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Abstract 20 

A bias towards certain kinds of information such as danger, has been observed in a number of 21 

domains, for instance learning and attention. Under Error Management Theory (EMT) it has 22 

been argued that these biases reflect the costs of making mistakes with this kind of 23 

information (Haselton & Nettle, 2006). Based on EMT principles we reasoned that such 24 

biases may also exist in generalisation, specifically for information where generalisation 25 

mistakes are costly (edibility and toxicity information). Experiment 1 tested this in adults (N 26 

= 88), and found that participants generalised toxicity information more, and edibility 27 

information less than control information. Experiment 2 tested this in 4- to 5-year-olds (N = 28 

91) and did not find the same pattern, but observed the only effect of information type being 29 

in those children scoring high on food neophobia. In Experiment 3 results from Exp. 1 were 30 

compared with an additional categorisation condition (N = 30) for the same stimuli, and a 31 

different pattern was observed for categorisation compared to generalisation, indicating that 32 

participants were not relying primarily on category-based generalisation. Finally, Experiment 33 

4 looked to test whether the findings of Exp. 1 are a function of negativity and positivity 34 

effects more broadly, and tested negative and positive information without the same direct 35 

costs to an individual (polluting and sustainability information). We found some indication of 36 

a broad negativity/positivity effect in generalisation, though this appears less strong than in 37 

Exp. 1, indicating a negativity bias effect cannot fully account for these results. 38 

39 



1. Introduction 40 

Inductive inference, or generalisation of the known to the unknown, is a critical 41 

component of human cognition (Feeney & Heit, 2007; Murphy, 2002). It enables us to apply 42 

learned knowledge to make predictions about novel situations or objects. However, making 43 

inductive inferences is not error-free and some mistakes may be more costly than others. 44 

Consider the problem of identifying which foods are safe to eat, particularly for an 45 

omnivorous species like humans, who need to gather a wide variety of foods to ensure 46 

nutritional health while avoid ingesting something harmful (Drewnowski et al., 1997; Rozin 47 

& Todd, 2015; van Duyn & Pivonka, 2000). When confronted with a novel food candidate, 48 

an individual must decide whether or not it is edible based on their knowledge of edible foods 49 

in the environment. Food items of the same type may vary visually (e.g., ripening fruits), and 50 

different types of foods may look remarkably similar (e.g., edible redcurrants and toxic holly 51 

berries). This means that when one encounters a novel food candidate there is a degree of 52 

categorical uncertainty and, importantly, the consequences of making errors in generalisation 53 

are not uniform. For example, erroneously choosing to eat a novel fruit that is in fact toxic is 54 

generally more costly than erroneously choosing to forgo a novel fruit that is in fact edible. 55 

This asymmetry of errors is a core tenet of Error Management Theory (EMT; Haselton & 56 

Buss, 2000; Haselton & Nettle, 2006; Johnson et al., 2013) and here we explore the effects of 57 

this asymmetry on generalisation decisions in the food domain. 58 

Generalisation is a complex process, and a number of factors may influence whether 59 

or not one generalises. Research on inductive inference has demonstrated that similarity is a 60 

key factor at play when deciding whether to generalise a specific property from a known 61 

exemplar to a novel item(Gelman & Markman, 1987; Murphy, 2002; Sloutsky & Fisher, 62 

2004b). More formally, it has been argued that generalisation is a declining function of 63 



similarity, with generalisation declining as a novel item becomes less like a known exemplar 64 

(Shepard, 1958; Sloutsky, 2003).  The ability to extrapolate known knowledge to novel items 65 

develops early in ontogeny, with infants as young as 9 months of age generalising 66 

nonobvious properties to novel items based on the visual appearance of a single known 67 

exemplar (Baldwin et al., 1993a; Welder et al., 2016). In certain domains, some features seem 68 

to be more important than others in judging to what extent two items are similar. For 69 

instance, in the food domain, colour similarity seems to play a key role in both children's and 70 

adults' decisions to generalise a property to a novel item (Lavin & Hall, 2002; Macario, 1991; 71 

Rumiati & Foroni, 2016, but see Rioux et al., 2018 for the importance of shape similarity as 72 

well), while shape similarity seems to be more important in the artefact domain (Landau et 73 

al., 1998; Welder et al., 2016). 74 

Whilst the role of perceptual similarity appears clear, it has also been argued that 75 

category membership plays an important role in generalisation. Category-based induction is 76 

observed early in life, for example, 4-year-old children generalise a known property of an owl 77 

to a flamingo because both are from the same category “bird”  (Gelman & Markman, 1986, 78 

1987; Mandler & McDonough, 1993). Categorisation appears to develop as early in ontogeny 79 

as 3 months (Ferry et al., 2010; Quinn et al., 1993), young children are able to flexibly deploy 80 

different types of categories in the food domain (e.g., script, taxonomic and evaluative 81 

categories;Nguyen, 2020; Nguyen & Murphy, 2003), and selectively generalise a property 82 

depending of its type (e.g., incidental, functional or biological; Gelman, 1988; Nguyen, 2012; 83 

Thibaut et al., 2016). However, how such inductive processes function under categorical 84 

uncertainty—that is, when the category membership of the novel item is unclear—has 85 

received far less attention, with a few notable exceptions (Chen et al., 2014; Hayes et al., 86 

2008; Hayes & Newell, 2009). Moreover, the question of whether humans engage in selective 87 

generalisation based on the type of information—that is, whether they generalise knowledge 88 



from known to novel instances differently depending on the content of that knowledge—does 89 

not appear to have been studied. In some areas, errors in generalisation decisions may have 90 

asymmetric costs. For example, incorrectly generalising edibility to something toxic is more 91 

costly than incorrectly generalising toxicity to something edible. In line with Error 92 

Management Theory (EMT; Haselton & Buss, 2000; Haselton & Nettle, 2006) when there 93 

are asymmetries in the costs of generalisation errors, one might expect to see selective 94 

generalisation of information. EMT posits that when the costs of false-positives (e.g., 95 

needlessly forgoing an edible fruit) and false-negatives (e.g., inadvertently eating a toxic 96 

fruit) have been asymmetric over phylogeny, cognitive systems should have arisen that 97 

reduce the rate of costly errors. These kinds of systems can evolve even if reducing costly 98 

errors results in more errors overall (e.g., one might prefer a smoke alarm that has greater 99 

sensitivity, and thus a greater number of overall errors, but reduced probability of a highly 100 

costly false-negative; Nesse, 2005). 101 

It is not yet clear whether humans engage in selective generalisation depending on the 102 

type of information, but a growing body of evidence suggests that content selectivity is 103 

present in another crucial component of human cognition—learning (e.g., Barrett et al., 2016; 104 

Barrett & Broesch, 2012; Broesch et al., 2014; DeLoache & LoBue, 2009; Wertz & Wynn, 105 

2019; Wertz & Wynn, 2014a). In fact, decades of evidence suggests that several species have 106 

selective learning mechanisms, such that certain evolutionarily relevant information and 107 

associations are learned more readily (e.g. Öhman & Mineka, 2001; Seligman, 1970; 108 

Seligman, 1971). Given the broad possibility space of what one could learn in any given 109 

environment, such selective learning systems could facilitate the learning of information most 110 

relevant to successful survival and reproduction. Indeed, evidence from experiments with 111 

fruit flies and computational models have shown environments in which preparedness can 112 

develop (Dunlap & Stephens, 2014; Lindström et al., 2016). In their seminal example of 113 



preparedness in animal learning, Garcia & Koelling (1966) demonstrated that rats learned to 114 

associate ingestion of a novel food with the experience of nausea in a single trial, but not with 115 

the experience of bright lights or novel sounds, even after many trials. These findings indicate 116 

that, at least in rats, certain ecologically recurrent associations (food causing nausea) are 117 

more easily learned. Similarly, monkeys have been shown to learn fear responses to snakes 118 

more readily than other non-dangerous stimuli like flowers (see Öhman & Mineka, 2001, 119 

2003, for reviews).  120 

Evidence for selective learning of different types of fitness-relevant information has 121 

also been found in humans. Human infants tend to selectively associate snakes, but not 122 

flowers or inoffensive animals such as frogs, with fear (DeLoache & LoBue, 2009; see 123 

LoBue & Rakison, 2013 for a review). Adults also appear to show preferential learning of 124 

fear associations for snakes and spiders (see Öhman & Mineka, 2001 for a review), including 125 

reduced habituation (Öhman et al., 1974) and non-conscious conditioning to fear-relevant but 126 

not fear-irrelevant stimuli (Öhman & Soares, 1998). Moreover, infants selectively associate 127 

edibility with plants compared to non-plants  (Wertz & Wynn, 2014a). Children also appear 128 

to show preferential learning of danger information about animals, and their performance is 129 

similar across cultures(Barrett & Broesch, 2012). For example, children from Los Angeles, 130 

USA and from Indigenous Shuar communities in the Ecuadorian Amazon showed heightened 131 

recall of information about dangerous animals, compared to danger information about other 132 

stimuli (foods, artefacts), and other information (location, feature), and this advantage 133 

persisted with only minor attenuation a week later (Barrett et al., 2016). This preferential 134 

memory for danger information appears to reduce with age and is not present in adulthood 135 

(Broesch et al., 2014), suggesting differences across the lifespan in selective learning. 136 

