two-factorial within-subject design was used, with the stimulus type (fast food, Japanese food, kitchen utensil) and stimulus mode (color, gray) as factors.



Apparatus

Stimulus presentation and the recording of responses were controlled on a Windows computer (HP Z200 SFF; Hewlett-Packard Japan, Tokyo, Japan) using Presentation software (Neurobehavioral Systems, Berkeley, CA, United States). Stimuli were displayed on a 19-inch cathode ray tube monitor (HM903D-A; Iiyama, Tokyo, Japan) at a refresh rate of 100Hz and a resolution of 1,024×768pixels. Responses were recorded using a response box (RB-530; Cedrus, San Pedro, CA, United States) at 2–3-ms temporal resolution.



Stimuli

Four color images of each fast food item, Japanese food item, kitchen utensil, and car were selected from websites as stimuli (Figure 1, left). The target stimuli were cropped and placed on a white background using Photoshop CS6 (Adobe, San Jose, CA, United States). The photographs of fast food (a donut, a hamburger, a piece of fried chicken, and a piece of pizza), Japanese food (a skewer of grilled chicken, Japanese confectionary, noodles, and sushi), and kitchen utensils (a can opener, a frying pan, a kettle, and a peeler) were used as target stimuli. Photographs of cars were used as distractors. These stimuli and the white background have been used in several previous studies; they were reported to reliably promote more rapid detection of food images compared with non-food images in the visual search paradigm (Sawada et al., 2017, 2019; Sato et al., 2020). The mean brightness, contrast, and RGB values of all pixels were matched across the five stimulus types (Sawada et al., 2017). The total caloric content was matched across the two food types (Sawada et al., 2017). One additional item for each stimulus type (fried potatoes, meat and vegetable stew, and scourer) was used only for practice trials. The visual angle of each stimulus was 3.1×3.1°. For gray mode stimuli, all color RGB images were converted from RGB mode to grayscale mode using Photoshop CS6 (Adobe, San Jose, CA, United States).

Four stimuli (either colored or gray) were displayed in a 2×2 array in the visual search task (Figure 1, right). Two sets of stimuli were used: the target-present set, which included one target and three distractors, and the target-absent set, which included four distractors. Identical car images were used as distractors in each trial. Each target stimulus was presented in all four possible locations of the stimulus array.



Procedure

The experiment was administered individually in a soundproof room. Participants were seated in a comfortable position with a chin rest, which maintained a constant distance of 57cm from the monitor. A total of 240 trials were performed, with an equal number of target-present and target-absent trials. The trials were divided into four blocks of 60 trials each; the stimulus type and stimulus mode conditions were presented randomly within each block. Before the experiment began, participants completed 60 practice trials.

In each trial, a 0.5×0.5° fixation cross was presented for 500ms, followed by a stimulus array, which was displayed until the participant responded. The interstimulus intervals varied from 500 to 800ms. Participants were instructed to indicate whether the photographs in a stimulus array included one anomalous photograph (target present) or were all identical (target absent) by pressing the appropriate key on the keypad with their right or left index finger, as quickly and accurately as possible. They were given no instructions regarding stimulus or food types. The assignment of responsive keys was counterbalanced across participants.



Data Analysis

The primary dependent variable was the correct-response RTs, as in previous studies that employed visual search tasks involving food items (e.g., Sawada et al., 2017). In addition, the response accuracy (percentage of correct responses) and IES were analyzed. The IES is the most frequently used combined measure of RT and accuracy; it is calculated as the mean correct RTs divided by the proportions of correct responses in each condition for each participant (Liesefeld and Janczyk, 2019). The mean RT/accuracy/IES in target trials was calculated for each condition for each participant, excluding as outliers data with values that were more than ±3 SD from the mean for each participant. The RT/accuracy/IES data were subjected to two-factorial repeated-measures ANOVA with stimulus type (fast food, Japanese food, or kitchen utensil) and stimulus mode (color or gray) as factors. Mauchly’s test confirmed that the data satisfied the assumption of sphericity (p>0.10). Follow-up simple main effect analyses and multiple comparisons using Ryan’s method (two-tailed) were conducted. When interactions were significant, the main effects were not interpreted due to their problematic properties (Tabachnick and Fidell, 2001). In addition, Pearson’s correlation coefficients were exploratorily calculated between subjective hunger level and the RT/accuracy/IES; difference scores between the color and gray conditions were also calculated and evaluated. All results were considered statistically significant when p<0.05. These data analyses were conducted using SPSS 16.0J software (SPSS Japan, Tokyo, Japan).

