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ABSTRACT

Laboratory studies of human dietary choice have relied on computerized two-dimensional
(2D) images as stimuli, whereas in everyday life, consumers make decisions in the context
of real foods that have actual caloric content and afford grasping and consumption.
Surprisingly, few studies have compared whether real foods are valued more than 2D
images of foods, and in the studies that have, differences in the stimuli and testing
conditions could have resulted in inflated bids for the real foods. Moreover, although the
caloric content of food images has been shown to influence valuation, no studies to date
have investigated whether ‘real food exposure effects’ on valuation reflect greater
sensitivity to the caloric content of real foods versus images. Here, we compared
willingness-to-pay (WTP) for, and expectations about satiety after consuming, everyday
snack foods that were displayed as real foods versus 2D images. Critically, our 2D images
were matched closely to the real foods for size, background, illumination, and apparent
distance, and trial presentation and stimulus timing were identical across conditions. We
used linear mixed effects modeling to determine whether effects of display format were
modulated by food preference and the caloric content of the foods. Compared to food
images, observers were willing to pay 6.62% more for (Experiment 1) and believed that
they would feel more satiated after consuming (Experiment 2), foods displayed as real
objects. Moreover, these effects appeared to be consistent across food preference, caloric
content, as well as observers’ estimates of caloric content. Together, our results confirm
that consumers’ perception and valuation of everyday foods is influenced by the format in
which they are displayed. Our findings raise questions about whether images are suitable
proxies for real objects in understanding human decision-making in real-world contexts and

highlight avenues for improving public health approaches to diet and obesity.
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1 INTRODUCTION

Obesity contributes significantly to the global burden of disease and increases
the risk of heart disease, Type Il diabetes and cancer (Bean, Stewart, & Olbrisch,
2008; Brownell & Gold, 2012; Klein et al., 2007; Wellman & Friedberg, 2002;
Zhang & Wang, 2004). The alarming increase in obesity over the last three
decades has been linked to the availability, accessibility and affordability of
inexpensive, energy-dense snack foods (Afshin et al., 2017; Drewnowski &
Darmon, 2005). Although a large body of research has documented the various
visual properties of foods (such as their color, size, shape, and number) that can
influence appetite and consumption (Imram, 1999; Wadhera & Capaldi-Phillips,
2014), recent research efforts have focused on understanding the underlying
cognitive and neural systems that regulate decision-making and dietary choice
(Rangel, 2013; Schultz, 2000). In turn, research outcomes in this domain have
formed the foundation for public health initiatives aimed at curbing rising obesity
rates. Unfortunately, however, these initiatives appear to have met with little to no
measurable success (Drewnowski & Darmon, 2005; Imram, 1999; Marteau,

Hollands, & Fletcher, 2012; Neal, Wood, & Quinn, 2006).

One potential reason for inconsistencies between laboratory studies of human

decision-making versus the behavior of consumers in the real-world, is that the
types of stimuli used in the laboratory do not reflect those consumers typically

encounter when they make daily dietary choices (Camerer & Mobbs, 2017;

Ledoux, Nguyen, Bakos-Block, & Bordnick, 2013; Medic et al., 2016). In the



laboratory, observers are typically required to make decisions about two-
dimensional (2D) images of foods that are displayed on a computer monitor
(Beaver et al., 2006; Bode, Bennett, Stahl, & Murawski, 2014; Hare, O'Doherty,
Camerer, Schultz, & Rangel, 2008; Plassmann, O'Doherty, & Rangel, 2010;
Polania, Krajbich, Grueschow, & Ruff; Rangel, 2013; Tang, Fellows, & Dagher,
2014). In the real-world, however, consumers typically make dietary decisions in

the presence of real foods, such as at the fridge, cafeteria, or supermarket.

Real foods differ from their images in a number of respects that could have a
critical influence on behavior and neural responses. Perhaps most importantly,
real foods (but not their images) have actual caloric content. At a more
fundamental level, when viewed with two eyes, real objects have a definite
distance, location, and size relative to the observer, whereas for 2D
computerized images only the distance to the computer monitor is known. When
real objects are perceived to be within reach, they activate dorsal brain networks
involved in reaching and grasping, in humans (Gallivan, Cavina-Pratesi, &
Culham, 2009; Gallivan, McLean, & Culham, 2011) and monkeys (Iriki, Tanaka, &
Iwamura, 1996; Mountcastle, Lynch, Georgopoulos, Sakata, & Acuna, 1975).
Similar dorsal motor networks have been shown to be engaged when laboratory
animals are confronted with real food rewards (Bruni, Giorgetti, Bonini, &
Fogassi, 2015; Platt & Glimcher, 1999; Schultz, Tremblay, & Hollerman, 2000;
Sugrue, Corrado, & Newsome, 2004; Volkow, Wang, & Baler, 2011). Although