Given this evidence demonstrating that learning appears to be selective towards 137 

evolutionarily relevant information, the present study looks to examine whether this extends 138 



to how that information is used. That is, is there a selectivity in inductive inferences of 139 

evolutionarily relevant information? Specifically, we aimed to investigate how the type of 140 

information learned influences the generalisation of that information to novel stimuli, notably 141 

when the category membership of the novel stimulus is uncertain. Whilst the effect of 142 

information type on the degree of generalisation in humans has not been tested, some limited 143 

evidence suggests people do pay attention to such information type when generalising (Zhu 144 

& Murphy, 2013), and it has been found that rats would generalise a shock more broadly than 145 

a food reward (Hearst, 1962; Murray & Miller, 1952, though see Hoffman & Fleshler, 1963 146 

for the opposite pattern), demonstrating, in rats at least, that generalisation is sensitive to 147 

what is being generalised. Our predictions were based on Error Management Theory, which, 148 

as outlined above, posits that selectivity in cognitive processes arises when there is an 149 

asymmetry in the cost of errors  (Haselton et al., 2005; Haselton & Buss, 2000; Haselton & 150 

Nettle, 2006; Johnson et al., 2013). As a first step, we chose to examine selective 151 

generalisation about candidate food items. Decisions about what can (or cannot) be eaten are 152 

highly fitness-relevant and a single error when deciding whether or not to consume a novel 153 

food candidate can lead to severe negative consequences (e.g., poisoning; Hagen et al., 2009; 154 

Mithöfer & Boland, 2012). Importantly, the costs of different types of errors are asymmetric. 155 

Specifically, if you learn a food item is toxic you can make two generalisation errors: (1) you 156 

can incorrectly generalise this danger to another candidate food item that is in fact not 157 

dangerous (false-positive), or (2) you can fail to generalise this danger to another candidate 158 

food item that is in fact toxic (false-negative). The cost of the false-positive might be a 159 

missed dinner, but the cost of a false negative might be one’s life or a serious illness due to 160 

poisoning. Therefore, we predicted that participants would exhibit different generalisation 161 

patterns when presented with an ambiguous candidate food item depending on the type of 162 

information being generalised. In the present research we tested the generalisation of 163 



information about a candidate food's edibility or toxicity. Specifically, we predicted that, to 164 

avoid costly errors, humans will generalise toxicity information more broadly and edibility 165 

information more narrowly than neutral information. 166 

To examine the effect of differing information on generalisation we tested adults and 167 

children in a series of four experiments. Participants performed a classical induction task in 168 

which they were asked questions about a series of 20 image triads (after e.g.,Gelman & 169 

Markman, 1986) of different fruits. Each triad consisted of two target images at the top and 170 

the test image below. Each test image was one stage of a five-stage transformation between 171 

the two target images (see Figure 1). Participants were told that one of the target images had a 172 

property (e.g., “This is edible”) and the other did not (e.g., “This is not edible”), and then 173 

were asked whether the test image also had that property (e.g., to select “This is edible" or 174 

"This is not edible”). Adults (Experiment 1) and children (Experiment 2) were asked to 175 

generalise three types of properties (across three independent conditions), edibility (positive 176 

condition), toxicity (negative condition) or seasonality (neutral condition). In these 177 

experiments, we predicted different generalisation patterns for edibility and toxicity 178 

information relative to neutral or control information. Specifically, we predicted that, to avoid 179 

costly errors, humans will generalise toxicity information more broadly and edibility 180 

information more narrowly than neutral information. We tested both children and adults in 181 

Experiments 1 and 2 as previous literature on content-specific learning mechanisms has 182 

revealed differences across the lifespan and mixed evidence in adult populations (e.g., 183 

Broesch et al., 2014; Öhman & Mineka, 2001). For the child age-group, we chose 4- to 5- 184 

year-olds because previous studies found that by this age children already selectively 185 

generalise properties based on their type (Gelman, 1988; Nguyen, 2012; Thibaut et al., 2016), 186 

and can use both visual similarity and category membership in inductive inference (Gelman 187 

& Davidson, 2013).  188 



We ran two additional experiments to examine the role of categorisation (Experiment 189 

3) and the possible effect of broader negativity or positivity biases (Experiment 4) in selective 190 

generalisation processes. In Experiment 3, adults were asked to categorise the same stimuli 191 

used in Experiments 1 and 2 based on name labels (e.g., "This is a Daxon/Sudeb") in order to 192 

measure their category membership judgements. This allowed us to examine whether 193 

participants form categories that guide their generalisation decisions or if they rely on 194 

similarity judgements alone. Finally, to test whether any effects of edibility or toxicity are a 195 

function of broader negativity or positivity biases, Experiment 4 looked the effects of 196 

negative and positive information more broadly on generalisation. In this experiment adults 197 

were asked to generalise three different properties (sustainability, polluting, storage 198 

instructions), similar in valence to those used in Experiment 1 (edibility, toxicity, season of 199 

growth), but which are not fitness-relevant properties and do not offer the same asymmetric 200 

costs and benefits as edibility and toxicity judgements.   201 

2. Experiment 1 202 

Experiment 1 examines whether type of information one learns about a stimulus 203 

influences how that information is generalised to similar stimuli. As outlined in more detail 204 

above, human learning systems seem to be particularly sensitive to information about danger 205 

(Barrett et al., 2016; Barrett & Broesch, 2012; Broesch et al., 2014; DeLoache & LoBue, 206 

2009; LoBue et al., 2010; LoBue & DeLoache, 2008; New & German, 2015). In particular, it 207 

has been argued that biases in learning systems may reflect asymmetries in the costs of 208 

making errors about dangerous stimuli over evolutionary time (Haselton & Nettle, 2006). We 209 

reasoned that the selection pressures which give rise to these specialized learning systems 210 

may also have led to specialization in generalisation. We examined this in the domain of food 211 

because of the important role they play in human sustenance, the many risks they pose 212 



(Belovsky & Schmitz, 2006; Hagen et al., 2009; Hanley et al., 2007; Keeler & Tu, 1983; 213 

Manners, 1996; Mithöfer & Boland, 2012; Wertz, 2019), and an apparent psychological 214 

sensitivity to information about this domain (Barrett et al., 2016; Krasnow et al., 2011; 215 

Wertz, 2019; Wertz & Wynn, 2019; Wertz & Wynn, 2014b, 2014a). Given the asymmetry in 216 

costs in generalisation, mistakes in these domains (i.e., generalising edibility to something 217 

toxic vs. generalising toxicity to something edible), we predicted that information about 218 

danger (i.e., toxicity) would be generalised more broadly, and information about edibility less 219 

broadly than neutral information. For the neutral seasonality information (whether the item 220 

grows in summer or not) was selected as a piece of information consistent with the domain of 221 

food that does not necessarily have the same cost of generalisation errors. 222 

2.1. Method 223 

Participants were 88 adults (43 females, 25 males, mean age = 33 years, range = 17 – 224 

64, due to an error in the demographic survey 21 participants did not provide demographic 225 

information), divided evenly across three independent information conditions (edibility, 226 

toxicity, and seasonality), who were recruited via the online Prolific.ac platform. Data from 227 

two participants (in the edibility condition) were excluded for meeting our a priori exclusion 228 

criteria of giving the same response to at least 19 out of 20 questions (e.g. stating for 19 of 20 229 

items “This is edible” for those in the edibility condition). Adult participation was restricted 230 

to those based in the United Kingdom and United States in order to limit the geographical 231 

range and thereby familiarity with the fruits from other regions that were used in the study. 232 

The study was approved by a local ethics committee and participants were compensated with 233 

2.5 GBP (rate of 10 GBP/ hour). 234 

The materials for the study included four image pairs of real fruits, and a spectrum of 235 

five morphs between each pair, created with Abrosoft: Fanatmorph software version 5.4.8. 236 



We chose images of fruits that are not typically found in the UK and the US to ensure 237 

participants did not draw on prior knowledge to answer the task. There were originally nine 238 

different pairs of real fruit images and their respective morphs, which were piloted online 239 

with 30 English and American adults. The final four image pairs selected were those adults in 240 

the pilot rated least familiar and that had the most consistent similarity gradients across the 241 

morph sequence (i.e., the difference between morphs one and two were rated similarly to the 242 

difference between four and five, see Supplemental Material section 1.1).  In addition, we 243 

chose this food category because fruits in their raw state can either be edible and nutritious, 244 

or they may contain secondary toxic components harmful to humans (e.g., Mithöfer & 245 

Boland, 2012). The morph sequences are shown in Figure 1 (left panel). The original images 246 

of the real fruits are shown at each end, and the five stages of the objects morphing into one 247 

another between. The morphs are at approximate degrees of similarity to the left real fruit 248 

picture of 83%, 67%, 50%, 33% and 17% (e.g., first row: a guava fruit transformed into a star 249 

fruit).  250 

Image triads were created using Affinity: Photo software version 1.7.2.471, by 251 

presenting a final image pair at the top of the card (target pictures) alongside one level of 252 

their respective image morphs at the bottom of the card (test picture). This resulted in 20 253 

triads (five morphs for each of the four pairs; see Fig. 1, right panel). The image triads were 254 

presented with the relevant information noted in text below each image. In each triad, one 255 

target had a property (the left top picture) and the other did not (the right top picture). 256 

Depending on the condition this was ``This is edible” / “This is not edible" (edibility 257 

condition, see Fig. 1 right panel), ``This is toxic” / “This is not toxic" (toxicity condition), or 258 

``This grows in summer” / “This does not grow in summer" (seasonality condition). Which 259 

fruit of each pair was on the left varied across participants, with the item on the left always 260 

having the property; therefore, the fruit-property correspondence was counterbalanced across 261 



participants. The different pictures were never named, but referred to only as “this” to keep 262 

category membership ambiguous.  263 

Figure 1. Stimuli used in all experiments. Left Panel depicts the four morph 

sequences, with (a) and (c) showing the original images and (b) showing the five-point morph 

sequence between each pair. Right Panel (d) depicts an example trial from the edibility 

condition; the images on the top of the triad are from (a) and (c) and the image on the bottom 

is from (b). 

