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[bookmark: abstract]Abstract
Color has been argued to exert a powerful effect on motivation and behavior. This has led researchers, most notably in social psychology, to examine the effects of color on perceptions of (sexual) attractiveness. Building on a body of work on the ‘romantic red effect’, Lin (2014) found evidence that the color of a laptop influenced ratings of a woman’s sexual attractiveness. If this holds true, then color effects could have profound importance for the marketing of consumer products such as laptops. Here we present two replications, one in the Netherlands and one in China, investigating whether red products increase perceived attractiveness. Across two studies, totaling 481 participants, we found no support for the claim that red products enhance sexual attractiveness. We discuss the implications for research on color and attractiveness and its implications for consumer research.
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[bookmark: do-red-objects-enhance-sexual-attractive]Do red objects enhance sexual attractiveness? No evidence from two large replications
1. Introduction
Colors have been argued to influence a broad range of moods, cognitions, and behaviors (e.g., [1–3]). This also makes colors relevant and perhaps even an ideal tool for marketing and consumer science (e.g., [4–7]). One particular way in which marketeers could sway consumers is via biasing consumers’ perceptions, particularly through advertisements associating attractive and high-status models with the focal product [8]. In recent years, researchers, predominantly in social and evolutionary psychology, have tested whether color cues may indeed affect people’s perceptions of, and in particular their attraction to, the opposite sex [9–16]. This suggests that color could be used to influence perceptions of consumer products via their associations with attractiveness of the product holder. The leading framework for interpreting such color effects is color-in-context theory [10], which we briefly review next.
1.1. [bookmark: colour-in-context-theory.] Color-in-context theory
To effectively study the influence of the color red on consumer choice, we must understand how color can carry different meanings in different contexts. Elliot and Maier [10] proposed color-in-context theory as an overarching theoretical account (also see [17,18]). It provides an explanatory framework for how color may affect human psychological functioning in the domains of affect (feelings and emotions), cognition (mental processing and perceptions), and behavior (approach or avoidance behavior). The theory consists of six core premises. First, color carries meaning. Beyond simple aesthetics, color is a visual stimulus that can convey meaningful information. For example, the color red is used on road signs to convey a universal message of warning [19]. Second, color can influence our evaluative processes and determine whether we tend to avoid or approach a stimulus contingent on the contextual significance of that color. For instance, during academic tasks, students from Western [20] and Eastern [21] countries are more likely to avoid red stimuli as social learning has taught them it represents failure. However, this effect reverses among Chinese stockbrokers because red represents a rise in stock value [22]. Third, color meanings are automatic and occur beyond our conscious awareness. In the example above, the students may not be consciously aware that the presence of red elicited an avoidance motivation and subsequently distracted them from their cognitive task. Fourth, color meanings, and their subsequent consequences on individuals’ responses, have two sources of origin: biological (evolved) and learned (classical conditioning). These sources are not mutually exclusive. For example, both black and red have been argued to act as a mediator in males’ perceptions of female attractiveness: black represents fashionableness (social learning) and red represents sexual receptivity (biological basis and social learning) [23]. Fifth, relations between color perception, affect, cognition, and behavior are reciprocal: one’s psychological state may in turn influence color perception [24]. Lastly, color meanings are determined by their contextual surroundings. Visual features, such as texture, motion, and shape, can elicit different approach motivations. For example, the texture might determine that a substance is strawberry jelly rather than blood, which in turn influences an individual’s motivations to taste it. Support for color-in-context theory has been found across a variety of domains and contexts (e.g., [2,25]). For example, Mentzel and colleagues found that words relating to dominance were processed faster and with fewer errors when presented in red as opposed to other colors [26]. Color-in-context theory provides a framework for social psychologists and has been key in studying the effects of color in various domains, including romantic attraction. Specifically, it has led researchers to argue that the color red influences perceptions of (sexual) attractiveness in men viewing women [9] and women viewing men [27].
