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The Perils of Large Plates: Waist, Waste, and Wallet

Abstract

If the size of dinnerware were to subtly bias serving size perceptions, there may be unforeseen consequences for consumer weight gain, restaurant food waste, and pre-portioned food sales. Unfortunately, attempts to examine the existence of such biases have been atheoretical and have produced mixed and often confounded results. Building off the overlooked work of Delboeuf (circa 1865), lab studies support a perceptual assimilation-contrast explanation for how the size of plates and bowls biases serving size perceptions. Next, studies at a breakfast cafeteria, buffet restaurant, and university reception demonstrate the plate-size consequences for overeating, food waste production, willingness-to-pay, and customer satisfaction. The broad, powerful, but often unacknowledged impact of the Delboeuf illusion suggests previously unnoticed implications for the welfare of both consumers and companies. 

Shortly after its introduction, “100 calorie packs” of snacks were heralded as one of the “10 Best Product Innovations of 2007” (Karaim 2007, p.15). These higher margin products represented a win-win way for food companies to profitably help consumers reduce how much they ate and still be satisfied. Shortly after the discovery that taller glassware can reduce overpouring, Smart Money claimed it represented a win-win way for restaurant and bar owners to profitably decrease alcohol costs while simultaneously helping consumers drink less alcohol yet remain satisfied (Parmar 2007, p. 31). As with the 100 calorie packs and taller glasses, there is a possibility that reducing the size of plates may have a referred win-win impact on consumer waistlines, food waste production, and company wallets.

Whereas we know that the shape of a glass can influence visual perceptions of volume (Raghubir and Krishna 1999), serving behavior, and consumption (Wansink and Van Ittersum 2003), such definitive findings have been allusive with respect to the size of dinnerware. Earlier investigations of plate-size induced biases have yielded mixed results (e.g., Rolls et al. 2007), often confounded with plate-size capacity (Rolls et al. 2002). Moreover, these past efforts have been criticized as both atheoretical and artificial (Ledikwe et al. 2005). In this paper, we examine an overlooked mechanism that possibly explains how the size of dinnerware influences both serving and consumption behavior. Such an understanding can stimulate ideas on how consumers can decrease overconsumption and how companies can reduce food waste (and costs), increase profitability, while maintaining or even improving customer satisfaction.

Nearly 150 years ago, Delboeuf (1865a) documented a puzzling perceived difference in the size of two identical circles when one of the circles was surrounded by a much larger circle and the other one was surrounded by a slightly larger circle. Although not thought to be of practical use (Delboeuf 1865b; Coren and Girgus 1978), we return to the Delboeuf illusion to examine three questions important to the welfare of consumers and food companies: 1) Can the Delboeuf illusion explain why and when the size of dinnerware influences serving size perceptions, serving behavior, and consumption? 2) How can the biasing influence of dinnerware size be reduced? 3) What specific implications are there for the welfare of consumers and companies? 
There are three unique contributions of this research. First, it introduces the Delboeuf illusion as a possible missing link between the size of dinnerware and biases in serving and consumption behavior. Second, it generalizes and extends earlier research by showing the effects of the Delboeuf illusion a) on serving and consumption behavior (versus estimations) b) involving dinnerware (versus small circles on paper), c) in natural environments (versus in a lab), d) where teenagers and adults (versus subject pool participants) serve and consume e) cereal, ice cream, and buffet food (versus small circles on paper). Third, it a) demonstrates how such biases can be reduced, and b) shows that the impact of dinnerware size goes beyond serving and consumption behavior; it also influences food waste production, willingness-to-pay, and customer satisfaction. 

This research is organized as follows. We begin by explaining how the Delboeuf illusion can explain why the size of dinnerware may bias serving and consumption behavior. We then present six studies. Studies 1a-b provide evidence for the assimilation-contrast mechanism that constitutes the Delboeuf illusion, showing the points at which overestimation and underestimation are most likely to occur when filling a bowl or plate. Studies 2a-c demonstrate that neither focused concentration nor education is sufficient to eliminate these perceptual biases. Consistent with this, Study 3 shows that larger bowls lead overweight teenagers, trained and motivated to monitor their consumption, to serve and consume 16% more cereal at a breakfast cafeteria, even though bowl size is negatively correlated with their serving size perceptions.
The final three studies in the paper focus on the managerial implications for food waste, willingness-to-pay, and customer satisfaction. Study 4 shows how plate size increases food waste (and food costs) at buffet restaurants, and Study 5 shows how it limits consumers’ willingness-to-pay (per serving size). Relevant to the depiction of food in ads and on packaging, Study 6 shows that the same plate filling that drives the assimilation-contrast biases also influences consumer perceptions of aesthetic pleasantness and normative appropriateness. 

The peril of plate size is that it may have a referred impact on serving behavior, food intake, food waste production, pricing, packaging, and customer satisfaction. If true, small changes in dinnerware could have an almost immediate influence. As an analogue, because of recent findings that taller glasses reduced the overpouring of alcohol, industry publications successfully encouraged many managers and bartenders to “choose taller barware” for both cost savings and consumer welfare (Parmar 2007). We conclude with implications toward how the findings in this paper could have a similar influence on the welfare of both consumers and companies. 

How Perceptual illusions Can INFLUENCE serving and INTAKE

Although recent diet books have recommended the use of smaller plates and bowls, most lab studies have either found no effect (Rolls et al. 2007) or effects that were confounded with the constrained capacity of the dinnerware examined (Rolls et al. 2002). One exception is a study where people given 34-ounce bowls served and ate nearly 24% more ice cream than those given 17-ounce bowls (Wansink et al. 2006). It remains largely unclear though what caused this. If a study were carelessly conducted, the most obvious explanation would be that it is driven by the capacity of the bowls––a bowl that is too small could not hold as much as a person would otherwise wish to serve. However, a pre-study indicated that the capacity of even a 17-ounce bowl exceeded the maximum amount served by over 70%. 

Nearly 150 years ago, Delboeuf (1865a) showed there was a peculiar perceived difference in size between two identical circles when one was surrounded by a much larger circle and the other one was surrounded by a slightly larger circle. It was not considered to be of practical use at the time (Delboeuf 1865b) or 100 years since (Coren and Girgus 1978). Nevertheless, it may offer the missing link between dinnerware size and biases in serving and consumption behavior. 
The Delboeuf Illusion

The Delboeuf illusion is illustrated in Figure 1a. Here the same-sized central circle (test circle) appears slightly smaller when surrounded by a much larger concentric circle (inducing circle) than when instead surrounded by a slightly larger concentric circle. A non-standard version of this illusion is presented in Figure 1b where the test circle on the right appears to have the same size as the test circle on the left––even though the right test circle actually is 20% larger.

	Insert Figure 1 about here


The Pool and Store Theory explains this illusion based on the size of the gap between the test and the inducing circle (Jaeger and Lorden 1980; Nicolas 1995). When the gap between both circles is small, individuals holistically pool and assimilate both circles in the short-term sensory store. This assimilation leads to the test circle being perceived as larger than it actually is (Ward and Lockhead 1970, 1971). In the context of Figure 1a, the left test circle should appear relatively larger and thus be overestimated (Girgus and Coren 1982).
When the gap between both circles is too large for individuals to holistically pool the circle information, they encode the information of each individual circle separately. To improve their ability to retrieve the individual circle information in later tasks, individuals emphasize the differences between both circles by contrasting them during the encoding process (Weintraub, Wilson, and Greene 1969). As a result, the test circle is being perceived as smaller than it actually is (Pollack 1964). In the context of Figure 1b, the right test circle should appear smaller than it actually is and thus be underestimated. 
While assimilation leads to overestimation of the size of the test circle, contrast results in underestimation of the size of that same circle (Goto et al. 2007; Hamada et al. 2002). The studies described here show that the maximum overestimation for dinnerware emerges when the ratio of the diameters of the serving size (test circle) and the plate (inducing circle) is close to 3:4, the maximum underestimation occurs when the diameter ratio of both is close to 1:4, and the average point of conversion (where there is no contrast or assimilation) is close to a diameter ratio of 1:2. When the diameter of the serving size becomes either very small or very large relative to the diameter of the plate, the illusory effect and corresponding estimation biases disappear (Ikeda and Obonai 1955). The relationship between underestimation and overserving (and vice versa) is illustrated in Figure 2.
	Insert Figure 2 about here


The Influence on Serving Size Perception, Serving Behavior, and Consumption

Our main contention is that the Delboeuf illusion biases a consumer’s ability to accurately determine how much food they need to serve to reach the target serving size they would typically serve and consume. Consider two consumers (A and B) who independently intend to serve themselves similar target serving sizes of cereal (see the bottom of Figure 2). Consumer A serves into a large bowl, while consumer B serves into a small bowl. The grey circle in Figure 2 represents the exact same target serving size both consumers would typically serve if no biasing influence existed.

