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Implicit and explicit safety evaluation of foods: The importance of food processing 22 

 23 

Abstract 24 

Identifying beneficial foods in the environment, while avoiding ingesting something 25 

toxic is a crucial task humans face on a daily basis. Here we directly examined adults’ 26 

implicit and explicit safety evaluations of the same foods presented with different degrees of 27 

processing, ranging from unprocessed (raw) to processed (cut or cooked). Moreover, we 28 

investigated whether individual characteristics (e.g., Body Mass Index, food neophobia and 29 

hunger) modulated their evaluations. We hypothesized that adults would associate the 30 

processed form of a food with safety more than its unprocessed form since processing 31 

techniques, which are ubiquitously applied in different cultures, often reduce the toxicity of 32 

foods, and signal previous human intervention and intended consumption. Adults (N = 109, 33 

43 females) performed an implicit Go/No-Go association task (GNAT) online, assessing the 34 

association between safety attributes and food images differing on their degree of processing; 35 

both unfamiliar and familiar foods were used. Then, each food was explicitly evaluated. 36 

Results revealed that individual characteristics affected both implicit and explicit evaluations. 37 

Individuals with overweight and obesity had a strong and positive implicit association 38 

between processed foods and safety attributes, but explicitly rated cooked foods as the least 39 

safe overall, this latter result was found in highly neophobic individuals as well. Yet, at the 40 

explicit level, when looking at unfamiliar foods only, processed foods were rated safer than 41 

unprocessed foods by all participants. Our results are the first evidence that directly 42 

highlights the relevance of the degree of processing in food safety evaluation and suggest that 43 

thinking of the important tasks humans face regarding food selection enriches our 44 

understanding of food behaviors. 45 
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1. Introduction 48 

Food is certainly one of the most salient and rewarding stimuli in our environment. As 49 

omnivores, we need to balance the necessity of gathering a great variety of food to ensure 50 

nutritional health against the risks posed by ingesting something toxic and so we engage in 51 

hundreds of food choices daily (Rozin & Todd, 2015; Wirt & Collins, 2009). Food is a 52 

complex and multi-attribute stimulus and several factors influencing food choices have been 53 

well-documented by previous literature, such as energy density, palatability and healthiness 54 

of the food (Toepel et al., 2009; Papies et al., 2007; Hare et al., 2011), studied along with 55 

differences related to the perceiver (dietary habits, Houben et al., 2010; hunger level, 56 

Hoefling & Strack, 2008; body mass index (BMI), Craeynest et al., 2005; food neophobia, 57 

Reilly, 2019;  personality Nederkoorn et al., 2004). However, little is known regarding 58 

evaluation of the safety of food, namely whether it is safe to consume or can lead to negative 59 

consequences such as poisoning. 60 

 61 

1.1. Food processing as a signal of food safety 62 

How we evaluate the safety of food deserves further investigation. The environment 63 

in which our ancestors lived and our brains evolved strongly differ from modern Western 64 

circumstances (Barkow et al., 1992). Nowadays, we engage in food selection in an 65 

environment where the presence of ready-to-eat food and food cues is omnipresent and 66 

overwhelming (e.g., Cunnigham & Egeth, 2018; Sanger, 2018). It rarely occurs to us to 67 

question whether a food item is safe to eat during a trip to the grocery store where foods are 68 

already packaged. Yet, such evaluation had to be made by our ancestors each time a new type 69 

of food was encountered (Rozin & Todd, 2015; Wertz, 2019), especially new plant-based 70 

foods - an essential component of human diets across evolutionary times (Hardy & Kubiak-71 

Martens, 2016; Ungar & Sponheimer, 2011) - as many plants contain poisonous parts (e.g., 72 
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cassava root, Cashdan, 1998; see Włodarczyk et al., 2018, for a short review). The 73 

importance of identifying edible and non-toxic items appears clear when such capacity is lost 74 

as in the case of pica, the psychological disorder in which non-edible materials such as metal, 75 

soil, pebbles, or clay are frequently consumed, endangering patients’ lives, (Sekiya et al., 76 

2018). If pica disorder represents an extreme example, the adaptive problem of finding 77 

beneficial food likely shaped our brains in ways that constrain the cognitive processes 78 

underlying our food behaviors. One possibility could be to render them sensitive to a range of 79 

cues indicating safety and edibility (Wertz, 2019). For instance, infants are selective when 80 

inferring edibility from conspecifics’ actions, ingesting a particular entity after observing an 81 

adult eating it, but not when the adult handles it in other ways without eating it (Wertz & 82 

Wynn, 2014). 83 

Diverse cues can signal which foods are safe to eat in a given environment, one of 84 

these is food processing. Based on previous work, we define food processing as actions 85 

altering the naturally occurring state of the food (e.g., a fruit growing on a tree), such as 86 

cutting, cooking or aggregation of different ingredients (Foroni et al., 2013; Rumiati & 87 

Foroni, 2016; Foroni & Rumiati, 2017). These are the main, simple processing techniques 88 

still being used in most of human societies (e.g., Mombo et al., 2016). Food processing is a 89 

prior, and often necessary, step for human food consumption the world over and has been an 90 

important part of human life for millennia (Wrangham, 2009). In the cooking hypothesis, 91 

Wrangham argues that, by providing a significant increase in the net energy gain and 92 

softening foods (Boback et al., 2007; Carmody et al., 2011), food processing activities had a 93 

key role in human evolution, leading to physical transformations in hominids (e.g., reduction 94 

of tooth and gut size and increase of brain size) and freeing our time to engage in other 95 

activities rather than chewing and hunting (Wrangham et al., 1999; Wrangham, 2009; Zink & 96 

Lieberman, 2016). In contrast, primates spend on average eight hours per day chewing raw 97 
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foods (Wrangham & Conklin-Brittain, 2003). Importantly, many processing techniques 98 

reduce the toxicity of raw food items, lessening the risk of infection and poisoning (Carmody 99 

& Wrangham, 2009). For example, cassava root is a staple food in many societies, however it 100 

cannot be eaten raw and requires complex processing techniques, such as soaking in water for 101 

several days, prior to consumption (Mombo et al., 2016). 102 

Only a handful of studies investigating food evaluation have considered the degree of 103 

processing. Yet, they reveal promising evidence that both individuals who are healthy and 104 

patients (e.g., Alzheimer dementia) perceive processed foods differently to unprocessed foods 105 

(Aiello et al., 2018; Vignando et al., 2018; see Foroni & Rumiati, 2017 for a review). For 106 

instance, Coricelli and colleagues (2019a) found significant differences in reaction times, 107 

with participants being faster in categorizing processed foods, this behavioral advantage in 108 

recognition was supported by differences in the brain responses recorded using 109 

electroencephalography. Around130 milliseconds (ms) post-stimulus presentation greater 110 

activation in visual areas in response to processed foods was shown, supporting the 111 

perceptual relevance of highly rewarding stimuli when compared to less rewarding stimuli 112 

(here unprocessed foods; Coricelli et al, 2019a; see also Toepel et al., 2009). In this early 113 

time window, the human brain also responds differently to edible (foods) and non-edible 114 

(objects and rotten foods) items (around 100 ms post-stimulus onset) (Tsourides et al., 2016). 115 

This time is strikingly fast if compared to other effects related to food found in windows 116 

between 400 and 800 ms post-stimulus onset such as appetitive conditioning (Blechert et al., 117 

2016). Behavioral data revealed that, in fact, adults and even children see processed foods as 118 

human-made objects that bear markers of previous intervention and require less work prior 119 

consumption, and see unprocessed foods as more naturally occurring (Foroni et al., 2013; 120 

Girgis & Nguyen, 2020). Moreover, developmental data revealed that infants and children 121 

might view cues of processing as a signal of food safety. Infants display attenuated wariness 122 
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behaviors towards novel processed plant foods (e.g., unfamiliar fruits and vegetables cut into 123 

pieces) compared to novel unprocessed whole plants with fruits (Rioux & Wertz, 2021). 124 

Children assign negative properties (e.g., “This food makes you throw up”) less often to 125 

processed foods compared to unprocessed foods (Foinant et al., 2021a). The safety signal 126 

likely arises both from the fact that processing techniques often reduce the toxicity of raw 127 

foods and because cues of processing reveal that another person has already interacted with a 128 

candidate food and has deemed it to be edible.  129 

However, in this line of work, participants were not asked directly about the safety of 130 

the foods and were always presented with processed foods that differ from unprocessed foods 131 

on at least one of the following variables, leading to potential confounds: food types (e.g., 132 

meat vs. vegetables, Coricelli et al., 2019a; pear vs. star fruit, Foinant et al., 2021a), caloric 133 

density (e.g., cookie vs. fruit, Girgis & Nguyen, 2020) or overall shape and color (cut papaya 134 

vs. whole plant with fruits; Rioux & Wertz, 2021). Whether individuals perceive the same 135 

food differently depending on their degree of food processing, remains to be investigated. 136 