1.2. [bookmark: support-for-colour-in-context-theorys-pr] Support for color-in-context theory’s prediction of the romantic red effect
Multiple studies have corroborated the romantic red effect (e.g., [23,28–30], reviews in [18,31]). In one of their early studies, Elliot and colleagues tested the romantic red effect on men viewing women and found that a woman pictured against a red background, as opposed to white, grey, and green, was rated as significantly more attractive and more sexually desirable [9]. Building on this, across seven experiments, Elliot and colleagues found that red, as opposed to white, grey, green, and blue, enhanced perceptions of attractiveness and sexual attractiveness in women viewing men [27]. Such effects have also been found by other research groups. For example, in a study on online dating, women wearing red in their profile picture received significantly more contacts from men than women wearing a different color [32]. In addition, although women presented in front of a red background received higher ratings on (sexual) attractiveness from men, this effect was not found when women rated these pictures of women [9]. Roberts and colleagues found male targets wearing red or black were rated as more attractive by either sex compared to the same targets wearing other colors [16]. Female targets wearing red or black were typically rated as more attractive by males. Moreover, targets who were initially photographed wearing red but later digitally altered to, for instance, a white shirt, were still perceived as more attractive than targets who wore white on the original photo. This therefore also suggested a wearer-effect whereby the model may behave differently depending on the clothing color. However, several studies have failed to find support for the romantic red effect [33–36]. Most notably, Peperkoorn and colleagues found no support for the romantic red effect across three studies totaling over 800 men [37]. In light of broader debates (e.g., [38–41]), it is therefore worthwhile to replicate published studies such as Lin’s [42] in order to assess how robust color effects are across independent labs.
1.3. [bookmark: replications-of-lin-2014.] Replications of Lin (2014)
In this paper, we present two replications of a study by Lin [42]. Informed by color-in-context theory, Lin examined the effect of a woman carrying a red laptop (in contrast to black, silver, and blue) on perceived attractiveness. In the first experiment, Lin recruited 80 male participants. These participants were randomly divided into four groups, each consisting of 20 participants. A picture of a woman carrying either a red, blue, silver, or black laptop was shown to each group. After looking at the picture, all participants were asked to fill out a questionnaire with the following questions: (1) How much does the woman in the photo attract you? (2) How strong is her sex appeal? (3) How strong is your desire to engage in sexual activity with her? (4) How assertive do you find her? (5) How healthy do you think she is? Lin found statistically significant red effects for the items relating to (sexual) attractiveness. However, no such effects were found with regards to assertiveness or health. Lin also collected a sample of 80 women. When the same experimental procedure was conducted, but this time with female participants rating pictures of a woman on these dimensions (excluding the item on the desire to engage in sexual behavior with the woman), no statistically significant red effects on attractiveness and sex appeal were found. He concluded that women using red products, in this case a laptop, are more (sexually) attractive to men. Given that Lin’s results have implications for the marketing of red products, it is particularly relevant to revisit those findings. We present two registered replication studies (one in the Netherlands and one in China) to examine this effect. We also ran an extension study to test if a different red product (a watch) worn by a man enhances the perceived sexual attractiveness of the model to women. These results are reported in the electronic supplementary materials as our main focus is on men rating women on attractiveness, in line with Lin’s (2014) findings [42].
2. [bookmark: study-1]Study 1
2.1. [bookmark: methods][bookmark: participants] Participants
The sample consisted of 273 men (Mage = 22.26 years; SD = 4.32; age range: 16 to 47 years; one participant failed to report age). The majority were Dutch (86%). Participants were recruited from three campus buildings of Leiden University and one campus building of Hogeschool Leiden. The sample size was determined based on Simonsohn’s recommendation of 2.5 times the sample size in the original study [43].