image interaction is becoming increasingly common in the modern world,



humans have presumably evolved to perceive and grasp real objects and to
consume real foods, not images (Cisek & Kalaska, 2010; Heft, 2013). Moreover,
the size of food images in most human decision-making studies has not matched
the typical real-world size of the foods, possibly making portion size ambiguous.
Although three-dimensional (3D) stereoscopic images more closely approximate
the visual appearance, distance, and size of their real-world counterparts, it is the
case that only real objects afford genuine physical interaction and have actual
caloric content. Indeed, the physical presence of a food may be a powerful
trigger for automatic Pavlovian (Bushong, King, Camerer, & Rangel, 2010;
Pavlov, 2010; Rangel, 2013) and habit-based (Lally, van Jaarsveld, Potts, &
Wardle, 2010; Neal et al., 2006) decision control systems that may place little if
any weight on the long-term health consequences of poor food choices. It is
possible, therefore, that studying responses to artificial displays has left important
gaps in our understanding of the mechanisms that drive naturalistic decision-

making, with detrimental flow-on effects for public health programs and policy.

The extent to which stimulus format influences decision-making has received
surprisingly little systematic investigation. Classic early studies conducted at
Stanford University by Walter Mischel and colleagues (Mischel, Ebbesen, &
Zeiss, 1972; Mischel & Moore, 1973) showed that display format can have a
dramatic influence on decision-making behavior in young children. In an initial
study, Mischel et al. (1972) measured how long preschool children were able to

wait alone in a room for the chance to consume a preferred food reward (i.e., a



sweet biscuit). During the delay period, the children sat at a table facing either
the preferred (but delayed) reward, a less preferred reward (e.g., a pretzel) that
was immediately available, both food rewards, or neither reward. The authors
found that if the snack foods were absent from view during the waiting period, the
children were able to wait longer for the delayed (preferred) reward than if the
snacks were in view. However, in a subsequent follow-up experiment, Mischel
and Moore (1973) found that preschool children were able to wait for a preferred
delayed reward when the stimuli were displayed as realistic color images (rather
than real foods) during the delay period. The authors concluded that real foods
have a more powerful influence on young children’s behavior than abstract
representations, and they speculated as to whether real food displays would

have a less pronounced influence on adult behavior (Mischel & Moore, 1973).

Only a few studies have examined whether the format in which a stimulus is
displayed influences valuation in adults (Bushong et al., 2010; Gross, Woelbert,
& Strobel, 2015; Muller, 2013). In the first of these studies, Bushong et al. (2010)
measured college-aged students’ ‘willingness-to-pay’ (WTP) for a range of
appetitive (i.e., desirable) snack foods using a Becker DeGroot Marschak (BDM)
bidding task (Becker, DeGroot, & Marschak, 1963). In the main experiment,
participants were divided into three separate groups; one group viewed text
descriptors of the snacks (e.g., “Snickers bar”), another group viewed the foods
in the form of high-resolution colored photographs and the remaining participants

viewed the stimuli as real snack foods. Students who viewed the real snacks bid



61% more for the foods than those who viewed the same items as images or text
displays —a phenomenon the authors termed the ‘real-exposure effect’ (Bushong
et al., 2010). The effect was equally apparent for strongly- and weakly-preferred
items. A similar result (albeit a less dramatic 41% increase in WTP) was
observed in a follow-up experiment in which students bid on trinkets, instead of
snack foods. However, several aspects of Bushong et al. (2010) methodology
could have resulted in inflated bids for the real objects. Participants in the text
and photograph conditions were tested in parallel in groups of 6-12 at a time,
whereas participants in the real object condition were tested one-on-one with the
experimenter. The visual appearance of the stimuli and timing of events were
also not closely matched across the different viewing conditions. Interestingly, a
follow-up experiment revealed that bids for real foods were lower when
participants viewed the items behind a transparent barrier that prevented ‘in-the-
moment’ access to the foods. However, because parallel bids were not collected
from the same observers in the context of image displays (or for real foods
without the barrier), it is not possible to determine whether the bid values in the
barrier study reflect an effect of display format or a-priori differences in the
subjects’ bids for the foods. Muller (2013) showed a 31% increase in observers’
willingness-to-buy foods and objects when the stimuli were displayed as real
exemplars versus colored photos. However, Muller’s (2013) images were not
matched to the real objects, and the magnitude of the ‘real-exposure effect’ was
lower than that reported by Bushong et al. (2010), even though participants were