 137 

1. 2. Implicit and explicit evaluation of food 138 

Food evaluation is known to be influenced by both explicit and implicit factors 139 

(Marty et al., 2017; Monnery-Patris & Chambaron, 2020). Explicit evaluations are assumed 140 

to influence responses described as conscious or controlled, while implicit evaluations are 141 

assumed to influence responses described as non-conscious and uncontrolled (Marty et al., 142 

2017; Perugini, 2005).  143 

Investigations of explicit evaluations of food usually consist of direct self-reports 144 

asking participants to rate different dimensions on a scale (i.e., liking, wanting, willingness to 145 

pay, frequency of consumption; Roefs & Jansen, 2002; Finlayson et al., 2007; Romero et al., 146 

2018). Individuals’ explicit evaluation of food regarding its caloric content (high vs. low) 147 
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received most of the attention, with participants often reporting negative evaluations of high-148 

calorie (or high-fat) palatable foods, when compared to the low-calorie (low-fat) unpalatable 149 

counterparts (Roefs & Jansen, 2002; Rothemund et al., 2007; Czyzewska & Graham, 2008; 150 

Papies et al., 2009; Houben et al., 2010). One of the few studies to investigate explicit 151 

evaluation of food regarding its level of processing found that participants view processed 152 

foods as more ready-to-eat and requiring less work prior to consumption (Foroni et al., 2013), 153 

yet they did not assess perceived safety of the different foods. Despite their widespread use, 154 

such measures are vulnerable to biases such as the social desirability bias in which 155 

participants seek to present a positive image of themselves (e.g., underestimating the liking of 156 

junk foods, Cerri et al., 2019; Czyzewska, et al. 2011). Moreover, such measures do not 157 

capture well responses influenced by unconscious factors (Monnery-Patris & Chambaron, 158 

2020). 159 

To capture such responses and reduce the social desirability bias, implicit evaluations 160 

of food have been studied using indirect behavioral measures, such as the Implicit 161 

Association Test (IAT; Greenwald et al., 1998), the Affective priming task (Fazio, 1995) or 162 

more recently, the Go/No-Go Association Task (GNAT; Nosek & Banaji 2001). These 163 

computerized tasks require fast responses to sequences of stimuli (words, images, etc.) 164 

presented for a few hundred milliseconds. The main assumption is that participant responses 165 

are facilitated (better accuracy and faster reaction times) if consecutive stimuli, or stimuli 166 

which require the same response pattern (i.e., share the same key for response) are closely 167 

associated. As with explicit measures, mainly high vs low calorie/fat individuals’ evaluations 168 

of the foods have been investigated. In sharp contrast with the explicit food evaluation 169 

literature, most of the work reports implicit positive attitude towards high-fat palatable foods 170 

(Papies et al., 2009; Lamote et al., 2004; Roefs et al., 2005). Indeed, explicit and implicit 171 

measures often do not converge, and both measures should be assessed when investigating 172 
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food evaluation and choices (see Hofmann et al., 2005 for a meta-analysis; Hoefling & 173 

Strack, 2008). Regarding implicit food evaluation depending on its degree of processing, 174 

using the IAT and controlling for caloric content, Coricelli and colleagues found that 175 

participants held a positive implicit association between both processed and unprocessed food 176 

and positivity (i.e., words associated with positivity such as joy, peace and holidays; Coricelli 177 

et al., 2019b). To our knowledge, this is the only study investigating implicit evaluation of 178 

food regarding its degree of food processing, yet the association between food processing and 179 

the safety attribute was not directly assessed. 180 

 181 

1.3 The present experiment 182 

In line with the existing findings, the aim of the present research was to investigate for 183 

the first time (i) implicit and explicit safety evaluations of food depending on its degree of 184 

processing and (ii) whether individuals’ characteristics modulated participants’ responses. 185 

First, we predicted that individuals would hold a positive implicit association between 186 

processed foods and safety, evaluating the processed forms safer than the unprocessed forms. 187 

Our primary focus was on implicit association because it rarely occurs to us today to question 188 

whether a food is safe to eat or not, but it was a recurrent task over evolutionary time, and 189 

therefore, natural selection likely favored cognitive systems sensitive to cues of food safety. 190 

Second, we predicted that explicit evaluations would diverge partially from implicit 191 

evaluations, because in our modern food environment processed foods are often high in 192 

calories/fat and are viewed as “junk foods”.  193 

For the implicit evaluation, we used the Go/No-Go association task (GNAT) where 194 

participants had to press the spacebar in the presence of a target concept (Go trials) and 195 

refrain from pressing it if the presented items belong to other concepts (No-Go trials). The 196 

GNAT has considerable methodological advances over the more common IAT (Williams & 197 
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Kaufmann, 2012). The primary one is its ability to assess associations between a single 198 

concept (e.g., food) and attributes (e.g., safety and toxicity) without having to measure the 199 

relative associations between two concepts (e.g., food and non-food) and attributes. The 200 

GNAT has been successfully used in several experiments (e.g., Ashford et al., 2018; 201 

Buhlmann et al., 2011), notably with food stimuli (Mas et al., 2020; Gerdan & Kurt, 2020; 202 

Spence & Townsend, 2007) and shows good psychometric qualities, such as internal 203 

consistency and reliability (Bar-Anan & Nosek, 2014, Williams & Kaufmann, 2012). 204 

Individual characteristics such as hunger level, food neophobia, dietary habits and BMI were 205 

measured because previous work has shown its influence on food evaluation (Coricelli et al., 206 

2019a; Foinant et al., 2021a; Houben et al., 2010; Mas et al., 2020). 207 

Adults completed the GNAT task and explicit ratings task on the same-colored 208 

images depicting foods differing only on their degree of processing: (i) unprocessed fruits 209 

and vegetables, (ii) the same foods cut into pieces and (iii) cooked into a puree. Our focus 210 

was on the processing action of cutting foods into pieces because previous work has shown it 211 

influences infants' neophobic behaviors (Rioux & Wertz, 2021) and children’s generalization 212 

of negative properties (Foinant et al., 2021a; Lafraire et al., 2020). It is also a common 213 

component of many more complex food processing techniques and a clear cue of human 214 

intervention. In addition, we focused on the action of cooking foods because this technique is 215 

more advanced and often efficiently reduces the toxicity of the raw foods (e.g., Mombo et al., 216 

2016, see also Carmody & Wrangham, 2009). We chose fruit and vegetable stimuli because it 217 

is an important class of foods with the potential to be poisonous and even deadly to humans 218 

(Hardy & Kubiak-Martens, 2016; Henry et al., 2014 Mithöfer & Boland, 2012, Włodarczyk 219 

et al., 2018). Importantly, we also chose fruits and vegetables because consumption of these 220 

foods is notoriously low and below recommended intakes (Hall et al., 2009). Therefore, it is 221 

of crucial importance to shed light on the mechanisms underpinning the evaluation of fruits 222 
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and vegetables to pave the way towards effective interventions for promoting the adoption of 223 

healthy eating behaviors.  224 

 225 

2. Materials and methods 226 

2.1. Participants 227 

Participants were 109 Italian adults (43 females) with normal or corrected-to normal 228 

vision. Age of the participants was between 18 and 34 years (M = 24.4, SD = 4.0) and their 229 

Body Mass Index (BMI, kg/m2) ranged from 17 to 37 (M = 23.7, SD = 3.9). This sample size 230 

was chosen based on a power analysis with pilot participants (with the powerSim function 231 

from the simr package in R; Green & MacLeod, 2016), assuming a small effect size in the 232 

implicit Go/No-Go association task (difference in reaction time of 10 ms between 233 

experimental conditions, as in studies using similar design, e.g., Mas et al. 2020) and a power 234 

of 80%. Data of additional 14 subjects were collected but excluded based on participants' 235 

performance on the implicit task (see data preparation and statistical analysis section 236 

below).  237 

 238 

2.2. Procedure 239 

Due to the COVID-19 pandemic, the study was conducted online and participants 240 

were recruited through the platform Prolific (Prolific, Oxford, UK; www.prolific.co). Each 241 

participant provided informed consent prior to beginning the experiment. The study 242 

conformed to the Declaration of Helsinki and was approved by the SISSA’s Ethic 243 