We hypothesize that the larger gap between the edges of the serving size and the bowl stimulates consumer A to encode and contrast the circle information of the serving size and the bowl when envisioning the target serving size into the large bowl. Consequently, she will perceive the target serving size to be smaller than its actual size. To compensate, consumer A will overserve herself compared to her target serving size. 

The exact opposite is expected for consumer B. The smaller gap between the edges of the serving size and the bowl stimulates consumer B to holistically pool and assimilate the circle information of the serving size and the bowl. Therefore, he will perceive the target serving size to be larger than its actual size. To compensate, consumer B will serve himself less than the target serving size. If people eat in proportion to what they serve themselves, the combination of assimilation and contrast would lead them to serve more and consume more from larger bowls than smaller (unconstrained) bowls. 

Whereas the actual serving size is hypothesized to differ between those who serve themselves on smaller versus larger plates and bowls, the perceived serving size is hypothesized to be the same (consistent with the non-standard Delboeuf illusion in Figure 1b). As a result, we expect to find a gap between the actual and perceived serving size. This gap represents an underestimation of the actual serving size for consumers with larger bowls and plates and an overestimation for consumers with smaller bowls and plates. 

This possible mechanism will be directly examined in Studies 1a-b and indirectly examined in Studies 2a-c. In Studies 3-6, the consequences of such biases will be investigated across different contexts, different populations, and different outcome variables of interest to consumers and managers. 

STUDY 1

contrast and assimilation effects on 

Serving size PERCEPTIONS AND serving INTENTIONS

Study 1 investigates the assimilation-contrast mechanism that constitutes the Delboeuf illusion by asking participants to estimate and serve pre-specified target serving sizes onto larger and smaller bowls and plates. The study involved 217 students (53.5% female) from a large university, with an average age of 20.1 (range 18-26 years). The participants received partial course participation credit for their involvement in this study. 
Study 1a: The Perceived Serving Size of Cereal

Study 1a used a 2x3 within-subject design where participants estimated the diameters of three serving sizes of cereal (d = 7.4, 10.5, and 14.8 cm) that had been served in both of two different-sized bowls (d = 15.5 and 21.0 cm) having a depth of 4.4 cm. Participants were shown one bowl at a time, the presentation order was randomized, and no order effects were found. Their estimation bias (((estimated diameter – actual diameter)/actual diameter) x 100%) was used as a dependent variable.

In line with expectations, repeated measures ANOVA indicated that a person’s estimation bias was driven by the diameter ratio of the serving size and the bowl (F(2, 200) = 31.95, p < .01). A closer look at the individual biases suggests that the estimation biases are largely in line with the effects of contrast and assimilation respectively (see Figure 3). 
	Insert Figure 3 about here


Consistent with a contrast effect, participants tended to underestimate the diameter of the serving size when the diameter ratio of the serving size and the bowl was smaller than 1:2. The diameter of the serving size was underestimated by 23.1% for the smaller bowl (t(216) = -10.77, p < .01) and by 7.3% for the larger bowl (t(216) = -2.24, p < .01). Consistent with an assimilation effect, participants tended to overestimate the diameter of the serving size when the diameter ratio of the serving size and the bowl was larger than 1:2. The diameter of the serving size was overestimated by 17.2% for the smaller bowl (t(216) = 5.06, p < .01) and 17.4% for the larger bowl (t(216) = 4.79, p < .01). In line with expectations (Ikeda and Obonai 1955), we find no estimation biases at two points of conversion––when the diameter ratio of the serving size and the bowl is 1:2 and when it approaches 1:1. When the diameter ratio is 1:2, the estimation bias is an insignificant -3.4% (t(216) = -1.41, p > .10). When the diameter ratio approaches 1:1 (i.e., .95:1), the estimation bias is an insignificant 0.6% (t(216) = .23, p > .10). 

Study 1b: The Intended Serving Size of Cereal

While Study 1a focused on perceptions, Study 1b moves to serving intentions. Participants in a between-subjects design were randomly shown one of three target serving sizes of cereal (d = 6.5 cm, d = 10.5 cm, and d = 14.0 cm) and asked to draw a circle that exactly represented how much of the targeted cereal they would serve on either a smaller (d = 15.5 cm) or a larger paper plate (d = 21.0 cm), both having a depth of 1.65 cm. The diameters of the serving circles they drew were measured by calculating the average of two orthogonal diameter measures. The serving bias (((served diameter – target diameter)/target diameter) x 100%) is used as the dependent variable.

As expected, analyses of variance indicated that a person’s serving intention bias is driven by the diameter ratio of the target serving size and the bowl (F(2, 189) = 11.07, p < .01). A closer look at the individual biases suggests that the serving intention biases are consistent with the effects of contrast and assimilation respectively (see Figure 4). 

Consistent with a contrast effect, participants displayed a tendency to overserve themselves when the diameter ratio of the target serving size and the bowl was smaller than 1:2. Participants drew circles that were 15.0% larger than the diameter of the target serving size on the smaller plate (t(35) = 2.48, p < .05) and 8.3% larger circles on the larger plate––a directional, but insignificant serving intention bias (t(36) = .84, p > .10). Consistent with an assimilation effect, participants exhibited a tendency to underserve themselves when the diameter ratio of the target serving size and the bowl was larger than 1:2. Participants drew serving size circles that were 20.1% smaller than the diameter of the target serving size on the larger plate (t(36) = -10.29, p < .01) and 11.3% smaller circles on the smaller plate (t(35) = -3.60, p < .01). The serving intention bias was insignificant when the diameter ratio equaled 1:2 (10.0% ~ 0%; t(35) = 1.67, p > .05).
	Insert Figure 4 about here


Discussion of Study 1
In investigating serving size perceptions and serving intentions, Studies 1a-b demonstrated that the tendencies to under- and overestimate and –serve were largely consistent with the contrast and assimilation effects predicted by the Delboeuf illusion. Whereas prior research has exclusively focused on perceptual judgments of small objects (under 12 cm) drawn on pieces of paper in a context-free scenario (e.g., Girgus and Coren 1982; Roberts et al. 2005; Weintraub and Cooper 1972; Weintraub and Schneck 1986), Studies 1a-b (along with those that follow) focus on behavior involving larger objects (up to 30 cm), using different motor skills (serving), in the frequently occurring context of food consumption. 

With a limited number of observations, Studies 1a-b preliminarily suggest the points at which people may be at a higher risk for under- and overestimating and –serving (see Figure 5). Using the percentage bias as the y-variable and the diameter ratios of the serving sizes and bowls and plates as the x-variable, the best fit (R2 = .67) involved a three-degree polynomial function: y = -.022 + 2.54x – 7.19x2 + 4.71x3.  
	Insert Figure 5 about here


The average point of conversion takes place when the ratio of the diameters of the serving size and the bowl is about 1:2 (diameter ratio = 0.52), the maximum underestimation occurs at an average diameter ratio of about 1:4 (diameter ratio = 0.23), and the maximum overestimation emerges at an average diameter ratio of about 3:4 (diameter ratio = 0.77). In other words, when the diameter of the serving size is less than 50% of the diameter of the bowl or plate (but > 0%), people may be most likely to overserve themselves. Above the 50% fill level, people may be most likely to underserve themselves. Note that we found a significant estimation bias of 23.1% for the smaller bowl at a diameter ratio of .48 (Study 1a), which is close to our suggested conversion point of .52. As this point of conversion is based on few observations, we suggest that future research examines this in more detail.