To test the effect of the individual participant/stimulus on the RT results, an additional analysis was conducted using linear mixed effects modeling. The dependent variables were RTs in single trials; the fixed effects included stimulus type (fast food, Japanese food, or kitchen utensil), stimulus mode (color or gray), and their interaction. Random intercepts for participant and stimulus were added (cf. Judd et al., 2012). Model comparison (cf. Matuschek et al., 2017) using the Akaike information criterion and Schwarz’s Bayesian information criterion indicated that this model was superior to a model that additionally included random slopes for participant and stimulus. The F statistics for the fixed effects were evaluated with the degrees of freedom calculated using Satterthwaite’s approximation. This analysis was conducted using the Statistics and Machine Learning Toolbox of MATLAB 2020a (MathWorks, Natick, MA, United States).




RESULTS


Reaction Times

For the RTs in detecting targets (Figure 2, left), the 3 (stimulus type)×2 (stimulus mode) ANOVA revealed significant main effects of stimulus type, F(2,62)=4.99, p=0.010, [image: image] = 0.14, and color mode, F(1,31)=33.92, p<0.001, [image: image] = 0.52, as well as a significant interaction between these factors, F(2,62)=13.63, p<0.001, [image: image] = 0.31.
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FIGURE 2. Mean (with SE) reaction times (left), percent accuracy (right), and inverse efficiency scores (right) for the detection of fast food, Japanese food, and kitchen utensils in the color and gray modes. Asterisks indicate significant simple effects of stimulus type. *p<0.05; **p<0.01; ***p<0.001.


Follow-up analyses of the interaction indicated that the simple main effects of stimulus type were significant for both the color and gray modes, F(2,124)=8.93 and 8.36, respectively, p<0.001 for both. With color images, multiple comparisons indicated that both fast food and Japanese food were detected more rapidly than kitchen utensils, t(124)=3.75 and 3.56, respectively, p<0.001 for both, whereas no significant difference between fast food and Japanese food was observed, t(124)=0.18, p=0.855. With gray images, Japanese food and kitchen utensils were detected more rapidly than fast food, t(124)=3.91 and 2.99, p<0.001 and p=0.003, respectively, and no significant difference was observed between Japanese food and kitchen utensils, t(124)=0.92, p=0.360.

The simple main effects of stimulus mode were significant for fast food and Japanese food, indicating faster detection of food in color images than in gray images, F(1,93)=56.34 and 12.88, respectively, p<0.001 for both. However, a significant main effect was not observed for kitchen utensils, F(1,93)=1.15, p=0.294.

To test whether the reported results could be explained by individual participant/stimulus differences, an additional analysis of RTs was conducted using a linear mixed-effects model with the same independent factors as the above ANOVAs, along with random intercepts for participant and stimulus. The results showed that the main effects of stimulus type, F(2,11.1)=4.18, p=0.044, and color mode, F(1,4604.6)=27.10, p<0.001, as well as their interaction, F(2,4604.7)=6.16, p=0.002, were significant. The random intercepts for participant and stimulus showed 95% confidence intervals that did not include zero, (460.37, 768.23) and (14.63, 192.00), respectively. The results indicated that, although RTs differed among participants and stimuli, the interaction between stimulus type and stimulus mode remained significant despite controlling for these effects.