Committee. The study lasted approximately 40 minutes and comprised of three separate 244 

phases with the following constant order: (a) assessment of the implicit evaluations using a 245 

Go/No-Go association task (GNAT); (b) explicit ratings of the food stimuli used in the 246 

GNAT; and (c) questionnaires on participants’ characteristics. Stimulus presentation and 247 

https://www.prolific.co/
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registration of responses for the GNAT was controlled by PsychoPy 3.0 (Peirce et al., 2019; 248 

retrieved from www.psychopy.org) and ran through the online repository and launch platform 249 

Pavlovia (www.pavlovia.org) (the GNAT task has already been successfully implemented in 250 

online settings, e.g., Ashford et al., 2018). Stimulus presentation and registration of responses 251 

for the explicit ratings and questionnaires was controlled by Qualtrics (www.qualtrics.com).  252 

Participants received a compensation of 5 GBP after completion of the study. As this 253 

is usual practice in online settings, to ensure participants' attention throughout the study, they 254 

were informed they could receive a 1.5 GBP extra payment if they did not answer randomly 255 

during the GNAT task (criterion: more than 60% of correct answers), and if they passed two 256 

attentional checks added to the questionnaires (i.e., “respond never to this question”).  257 

 258 

2.2.1. Implicit evaluations: Go/No-Go association task (GNAT) 259 

The Go/No-Go association task (GNAT, Nosek & Banaji, 2001) was chosen in order 260 

to investigate participants’ implicit evaluations of different foods in terms of safety. In this 261 

task, participants must (a) respond to target stimuli (Go trials) by pressing the spacebar on a 262 

computer keyboard while (b) withholding their response to distractor stimuli (No-Go trials). 263 

The response deadline was set to 600 ms with an inter-trial interval of 100 ms consisting of a 264 

white screen (see Fig. 1a). Participants were asked to commit as few errors as possible in 265 

order to avoid a speed-accuracy trade-off (Zimmerman, 2011), in which participants commit 266 

too many errors while trying to respond quickly. These times were selected, based on piloting 267 

the task, to balance the need for time pressure while keeping an error rate that could vary 268 

between participants. Feedback was given after error trials, with a red “X” appearing below 269 

the stimulus for 150 ms.  270 

The GNAT began with four training blocks (see Table 1 and Supplementary Materiel 271 

Video S1 for a demonstration of the GNAT task). In the training blocks participants had to 272 

http://www.psychopy.org/
http://www.pavlovia.org/


13 

respond (i.e., press the space bar) to only one stimuli category (either foods, kitchen utensils, 273 

words related to safety, or words related to toxicity respectively in each of the four training 274 

blocks). There were 6 trials in each training block. Following the training blocks, participants 275 

completed three conditions consisting of two experimental blocks each: Block + and Block - 276 

(see Table 1 and SM Video S1). In Block +, participants had to respond to food images and 277 

words related to safety and refrain from responding when viewing kitchen utensils and words 278 

related to toxicity (see Fig. 1a). In Block -, participants had to respond to food images and 279 

words related to toxicity and refrain from responding when viewing kitchen utensils and 280 

words related to safety.  There were 96 trials in each of the experimental blocks (24 foods, 24 281 

kitchen utensils, 24 words related to safety, 24 words related to toxicity, see Table 1) 282 

presented in a pseudo-randomized order, with the constraint that an image trial (food or 283 

kitchen utensil) was followed by a word trial (see Fig. 1a). One separate Block + and Block - 284 

per condition were created based on our experimental manipulation of the food stimuli 285 

namely: raw whole foods (condition P0), raw cut foods (condition P1) and cooked pureed 286 

foods (condition P2), see Table 1 for an overview of the GNAT structure. Participants’ 287 

accuracy and latency to press the spacebar (Reaction Time/RT) reflect the ease to associate 288 

the target concept (different food) to the attribute (safety vs toxicity) in the two different 289 

blocks. Order of presentation of Block + and Block - within each condition, as well as 290 

condition order, were counterbalanced across participants.  291 
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Table 1: Overview of the implicit Go / No-Go association task (GNAT) 292 

Condition Press the spacebar Don’t press the spacebar Number of trials 

(1:1 ratio) 

Training 1  Food Utensil 6  

Training 2  Utensil Food 6  

Training 3  Safety word Toxicity word 6   

Training 4  Toxicity word Safety word 6   

Condition P0 – Block + 

(Raw whole foods)  

Food or Safety word Utensil or Toxicity word 96 (8 practice trials) 

Condition P0 – Block - 

(Raw whole foods) 

Food or Toxicity word Utensil or Safety word 96 (8 practice trials) 

Condition P1- Block + 

(Raw cut foods) 

Food or Safety word Utensil or Toxicity word 96 (8 practice trials) 

Condition P1- Block - 

(Raw cut foods) 

Food or Toxicity word Utensil or Safety word 96 (8 practice trials) 

Condition P2 -Block + 

(Cooked pureed foods) 

Food or Safety word Utensil or Toxicity word 96 (8 practice trials) 

Condition P2 -Block - 

(Cooked pureed foods) 

Food or Toxicity word Utensil or Safety word 96 (8 practice trials) 

Note. 1:1 ratio indicates an equal number of Go and No-Go trials. 293 
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The experimental stimuli for the three different conditions consisted of pictures 294 

depicting eight fruits and vegetables, furtherly subdivided in familiar (carrot, tomato, peach 295 

and apple) and unfamiliar items (Buddha hand citron, pink guava, jackfruit and starfruit, see 296 

Fig.1b). In condition P0 the fruits and vegetables were presented raw and whole (henceforth 297 

whole). In condition P1, they were presented raw and cut into familiar shapes (e.g., slices for 298 

tomato, quarters for peach) (henceforth cut). In condition P2, they were presented cooked and 299 

pureed, without any container (henceforth cooked). Before each experimental condition 300 

began, a short description of the foods depicted in the condition was presented to participants 301 

(e.g., ‘you will now be presented with pictures of food raw and whole’, see SM Video S1). 302 

Pictures of 24 different kitchen utensils (8 per condition) matched for overall shape, size and 303 

color of the food pictures (e.g., ice-cream spoon, lemon squeezer, pan) were used for 304 

distractor picture stimuli. All pictures were color photographs in jpeg-format (1920 × 1080 305 

pixels), selected from online free from copyright image search, then modified (i.e., cropped) 306 

using GNU Image Manipulation Program (GIMP; www.gimp.org) and placed on a white 307 

background (see SM Section 1 and Fig. S1 for a complete presentation of picture stimuli). 308 

Note that we used a distractor concept (i.e., kitchen utensils that are not obviously dangerous 309 

like knives), to keep some difficulty to the task, but the GNAT performs robustly without a 310 

distractor concept (Nosek & Banaji, 2001). In addition, the GNAT is not affected 311 

significantly by the relatedness of the target and distractor concepts, namely whether they are 312 

from related concepts (e.g., fruits and vegetables) or from distant concepts (e.g., foods and 313 

clothes) (Nosek & Banaji, 2001).  314 

Finally, we used eight Italian words, four associated to safety (safe [sicuro], 315 

immaculate [immacolato], pure [puro] and harmless [innocuo]) and four associated to 316 

toxicity (infected [infetto], poisoned [dannoso], damaging [avvelenato] and dangerous 317 

http://www.gimp.org/
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[pericoloso]). Images and the demonstration video of the GNAT are available on the Open 318 

Science Framework (OSF): https://osf.io/snrgk/. 319 

 320 

Figure 1: Example of trials in the condition P0 and Block + (Panel a) and example of food 321 

stimuli used in the Go / No-Go association task (GNAT) (Panel b). In the Go-trials a whole 322 

food [carrot] and a safety-related word [Harmless]; in the No-Go trials a kitchen utensil [ice-323 

cream spoon] and a toxicity-related word [Infected]. 324 

 325 

 326 
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 327 

Note. In panel a) exemplar trials of the GNAT task in the condition P0 and Block + (raw whole foods 328 

presented). Participants had to press the spacebar in the Go trials and refrain from pressing the spacebar in the 329 

No-Go trials. Images were presented on the screen for 600 ms and a blank screen was presented for 100 ms as 330 