 

 264 

Participants completed the study online through the browser-based Qualtrics 265 

platform. To ensure relative parity across participants, participation was only possible on 266 

desktop browsers—not mobile phones or tablets. After reviewing the study information, and 267 

providing consent for participation and the use and storage of their data, participants were 268 

presented with the 20 image triads. The triads were presented in a pseudo-random, 269 

counterbalanced order such that no two triads from the same fruit pair would be presented 270 

back-to-back. This was done to prevent direct comparison between two morphs from the 271 

same morph sequence. For each of the 20 triads we recorded whether participants generalised 272 

the property to the test picture (morph picture) by asking explicitly whether the test picture 273 



had the property or not (see Fig. 1 right panel). A score of 1 was given when participants 274 

generalised the property to the test picture and a score 0 when they did not. 275 

2.2. Results and Discussion 276 

Statistical analyses were conducted using R 3. 6.1 (R Core Team, 2019), with main 277 

analyses completed using the lme4 package. Data and R scripts are available on the Open 278 

Science Framework page for this project: 279 

https://osf.io/smcy7/?view_only=7b12be167f484d5b8e3c626680f21fde.  280 

A Binomial generalised linear mixed effect model (GLMM) with a logit link function 281 

was used to assess generalisation patterns across the 20 triads. Preliminary analysis found no 282 

improved model fit of different image pairs modelled as a random factor in the model. We 283 

also found no improved fit including sex and age as fixed factors in the model. Therefore, 284 

these variables were left out for further analysis. In the main analysis both participants and 285 

individual triads served as a random factor to account for shared variances within subjects 286 

and inter-triad variability. Similarity between the target picture that had the property and the 287 

test picture (83%, 67%, 50%, 33% and 17%), Condition (edibility, toxicity and seasonality 288 

information), as well as their interaction were modelled as fixed effects. The best fit model 289 

was selected according to Akaike’s Information Criterion and was the full model including 290 

the main effects and the interaction between Similarity and Condition (χ2 (2) = 18.51, p < 291 

0.001, marginal R2 = 0.57, conditional R2 = 0.63).  292 

In line with previous findings (Gelman & Markman, 1987; Sloutsky & Fisher, 293 

2004b), effect of Similarity between the target picture that had the property and the test 294 

picture was significant (χ2 (1) = 131.87, p < 0.001, see Table S4 in the SM section 2.1), with 295 

likelihood of property generalisation decreasing with similarity (see Fig. 2). This supports the 296 

established finding that similarity effects generalisation (e.g., Feeney & Heit, 2007; Murphy, 297 

https://osf.io/smcy7/?view_only=7b12be167f484d5b8e3c626680f21fde


2002; Shepard, 1958; Sloutsky, 2003) and demonstrates our stimuli to successfully elicit this 298 

effect. As predicted, we also found a main effect of Condition (χ2 (2) = 6.65, p = 0.036, see 299 

Table S4 in the SM) which was qualified by the interaction effect of Similarity*Condition (χ2 300 

(2) = 18.13, p < 0.001, see Fig. 2, see Table S4 in the SM), with the decrease of property 301 

generalisation with similarity in the seasonality condition being significantly steeper than in 302 

the edibility (z = 4.04, p < 0.001) and toxicity conditions (z = 2.60, p = 0.025). 303 

 To examine the interaction further we looked at generalisation rates at each point of 304 

our morph sequence (i.e., each level of similarity). This was done using Fisher's Exact Tests. 305 

Multiple comparisons were controlled for using the Bonferroni-Holm correction within each 306 

similarity level. In the least ambiguous morphs, we found a significant pairwise difference 307 

between the edibility and seasonality conditions (morph 1 (the most similar), p = 0.048, 308 

morph 5 (least similar), p = 0.024), with participants generalising edibility information at a 309 

higher rate in morph 1 and at a lower rate in morph 5 (see Fig. 2).  For morph 5, a significant 310 

difference was also observed between the toxicity and seasonality conditions (p = 0.033), 311 

with participants generalising toxicity information at a lower rate (see Fig. 2). Finally, with 312 

the most ambiguous morph—morph 3, the halfway point in the morph sequence between the 313 

two original real food images (i.e., when similarity between the target that had the property 314 

and the test picture was 50%)— we found a significant pairwise difference between the 315 

edibility and toxicity conditions (morph 3, p = 0.003), with participants generalising toxicity 316 

information at a higher rate (see Fig. 2). As predicted, participants were more likely to 317 

generalise toxicity and less likely to generalise edibility to an ambiguous food candidate, yet 318 

this appears to only be the case in situations with greater uncertainty. That is, when told one 319 

item is toxic and another is not toxic, and then presented with a test item that is 50% similar 320 

to both, participants judge this item to be toxic at a rate significantly greater than chance 321 

(binomial P = 0.60 [95% CI: 0.51 – 0.69], p = 0.035). In the case of edibility, we see the 322 



opposite pattern, participants state this item to be edible at a rate significantly below chance 323 

(binomial P = 0.38 [95% CI: 0.29 – 0.48], p = .017), and in the neutral condition participants 324 

stated the item grew in summer at a rate no different from chance (binomial P = 0.49 [95% 325 

CI: 0.40 – 0.58], p = 0.93).  326 

Figure 2: Generalisation scores in Experiment 1 at each point of the morph sequence (i.e., each level 

of Similarity), depending of Condition. Large dots show group means with 95% CI error bars, 

smaller dots show individual participant means. Morph images from an example triad after Fig. 1, 

the real green fruit has the property 
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 334 

Finally, in order to examine participants’ response stability, we analysed participants’ 335 

response patterns across the different stimulus pairs. More than 90% participants exhibited a 336 

stable strategy (responding the same for 3 of the 4 image pairs) for the 4 least ambiguous 337 

morphs, but only 63% exhibited a stable strategy for the most ambiguous morph indicating 338 

greater choice uncertainty at this level of similarity (see SM Section 2.2 for details). 339 

Morph 1 Morph 2 Morph 3 Morph 4 Morph 5 



The results of Experiment 1 support the hypothesis that adults use selective 340 

generalisation strategies. Specifically, as predicted, adults overgeneralised toxicity 341 

information and undergeneralised edibility information, relative to a neutral information. 342 

Notably, our findings suggest that such selective generalisation strategies are deployed in 343 

situations with greater uncertainty. Participants generalised differently across the information 344 

conditions only for the most ambiguous morph.  345 

3. Experiment 2 346 

Previous studies have demonstrated selective learning mechanisms for information 347 

about danger and edibility (Barrett et al., 2016; Barrett & Broesch, 2012; Wertz & Wynn, 348 

2014a). In Experiment 1 we observed similar selectivity in generalisation, with toxicity (i.e., 349 

danger) information being generalised more broadly, and edibility more narrowly, than 350 

neutral information. However, the literature on specialized learning for danger information 351 

has revealed differences across the lifespan, with this effect diminishing with age and not 352 

being present in adulthood (Broesch et al., 2014). Further, induction abilities develop early in 353 

ontogeny with developmental changes (Baldwin et al., 1993; Gelman & Markman, 1986; 354 

Welder et al., 2016). Therefore, we aimed to examine whether there were developmental 355 

differences in the type of selective generalisation we found in Experiment 1. To examine if 356 

selective generalisation based on information type (toxicity, edibility) is also present early in 357 

life, and to compare any effect with that found in adults, we ran an adapted version of the task 358 

from Experiment 1 with preschool age children. 359 

3.1. Method 360 

Participants were 91 preschoolers between 4 and 5 years old (41 female, 50 male, 361 

mean age = 4 years, 11-months, range = 4 years, 0 months – 5 years, 11 months), divided 362 



evenly across three independent information conditions (edibility, toxicity, and seasonality). 363 

Children were recruited and tested at kindergartens, museums, or a research lab in or around 364 

Berlin, Germany. Due to the 2020 Covid-19 pandemic, in-person data collection had to 365 

conclude prematurely and the final 14 children were tested online with stimuli presented via 366 

video chat with the software WebEx. These children were recruited from the institution's 367 

participant database . Participants were compensated with a participation certificate. Data 368 

from 26 participants were excluded for meeting the a priori exclusion criteria of giving the 369 

same response to at least 19 out of 20 questions, missing 5 successive answers, failing the 370 

initial task example trials, or failing to complete the session due to inattentiveness.  This 371 

study was reviewed and accepted by a local ethics committee. Written parental consent was 372 

obtained prior to testing, and children were first asked by the experimenter if they wanted to 373 

play a game. Upon providing verbal consent, the children who were tested in person sat at a 374 

table across from the experimenters in a quiet area. Two experimenters were present, one 375 

who ran the task, and the other who recorded the child’s responses. The in-person testing 376 

sessions were also filmed to allow checking of any discrepancies or missing reporting from 377 

the live sessions 378 

The study began with a cover story, where the participant was told that they will be 379 

shown some foods from an alien planet and they will help sort them. Then, in a warm-up 380 

phase, children were presented with two practice trials. In these practice trials, children were 381 

shown triads of fruit images, like those used in the test phase, with two images at the top. 382 