We conclude that the Delboeuf illusion may have a persistent, consistent, and predictable impact on serving and consumption behavior. This suggests widespread implications for obesity and public health. It also triggers the question of whether the effects of the Delboeuf illusion can be reduced. To address this question, we next conducted a series of additional lab experiments to test the boundary effects of the Delboeuf illusion.

STUDY 2
Reducing the effects of the Delboeuf Illusion on 
SERVING BEHAVIOR

It has been suggested that perceptual biases caused by the Delboeuf illusion might be reduced through instructions or by voluntarily redirecting or restricting people’s attention (Coren and Girgus 1978). In the context of serving food, three possible solutions might involve: 1) encouraging focused concentration, 2) educating people about the Delboeuf illusion, and 3) altering the presentation order of the stimuli. Because focused concentration and presentation order are believed to have unique respective influences on contrast and assimilation effects, they will provide further evidence for the proposed assimilation-contrast mechanism that makes up the Delboeuf illusion. 

Study 2 involved 91 students (42.2% female) from a large university, with an average age of 21.6 (range 18-27 years). Each participant was involved in three substudies examining the three possible solutions of focused concentration, education, and altered presentation order. While the education study was the final study, the results are presented in this order for clarity. Covariates of age, sex, and weekly cereal consumption were included in all analyses along with a dummy indicating the (random) participation order of the first two sub-studies. 

Study 2a: Focused Concentration on the Stimuli
The strength of visual illusions can be reduced by focusing and concentrating on the stimuli involved (Coren and Girgus 1978). Concentrating on and thus processing the stimuli more intensively leads to a correction in illusory distortions. Yet, in the context of the Delboeuf illusion, the success of focused concentration may depend on the diameter ratio of the serving size and the plate. Specifically, focused concentration has been shown to reduce contrast effects associated with smaller diameter ratios, but it has a limited effect on assimilation effects associated with larger diameter ratios (Girgus and Coren 1982). This difference is driven by the encoding process that consumers only engage in when confronted with smaller as opposed to larger diameter ratios. Concentrating on the serving size and the plate during the encoding process reduces the need to contrast the circle information to improve individuals’ ability to retrieve the information in later tasks. 

In Study 2a, we varied the time participants were given to inspect the serving size and plate. All were shown a target serving size of cereal (d = 10.5 cm, 15 grams of cereal) and asked to draw a circle with the same diameter as the target serving size on a smaller (d = 17.0 cm) and larger plate (d = 26.4 cm) with an identical depth (1.75 cm). Half were asked to enter the station, take a quick look (two seconds or less), and draw the circle. The other half were asked to take one minute (using a one-minute timer) to inspect both stimuli and then draw the circle. The diameters of the serving circles they drew were calculated by averaging two orthogonal diameter measures. Repeated measures ANOVA was conducted, and no covariates influenced the results. 

As Figure 6 shows, focused concentration significantly reduces the effect of the Delboeuf illusion on serving behavior from a -11.2% + 8.3% = 19.5% serving bias to a -7.2% + 1.0% = 8.2% serving bias. Plate size influenced intended serving behavior, but less so after focused concentration (F(1, 85) = 16.27, p < .01). 

	Insert Figure 6 about here


Focused concentration on the serving size and plate appeared to reduce the tendency to underserve as a result of an assimilation effect associated with smaller plates (F(1, 85) = 4.71, p < .05). It also reduced the tendency to overserve as a result of a contrast effect that is associated with larger plates (F(1, 85) = 6.58, p < .05). In line with the Pool and Store Theory, we find that while the overserving bias (associated with a contrast effect) disappears (bias: 1.0% ( 0; t(46) = .56, p > .10), a significant underserving bias (associated with an assimilation effect) of 7.2% remains (t(46) = 5.61, p < .01). 

Study 2b: Education Regarding the Delboeuf Illusion 
Would education regarding the Delboeuf illusion eliminate the associated estimation and serving biases, or might it even magnify these biases as a result of an overreactive response (Martin et al. 1990)? In Study 2b, we asked participants to reproduce a target serving size of cereal (d = 10.5 cm, 15 grams of cereal) by drawing a circle with the same diameter on two plates, one of which had a diameter of 17.0 cm and one that had a diameter of 26.4 cm. The depth of the plates was identical (1.75 cm). Half of the participants were asked to do this without additional information. The other half was asked to do this after being verbally educated about the Delboeuf illusion and its effect on perceptions, estimations, and serving behavior. Repeated measures ANOVA was conducted, and no covariates influenced the results.

Education reduced the effect of the Delboeuf illusion on serving behavior from a 18.2% serving bias (from -10.6% to + 7.6%) to a 10.0% serving bias (from -5.7% to + 4.3%). Plate size influenced intended serving behavior, but less so among those educated about the illusion (F(1, 85) = 4.60, p < .05). Although education reduced both the serving biases associated with the contrast and the assimilation effect, it did not eliminate them.

	Insert Figure 7 about here


Study 2c: Presentation Order of Stimuli
Studies 2a-b examined how the contrast effects of the Delboeuf illusion may be reduced in a practical way. Study 2c offers a theoretical and more detailed investigation of whether assimilation versus contrast is occurring in this context of dinnerware.

Studies involving the Delboeuf illusion generally present the test and inducing circle simultaneously. Depending on the ratio of their diameters, this results in either a contrast or an assimilation effect. Interestingly, Ikeda and Obanai (1955) demonstrated that the assimilation effect associated with a simultaneous presentation of both circles can be reversed into a contrast effect when the circles are presented sequentially––one circle is presented to the individual, while the other is kept out of sight and presented some time later (the Usnadze illusion). The reason for this reversal is that by sequentially presenting the test and inducing circle individuals are unable to assimilate both circles. Instead, they will engage in an encoding process and contrast both circles to improve their ability to retrieve the information in later tasks (Coren and Girgus 1978). Whereas focused concentration reduced contrast effects in Study 2a, a sequential presentation is believed to reduce, and actually reverse assimilation effects in contrast effects. 

In Study 2c, the manner in which the target serving size and plate are presented is manipulated between subjects. Half of the participants viewed them simultaneously. The other half viewed them sequentially, seeing either the larger plate (26.4 cm) or the smaller plate (17.0 cm) first. After ten seconds of focused concentration on the plate size, the target serving size of cereal (d = 10.5 cm, 15 grams of cereal) was revealed to the participants by lifting a food cover. Next, all participants were asked to serve themselves the same amount on both a smaller and a larger plate (presented in different stations in the lab). The weights of all serving sizes were recorded. To test our hypotheses, repeated measures ANOVA was conducted. None of the covariates influenced the results. 

As expected, the effect of presenting the stimuli simultaneously versus sequentially depended on the size of plate (F(1, 85) = 6.86, p < .01). When the plate and target serving size were presented simultaneously, participants underserved themselves 1.82 grams of cereal on a smaller plate (-12.1% < 0; t(43) = 4.75, p < .01), while they significantly overserved themselves 1.73 grams of cereal on a larger plate (11.5% > 0; t(43) = 2.53, p < .01) (see Figure 8). In contrast, when the plate and target serving size were presented sequentially, participants overserved themselves 1.39 grams (9.3% > 0; t(46) = 2.27, p < .05) of cereal on a smaller plate and 1.92 grams (12.8% > 0; t(46) = 3.08, p < .01) of cereal on a larger plate. In line with the Pool and Store Theory, we find that the presentation order only appears to reverse an assimilation effect associated with smaller plates into a contrast effect (F(1, 85) = 18.72, p < .01). No effect is found for serving cereal on a larger plate (F(1, 85) = .08, p > .10). 