Inter-Trial Interval (ITI). In panel b) exemplar food stimuli used in the GNAT task with the three different 331 

degrees of processing.  332 

 333 

Stimuli selection was based on the results of a pilot study. A separate set of 29 Italian 334 

healthy participants (20 females) aged between 20 and 33 years (M = 26.8, SD = 3.9) were 335 

asked to rate 12 pictures of foods depicted in their whole, cut and cooked forms, on the 336 

following dimensions: familiarity (whole foods), degree of processing and degree of cooking 337 

(cut and cooked foods), similarity (between whole and cut/cooked form of the same food), 338 

followed, in brackets, by labels at the extremes of the scale:  339 

(a) Familiarity: ‘How familiar are you with the depicted food?’ (‘Very unfamiliar’ [0] – 340 

‘Very familiar’ [100]);  341 

(b) Degree of processing: ‘how prepared (transformed by human intervention for eating 342 

purposes) is the depicted food?’ (‘Not at all prepared’ [0] – ‘Very prepared’ [100]);  343 
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(c) Degree of cooking: ‘How cooked is the depicted food?’ (‘Not at all cooked’ [0] – ‘Very 344 

cooked’ [100]);  345 

(d) Similarity: ‘How similar are the depicted foods?’ (‘Very dissimilar’ [0] – ‘Very similar’ 346 

[100]).  347 

For each rating a Visual Analog Scale (VAS) was positioned below the picture which 348 

measured 1920 × 1080 pixels. Picture presentation order was randomized across participants. 349 

Moreover, participants had to rate 11 words a priori related to safety and 12 words a priori 350 

related to danger on the following dimensions, followed, in brackets, by labels at the 351 

extremes of the scale:  352 

(a) Association to safety/danger: ‘How much is the present word associated with the concept 353 

of safety/danger?’ (‘Not related to safety/danger at all’ [0] – ‘Very related to safety/danger’ 354 

[100]); 355 

(b) Familiarity: ‘How familiar are you with the presented word?’ (‘Not familiar at all’ [0] – 356 

‘Very familiar’ [100]); 357 

(c) Valence: ‘How negative/positive is the present word?’ (‘Very negative’ [0] – ‘Very 358 

positive’ [100]).  359 

The number of syllables and word length were also calculated for each word. For the 360 

analysis, VAS distances were converted to a scale ranging from 0 to 100, although this was 361 

not explicitly displayed to the participants.  362 

We selected food pictures for inclusion in our GNAT that significantly differed in 363 

familiarity, with our selected familiar stimuli being significantly more familiar than the 364 

unfamiliar foods (t(3) = 39.02, p < .001). Our selected cooked foods were significantly 365 

viewed as more processed than our cut foods (t(3) = 14.12, p < .001). Our cooked foods were 366 

also significantly viewed as less similar to whole foods than our cut foods (t(3) = 7.65, p < 367 

.001). Selected positive words were highly associated with safety and negative words were 368 
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highly associated with toxicity, with no significant difference in the strength of association 369 

(t(3) = 1.11, p = .35).  Moreover, our words differed on valence with the words associated to 370 

safety being significantly more positive than the words associated with toxicity (t(3) = 16.94, 371 

p < .001), our words did not differ on familiarity (t(3) = 1.17, p = .33), nor on word length 372 

(t(3) = 0.87, p = .50) and number of syllables (t(3) = 0.68, p = .55).  373 

 374 

2.2.2. Explicit evaluations: food pictures ratings 375 

After having completed the implicit task, participants rated all the 24 food images 376 

presented in the task on different dimensions by selecting their response along a Visual 377 

Analog Scale (VAS). The VAS scale was positioned below the images which measured 378 

1920 × 1080 pixels, and picture presentation order was randomized across participants. For 379 

the analysis, VAS distances were converted to a scale ranging from 0 to 100, although this 380 

was not explicitly displayed to the participants. Participants rated the images of whole foods, 381 

cut foods and cooked foods on the following five dimensions: safety, valence, wanting, 382 

healthiness and frequency of consumption, followed, in brackets, by labels at the extremes of 383 

the scale: 384 

(a) Safety: ‘How safe is ingesting the food represented in the picture?’ (‘Not safe at all’ [0] – 385 

‘Very safe’ [100]); 386 

(b) Valence: ‘How negative/positive is the content of the picture for you?’ (‘Very negative’ 387 

[0] – ‘Very positive’ [100]); 388 

(c) Wanting: ‘How much do you want to eat the food represented in the picture at this 389 

moment?’ (‘Don’t want to eat it now’ [0] – ‘Want to eat it now’ [100]); 390 

(d) Healthiness value: ‘How healthy is the food represented in the picture?’ (‘Not healthy’ [0] 391 

– ‘Very healthy’ [100]); 392 
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(e) Frequency of consumption: “How often do you eat the food represented in the picture? (“I 393 

never eat this food [0] – I eat this food very often [100]”). 394 

 395 

2.2.3. Questionnaires on participants’ characteristics 396 

After having completed the implicit and explicit tasks, participants reported their 397 

characteristics (i.e., age, gender, height and weight) and hunger level using a Visual Analog 398 

Scale (VAS). Due to the COVID-19 pandemic these characteristics were self-reported by 399 

participants, instead of measured in person in the lab, but several studies indicate that in-lab 400 

measured and self-reported anthropometric data (e.g., height and weight) are strongly 401 

positively correlated and those self-reports can be a valid method of collecting 402 

anthropometric data (Bonn et al.,2013; Lassale et al., 2013; Huang et al., 2020; Pursey et al. 403 

2014; van der Laan et al., 2022). For the analysis, VAS distances were converted to a scale 404 

ranging from 0 to 100, although this was not explicitly displayed to the participants. Two 405 

separate questions regarding hunger level were presented investigating pre-task hunger level 406 

and post-task hunger level, followed, in brackets, by labels at the extremes of the scale:  407 

(a)  How hungry were you before beginning the study?  (“Not at all [0] – A lot [100]”); 408 

(b)  How hungry are you at the moment? (“Not at all [0] – A lot [100]”). 409 

Moreover, participants had to report “How many hours ago did you have your last meal?” by 410 

inserting the number of hours.   411 

A questionnaire regarding participants’ dietary habits was then completed; 412 

participants had to report whether they had food allergies (i.e., gluten, lactose, nuts, other), 413 

food intolerances (i.e., gluten, lactose, sulfites, fructose, other), how would they define their 414 

diet (i.e., omnivore, vegetarian, vegan, other) and whether they had other dietary restrictions 415 

other than caused by allergies or food intolerances - for example, ones based on personal, 416 

ethical or religious reasons. Finally, participants had to fill in the standardized and validated 417 
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questionnaire investigating novel food avoidance: the Italian translation of the Food 418 

Neophobia Scale (FNS) (for the complete set of Italian questions see Proserpio et al., 2016), 419 

which consists of 10 statements regarding individual tendencies to approach or avoid 420 

unfamiliar foods (exemplar statements: “I like foods from different countries” or “I am very 421 

picky”). Participants had to report their agreement on each statement on a 7-point Likert-like 422 

scale (“Strongly disagree” – “Strongly agree”). For the analysis, each answer was then 423 

numerically coded with high scores indicating high food neophobia (possible range 10-70). 424 

 425 

2.3. Data Preparation and Statistical Analysis 426 

Data and scripts used for statistical analysis are available on the Open Science 427 

Framework (OSF): https://osf.io/snrgk/. All analyses were performed in the R environment 428 

(version 3.6.3; www.r-project.org/). To investigate whether participants hold implicit and 429 

explicit associations between processed foods and safety, participants’ answers have been 430 

analyzed using a Linear Mixed-effects Model approach (LMM, Bates et al., 2015) using the 431 

lmer function (lme4 package; cran.rproject.org/web/packages/lme4/index.html). This method 432 

allows to exploit the inter-trial variability by analyzing each data point per participant and 433 

allows to investigate the modulation of different factors. Such models are called mixed since 434 

they include fixed effects which represent population-level effects which should persist across 435 

experiments and random effects which vary across level of grouping factors (i.e., 436 

participants) (Brown, 2021; Meteyard & Davies, 2020).   437 

To investigate implicit associations, we tested separate LMM models with average 438 

Reaction Times (RTs) and Error rates as dependent variables, because meaningful 439 

information about task performance can be found in both average reaction times and errors 440 

due to a potential speed-accuracy trade-off (Nosek & Baniji’s, 2001). To investigate explicit 441 

associations, we tested separate LMM models with each Explicit ratings as dependent 442 

http://www.r-project.org/
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variables (Safety, Valence, Wanting, Healthiness and Frequency of consumption).  In total 443 

nine LMM models were tested (see details below). In all LMM models, participants served as 444 

a random effect to account for shared variances within subjects (see also Aiello et al., 2018; 445 

