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Abstract  

Colour often has emotional connotations, with red associated with negativity and green with 

positivity. Some suggest that these associations automatically influence the categorisation of 

affective stimuli presented in their context. If so, such effects should occur rapidly, remaining 

robust under temporal constraints. Here we examined whether these associations influence 

affective judgments about emotionally ambiguous (neutral or surprised) facial expressions 

when stimulus presentation duration (Experiment 1) or decision time (Experiment 2) is 

constrained. Faces appearing on red backgrounds were categorised as negative more than 

those on green or grey backgrounds, regardless of presentation duration or decision time. 

Faces on green backgrounds were also categorised as positive more than those on grey 

backgrounds when decision time was constrained. When incongruent with the expressed 

emotion, background colour also interfered with affective judgments about emotionally 

unambiguous faces (Experiment 3). Our findings suggest colour associations rapidly impact 

valence judgments and potentially operate outside participants’ control. 
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Colour Context Effects on Speeded Valence Categorisation of Expressive Faces 

A vital skill for survival and social engagement is the rapid and accurate 

categorisation of others’ facial expressions. The ease with which we can typically do this 

belies the complexity and, at times, ambiguity that surrounds this task in the real world. 

While neutral expressions are typically unemotive, surprised expressions convey emotional 

meaning that can be particularly ambiguous (Adolphs, 2002); similar facial expressions may 

be made in the context of both pleasant events, such as a surprise birthday party, and 

unpleasant events, such as unexpectedly encountering a snake on a nature walk. However, the 

context itself can often shape the interpretation of facial expressions (Aviezer et al., 2008). 

The emotional ambiguity found in surprised facial expressions may increase the reliance on 

contextual factors to facilitate emotional processing more so than for other less ambiguous 

expressions like anger or happiness (Kim et al., 2004; Neta et al., 2009; Neta et al., 2011). 

One salient, yet simple, visual contextual cue is colour. Contextual colour cues can influence 

the interpretation of emotional facial expressions, with participants biased to categorise 

morphed angry and fearful expressive faces as expressing anger when the red, compared to 

the blue, tones in the face were increased (Nakajima et al., 2017). It has been suggested that 

this influence of colour on the categorisation of emotional faces can occur automatically, with 

colour cues processed incidentally and influencing psychological functioning rapidly and 

outside of conscious awareness (Elliot & Maier, 2012). Here we probe the temporal nature 

and potential automaticity of the influence of emotional connotations for colour stimuli on 

affective judgments about expressive faces. 

There is evidence that the impact of colour on tasks with emotional stimuli may be 

inflexible and occur outside of active control (Elliot & Maier, 2007, 2012). For example, 

emotion recognition has been found to be better for emotional words when they are presented 

in an emotionally congruent colour in the learning phase (i.e., positive words in green font, 
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and negative words in red font) than when they were presented in an emotionally incongruent 

(positive-red; negative-green) or neutral (blue) colour (Mammarella et al., 2016). Notably, 

the font colour was task-irrelevant in these studies. In addition, task-irrelevant contextual 

colour features have also been shown to influence judgments about the emotional information 

in faces and scenes (Bekhtereva & Müller, 2017; Thorstenson et al., 2017; Wiedemann et al., 

2015). For example, the colour of the background upon which a face appears affects 

judgments about the emotionality of the face (Gil & Le Bigot, 2015; Minami et al., 2018). 

Valence judgments about faces with a neutral or surprised facial expression show a greater 

negative response bias when these (emotionally ambiguous) faces were presented on a red 

compared to a green background (Gil & Le Bigot, 2015). This finding is consistent with prior 

suggestions that red has negative connotations, and green has positive connotations (Moller et 

al., 2009). These effects are presumably due to both learned (through exposure, e.g., red—

danger or stop sign; green—traffic lights, American currency) and potentially more innate 

(through preparedness, e.g., red—red-belly snake, red-back spider; green—nature) 

associations.  

A relatively open question is the temporal nature of the influence of contextual colour 

cues, such as red, on the categorisation of expressive faces. Notably, the temporal nature of 

the influence of colour on judgments about emotional stimuli is an important consideration 

when considering the potential automaticity of these effects. There is evidence that 

background colour cues can impact an early physiological marker of face processing, namely 

the N170 component that typically peaks 170 ms after the onset of a face stimulus (Frühholz 

et al., 2009a). In a training session, participants incidentally learned emotion-colour 

associations (red-fear, blue-neutral, yellow-happy) through paired exposure. During a 

subsequent test-phase, participants then made speeded expression judgments (fearful, happy, 

and neutral) for faces presented on congruent and incongruent coloured backgrounds. 
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Participants made faster and more accurate responses to congruent than incongruent emotion-

colour pairs. Notably, electrophysiological (ERP) recordings showed a greater N170 for 

negative valence faces on a congruent background (e.g., fearful faces on a red background). 

These findings are consistent with an early temporal locus of the influence of colour on the 

processing of facial expressions. It is possible that the influence of more naturally occurring 

colour-emotion associations that are not explicitly trained in a lab-setting, such as red and 

anger (Fetterman et al., 2011; Fetterman et al., 2012), will have a similarly early locus. 

Unlike studies that train specific colour-emotion associations, here we focus on the 

influence of pre-existing associations between emotions and colour, e.g., red and anger, on 

valence judgments in the absence of explicit training. This is important as the effects of such 

pre-existing colour connotations on emotion categorisation have greater implications for our 

real-world interactions, especially if such effects occur outside our control. We extend 

previous work by probing whether there is evidence that such effects occur automatically. If 

such effects occur automatically, they should 1) remain when perceptual and/or decision time 

is constrained and 2) occur involuntarily in that they exert an influence even when they are 

inconsistent with the correct valence judgments, thereby reducing performance.  

In this series of studies, we investigated the influence of contextual background 

colour on valence judgments for expressive faces. We examined the claim that colour 

connotations influence expression judgments rapidly. To preview our results, in Experiment 

1, we replicated the findings of Gil and Le Bigot (2015), finding greater negative valence 

judgments for emotionally ambiguous faces presented on a red compared to a green or a grey 

background at both the 700 ms, and more constrained 250 ms, presentation durations. In 

Experiment 2, we additionally constrained participants decision time for the valence 

judgment task and again found that the colour context influences remained. Given these 

findings suggesting that colour context exerts a rapid influence on face valence judgments, in 
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Experiment 3, we investigate whether such effects were involuntary. If so, we should see a 

cost to accuracy and/or response time (RT) measures for face valence judgments when 

unambiguous emotional faces are presented on incongruently, compared to congruently, 

coloured backgrounds. Our findings were again consistent with the automaticity of the impact 

of colour-emotion associations on valence judgments about faces. 

