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Odd versus even? An investigation on the impact of number of

food items on plating preferences

Andy Woods, Charles Michel, Charles Spence

We report on the results of a series of large-scale computer-based preference tests

(conducted at The Science Museum in London and online) that evaluated for the first time

the widely-held belief in kitchens that food should be plated in odd rather than even

numbers of elements on the plate in order to maximize the eye appeal of a dish.

Participants were presented with pairs of plates of food showing odd versus even number

of seared scallops (3 vs. 4), arranged in a line or as a polygon, on either a round or square

white plate. No consistent evidence for a preference for 3 or 4 number of food items was

found. The implications of these results are discussed.
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22 ABSTRACT
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24 We report on the results of a series of large-scale computer-based preference tests (conducted at 

25 The Science Museum in London and online) that evaluated for the first time the widely-held belief 

26 in kitchens that food should be plated in odd rather than even numbers of elements on the plate in 

27 order to maximize the eye appeal of a dish. Participants were presented with pairs of plates of food 

28 showing odd versus even number of seared scallops (3 vs. 4), arranged in a line or as a polygon, 

29 on either a round or square white plate. No consistent evidence for a preference for 3 or 4 number 

30 of food items was found. The implications of these results are discussed.
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41 INTRODUCTION

42 �Aller guter Dinge sind drei, nicht vier� 

43 � all good things come in threes not four (popular German saying).

44

45 Disciplines that involve arranging items for aesthetic appeal share the common aim of seducing 

46 the eyes of the observer. From gardeners to chefs � plants and rocks at one end, through to food 

47 elements on the other � each discipline has its own insights concerning ways to enhance 

48 composition. These ideas are often transmitted orally, or sometimes, via books or guides. We 

49 believe that while the approach has historically been driven by experience, studying which of those 

50 guidelines are effective (and which translate cross-culturally) could benefit both these artisanal 

51 (or, may we say, artistic) disciplines, but also pose interesting scientific questions as to the nature 

52 of those biases.

53 One such guideline is the belief that it is better to present odd rather than even numbers of items 

54 (e.g. Van Tonder & Lyons, 2005)1. But is this anything more than �an old wives� tale? Chefs often 

55 admit the importance of presenting odd numbers of elements on the plate, as recommended in 

56 chef�s guides on the art of plating (e.g., Styler & Lazarus, 2006). However, to the best of our 

57 knowledge, this claim has never been put to the empirical test previously. So �Do odd vs. even 

58 numbers really matter when it comes to the visual appreciation of compositions?� And, to what 

59 extent can this difference influence the visual appreciation of the food, or maybe even the actual 

60 enjoyment of the food? One way of testing whether an odd number of items on a plate is preferred 

61 to an even number is to show participants two such plates of food, and ask which is preferred. 

62 Unfortunately, these two plates differ in more ways than just the number of items that they contain, 

63 which makes it hard to tease out the underlying driver of liking. We discuss such issues shortly.  

1 The idea of a preference for odd rather than even numbers of elements is not new. In the traditional art of Japanese 

rock gardens, for instance, ancient texts mention the importance of preferring odd vs. even numbers (Shimoyama, 

1976; Van Tonder & Lyons, 2005), not only in terms of odd-numbered groups of rocks, but also that the different 

clusters of rocks should also be an odd-number. 
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64 In terms of food, there is very little research on the topic. Furthermore, none of this research has 

65 focused on the question of odd versus even numbers. One of the only researchers to tangentially 

66 do so, Bajaj, in his doctoral thesis, gave 215 participants the option of eating a piece of chicken 

67 cut into either 4 pieces, or left as a single piece (Chapter 3 Experiment 1, 2013). Although 

68 significantly more participants chose the 4-item dish over the 1-item dish than expected by chance 

69 (148, p<.001), no difference in pleasantness was reported between these individuals and those 

70 deciding on the 1-item dish. In a second study, 301 participants were randomly assigned to meal 

71 type (a bagel served in 4 pieces vs. whole) but pleasantness did not vary across the participant 

72 groups. The issue with Bajaj�s study, in relation to �odd versus even� number of items on the plate, 

73 is that the number of food items were quite different (1 vs. 4). We would expect, and will discuss 

74 next, a range of issues that could sway one�s opinion on dish preference, which most likely are 

75 only exacerbated by large differences in the number of items / sub-portions.

76 For example, Geier, Rozin, and Doros (2006) put forward and demonstrated the concept of �unit 

77 bias�, where, when given the option to eat to satiation items of a small or large size, much smaller 

78 quantities of the small items were consumed than of the large. The consequence could be that, 

79 when asked to choose between plates of food, the most appetising portion will be that which 

80 matches one�s current level of hunger (or dieting ambitions; see Forde, Almiron-Roig, & 

81 Brunstom, 2015, for a recent review on expected sensation in food selection). The logical 

82 consequence for preference between odd versus even number of items on a plate is that, if one 

83 portion appears bigger than the other, this will have a knock-on effect on choice selection.

84 However, even if portions are equated in terms of their calorific content, a variety of phenomena 

85 can act to influence just how large a portion of food may seem. For example, the size of the plate 

86 in relation to the food it contains has also been shown to influence perceived portion size thanks 

87 to the Delboeuf illusion (see McClain et al., 2014; Spence, Piqueras-Fiszman, Michel, & Deroy, 

88 2014), where circles placed within a surrounding circle are thought of as larger than they actually 

89 are when there is a small size difference between the circles, but smaller than they actually are if 

90 the size difference in larger.

91 The visual balance of the composition can influence how we perceive and like food (for an 

92 overview, see Spence, et al., 2014, Michel, Velasco, Woods, & Spence, submitted) and presumably 

93 act to influence whether odd or even number of items on the plate are preferred. In terms of 

PeerJ PrePrints | https://dx.doi.org/10.7287/peerj.preprints.1390v1 | CC-BY 4.0 Open Access | rec: 24 Sep 2015, publ: 24 Sep 2015



94 balance, Zellner et al. (2011, p. 642) states that: �The presentation of a plate of food can be thought 

95 of as �balanced� if that plate of food looks like it would balance when placed on a narrow central 

96 pedestal. That is, the food is distributed in a manner around the central point such that the 

97 perceived heaviness in one area looks balanced by equal heaviness on the opposite side of the 

98 plate.� Zellner et al. (2010) found that balance, in conjunction with food colour (or lack of it), 

99 influenced attractiveness of the visual presentation.

100 The artistic principles of visual harmony, including balance, contrast, emphasis, implied 

101 movement, pattern, proportion, rhythm, unity, and variety (Arnheim, 1988; Bouleau, 1980; Wilson 

102 & Chatterjee, 2005), could also influence food preference (Spence et al., 2014). Some aspect of 

103 harmony could be the driving factor in whether one prefers an odd versus an even number of items 

104 on the plate. Indeed, muddying the issue somewhat, the plate on which the food is presented could 

105 itself play in important role (as the �frame� of the food).

106

107 Overview 

108 We report on an experiment that is currently running at the Science Museum in London (see citizen 

109 science experiment). Participants were presented with photos of pairs of plates of food and asked 

110 to choose which of the plates they preferred. The pairs always consisted of individual dishes of 

111 food, one containing an even number of seared scallops and the other an odd number of the same 

112 food. We also assessed any interaction between odd/even, arrangement of the elements (line vs. 