Participants were told that one of the two images at the top had a property (the property 383 

differed depending on condition – see next paragraph for details) and asked whether the third 384 

image had the property or not. However, in the practice trials, the image at the bottom of the 385 

triad was identical to one of the two above so there was a clear correct and incorrect answer, 386 



which enabled us to assess children's understanding of the task. Data for participants who did 387 

not exhibit understanding in this phase was not included in the analysis.  388 

For the test phase, children were presented with the 20 test triads (similar to 389 

Experiment 1). The experimenter showed the child the card and pointed at each of the two 390 

target images at the top of the triad and said whether it had or did not have a particular 391 

property. We used the same three properties as in Experiment 1: edibility, toxicity, and 392 

seasonality. The wording was adapted to be appropriate for preschool-aged children and the 393 

testing was conducted in German. In the edibility condition children were told "Look! This is 394 

edible" [German: "Schau mal! Das hier ist essbar"]. In the toxicity condition, "Look! This is 395 

toxic" [German: " Schau mal! Das hier ist giftig"] and in the seasonality condition "Look! 396 

This grows in summer" [German: " Schau mal!Das hier wächst im Sommer"]. For example, a 397 

participant in the edibility condition was shown an image triad, the experimenter pointed to 398 

one target image and said "Look! This is edible" [German: "Schau mal! Das hier ist essbar"], 399 

then pointed to the other and said "Look! This is not edible" [German: "Das hier ist nicht 400 

essbar"], and then asked the child if the test picture at the bottom was edible like the first 401 

target, or not edible like the second “Now it’s your turn! Do you think this {pointing to the 402 

third picture} is edible like this {pointing to edible picture} or not edible like this {pointing to 403 

the not edible picture}? [German: Jetzt bist du dran! Glaubst du das hier {pointing to the 404 

third picture} ist essbar wie das hier {pointing to edible picture} oder nicht essbar wie das 405 

hier {pointing to not-edible picture}? In the online version of the task, participants saw the 406 

triads presented on shared PowerPoint slides, alongside a video stream of the experimenter, 407 

and the experimenter gestured to the foods with a red cursor. 408 

In order to examine possible individual differences parents were also given a German 409 

translation of the Children Food Rejection Score (CFRS) questionnaire developed by Rioux 410 

et al. (2017) because previous work has shown that food rejection behaviours influence 411 



generalisation in the food domain (Rioux et al., 2018). Parents were also given a 412 

questionnaire about their child's familiarity with the fruits used in the present experiment and 413 

their answers confirmed that the fruits were unfamiliar to children (on average they already 414 

saw or ate only 1 fruit out of 8). 415 

3.2. Results and Discussion 416 

As with Experiment 1, the results from Experiment 2 were analysed using a Binomial 417 

GLMM with a logit link function. We found no improved model fit of including image pair, 418 

age or sex in the model. Due to the variation in testing location, we also included testing 419 

location as a random factor and found no improved model fit, and as such all these variables 420 

were excluded from further analysis. In order to examine the effect of neophobia we divided 421 

children into two groups—High-CFRS and Low-CFRS—using the average CFRS scores as 422 

the cut-off point (M = 35.72, SD = 5.94; no CFRS mean difference across experimental 423 

conditions).  In the main analysis, Participant and Individual Triads served as random factors. 424 

Similarity between the left target picture and the test picture (83%, 67%, 50%, 33% and 425 

17%), Condition (label, neutral property), CFRS group (High, Low) as well as their 426 

interaction were modelled as fixed effects. The best fit model was the full model according to 427 

Akaike’s Information Criterion (χ2(11) = 103.07, p < 0.001, marginal R2 = 0.46, conditional 428 

R2 = 0.55). 429 

As in Experiment 1, and concurrent with previous research (e.g., Murphy, 2002; 430 

Shepard, 1958b; Sloutsky, 2003), we found a significant effect of Similarity (χ2 (1) = 304.27, 431 

p < 0.001, see Fig. 3, see Table S5 in the SM section 2.1), demonstrating that as with adults, 432 

the likelihood of property generalisation is decreasing with similarity. We also found a 433 

significant Similarity*Condition interaction (χ2 (2) = 6.32, p = 0.042, see Table S5 in the 434 

SM), which was qualified by a significant three-way interaction between 435 



Similarity*Condition*CFRS group (χ2 (2) = 17.66, p < 0.001, see Fig. 3, see Table S5 in the 436 

SM). In the High-CFRS group, the decrease of property generalisation with similarity in the 437 

seasonality condition was significantly steeper than in the toxicity condition (z = 2.59, p = 438 

0.046). In the Low-CFRS group, the decrease of property generalisation with similarity in the 439 

seasonality condition was significantly more gradual than in the toxicity (z = 4.02, p < 0.001) 440 

and edibility conditions (z = 3.56, p = 0.0020).  441 

As with the analysis of Experiment 1, we also conducted Fisher's Exact Tests to 442 

examine the 3-way interaction further. Specifically, in both CFRS groups we looked at 443 

generalisation rates at each point of our morph sequence, depending on the condition. The 444 

only significant differences were found in the two most similar morphs (i.e., morphs 1 and 2, 445 

see Fig. 3), with children high in food rejection scores (High CFRS group) generalising 446 

toxicity information at a higher rate overall, while children low in food rejection scores (Low 447 

CFRS group) generalised seasonality information at a higher rate overall (See SM section 2.3 448 

for further details). Therefore, the three-way interaction noted above seems to be driven by 449 

the effect of information type for the morphs most similar to the target.   450 



Figure 3: Generalisation scores in Experiment 2, at each point of the morph sequence (i.e., each 

level of similarity), depending on Condition and CFRS group. Large dots show group means with 

95% CI error bars, smaller dots show individual participant means (minimally jittered for clarity). 

Example morph sequence for example triad after Fig. 1, where the real green fruit has the property. 
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The results of Experiment 2 do not provide strong evidence that children use selective 452 

generalisation strategies consistent with minimizing costly errors. Whilst an effect of 453 

condition and similarity was observed, it did not follow the prediction of broader 454 

generalisation of toxicity information and narrower generalisation of edibility information 455 

relative to neutral information that was observed in adults in Experiment 1. Nevertheless, we 456 

found that children high in food neophobia appear to generalise toxicity at a higher rate. This 457 

suggests individual differences in the degree to which evolutionarily relevant information 458 

impacts generalisation, a finding that is consistent with the view that neophobia is a 459 

protective strategy against the risk of ingesting potentially toxic foods (Cashdan, 1994; 460 

Foinant et al., 2021; Lafraire et al., 2016; Rozin & Todd, 2015). Moreover, our results are in 461 

contrast with the lifespan findings from Broesch et al. (2014), who found preferential recall 462 

of danger information in children, but not in adults. Our results suggest that selectivity in 463 

generalisation seems to be limited to adulthood. Therefore, we explored the effect from 464 

Experiment 1 in adults in more detail in Experiments 3 and 4. 465 

4. Experiment 3 466 

The results from Experiment 1 suggest that, when confronted with ambiguous stimuli, 467 

adults use a cautious generalisation strategy in which they overgeneralise toxicity and 468 

undergeneralise edibility when asked about ambiguous novel candidate foods. One 469 

outstanding question is the role of categorisation in this generalisation process. Specifically, 470 

to what extent do participants form categories of the stimuli presented and use this categorical 471 

information in their responses? That is, are adult participants forming categorical judgements 472 

of the stimuli and using these to decide whether an item has or does not have a property, or 473 

are they relying solely on perceptual similarity? In the former case, the results from 474 



Experiment 1 would mean that adults engage in selective generalisation when they are not 475 

able to assign category membership to ambiguous stimuli.  476 

It is possible that participants in Experiment 1 formed categorical judgements about 477 

the target images, and then evaluated whether or not the test (morph) image had the shared 478 

property based on whether they considered the test morph to be a member of the relevant 479 

category. Alternatively, it could be the case that participants relied on similarity judgements 480 

alone to make this decision and did not form categorical judgements. In order to distinguish 481 

between these possibilities, we ran an additional experiment using a task similar to that in 482 

Experiment 1, but that tested whether or not participants engage in categorisation. 483 

Specifically, we examined categorisation by giving the stimuli from Experiment 1 labels 484 

(e.g., “This is a Daxon”) instead of properties (e.g., “This is edible”), thereby stating what a 485 

stimulus is, not a property it has. Such use of labels is an established way of inducing 486 

categorisation (e.g., Deng & Sloutsky, 2013; Fisher et al., 2011, 2015). The comparison of 487 

this new naming condition in Experiment 3 with the existing neutral seasonality condition of 488 

Experiment 1 allows us to examine the extent to which performance in the generalisation task 489 

(Experiment 1) is a function of categorisation. We used the neutral condition from 490 

Experiment 1 because the artificial name labels used in the Experiment 3 have no inherent 491 

costs associated (as is the case with edibility and toxicity information used in Experiment 1). 492 