Coricelli et al., 2019b; for a similar approach). The fit of each LMM model was tested by 446 

comparing it to the fit of its null model (containing no predictors) through the AIC (Aikake 447 

Information Criterion) values. Furthermore, for the full models, analysis of deviance was first 448 

inspected using the Wald chi square test and then post hoc comparisons were performed 449 

using the emmeans function (R packages car and emmeans). Multiple comparisons were 450 

controlled for using the Tukey's method. 451 

 452 

2.3.1. Go/No-Go association task (GNAT): Reaction Times (RTs) 453 

Before running the LMM models we checked whether some reaction times (RTs) data 454 

should be excluded from analysis. Following Nosek & Baniji’s (2001) recommendations, 455 

RTs were examined to determine if any participants had more than 10% trials with responses 456 

under 300 ms, as they reflect stimulus anticipation and random responding (Buhlmann et al., 457 

2011), or overall accuracy below 60%. Fourteen participants were excluded based on these 458 

criteria, leaving a sample of 109 participants. Next, we removed from analysis the first 8 459 

trials (out of 96) in each of the 6 experimental blocks (Block + and Block - in each condition, 460 

see Table 1) as they could be regarded as practice trials. Further, as recommended, erroneous 461 

RTs to distractor trials (i.e., trials with kitchen utensils) were not included in the RTs 462 

analysis, so that only target trials (i.e., trials with foods) were kept. This deletion occured 463 

because the distractors are considered noise. Finally, RTs inferior to 300 ms were excluded 464 

from analysis based on previous literature (Buhlmann et al., 2011) and the actual distribution 465 

of our data (M = 428.3 ms, SD = 77.7). The task did not register RTs greater than 600 ms, 466 

therefore there were no extreme slow RTs to discard. 467 
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After the data cleaning step, we computed a first LMM model with the remaining 468 

cleaned RTs data as our dependent variable and the following fixed effects: Block (Block + 469 

and Block -), Condition (P0, P1 and P2), the five covariates Food familiarity (familiar and 470 

unfamiliar), BMI (continuous variable), FNS (continuous variable), Pre-task Hunger levels 471 

(continuous variable – henceforth Hunger levels), and Explicit Safety ratings (continuous 472 

variable), as well as the interaction between Block, Condition and covariates (see SM Section 473 

2.1.1. and Table S1 for the complete model). A second identical LMM model with Explicit 474 

Valence ratings, instead of Explicit Safety ratings, was also tested (see SM Section 2.1.2. and 475 

Table S3 for the complete model).  476 

 477 

2.3.2. Go/No-Go association task (GNAT): Errors 478 

In order to analyze participants’ errors distributions, both target trials (i.e., trials with 479 

foods - Go trials) and distractor trials (i.e., trials with kitchen utensils - No-Go trials) were 480 

included in this analysis (on the sample of 109 participants and with practice trials excluded). 481 

Following Mas et al. (2020) and Gerdan & Kurt (2020), from these trials, the number of 482 

misses (incorrect responses in Go trials), and false alarms (incorrect responses in No-Go 483 

trials) were extracted from the data. Overall, a large number of misses indicate low accuracy 484 

to the task, while a large number of false alarms indicates a liberal decision bias (e.g., 485 

participant tending to press the spacebar for No-Go trials). None of the 109 participants kept 486 

for the previous RTs analysis had an overall error rate > 40% (indicating low accuracy, 487 

Nosek & Baniji’s 2001). Therefore, no further participants were excluded for this analysis.  488 

After this data preparation, a third LMM model with the miss rates as a dependent 489 

variable was tested, and the following fixed effects: Block (Block + and Block -), Condition 490 

(P0, P1 and P2), the three participant covariates BMI (continuous variable), FNS (continuous 491 

variable) and Hunger levels (continuous variable), as well as the interaction between Block, 492 
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Condition and covariates. A fourth LMM identical to the previous one with false alarm rates 493 

as a dependent variable was also tested (see SM Section 2.2. and Table S5 for the complete 494 

models). 495 

 496 

2.3.3. Food pictures ratings 497 

Explicit ratings (Safety, Valence, Wanting, Healthiness and Frequency of 498 

consumption) from the 109 participants have been analyzed by converting the VAS scale 499 

ratings to a scale ranging from 0 to 100. One separate LMM model with each of the Explicit 500 

ratings as dependent variables was tested, with the following fixed effects: Degree of 501 

processing (whole food, cut food, cooked food), the four covariates Food familiarity (familiar 502 

and unfamiliar), BMI (continuous variable), FNS (continuous variable), and Hunger levels 503 

(continuous variable), as well as the interaction between Degree of processing and the 504 

covariates. This analysis resulted in five separate LMM models (see SM Section 2.3. for the 505 

complete models). 506 

 507 

3. Results 508 

3.1. Implicit evaluations: Go/No-Go association task (GNAT) 509 

3.1.1. Reaction Times (RTs) 510 

Mean participants’ Reaction Time (RT) to the task was 438 ms (SD = 54.3), which is 511 

similar to previous average reaction times to food stimuli in GNAT tasks (e.g., Mas et al., 512 

2020; Gerdan & Kurt, 2020). The results of our LMM models with RTs in response to target 513 

food stimuli as a dependent variable are now described. In the full model Block, Condition, 514 

the five covariates Food familiarity, BMI, FNS, Hunger levels, and Explicit Safety ratings, as 515 

well as the interaction between Block, Condition and covariates were modeled as fixed 516 

effects. The full model had a better fit that the null model (containing no predictors) as shown 517 
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with a significant drop in AIC (χ2(35) = 327.20, p < .001, marginal R2 = .026, conditional R2 518 

= .24). Significant main and interaction effects are presented in Table 2 (see SM Section 519 

2.1.1. and Table S1 for the description of all the main and interaction effects tested in the full 520 

model).  521 

 522 

Table 2: ANOVA significant results for linear mixed-effect model for participants’ Reaction 523 

Times (RTs) in the Go / No-Go association task (GNAT) with Explicit Safety ratings. 524 

Effect χ2(df) 

  

p 

  

Block 

  

63.09(1) <.001 

Condition 

  

175.96(2) <.001 

Safety ratings 

 

10.79(1) .0010 

Condition * Food familiarity 

 

14.25(2) .0010 

Block * Condition * BMI 

 

9.94(2) .0070 

Note. χ2-values for effects using Type II Wald chi-square tests. 525 

 526 

In the full model the following main effects were significant: Block Condition and 527 

Explicit Safety ratings (see Table 1). The main effect of Explicit Safety ratings indicated that, 528 

as participants rated the pictures as safer, they were faster in pressing the space bar in Go 529 

trials (i.e., trials with foods) during the GNAT task.  530 

The only 2-way interaction which was significant was the Condition*Food familiarity 531 

interaction (see Table 1). Post hoc comparisons revealed that participants were significantly 532 

faster in responding to familiar foods compared to unfamiliar foods, only in condition P0 533 

where the foods were whole. Overall, participants were slower in responding to cut foods 534 
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compared to the other foods (see SM Section 2.1.1. and Table S2 for a full description of the 535 

contrasts revealed from the interaction effect between Condition and Food familiarity).  536 

Finally, only the 3-way interaction of Block*Condition*BMI was significant (see Fig. 537 

2). Post hoc comparisons revealed that participants were slower in Block - compared to Block 538 

+ only in response to cooked foods (condition P2) and as a function of their BMI  539 

(b = -1.19, SE = .39, z = -3.06, p = .027). None of the other comparisons were significant. 540 

 541 

Figure 2: Participants’ Reaction Times (RTs) in the Go / No-Go association task (GNAT) 542 

depending on Condition, Block and BMI. 543 

 544 

Note.  Linear regression lines with 95% confidence intervals. Condition P0: whole foods; Condition P1: cut 545 

foods; Condition P2: cooked foods. Block +: food is associated with safety words; Block -: food is associated 546 
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with toxicity words. In condition P2 only, as their BMI increased, participants associated cooked foods with 547 

safety more than toxicity, as they were significantly faster in Block + compared to Block -. 548 

 549 

We found a similar pattern of results for our second LMM model with Explicit 550 

Valence ratings, instead of Explicit Safety ratings (for the description of all the main and 551 

interaction effects tested in the full model see Table S3 in the SM section 2.1.2.). 552 