113 polygon), and the shape of the plate on which the food elements happened to be presented.

114 The results of our first study revealed an intriguing interaction between odd/even and the shape of 

115 the plate on which the elements were arranged. There was no consistent evidence for our 

116 hypothesis that 3-items would be preferred to 4-items though. We explored these effects over a 

117 series of follow-up studies conducted online through Amazon�s Mechanical Turk (MTurk). We 

118 controlled for the effects of crowding on the plate (Experiment 2), we equated portion size across 

119 the dishes (Experiments 3 and two further experiments reported as Supplementary materials), and 

120 we also tested for effects of portion size distortion (Experiment 4). The results of a Combined 

121 Analysis revealed that it was portion size that was the driving factor for both the participants at the 

122 Science Museum and those recruited via MTurk. These two groups of participants differed, 
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123 though, in terms of which dish (odd versus even) they preferred when we equated portion sizes 

124 over plates. Whilst the participants in the Science Museum study appeared to prefer 3-items at this 

125 �equal portion-size� point, the MTurk participants preferred 4. In Experiment 5, we ruled out the 

126 possibility that this difference was not attributable to a small difference in the overall size of the 

127 two portions. We tested a third group of participants recruited through Prolific Academic in 

128 Experiment 6 to determine whether this group would have yet another equal portion size-point, 

129 but this was not the case (the values obtained from this group did not really differ from that of 

130 MTurk participants). We argue, though, that the ratio-effect most likely arises due to some 

131 difference in the characteristics of the populations tested.

132

133 EXPERIMENT 1

134 Here we tested the hypothesis that participants would prefer a dish of food containing 3-items of 

135 food over one containing 4-items. 

136 MATERIALS AND METHODS

137 Participants

138 1816 individuals (1305 female and 509 male; 2 did not report whether they were male or female) 

139 took part in a citizen science experiment, conducted at the Science Museum in London during 

140 February to April 2015. The experiment could either be performed online (598 individuals)2 or in 

141 an interactive digital platform at the �Antenna Gallery�, as part of an exhibition on the science of 

142 eating called �Cravings�. The online participants were invited to access this experiment via the 

143 information page of �Cravings� exhibition, and from the Science Museum�s home webpage. At the 

144 museum�s gallery, the digital platform was one of the attractions of the exhibition.

145 The median age of the participants was in the 16-34 years range (note that the participants specified 

146 if there age was <16, 16-34, 35-54, 55-74 or 75+; the respective counts in each group were 447, 

147 880, 383, 92 and 12; 2 people did not report their age). All of the participants were informed about 

2 This experiment runs from the 20th of February 2015, until January 2016, see http://bit.ly/1MwGh35 to access the 

online experiment.
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148 the nature of the study, and provided informed consent prior to taking part in the study and all of 

149 the studies reported thereafter. These studies have been approved by Oxford University�s Medical 

150 Sciences Inter-Divisional Research Ethics Committee (approval # MSD-IDREC-C1-2015-004).

151

152 Stimuli

153 Scallops were chosen for the study, given that they are similar in shape (round) and size. Fresh 

154 scallops were seared in a hot pan with butter, in order to attain a light brown colouring. The same 

155 set of scallops was then placed and photographed on a white surface. Note that the scallops were 

156 photographed from a zenithal perspective, and with zenithal lighting, in order to avoid any shadow 

157 on the food. The scallop images were then cut and placed digitally on the different plates (square 

158 or round, photographed in the same way as the scallops). The stimuli used in this experiment are 

159 shown in Figure 1. 

160

161 Figure 1. The 8 plates of scallops that were presented to the participants in Experiment 1. The plates were 

162 presented in pairs (specifically, the upper and lower image in each column was compared). The plates vary 

163 systematically in terms of the number of seared scallops (3 vs. 4), the arrangement of the scallops (line vs. 

164 polygon), and the shape of the plate (round vs. angular).

165
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166 Design

167 The dependent variable was the preferred dish chosen by the participants.

168 Procedure

169 The participants who took part in this experiment undertook five or more different tasks, either 

170 online, or at London�s Science Museum �Antenna Gallery�. The order in which the tasks were 

171 presented and the different conditions was randomised, as were the left or rightward position of 

172 the dishes. In the experiments reported here, 164 participants undertook two trials whilst the 

173 remainder only completed one trial. The participants could either submit their answer by clicking 

174 on a circular button placed right below the food image, leave the experiment by clicking on an �X� 

175 button, or go on to the next question by clicking on the �Skip� button (see Figure 2).

176

177 Figure 2. The arrangement of elements shown to participants on a single trial.

178

179 RESULTS

180 The results, split by condition, are shown in Figure 3. A log-linear analysis was performed, using 

181 Plate Shape (circular, square) x food Arrangement (vertical, polygonal) x food Items (3, 4) as the 
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182 variables (the final model�s likelihood ratio was χ²(2)=3.27, p=.20). The Arrangement x Items 

183 χ²(1)=54.84, p<.001, and Plate x Items interactions were retained by the model, χ²(1)=6.63, p=.01. 

184 Both interactions were explored by means of separate follow-up tests designed to assess whether 

185 3 vs. 4 Items differed over the levels of the interacting factor.

186 In terms of the first interaction, in line with our hypothesis, 3 items that were arranged vertically 

187 were 1.24 times more likely to be chosen that 4 vertically arranged items (p<.001; with 428 picking 

188 the 4 item dish and 531 picking the 3 item dish; 95% CI 52.16%, 58.55%). Contrary to the 

189 hypothesis however, 4 items arranged as a polygon were 1.60 times more likely to be picked than 

190 3 items arranged so (p<.001; with 578 picking the 4 item dish and 361 picking the 3 item dish; 

191 95% CI 58.36%, 64.68%).

192 In terms of the Plate x Items interaction, 4-items on a Square plate were 1.24 times as likely to be 

193 chosen over 3-items on a square plate (p<.001; with 540 picking the 4 item dish and 426 picking 

194 the 3 item dish; 95% CI 52.70%, 59.06%). There was no preference when it came to the Circular 

195 plates (466 picking the 4 item dish and 466 picking the 3 item dish; 95% CI 46.74%, 53.26%).
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196

197 Figure 3. The percentage of people preferring one dish over the over for each of the Plate and Arrangement 

198 conditions (error bars are 95% CI, *** = p<.001). The light grey shading representing preference for the 3-

199 item dishes, and the dark grey the preference for the 3-item dishes.

200

201 DISCUSSION
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202 The findings do not generally support the hypothesis that dishes with an odd number of items 

203 would be preferred over dishes with an even number of items. Although our analysis did find that 

204 3-vertically orientated scallops were preferred over 4-vertically orientated scallops, inspection of 

205 Figure 3, shows that this effect only differed from that expected by chance when the scallops were 

206 plated on a circular plate. Thus, support for the hypothesis is actually more tenuous than that 

207 offered by the analysis. Indeed, overall, more evidence was found for 4-items being preferred over 

208 3-items.