Experiment 1 

In Experiment 1 we investigate if colour (i.e., red, green, and grey), a key perceptual 

feature, can influence valence judgments about emotionally ambiguous stimuli, (i.e., neutral 

and surprised facial expressions), under temporal constraints (i.e., 250 ms and 700 ms). We 

hypothesised that emotionally ambiguous faces would be judged as negative more often when 

presented on a red background compared to green or grey backgrounds, replicating the 

finding of Gil and Le Bigot (2015). We also hypothesised that if this effect is automatic it 

should remain when the presentation duration is constrained. Further, given that limiting 

stimulus presentation time would likely result in greater ambiguity, and that the reliance on 

context is suggested to be more profound with greater ambiguity (Kim et al., 2004), we 

hypothesised that this effect of background colour would remain, and potentially be even 

more pronounced when faces are presented for a shorter duration. 

Method 

Participants. 

Fifty-two undergraduate participants (28 females; Mage = 20.67, SDage = 4.30) took 

part in the experiment for course credit. From the statistical information provided in Gil and 

Le Bigot (2015), we calculated an effect size of .41 (Lakens, 2013) and used G*Power to 

determine a minimum sample size of 41 to be required to achieve a power of 0.9 (Faul et al., 

2007). Additional participants were tested to allow for an expected data loss of approximately 

20% due to attrition. All participants reported normal or corrected to normal acuity and 
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colour vision. The experiments were conducted in accordance with the Macquarie University 

Human Research Ethics Committee.  

Materials and stimuli. 

The Karolinska Directed Emotional Faces (KDEF) database was used to select 

surprised and neutral facial expressions of 60 (12; 6 male and 6 female identities for practice 

trials, and 48; 24 male and female identities for experimental trials) face identities (Lundqvist 

et al., 1998). Each coloured face with a visual angle of 4.58° (4.8 cm) by 5.44° (5.7 cm) was 

positioned in the centre of three different coloured background images (red, green, and grey). 

The backgrounds obtained from Gil and Le Bigot (2015) were developed based on the HSB 

system. The hue was 0° for red, 120° for green, and 0° for grey. Red and green were both 

presented at 100% saturation, with grey presented at 0% saturation. A checkerboard-style 

background with randomised patches (approx. 2.3 cm by 1.8 cm) of eleven different 

brightness values, incrementally increasing by 5%, from 50 to 100% were used (Gil & Le 

Bigot, 2015). We also converted the HSB values to CIELAB values for the average colour of 

red (Lab 40, 64, 54), green (Lab 67, -69, 67), and grey (Lab 77, 0, 0) backgrounds. The study 

was conducted on Intel Xeon processors (3.40GHz) displayed on 24-inch BenQ XL2420T 

monitors (viewing angles; horizontal 170° and vertical 160°) with brightness of 350 cd/m², 

and a screen resolution of 1920 x 1080 pixels at 60 Hz refresh rate. 

Procedure. 

Following informed consent, participants were seated 60 cm from the monitor in a 

dimly lit room and told to judge whether each face presented was emotionally positive or 

negative. In each trial, participants responded using their dominant hand (Kalyanshetti & 

Vastrad, 2013) on a standard keyboard to make a single key response using the 1 and 2 keys 

labelled ‘+’ and ‘–’, and counterbalanced across participants. The experiment was conducted 

using E-Prime version 2.0 (Schneider et al., 2002).  
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The study began with 12 practice trials consisting of non-experimental faces followed 

by 6 blocks of 96 experimental trials, with 24 trials in each experimental condition. Each trial 

began with a centralised fixation cross for 1000 ms, followed by a face on a coloured 

background which occupied the entire screen for either 250 or 700 ms1. The face was 

immediately followed by a response cue which remained until participants responded (see 

Figure 1). Each face-colour pairing was presented in both presentation duration conditions. 

Participant’s responses and response times were recorded. At the end of the study participants 

were questioned about the strategy that they had used (if any) and if they identified the 

purpose of the study. 

 

Please insert Figure 1. about here. 

 

Statistical Analyses. 

 Analyses were conducted on participant response bias (due to the deliberately 

ambiguous nature of the facial expressions there is no correct response) and response time 

data using JASP version 0.11.1 (JASP Team., 2019). In keeping with Gil and Le Bigot 

(2015), trials with response times above 3000 ms were excluded prior to statistical analysis, 

resulting in the removal of 0.75% of trials. To reduce response bias, it was decided a priori 

 
1 Gil and Le Bigot (2015) used an unconstrained presentation duration with the face stimulus 

remaining on the screen until a response was made, which, on average, took approximately 

900 ms. We estimated that participants would take approximately 200 ms to make a keyboard 

response after a decision had been made. Thus, we used a 700 ms presentation duration to 

roughly approximate the time participants spent processing the face stimuli in the Gil and Le 

Bigot (2015) study. 
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that if participants correctly identified the purpose of the study, that is, to examine if 

background colour impacts judgments about facial expressions, their data would be excluded. 

However, no participant was able to do this. Further, participants with extreme response 

tendencies (≥ 85% of responses were of the same type, i.e., 85% negative or 85% positive) 

were also removed (n = 7). Where sphericity was violated a Greenhouse-Geisser correction 

was applied, and multiple comparisons were corrected through Bonferroni correction.  

Results 

Response bias analysis. 