 553 

3.1.2. Errors 554 

Mean participants’ miss rate to the task was 17.74 % (SD = 21.07). This indicated that 555 

the task was overall easy for the participants. Mean false alarm rate was 9.36 % (SD = 13.03), 556 

indicating that overall participants showed a conservative criterion (e.g., tendency to refrain 557 

from pressing the spacebar for Go trials). Results with the miss and false alarm rates as 558 

dependent variables of the LMM models are now described (see SM section 2.2. for a 559 

complete description of the models).  560 

In the full model with the miss rates as the dependent variable, Block, Condition, the 561 

three participant covariates BMI, FNS and Hunger levels, as well as the interaction between 562 

Block, Condition and covariates were modeled as fixed effects. The full model had a better fit 563 

that the null model (containing no predictors) as shown with a significant drop in AIC (χ2(23) 564 

= 39.47, p = .018, marginal R2 = .046, conditional R2 = .63). Significant main effects are 565 

presented in Table 3 (see SM Section 2.2. and Table S5 for the description of all the main and 566 

interaction effects tested in the full model). 567 

 The main effect of Condition was significant (see Table 3), with participants being 568 

more accurate in responding to cooked foods (P2) compared to cut foods (b = 3.00, SE = 569 

1.01, z = 2.97, p = .0089). The main effect of Block was also significant (see Table 3), with 570 

participants being more accurate in Block + (b = 2.95, SE = .83, z = 3.57, p < .001). The main 571 
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effect of BMI approached significance (see Table 3), indicating that as their BMI increased, 572 

participants tended to do less misses (r = -.14, p < .001). 573 

In the full model with the false alarm rates as the dependent variable, Block, 574 

Condition, the three participant covariates BMI, FNS and Hunger levels, as well as the 575 

interaction between Block, Condition and covariates were modeled as fixed effects. The full 576 

model had a better fit that the null model (containing no predictors) as shown with a 577 

significant drop in AIC (χ2(23) = 35.21, p = .049, marginal R2 = .046, conditional R2 = .23). 578 

Significant main effects are presented in Table 3 (see SM Section 2.2. and Table S5 for the 579 

description of all the main and interaction effects tested in the full model).  580 

The main effect of Condition was significant (see Table 3), with participants being 581 

more conservative (i.e., making less false alarms) in responding to cooked foods (P2) 582 

compared to cut foods (b = 2.90, SE = .91, z = 3.20, p = .0042). The 2-way interaction 583 

Block*FNS was also significant (see Table 3). In Block -, as their neophobia increased, 584 

participants were more liberal (i.e., making more false alarms, r = .013, p = .018). In block +, 585 

participants' numbers of false alarms did not change depending of their neophobia levels (r = 586 

.021, p = .70).  587 
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Table 3: ANOVA significant results for linear mixed-effect models for participants’ Errors 588 

rates in the Go / No-Go association task (GNAT). 589 

Effect χ2(df) 

  

p 

  

LMM with Misses 

 

Condition 

  

9.21(2) .010 

Block 

  

12.71(1) <.001 

BMI 

 

3.53(1) .060 

LMM with False alarms 

 

Condition 

 

10.54(2) .0051 

Block*FNS 

 

4.81 .028 

Note. χ2-values for effects using Type II Wald chi-square tests. FNS = Participants' food neophobia scores. 590 

 591 

3.2. Explicit evaluations: food pictures ratings 592 

Mean participants’ Explicit Safety rating was 76 (SD = 24), indicating that overall 593 

participants judged all foods quite safe to eat. Results with the Explicit Safety ratings in 594 

response to food stimuli as a dependent variable of the LMM model is now described. In the 595 

full model Degree of processing, the four covariates Food familiarity, BMI, FNS, and Hunger 596 

levels, as well as the interaction between Degree of processing and the covariates were 597 

modeled as fixed effects. The full model had a better fit that the null model (containing no 598 

predictors) as shown with a significant drop in AIC (χ2(14) = 4919.50, p < .001, marginal R2 599 

= .29, conditional R2 = .50). Significant main and interaction effects are presented in Table 4 600 

(see SM Section 2.3.1. and Table S6 for the description of all the main and interaction effects 601 

tested in the full model).  602 
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Table 4: ANOVA significant results for linear mixed-effect model for Participants’ Explicit 603 

Safety ratings. 604 

Effect χ2(df) 

  

p 

  

Degree of processing 

  

456.28(2) <.001 

Food familiarity 

  

3519.50(1) <.001 

FNS 

 

18.41(1) <.001 

 

Degree of processing * Food familiarity 

 

1694.44(2) <.001 

 

Degree of processing * BMI 

 

83.92(2) <.001 

 

Degree of processing * FNS 

 

187.31(2) 

 

<.001 

 

Degree of processing * Hunger levels 

 

56.19(2) <.001 

Note. χ2-values for effects using Type II Wald chi-square tests. FNS = Participants' food neophobia scores. 605 

 606 

The following main effects were significant: Degree of processing, Food familiarity 607 

and FNS (see Table 4). All the 2-way interactions were significant: Degree of 608 

processing*Food familiarity, Degree of processing*BMI, Degree of processing*FNS and 609 

Degree of processing*Hunger levels (see Table 4).  610 

Post hoc comparisons revealed that in the 2-way Degree of processing*Food 611 

familiarity interaction (see Fig. 3), participants reported familiar foods as significantly safer 612 

compared to unfamiliar foods for whole foods (b = 30.06, SE = .54, z = 55.68, p < .001), and 613 

cut foods (b = 24.97, SE = .54, z = 45.94, p < .001) but not for the cooked foods. For familiar 614 

foods, cooked foods were rated significantly less safe than whole foods (b = -20.99, SE = .53, 615 

z = -39.10, p < .001) and cut foods (b = -19.72, SE = .54, z = -36.63, p < .001), that did not 616 

differ. On the contrary, for unfamiliar foods, cooked foods were rated the safest (compared to 617 

whole foods: b = 8.32, SE = .54, z = 15.39, p < .001; compared to cut foods: b = 4.44, SE = 618 
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.54, z = 8.20, p < .001). Cut foods were also rated safer than whole foods (b = 3.88, SE = .55, 619 

z = 7.11, p < .001).  620 

 621 

Figure 3: Participants’ Explicit Safety ratings depending on Degree of processing and Food 622 

familiarity. 623 

 624 

Note. Raw means and standard errors of participants’ explicit ratings of safety. For familiar foods, whole and 625 

cut foods were rated the safest. For unfamiliar foods, cooked foods were rated the safest. For cooked foods, 626 

safety ratings did not differ as a function of food familiarity. 627 

 628 

Post hoc comparisons for the other interaction effects revealed that as their BMI 629 

increased, participants significantly rated cooked foods as less safe compared to both whole 630 
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foods (b = -.78, SE = .09, z = -7.87, p < .001) and cut foods (b = -.78, SE = .09, z = 7.93, p < 631 

.001, see Fig. 4 panel A).  632 

Similar results were found as participants’ food neophobia increased (whole vs. 633 

cooked food: b = -.36, SE = .03, z = -11.90, p < .001, cut vs. cooked food: b = -.36, SE = .03, 634 

z = -11.8, p < .001, see Fig.4 panel B) and their hunger levels decreased (whole vs. cooked 635 

food: b = -.78, SE = .01, z = -5.96, p < .001, cut vs. cooked food: b = -.09, SE = .01, z = -6.88, 636 

p < .001, see Fig. 4 panel C).   637 

 638 

Figure 4: Participants’ Explicit Safety ratings depending on Degree of processing and BMI 639 

(Panel A), Food Neophobia (Panel B) or Hunger level (Panel C). 640 

641 

Note. Linear regression lines with 95% confidence intervals.  FNS = Participants' food neophobia scores. High 642 

Food neophobia scores indicate high food neophobia (range 10-64, M = 29.51, SD = 12.83). High Hunger levels 643 

indicate high hunger before the task (range 10-100, M = 29.13, SD = 28.46). 644 

 645 
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As the main focus of the present manuscript was to investigate safety evaluations, in 646 

SM sections 2.3.2. - 2.3.5 we listed and summarized the results of the other LMM models 647 

with, respectively, Explicit ratings of Valence, Wanting, Healthiness and Frequency of 648 

consumption as dependent variables of the models with Degree of processing, the four 649 

covariates Food familiarity, BMI, FNS, and Hunger levels, as well as the interaction between 650 