Therefore, this provides a comparison of generalisation of neutral information with 493 

categorisation based upon neutral information. If participants in Experiment 1 did indeed 494 

base their decisions on categorisation, we would expect similar performance in generalisation 495 

of neutral information (seasonality information, Experiment 1) and categorisation of neutral 496 

information (Experiment 3).   497 



4.1. Method 498 

Participants were 30 adults (19 female, 11 male, mean age = 33 years, range = 20 – 499 

59).  This study was reviewed and approved by a local ethics committee. Recruitment and 500 

consent procedure were identical to Experiment 1. The stimulus pictures and procedure were 501 

identical to the Experiment 1, except that instead of assigning a property (edibility, toxicity, 502 

seasonality) to the target pictures, they were given a name. The names were novel labels 503 

based upon or taken from previous research using novel words and labels (e.g., Fusaro & 504 

Harris, 2013; Gaskell & Dumay, 2003). These words were selected to be plausible for the 505 

testing language (English) and were all disyllabic (See SM, section 1.2 for the list of names 506 

used).  507 

In each trial of the task, an image triad was presented on the screen and one target 508 

fruit was given one name (e.g., Daxon for the left top picture), the other target fruit a different 509 

name (e.g., Sudeb for the right top picture). Participants were asked which of the two names 510 

the test fruit had (e.g., This is a Daxon or a Sudeb?). Randomisation and counterbalancing 511 

was the same as for the conditions used in Experiment 1. In order for data to be comparable 512 

with Experiment 1, a response was coded as 1 (yes) when participants categorised the target 513 

as the stimuli on the top left (e.g., Daxon) and a score 0 for right top target picture (e.g., 514 

Sudeb). 515 

4.2. Results and Discussion 516 

Categorisation scores were modelled in Binomial GLMM with a logit link function 517 

and were modelled alongside data from the seasonality condition from Experiment 1. As 518 

before, there was no model improvement from including sex and age as fixed factors and 519 

image pair as random factor, so these variables were excluded from further analysis. In the 520 



main analysis, Participant and Individual Triads served as random factors. Similarity between 521 

the left target picture and the test picture (83%, 67%, 50%, 33% and 17%), Condition (label, 522 

neutral property), as well as their interaction were modelled as fixed effects. The best fit 523 

model according to Akaike’s Information Criterion was the full model including the main 524 

effects and the interaction between Similarity and Condition (χ2 (1) = 52.27, p < 0.001, 525 

marginal R2 = 0.69, conditional R2 = 0.76).  526 

 As in Experiment 1, there was a significant effect of similarity (χ2 (1) = 66.73, 527 

p < 0.001, see Table S4 in the SM section 2.1), indicating categorisation (naming condition, 528 

Experiment 3)/generalisation (neutral property, Experiment 1) declined with decreasing 529 

similarity (see Fig. 4). We also found a significant interaction effect of Similarity*Condition 530 

(χ2 (1) = 34.56, p < 0.001, see Table S4 in the SM), indicating that, with decreasing 531 

similarity, the decrease of neutral property generalisation differed significantly from the 532 

decrease in categorisation (z = 5.88, p < 0.001). Fisher's Exact Tests at each stage of the 533 

morph spectrum demonstrate a statistically significant difference between the naming 534 

(Experiment 3) and seasonality information (Experiment 1) conditions in all morphs (all p < 535 

0.017) except the most ambiguous morph, morph 3 (p = .90). When similarity between the 536 

target picture and the test picture was more than 50% (morph 1 and 2), the response rate was 537 

higher for naming (categorisation) relative to seasonality (generalisation, see Fig. 4). We 538 

observed the opposite pattern when similarity was lower than 50% (morph 4 and 5, see Fig. 539 

4).  540 

 541 



 542 

 543 

 544 

 545 

 546 

 547 

 548 

 549 

 550 

 551 

Finally, for all morphs, the percentage of stable responders was high (ranging from 552 

73% for the most ambiguous morph and more than 96% for the other points of the morph 553 

spectrum), indicating that a majority of participants adopted a stable strategy regardless of the 554 

stimuli and the task (generalisation vs. categorisation), see SM Section 2.2 for further details.  555 

In summary, when categorization is made explicit through naming, it differs from 556 

generalisation for our stimuli. This indicates that in generalisation, such as that observed in 557 

Experiment 1, participants are not generalising entirely based upon their categorical 558 

judgements. If this were the case, we would have observed the same results for both 559 

Figure 4: Generalisation scores in Experiment 1 seasonality condition and categorisation scores in 

Experiment 3, at each point of the morph sequence. Large dots show group means with 95% CI error 

bars, smaller dots show individual participant means. Morph images from an example triad after 

Fig. 1, the real green fruit has the property. 

Morph 1 Morph 2 Morph 3 Morph 4 Morph 5 



categorisation and generalisation, but we did not. Participants appear to show greater 560 

certainty when categorising the test pictures by labels compared to when generalising by a 561 

neutral information to them, even when the stimuli are the same. This suggest that 562 

participants are overall more cautious to generalise a property to a novel stimulus than to 563 

assign it a category, however under the highest degree of uncertainty generalisation and 564 

categorisation mechanisms appear to operate similarly  565 

5. Experiment 4 566 

In Experiment 1 we found that, under uncertainty, namely when adult participants did 567 

not know the category membership of the test picture, they generalised more broadly for 568 

toxicity (danger) information, and less broadly for edibility information, compared to 569 

seasonality (neutral) information. While these findings are consistent with the asymmetrical 570 

costs of generalisation errors in the food domain, one possible alternative explanation for 571 

these findings could be a broader negativity bias. This is a well-established asymmetry in the 572 

way adults and children process and use positive versus negative information in several 573 

psychological domains, such as decision-making, social learning, emotional processing 574 

(Baumeister et al., 2001; Bebbington et al., 2017; Stubbersfield et al., 2015; Vaish et al., 575 

2008). If this was the case, and there is a broader negativity bias in generalisation, we would 576 

expect adults to generalise any kind of negative information more broadly than neutral 577 

information. However, if the selective generalisation we observed in Experiment 1 reflect the 578 

specific asymmetries in the costs of the two types of errors in generalising the edibility or 579 

toxicity of foods (false-positives and false-negatives; Haselton & Buss, 2000; Haselton & 580 

Nettle, 2006), we would predict different generalisation for information about danger than 581 

other negative information.  582 



To test this, we ran a final experiment where we asked adults to generalise three novel 583 

properties with the same valence as in Experiment 1 (negative, positive, neutral) but where 584 

mistakes do not pose the same direct costs or benefits. In Experiment 1 we used the property 585 

“toxic”, which is both negative and offers direct costs to an individual if incorrectly 586 

generalised. In Experiment 4 we used the property “polluting” [this is polluting/ not 587 

polluting] which also has negative connotations, but does not have the same direct costs. That 588 

is, many more instances of incorrectly attributing the negative property "polluting" to food 589 

items would be required for the individual to experience adverse effects, if at all, from 590 

polluting foods. Likewise, the positive property “edible” used in Experiment 1, was replaced 591 

in Experiment 4 with the positive property of “sustainable” [this is sustainable/ not 592 

sustainable]. This property is positive but again without the same direct costs associated with 593 

errors in attributing it. A single instance of incorrectly generalising edibility to an inedible 594 

item is more costly than incorrectly generalising sustainability to something that is not 595 

sustainable. Finally, the neutral property of Experiment 1 “grows in summer” was replaced in 596 

Experiment 4 with another neutral property “stored in a cool dry place” [this is stored/ not 597 

stored in a cool dry place]. We replaced the seasonality control used in Experiment 1 to 598 

examine whether participants treated a different kind of neutral information in a similar way. 599 

Adult participants once again evaluated triads of the same images used in the previous 600 

experiments, but with the properties polluting, sustainability, and storage instead of toxicity, 601 

edibility and seasonality. If the generalisation effects we observed in Experiment 1 are a 602 

function of a broader negativity/positivity effect we would expect to see a similar pattern in 603 

generalisation in Experiment 4, with an overgeneralisation of polluting information and 604 

undergeneralisation of sustainability information. However, if the effects in Experiment 1 are 605 

reflect the asymmetry in costs in generalising edibility and toxicity information in the food 606 

domain over evolutionary time, we would not expect to see this effect in Experiment 4. 607 



5.1. Method 608 

Participants were 90 adults (47 female, 41 male, mean age = 31 years, range = 17 – 609 

77, 2 participants did not provide demographic information), divided evenly across three 610 

independent informational conditions (positive, negative, and neutral). As with previous 611 

experiments Experiment 4 was reviewed and approved by a local ethics committee, and the 612 

recruitment and consent procedure were the same as Experiments 1 and 3. The stimulus 613 

pictures and procedure were identical to the Experiment 1, except that the properties assigned 614 

to the target pictures were different. To determine the properties most relevant to food and 615 

with our desired valences, we ran a pilot experiment. We piloted two different properties per 616 

valence (positive, negative, neutral), which were online with 30 adults. The properties 617 

selected (i.e., polluting, sustainable, and stored in a cool dry place) were those adults rated 618 

most relevant to describe a food and that had the a priori expected valence (i.e., the property 619 

“polluting” was rated strongly negatively; see SM Section 1.3 for details).  620 

5.2. Results and Discussion 621 

As with previous experiments, results from Experiment 4 were analysed using a 622 

Binomial GLMM with a logit link function. We found no improved model fit of including 623 

image pair, age, or sex in the model. As such, these variables were again excluded from 624 

further analyses. In the main analysis Participants served as a random factor as well as 625 