allowed to touch the stimuli during their study —a manipulation that might



otherwise have been expected to amplify valuation for the real objects. Finally,
using a monetary bidding task similar to Bushong et al. (2010), Gross et al.
(2015) reported that WTP for real snack foods was reduced when participants
wore a heavy wrist-band at the time of decision-making, compared to when no
weights were worn. The effect of weight on value judgments was not observed in
a separate group of participants who were exposed to the same weight
manipulation, but viewed text displays of the items. Critically, however, the
authors did not examine WTP for pictures of the foods. A number of studies
indicate that words, which do not have visual properties that indicate
manipulability (like pictures), are processed and represented differently to images
of objects (Azizian, Watson, Parvaz, & Squires, 2006; Pezdek, Roman, &
Sobolik, 1986; Salmon, Matheson, & McMullen, 2014; Schlochtermeier et al.,
2013; Seifert, 1997), and may therefore not be expected to show ‘action-’, or

‘effort-related’ effects on valuation.

Finally, as outlined above, one fundamental difference between real foods and
their images (as well as between real foods and other types of real objects and
artifacts) is that real foods have actual caloric content. Recent behavioral and
neuroimaging evidence suggests that valuation increases with caloric density.
Using colored images of foods as stimuli, Tang et al. (2014) reported recently
that monetary bids for snack foods, as well as neural activity in the ventromedial
prefrontal cortex (a brain area involved in computing the value of potential

outcomes at the time of choice (Camerer & Mobbs, 2017; Hare et al., 2008;



Rangel, 2013), correlated positively with the depicted foods’ caloric density.
Surprisingly, however, in Tang et al. (2014) study, observers were poor at
estimating the caloric content of the food images and bids did not correlate with
observers’ own estimates of the caloric content of the food images. These results
raise the intriguing question of whether valuation of real foods might be
influenced more by caloric content than 2D images that do not have inherent
energy value. If the mechanism for real food exposure effects reflects a
sensitivity to the energy content of a food (for example via additional visual,
olfactory or auditory cues), and if valuation increases with caloric content (Tang
et al., 2014), then we should observe an interaction between display format and

measures of caloric richness.

Here, across two experiments, we examined whether the value applied to a food
and expectations about satiety after consuming foods, differ as a function of the
format in which foods are displayed, as well as their caloric content. In
Experiment 1 we measured hungry observers’ WTP for real foods versus high-
resolution colored images of the same foods using a BDM task, based on that of
(Bushong et al., 2010). Unlike previous studies, we used a within-subjects design
in which stimulus timing and environmental conditions were identical for the real
object and image displays. Our real object and image stimuli were matched
closely for apparent size, distance, viewpoint, and background, and the order of
trials in each display format was randomized throughout the experiment.

Corresponding ratings were collected from observers with respect to their



familiarity and preference for each food, as well as the perceived caloric content
of the foods. Importantly, given the nested structure of the data, we used linear
mixed effects modeling to evaluate the extent to which display format,
preference, caloric content, and estimated calories, influenced WTP. We
predicted that monetary bids for the real foods would be greater than their
images, even after powerful effects of preference were accounted for in the
model. We were particularly interested in whether valuation of the real foods and
images would depend on the energy-richness of the foods, as measured either
by actual or perceived caloric content. Given that it may be difficult or unnatural
to think about food in terms of calories, Experiment 2 examined whether display

format influences expectations about how satiating foods would be to consume.

2 EXPERIMENT 1
2.1 Method

2.1.2 Participants

Thirty undergraduate students at the University of Nevada, Reno (16 female,
Mean age = 22.14, SD = 5.32) participated in Experiment 1 in exchange for
course credit, or $10 payment. Participants also received an allowance of $3 that
they could use to bid on the snack foods. Individuals were excluded if they had a
history of eating disorders or food-related diseases, dieted in the past year, had
any dietary restrictions (such as being vegetarian or vegan), were pregnant, or

disliked commercial snack foods. All participants provided informed consent and



the experimental protocols were approved by the University of Nevada, Reno

Social, Behavioral, and Educational Institutional Review Board.