	Insert Figure 8 about here


Discussion of Study 2
Studies 2a-c demonstrate that focused concentration appears to reduce the contrast effect associated with larger plates while sequential presentation reduces the assimilation effect associated with smaller plates. These findings corroborate the results of Studies 1a-b by providing further support for the assimilation-contrast mechanism that constitutes the Delboeuf illusion.

Unfortunately, the results hold less promise for a behavioral solution to these biases. Both focused concentration and education reduced but did not eliminate these biases. Even more concerning, these influences would almost certainly be even weaker in the distracting circumstances of everyday life.

Considering the persistent effects of the Delboeuf illusion on both perceptions and serving behavior in the lab, we next examine its effects in naturalistic environments, focusing on the implications for both consumers and companies. The first two field studies examine the consequences of this illusion on food intake in a cafeteria and food waste production by buffet restaurants. The second two studies examine how this illusion influences willingness to pay and perceptions of aesthetic pleasantness and normative appropriateness. These latter findings have immediate implications for the pricing, packaging, and advertising of both restaurant food and packaged goods. 

STUDY 3

Consumer Waistlines: Biased Breakfasts in Camp Cafeterias

Study 3 moves this research to actual serving and consumption behavior in a naturalistic environment where an at-risk population of overweight teenagers served themselves in a breakfast cafeteria. The study involved 139 teenagers (48.2% male) who were involved in a six-week health and fitness camp. The campers ranged in age from 12-17 (with an average age of 15.1 years).

During the first week of camp, these teenagers had been taught about dieting, portion control, consumption monitoring, and nutrition through daily demonstrations and lectures. A questionnaire they answered upon arrival to the camp indicated that “losing weight” was one of the primary goals for attending the camp (after “having fun” and “meeting new friends”). Therefore, the group was motivated to lose weight as well as trained to monitor how much they consumed. 

Method

Upon entering the cafeteria line for breakfast one morning, participants were randomly given either a smaller or larger (d = 15.2 cm vs. d = 30.5 cm), identically shaped bowl, both having a depth of 5.1 cm. Because participants arrived at staggered times, this could be done without them noticing that they had received a different-sized bowl than other participants. To avoid artificial ceiling effects, both bowls were large enough so that neither would be filled to capacity.

On their way out of the line (and out of sight of others entering the line), those who had selected cereal as one of their breakfast items were asked how much cereal they thought they had served. Because campers had greater familiarity with estimating ounces than grams, they answered this question in ounces, which were subsequently translated into grams for consistency with the other studies. They were next asked how hungry they were (1 = not hungry; 9 = very hungry) and how many times in a week they typically eat cereal. As they were being asked these questions, their cereal was weighed prior to milk being added. None of the campers served themselves more than 85.1 grams of cereal, which was well below the total capacity of the bowls. Upon completion of their breakfast, it was found that all but three of the campers (98%) finished their cereal, and this percentage did not significantly vary between the two conditions (χ2 = 0.44, p > .10).

Results and Discussion

To test our hypotheses, ANOVAs were conducted, with age, sex, hunger, and weekly cereal consumption frequency included as covariates. None of the covariates influenced the actual amount of cereal served and consumed. Consistent with expectations, there was a significant interaction (F(1, 133) = 34.06, p < .01). Participants given larger bowls served and consumed 16% more cereal than those given smaller bowls (49.05 vs. 42.24 grams; F(1, 133) = 17.67, p < .05). Interestingly, participants with smaller bowls actually perceived themselves as having served 7.7% more than those who received a larger bowl (40.54 vs. 43.66 grams; F(1, 133) = 7.68, p < .05). So, while participants served and consumed more cereal from larger bowls than from smaller bowls, they perceived the opposite to be true (see Figure 9). Indeed, although the size of the bowl positively correlates with their serving size (( = .33, p < .05), it negatively correlates with their perceptions of how much they had served (( = -.15, p < .05).
 Those given larger bowls served and consumed more than they perceived (49.05 vs. 40.54 grams; F(1, 62) = 6.50, p < .01). Those given smaller bowls served and consumed relatively less than they perceived (42.24 vs. 43.66 grams; F(1, 67) = 4.48, p < .05). Of those given larger bowls, 76.1% underestimated how much they served, while 72.2% of those given smaller bowls overestimated how much they served (χ2 = 25.48, p < .01). Given that these teenagers were motivated and trained to monitor their consumption behavior, these results probably reflect a conservative test of our hypotheses.
	Insert Figure 9 about here


Whereas Delboeuf (1865b) argued that the illusion influences people of all ages, he only examined an age range of 20-80 years (Nicolas 1995). We have shown that teenagers 12-17 are also susceptible to the effects of the Delboeuf illusion, something that has not been shown before. There are two important qualities of these particular participants: 1) they were an at-risk population, and 2) they had been carefully trained to estimate and monitor their consumption. Early work by Schachter and Rodin (1974) proposed that overweight individuals would be more prone to being influenced by cues than normal-weight individuals. Yet, most work since then has failed to find a notable difference in cue-proneness between overweight and normal-weight individuals. Indeed, we found comparable results when replicating this study among a group of 49 normal-weight adults (37 male, average age 40 years) attending a jazz improvisation camp in western Massachusetts. The adults who were given larger bowls served and consumed 32.8% more cereal than those given smaller bowls, even though no differences in perceived serving size were found.

Study 3 involved a special population of teenage participants. These teenagers had been taught portion control, calorie estimation, and they were motivated to be careful with how much they served themselves to avoid overconsumption and minimize food waste production. Most people, in most environments, would be less trained, less motivated, and less concerned with food waste production. As a result, we hypothesize that when given a larger plate, most people will be inclined to serve more, consume more, and waste more than when given a smaller plate. In cafeterias, all-you-can-eat restaurants, and for instance buffets, this would have immediate consequences for both the welfare of consumers and the profitability of the restaurant.

STUDY 4
Food Waste: Biased dinners in all-you-can-eat Chinese buffets

We demonstrated that larger bowls and plates stimulate people to serve and consequently consume more food. However, the larger serving sizes could also result in more food waste as people may serve themselves more than they end up being able or willing to consume. The USDA estimates that over 25% of America’s food (25.9 million tons) is wasted annually. Besides the financial loss this wasted food represents, disposing of it costs another estimated $1 billion dollar each year. Reducing food waste yields economic and environmental benefits.
 For individual restaurateurs––especially those operating all-you-can-eat buffets––reducing food waste (by not having people overfill their plates) may also improve their bottom-line. With the costs of food representing an average of 28% of operating costs and with average profit margins of 4 to 6%, a reduction in food waste may actually have a substantial impact on their profitability (Donohue and Stensson 2008).

To determine the effect of plate size on food waste production, we conducted an IRB-approved natural field experiment in four Chinese restaurants with all-you-can-eat buffets, located in New York and Pennsylvania. Of the 43 unsuspecting diners who were unobtrusively observed by one of multiple trained observers, 22 were female (51%) with an estimated average age of 40.7 years (range 18-80 years). Diners took an average of 2.7 trips to the buffet (min = 1, max = 5, median = 3) and had the option to select either a smaller (d = 21.0 cm) or a larger plate (d = 26.5 cm). 

Method

The dinner-time behavior of the randomly selected diners was observed the entire time they were in the restaurant. Participants were unobtrusively observed as they selected and filled their plate. Using age, weight, and height benchmarks, trained observers who were unaware of the research objectives noted the sex, age, weight, height, and the plate size the participants selected. Using a series of visual reference standards, they next estimated the degree of plate filling (%) for each visit to the buffet. Each time diners returned to the buffet, the observers estimated the amount of food left on the plate (as a percentage of plate surface).
 This was facilitated by wait staff who insisted diners use a clean plate when returning to the buffet. The fill levels and waste levels were averaged across trips and then translated into a serving size measure based on the size of the plate.