Individual triads. Similarity between the left target picture and the test picture (83%, 67%, 626 

50%, 33% and 17%), Condition (negative, positive, neutral), as well as their interaction were 627 

modelled as fixed effects. The best fit model according to Akaike’s Information Criterion was 628 

the full model including the main effects and the interaction between Similarity and 629 

Condition (χ2 (2) = 9.68, p = 0.0079 marginal R2 = 0.74, conditional R2 = 0.76).   630 



Consistent with our previous findings, a significant main effect of Similarity was 631 

found, with the likelihood of generalisation decreasing as similarity decreased (χ2 (1) = 632 

291.09, p < 0.001, see Table S4 in the SM section 2.1). As in Experiment 1, we found a 633 

significant main effect of Condition (χ2 (2) = 9.87, p = 0.0072, see Table S4 in the SM), 634 

which was qualified by an interaction effect of Similarity*Condition (χ2 (2) = 8.39, p = 0.015, 635 

see Table S4 in the SM). The decline in generalisation due to decreasing similarity in the 636 

neutral condition was significantly steeper than in the positive condition (z = 2.42, p = 0.041) 637 

and negative condition (z = 2.83, p = 0.013). However, Fisher's Exact Tests at each point of 638 

our morph sequence (i.e., at each level of similarity) indicated that, in contrast to Experiment 639 

1, no significant pairwise comparisons were found between the negative, positive, or neutral 640 

conditions. This indicates that there was no significant difference between generalisation 641 

rates of positive, negative and neutral information in Experiment 4. In particular, we 642 

compared generalisation rates where the morph test picture was most ambiguous (i.e. 50% 643 

similar to each of the original items) to the chance level. In contrast to Experiment 1, 644 

generalisation rates in neither experimental condition, negative (P = 0.58 [95% CI: 0.48 – 645 

0.66], p = 0.12), nor positive (P = 0.42, [95% CI: 0.33-0.51], p = 0.082), differed significantly 646 

from chance. This indicates again that there was no significant difference between the 647 

generalisation of positive, negative and neutral information in Experiment 3.  648 

  649 



 650 

Figure 5: Generalisation rates in Experiment 4 at each point of the morph sequence (i.e., each level 

of Similarity), depending of Condition. Large dots show group means with 95% CI error bars, 

smaller dots show individual participant means. Morph images from an example triad after Fig. 1, 

the real green fruit has the property. 
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 660 

To examine the difference between Experiment 1 and Experiment 4 further we 661 

compared generalisation rates in cases where the test picture was most ambiguous (i.e. 50% 662 

similar to each of the original items) between the original toxicity condition from Experiment 663 

1 and the negative (polluting) condition from Experiment 4, and also between the edibility 664 

condition and positive (sustainable) conditions from Experiments 1 and 4 respectively. This 665 

was done using Fishers Exact tests. We found no significant difference between the edibility 666 

and positive (p = 0.69), or toxicity and negative conditions (p = 0.79), indicating that the 667 

Morph 1 Morph 2 Morph 3 Morph 4 Morph 5 



effect of edibility is not necessarily distinct from a general positivity effect, nor is toxicity 668 

distinct from a general negativity effect. However, we observed edibility and toxicity to be 669 

significantly different from chance in Experiment 1, and did not observe a similar pattern for 670 

positivity and negativity here. Further, we did find a significant difference between positivity, 671 

negativity, and neutral conditions in Experiment 4 while we did for toxicity and edibility in 672 

Experiment 1.  673 

Finally, consistent with previous experiments, more than 93% of participants adopted 674 

a stable strategy for morphs at the beginning and end of the spectrum. For the most 675 

ambiguous morph, only 62% of participants adopted a stable strategy. This was significantly 676 

lower than for the other points of the morph spectrum (p < .001 for all; see SM Section 2.2 677 

for further details), again indicating greater uncertainty in generalisation for the most 678 

ambiguous morph.  679 

In summary, results of Experiment 4 give some indication that a general 680 

negativity/positivity effect is present in generalisation, however it is less pronounced than the 681 

effect for toxicity and edibility information we observed in Experiment 1, suggesting some 682 

level of specificity in generalisation. 683 

  684 



6. General Discussion 685 

When making inductive inferences under uncertainty, some generalisation errors are 686 

more costly than others. Generalising knowledge from one exemplar to a novel and 687 

ambiguous item, based on categories or similarity alone, is insufficient because the 688 

consequences of errors are not always uniform. Decisions about candidate food items provide 689 

a particularly clear example: Incorrectly deciding a toxic item is edible is a higher cost than 690 

incorrectly deciding that an edible item is toxic. In these cases, some selectivity is necessary 691 

to guide generalisation processes. Following the predictions of Error Management Theory 692 

(EMT; Haselton & Buss, 2000; Haselton & Nettle, 2006) and research showing that selective 693 

learning is present for certain fitness-relevant information (e.g., dangerous animals, foods, 694 

Barrett & Broesch, 2012; Wertz & Wynn, 2014a), the present work investigated how the type 695 

of information learned influences the generalisation of that information to novel items. 696 

Further, based on Broesch et al. (2014)’s finding that the selective learning for dangerous 697 

animals declined with age and was not present in adulthood, we also looked at age 698 

differences in selective generalisation processes by testing preschool-aged children and 699 

adults.  700 

Our results demonstrate that both children and adults consistently generalise along a 701 

declining function of item similarity, consistent with the literature (e.g., Murphy, 2002; 702 

Shepard, 1958; Sloutsky, 2003), however adults were overall more cautious in generalising a 703 

property to a novel stimulus than assigning the same stimulus to a category. Moreover, as 704 

predicted, in Experiment 1, the findings reveal evidence of selective generalisation dependent 705 

on the information learned. Specifically, adults’ generalisation decisions across the entire 706 

morph sequence show that generalisation of fitness-relevant information with asymmetric 707 

costs of errors (i.e., toxicity and edibility information about food) differs from generalisation 708 



of neutral content. Specifically, generalisation of toxicity information was less stringent 709 

(declined less rapidly with similarity) and edibility information more stringent (declined more 710 

rapidly with similarity), than neutral information. This is consistent with the error minimising 711 

principles of Error Management Theory (Haselton & Nettle, 2006),  as this pattern appears to 712 

show a strategy that minimises the more costly error in each case. For edibility information, it 713 

would be more costly to incorrectly generalise edibility to entity that is not in fact edible, and 714 

we see reduced generalisation that would minimise this possibility. For toxicity information, 715 

the more costly error would be to fail to generalise toxicity information to an entity that is in 716 

fact toxic, and we see higher generalisation levels reflecting this. To our knowledge, this is 717 

the first demonstration of selective generalisation based on informational content.  718 

This effect was driven by participants’ generalisation decisions for the most 719 

ambiguous morph— the image that was halfway between the two target images in similarity. 720 

When confronted with the most ambiguous morph, and therefore under a state of categorical 721 

uncertainty (as shown by Experiment 3), it led participants generalise toxicity to a greater 722 

extent, and edibility to a lesser extent than neutral information. That this only appears in the 723 

most ambiguous morph highlights the role of uncertainty in selective generalisation. In fact, 724 

adults exhibited less certainty in their generalisation responses (Experiment 1) than in their 725 

categorisation responses (Experiment 3) in general, which could indicate that formation of 726 

categories requires less evidence than induction. This is consistent with the notion of 727 

minimizing costly errors— the mistakes involved in using information are possibly more 728 

costly than mistakes in learning that information That participants did not generalise 729 

(Experiment 1) or categorise (Experiment 3) neutral information differently from chance for 730 

the most ambiguous item, suggests that the differences in generalisation at this level of 731 

similarity in Experiment 1 are a function of the type of information to be generalised. More 732 

specifically, and consistent with the predictions drawn from EMT (Haselton & Buss, 2000; 733 



Haselton & Nettle, 2006), generalisation patterns of fitness-relevant information (i.e., the 734 

toxicity and edibility of food) reflect the asymmetry in possible errors costs in those domains.  735 

These findings are in line with previous research showing selective learning for 736 

danger and edibility information in infants and children (Barrett et al., 2016b; Barrett & 737 

Broesch, 2012b; Wertz & Wynn, 2014a), but differ in that selectivity in generalisation 738 

appears limited to adulthood. Given that selective learning is observed in younger age groups, 739 

we also examined selective generalisation with 4- to 5-year old children, who were given an 740 

adapted version of the generalisation task in Experiment 1. In contrast to the adults in 741 

Experiment 1, we did not find that children generalised toxicity to a greater extent and 742 

edibility to a lesser extent than neutral information. However, we found some hints of 743 

selective generalisation depending on type of information. Specifically, for the two most 744 

similar morphs, children in the high food neophobia group generalised toxicity to a higher 745 

degree than their counterparts, who generalised neutral information to a higher degree. These 746 

findings are consistent with the view that neophobia is a protective strategy against the risk of 747 

ingesting potentially toxic foods and suggest that neophobic individuals pay particular 748 

attention to negative information about foods (Cashdan, 1994; Foinant et al., 2021; Lafraire et 749 

al., 2016; Rozin & Todd, 2015). Notably, Foinant and colleagues presented children with a 750 

property generalisation task in which one target fruit was given a property (either positive or 751 

negative) and children were asked which other real fruits and vegetables also had the 752 

property. They found that neophobic children assign negative properties to more foods (e.g., 753 