Accuracy

Regarding the accuracy of target detection (Figure 2, middle), as in the case with the RT analysis, the ANOVA with stimulus type and stimulus mode as factors revealed significant main effects of both stimulus type, F(2,62)=11.61, p=0.010, [image: image] = 0.27, and stimulus mode, F(1,31)=7.79, p=0.001, [image: image] = 0.20, as well as a significant interaction between these factors, F(2,62)=11.06, p<0.001, [image: image] = 0.27.

Follow-up analyses for the interaction revealed that the simple main effect of stimulus type was significant for both color and gray images, F(2,124)=4.00 and 18.82, p=0.020 and p<0.001, respectively. With color images, multiple comparisons showed that both fast food and Japanese food were detected more accurately than kitchen utensils, t(124)=1.99 and 2.74, p=0.048 and 0.007, respectively, whereas there was no significant difference between the detection of fast food and Japanese food, t(124)=0.75, p=0.456. With gray images, Japanese food and kitchen utensils were detected more accurately than fast food, t(124)=5.60 and 4.98, respectively, p<0.001 for both, and no significant difference was observed between Japanese food and kitchen utensils, t(124)=0.62, p=0.535.

The simple main effects of stimulus mode were significant for fast food, indicating more accurate detection of fast food in color images than in gray images, F(1,93)=28.03, p<0.001. A non-significant trend for kitchen utensils was observed, indicating more accurate detection of kitchen utensils in gray images than in color images, F(1,93)=3.75, p=0.056, and no significant effect was observed for Japanese food, F(1,93)=0.07, p=0.797.



Inverse Efficiency Score

For IES (Figure 2, right), the ANOVA with stimulus type and stimulus mode as factors again revealed significant main effects of both stimulus type, F(2,62)=12.89, p<0.001, [image: image] = 0.29, and stimulus mode, F(1,31)=45.12, p<0.001, [image: image] = 0.59, as well as a significant interaction, F(2,62)=23.56, p<0.001, [image: image] = 0.43.

Follow-up analyses for the interaction revealed that the simple main effect of stimulus type was significant for both color and gray images, F(2,124)=10.91 and 25.43, respectively, p<0.001 for both. Multiple comparisons for color images showed that both fast food and Japanese food had lower IES values than did kitchen utensils, t(124)=3.88 and 4.20, respectively, p<0.001 for both; fast food and Japanese food showed no significant difference, t(124)=0.32, p=0.750. For gray images, Japanese food and kitchen utensils had lower IES values than did fast food, t(124)=5.61 and 6.62, respectively, p<0.001 for both; Japanese food and kitchen utensils exhibited no significant difference, t(124)=1.02, p=0.312.

The simple main effects of stimulus mode were significant for fast food and Japanese food, indicating lower IES values with color than with gray images, F(1,93)=82.96 and 6.86, p<0.001 and p=0.010, respectively. There was no significant effect of kitchen utensils, F(1,93)=0.43, p=0.514.



Correlation Between Hunger Level and RT/Accuracy/IES

A correlation coefficient between subjective hunger level and the RT/accuracy/IES under each condition was exploratorily analyzed (Table 1). Difference scores between the color and gray conditions were also calculated and evaluated to test the color effect on visual search performance. No significant correlation was found between subjective hunger level and these visual search performance measures, r<0.30, p>0.10.



TABLE 1. Pearson’s correlation coefficients between subjective hunger level and visual search performance measures.
[image: Table1]




DISCUSSION

The results in the color mode revealed that RTs for detecting food items, both fast food and Japanese food, were shorter than RTs for detecting kitchen utensils. Accuracy and IES data also showed better scores for both types of food items than for kitchen utensils. These results are consistent with previous findings using only color images (e.g., Sawada et al., 2017) and suggest that the detection of food is more efficient than that the detection of non-food stimuli when the stimuli are presented in color.