209 The lack of support for the hypotheses was unexpected, and after querying social media, several 

210 explanations were offered. One of the explanations that was proffered was that the portion sizes 

211 on 4-item plates were always seen as larger than those on 3-item plates. We tested for this in 

212 Experiments 3-6 by varying portion size by means of scaling the images of the scallops.

213 Two other issues were also suggested via social media. The first was that the four vertical items 

214 looked like substantially more food compared to those same number of items arranged as a 

215 polygon, and thus the dish was not preferred over the 3-item vertical dish as there was too much 

216 food on the plate. We go on to test this in Experiment 5 by asking participants how hungry they 

217 were, and testing whether this influenced the results. There was, however, no evidence for such an 

218 effect.

219 The second more subtle issue was that the 4-item vertical dish looked a little less elegant to us than 

220 the vertical 3-item dish, perhaps as the plate was seen as being too-full (some on social media even 

221 argued that the shape of the plate was distorted, becoming more oval). To test for this, in the next 

222 study, participants were exposed to dishes that were substantially larger than those used here, thus 

223 preventing the dishes from seeming too full.

224

225 EXPERIMENT 2: Testing for a crowded plate effect

226

227 Here we test the hypothesis that participants found the plate crowded for the vertically arranged 

228 dishes, which influenced how participants decided between a 4-item vs. a 3-item dish. To do this, 

229 we conducted a similar study with the same factors as the previous (number of items, food 
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230 alignment, and plate) and included an additional factor of plate size, albeit using a repeated 

231 measures design. Specifically, besides the �regular� sized plate used in the previous study, we also 

232 collect data from trials where a much larger plate was used instead.

233 MATERIALS AND METHODS

234 Participants

235 One hundred participants3 (35 female) were recruited from Amazon�s Mechanical Turk to take 

236 part in the experiment in return for a payment of .40 US dollars. The participants ranged in age 

237 from 19 to 59 years (M = 32.0 years, SD = 8.4). The experiment was conducted on 6/06/2015, from 

238 12:00 GMT onwards, and over a two-hour period. The participants took an average of 73 seconds 

239 (SD = 52) to complete the study. All of the participants provided their informed consent prior to 

240 taking part in the study. 

241 Stimuli

242 The 5 unique scallop stimuli used in Experiment 1 were divided into separate transparent PNG 

243 files, as were the 2 plate stimuli. The 5 scallop images were individually resized so that they all 

244 contained approximately the same number of non-transparent pixels (the original number of pixels 

245 per scallop as 41193, 44817, 42869, 33272, 42199, with a standard deviation of 4449 pixels; after 

246 resizing the stimuli so that they approximately matched the average number of pixels per scallop, 

247 the pixels per scallop were 40828, 40791, 40904, 40796, 40642, with a standard deviation on 95 

248 pixels). The scallop image dimensions were set to 50 x 50 pixels in the actual study. The plate 

249 images were set to 250 x 250 pixels.

250 The exact scallop images used in each dish were randomly determined, as were their set positions 

251 on the plate (care was taken so that the scallops were placed and spaced apart to resemble the 

252 vertical and polygonal arrangements that had been used in Experiment 1). 

253 Design and Procedure

3 A power analysis of the ratio of 3-item to 4-item preference for circular plated vertical/polygonal food from Experiment 1 

(Generic Binomial Test, using G*Power 3.1.9.2) revealed that 90% power could be achieved in this study with an n of 62 or 64 

(the former, vertically orientated food, the latter, polygonally-orientated food). We increased this to a sample size of 100.
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254 The design was similar to that of Experiment 1 in that two plates of food were shown to participants 

255 on each trial, and the task was to decide on the plate that the participant most wanted to eat. Here, 

256 however participants undertook all 8 of the experimental trials, which differed in terms of the size 

257 of the plate shown (either both plates were large or regular sized), the shape of the plate (either 

258 both were square or circular), the arrangement of the food (either both were vertical or polygonal) 

259 and the number of food items (one plate there were 3-items, whilst there were 4-items on the other 

260 plate).

261 RESULTS

262 A log-linear analysis was performed, using Plate Size (regular, large) x Plate Shape (circular, 

263 square) x food Arrangement (vertical, polygonal) x food Items (3, 4) as the variables (the final 

264 model�s likelihood ratio was χ²(10)=3.54, p=.99). Only the Arrangement x Items χ²(1)=5.41, 

265 p=.021 interaction was kept in the model. Separate Exact Binomial tests found that 4 items were 

266 preferred for vertically arranged items (p<.001; with 307 picking the 4-item dish and 93 picking 

267 the 3-item dish; 95% CI 19.20%, 27.70%) and for those arranged as a polygon (p<.001; 333, 

268 13.22%, 20.78%).

269
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270

271

272 Figure 4. The percentage of people preferring one dish over the over for each of the Plate Arrangement, 

273 Plate Size, Food Shape and Food Item cells in Experiment 2 (error bars are 95% CI, all differences p<.001).

274

275 DISCUSSION

276 There was no statistically significant evidence to support the scenario that plate overcrowding 

277 influenced dish selection here. At first glance, the results on Experiment 2 are rather different from 

278 those of the preceding study. Here, by far the majority of our participants preferred the 4-item 

279 dishes, as opposed to the 3-item dish. In Experiment 1, though, the magnitude of this preference 

280 was much smaller; indeed, when the items were arranged vertically, participants preferred the 3-

281 item dish over the 4-item dish. It should be noted, though, how the pattern of results in Figure 4A 

282 and 3B, which tested participants on the same plate sizes as Experiment 1, if one ignores the 

283 magnitude of the preference difference, resembles that seen in Figure 3A and 2B for Experiment 

284 1: when the items were arranged vertically, more participants picked the 3 item dish, relative to 
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285 when the items were arranged as a polygon. Given how Experiment 1 found evidence of food 

286 arrangement and this study does not, we will continue exploring food arrangement in subsequent 

287 studies � it may just be that a ceiling effect here led to this difference between studies.

288 Why do we observe such a discrepancy between this study and the previous, in terms of magnitude 

289 of preference difference? One possibility is that the population from which the participants were 

290 sampled are quite different to each other, with those in Experiment 1 predominantly coming from 

291 the UK (and of the sort who visit science museums), whilst those in this study mostly came from 

292 North America; indeed, a potential major driver here could be that North Americans generally 

293 have larger meal sizes (as explored in the movie �Super Size Me� (Spurlock, 2004).  

294

295 EXPERIMENT 3: equating portion sizes

296 Here we scaled the 4-item dish so that it contained exactly the same amount of food as the 3-item 

297 dish, by factoring in the height of the scallops. By doing so, we factor out the influence of portion 

298 size in this study (if we ignore the fact that perceived portion size often differs from actual portion 

299 size � as was discussed in the Introduction), which should give us a clear indication whether or not 

300 participants prefer one dish over the other for perceived portion size, or for the likely aesthetic 

301 difference between 3 or 4 elements being placed on the dish. Again, we hypothesise that 

302 participants will prefer the 3-item dish over the 4-item dish. Do note that plate size has been shown 

303 to influence perceived portion size (for this and other such influences, see Benton, 2015, and 

304 Hollands et al., 2015). However, as we never contrast portions over different sized dishes, such 

305 effects should not confound the results presented here.