2.2. [bookmark: material-and-procedure] Design, materials, and procedure
Participants were randomly assigned to one of four conditions: black (n = 68), blue (n = 68), red (n = 69), or silver (n = 68). One of the two authors (JC or LG) individually approached men on campus and asked if they wanted to participate in an experiment on person perception. After signing an informed consent form, participants were handed a questionnaire (Dutch or English) and asked to complete it based on their first impression. Participants filled out the questionnaire individually, or in small groups of two to three but were unaware of the others’ questionnaire content. Participants sitting in proximity were asked to shield their questionnaires. Once finished, each questionnaire was placed into an individual envelope and sealed. Participants could win one of ten cinema gift vouchers (€15) in exchange for their participation.
The questionnaires were printed on four pages of double-sided white A4 papers (four sides) and stapled (available at https://osf.io/sdjxm/). The first page included demographic measures of gender (male, female, other), age, nationality (Dutch, other), student status (yes, no), and sexual orientation (heterosexual, homosexual, bisexual, prefer not say, other). The second page was left blank. The third page showed a color photo of a woman with either a black, blue, red, or silver laptop. The photos used were generously provided to us by Lin [42] and were not altered. All questionnaires were printed from the same printer. The questions, Likert scale format, and the order in which the questions were presented in the current experiment were the same as those used by Lin [42]. One item measured perceived attractiveness (“how much does the woman in the photo attract you?”). Two items measured perceived sexual attraction (“how strong is her sex appeal?” and “how strong is your desire to engage in sexual activity with her?”). Perceived assertiveness (“how assertive do you find her?”) and perceived healthiness (“how healthy do you think she is?”) were both measured with one item. Participants answered on 5-point Likert scales (1= not at all, 2 = not much, 3 = neutral, 4 = somewhat, 5 = very much).
2.3. [bookmark: data-analysis] Data analysis
We used R [44] and the R-packages BayesFactor [45], coda [46], coin [47,48], dplyr [49], ggplot2 [50], ggpubr [51], knitr [52], magrittr [53], Matrix [54], metafor [55], papaja [56], psych [57], rcompanion [58], and survival [59] for all our analyses. The data and analyses (analyses.html) for this project is on the open science framework (https://osf.io/sdjxm/). We present three one-way ANOVAs, as with the original study. We are only interested in replicating the findings on sexual attractiveness and therefore we do not present the non-significant findings on assertiveness and healthiness ratings in the main text, for which Lin [42] also found no significant effects (but see [60]).The analysis document contains these additional analyses (see https://osf.io/sdjxm/). Given that parametric assumptions could be violated, we also performed permutation tests [47,61], which corroborated our conclusions and can be found at https://osf.io/sdjxm/. We also include Bayes Factors [62–64] that allow us to qualify evidence for the null vs. alternative hypothesis, in this case an effect of color manipulation. Bayes Factors can be tentatively interpreted as follows: a factor of 3 provides weak support for one hypothesis over another, while a factor of 10 provides strong support for one hypothesis over an alternative hypothesis (e.g., [65,66]). For robustness checks, we also conducted analyses whereby we included only those who identified as heterosexual and/or those who identified the color (manipulation check). These three pre-specified additional checks corroborated our findings and are reported fully at https://osf.io/sdjxm/.
2.4. [bookmark: results] Results and discussion
None of the one-way ANOVAs on attraction, F(3, 269) = 1.02, p = .382, sex appeal, F(3, 269) = 1.60, p = .189, or sexual desire, F(3, 269) = 1.74, p = .159, supported an effect of color on perception. Bayes Factors favored the null hypothesis with a factor of 15.93, 7.63, and 6.39, respectively. The three ratings reliably formed a scale (Cronbach’s = .80, 95% CI [.76, .84]). Thus, for graphical illustration we chose to sum these into a scale representing ‘Attraction’. Figure 1 summarizes the findings of Study 1 in a violin plot.
The analysis document contains additional analyses further supporting our conclusion that there is no evidence for a significant ‘romantic red effect’ when performing permutation tests or applying various restrictions (sexual orientation, color check, or both).