2.1.3 Stimuli and Apparatus

We compared responses to everyday snacks that were presented either as real
foods or high-resolution colored computerized 2D images. We selected 60
popular snack foods (e.g., Cheetos, Snickers bar, M&Ms) that ranged in caloric
density (total calories per serving/ total grams per serving) from 0.18 to 6.07. The
foods were displayed on white paper plates with both the package and some of
the food visible (Bushong et al., 2010). The plates were presented on a custom-
built manually-operated turn-table (Figure 1A). The turntable, which was 2 m in
diameter, was divided into 20 sectors (62 cm depth x 26 cm width), each
separated by 24cm vertical dividers. Stimuli on the turntable were viewed through
a large 59 cm x 23 cm rectangular aperture, within a 152.5 cm x 127.5 cm
vertical partition that was mounted between the subject and the turntable. The
viewing aperture prevented more than one stimulus on the turntable from being
visible on each trial, but did not interfere with observers’ manual access to the

foods.
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Figure 1: Experimental apparatus and stimuli. (A) Aerial schematic showing display setup.
The stimuli in Experiment 1 were 60 different everyday appetitive snack foods. Half of the snacks
were presented to observers as real objects, and the remainder as high-resolution colored 2D
computerized images. The real foods and images were presented to observers on a custom-built
turntable apparatus. On real food trials, one shack food was visible to the observer on a sector of
the turntable. On image trials, the stimuli were displayed on an LCD computer monitor. The
monitor, which was mounted to a sliding track behind the viewing aperture, was positioned in
front of the turntable on image trials, and retracted to the side of the viewing aperture on real
object trials. Observers sat ~50cm from the turntable and all stimuli were within reaching
distance. The experimenter, who stood out of participants’ view behind a curtain, controlled
manually the stimulus order and display format on upcoming trials. Trial timing and stimulus
duration were controlled on all trials using PLATO liquid crystal occlusion spectacles. (B) The
images (shown right) were matched closely to the real-foods (shown left) for apparent size,
distance, viewpoint, and background.
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We generated computerized images of the 60 snack foods by photographing
each real food item on the turntable. The stimuli were photographed using a
Canon Rebel T2i DSLR camera with constant F-stop and shutter speed. The
camera was mounted on a tripod, which was positioned at the approximate
height and distance of the participant when looking at the objects from straight
ahead. Image size was fine-tuned using Adobe Photoshop so that the resulting
displays matched closely the real objects for size, apparent distance, viewing
angle, and background (see Figure 1B). The food images were displayed to
participants on a 27” Acer G276HL LCD computer monitor. The monitor was
attached to a horizontal sliding track behind the vertical partition. Using the
sliding track, the monitor could be moved rapidly in-between the viewing aperture
and the turntable, thereby displaying the images (but not the real foods) on
image trials (Figure 1B, left panel). The same monitor was used to display the
rating scales that participants used to enter their responses on all trials. A black
curtain was mounted beside the turntable to prevent participants from seeing the
experimenter. A Dell T1700 Intel i7 CPU running Microsoft Windows 7 was
positioned behind the curtain, to display to the experimenter information about
the food identity and display format on upcoming trials. Stimulus viewing time in
both the real object and image conditions were controlled using PLATO liquid
crystal occlusion glasses (Milgram, 1987) that alternate between opaque (closed)

and transparent (open) states.
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Figure 2: Experimental design. (A) Timeline of the experiment. (B) Trial sequence for the
Liking-rating, Familiarity-rating, and Bidding Tasks. For the Liking-rating Task, observers viewed
an image of each snack food for 3 s, and then rated how much they liked the food item on a scale
of -7 (strongly disliked) to +7 (strongly liked). In the Familiarity-rating task, observers viewed each
food item (3 s) and then rated how familiar they were with the food, on a scale from 0 (not
familiar) to 3 (very familiar). Observers entered their ratings by moving an analogue bid bar with a
computer mouse. The order in which the Liking and Familiarity Tasks were completed was
counterbalanced across observers. Next, participants completed a Bidding Task, in which they
indicated their willingness-to-pay (WTP) for the chance to eat the food item after the experiment.
On each trial, the PLATO spectacles opened (transparent state) revealing the stimulus (either a
real food on the turntable, or an image of a food on the monitor) for 3 s. The PLATO spectacles
then closed (opaque state) for a 3s inter-trial interval (ITl). The spectacles then re-opened to
reveal the computer monitor displaying an analogue bid bar. Observers entered a bid (between
$0 to $3) for the food, before continuing to the next trial. Trials were separated by a 5 s ITI
(spectacles closed). After the main bidding task, we conducted a Food Auction to determine
whether or the participant purchased a food item, and its price. All participants waited in the

laboratory for 30 mins after the experiment, regardless of the outcome of the auction.
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2.1.4 Procedure

Participants were asked to refrain from eating three hours prior to the start of the
experiment. All testing sessions were conducted in the afternoon between the
hours of 1:00 - 7:00 pm. Upon arrival, participants completed a questionnaire to
indicate the time at which they had last consumed any food or beverage, how
hungry they were (10-point Likert scale), if they were on a diet (Y/N), and how
much they enjoyed eating snack foods (10-point Likert scale). All participants

were tested individually, one-on-one with the experimenter.