Eighteen participants selected the smaller plate and 25 selected the larger plate. Self-selection biases were marginal. There were no differences in the sex (61.1% vs. 40.0%; χ2(1) = 1.87, p = .22), estimated age (37.7 vs. 42.8; F(1, 41) = 1.20, p = .28), Body Mass index (BMI) (26.1 vs. 28.5; F(1, 41) = 1.82, p = .19), or number of trips (2.8 vs. 2.6; F(1, 41) = .38, p = .54). These variables, along with variables for the restaurants and observers, were included as covariates when testing the effect of plate size on food waste.

Results and Discussion
Diners who selected the larger plate served themselves 52.0% more total food than those who selected the smaller plate (1,216.9 vs. 800.5 cm2; F(1, 35) = 32.7, p < .01). In addition to serving themselves 52.0% more food, they also consumed 45.1% more food than people with smaller plates (1,072.5 vs. 739.1 cm2; F(1, 35) = 11.9, p < .01). 

As predicted, these large plates also led to more food waste. While those with larger plates served and ate more, they also wasted 135.2% more food than those with smaller plates (144.4 vs. 61.4 cm2; F(1, 35) = 9.0, p < .01). Diners with larger plates not only wasted more in an absolute sense, they also wasted relatively more. While both diners wasted a significant percentage of the food they served, diners with larger plates wasted 14.4% of all the food they served themselves, compared to 7.9% among diners with smaller plates (F(1,35) = 6.4, p < .05). Figure 10 shows how the perils of large plates involve not only people’s waistlines, but also food waste production. 
	Insert Figure 10 about here


From a restaurant’s perspective, Study 4 shows that even the procurement decision of plates could have a dramatic influence on food cost. Smaller plates reduce how much people serve and how much they waste. If people waste less of the food they serve themselves, it will likely lead them to serve less on subsequent visits. In this way, smaller plates lead to two types of cost savings: a) smaller initial servings, and b) less food waste, which may lead to even smaller subsequent servings. Since the earlier studies indicated that consumers are generally unaware of serving and consuming less from smaller dinnerware, this reduction in food cost (and increase in profitability) might be achieved without diminished customer satisfaction. 

This basic finding might also have a key implication for pricing. If consumers are indeed unaware of serving themselves more on larger plates and bowls, they may underestimate the value they are receiving. In the hospitality industry this may have important implications for company wallets. Study 5 examines how much people value the increased serving sizes of food they serve themselves due to larger dinnerware. 

Study 5

wallet: they serve more, they eat more, But will they pay more?

If we are unaware of serving ourselves more food on larger dinnerware, will it influence our willingness-to-pay and our perceptions of price fairness? To examine this, we organized an IRB-approved reception for 85 faculty, graduate students, and staff members (27 male) of the Department of Nutritional Science of a large university. These nutrition experts received an e-mail invitation to attend the gathering to celebrate the promotion of a colleague.

Method

The study involved a between-subjects design. Participants were blind to the conditions. Upon individually entering the ice cream line, they were randomly given either a smaller (17 oz) or a larger (34 oz) ice cream bowl. To avoid artificial ceiling effects, both bowls were large enough so that neither would be filled to capacity. Because participants individually helped themselves to the available ice cream in the cafeteria line, they were unaware that others had been given different-sized bowls. 
On their way out of the line, participants were handed a survey that asked them to estimate how much they believed they had served (in ounces), what they considered a fair price for that serving size of ice cream, what the maximum price is they would be willing to pay for that serving size of ice cream, and what the maximum price is they were willing to pay for that serving size of ice cream if they had instead been at the premium ice cream franchise Ben & Jerry’s. Furthermore, participants were asked to respond to statements regarding their perceptions of the taste and quality of the ice cream on a 9-point scale (1 = strongly disagree; 9 = strongly agree). These included statements about the ice cream being extremely tasty, high quality, really good, and so on. Because nobody served themselves more than 10 oz of ice cream, it was concluded that there was no confounding problem with the capacity of the bowl. It was visually noted that all but three people finished their ice cream. The serving sizes of ice cream were analyzed with a one-way analysis of variance that used bowl size as a between-subjects factor and included sex and spoon size (see footnote) as covariates.

Results and Discussion 

In generalizing our previous results, participants served themselves 23.7% more ice cream in the larger versus the smaller bowl (6.25 vs. 4.77 oz; F(1, 81) = 8.39, p = .01), even though there were no differences in the perceived serving size of ice cream (8.39 vs. 8.95 oz; F(1, 81) = .63, p = .71). This lack of awareness detrimentally influenced how much they valued the extra ice cream they served themselves in the larger bowl (see Table 1). Although they served themselves 23.7% more, there was no difference in the price they thought would be fair to pay ($1.99 vs. $1.89; F(1, 81) = .38, p = .54), nor in the maximum price they would be willing to pay ($2.21 vs. $2.23; F(1, 81) = .00, p = .95). Last, they also indicated that even if they were at Ben & Jerry’s, they would not be willing to pay a significant amount more for the larger bowl containing 23.7% more ice cream ($2.85 vs. $2.56; F(1, 81) = 1.10, p = .30). 

We conclude that consumers serving themselves ice cream in bigger bowls are not only unaware of the extra amount of ice cream they serve and consume, they also have little or no financial appreciation for it. In this ice cream study, the food costs of using the larger versus the smaller bowls are nearly 25% higher. However, customers can probably not be charged more for a larger bowl without running the risk of reducing customer satisfaction. Even differences in perceptions of quality cannot justify raising the price of using larger bowls. Their larger serving sizes did not change their taste perceptions (see Table 1).

	Insert Table 1 about here


We have demonstrated that the Delboeuf illusion influences serving size perceptions, serving behavior, and consumption in the context of people serving their own food. Yet, food is generally presented to consumers prior to them serving themselves. It may be displayed in a restaurant, on the front of a package, in a print ad, or in a commercial. To begin extending this research beyond serving and consumption behavior, we conducted one final study to examine how plate-fill levels might affect consumer perceptions of aesthetic pleasantness and normative appropriateness. If so, the results may provide guidance to package designers and advertisers, among others. 

STUDY 6
How full should the plate be?

To investigate consumer perceptions of different fill levels, we conducted a study that involved 219 students (116 male) from a large university, who ranged in age from 18 to 28 with an average age of 20. The participants received partial course participation credit for their involvement in this study. 

Method

To examine if plate-fill levels influence consumer perceptions, all participants were shown three sets of six bowls (d = 21.0 cm) filled with different serving sizes of cereal. Each set of six bowls used different types of cereal (Cheerios, Corn Pops, Cornflakes). The serving sizes of cereal filled the bowls such that the ratios between the diameters of the serving sizes and the bowls were 1:4, 1:3, 1:2, 2:3, 3:4, and 1:1 (completely full). The sets were presented to participants independently (in three different lab rooms), sequentially, and in a random order. All bowls within a set were presented to participants simultaneously, while the order was randomized. 

For each set, consumers were asked to identify the bowl with the fill level that was 1) the most aesthetically pleasing, 2) the most normatively appropriate, and 3) the amount the participant would normally serve him- or herself ( their personal norm). Because there was no effect for the type of cereal used, we analyzed and report the results in the aggregate.

Results and Discussion
Figure 11 shows that significant relationships exist between the fill levels and perceptions of how aesthetically pleasing ((2(5) = 496.25, p < .05), normatively appropriate ((2(5) = 636.61, p < .05), and personally relevant ((2(5) = 578.13, p < .05) the different fill levels were perceived to be. 