For the 45 remaining participants (24 females; Mage = 20.67, SDage = 4.22), a 3 

(colour; red, green, grey) by 2 (presentation duration; 250 ms, 700 ms) by 2 (facial 

expression; neutral, surprise) by 2 (image sex; male, female) mixed ANOVA was conducted 

on response bias measures. For response bias, replicating previous findings, the analysis 

revealed a main effect of background colour, F(1.56, 68.53) = 10.83, p < .001, η²ᵨ = .20, with 

a greater negative response bias for faces presented on red compared to green (p = .007) or 

grey (p < .001) backgrounds, but no difference in response bias for faces on green compared 

to grey (p = 1.00) backgrounds. There was also a main effect of presentation duration, with a 

greater negative bias for faces presented for 250 ms than for 700 ms, F(1, 44) = 4.21, p = 

.046, η²ᵨ = .09. The interaction between background colour and presentation duration was not 

significant, F(2, 88) = .39, p = .679, η²ᵨ = .01, showing that there was no difference in the 

effect of colour across presentation times2 (see Figure 2). There was also a main effect of 

image sex, with a greater negative bias for male faces than female faces, F(1, 44) = 36.92, p < 

 
2 Results from a Bayesian ANOVA found an estimated Bayes factor (BF10) of 0.039 which 

provides strong evidence for the null hypothesis suggesting that there is no interaction 

between colour and presentation time (Jarosz & Wiley, 2014; Van Doorn et al., 2019). 
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.001, η²ᵨ = .46. An interaction between image sex and expression was also found, F(1, 44) = 

34.50, p < .001, η²ᵨ = .44. Bonferroni corrected post-hoc comparisons revealed that there was 

an effect of image sex for neutral (p < .001), but not surprised faces (p = 0.08), demonstrating 

that the negative bias for male faces was driven by the trials with neutral face stimuli. The 

interaction between background colour and image sex was not significant, F(2, 88) = .63, p = 

.533, η²ᵨ = .01, revealing that there was no difference in the effect of colour across image sex. 

Further, the interaction between background colour, presentation duration, expression and 

image sex was not significant, F(2, 88) = .39, p = .679, η²ᵨ = .009. No other main effects or 

interactions were significant (all ps > .053).  

Response time analysis. 

A 3 (colour; red, green, grey) by 2 (presentation duration; 250 ms, 700 ms) by 2 

(facial expression; neutral, surprise) by 2 (image sex; male, female) mixed ANOVA 

conducted on the RT data revealed significantly longer response times for faces presented for 

250 than for 700 ms, F(1, 44) = 94.80, p < .001, η²ᵨ = .68. An interaction between image sex 

and presentation duration was also found, F(1, 44) = 7.90, p = .007, η²ᵨ = .15. Bonferroni 

corrected post-hoc comparisons revealed that there was an effect of image sex for 700 ms (p 

= .043), but not 250 ms presentation durations (p = 1.000), with response times for trials with 

females faces faster than those for male faces in the 700 ms presentation condition. No other 

main effects or interactions were present (all ps > .136). 

Please insert Figure 2. about here 

Discussion 

Consistent with previous findings, faces presented on a red background were rated as 

negative more often than those on a green or grey background (Gil & Le Bigot, 2015). This 

finding is also more generally consistent with studies suggesting that red has default negative 

connotations (Bazley et al., 2017; Elliot & Maier, 2007). However, inconsistent with studies 
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that suggest green has positive connotations (Gil & Le Bigot, 2014; Mammarella et al., 2016; 

Wilms & Oberfeld, 2018), a positive response bias was not observed for green backgrounds. 

The effect of the red background on valence judgments was similar under relatively 

unconstrained and constrained presentation duration conditions. The robustness of this effect 

despite a more constrained presentation duration (250 ms) is consistent with the rapid and 

potentially automatic nature of this effect. 

Notably, there was a general increase in negative bias, irrespective of background 

colour, when the presentation duration was more constrained (250 ms compared to 700 ms). 

This might be indicative of a more general bias to categorise emotionally ambiguous faces as 

negative under temporal constraints (Neta & Whalen, 2010). Alternatively, it might reflect 

preferential processing of features within ambiguous faces that are indicative of a negative 

facial expression. This would be consistent with previous research demonstrating preferential 

processing of threatening stimuli (LoBue & Rakison, 2013; Lundqvist & Ohman, 2005; 

Öhman et al., 2001). Given the greater survival implications for misjudging negatively 

valenced expressions as positive, if unsure, it would also be safer to err on the side of caution 

and to interpret an ambiguous expression as threatening rather than non-threatening. 

Consistent with the findings of Gil and Le Bigot (2015), there was also a greater 

negative bias for male face images than for female face images. This finding is also broadly 

consistent with other studies reporting differences in the processing of male and female 

expressive faces. For example, in a visual search task, male faces expressing anger were 

detected faster than those expressing happiness, whereas female faces expressing happiness 

were more readily detected than those expressing anger (Öhman et al., 2010). Importantly, 

we found no interaction between background colour and image sex, suggesting that the effect 

of background colour was present for both male and female faces. 
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In summary, Experiment 1 replicated the effect of contextual red cues on increasing 

negative affect judgments about ambiguously expressive faces. It also extended previous 

research by showing that this effect remains when the presentation duration of the face is 

constrained. However, to maintain consistency with the previously published study that we 

aimed to replicate, the current experiment did not present a mask following the stimulus 

offset. This potentially allowed participants to continue processing the face stimuli after the 

presentation offset, which may have attenuated any potential temporal effects in our data. The 

data seemed to support this possibility. Given that the shorter presentation duration elicited 

longer RTs, the longer duration trials likely allowed participants to process the stimuli 

somewhat during the presentation period, while this possibility was limited in the shorter 

presentation duration trials. However, a clear comparison in RTs between the presentation 

conditions is challenging due to the inclusion of a response cue at the stimulus presentation 

offset. In addition, colour was not calibrated across the two monitors in the current 

experiment which may have resulted in differences in colour perception between the 

monitors. Therefore, in Experiment 2 we incorporate a visual mask at the offset of the 

stimulus and colour calibrate the monitors prior to conducting the experiment. Additionally, 

to provide greater insight on whether the effect of the affective connotations of colour on face 

affect judgment arises quickly, or is a product of a slower, more decisional-level process, we 

also manipulated the time participants had to make the valence judgment. 

Experiment 2 

The purpose of Experiment 2 was to further probe whether colour (i.e., red, green, and 

grey) influences judgments about facial affect for emotionally ambiguous facial expressions 

(i.e., neutral and surprised) when processing is temporally limited (i.e., immediate and 

delayed decision time). Here, we manipulate the time available to make the valence decision 

about the face stimuli. This allows us to assess whether the provision of ample decision time, 
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compared to when an immediate decision is required, moderates the effect of colour on 

valence judgments for emotionally ambiguous faces. Following from our previous findings, 

we hypothesise that a more negative response bias will be present for faces on a red than on a 

green or grey background in both temporal response conditions. We further hypothesise that 

this response bias will be more prominent in the more ambiguous, immediate, than the 

delayed, response condition (akin to the findings of Experiment 1 with greater negative 

responses to faces presented for a shorter than a longer duration). The limited decision time in 

the immediate response condition is expected to increase stimulus ambiguity resulting in a 

likely increase in the reliance on context (Kim et al., 2004) and the influence of the colour 

information compared to that in the delayed response condition when extended decision time 

is allowed. 