306 MATERIALS AND METHODS

307 Participants

308 One hundred (31 female) were recruited from Amazon�s Mechanical Turk to take part in the 

309 experiment in return for a payment of .35 US dollars. The participants ranged in age from 18 to 69 

310 years (M = 33.1 years, SD = 10.9). The experiment was conducted on 10/06/2015, from 16:00 

311 GMT onwards, and over a one-hour period. The participants took an average of 89 seconds (SD = 
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312 104) to complete the study. All of the participants provided their informed consent prior to taking 

313 part in the study. 

314 Stimuli, Design and Procedure

315 This study was identical to Experiment 2 except that the scallops were scaled so that each plate 

316 contained the same amount of food. In the previous studies, the scallops were held within 50 x 50 

317 pixel boxes, and we assumed that the height that the scallops were off the plate was approximately 

318 2/3 of this measure (33.3 pixels). Thus, on a three-item plate, the scallops were each tightly held 

319 within a 250000 voxel box (3 * 50 * 50 * 33.33). The scallops in the four-item plate were scaled 

320 along the x, y, and z axes to 90.86% of their original size so that the boxes they were enclosed 

321 within also summed up to this value (4 x 45.43 x 45.43 x 30.29). 

322 RESULTS AND DISCUSSION

323 A log-linear analysis, as defined in Experiment 2, was run using data from this study (the final 

324 model�s likelihood ratio was χ²(14)=5.23, p=.98). As in the previous study, the model only retained 

325 the effect of Items χ²(1)=41.77, p<.001. 4-item dishes (selected 491 times, or 61.38% of the time) 

326 were 1.59 times more likely to be preferred more than dishes with 3 items (309 times; Fisher�s 

327 exact t-test 95% CI were 57.90% and 64.76%).

328 The results indicate that, in actual fact, the 4-item dishes were preferred over the 3-item dishes, 

329 which is contrary to the wide spread claim that that odd-number of items should be preferable. 

330 Unfortunately there is a further confound that may have swayed this result: Could portion sizes 

331 have been distorted by some other means? We then tested whether our arrangements were thought 

332 different in portion size due to potential distortions brought about by psychological illusions of 

333 volume perception.

334

335 EXPERIMENT 4: scaling study

336

337 MATERIALS AND METHODS

338 Participants
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339 One hundred participants (51 female) were recruited from Amazon�s Mechanical Turk to take part 

340 in this study in return for a payment of 1 US dollar. The participants ranged in age from 19 to 56 

341 years (M = 30.2 years, SD = 8.02). The experiment was conducted on 5/06/2014, from 14:00 GMT 

342 onwards, over a period of three-hours. The participants took an average of 378 seconds (SD = 138) 

343 to complete the study. All of the participants provided their informed consent prior to taking part. 

344 Stimuli

345 The individual scallops used in Experiment 2 and onwards were here dynamically sized, positioned 

346 and combined as a dish stimulus as required on each trial (on a plate in most trials; n.b. the plates 

347 used were those defined in Experiment 2). The exact scallop images used in each dish that were to 

348 be scaled (henceforth termed the �scaling-dish�) were selected randomly, as were their set positions 

349 on the plate (care was taken so that the scallops were placed and spaced apart to resemble the 

350 vertical and polygonal arrangements that had been used in Experiment 1). The scallops in each 

351 dish were simultaneously scaled using the scroll button on the mouse or the left and right cursor 

352 keys (where a �toward the body� scroll and the left cursor key scaled the image downwards) � 

353 importantly, the distance between the centre points of the targets did not change on scaling. The 

354 minimum size scallops could be scaled so that they tightly fit within a 25 x 25 pixel box. The 

355 maximum size was 150 x 150 pixels. The starting size of the scallops was randomly determined 

356 but was always such that the scallops fit within a box larger or equal to 40 x 40 pixels and smaller 

357 or equal to 60 x 60 pixels.

358 A target stimulus that was randomly selected from the 5 scallop stimuli was also present on each 

359 trial. This stimulus was always sized so that it fit within an 87 x 87 pixel box.

360 Apparatus

361 The apparatus varied by participant as the experiment was conducted online. The experiment 

362 utilized 'full screen' mode (i.e., utilizing the entirety of the participant�s monitor), and took place 

363 within a 1024x768-pixel box in the centre of the screen, irrespective of the size of the monitor. 

364 The experiment was conducted on the Internet using the Adobe Flash based version of Xperiment 

365 (http://www.xperiment.mobi).

366
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367 Design

368 A within-participants experimental design was used with all of the participants undertaking all of 

369 the experimental trials (trial order was randomised). The dependent variable was the computed 

370 scaling factor which the participant applied to the dish of scallops so that they would, together, 

371 match the volume of the Target stimulus. A scaling factor of 1 would indicate that the participants 

372 scaled the portion so it exactly matched the volume of the target, whilst values smaller than 1 

373 indicate the scallops were sized such that they were of a lesser overall volume than the target. 

374 Independent variables were the size of the plate (large or regular), the shape of the plate (circular 

375 or rectangular), the number of scallops (three or four) and the arrangement of the scallops (vertical 

376 or polygonal). Further trials included dish variants where there were 1 or two scallops only (the 

377 latter, arranged vertically or horizontally) and where there was no plate present. Note that there 

378 were several further conditions, the data from which will be reported elsewhere (Woods et al, in 

379 prep.).

380

381 Procedure

382 On each trial, a screen as shown in Figure 5 was presented. Participants had to scale the size of the 

383 scallops shown in the portion of the screen labelled Portion 2, so that they matched the same 

384 amount of food as shown in Portion 1. Although Portion 1 was the same size on all trials, the 

385 Scallop that was shown as Portion 2 randomly varied in default size over trials. There were 35 

386 trials. At the end of the study we explicitly asked participants �When you did the task, were you 

387 resizing Portion 2 so that��, and offered two choice options �one food item was the same size as 

388 Portion 1� , �all the items together in Portion 2 added up to the same amount as in Portion 1.� The 

389 20 participants who chose the first option were excluded from the analysis. There were 35 

390 experimental trials, the data from 20 being reported here. 

391
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392

393 Figure 5: The trial layout, as presented to the participants. 

394

395 RESULTS AND DISCUSSION

396 Eleven out of twenty sets comprising the data were not normally distributed D(80), p<.05. Log 

397 transforming the data mostly corrected this issue, with only one set remaining non-normal, 

398 D(80)=.94, p<.001 (large round plates containing 3 polygonally arranged items). The same set was 

399 also was significantly skewed, p<.001, and affected by kurtosis, p<.01. Another set was also 

400 affected by kurtosis, p<.01 (regular-sized round plates with 4 vertical items). 0.5% of the scaling 

401 data from each dish was found to be outlying (defined as being larger or smaller than the mean +-3 

402 standard deviations) and so was corrected (replaced with the nearest non-outlying data value, mean 

403 +-3 standard deviations).