We find that a serving size of cereal representing 3:4 of the diameter of the bowl dominates the fill levels with respect to perceived aesthetic pleasantness (43.5%)––the percentage of participants favoring this fill level is significantly higher than any of the other fill levels (p < .05). Similarly, the same tendency holds for the extent to which the 3:4 fill level matched a participant’s personal norms. The percentage of participants indicating that the 3:4 fill level is closest to their personal norms is significantly higher than for any of the other fill levels (p < .05). Finally, a majority of participants (44.6%) perceives the 2:3 fill level to represent the most normatively appropriate amount of cereal in this bowl, which is significantly higher (p < .05) than the 36.7% of participants who perceive the 3:4 fill level to be most appropriate. These findings may have implications for those working in the hospitality, health care, and marketing (packaging design and advertising) professions. 

	Insert Figure 11 about here


GENERAL DISCUSSION

The common expression “My eyes were bigger than my stomach” generally indicates that people had difficulty finishing the food they had served themselves. In reality, this phenomenon may have less to do with the size of their eyes than with the size of their dinnerware. 

For nearly 150 years, the Delboeuf illusion has been regarded as robust, but of little practical value (Coren and Girgus 1978). In the context of serving behavior, however, it takes on an undiscovered dimension of everyday importance. The studies reported here show how the illusion biases serving size perceptions, serving behavior, and consumption because of contrast and assimilation effects that constitute the Delboeuf illusion. Contrast effects explain why consumers tend to underestimate serving sizes, overserve, and overconsume when using larger bowls and plates; assimilation effects explain why they tend to overestimate serving sizes, underserve, and underconsume when using smaller bowls and plates.

Unfortunately, while concentration and education were shown to reduce these biases, they are unable eliminate them. These robust lab findings next were proven to have widespread implications for the waistlines of teenagers eating in a breakfast cafeteria, food waste production in buffet restaurants, and the willingness-to-pay of nutrition experts at an ice cream social. Lastly, we demonstrate that the same plate filling that drives the assimilation-contrast biases also influences consumer perceptions of aesthetic pleasantness and normative appropriateness. 

We conclude that 1) the Delboeuf illusion offers an explanation as to why and when the size of dinnerware influences serving size perceptions, serving behavior, and consumption, 2) the biasing influence of the size of dinnerware can be reduced by vigilance and education, but they are difficult to eliminate, and 3) the biasing influences of the size of dinnerware have implications for consumer waistlines, food waste production, and company wallets. 

Implications

Many wish to influence a consumer’s food intake. Those in the hospitality industry want to decrease costs (via serving size) without decreasing customer satisfaction. Those in public policy want to decrease waste. Those in health and dietetics fields want to decrease overconsumption. Those on restricted diets want to decrease caloric, fat, or sugar intake. 

Contrary to claims that the Delboeuf illusion is robust, but of little practical value (Coren and Girgus 1978), it provides an explanation for why the size of dinnerware can bias serving size perceptions, and consequently impact waistlines, food waste, profitability, and even perceptions of aesthetic pleasantness and normative appropriateness. As Table 2 demonstrates, this broad range of effects suggests widespread implications for consumers, non-profit food service managers, and public policy officers as well as for managers working in the hospitality and the packaged goods industry. We discuss selected implications in the following sections. 

	Insert Table 2 about here


Consumer-related Implications

It is often assumed that education and vigilance are effective tools to combat obesity by eliminating overconsumption. In the context of dinnerware-size induced biases, the results presented here are less sanguine. Educating people and stimulating them to be vigilant may temporarily reduce their biases, but our results also suggest that this mitigating effect erodes as people gradually reacclimate to their habitual behavior. For instance, even among trained and motivated people––such as the vigilantly dieting campers in Study 3––the natural visual tendency is to still be biased. In similar illusory contexts, even practice trials and immediate reminders were unable to erase visual biases (Wansink and Van Ittersum 2005).

The best approach to reducing or eliminating the perils of large plates and bowls is not through education and training. Instead, it may be best to simply encourage people to replace larger bowls and plates with smaller ones. As B. F. Skinner’s work suggested, it is often easier to change one’s environment than to change one’s mind. Education would be useful in persuading consumers to replace their dinnerware, but much less useful in otherwise helping them repeatedly resist this bias.

Smaller Plates and Satisfied Hunger. The recommendation to replace larger with smaller dinnerware is not driven by the simplified premise that smaller dinnerware merely holds less food. Replacing larger by smaller dinnerware has a dual influence: 1) it reduces the contrast effects that stimulate overserving and overconsumption, and 2) it increases the assimilation effects that stimulate underserving and underconsumption. Because consumers are unaware of these dinnerware-size induced biases, the reduction in serving size will go largely unnoticed as a result of which the satisfaction level with how much they served or ate will remain unchanged.

The lack of awareness also enables dieters, parents, and other nutritional gatekeepers to use smaller plates to restrict the amount of less healthy foods that is eaten without generating feelings of deprivation. In addition to helping control food consumption, smaller dinnerware also may reduce household food waste. Moreover, it could even occasionally help a parent stretch leftovers or manage the perception that there is plenty to eat when an unexpected guest arrives for dinner.

Larger Plate Solutions for Better Nutrition. Whereas much of this discussion has focused on controlling or limiting consumption, there are circumstances––with the undernourished young and old––where there is a desire to stimulate increased consumption of healthy foods. For instance, a parent may want his or her child to eat more hot cereal and a dietician may want nursing home patients to consume more stew or applesauce in the cafeteria. In these cases, larger bowls and plates are likely to encourage more consumption than the smaller ones that might be currently used. Note that under these circumstances the added capacity of the larger dinnerware is immaterial. The increased size, however, does help induce a serving bias that unknowingly stimulates people to serve more than they otherwise would have. Just as nutritional gatekeepers can use the size of dinnerware to help manage how much those in their care eat, dieters can use a similar strategy on themselves. As a general rule-of-thumb, the size of dinnerware should vary proportional to the healthfulness of what is being consumed––small plates for entrees and large plates for salads.

Plate Size May Bias Public Policies and Programs. Our findings on the effects of the size of plates and bowls on serving size perceptions also have key implications for sensory and nutrition studies, which track food intake to the nearest tenth of a gram. Accurately understanding serving sizes and daily intake of food is critical to policy decisions related to food stamps (Supplemental Nutrition Assistance Program – SNAP), the National School Lunch Program, and the Women, Infants, and Children (WIC) program, among many others. 

Currently the primary food intake instrument of the government is the U.S. Department of Agriculture’s NHANES survey, which uses self-reported measures of serving size. The serving size estimation instructions, given to the 42,000 households who are involved in each year’s survey, ask participants to report absolute serving sizes (i.e., volume estimates), ignoring biases that the size of dinnerware might lead them to make. By not accounting for the sizes of the bowls and plates used in each individual household, these self-reports erode the precision of these measurements and they reduce the ability to make comparisons across studies. Even more concerning, some of these self-reported measures of food intake may be systematically biased, which actually may have detrimental consequences. For instance, the food intake estimates for children may be inflated because children are more likely to eat from smaller bowls and plates. Likewise, systematic food-specific biases may be reported as certain foods are more likely to be consumed from smaller or larger bowls and plates. 

When perceptual estimates of food intake are being made––as they are with many food diary panels and recall studies––both sensory and nutritional research should make an effort to account for bowl and plate size. This could be done by simply asking a participant to measure the diameters of their relevant plates and bowls, which then can be used to possibly correct self-reported estimates and for instance as covariates in the relevant analyses of intake. A more intrusive step for longitudinal benchmark studies, or for smaller-scale calibration, would be to standardize the dinnerware that is used.

Managerial Implications

Because plate size––including the size of the trays used to sell frozen single-serve foods––influences perceptions, behavior, and satisfaction, it has far-reaching relevance for managers of restaurants, food services, and packaged goods (see Table 2). Yet these implications need to be balanced with considerations toward competition and a growing consumer concern for better nutrition and reasonable portion sizes (Young and Nestle 2002). In the hospitality industry, for example, a basic recommendation would be that providing customers with smaller dinnerware is likely to help control consumption, decrease food waste, and raise profitability. Despite the appeal of such a straightforward suggestion, a far-sighted manager would also consider the resulting impact on food costs, nutrition, customer satisfaction, and perceptions of value.