The experiment consisted of four main phases: a Liking-rating task, a Familiarity-
rating task, a Bidding task, and a Food Auction (Figure 2A). Participants
completed the Familiarity-rating and Liking-rating tasks first, before the main
Bidding task and Food Auction. After these four phases were complete,
participants completed a paper-and-pencil Caloric Estimation task. For the caloric
estimation task, which was completed during the final waiting period, observers
made judgments about how many calories they believed were in each of the 60
food items presented during the main experiment. Stimuli for the Caloric
Estimation task were presented to observers in the form of text prompts (e.g.,

“Snickers bar”).

2.1.4.1 Liking and Familiarity Rating Tasks:
We measured each participants’ likingness for each food item to determine the

extent to which food preference influenced bid values (Bushong et al., 2010;
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Gross et al., 2015; Mduller, 2013). On each trial, a high-resolution color
photograph of a food item was presented for 3 sec, followed by a rating scale
(Figure 2B). During the Liking-rating task, participants were asked “How much
do you like ....?", on a scale of -7 to 7, with zero denoting indifference.
Additionally, we included a control task to verify that our sample was comprised
of everyday familiar snack foods. In the Familiarity rating task, participants were
asked to rate “How familiar are you with ....?”, on a scale of O (not very familiar)
to 3 (very familiar). In both tasks, responses were entered by clicking with a
computer mouse on a sliding analogue bid bar positioned below the text. An
integer, corresponding to the desired bid amount, was displayed in a black box
below the scale. Trials were self-paced and each trial was initiated via a
computer mouse click. The order of stimulus presentation within the Familiarity-
and Liking-rating tasks was randomized, and the order of tasks was

counterbalanced across observers.

2.1.4.2 Bidding Task:

The main experimental task was a BDM bidding task (Becker et al., 1963). The
BDM, which is used frequently in studies of decision-making (Bushong et al.,
2010; Gross et al., 2015; Johnson, Haubl, & Keinan, 2007; Plassmann et al.,
2010), resembles a real-world buying scenario in which a consumer estimates
how much money they are willing to pay to purchase a food. At the beginning of
the experiment, participants were informed that they would be given an

allowance of $3 that they could use to purchase common sweet and salty snack
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foods displayed during the study. Participants were instructed that they would
need to wait in the lab for 30 mins after completing the experiment, regardless of
whether or not they purchased a snack. If they purchased a snack food during
the study they would be allowed to eat it during the waiting period; no other foods
were allowed. Together with the requirement that participants refrain from eating
prior to the experiment, these manipulations are typically used in incentivized
decision experiments to limit the influence of market prices on bids (since an
observer could purchase the same foods with their experimental allowance after
the experiment) (Bushong et al., 2010; Gross et al., 2015; Plassmann et al.,

2010).

During the Bidding task, participants saw each of the 60 snack foods once, either
as a real food or an image. The order in which trials in each display format were
presented was randomized within and between observers. White noise was
played in the testing room throughout the experiment to mask any sounds
generated by the monitor or turntable. Trials in the Bidding task began with the
PLATO glasses closed (opaque state). The glasses opened (transparent state) to
reveal the food stimulus for 3 sec. On ‘real object’ trials, the monitor was
retracted behind the viewing aperture and the real food was visible on the
turntable. On image trials, the computer monitor was positioned within the
viewing aperture and the food stimulus was displayed on the monitor (Figure

1B).
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The LCD glasses then returned to the closed state for a 3 sec inter-stimulus
interval (ISI), during which the experimenter ensured that the monitor was
positioned within the viewing aperture. The glasses then re-opened and the
participant was prompted, via a text display on the monitor, to rate “How much do
you bid for ...?”, on a scale from $0 to $3. Bids were entered by clicking with a
mouse on the analogue bid bar, as described above. Once a bid was entered,
the glasses closed for a ~5 sec inter-trial interval (ITI) in which the experimenter
positioned the stimulus for the upcoming trial within the viewing aperture. The
upcoming trial was initiated by the experimenter. Participants completed 3

practice trials before starting the main Bidding task.