404 With the majority of the cells of data now being normally distributed, one-sample t-tests were used 

405 to test whether the log-scores different from the null hypothesis of that no scaling was required, or 

406 log(1), with a Bonferroni corrected alpha threshold set to .05/35 (a further 15 tests on data not 
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407 reported here were conducted in Woods et al, in prep). Only data for large round plates with 4 

408 vertical scallops differed significantly t(79)=3.64, p<.001, requiring scaling of 1.10 to be seen as 

409 the same size as the target food. As all other 4-scallop dishes did not so differ (as would be expected 

410 given the shift in 3 vs. 4 item preference seen in previous studies), we must assume the null-

411 hypothesis that portion size distortions cannot really account for past findings (that 4-item portions 

412 were often preferred over 3-item portions).

413 Note, though, that in previous research the participants had to choose between 2 dishes, each of 

414 which could be differently influenced by scaling factors. Thus, potentially subtler distortions of 

415 size (not detectable when contrasting from baseline as done so in the above tests that were 

416 essentially between-participant), between each pair of dishes, may have driven the shift towards 

417 the 4-item dish as opposed to 3-item dish from past studies. To explore this, a 4-way repeated 

418 measures ANOVA was conducted on the log scaling data with plate Shape, plate Size, Items and 

419 food Arrangement as factors. Items and Arrangement interacted F(1,79)=22.86, p<.001, p
2=.22, 

420 with a posthoc stepwise Newman-Keuls analysis showing that 4-scallops arranged as a polygon 

421 requiring more scaling (mean 1.04) than the other conditions (.97; significant main effects that 

422 were involved in these interactions are not reported). What this means, in fact, is that the 4-scallop 

423 polygon arrangements required were seen as the smaller portion than on other dishes (it was 

424 required to be scaled by a factor of 1.04, whilst the other dishes by .97, to both be seen as the same 

425 size as the target portion). We would have expected it to be seen as bigger than the other dishes, 

426 for it to explain the apparent 4-item preference over 3-items as seen previously. 

427 To recall the pattern of results from Experiment 1 and Experiment 2, where the preference ratio of 

428 3-item polygonal scallops to 4-item polygonal scallops was greater or more severe than that for 

429 vertically arranged items. The fact that here, 4-items are perceived as a smaller portion than 3-

430 items may be linked to this pattern, although at this moment in time, it is unclear how so.

431 Several other distortions, albeit smaller in magnitude, were also found. Shape and Size also 

432 interacted F(1,79)=5.85, p<.018,p
2=.07, with the same Posthoc procedure revealing that large-

433 round plates required its contents to be scaled more to match the target (mean 1.02) as compared 

434 to regular-round (.97), large-square (.99) and regular-square plates (.98). Large-square plates 

435 required more scaling than round-regularly sized plates.
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436 A separate repeated measures ANOVA was used to test whether the trials in which there were no 

437 plates (only scallops were shown) differed in terms of scaling required to match the target stimulus. 

438 The factors of Items and Arrangement were used as factors. There was a main effect of Items, 

439 F(1,79)=8.47, p=.01,p
2=.10, with the 4-item displays (mean 1.04) requiring significantly more 

440 scaling than the 3-item displays (1.00).

441

442 DISCUSSION

443 Although some of the portions of food from previous experiments were indeed affected by some 

444 distortions of size, there was no systematic effect of distortion of 4-item dishes to appear larger 

445 than the 3-item dishes, the result of which could be leading participants to prefer 4-items over 3-

446 items.

447 The tentative conclusion that could now be drawn is that the even number of items on a plate are 

448 preferred over an odd number of items. To do so though, one must one ignore several important 

449 issues highlighted in the introduction, such as whether 3 vs. 4 items generalise to odd vs. even 

450 number of items, as well as whether the effects observed here only are applicable to our scallop 

451 stimuli.

452

453 COMBINED ANALYSES

454 The preceding experiments have highlighted the importance of perceived portion size on dish 

455 choice, with larger portions tending to be selected over smaller portions. This relationship has been 

456 quantified in Figure 6 as a simple-regression model, which shows an extraordinary linear 

457 relationship between these factors, for all studies, except for the very first study.

458
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460 Figure 6: Depiction of the relationship between 4-item scallop scaling and likelihood of 3-scallop dish 

461 chosen, over experiments reported so far. Error bars represent the 95% CI derived from separate Fisher�s 

462 exact binomial tests.

463

464 So the question is why the results of the Science Museum study differ so much from the data 

465 collected from Mechanical Turk for Experiments 2-5? Recall that the scallops in the original study 

466 were not yet scaled to be equal in size in terms of pixels, as done from Experiment 2 onwards. 

467 Could the �fixed� stimuli used in Experiment 1 have led to the above discrepancy? To test for this, 

468 we isolated each dish in the study using photo-editing software to estimate total scallop pixels (see 

469 Table 1). We then calculated the individual scaling factor present for each condition (square plate 

470 x vertical items, .98; square x polygon 1.03; circular x vertical, .93; circular x polygon, 1.04) and 

471 plotted this on Figure 7, alongside the ratio of 3-items being selected for each condition.

472 Table 1: Detailing the size, in pixels, of each scallop that was used in Experiment 1.

Plate shape Food shape Food items pixels Pixels per scallop
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Circle polygon 3 4606 1711

Circle polygon 4 6612 1702

Circle vertical 3 5107 1650

Circle vertical 4 5919 1653

Square polygon 3 4545 1535

Square polygon 4 6427 1607

Square vertical 3 5133 1480

Square vertical 4 6598 1515

473

474

475
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476 Figure 7: Identical to Figure 6, except that the conditions from Experiment 1 have been added individually 

477 as transparent black bordered squares.
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478

479 Although with 4 data points per model, any inference from statistical analysis must be treated with 

480 considerable scepticism, the updated MTurk model�s gradient (-.53, 95% CI  -.63, -.43) and 

481 Science Museum model�s gradient (-.45, -.67, -.24) are similar; it is their y-axis intercepts that 

482 potentially differ (Experiment 2-5, 111%, 106%, 116%; Science Museum, 121%, 110%, 131%; 

483 n.b. overlapping CI).

484 Why would there be this upward shift of preferring 3-items as opposed to 4-items in the Science 

485 Museum study? After another investigation we discovered that the images that were used in the 

486 Science Museum study had themselves been arbitrarily scaled by the designers of the citizen 

487 science platform so that they were 67.1% smaller in width and height than their original file size 

488 (images contained within a 380 pixel x 255 pixel image-file). Furthermore, it also transpired that 

489 there were two sizes of the original stimuli, with the original images we used being both smaller 

490 in scale and held within a differently dimensioned image-file (372 pixels x 306 pixels). By using 

491 graphical editing software, we were able to estimate that the Science Museum images were 85.2% 

492 smaller in width and height to the images used in Experiments 2-5. Could the difference in overall 

493 food size lead to this apparent upward shift between models as seen in Figure 7? We test this 

494 hypothesis next. We also tested whether participants� hunger influenced their dish choice.

495

496 EXPERIMENT 5: difference due to overall size of stimuli?

497 In this study, participants undertook a version of the task reported previously where we 

498 systematically varied the physical sizes of the dish stimuli on the screen. Both 3- and 4-portion 

499 stimuli were resized to the same degree. Note that the monitors of our online participants and thus 

500 the stimuli presented differ in terms of size across individuals. To get around this issue, we used a 

501 repeated measures design such that all of the participants undertook the trials where differently 

502 sized stimuli were presented.