**Insert Figure 1 here**
[bookmark: discussion]Our first study established no evidence for a red effect on the attractiveness ratings of the woman in a Dutch sample. If anything, our results favored the null hypothesis. Since the ‘romantic red effect’ has been argued to be universal [29] and has been previously demonstrated in Western societies (e.g., [32]), there were good reasons to expect Lin’s result to replicate in the Netherlands. However, there might also be good reasons why it would not, as cultural associations with red have been argued to differ across cultures [4,67,68]. In addition, it is possible that the stimulus person used, an Asian woman, has led to different perceptions obscuring any (potential) color effect. Thus, one reason why our results could differ from Lin’s is that we conducted the study in the Netherlands and the stimulus material depicts an Asian woman. While our first study has established that a close replication of Lin does not support a red effect in the Netherlands, it is possible that such an effect would still exist in the cultural context of the original study. Therefore, we replicated Lin’s study with a Chinese sample, in order to ensure that our findings were not an artifact of conducting the study in a different culture.
3. [bookmark: study-2]Study 2
3.1. [bookmark: methods-1][bookmark: participants-1] Participants
We recruited 208 Chinese male participants between 17 and 31 years old (Mage = 21.36 years, SD = 2.79, two participants did not report their age) from three different universities in Beijing, China. They were randomly assigned to one of four conditions: silver laptop (n = 52), red laptop (n = 52), black laptop (n = 52), or blue laptop (n = 52). Among all participants, 94.2% of them indicated their sexual orientation as heterosexual or bisexual (other categories include homosexual, prefer not say, or not sure), and 97.6% of them were students at the time of the data collection. Participants were paid CN¥5 for completing the survey. We aimed for a minimum of 2.5 times the sample size of the original study (200, [43]). 
3.2. [bookmark: material-and-procedure-1] Materials and procedure
Participants were approached either individually on campus or in groups during a break between two lectures in prior agreement with the lecturer. They were first asked whether they would like to complete a short survey for a compensation of CN¥5. To guarantee anonymity, each survey, along with the informed consent form, was put in an envelope and distributed to participants. They were asked to complete the survey, put it in the envelope, and then to return it back to the researcher. After providing their informed consent, participants first provided their demographic information, including gender, age, whether they were currently a student, and sexual orientation. Afterward, they rated one of four photos (i.e., a roughly 11 cm by 10 cm photo of a woman carrying a laptop) placed centrally at the top of the second page, on perceived (sexual) attractiveness, assertiveness, and health by answering five questions presented in simplified Chinese on a five-point Likert scale (1 = lowest, 5 = highest). The photos and the questions were exactly the same as in Lin [42]. All questionnaires were printed from the same printer. Lastly, they were asked about the color of the laptop they had seen. After participants returned back the envelope with the survey, they were thanked and were paid CN¥5.
3.3. [bookmark: data-analysis-1] Results and discussion
The analyses are similar to Study 1 and more detail can be found on the open science framework. We again report pre-specified additional analyses fully on https://osf.io/gq9dx/ (e.g., permutation tests and filters).
[bookmark: results-1]There was no significant effect of condition on attractiveness, F(3, 203) = 2.53, p = .059, sex appeal, F(3, 202) = 1.19, p = .312, or desired sexual activity, F(3, 203) = 0.44, p = .723. For attractiveness, where the effect was close to statistical significance, Tukey post-hoc contrasts, revealed that the effect was predominantly driven by the blue vs. silver contrast (mean difference+/-1SE: -0.425±0.168, p = .057; p > .11 for all other contrasts). Bayesian ANOVA analyses favored the null hypothesis with factors 1.85, 9.65, and 24.27 for attractiveness, sex appeal, and desired sexual activity, respectively. The three ratings formed a scale (Cronbach’s = .81, 95% CI [.77, .86]). Thus, for graphical illustration, we again chose to combine these in a scale representing ‘Attraction’. Figure 2 summarizes the findings in a violin plot.