More important, the results in the gray mode demonstrated that the gray food images were not detected more rapidly than gray kitchen utensils; in contrast, the gray fast-food images were detected more slowly than the gray kitchen utensil images. The accuracy and IES data showed that these results were not explained by the speed–accuracy trade off, because the accuracy for fast food items was lower than the accuracy for kitchen utensils in the gray mode; IES showed the same patterns with RTs. When RTs were compared between stimulus mode conditions, color items were detected more rapidly than gray items for fast and Japanese food items but not for kitchen utensils. These results are in line with previous findings that the naming of color food images was faster than the naming of gray food images (Wurm et al., 1993) and that food stimuli in the color mode were processed more effectively in terms of sensory and hedonic evaluation compared with the colorless mode (Spence et al., 2010). However, the previous studies did not investigate the effect of color on early food perceptual processing stages. The present study provides the first evidence that color plays an indispensable role in the rapid detection of food.

Unexpectedly, the RT, accuracy, and IES results showed differences between food types such that the influence of colorless presentation of fast food had a greater impact on detection performance than did the colorless presentation of Japanese food. Because there were clear differences in fat contents between these food types, with fast food containing more fat (Sawada et al., 2017), the data suggest that color may be more important for the processing of high-fat food.

Visual search performance of food detection showed no significant correlations with subjective hunger level. These results do not imply that the color effect on food detection could be modulated by hunger status. Several previous studies concerning the detection of food in the visual search paradigm also reported null findings with respect to the modulatory effect of subjective hunger level (Nummenmaa et al., 2011; de Oca and Black, 2013; Sawada et al., 2017; however, see Sawada et al., 2019); thus, the effect of subjective hunger may not be evident in this paradigm. However, our sample size may be insufficient to fully explore this issue, and further investigations are needed.

The current findings showing that color is crucial for the rapid detection of food may have theoretical implications. First, the results provide supportive evidence for the theoretical suggestion that color vision evolved to facilitate food gathering (e.g., Allen, 1879). Several previous animal studies under a naturalistic environment provided supportive empirical evidence for the theory that better color vision facilitates food identification (e.g., Caine and Mundy, 2000; Smith et al., 2003). Anecdotal evidence in humans also suggested that individuals with color deficiency experience difficulty when finding food in a natural environment (Cole, 2004). The current results add empirical evidence in humans to this theory and specify its information-processing mechanism: color vision can facilitate the rapid detection of food. Second, the findings suggest the possibility that the neural mechanisms underlying the rapid detection of food include color processing. This notion is presumably compatible with neuroscientific findings that rapid visual processing of food involves the visual pathway from the pulvinar to the amygdala (Sato et al., 2019); other studies concerning non-food stimuli demonstrated that the pulvinar is involved in binding the shape and color of visual stimuli (Ward et al., 2002), while the amygdala activity changes depending on the level of color harmony (Ikeda et al., 2015). Amygdala involvement may also explain the clear color effect on the detection accuracy for fast food found in the present study, because the amygdala is more strongly involved in the visual processing of high-fat food than low-fat food (Schur et al., 2009). Future neuroimaging studies are warranted to investigate this effect.

The current findings also have practical implications suggesting that color plays an important role in facilitating the perception of food, which could contribute to the consumption of that food. It has been pointed out that many newly created food products containing high fat, sugar, and salt contents have attractive color (Hutchings, 2021). People who hope to control their eating habits and weight should recognize the crucial influence of food color. The present findings imply that a strategy to impair color vision using sunglasses reduces the effective perception of food, which may be helpful for controlling shopping behaviors in food-rich environments, such as supermarkets.

A limitation of this study was that only a few types of food and non-food stimuli were tested, and hence, the generalizability of the findings is limited. Additional research is needed to investigate the effect of color on the detection of various types of stimuli.

In conclusion, this study demonstrated that the detection of fast food and Japanese food was faster than the detection of kitchen utensils when color images were used, but not when gray images were used. Detection was also slower for gray images than for color images for both food types, but not for kitchen utensils. These results indicate that color plays an indispensable role in the rapid detection of food in the environment.
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