503 It was hypothesised that if the size of the stimuli was indeed responsible for the difference between 

504 the Science Museum study and all of the other studies (as shown in Figure 7), in this study, we 

505 should observe a shift in dish preference as we scale the stimuli from smaller to larger in size from 

506 that observed for the Science Museum study to that observed for the Mechanical Turk experiments.
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507 We also tested whether the participant�s self-reported hunger level influenced the choice design in 

508 this task by asking participants how hungry they were.

509 MATERIALS AND METHODS

510 One hundred participants (40 female) were recruited from Amazon�s Mechanical Turk to take part 

511 in the experiment in return for a payment of .50 US dollars. The participants ranged in age from 

512 20 to 67 years (M = 34.8 years, SD = 11.2). The experiment was conducted on 15/06/2015, from 

513 14:30 GMT onwards, and over a 45-minute period. The participants took an average of 105 

514 seconds (SD = 58) to complete the study. All of the participants provided their informed consent 

515 prior to taking part in the study.

516 Stimuli, Apparatus

517 The stimuli were the same as reported in Experiment 1, except that the scaling of both the 3-item 

518 and 4-item dishes (as well as plates) were varied, relative to the original size of the 3-item stimuli 

519 as used in Experiment 2. We decided on sizing the stimuli at 100% of those used in Experiment 2 

520 (50 pixels along one dimension), same size of the Science Museum study (42.6 pixels; a difference 

521 of 7.39 pixels), smaller than the Science Museum by 7.39 pixels, and larger than the one used in 

522 Experiment 2 by 7.39 pixels. In order of size, the stimuli were scaled to 70.44%, 85.22%, 100% 

523 and 134.28% of the stimuli used in Experiment 2 and onwards (henceforth termed Small, 

524 SciMuseum, Regular, Large). 

525 Design

526 We used a fully factorial design here with all participants doing all experimental trials. The design 

527 was identical to that in Experiment 1, except that an additional factor of plate Size (regular versus 

528 large) was included. We also had the participants report their hunger level.

529 Procedure

530 The procedure was identical to that used in the studies except that we also assessed participants� 

531 self-reported hunger by means of scaled anchored on the left hand side with �not hungry at all� 

532 and on the right �very hungry�. Hunger scores from this scale varied from 0 to 100.

533 RESULTS and DISCUSSION
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534 A log-linear analysis was performed, as defined in Experiment 2 but with the additional 

535 independent variable of plate Size, using data from this study (the final model�s likelihood ratio 

536 was χ²(30)=5.12, p=1. The only factor to be retained by the model was Items, χ²(1)=138.91, 

537 p<.001, with 4-item dishes (selected 1034 times) 1.83 times more likely to be chosen than 3-item 

538 dishes (selected 566 times). The Exact Binomial test 95% confidence intervals for this effect 

539 (33.03%, 37.78%) intersected the value predicted by the model for a scaling of 90.86% for the 4-

540 item scallops (37.62%). The lack of any effect of Size indicates that the Small (3-items chosen 

541 33.50% of the time, 95% CI 28.89%, 38.36%), SciMuseum (35.00%, 30.33%, 39.90%), Regular 

542 (36.75%, 32.01%, 41.68%) and Large sizes (36.25%, 31.53%, 41.17%) did not significantly differ 

543 from each other in terms of the ratio of participants who chose 3-item versus 4-item dishes.

544 To test whether the hunger level of the participant influenced their dish choice, a correlation was 

545 undertaken between the total number of times each participant chose the 4-item dish, and their 

546 self-reported hunger score. As the 4-item dish was 1.83 times more likely to be chosen than the 3-

547 item dish (as reported above), we would then expect that, if hunger was an important factor, 

548 participants who were more hungry would be more likely to choose the 4-item larger in portion 

549 size dish, r=-.12, n=100, p=.25.

550 There was no evidence that the difference in size between stimuli used in Experiments 2-5 and 

551 which were used in Experiment 1 was responsible for their difference in y-axis intercept. There 

552 are several possible reasons for this. One possibility is that the within-participants design of this 

553 study could have prevented any effects being detectable. For example, consider that the 

554 participants here saw many trials one after the other, involving the same task, �which dish do you 

555 prefer�? Potentially, after undergoing several such trials, the participants may have �made up their 

556 mind� as to how to respond to each trial (e.g., �I like big portions, so I will always pick the larger 

557 portion�), which could sufficiently dilute any normally detectable effects so that they became 

558 undetectable. In the Science Museum task, however, the maximum number of trials undertaken by 

559 the participants were 2, with the majority of trials thus requiring cognitive effort rather than relying 

560 on a quick heuristic.

561 Another possibility is that the populations from which participants from Experiments 2-6 were 

562 sampled from differed in some key criteria from those who undertook the Science Museum 

563 experiment. We test this next.
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564

565 EXPERIMENT 6

566 A logical step is to rerun the study, but with a different group of participants. Psychology students 

567 are well known for being WEIRD (Western, Educated, Industrialised, Rich, and Democratic 

568 individuals; see Henrich et al., 2010) and different from Mechanical Turkers (discussed in Woods 

569 et al., 2015). Here, we recruited participants from the up-and-coming cloud-sourcing platform 

570 Prolific Academic, which actively recruits student participants with no geographic criteria for 

571 potential participants, as opposed to MTurk, whose participants are typically North American. 

572 If the difference between the data from the Science Museum reported in Experiment 1, and the rest 

573 of the studies reported so far is indeed attributable to some difference over populations, Prolific 

574 Academic participants may differ from both these groups too. 

575 To test if this is so, we collect data from stimuli that are sized according to those reported in 

576 Experiment 2, 3, and Supplementary Experiments A, and B. We should observe the same gradient 

577 as found previously, but with a shift in the y-axis intercept.

578 MATERIALS AND METHODS

579 Participants

580 391 participants (162 female) were recruited from Prolific Academic to take part in the experiment 

581 in return for a payment of .35 US dollars. The participants ranged in age from 18 to 67 years (M = 

582 28.4 years, SD = 9.1). The experiment was conducted on 3/07/2015, from 16:00 GMT onwards, 

583 over a period of six-hours. The participants took an average of 106 seconds (SD = 48) to complete 

584 the study.

585 Stimuli, Design, Procedure

586 Identical to Experiment 2, except that Large Plate condition was removed and an additional 

587 between participant factor of Scaling was included (how large the 4-item stimuli were, relative to 

588 the 3-item stimuli, the levels being 100%, 91%, 84%, and 75%). 

589 RESULTS and DISCUSSION
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590 A log-linear analysis was run using data from this study (the final model�s likelihood ratio was 

591 χ²(14)=3.80, p=1. Items x Scaled x Arrangement interacted χ²(3)=10.54, p<.02. Eight separate 

592 Bonferroni corrected Fisher�s Exact tests were used to explore this interaction, the results of which 

593 are detailed in Table 1. 

594 Table 1: The percentage preference for 3-items relative to 4-items (** p<.01, *** p<.001, as 

595 derived from Bonferroni-corrected exact Fisher�s tests; 95% CI in brackets).