Method 

Participants. 

A new sample of 58 undergraduate participants (49 females3; Mage = 19.91, SDage = 

3.06) completed the study for course credit. A larger sample was recruited than in Experiment 

1 as it was expected that the more challenging response demands would increase the number 

of participants whose data would need to be removed due to a failure to meet the performance 

inclusion criteria. In addition to the participant requirements in Experiment 1, all participants 

self-reported normal hearing, which was necessary in this experiment due to the requirement 

 
3 Gender effects were investigated in Experiment 1 to test the replicability of the Gil and Le 

Bigot (2015) study. As the effect of colour was present in both male and female participants, 

we do not investigate the effects of gender hereon in and thus did not control the number of 

male and female participants in our sample.  
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to process an auditory cue. The Ishihara colour vision test was administered at the end of the 

experiment, all participants had normal colour vision. 

Materials and Stimuli. 

All materials and stimuli used in Experiment 1 remained the same with the addition of 

a short auditory cue, visual mask with a visual angle of 17.81° (18.8 cm) by 18.92° (20.0 cm), 

and the Ishihara colour vision test (Ishihara, 1960). Data collection monitors were colour 

calibrated using Datacolor’s Spyder-3 Elite. 

Procedure. 

Participants’ task and the total number of trials remained the same as in Experiment 1, 

with 48 trials in each experimental condition. Trials began with a centralised fixation cross 

for 1000 ms. To maintain a similar total experiment duration as in Experiment 1, the stimulus 

presentation duration was no longer manipulated. Given Experiment 1 demonstrated that the 

main effect of colour on face valence judgments was present in the 250 ms presentation 

condition, all face stimuli were presented for 250 ms. A visual mask immediately replaced 

the face presentation to eliminate further visual processing. An auditory response cue was 

presented equally at either the onset of the mask (immediate response condition) or after 2000 

ms (delayed response condition). Participants had 500 ms from the onset of the auditory cue 

to respond else a no response ‘too slow’ message was presented for 150 ms (see Figure 3). 

Each face-colour pairing was presented in both the immediate and delayed response 

conditions. Post-experimental feedback was obtained followed by an online Ishihara colour 

vision test. 

 

Please insert Figure 3. about here. 
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Results 

Of the 58 participants tested, a final sample of 40 participants (36 females; Mage = 

19.65, SDage = 3.21) remained. Following the same procedure as Experiment 1, participants 

were excluded if they correctly identified the study’s purpose (n = 9) and thus may have 

strategically responded to the colour context. Participants were also excluded if they 

demonstrated an extreme response bias, i.e., they made the same response in at least 85% of 

trials (n = 4) or failed to respond to at least 85% of trials (n = 5). For the remaining 

participants, trials without a response were removed resulting in an average loss of 6.15% of 

trials. These trials were removed to ensure that the calculation of the proportion of negative 

and positive responses only included trials where a response had been registered.  

Response bias analysis. 

A 3 (colour; red, green, grey) by 2 (decision time; immediate, delayed) by 2 (image 

expression; neutral, surprised) repeated measures ANOVA conducted on participant response 

bias revealed a main effect of background colour, F(1.33, 51.69) = 19.15, p < .001, η²ᵨ = .33, 

with a greater negative response bias for faces presented on red than green (p < .001) or grey 

(p < .001) backgrounds. Further, a greater negative response bias was present for faces on 

grey than green backgrounds (p = .005). A main effect of decision time, F(1, 39) = 23.44, p < 

.001, η²ᵨ = .38, was also found with greater negative response bias in the immediate 

compared to the delayed decision time condition. An interaction between expression and 

decision time was present, F(1, 39) = 4.10, p = .05, η²ᵨ = .10. Bonferroni corrected post-hoc 

comparisons revealed that there was a greater negative response bias in the immediate 

compared to the delayed decision time condition for neutral (p < .001), but not surprised, 

faces (p = 0.579). There was no interaction between colour and decision time, F(2, 78) = .23, 
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p = .793, η²ᵨ = .014 (see Figure 4). No other main effects or interactions were significant (all 

ps >.063). 

 

Please insert Figure 4. about here. 

 

Response time analysis. 

A 3 (colour; red, green, grey) by 2 (decision time; immediate, delayed) by 2 (image 

expression; neutral surprised) repeated measures ANOVA conducted on the RT data found 

no main effect of background colour (p = .673). However, there was a main effect of 

expression with longer RTs for neutral than surprised faces, F(1, 39) = 6.60, p = .014, η²ᵨ = 

.15. Moreover, there was a main effect of response duration with a longer RT for the 

immediate than delayed decision condition, F(1, 39) = 34.67, p < .001, η²ᵨ = .47. An 

interaction between colour and decision time was also found, F(2, 78) = 3.88, p = .025, η²ᵨ = 

.09 (see Figure 5). Bonferroni corrected post-hoc comparisons revealed longer RTs for faces 

presented on red (p < .001), green (p < .001), and grey (p < .001) backgrounds in the 

immediate compared to the delayed decision condition. The interaction between colour and 

decision time appeared to be a result of a cross-over interaction with responses to faces on red 

backgrounds being slower than those on green backgrounds in the delayed condition, but 

faster in the immediate condition. A pairwise t-test found faster RTs for faces on red than 

green backgrounds in the immediate condition (t(39) = 2.49, p = .017), although the 

difference between the red and green conditions did not reach significance in the delayed 

 
4 A Bayesian ANOVA was conducted with an estimated Bayes factor (BF10) of 0.043, this 

provides strong evidence for the null hypothesis suggesting that there is no interaction 

between colour and decision time.  
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condition (p = .208). There was also an interaction between expression and response lag 

condition F(1, 39) = 8.45, p = .006, η²ᵨ = .18. Bonferroni corrected post-hoc comparisons 

revealed slower RTs for neutral than surprised faces in the immediate presentation condition 

(p =.001), but not the delayed condition (p = 1.00). No other main effects or interactions were 

significant (all ps > .294). 