Degree of processing and the covariates modeled as fixed effects. Overall similar patterns 651 

were found across models, with the notable exception that for Healthiness ratings, cooked 652 

foods, regardless of their familiarity, were rated less healthy than whole and cut foods. In 653 

addition, participants rated more positively and reported to eat more frequently familiar 654 

whole foods compared to familiar cut foods, while safety ratings for these two foods did not 655 

differ. 656 

 657 

4. Discussion 658 

Identifying beneficial foods in the environment is a task we all face daily.  A handful 659 

of studies revealed that, from an early age, individuals view processed foods more positively 660 

than unprocessed foods (Foroni & Rumiati, 2017; Aiello et al., 2018; Coricelli et al. 2019a, 661 

2019b; Girgis & Nguyen, 2020; Foinant et al., 2021a; Rioux & Wertz, 2021), showing the 662 

importance of taking into account the degree of processing when investigating human food 663 

behaviors. Therefore, the aim of the present study was to expand on this limited line of work 664 

and directly investigate, for the first time, whether individuals differently evaluate the safety 665 

of a food depending on its degree of processing, both at an implicit and explicit level. 666 

Overall, we found pieces of evidence that individuals evaluate the cooked form of a food 667 

safer than its less processed forms, albeit with some important modulations depending on 668 

participants’ and foods’ characteristics.  669 

 670 
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A Go/No-Go association task (GNAT) was employed to investigate the implicit 671 

evaluations, given the advantage of this measure compared to other implicit measures (e.g., 672 

IAT) in being able to assess a single target concept (Nosek & Banaji, 2001). First, 673 

participants’ miss error rates showed that, when food was associated with words related to 674 

toxicity (Block -), participants were less accurate in their responses, meaning that they were 675 

less willing to say the signal (food) was present. The result shows that, overall fruits and 676 

vegetables were implicitly associated with a positive attribute. Because we only used low-677 

calorie foods, without comparing them with high-calorie foods, our results can’t be directly 678 

compared to previous work on implicit attitudes (e.g., Roefs et al., 2005). Instead, our results 679 

add to the existing literature which has shown that when compared to non-food (e.g., kitchen 680 

utensils), in healthy adults, food overall is associated with positive attributes, even at the 681 

implicit level (using the affective priming task, Czyzewska & Graham, 2008; using the IAT, 682 

Coricelli et al., 2019b).  683 

Further, and in line with our first prediction, all participants were faster to respond to 684 

cooked foods compared to the other foods, made less misses and false alarms in respond to 685 

cooked foods and certain individuals evaluated the cooked form of a food safer than its less 686 

processed forms. Indeed, as their BMI increased (overall range 17-37) individuals were faster 687 

in associating cooked foods with safety (Block +) compared to toxicity (Block -) (see Fig. 2). 688 

In sum, individuals with higher BMIs especially associated the cooked form of a food with 689 

safety, and none of the individuals associated the less processed forms of a food with higher 690 

levels of safety. These results are in line with previous findings showing a greater and faster 691 

activation in adult brains in response to processed foods compared to unprocessed foods 692 

(Coricelli et al., 2019a), but go further by suggesting that certain individuals represent 693 

differently the same food depending on its degree of processing, evaluating the processed 694 

forms safer than the unprocessed forms.  695 
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As in Coricelli et al. (2019a), in the present research all participants responded faster 696 

to cooked foods, but the finding that only individuals with higher BMIs associated more the 697 

cooked form of a food with safety compared to toxicity was less expected. Individuals with 698 

overweight and obesity tended to be better at the task resulting in a smaller number of miss 699 

errors in our task (i.e., incorrect responses for Go trials regardless of blocks) and previous 700 

GNAT studies reported shorter RTs to food images (e.g., Gerdan & Kurt, 2020; Mas et al., 701 

2020; but see Osimo et al., 2019 for an opposite finding). However, we believe that our 702 

findings speak against a mere easiness account, because individuals with excess weight and 703 

obesity were actually slower to respond to cooked food when it was associated with toxicity 704 

(Condition P2, Block -). It is possible that a stronger positive implicit association between 705 

safety and cooked foods in certain individuals leads to a higher consumption of these types of 706 

foods, resulting in weight gain because in modern circumstances, highly processed foods are 707 

often also high in fat and calories. For instance, Marty and colleagues (2017) directly 708 

assessed whether implicit attitudes towards foods can predict actual eating behaviors in 709 

children and found that they consumed more of a food they previously implicitly rated high 710 

on a hedonic level. In our study however, participants’ wanting of the foods nor frequency of 711 

consumption changed depending on their BMI, but we did not have highly processed foods in 712 

our stimuli set. An important outstanding question for future work is then whether an implicit 713 

association between safety and processed foods leads to a higher consumption of these 714 

particular foods. 715 

 716 

After they completed the implicit task, participants completed an explicit rating task 717 

on the same images used in the GNAT, given that food evaluation is known to be influenced 718 

by both implicit and explicit factors (Marty et al., 2017; Monnery-Patris & Chambaron, 719 

2020). In line with our second prediction that implicit and explicit evaluations would diverge 720 
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partially, participants rated cooked foods less safe than the other foods, especially people 721 

with high food neophobia and people with excess weight and obesity, who had a strong 722 

positive association between these processed foods and safety attributes at the implicit level 723 

(GNAT RTs results).  The explicit results converge with previous literature showing that 724 

individuals often report negative evaluations of highly processed foods high in calories when 725 

compared to the low-calorie counterparts (Roefs & Jansen, 2002; Rothemund et al., 2007; 726 

Czyzewska & Graham, 2008; Papies et al., 2009; Houben et al., 2010). 727 

It is common to find implicit and explicit results, which go in opposite directions 728 

(Hofmann et al., 2005; Hoefling & Strack, 2008). Previous literature has explained this 729 

phenomenon in light of two models. On one hand, the Dual Attitudes Model (Wilson et al., 730 

2000) states that for a given object different evaluations can coexist (i.e., holding an implicit 731 

positive evaluation and an explicit negative evaluation for ice cream). On the other, the 732 

Reflective-Impulsive Model of behavior regulation by Strack and Deutsch (2004) proposes the 733 

existence of two separate systems, an impulsive and a reflective one, which produce different 734 

behavioral outcomes depending on whether the decision is based on motivational orientations 735 

(e.g., food palatability) or based on knowledge (e.g., long-term health consequences). A 736 

prediction derived from Strack and Deutsch’s model is that, when control resources are 737 

reduced (e.g., by time pressure or hunger), the functioning of the reflective system is limited, 738 

and impulsive behaviors are increased (Czyzewska et al., 2011; Friese et al., 2008), as would 739 

be expected in implicit tasks. In line with the prediction of the Reflective-Impulsive Model, in 740 

the present study, individuals explicitly rated cooked foods safer as their hunger increased 741 

(i.e., when control resources were reduced), converging with their implicit evaluations.  742 

In the present study, it is not surprising that people with high neophobia, overall rated 743 

foods more negatively than their counterparts. Neophobia is thought to be a protective 744 

strategy against the risk of ingesting potentially poisonous items (Dovey et al., 2008; Lafraire 745 
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et al., 2016; Reilly, 2019; Rioux, 2019; Rozin & Todd, 2015) and neophobic individuals 746 

assign more negative properties to foods compared to individuals with less neophobic 747 

disposition (e.g., Foinant et al., 2021a, 2021b). Accordingly, during our GNAT task, 748 

neophobic participants were more willing to associate food with toxicity. In general, 749 

neophobic individuals tend to show wariness when presented with unknown foods, as these 750 

foods may be harmful once ingested, and in the present study, neophobic participants might 751 

have rated cooked foods even more negatively, because these foods were overall less familiar 752 

to participants (as indicated by the Frequency of consumption ratings). Regarding participants 753 

with overweight and obesity, it is possible that these individuals, who might be concerned 754 

about weight gain, explicitly rated cooked foods more negatively because nowadays 755 

processed foods are often high in calories, and industrialized pureed foods often contain 756 

additives (e.g., sugar, salt, conservatives). Thus, we need to consume them in small quantities 757 

in order to avoid negative long-term health consequences. Accordingly, our results revealed 758 

that all foods were rated less healthy when they were cooked into a puree (as indicated by the 759 

Explicit Healthiness ratings), and participants were less willing to eat these foods overall (as 760 

indicated by the Explicit Wanting ratings).  It remains an open question to what degree our 761 

current findings would generalize to other cultures, including non-WEIRD populations 762 