“This food makes you throw up”) compared to individuals with less neophobic disposition, 754 

(Foinant et al., 2021). In addition, our findings are convergent with recent work showing that 755 

neophobic children show an attentional bias toward negatively perceived food stimuli, such 756 

as novel fruits and vegetables that are more likely than other types of foods to contain toxic 757 



compounds (Maratos et al., 2008) and may be more reluctant to approach those kinds of 758 

foods as infants (Rioux & Wertz, 2021).  759 

Contrary to the findings of Broesch and colleagues (2014) showing more pronounced 760 

learning biases in children, we found evidence of selective generalisation in adults but not 761 

children. It has already been established that generalisation processes can unfold differently 762 

than other processes (Gelman & Markman, 1986, 1987; Sloutsky & Fisher, 2004a, 2004b; see 763 

also the results of Experiment 3 where we found a difference between categorisation and 764 

generalisation responses). It could be that differences between the developmental trajectories 765 

of selective learning of fitness-relevant information and selective generalisation are a 766 

function of the difference in the use of knowledge at different ages. That is, that selectivity in 767 

the process of acquiring knowledge is of higher value earlier in life than selectivity in 768 

generalisation of that knowledge, particularly when the overall structure of the generalisation 769 

processes is sufficient (e.g., the decrease in generalisation we observed over declining 770 

similarity between the target and test stimuli in Experiment 2). The importance of the human 771 

extended juvenile period for learning about our environment has been well established 772 

(e.g.,Crittenden et al., 2013; Joffe, 1997; Muthukrishna et al., 2018), with Gopnik et al. 773 

(2017) noting specifically that children learn better than adults across several domains. 774 

Finally, Experiment 4 investigated to what extent the selective generalisation effect 775 

found in Experiment 1 may be a function of a broader valence effect. A general negativity 776 

bias is a well-established asymmetry in the way adults and children process and use positive 777 

versus negative information in several psychological domains, including decision-making, 778 

social learning, and emotional processing (Baumeister et al., 2001; Bebbington et al., 2017; 779 

Stubbersfield et al., 2015; Vaish et al., 2008). Therefore, in Experiment 4, we compared the 780 

generalisation of the fitness-relevant information used in Experiment 1 (toxicity and edibility 781 

information about foods) to information that was similarly valanced (negative, positive), but 782 



without the direct fitness risks of generalisation errors. Specifically, participants generalised 783 

negative and positive information about food (i.e., being polluting or sustainable) that does 784 

not pose the same kind of direct risks and benefits to an individual as decisions about 785 

edibility and toxicity information. For example, whilst costly on a broader scale, mistakenly 786 

deciding that something is sustainable when does not pose the same direct risk to an 787 

individual as thinking something is edible when it is not.  788 

The results of Experiment 4 showed that, across the entire morph sequence, adults’ 789 

generalisation decisions for valanced information (i.e., positive [sustainable] and negative 790 

[polluting] information) was less stringent than generalisation of neutral information (storage 791 

location). In addition, in contrast to Experiment 1, when participants were confronted with 792 

the most ambiguous morph items, participants did not show evidence of selective 793 

generalisation of positive and negative information. These results speak against a mere 794 

valence bias account for the findings of Experiment 1 and instead suggest that participants 795 

engaged in selective generalisation based on informational content in a manner consistent 796 

with the EMT prediction of minimizing of costly mistakes. However, we acknowledge that 797 

this interpretation must be taken with caution given that direct comparisons between 798 

generalisation of information with high vs cost of errors (Toxic vs. Polluting and Edible vs. 799 

Sustainable) revealed no significant differences.  800 

6.1. Limitations and future directions 801 

That the effect of information type on generalisation was only observed in the most 802 

ambiguous morph illustrates one limitation in the present design which warrants further 803 

investigation. We observed clear differences between how participants generalised to our 804 

most ambiguous morph (morph 3) and those on either side of it in the morph sequence 805 

(morphs 2 and 4). One outstanding question is the boundary condition for this difference, and 806 



whether this differs between information types. That is, at what degree of similarity to the 807 

target do these content effects appear? The current study limited the morph sequence to only 808 

five items, and thereby the ability to answer this question. This was done to limit the total 809 

number of questions presented to the child sample in Experiment 2. Future research could 810 

investigate the relationship between similarity and information type on generalisation by 811 

extending the morph sequence and systematically manipulating specific features of the 812 

exemplars. For example, previous research has shown that colour and shape play important 813 

roles in food categorisation (e.g., Rioux et al., 2018). In morphing the foods were items into 814 

one another, however the relative degrees of change of colour and shape along this morph 815 

sequence were not measured explicitly. Given the debate around the relative roles of these 816 

factors in food categorisation (e. g. Lavin & Hall, 2002; Macario, 1991; Rioux et al., 2018), 817 

further research could examine how similarity along each of these dimensions independently 818 

influences generalisation of different information types. 819 

 Finally, our results raised questions about the role of age in selective 820 

generalisation. As noted, we found an inverse pattern to Broesch et al. (2014), finding 821 

selectivity in generalisation was observed in adults but not children.  We did not find an age 822 

effect within the sample, suggesting that the change occurs between the ages of our child 823 

sample, and adulthood. However, it should be noted that the effect of age within our adult 824 

sample was not a planned investigation so we may not have had enough power to examine 825 

this. This suggests the need for further research to examine the developmental trajectory of 826 

selectivity in generalisation, specifically the age at which the informational content effects 827 

observed here arise in later childhood or the teenage years. Alternatively, it could be the case 828 

that there is indeed an effect of informational content in children, but we did not observe it. 829 

For example, the difference between children and adults could be a function of differences in 830 

task competence, that is children’s ability to understand and complete the task rather than 831 



their performance on the task, a well-known issue in developmental research (e.g. O’Brien & 832 

Overton, 1982; Surian & Leslie, 1999). It would therefore be of value to replicate the present 833 

findings using alternative methods to examine this. 834 

7. Conclusions 835 

The present work investigated the effect of different types of informational content on 836 

generalisation in adults and preschool-aged children. In line with the Error Management 837 

Theory (Haselton & Buss, 2000; Haselton & Nettle, 2006), we found evidence of selective 838 

generalisation. Specifically, under conditions of uncertainty, adults generalised danger 839 

information (i.e., toxicity) more broadly and edibility information more narrowly than neutral 840 

information. The present results also suggest a distinction between generalisation of fitness-841 

relevant information with direct costs and benefits, and a generalisation of negative and 842 

positive information more broadly. Contrary to our predictions we did not find evidence of 843 

selective generalisation in young children, yet we did find some evidence of increased 844 

generalisation of danger information by children who scored higher on measures of food 845 

neophobia. Although previous work has found selectivity in other cognitive processes, such 846 

as learning and attentional biases (e.g., (Barrett et al., 2016; DeLoache & LoBue, 2009; 847 

LoBue & DeLoache, 2008; Soares et al., 2014; Wertz & Wynn, 2014a), to our knowledge, 848 

our findings constitute the first evidence that human generalisation systems reflect 849 

evolutionarily recurrent asymmetries in costs. When confronted with ambiguous candidate 850 

food items, adults use a cautious generalisation strategy consistent with minimizing costly 851 

errors.852 
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1. Methods 

1.1. Selection procedure for the image stimuli used in all Experiments 

There were originally nine different pairs of real fruit images and their respective 

morphs, which were piloted online with 30 English or American adults. For each pair, 

participants were asked to rate their familiarity with each of the two real fruits on a 7-point 

Likert scale from 1 (“Not familiar at all’) to 7 (‘Very familiar’). Table S1 shows the 

familiarity ratings.  

Participants were also asked to rate how similar on a 7-point Likert scale from 1 

(“Not similar at all’) to 7 (‘Very similar’) each real fruit of the pair was with each of the 

five morph of the sequence (e.g., in the first pair, how similar was the real guava with 

morph 1, …, morph 5 and how similar was the real star fruit with morph 1, …, morph 5). 

Figure S1 show the similarity ratings within each pair. For each pair, on the x axis, ticks 1-

5 represent similarity ratings between Image 1 of the pair and Morph 1-5 and ticks 6-10 

represent similarity ratings between Image 2 of the pair and Morph 1-5.  

The final four image pairs selected were those adults rated least familiar (see Pair 1-

4 in Table S1) and that had the most consistent similarity gradients across the morph 

sequence: the difference in similarity between morphs one and two were roughly equivalent 

to the difference between four and five. In addition, in the final four selected pairs, for each 

morph, the difference in similarity between one of the real fruit (e.g. guava) and the morph 

was roughly equivalent to the difference between the other real fruit of the pair and the 

morph (e.g., star fruit, see Fig. S1, Pair 1 – Morph 1, the far left and far right points should 

be on the same horizontal line).  



Table S1: Familiarity ratings for each food item 

Pair 1 Guava 1.80 

Star Fruit 2.67 

Pair 2 Yellow zucchini 3.33 

Okra 3.53 

Pair 3 Honey melon 1.53 

Custard apple 1.47 

Pair 4 Green eggplant 1.47 

Bitter melon 2.17 

Pair 5 Jack fruit 1.63 

Swede 5.60 

Pair 6 Butternut 6.00 

Barbary fig 2.33 

Pair 7 Dragon fruit 2.87 

Papaya 2.77 

Pair 8 Cacao fruit 2.00 

Bitter cucumber 1.57 

Pair 9 Pomegranate 4.67 

Snake fruit 1.33 

 

 

  



Figure S1: Similarity ratings for each pair.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

1.2. List of word stimuli used in Experiment 2 (Naming condition) 

In Experiment 2, in each trial of the task, an image triad was presented on the screen 

and one target fruit was given one name (e.g. Daxon for the left top picture), the other 

target fruit a different name (e.g. Sudeb for the right top picture). Participants were asked 

which of the two names the test fruit had (e.g., This is a Daxon or a Sudeb?). 