 

Please insert Figure 5. about here. 

 

Discussion 

The findings of Experiment 2 are consistent with the predicted effect of background 

colour on valence judgments. As in Experiment 1, in general there was a greater proportion 

of negative than positive judgments. Consistent with previous published research and the 

finding of Experiment 1, a more negative response bias was found for faces presented on a 

red than on a green or grey background (Gil & Le Bigot, 2015; Kinateder et al., 2019; 

Takahashi & Kawabata, 2018). Interestingly, a green-positive effect was also found, with 

fewer negative judgments for faces presented on green than on grey backgrounds. This is 

consistent with previous research suggesting that green is associated with positivity 

(Kuhbandner & Pekrun, 2013; Mammarella et al., 2016). 

Our prediction regarding a greater proportion of negative responses in the immediate, 

compared to the delayed, decision condition was supported and is consistent with the findings 

of Experiment 1 and prior research (Neta & Tong, 2016). However, our prediction of a 

stronger colour effect on response bias under the immediate than the delayed decision 

condition was not supported. Nonetheless, our findings are broadly consistent with the 

suggestion that colour effects are automatic (rapid) and implicit (Elliot & Maier, 2012), as 
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they emerge even when perceptual processing and decision times for affectively ambiguous 

face stimuli are constrained. 

Somewhat surprisingly, a green-positive effect (i.e., fewer negative judgments for 

faces presented on a green background) emerged in the immediate condition in Experiment 2, 

not but in Experiment 1. One possibility for this is that, while constraining perceptual 

processing facilitates the emergence of a green-positive association, processing was not 

sufficiently constrained in Experiment 1 for such an effect to be detectable. Notably, in 

Experiment 1, while the presentation duration of the face-colour stimuli was constrained, the 

images were not masked, and thus perceptual processing could potentially continue beyond 

the offset of the stimuli. In contrast, Experiment 2 constrained presentation time (250 ms) and 

immediately masked the offset of the stimulus, thereby disrupting further perceptual 

processing. Consistent with the green-positive effect being enhanced by perceptual 

processing limitations, rather than the decision time limitations, the green-positive effect was 

present in the both the immediate and delayed decision conditions in Experiment 2. However, 

given the mixed (unpredictable) presentation of the immediate and delayed trials, it is 

possible that participants adopted a strategy where they made immediate decisions, and 

responded consistent with these, for all stimuli. If so, the green-positive effect could be a 

result of constraining both the perceptual processing and decision time. Future research that 

blocks the immediate and delayed trials, and thus making the immediate or delayed decision 

trials predictable, is required to better tease apart the contribution of the perceptual processing 

and decision time constraints on the green-positive effect. Regardless, to our knowledge, this 

is the first study to suggest that the green-positive effect might be enhanced when processing 

is constrained, or alternatively, is attenuated when more elaborate processing is permitted. 
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Experiment 3 

The findings of Experiments 1 and 2 are broadly consistent with the suggestion that 

the influence of affective colour connotations on judgments about faces occurs rapidly and 

potentially automatically (Elliot & Maier, 2012). However, a stronger test of the automaticity 

of this influence is whether it remains under task conditions when it is not only task-

irrelevant, but it would also interfere with optimal task performance. For example, when the 

background colour upon which an expressive face appears would encourage an affect 

judgment that is incongruent with the correct response, such as when a smiling face appears 

on a red, compared to a green, background. Thus, this would suggest that the impact of 

background colour on task performance occurs non-strategically, with the background colour 

interfering with the correct response to the face stimulus. 

Previous studies have used speeded affect categorisation tasks to determine the 

influence of emotionally congruent and incongruent contextual features on affect 

categorisation. Facilitation effects have been found for emotion recognition judgments, with 

faster response times and greater accuracy for faces paired with emotion-congruent, 

compared to neutral, colours (Righart & De Gelder, 2008). Other studies on the influence of 

contextual cues and colour on affect-related judgments about faces have found interference 

effects with slower response times and poorer accuracy for faces paired with incongruent 

(happy face on red or blue backgrounds), than congruent (happy face on yellow 

backgrounds), colours (Frühholz et al., 2009a, 2009b). However, unlike in Experiments 1 and 

2, participants were explicitly trained in the colour-emotion associations prior to the affect 

categorisation task (Frühholz et al., 2009a, 2009b). Previous research found that facilitation 

effects in the congruent condition of a priming study were only present for strong (e.g., 

positive - party; negative - death) but not weak (e.g., positive - dormitory; negative - exams) 

affective primes. However, following lab-based training to strengthen pre-existing weak 
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associations, facilitation effects for trained, but not untrained, associations were found (Fazio 

et al., 1986). Further, the face images used in these studies were photographed faces reduced 

to black-and-white images and amalgamated onto background colours such that the faces 

were coloured the same as the background—reducing ecological validity (Frühholz et al., 

2009a, 2009b). Regardless, based on the findings of Experiments 1 and 2, and other studies 

investigating the effects of participant’s existing colour-emotion associations, we would 

expect similar interference effects for incongruent colour-emotion pairings, but no facilitation 

effects for congruent colour-emotion pairings, in the absence of training and with more 

ecologically valid face-colour stimuli. 

Investigating potential facilitation and interference effects of colour-emotion 

associations requires measuring performance on trials where congruent and incongruent 

colour-emotion stimuli are presented. Happiness, as a positive emotion, is congruent with 

green, which is linked to positivity (Kuhbandner & Pekrun, 2013). Red is more typically 

associated with negative connotations and prior research suggests that it may be specific to 

anger and potentially not extend to other high arousal, negative valence emotions, such as 

fear (Young et al., 2013). Therefore, the following study employs red-angry and green-happy 

as congruent colour-emotion pairs and red-happy and green-angry as incongruent colour-

emotion pairs. Grey was used to provide a neutral colour-emotion pairing for both the happy 

and angry faces. We hypothesise that facial affect categorisation judgments for incongruent 

colour-affect stimuli will be slower, and potentially less accurate, compared to congruent 

colour-affect stimuli. 

Method 

Participants. 

A new sample of 47 undergraduate students (34 females; Mage =19.70, SDage = 2.80), 

who met participant requirements detailed in Experiment 1, participated for course credit. 
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Materials and Stimuli. 