(Henrich et al., 2010) in some of which industrialized processed foods are less common and 763 

foraging for wild plant-food resources is still practiced.  764 

 765 

Nevertheless, the further examination of the explicit ratings, revealed that all 766 

individuals rated cooked foods safer than its less processed forms, in a particular situation: 767 

when they were confronted with unfamiliar foods. Indeed, for unfamiliar foods, which 768 

participants could not recognize easily, participants reported lower values of safety for whole 769 

foods compared to cut foods, and then lower values of safety for cut foods compared to 770 
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cooked foods (see Fig. 3). The familiarity status of each food (familiar vs. unfamiliar) was 771 

defined based on the pilot study and validated in the main study, as participants ate more 772 

often the familiar foods overall compared to the unfamiliar ones, as indicated by the 773 

Frequency of consumption ratings. The result that cooked unfamiliar foods were explicitly 774 

rated safer than its less processed forms converges with the pattern found with the GNAT 775 

task, showing that under a state of uncertainty, the degree of processing is used as a cue for 776 

safety in food evaluation. Further, the degree of processing seems to influence food choices 777 

as well, as participants were more willing to eat the foods they rated safer, as indicated by the 778 

Wanting ratings that parallels the Safety ratings. 779 

It is important to note that, in the case of familiar foods, cooked foods were actually 780 

rated less safe than raw foods. Indeed, whole and cut familiar foods (e.g., whole and cut 781 

tomato) were rated the safest by the participants and they rated cooked familiar foods (e.g., 782 

cooked tomato puree) less safe. In our modern food environment, it is clear that familiar 783 

foods like tomatoes, carrots, peaches and apples are safe to eat. During a trip to the grocery 784 

store, it would never occur to us to question the edibility of such familiar foods. On the other 785 

hand, because industrialized processed foods might contain unhealthy additives, it is more 786 

likely that individuals would question the safety attribute of familiar processed foods. In 787 

addition, in the present study participants might have been familiar with the packaging of 788 

processed foods, while we presented them with images of plain purees without any container. 789 

Accordingly, participants reported that they ate more often the familiar unprocessed foods 790 

compared to its cooked counterparts. In sum, it appears that participants rated the safest the 791 

foods they knew the best, namely familiar raw foods, but when they were confronted with 792 

unfamiliar foods, they used the degree of processing to make safety evaluation.  793 

The association we found in adults of familiar foods with positive properties has been 794 

recently found also in children by Foinant and colleagues (2021a) where children would 795 
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generalize positive properties such as “gives strength” to familiar foods and negative 796 

properties such as “gives nausea” to unfamiliar foods when presented with various types of 797 

fruits. Importantly, in this study the degree of processing was also taken into account (though 798 

including only cut foods) and the results showed that children significantly generalized more 799 

positive properties to cut foods compared to whole foods in the case of unfamiliar foods 800 

(Foinant et al., 2021a), converging with our results with unfamiliar foods. Taken together, 801 

Foinant and colleagues’ along with our findings suggest that when both adults and children 802 

have no prior knowledge on foods, cues of food processing afford more positive properties, 803 

even at the explicit level. 804 

 805 

Future directions and limitations 806 

In summary, the findings from the present study show that adults evaluate, both at the 807 

implicit and explicit level, the cooked form of a food safer than its less processed forms, 808 

albeit with some important modulations depending on participants’ (i.e., BMI, food 809 

neophobia and hunger) and foods’ characteristics (i.e., familiarity). The results add to the 810 

growing literature highlighting the role of cues of processing in the evaluation of food safety 811 

(Foinant et al., 2021a; Rioux & Wertz, 2021) and converge with research showing that the 812 

degree of processing has a key role in food cognition (Foroni & Rumiati, 2017; Aiello et al., 813 

2018; Coricelli et al. 2019a; Girgis & Nguyen, 2020). 814 

There is much that remains to be investigated however, such as what kind of 815 

processing action is needed to trigger a safety signal. In the present study, cooked foods 816 

seemed to be the foods most associated with safety (compared to cut foods). It suggests that 817 

more advanced processing techniques might be needed to trigger a safety signal. Indeed, 818 

these complex techniques (e.g., cooking, soaking in hot water) are often needed to reduce the 819 

toxicity of raw foods (Carmody & Wrangham, 2009; Mombo et al., 2016) while cutting a 820 
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food does not alter its chemical properties. It is important to note that, as a manipulation 821 

check, our pilot study confirmed that individuals considered the cooked foods as both more 822 

processed and cooked compared to the whole and cut versions of the same food. Remarkably, 823 

the procedure of cutting a food is a clear cue of human intervention (Foroni et al., 2013), 824 

which could signal intended consumption and modulate edibility evaluations (i.e., food vs. 825 

non-food). However, it might require further processing actions before being a food actually 826 

safe to consume, therefore affecting safety evaluations. In line with this idea, Foinant and 827 

colleagues (2021b) found that, when children performed a food vs. non-food categorization 828 

task, they more often miscategorized cut non-food items as foods, compared to whole non-829 

food items. Future studies can examine further the association between cut foods and 830 

edibility, by using in a similar GNAT task, words associated with edibility rather than safety. 831 

Another important and related future line of research is to include other types of processing 832 

actions and processed foods to investigate further the relative importance of cues of previous 833 

human interaction (e.g., cutting, grinding) and chemical alteration (e.g., cooking, pickling, 834 

frying) in evaluations of the safety of a food. Finally, it is also an open question, whether our 835 

results would hold in younger populations. Childhood is a critical period to examine food 836 

evaluation as many foods are initially unfamiliar to children, yet very few studies have 837 

investigated implicit food evaluation in this population, probably due notably to the high 838 

demands of implicit tasks. Recently a version of the Implicit Association Test (IAT) has been 839 

adapted for children as young as four years of age (DeJesus et al., 2020). Therefore, future 840 

studies should examine whether children also hold implicit or explicit associations between 841 

safety and food processing. 842 

While our current results are consistent with the proposal that cues of processing can 843 

act as a signal of food safety, we acknowledge that the present study suffers from several 844 

limitations. First, due to the COVID-19 pandemic this research was conducted online, and we 845 
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therefore relied on self-reports to collect sensitive data such as weight and height. Despite 846 

some evidence that self-reports can be a valid method of collecting anthropometric data 847 

(Bonn et al.,2013; Lassale et al., 2013; Huang et al., 2020; Pursey et al., 2013), such height 848 

and weight data might be especially prone to reporting bias, resulting in a possible 849 

underestimation of BMI in our sample (e.g., Pursey et al., 2013) and further testing in the lab 850 

is required to assess the robustness of our findings. Due to the online set-up we were also not 851 

able to measure participants’ actual eating behaviors toward the foods they saw in the task. A 852 

behavioral food choice measure must be included in future studies to investigate in detail how 853 

individuals’ evaluation of food safety predicts actual eating behaviors and to what extent food 854 

processing alone can explain cravings for industrialized processed foods as these foods are 855 

often both highly processed and high in calories/fat. Second, while the Explicit Frequency of 856 

consumption ratings give an indication of participants’ familiarity with the foods, we did not 857 

directly ask participants to name the different foods. A categorization task performed after the 858 

implicit and explicit tasks could have provided a better indication of the role of recognition in 859 

safety evaluation.  In the present study, we chose cooked pureed foods as the most processed 860 

foods to match the visual complexity of the whole, cut and cooked foods (i.e., having all 861 

images composed by one single color and element).  However, one aspect which might have 862 

affected both familiarity and reported frequency of consumption is that rarely pureed foods 863 

would be presented without packaging, this is a potential limitation of the study which future 864 

studies including a vaster continuum of processed foods could address. 865 

 866 

Conclusion 867 

As a first-of-its-kind study, here we present results showing how humans use cues of 868 

processing to assign different safety attributes to unprocessed and processed foods.  It is of 869 

crucial importance to shed light on the mechanisms underpinning the evaluation of foods to 870 
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identify important mechanisms that can increase acceptance of healthy foods such as fruits 871 

and vegetables and pave the way towards effective interventions for promoting the 872 

consumption of such healthy food products. This is especially important in populations with 873 

high neophobia (mainly children), who have less varied diets, eat less fruits and vegetables 874 

and assign more negative properties to these healthy foods (Prosperio et al., 2018, Foinant et 875 

al., 2021a, 2021b). Our findings provide a critical first step toward future work that could 876 

develop such interventions.  877 
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