The names were novel labels based upon or taken from previous research using 

novel words and labels (e.g. Fusaro & Harris, 2013; Gaskell & Dumay, 2003). These words 

were selected to be plausible for the testing language (English) and were all disyllabic (See 



Table S2 for the list of names used). A different pair of word was used for each of four 

pairs, and we counterbalanced across participants which fruit of the pair had name 1 or 2. 

 

Table S2: List of names used in Experiment 2 

Pair  Name 1 

 

Name 2 

1 Graidesh 

 

Mefop 

2 Daxon 

 

Sudeb 

3 Tander 

 

Nasket 

4 Toma  

 

Fepich 

 

1.3. List of properties used in Experiment 4 (Negative bias condition) 

 In Experiment 4, the properties assigned to the target pictures were different than in 

Experiment 1 and 2. We aimed to have properties that had the same valence as in 

Experiment 1 and 2 (positive, negative and neutral) but without the same immediate cost of 

ingestion. 

There were originally two different properties per valence (positive, negative, 

neutral), which were piloted online with 30 English or American adults (see Table S3 for 

the list of properties). Participants were asked to rate the valence of each property on a 7-



point Likert scale from 1 (“Extremely negative”) to 7 (“Extremely positive”). There were 

also asked to rate the relevance of each property to describe a food item on a 7-point Likert 

scale from 1 (“Extremely irrelevant”) to 7 (“Extremely relevant”). 

The properties selected (i.e., polluting, sustainable, and stored in a cool dry place) 

were those adults rated most relevant to describe a food item and that had the a priori 

expected valence (i.e. the property “polluting” was rated strongly negatively; see Table S3), 

with the constraint that the property “polluting” should be matched with the property 

“sustainable” and the property “environmentally damaging” should be matched with the 

property “environmentally friendly”.  

 

Table S3: List of properties used in Experiment 4 

Valence Property 

 

Valence rating Relevance 

rating 

Negative  Polluting 

 

1.67 5.67 

 Environmentally damaging 

 

1.53 5.57 

Positive Sustainable 

 

6.10 6.13 

 

 Environmentally friendly  

 

6.17 6.17 

Neutral Stored in a cool dry place 5.00 5.27 

    

 Growing on a tree 5.37 4.57 

    

Note. In bold the final properties selected for Experiment 4 

 



2. Results 

2.1. Complete ANOVA results for linear mixed-effect model for participants’ scores 

in all experiments 

Statistical analyses were conducted using R 3. 6.1 (R Core Team, 2019), with main 

analyses completed using the lme4 package. Data and R scripts are available on the Open 

Science Framework page for this project (XX). In all experiments Participants’ 

genrelisation/categorization scores have been analyzed, using a binomial generalised linear 

mixed effect model (GLMM) with a logit link function. 

In the main analysis of Experiments 1, 3 and 4 (adult participants) Participants and 

Individual triads served as a random factor. Similarity between the target picture that had the 

property and the test picture, Condition as well as their interaction were modelled as fixed 

effects. Main and interaction effects of the full models are presented in Table S4.  

 

 

 

 

 

 

 

 

 

 



Table S4: Complete ANOVA results for linear mixed-effect model for adult participants’ 

scores in Experiments 1,3 and 4 

Effects 

Experiment 1 

Condition  

(edibility, toxicity and 

seasonality information) 

Experiment 3 

Condition (label and 

seasonality information) 

 

Experiment 4 

Condition (negative, 

positive and neutral 

information) 

χ2 df p  χ2  df  p  χ2  df  p 

Similarity 131.87 1 < .001 ***  66.73  1  < .001 ***    291.09  1 
 < .001 

*** 

Condition 6.65 2 .036 *  .039  1  .84  9.87  2 
 .0072 

** 

Similarity*

Condition 
18.13 2 < .001 ***  34.56  1  < .001 ***  8.39  1  .015 * 

Note. χ2-values for effects using Type II Wald chi-square tests. P-values < .001 are marked 

with ***, p values < .01 with ** and p values < .05 with *.  

 

In the main analysis of Experiments 2 (child participants) Participants and Individual 

triads served as a random factor. Similarity between the target picture that had the property 

and the test picture, Condition, CFRS group as well as their interaction were modelled as 

fixed effects. Main and interaction effects of the full models are presented in Table S5. 

 

 

  



Table S5: Complete ANOVA results for linear mixed-effect model for child participants’ 

scores in Experiment 2 

Effects 

Experiment 2 

 

Condition (edibility, toxicity and seasonality 

information) 

χ2 f p 

Similarity 304.27 1 < .001 *** 

Condition .88 2 .64 

CFRS group .68 1 .41 

Similarity*Condition 6.32 2 .042 * 

Similarity*CFRS group .86 1 .35 

Condition*CFRS group 5.94 2 .051 

Similarity*Condition*CFRS group 17.66 2 < .001 *** 

Note. χ2-values for effects using Type II Wald chi-square tests. P-values < .001 are marked with ***, p values 

< .01 with ** and p values < .05 with *.  

 

2.2. Participants’ response stability 

In order to examine participants’ response stability, in each experiment we analyzed 

participants’ response patterns across the four different stimulus pairs. As participants were 

presented with morph sequences for four different food pairs and their respective morphs, 

we were able to examine response stability across the stimuli sets for each point of the 

morph spectrum. For each morph, participants were considered to have a stable strategy if 

they responded consistently across the four different food pairs (having the same response 

for three or four out of four food pairs), or unstable, if they responded differently (different 

responses in two out of four food pairs).  



In Experiment 1, more than 90% of participants adopted a stable strategy for the 

four morphs at the beginning and end of the spectrum (i.e. the most and least similar 

morphs). For the most ambiguous morph ( i.e., when similairty between the target was 

50%), only 63% of participants adopted a stable strategy. This was significantly lower than 

for the other points of the morph spectrum (p < .0001 for all). This pattern was consistent 

across conditions. However, whilst lower than in the less ambiguous morphs, the stability 

rate is still high and statistically greater than chance (Binomial P = 0.63 [95% CI: 0.54 – 

0.72, p = 0.0044). 

In Experiment 2, more than 84% of children adopted a stable strategy for the two 

morphs at the beginning and two morphs at the end of the spectrum. For the most 

ambiguous morph, only 60% of children adopted a stable strategy. As with adults, this was 

significantly lower than for the other points of the morph spectrum (p < .001 for all). We 

observed similar pattern in across conditions and CFRS group. 

In Experiment 3, for all morphs the percentage of stable responders was high (73% 

for the most ambiguous morph and more than 96% for the other points of the morph 

spectrum), indicating that a majority of participants adopted a stable strategy regardless of 

the stimuli and the task (generalization vs. categorization). 

In Experiment 4, more than 93% of participants adopted a stable strategy for 

morphs at the beginning and end of the spectrum. For the most ambiguous morph, only 

62% of participants adopted a stable strategy. This was significantly lower than for the 

other points of the morph spectrum (p < .001 for all). We observed similar pattern in across 

conditions. 

 



2.3. Influence of children’s food neophobia on generalization responses 

The results from Experiment 2 were analyzed using a Binomial GLMM with a logit 

link function.  

We found a significant effect of Similarity (χ2 (1) = 304.27, p < 0.001), 

demonstrating that as with adults, the likelihood of property generalization is decreasing 

with similarity. We also found a significant Similarity*Condition interaction (χ2 (2) = 6.32, 

p = 0.042), which was qualified by a significant three-way interaction between 

Similarity*Condition*CFRS group (χ2 (2) = 17.66, p < 0.001). In the High-CFRS group, 

the decrease of property generalization with similarity in the seasonality condition was 

significantly steeper than in the toxicity condition (z = 2.59, p = 0.046). In the Low-CFRS 

group, the decrease of property generalization with similarity in the seasonality condition 

was significantly more gradual than in the toxicity (z = 4.02, p < 0.001) and edibility 

conditions (z = 3.56, p = 0.0020).  

We also conducted Fisher's Exact Tests to examine the 3-way interaction further. 

Specifically, in both CFRS groups we looked at generalization rates at each point of our 

morph sequence, depending on the condition. The only significant differences were found 

in the two most similar morphs (i.e., morphs 1 and 2, see Fig. 3). For Morph 1, children 

with high CFRS scores generalized toxicity at a significantly higher rate (p = 0.013) than 

children with low CFRS scores. In the Low-CFRS group only, a difference was also found 

between the seasonality condition and both the toxicity and edibility conditions, 

respectively p = 0.013 and p = 0.047, with seasonality being generalized at a higher rate. 

For Morph 2 children in the Low-CFRS group generalizing seasonality at a significantly 

higher rate (p = 0.011) than children with high CFRS scores. A significant difference was 



also found between the seasonality and edibility conditions in the Low-CFRS group (p < 

0.001), with seasonality being generalized at a higher rate.  

Therefore, the three-way interaction noted above seems to be driven by the effect of 

information type for the morphs most similar to the target.  

 

 

 