The KDEF face database (Lundqvist et al., 1998) was used to select 52 (4; 2 male and 

2 female identities for the practice trials, and 48; 24 male and female identities for the 

experimental trials) angry and happy face identities5. Each face with a visual angle of 

4.58° (4.8 cm) by 5.44° (5.7 cm) was positioned in the centre of three coloured (red, green, 

and grey) backgrounds used in both Experiments 1 and 2. At the end of the experiment an 

Ishihara colour vision test (Ishihara, 1960) was administered, all participants had normal 

colour vision. Data collection monitors were colour calibrated using Datacolor’s Spyder-3 

Elite. 

Procedure. 

Participants were explicitly asked to press ‘+’ when they saw a happy face, and ‘–’ 

when they saw an angry face, as quickly as possible. The trial structure was similar to that of 

the immediate response condition in Experiment 2. A centralised fixation cross (1000 ms) 

was followed by the face stimulus on a coloured background for 250 ms. A visual mask 

immediately replaced the face presentation and acted as a response cue for participants until 

response. Participants’ response was followed by accuracy and RT feedback unless they 

failed to respond within 2000 ms from the onset of the mask, after which the mask was 

replaced by a ‘too slow’ message for 500 ms. Participant response accuracy and RT were 

recorded. The total number of trials remained the same as in Experiments 1 and 2, with 96 

trials in each experimental condition. Each face-colour pairing was presented twice. As in 

 
5 Face stimuli were selected based on pre-study data collected to obtain subjective ratings 

from an independent sample (n = 21) on the emotion categorisation, valence, intensity, and 

genuineness for 70 (35 male and 35 female) KDEF face identities across angry, happy, 

neutral, and surprised expressions. 
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Experiments 1 and 2, at the end of the experiment, participants were asked if they could 

identify the purpose of the study. 

Results 

The pre-analysis procedure used in Experiment 2 was followed. This resulted in the 

removal of the data from five participants due to an extreme response bias (i.e., the same 

response in at least 85% of trials). The analysis was conducted on a final sample of 42 (31 

females; Mage = 19.74, SDage = 2.91) participants. 

Response Accuracy Analysis. 

We conducted a repeated measures ANOVA on the data from the three emotion-

colour congruency conditions (congruent, incongruent, neutral). For the congruent condition, 

angry faces on a red background and happy faces on a green background were combined, 

while trials with angry faces on a green background and happy faces on a red background 

were collapsed for the incongruent condition. The neutral condition included trials where the 

happy and angry faces appeared on grey backgrounds. The analysis revealed a main effect of 

congruency6, F(1.57, 64.45) = 18.26, p < .001, η²ᵨ = .31, with greater accuracy for congruent 

than incongruent (p < .001), and neutral than incongruent (p < .001) emotion-colour 

presentations. However, we did not find an accuracy advantage for congruent over neutral 

emotion-colour presentations (p = .095) (see Figure 6). 

To better disambiguate the effects of congruency, we conducted a 3 (background 

colour; red, green, grey) by 2 (emotional expression; angry, happy) repeated measures 

ANOVA. This analysis revealed a main effect of expression with greater accuracy for happy 

 
6 For consistency across studies, a Bayesian ANOVA revealed an estimated Bayes factor 

(BF10) of 61973.46 which provides strong evidence for the alternative hypothesis that 

emotion-colour congruency influences emotion categorisation. 
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than angry facial expressions, F(1, 41) = 8.14, p = .007, η²ᵨ = .17. There was no main effect 

of colour (p = .11). An interaction between background colour and emotional expression was 

found, F(1.64, 67.08) = 18.52, p < .001, η²ᵨ = .10 (see Figure 6). Bonferroni corrected post-

hoc comparisons revealed greater accuracy for happy faces than angry faces when they were 

presented on a green (p < .001), but not a red (p = 1.00) or a grey (p = 1.00), background. 

Further, greater accuracy was found for angry faces presented on a red background, when 

compared to those on a green (p < .001), but not when compared to those on a grey (p = 

1.00), background.  

 

Please insert Figure 6. about here. 

 

Response Time Analysis. 

We conducted a repeated measures ANOVA for three emotion-colour congruency 

conditions using the RT data for trials in which participants correctly identified the facial 

expression. This analysis revealed a main effect of congruency7, F(2, 82) = 19.09 p < .001, 

η²ᵨ = .32, with shorter RTs for congruent, compared to incongruent (p < .001), and neutral (p 

= .03) emotion-colour presentations. Further, there was a shorter RT for neutral than 

incongruent (p = .005) emotion-colour pairings (see Figure 7). 

To better disambiguate the effects of congruency, we conducted a 3 (background 

colour; red, green, grey) by 2 (emotional expression; angry, happy) repeated measures 

ANOVA. This analysis revealed a main effect of expression with longer RT for angry than 

 
7 For consistency across studies, a Bayesian ANOVA revealed an estimated Bayes factor 

(BF10) of 78873.95 which provides strong evidence for the alternative hypothesis that 

emotion-colour congruency influences emotion categorisation. 
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happy facial expressions, F(1, 41) = 8.36, p = .006, η²ᵨ = .17. There was no main effect of 

background colour (p = .444). However, there was an interaction between background colour 

and emotional expression, F(2, 82) = 20.09, p < .001, η²ᵨ = .33 (see Figure 7). Bonferroni 

corrected post-hoc comparisons revealed longer RT for angry than happy facial expressions 

for faces on green (p < .001) and grey (p = .009), but not red (p = 1.00) backgrounds. 

 

Please insert Figure 7. about here. 

 

Discussion 

Experiment 3 provides evidence consistent with a rapid, obligatory influence of 

affective colour connotations on affect judgment. Facial affect identification was faster and 

more accurate for faces appearing on backgrounds that are colour-congruent, compared to 

colour-incongruent. Further, this interference effect found for incongruent colour emotion 

pairs provides support for the claim that colour carries emotional connotations and that colour 

meaning is elicited and processed rapidly (Elliot & Maier, 2012; Young et al., 2013). Further, 

consistent with previous studies, we found a general accuracy and RT advantage for 

judgments about happy over angry face stimuli (Becker et al., 2011; Leppänen & Hietanen, 

2004; Young et al., 2013). 