2.1.4.3 Food Auction:

After the Bidding task was completed, we conducted a Food Auction. A computer
was programmed to select randomly one of the 60 food items shown in the study,
along with a random number between $0 - $3, in $0.25c increments. If the
participants’ bid was equal to or greater than the computer-generated number,
the participant would ‘win’ the item and pay a price equal to the computer’s bid
from their $3 allowance. If the participant’s bid was below the computer-
generated number, they could not purchase the item, and would keep their $3.
For example, if a participant bid $2.30 for an item, and the computer-generated
number was $2.25, the participant would purchase the item for $2.25.
Participants were advised to refrain from basing their bids on expected retail

prices, but rather to construct their bids based on how much they wanted to pay
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to eat the item at the end of the auction. Participants were informed that the
optimal strategy under these conditions was to bid the maximum that they were
willing to pay for each food item. This is because the selected bid amount could
only influence the chance to purchase the food, but not the selling price.
Importantly, to ensure that participants believed that they were spending their
own money on the foods (as they would be in real-world purchasing situations),
they were advised that any money from the $3 allowance not spent during the
study, was theirs to keep (Becker et al., 1963). The entire experiment took ~ 2.5

hours to complete, not including set-up time.

2.1.5 Data Analysis

We were primarily interested in examining the extent to which Display Format
influenced WTP in the main Bidding task, and whether any such effects of
Display Format were modulated by observers’ preference for the foods as
measured by Liking ratings, the actual Caloric Density of the foods, or the
estimated number of calories (Estimated Calories) in the foods. Because the data
were nested within participants (i.e., each participant contributed responses for
real objects and 2D images), it is not appropriate to analyze the data using
correlation or regression approaches, both of which assume independence
among observations (Snijders, 2011). Therefore, we employed a linear mixed-
effects model in which the dependent variable was participants’ bid values for
each food item, and Display Format, Liking ratings, Caloric Density, and

Estimated Calories were entered as fixed effects in the model, using the
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restricted maximum likelihood estimation method. The model also included
random effects of Participants to account for the variability among responses
within each observer. We conducted preliminary t-tests and correlation analyses
to compare mean bids versus retail values of the foods using Matlab and SPSS
(MathWorks, 1996; SPSS, 2011). The linear mixed effects modeling analysis and
estimation of effect size (Cohen’s d) was conducted using SPSS. In line with the
assumptions of linear mixed effects modeling (Faraway, 2016), we confirmed that
the residuals of the model (i.e., Bids from Experiment 1, and Heaviness Ratings

from Experiment 2) were normally distributed.

2.2 Results

Two participants bid incorrectly during the main bidding task. Due to an
experimenter error, the first participant enrolled in the study received incomplete
task instructions and no practice trials; the observer placed $0.00 bids on 35% of
trials and near-zero responses on all remaining trials. The other participant bid
$0.00 bids on 90% of trials (despite high Likingness ratings for all items).
Consequently, the data from both observers were excluded from further analysis.
Mean ratings of the snack foods on the Familiarity rating scale were high (M =
2.43, SD = 0.88), confirming that participants were very familiar with the stimuli
included in the study. Because the Familiarity rating task served as a control to
ensure that participants recognized all of the food stimuli, these data were not
entered into the main modelling analysis. The mean bid for the snacks was $1.14

(SD = .36), which was significantly greater than their typical retail value ($0.94,
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SD =.57; t(59) = 2.51, p =.015). There was no correlation between bids and retail
value for either the real foods (r(58) = 0.055, p = 0.674) or their 2D images (r(58)

=-0.012 , p = 0.930).

For the linear mixed effects modeling analysis, we first tested the main effects of
the four independent variables (Display Format, Caloric Density, Estimated
Calories, and Liking ratings) on WTP. The results indicated that bids were
influenced by all four independent variables. First, consistent with the findings of
previous studies using image displays (Bushong et al., 2010; Hare et al., 2008;
Plassmann et al., 2010), there was a strong main effect of Liking on the amount
observers bid for the snack foods (F(1, 1655) = 1803.69, p < 0.001). Examination
of the slope indicated that observers were predicted to increase their bid by
$0.15 on average for one unit increase in Liking-rating, f = 0.15,t(1655) =
42.47,p < 0.001; d = 8.03. There was also a significant main effect of Caloric
Density (F(1, 1649) = 6.87, p < 0.01) on WTP. Slope estimates indicated that
bids increased by $0.024 on average per one unit increase in caloric density, f =
0.024,t(1649) = 2.62,p < 0.01;d = 0.50. Unlike Tang et al, (2014), however, the
main effect of Estimated Calories was also significant (F(1, 1672) = 6.88, p <
0.01), indicating that participants’ own estimations of the number of calories in
the foods influenced their bid values. The slope estimation indicated that
participants were predicted to increase their bid by $0.009 on average for one
unit increase in estimated calories, g = 0.009,t(1671) = 2.62,p < 0.01;d = 0.50.