                 Scaling of 4-item scallops to 3-item scallops

100% 91% 84% 75%

Polygon 

arrangement

30.39***

(24.16, 37.20)

25.27***

(19.20,32.15)

44.33

(37.22,51.62)

62.24**

(55.06,69.06)

Vertical 

arrangement

47.55

(40.53,54.64)

45.70

(38.39,53.15)

49.48

(42.25,56.74)

64.29***

(57.15,70.99)

n 204 186 194 196

596

597 The Items x PlateShape interaction was also significant, χ²(1)=4.34, p<.05 with follow-up Exact 

598 Fisher tests for each Plate Shape revealing that Square Plates with 4 items (selected 440 times) 

599 were selected 1.29 times more frequently than Square Plates with 3-items p<.001 (selected 340 

600 times). There was no such difference for Round Plates (3-items selected 381 times, and 4-items 

601 399 times).

602 The data for this experiment has been plotted alongside the previous experiments in Figure 8. 

603 Whilst the scaled data points for 91%, 84% and 75% form a straight line that does not appear to 

604 differ from that of the past MTurk experiments (gradient, -.57, 95% CI  -.64, -.5; intercept 111%, 

605 95% CI, 107.53%, 114.56%), the data from the 100% scaled condition unexpectedly does not fit 

606 this profile (the transparent purple point in the Figure). 
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608 Figure 8: Identical to Figure 7 but with the results of Experiment 6 added. Note that the large transparent 

609 purple point did not follow the pattern of the other data points from this study.

610

611 Back in Experiment 2 (labelled E2 in Figure 8) we observed an Arrangement x Items interaction 

612 and speculated that this arose due to overcrowding on the plate for the 4-item in relation to the 3-

613 item vertical dishes. One possibility in the current study is that the vertically aligned scallops were 

614 likewise seen as overcrowding the plate. For some reason however, the participants here preferred 

615 this compared to when the items were not so overcrowded, hence the 4-item preference from 3-

616 item preference shifted upward, as shown in the graph.

617 Unfortunately, due to the confound of stimuli sizing for the Science Museum study discussed in 

618 the COMBINED ANALYSES section, we do not have data for Vertical dishes at this level of 4-item 

619 scaling. We do, however, speculate that such an effect would be present, and would increasingly 

620 influence the results as overcrowding increased yet further (as indicated by the shaded box in the 

621 Figure). As overcrowding is not, however, the focus of this research, we will leave the speculations 

622 of the drivers of this finding to future research. 
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623 In terms of our initial hypothesis, despite the above unexpected finding, there is little evidence to 

624 support the idea differences in terms of population led to the shift in intercept between MTurk 

625 studies reported here, and the results of the Science Museum. In the General Discussion, we flesh 

626 out reasons why this may be the case.

627

628 GENERAL DISCUSSION

629 There was no support for our original hypothesis that an odd number (3) of items on a plate would 

630 be preferred to an even number (4). After controlling for portion size (Experiments 2-3, 

631 Supplementary Experiments A and B), testing for plate overcrowding (Experiment 2) and 

632 perceptual distortions (Experiment 4), only one group of participants were found to sometimes 

633 prefer 3-item dishes as opposed to 4 (Figure 3; Experiment 1, the Science Museum); on contrast, 

634 two further groups of participants recruited through MTurk (Experiments 2-5) and Prolific 

635 Academic (Experiment 6) preferred 4-item dishes over three. We will discuss several major issues 

636 with these findings after briefly summarising each of the experiments in turn.

637 OVERVIEW OF STUDIES

638 The results of the first experiment, conducted in collaboration with the Science Museum with 1816 

639 participants, were ambiguous, with 3-items being preferred over 4-items when those items were 

640 vertically orientated and on a circular plate only. In all other conditions, 4-items were preferred. 

641 This was followed up with a series of experiments that, in turn, tested, and helped control for 

642 several confounds, the first of which was ensuring that the individual food items were the same 

643 size over conditions (not so in the first study).

644 Next tested was whether plate overcrowding had influenced findings in the first study. Experiment 

645 2 explored this potential confound by testing whether the ratio between plate size and the surface 

646 area covered by the food influenced the plating preference. There was no statistical evidence for 

647 such an effect, although, descriptively, effects of food liking were less strong on larger plates than 

648 on regular plates, which warrants future research. Unexpectedly, 4 item dishes preferred in all 

649 experimental conditions.
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650 Several further experiments tested whether the difference in portion size over conditions in 

651 Experiment 1 acted to confound the results. The relative size of the 4-item portion was reduced 

652 relative to the 3-item portion in Experiment 3, and in Supplementary Experiments A and B, with 

653 the general finding being that the larger the portion, the more people were likely to pick that portion 

654 over a smaller portion.

655 Expectedly, and opposite to our hypothesis, 4-items were preferred over 3 when portion sizes were 

656 equated. In Experiment 4, we tested whether there was a perceptual distortion of portion sizes such 

657 that the 4-item dish seemed greater in size than the 3-item portion, but there was no real evidence 

658 for this. This issue is explored in a complementary paper (Woods et al., in prep). 

659 By means of a combined analysis, there was clear evidence that portion size plays a key role in 

660 deciding which plating people prefer, with larger perceived portions more likely to be chosen. 

661 Furthermore, we found that quantifying the portion sizes over experimental condition, the Science 

662 Museum study, seemed to obey this principle as well. However, whilst the rate of change of the 

663 findings over the first study versus other studies seemed equivalent (that is, portion size change 

664 tallied with liking change), the scaling at which a 4-item dish required to seem the same size as 

665 the 3-item dish differed.

666 One explanation for this variation was that all the stimuli used in Experiment 1 were actually 

667 smaller than those used in the subsequent studies. When explicitly testing for this with a repeated-

668 measures design in Experiment 5 (to get around the issue of hardware variation in online research), 

669 this issue was, however not found to influence plating preferences. 

670 Another explanation was that population differences from which Experiment 1 participants were 

671 from (the general public in the UK mostly) and those recruited from in other studies (Mechanical 

672 Turk) led to this shift. Experiment 6 attempted to test this by recruiting from a third population 

673 (Prolific Academic) to see if this population�s preferences differed from the other two populations; 

674 these individuals though also adhered to the same portion size dish preference principle. This new 

675 sample did not really differ from the samples recruited through Mechanical Turk, but nevertheless 

676 we cannot rule out that population differences have indeed caused the discussed difference in 

677 results. Furthermore, it seemed that plate overcrowding has a different impact on plate preference 

678 for this group, than for Mechanical Turkers. 
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679

680 CAVEATS

681 Generalizability

682 Can this research, exploring whether three items of food on a plate (specifically scallops) are 

683 preferred to four items, be generalised to �odd versus even�? A related issue is just how 

684 generalizable are the results obtained with the scallop stimuli used here. One way of answering 

685 these questions is to survey just how frequently the different number of items appears in natural 

686 dining situations (see Michel et al., 2015a, b, for a methodology that could help elucidate this 

687 mystery). 