The findings of Experiment 3 are also consistent with those of Young et al. (2013). 

Young et al. (2013) strengthened colour-emotion associations by presenting colour primes 

prior to the onset of expressive face stimuli, with the colour primes remaining as the 

background until participants responded. Red, compared to green, backgrounds enhanced 

detection for angry faces (Young et al., 2013). Notably, the colour primes may have 

encouraged non-automatic, top-down effects of the affective connotations associated with the 

background colour. For the current study, the onset of the background and the emotional face 
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occurred simultaneously thereby eliminating potential top-down effects of colour that might 

have occurred prior to the presentation of the face stimuli. Another key advantage of the 

current experiment was the investigation of pre-existing, rather than lab-trained, colour 

associations on emotion judgments. The investigation of participants’ pre-existing emotional 

colour connotations has greater ecological validity and thus can potentially provide greater 

insight into the impact of colour on our everyday interactions in the world. 

General Discussion 

Our findings suggest that colour, a simple contextual feature with a likely 

combination of intrinsic and learned emotional associations, can influence affect judgments 

in faces. Our findings are consistent with previous research reporting an interaction between 

colour and affect for tasks with expressive faces (Frühholz et al., 2011; Gil & Le Bigot, 2015; 

Stephen et al., 2012; Thorstenson et al., 2017; Wiedemann et al., 2015; Young et al., 2013). 

We extend existing findings by demonstrating that this effect of colour on affect judgments 

remains robust even when perceptual encoding and decision time are highly constrained. 

Specifically, in Experiment 1, we replicated the increase in negative affect judgments for 

ambiguously expressive faces when they are presented on a red, compared to a green or grey, 

background (Gil & Le Bigot, 2015) and showed that this effect was similarly robust 

regardless of the stimulus presentation duration (700 or 250 ms). Further in Experiment 2, 

when perceptual processing was constrained by introducing a visual mask, the effect still 

remained even when post-perceptual decision time (immediate decision condition) was 

limited and it did not show any potential decay over time (delayed decision condition). 

Intriguingly, a positive response bias for faces presented on the green, relative to the grey 

(control) background also emerged in Experiment 2 when both perceptual and decision times 

were constrained. Together these findings suggest that the effect of colour on affect 

judgments occurs quickly and remains over time. 
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Further, in Experiment 3 when unambiguous emotional faces were presented, emotion 

categorisation judgments were impeded for expressive faces presented on incongruently 

coloured backgrounds (angry-green and happy-red), compared to when the same faces were 

presented on a control background. Thus, the influence of contextual colour cues on affect 

judgments remained even when it served to impede performance. This interference effect is 

consistent with previous research suggesting that colour effects on emotion categorisation of 

faces occur rapidly and outside our control (Young et al., 2013). 

The findings of Experiment 3 showed a performance advantage for happy faces rather 

than the advantage that is sometimes observed for faces with angry or threatening 

expressions. This is consistent with research reporting a happy face advantage with faster 

responses to happy faces compared to disgusted faces in a speeded emotion categorisation 

task (Leppänen & Hietanen, 2004) and also faster detection of faces with happy expressions 

compared to angry expressions in a visual search task (Becker et al., 2011). However, there is 

also evidence that the processing of threatening stimuli such as angry faces is prioritised over 

that for happy or emotionally neutral faces (Calvo et al., 2006; Fox et al., 2000; Hansen & 

Hansen, 1988; LoBue & Rakison, 2013; Lundqvist & Ohman, 2005; Öhman et al., 2001). In 

fact, in Experiments 1 and 2 we saw a bias to judge ambiguous faces as negative, which 

might stem from some form of preferential processing of threat. The prioritisation of happy 

faces compared to threatening faces remains debated with evidence for both sides of the 

argument. Future studies are required to further elucidate the conditions under which happy 

or threatening facial information is prioritised.  

In addition to our red-negative effect, which is consistent with a number of previous 

studies (Gil & Le Bigot, 2015; Moller et al., 2009), we also provided evidence of a green-

positive effect. Consistent with previous research, this effect was more nuanced and less 

robust than the red-negative effect. For example, Moller et al. (2009) conducted speeded 
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categorisation tasks using words from an achievement (success and failure words) and 

valence (positive and negative words) context. Participants were faster at categorising words 

associated with failure (and negative words more generally), when they were presented in 

red, compared to in green or white, font. In contrast, green font facilitated categorisation of 

success words compared to when red and white fonts were used. However, green font only 

facilitated positive word categorisations more generally when compared to red, but not white, 

font. Although, other studies have found associations between green and positive words and 

images more generally (Mammarella et al., 2016). The mixed effects of green have been 

suggested to be due to contextual differences across experiments that can influence the effect 

of colour (Elliot & Maier, 2012; Gil & Le Bigot, 2015). For example, Moller et al. (2009) 

used white font as the baseline to determine facilitation effects of green on the categorisation 

of positive words. However, white is also associated with positivity (Sutton & Altarriba, 

2016) and could similarly facilitate categorisation of positive words. This possibility is 

supported by findings of faster categorisation of positive words in white than red font (Moller 

et al., 2009). Therefore, further research replicating the green-positive effect should carefully 

consider the emotional connotations of their control colours. 

One possibility that arises from the pattern of findings we report here is that the 

green-positive effect emerges more under conditions when face processing is constrained. 

Specifically, here we found evidence of a green-positive effect when the presentation 

duration was limited to 250 ms presentation, the stimulus was masked, and participants made 

immediate or speeded responses, minimising the influence of any temporally extended 

perceptual or decisional processes. This is consistent with research suggesting a greater 

reliance on context under conditions of uncertainty (Kim et al., 2004). Future research should 

investigate the effects of a larger range of background colours and temporal constraints to 
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provide greater insight into the effects and limits of affective colour connotations on emotion 

processing and categorisation more broadly. 

Natural, fully coloured, face images were used in the current study to increase 

ecological validity. However, in line with simultaneous colour contrast effects, it is possible 

that the chromatic (green and red) background may have influenced the perceived colour of 

the faces presented on it (Webster et al., 2002). Although redder faces have been associated 

with greater anger ratings (Drummond, 1997), the red background surrounding the face 

stimuli would have been expected to influence the perceptual hue of the face towards it’s 

complementary colour—green (Klauke & Wachtler, 2015). Therefore, perceptual colour 

contrast effects are unlikely to be able to account for our results. 