Critically, however, controlling for the effects of Liking, Caloric Density and
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Estimated Calories on bids, there was also a significant main effect of Display
Format (F(1, 1645) = 7.99, p < 0.01, d = 0.53), in which average bid for real foods
(M =$%1.16, SD = 0.89) was higher than that of images (M = $1.09, SD = 0.87),
an increase in WTP of 6.62%. The effect of Display Format was strikingly

consistent across observers, with 20 out of 28 participants showing the predicted

effect.
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Figure 3: Scatter plots, with lines of best fit, show a strong positive association between WTP
and Likingness ratings, as well as a main effect of Display Format in which bids for real foods
were greater than matched food images. Mean bid values ($) for the foods are displayed
separately for the real foods (red) and 2D images (blue). Each data point represents the group

average bid for each food item, separately for foods in each display format.
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Next, we examined whether the effect of Display Format varied as a function of
Liking Ratings, Caloric Density, or Estimated Calories, by searching for two-way
interactions between Display Format and each of these factors, respectively, in
the linear mixed effects model. For illustrative purposes, Figure 3 shows mean
bids for each snack food item plotted as a function of Liking ratings, separately
for foods that were displayed as real objects (shown in red) or 2D images (shown
in blue). As is evident from Figure 3, the effect of Display Format on bids was
constant across Liking ratings (F(1, 1644) = 0.025, p = 0.88). Similarly, neither
the interaction between Display Format and Caloric Density (F(1, 1643) = 2.54, p
=0.11) (Figure 4), nor the interaction between Display Format and Estimated
Calories (F(1,1643) = 0.11, p = 0.74), was significant. We then compared the
model that included only the main effects of the four independent variables,
versus a model that included the four main effects and their two-way interactions
(Display Format x Caloric Density; Display Format x Estimated Calories), based
on the maximum likelihood estimation method. This analysis revealed no
significant difference between the two models (¥*(2)=2.43, p =0.30), further
confirming the absence of two-way interactions in the previous analyses. Tests of
other higher-order models revealed no 3-way or 4-way interactions between any

of the factors (Fs < 1.46, ps = 0.23).

Finally, a follow-up analysis using Estimated Calories as the dependent variable,
and Liking, Caloric Density, and Display Format, as independent variables (with

Participants as the random factor), revealed a significant main effect of actual



Caloric Density on Estimated Calories (F (1, 1649) = 129.64, p < 0.001), but no

main effects of either Liking or Display Format (Fs < 1.46, ps = 0.23).
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Figure 4: Scatter plots, with lines of best fit, show a positive association between WTP and

Caloric Density, as well as a main effect of Display Format in which bids for real foods were
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greater than food images. Mean bid values ($) for the foods are displayed separately for the real

foods (red) and 2D images (blue). Each data point represents a group average for each snack

food (labeled above).

3 EXPERIMENT 2

The results of Experiment 1 confirm that the format in which snack foods are

displayed has a significant influence on willingness-to-pay. Monetary bids for real
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foods were significantly greater than bids for matched 2D images of the same
foods. The effect of display format was constant across preference ratings (i.e.,
equally apparent for preferred and non-preferred foods), as well as across actual
caloric density, and observers’ estimates of the number of calories in the foods. It
could be the case, however, that most individuals are not accustomed to thinking
about foods in terms of numbers of calories. This leaves open the question of
whether the effect of display format on valuation may be more heavily influenced
by the energy-richness of the foods if observers are asked to make more intuitive
judgements about foods, such as their effect on satiety —the feeling of being full.
Given that the primary aim of Experiment 1 was to examine whether effects of
display format on valuation, as reported by Bushong et al., (2010), are apparent
under tightly-controlled experimental conditions, we did not modify the bidding
procedure. However, it could be the case that caloric estimates were not
influenced by display format because participants made their estimates of caloric
content after the main study in response to text prompts, rather than while they
were viewing the stimuli during the bidding phase. Therefore, in Experiment 2 we
examined whether display format and actual caloric content influenced
observers’ ratings of satiety when observers performed satiety ratings while

viewing the real objects and 2D images.
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3.1 Method

3.1.1 Participants

Sixteen students (10 female, Mean age = 26.35, SD = 7.18) participated in the
study for a $5 payment. The exclusion criteria and informed consent procedures

for participants were identical to those described in Experiment 1.