Cutting Food Costs and Food Waste. When a fixed price is being charged for food––such as at all-you-can-eat buffets and fixed-price restaurants––there are two ways managers can minimize costs. First, managers can encourage greater intake of low-cost foods and lesser intake of high-cost foods. That is, if pizza is more expensive to produce than salad, a manager would want to encourage customers to eat more salad and less pizza. This can be encouraged by the size of plates that are placed next to these items. Whereas many all-you-can-eat buffets (such as Pizza Hut) have smaller plates near the salad and larger plates near the pizza, switching the plates would be a win-win action that would decrease food costs and increase the healthfulness of the total amount of food that is being served and eaten. 

A second cost-saving strategy for these managers is to reduce the amount of food people serve themselves but do not eat. Food waste is a deceptively large contributor to food costs for both buffet restaurants and fixed-price cafeterias. Replacing larger with smaller plates reduces food waste because people serve themselves less and eat a higher percentage of what they serve. In general, smaller plates would lead to two types of cost savings: a) smaller initial servings, and b) less food waste, which may lead to even smaller subsequent servings. 

Nudging a Healthier Meal. In addition to saving food costs, the strategic placement of dinnerware can be used to subtly direct or nudge people to serve and eat more of some foods than others. Food service managers of school lunch programs and health care facilities may consider providing larger dinnerware near the more healthy food items of a buffet, while providing smaller dinnerware near the less healthy items. 
In some food services––such as health care facilities and many cafeterias––foods are pre-served a la cart on separate plates. A health-oriented manager could vary the size of plates in proportion to the healthfulness of the food item––serving greater amounts of healthy foods on larger dinnerware and smaller amounts of less healthy foods on smaller dinnerware. The resulting illusion may increase consumption of the healthy food by making it look like relatively less food, while maintaining satisfaction with the reduced quantity of the less healthy food.
Pricing by the Plate. There has been a gradual super-sizing of restaurant portions sizes over the past 25 years (Young and Nestle 2002). The managerial assumption is that people want more food for their dollar. In contrast, a consumer’s determination of value may be based more on visual perception than economic reason. Study 5 suggests that when these super-sized portions are put onto larger plates and into larger bowls, people do not recognize it as being more food and therefore do not value the bonus amount. Serving super-sized portions may produce more waste than profitability.

Providing consumers with greater quantities of food may be less valued than managers believe. Using smaller plates and smaller portions leave consumers with a similar perception of value. Making such a change and dropping the price may actually enhance perceptions of value, as consumers perceive that they receive the same amount of food as before at a lower price. This strategy could be promoted to new segments of price-conscious or calorie-conscious consumers.

From white table-cloth restaurants to ice-cream franchises, it is worth considering whether the use of smaller dinnerware might result in perceptions of greater value compared to using larger dinnerware. Whereas aesthetics are a consideration, even our initial examination of consumer perceptions of aesthetic pleasantness suggests that replacing larger by smaller dinnerware would be a conservative change for the better.

When Is The Plate Too Full? With pre-served food, the fill level of pre-served bowls and plates influences a consumer’s perceptions of aesthetic pleasantness and normative appropriateness. To increase perceptions of aesthetic pleasantness, restaurateurs could adjust the size of dinnerware (or portion sizes), so that the diameter of the pre-served food represents 3:4 of the diameter of the dinnerware. If there are practical considerations, the results of Study 6 suggest it may be best to err on the lower fill levels (between 3:4 and 1:2), since going beyond a fill level of 3:4 has diminishing returns to perceptions of value. Similarly, dropping below a 1:2 fill level reduces the perception of value. 
Aesthetically, the plate-fill level of pre-served foods is also relevant in product design, packaging design, and advertising. Advertisers and package designers need to balance the ratio of the diameter of the serving size and the diameter of the plate, bowl, container, or for instance tray (e.g., microwavable dish in a frozen package) to accommodate perceptions of aesthetic pleasantness and perhaps normative appropriateness. An online search of American frozen food packages indicates that most depict full plates as the norm. While full plates may connote value, they tend to be perceived as less aesthetically pleasant and normatively inappropriate. This might be of particular concern for packaged food products positioned on weight control. Furthermore, advertising full plates may also result in dissatisfaction if customers transfer the food to larger dinnerware. Of most concern to public health, however, is that the depiction of these full––even overflowing––plates may also create undesirable high consumption norms. These norms lead us to consume more than is needed to satisfy our hunger (Wansink 2006).

A brief survey of the frozen food aisle in American grocery stores shows that most manufacturers sell frozen (single-serving) dinners in deep trays with small footprints. As with small footprint plates, small footprint trays provide little contrast to the food. While this might make people believe they are getting a good deal, if they were to transfer the food to larger dinnerware, they may experience dissatisfaction. Our results further suggest that consumers will not perceive this exaggerated fill level as aesthetically pleasant. 

One recommendation is to present frozen dinners on shallower trays that maintain a 3:4 tray footprint. At this ratio, both the serving size estimation bias and perceptions of aesthetic pleasantness will be near their peak. For manufacturers of diet foods, a better strategy would be to focus on a 2:3 diameter ratio––the one that is perceived as most normatively appropriate. This ratio for diet frozen dinners on shallower trays will add to the illusion of healthy portion sizes.

Limitations and Future Research
One issue with perceptual biases is that they appear hardwired to the point of generally being nonconscious (Folkes and Matta 2004). Because of this, it is difficult to pinpoint the underlying process that causes dinnerware size to bias serving size perceptions, serving behavior, and consumption. While lab research can continue to develop and experiment with relevant process measures, this must be balanced with the risk of obtrusiveness and artificiality, which appear to have biased previous studies (e.g., Rolls et al. 2007). To examine the influence of perceptual biases in naturalistic environments, we chose to minimize obtrusiveness. 

The reasons behind basic behaviors are often difficult to access. To better understand how consumers believe they serve themselves, we conducted in-depth interviews with a subset of study participants. The resulting insights led us to assume that when people serve themselves a food, they first determine how much they need to serve into the bowl or plate to reach a target serving size. Focusing on the diameter as opposed to the height of the serving size (cf., Krider, Raghubir, and Krishna 2001), they then serve themselves and continue to do so until they believe they reached their target serving size. It has generally been shown that the amount a person consumes would be in proportion to how much they serve themselves. Indeed, past studies suggest that people will generally consume an average of around 92% of what they serve themselves (Wansink 2006, p. 59). The results of our studies confirm this.

Interestingly, while the effect sizes in these studies are large, not everyone is influenced to the same degree. For instance, while Study 3 showed that 76% of the consumers receiving a larger bowl underestimated how much they served, 24% did not. From an individual difference perspective, it is not clear whether this is a stationery trait or whether it might be explained by one’s thinking style. If related to thinking style (such as need for cognition or contextual independence), there may be additional interventions that hold promise for reducing the bias.

Conclusion

We eat off of plates and out of bowls without thinking how their size proportionately influences how much we serve and eat. Yet the basic implications this has for waistlines, food waste, and wallets are of substantial importance to managers, policy makers, health professionals, and consumers. 