688 Another consideration is just how generaliseable these findings are to the general public. Indeed, 

689 if we base the choice of 3 vs. 4 items on culturally-based aesthetic preferences (i.e. in China, 4 

690 items are regarded as beautiful), it seems even harder to rule out a conclusion. Is this a western 

691 chef only issue? Note that the idea that odd items being preferred comes from chefs working in 

692 �fine dining� restaurants, where a full meal is served over smaller portions, and hence more 

693 attention is paid to the aesthetic appeal of each portion, ruling out, to some extent, the perceived 

694 portion-size factors that seem to have been important in determining the findings reported in this 

695 paper.  

696 Experimental design

697 Here, the pairs of dishes presented to participants were always identical in terms of plate shape, 

698 plate size and food arrangement (vertical versus polygonal), which meant that it was impossible to 

699 test for interactions between these factors. The decision to go with this design was to minimise the 

700 number of trials participants would have to undertake (Experiment 2 onwards) or to ensure 

701 sufficient numbers of participants per group in the Science Museum study (we were delighted that 

702 1816 participants took part in our study and expected a smaller sample size).

703  
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704 Conclusions

705 The evidence reported in this study suggests that an even (4) number of items generally preferred 

706 over an odd (3) number of items, even though this might not always be the case. It seems likely 

707 that such an effect varies over populations (cf. Experiment 6), though future research will be 

708 needed to verify this claim. To come with a clear result on this topic will be challenging, as it will 

709 have to control for several major issues pertaining to the experimental design and generalizability 

710 of the findings. Several tangential findings arose as a result of teasing apart the initially promising 

711 findings in the original study performed at the Science Museum. Although not significant for 3 or 

712 4 items on a plate (Experiment 4), we report evidence in a complementary article that the perceived 

713 portion size of vertical and horizontal pairs of items is distorted (Woods et al., in prep). There was 

714 also suggestive evidence for the negative impact of plate overcrowding on liking, but, again, this 

715 warrants further studies to be verified and properly tested for.

716 While the plating of food is important in modelling our opinion of, and subsequent enjoyment of 

717 a dish of food, the discipline of aesthetic food plating seems to remain more in the realms of artistic 

718 sensitivity, to that of an empirical science. 

719
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803

804 Supplementary Material

805 SUPPLEMENTARY EXPERIMENT A: 4 items much smaller in terms of volume than 3 

806 items

807 The original goal of this study was to scale the 4-item stimuli so that together they would be the 

808 same size as the 3-item dish. Due to an error in scaling though, the 4-item food elements were, in 

809 fact, much smaller than the 3-item food elements. However, this gives us the opportunity to see 

810 whether  �the table turns� as it were, and we now find that 3-item dishes that are larger in portion 

811 size than 4-item dishes suddenly become the preferred dish.

812

813 MATERIALS AND METHODS

814 Participants

815 One hundred participants (38 female) were recruited from Amazon�s Mechanical Turk to take part 

816 in the experiment in return for a payment of .35 US dollars. The participants ranged in age from 

817 19 to 64 years (M = 32.7 years, SD = 10.3). The experiment was conducted on 9/06/2015, from 

818 16:00 GMT onwards, over a one-hour period. The participants took an average of 95 seconds (SD 

819 = 144) to complete the study. All of the participants provided their informed consent prior to taking 

820 part in the study. The experiment was reviewed and approved by the Central University Research 

821 Ethics Committee at the University. 

822

823 Stimuli, Design and Procedure

824 Here, the 4-item stimuli were individually 75% the size (along the vertical and horizontal 

825 dimensions) of each of the scallops in the 3-item plate.

826 RESULTS AND DISCUSSION

827 A log-linear analysis, as defined in Experiment 2, was conducted on the data from this study (the 

828 final model�s likelihood ratio was χ²(14)=.97, p=1). The model only retained the effect of Items, 
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829 χ²(1)=91.54, p<.001, with 3-item dishes (selected 534 times, or 66.75% of the time) 2.00 times 

830 more likely to be preferred as the 4-items dishes (266; Fisher�s exact t-test 95% CI were 63.37% 

831 and 70.01%).

832 Given that the 3-item dishes were indeed preferred over the 4-item dishes, this implies that portion 

833 size plays a role in how people decide between two plates of food, in terms of their preference. 

834 Note the absence of any effect of plate size in this study, compared to the Experiment 2. By making 

835 the portions smaller, the plates here perhaps appeared less cluttered (or did not seem over-full; see 

836 Figure 1). Although we cannot rule out that it was portion size, not visual clutter that led to such 

837 effects being observed in Experiment 2 (and speculated on in Experiment 1), drawing inspiration 

838 from Occam�s razor, the former being the simpler (and explainable) alternative perhaps makes it 

839 the most likely. 

840

841 Figure 1. The vertical 4-item circular dish from Supplementary Experiment A (A) and Experiment 

842 2 (B).

843
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844 SUPPLEMENTARY EXPERIMENT B: what happens at when the plates contain the 

845 perceptually equivalent amounts of food?

846 We expected that when the 3- and 4-item dishes were identical in terms of the perceived amount 

847 of food, that other effects besides �number of scallops� would be easier to detect. In order to 

848 estimate the scaling of the 4-item scallops to use, we created a linear model to predict the likelihood 

849 of participants deciding upon the 3-item dish (as opposed to 4-item dish) based on the scaling of 

850 4-item scallops relative to 3-item scallops from Experiments 2-5 (we did not include Experiment 

851 1 given the remaining ambiguity concerning why it differed from the other experiments so far; 

852 plotted in Figure 1). Using this model, the scaling to use for the 4-item scallops so that participants 

853 would be equally like to decide on a 3- or 4-item dish was estimated to be .84.

854
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855 Figure 1: Figure depicting the relationship between 4-item scallop scaling and likelihood of the 3-

856 scallop dish being chosen, over Experiments 2 and 3, and also from the Supplementary Experiment 

857 A. The results of this study, Supplementary Experimental B is also shown (the transparent blue 

858 circle). Error bars represent the 95% CI derived from separated Fisher�s exact binomial tests. 

859
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860 MATERIALS AND METHODS

861 Participants

862 One hundred and two participants (34 female) were recruited from Amazon�s Mechanical Turk to 

863 take part in the experiment in return for a payment of .35 US dollars. The participants ranged in 

864 age between 19 and 56 years (M = 32.7 years, SD = 9.3). The experiment was conducted on 

865 12/06/2015, from 16:00 GMT onwards, over a one-hour period. The participants took an average 

866 of 95 seconds (SD = 109) to complete the study. All of the participants provided their informed 

867 consent prior to taking part in the study. The experiment was reviewed and approved by the Central 

868 University Research Ethics Committee at the University.

869

870 Stimuli Design and Procedure

871 Were the same as in Experiment 2 with the exception that scaling of the food elements was such 

872 that the 3-item and 4-item food portions were perceptually equal.

873 RESULTS AND DISCUSSION

874 A log-linear analysis, as defined in Experiment 2, was conducted using data from this study (the 

875 final model�s likelihood ratio was χ²(15)=3.62, p=1). There were no significant effects remaining 

876 in the model and only its constant was retained. There was thus no evidence that factors other than 

877 �number of food items� played any role in dish selection in this particular study.
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