**Insert Figure 2 here**

The analysis document contains additional analyses further supporting our conclusion that there is no evidence for a significant ‘romantic red effect’ when performing permutation tests or applying various restrictions (sexual orientation, color check, or both).
[bookmark: discussion-1]Taken together, we found no evidence for a romantic red effect across two studies. Contrary to Lin [42], a woman with a red laptop was not rated as significantly more attractive, as opposed to holding a laptop in other colors (i.e., silver, blue, or black). Therefore, we conclude that our data from both the Netherlands and China do not provide evidence that the color of a consumer product, here a laptop, influences ratings of (sexual) attractiveness.
4. [bookmark: study-3][bookmark: meta-analytic-synthesis-and-general-disc]General discussion
Across two replication studies, we found no support for the claim that owning a red object would increase the sexual attractiveness of the assumed owner. Given our relatively large sample sizes, we were also able to qualify the evidence for the null hypothesis using Bayes Factors—with most of these favoring the null hypothesis. In order to fully summarize the evidence for the red effect, we also conducted a small meta-analysis of our own studies and Lin’s study. Given that the three items reliably formed a scale in our studies, we averaged the scores, also for Lin’s study. A random effect meta-analysis (N = 559) showed a small effect size and no robust evidence for a red object effect (Cohen’s d = 0.284, Z = 0.987, p = .324, 95% CI [-0.280, 0.847]. Fig. 3 presents the meta-analytic forest plot summarizing our findings (additional Bayesian analyses can be found at https://osf.io/gq9dx/.
**Insert Figure 3 here**

In conclusion, if there were to be any effect of red products, such an effect would be small according to conventional standards of effect sizes [69]. This leads us to suggest that there is no strong evidence that color manipulations of objects reliably influence perceptions of (sexual) attractiveness. In a broader context, our study adds to the pool of non-replications of predictions derived from color-in-context theory [33–37]. There is now a sizeable number of studies which have failed to find support for a ‘romantic red effect’. Moreover, it has been argued that publication bias affects findings in this area [70]. While most of the studies on the romantic red effect have focused on red clothing effects [16,28,37] or background effects [27,71], here we attempted to replicate a study on red objects [42]. It is possible that an effect is less pronounced for such objects than for dress or background effects given that the surface area of red would be smallest in red objects such as technological devices or accessories compared to clothing items or even background scenes. Nonetheless, our meta-analysis of effect sizes shows that they are similar to other failed replications, albeit these focused mostly on clothing color [34,37].
One potential reason is that unmeasured moderators obscure the romantic red effect. Some authors have argued for moderators that could influence the existence of a romantic red effect, such as femininity [72] or baseline attractiveness [73]. At present, we cannot rule out such a scenario but we would argue that before moving to look for such moderators, it would be worthwhile to establish the existence of a robust main effect. This is in part given by the fact that it takes substantially larger sample sizes to discover such moderators than it does to establish main effects [74]. As researchers from different independent labs have failed to replicate original research findings, it would even be worth considering whether the ‘romantic red effect’ would not be better termed the ‘romantic red hypothesis’ until its existence is firmly established. If research in this area is to progress, we will need further pre-registered analyses of color effects, including those examining moderators, next to replications of original studies [40,75,76]. Ultimately, a comprehensive meta-analysis that synthesizes the effects of color and potential moderators on various different measures across paradigms is needed to move this field forward [77,78]. While we are sympathetic to applications of psychological theories to other fields, it appears that currently there is little evidence for the utility of a romantic red effect in marketing. We would therefore caution against using the ‘romantic red effect’ in marketing, sales, or advertising applications as red may not, after all, be the new black.
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Figure 1 Violin Plot for Study 1, Attraction is the sum score of attractiveness, sex appeal, and sexual desire.
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Figure 2 Violin Plot for Study 2. Attraction is the sum score of attractiveness, sex appeal, and sexual desire.


[image: ]Figure 3 Forest Plot. Diamond represents the random effects model summary.
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