The solution to our tendency to overeat from larger plates and bowls is not simply education. In the midst of hard-wired perceptual biases, a more straightforward action would be to simply eliminate large dinnerware––replace larger bowls and plates with smaller ones. It may be much easier to change our personal environment than to change our mind. 
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Table 1
Consumers’ Financial Appreciation for the Amount of Ice Cream 
Self-Served in Larger versus Smaller Bowls


[image: image1.emf]   Large   bowl   (n=39)  Small    bowl   (n=46)  F - value    (1, 81)   ( p - value)   Actual amount served (oz.)  6.25   (2.64)  4.77    (1.94)  8.39   (.01)   Perceived amount served (oz.)  8.39    (4.32)  8.95    (6.33)  .63    (.71)        Most fair price ($)  $1.99   (.82)  $1.89   (.92)  .38    (.5 4)   Maximum willingness - to - pay ($)  $2.21   (.86)  $2.23   (1.09)  .00    (.95)   Maximum willingness - to - pay if    at Ben & Jerry’s ($)  $2.85   (1.36)  $2.56   (.96)  1.10    (.30)        The ice cream is extremely tasty  a  5.64   (2.16)  5.52   (2.28)  .07   (.80)   The ice cream is of  high quality  a  5.51    (1.78)  5.20   (2.12)  .54    (.46)   The ice cream tastes really good  a  6.23   (2.11)  5.71    (2.24)  1.19   (.28)   The ice cream tastes like Ben & Jerry’s  a  4.76    (1.89)  4.63    (2.21)  .11   (.74)   a  1= Strongly D isagree, 9= Strongly A gree   Sex  and spoo n - size included as covariate s  


Table 2

Implications for waist, waste, and wallet

[image: image2.emf]Stakeholders  Context  Objectives  Implications   Parents and Nutritional  Gatekeepers  Stretch  f ood  b udget   Increase  i ntake of  h ealthy  f oods   Decrease  i ntake of  l ess  h ealthy  f oods  • Str etch leftovers by serving them o n smaller  plates  to make them appe ar more plentiful .   •  Smaller plates can help perceptually stretch food for unexpected dinner guests.   • Serve healthier food on larger plates to encourage greater intake.     • Serve less healthy food on smaller plates to reduce intake while maintaining satisf action .       Consumers  Dieters  Decrease  f ood  i ntake   Decrease  i ntake of  l ess  h ealthy  f oods  • Use the larger dinner plate for the salad, and the smaller salad plate for the entrée.    • Serve indulgent foods from smaller serving bowls to make them appear more plentiful .   School Lunch Programs  Increase  i ntake of  h ealthy  f oods   Decrease  i ntake of  l ess  h ealthy  f oods  • Serve healthier food s  on larger plates to encourage  a  greater  percentage of  intake.     • Serve less healthy food on smaller plates  to reduce intake while maintaining satisfaction .   N on - Profit  Food Service  Managers  Hospitals and Assisted  Living Facilities  Increase  f ood  i ntake   Increase  i ntake of  h ealthy  f oods  • Use larger plates to make the  (healthy)  serving s  appear smaller,  thereby leading to a higher  percentage of i ntake than might be otherwise normal.     Restaurant s  Increase  customer s atisfaction   Increase  p erceived  v alue   Increase  s ales  and   r epatronage  • A  3:4  full plate is most aesthetically pleasing in  most  conventional restaurants .  O verfilling has  diminishing returns to perceptions of value.   • Overfull plates  might  decrease the likelihood of additional purchases, such as desserts.       Hospitality  Industry  Managers  All - You - Can - Eat  Cafeterias  Reduce  w aste   Reduce  f ood  c osts  • Smaller plates  lead to less food being take n and less food being wasted, reducing food costs.    • Put larger plates by the  food items  with the  lower food costs (higher margins) .   Frozen (Single - Serving)  Food s  Increase consumer preference   Increase  p erceived  v alue   Increase  purchase likelihood    •  Avoid  large trays with small amounts of food.   It does not look aesthetically pleasing , nor does  it communicate  high - value.     • To maintain tray footprint without increasing the amount of food, make the trays  more  shallow.   •  Filling th e trays above a   3:4 ratio  appears wasted.     Diet Food s  Manage consumer expectations   Increase purchase likelihood   Encourage  appropriate c onsumption  n orms  • Do not exaggerate the food :dish ratio  on the package . It does not fit aesthetic norms, nor would  it  appear consistent with a dieter’s objective of intake regulation.   • Stay below the  3:4 fill level, closer to 2:3 fill level , since  dieters may be seeking  appropriateness  more  than value.             Packaged Good  Managers  Advertising  and  Package Design  Increase consumer preference   Increas e purchase likelihood   Increase  customer s atisfaction   Encourage  a ppropriate  c onsumption  n orms  • Depict food portions in the manner appropriate for positioning.   Full plates may connote value,  but they risk looking inappropriate and may suggest to o  large of a  consumption norm.     • Less full plates are perceived as more pleasant  (3:4 ratio)  and may be more appropriate  (2:3  ratio)  for diet foods or for indulgent treats.   •  Advertising   a  full plate may lead to disconfirmation if a larger plate is used by a consumer .   Food Assistance  Programs and Special  Nutrition Programs   Encourage  appropriate c onsumption  n orms      •  The USDA’s Special Nutrition Programs  ( including  WIC, EFNEP,  and SNAP ) should provide  normative suggestions that plate size  vary in proportion to healthfulness of the food.   • Smaller plates can be procured for Federal facilities instead of larger ones.   • Federal surveys of food intake (such as the NHANES survey) should take plate size in to  account when estimating the consumpti on volume of food in day - after recalls.         Public Policy  Officials    Research  Collect precise food intake data    •  A ccount for  dinnerware  size in food diary panels  and food intake surveys.   •  Start  longitudinal benchmark studies  with  standardize d  dinnerware .    



Figure 1A
Standard Delboeuf Illusion
[image: image11.wmf]0.6%

ns

-23.1%

**

17.2%

**

17.4%

**

-3.4%

ns

-7.3%

**

-30.0%

-20.0%

-10.0%

0.0%

10.0%

20.0%

30.0%

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Small bowl (d = 15.5 cm)

Large bowl (d = 21.0 cm)


Figure 1B
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non-Standard Delboeuf Illusion
Figure 2
Estimation and serving biases Vary with 

the ratio of the diameter of the serving size and the diameter of the plate or bowl
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Figure 3
THE PERCEIVED serving size OF CEREAL
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* p < .05, ** p < .01

Figure 4
THE INTENDED SERVING size OF CEREAL
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* p < .05, ** p < .01

Figure 5

THE COUNTERACTING ESTIMATION BIAS AND SERVING BIAS OF CEREAL

 (results from Studies 1a-1B)


   




Figure 6
focused concentration reduces SERVING BIASES for smaller plates and eliminates serving biases for larger plates
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* p < .05, ** p < .01
Figure 7
education Regarding the Delboeuf illusion

reduces BUT DOES NOT ELIMINATE SERVING BIASES
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* p < .05, ** p < .01
Figure 8
the sequential presentation of stimuli reverses serving biases for smaller plates but not for larger plates 
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* p < .05, ** p < .01
FIGURE 9
 the perceived and actual serving size of cereal 

served by TEENAGERS AT a breakfast cafeteria

FIGURE 10
 LARGER PLATES result in MORE FOOD BEING served, consumed, and wasted in all-you-can-eat CHINESE buffets



* p < .05, ** p < .01
Figure 11
HOW FILL LEVEL INFLUENCES aesthetic Pleasantness, normative Appropriateness, and Personal Norms (Across Three Cereals)
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Ratio of the diameter of the serving size and the diameter of the bowl or plate
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� Food waste also produces methane, a more potent greenhouse gas than CO2. Furthermore, the U.N. World Food Programme estimates that the U.S. food surplus alone could satisfy every empty stomach in Africa (Oliver 2007).


� As observers are also susceptible to the effects of the Delboeuf illusion when estimating the plate fill and waste levels, they were extensively trained to minimize the effects. In addition, they were provided a visual code sheet that showed various fill levels of plates. We account for the different observers in the analyses.


� A portion of these data, the actual and perceived volumes served, were published by Wansink et al. (2006). In that paper, the authors also examine the manipulated effect of spoon size. Additional analyses revealed that spoon size only had a main effect on the amount of ice cream served (no interaction between bowl and spoon size). As this variable is outside the scope of this research, we account for it with a covariate variable. The price- and taste related data that we focus on here (such as measures of willingness-to-pay, price fairness, and taste evaluation) have not before been published.
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