One possibility is that the effects of background colour reported in Experiments 1 and 

2 are the result of affect misattribution, that is, participants may have mistakenly attributed 

the affect associated with the background colour to the face stimulus that appeared on it, 

irrespective of any emotional information within the face. Studies reporting this effect 

typically use strongly affective stimuli (e.g., a snake or angry face) as primes to influence 

judgments about subsequently presented, affectively ambiguous and arbitrary, target images 

(e.g. a Chinese character for a non-Chinese reader) (Murphy & Zajonc, 1993; Payne et al., 

2005). Notably, unlike the explicitly affective stimuli used as primes in these studies, the 

affective connotations of colour stimuli are arguably much more subtle. Previous research 

found facilitation effects for congruent presentations to only occur among strong affective 

primes (Fazio et al., 1986). Thus, the absence of facilitation effects for the congruent colour-

emotion presentations in Experiment 3 is consistent with the notion that affective 

connotations for colour are relatively weak. Further, emotionally ambiguous face stimuli, 

unlike the ambiguous symbols and Chinese characters for non-Chinese readers used in 

previous studies, are more meaningfully and naturally judged on valence attributes. For 
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example, it is unclear what features would make a Chinese character positive or negative to a 

non-Chinese reader. Further, the real-world experience and meaningfulness of valence 

judgments about expressive faces would be expected to result in consistent valence appraisals 

for some facial expressions across participants. Therefore, if our findings were due to a 

simple affect misattribution effect in which the backgrounds colour alone drives the affect 

judgment, we would fail to see (1) any consistency across participants’ affective ratings for 

certain face identities with some faces rated as positive or negative regardless of the 

background on which they are presented, and (2) any statistically significant effects of face-

based information, in this case the effects of the sex of the face stimuli, and expression 

depicted in the face stimuli. 

 Inconsistent with a simple affect misattribution account of our findings, in 

Experiment 1 there was a main effect of image sex suggesting that participants were 

attending to the sex information in the face stimuli and not merely relying on background 

colour for their judgments. We also conducted an inter-item correlation to investigate the 

internal consistency for each face stimulus presented on red, green, and grey backgrounds. 

Our findings showed moderate to strong inter-item correlation in participants’ responses for 

several face stimuli presented across different background colours (see material in OSF). 

Hence participants attended and responded to the face stimuli, and consistently judged some 

faces as negative and others as positive, independent of the background colour on which the 

faces were presented. Further, in Experiment 2, in which processing was constrained even 

more than Experiment 1, there was an interaction between expression and response decision 

time. This provides evidence that participants were in fact processing the expressive 

information in the faces and not just the background colour. Further, the findings of 

Experiment 3 are inconsistent with this affect misattribution account as colour effects were 

present even when unambiguous emotional expressions were presented. 
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In summary, the current series of experiments provide evidence for the automatic 

activation of affective connotations associated with colour and their ability to influence 

emotion judgments about face stimuli. However, it remains unclear whether colour as a 

context cue serves to bias the perception and visual processing of the face stimuli or if it 

instead acts only on later decision-making processes. Of course, it is possible that it 

influences both earlier visual processing and later decisions-making processes about the face 

stimuli. Determining which, or if both, influences are at play is beyond the scope of this 

study. Notably, the discussion of the influence of affective context on perception remains 

widely debated (see Niedenthal & Wood, 2019). However, we speculate that participants’ in 

our task may accumulate evidence in support of either a negative or positive affect decision 

and the automatic activation of affective colour connotations contribute to this accumulation 

of evidence, serving to sway the decision when the emotional information in the face in 

ambiguous.   

In conclusion, here we show a robust effect of colour on valence judgments for 

expressive faces. Notably, the influence of pre-existing colour associations on emotion 

judgments was shown to occur rapidly and seemingly outside of our conscious control 

suggesting that these effects might occur automatically. The effects of colour, a simple 

contextual cue, on emotion has the potential for considerable real-world implications in terms 

of altering mood, behaviour, and in the context of the current study—altering emotional 

judgments about people. Therefore, greater research investigating the extent and limits of the 

effects of colour is vital in providing effective real-world implications. In sum, the findings 

reported here suggests that colour can be a pervasive, and often overlooked, instrument for 

shaping our interpretation of emotion information. 
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Figure 1. See caption in list below. 
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Figure 2. See caption in list below. 
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Figure 3. See caption in list below. 
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Figure 4. See caption list below. 
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Figure 5. See caption in list below. 
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Figure 6. See caption in list below. 
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Figure 7. See caption in list below. 
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Figure Captions 

Figure 1. (A) Example of a female face identity expressing surprised (top row) and neutral 

(bottom row) facial expressions on red, grey, and green backgrounds. Schematics of the (B) 

short and (C) long stimulus presentation trials in Experiment 1. Participants pressed ‘+’ or ‘–’ 

labelled keys for positive or negative emotional valence. Backgrounds were obtained from 

Gil and Le Bigot (2015). 

Figure 2. Mean proportion of negative responses in Experiment 1 for faces presented on 

coloured backgrounds for 250 ms and 700 ms. Error bars represent standard errors. 

Figure 3. Schematic of (A) short and (B) long response duration trials for Experiment 2. 

Following an auditory signal for a response, participants pressed ‘+’ or ‘–’ labelled keys for 

positive or negative emotional valence. Feedback (“Too Slow”) was provided for 150 ms if 

participants failed to respond within 500 ms from the onset of the auditory cue. A response 

made within 500 ms resulted in a blank screen for 150 ms followed by either a 2000 ms 

interval (A) or the next trial (B). 

Figure 4. Mean proportion of negative response in Experiment 2 for faces presented on 

coloured backgrounds under immediate and delayed decision time conditions. Error bars 

represent standard errors. 

Figure 5. Mean response time in Experiment 2 for faces presented on coloured backgrounds 

under immediate and delayed decision time conditions. Error bars represent standard errors. 

Figure 6. Mean accuracy in Experiment 3 for expressive faces presented on coloured 

backgrounds by (A) colour-emotion congruency and (B) colour and emotion. Error bars 

represent standard errors. 
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Figure 7. Mean response time in Experiment 3 for faces presented on coloured backgrounds 

by (A) colour-emotion congruency and (B) colour and emotion. Error bars represent standard 

errors. 