3.1.2 Stimuli and Apparatus

The stimuli for Experiment 2 were 20 snack foods, and their matched 2D images,
that were used in Experiment 1, whose caloric density ranged from .18 to 5.48.
All other aspects of the stimuli and apparatus were identical to Experiment 1,
except that stimulus viewing time was unlimited and so participants did not wear

the Plato glasses during the experiment.

3.1.3 Procedure and Data Analysis

The participants’ task was to rate how ‘satiating’, or filling, a range of different
snack foods would be to consume, on a scale from 0 (light) to 10 (heavy). In
contrast to Experiment 1, each participant saw the items as both a real food, and
as a matched 2D image. The stimuli were presented on the turntable apparatus
(Figure 1a,b). Trials in each Display Format (20 real foods, 20 images) were
presented in separate blocks. The order of items within each block was
randomized, and the order of blocks was counterbalanced across observers.
Each trial began with a computer mouse click. On real object trials the

experimenter retracted the monitor to reveal a real food item on the turntable; on
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image trials, a 2D food image appeared on the computer monitor. Participants
made their responses by drawing a vertical line on a horizontal scale of 20 cm in
length, with 1cm and 1mm major and minor tick-marks, respectively. All
participants were tested individually. The experiment took ~30-45 minutes to

complete.

As in Experiment 1, we employed a linear mixed-effects model to account for the
multilevel structure of the data. In the model, participants’ estimates of satiety for
each food item in the real or image conditions constituted the dependent
variable. The model included fixed effects of Display Format, actual Caloric
Density, and the interaction between these two factors. The model also included
random effects of Participant and food Items (since there were repeated
observations under each of these factors that were entered into the analysis).
The linear mixed effects modeling analysis and estimation of effect size (Cohen’s

d) was conducted using SPSS.

3.2 Results

We first tested the main effects of the two independent variables, Display Format
and Caloric Density, on observers’ satiety ratings. As expected, there was a
strong main effect of Caloric Density (F(1, 303) = 129.07, p < 0.001). Slope
estimations indicated that participants were predicted to increase their estimation

of satiety by 0.55 units on average per one unit increase in actual caloric density
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(B = 0.55,t(303) = 10.51,p < 0.001; d = 2.63). In line with the results of
Experiment 1, there was also a significant main effect of Display Format on
satiety ratings (F(1, 318) = 6.55, p = 0.01), in which the real foods elicited higher
average satiety ratings (M = 3.70, SD = 2.29) than 2D images (M = 3.22, SD =
2.15), d = 0.64. For illustrative purposes, Figure 5 shows mean satiety ratings for
each snack food plotted as a function of actual Caloric Density, separately for
foods that were viewed as real objects (shown in red) or 2D images (shown in
blue). As is evident from Figure 5, despite the strong main effect of Display
Format and Caloric Density on satiety ratings, there was no interaction between

these two factors (F(1, 318) = 0.51, p = 0.48).
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Figure 5: Scatter plots (with lines of best fit) show a strong positive association between
observers’ satiety ratings and Caloric Density, and a main effect of Display Format in which
satiety estimates were higher for real foods versus food images. Stimuli in Experiment 2 were
presented to observers both as real foods, and as matched 2D images of the same items. On
each trial, participants rated how satiating (or filling’) each food would be to eat, on a scale from 0
(light) to 10 (heavy). Mean ratings of the foods are displayed separately for the real foods (red)
and 2D images (blue). Each data point represents a group average for each snack food (labeled

above). There was no interaction between Caloric Density and Display Format on satiety ratings.

4 DISCUSSION

Current knowledge of the cognitive and neural systems that regulate human
decision-making is based almost exclusively on studies that have used artificial
stimuli in the form of computerized 2D images or text displays. Given that

ultimately we aim to understand the processes that unfold in real-world scenarios



28

it is important to determine how, and why, behavior might differ when observers
view naturalistic stimuli versus their representations. In the current study, we
examined whether observers’ WTP for common snack foods and their
expectations about how filling foods would be to eat, depend on the format in
which the foods were displayed. In the first experiment, healthy university
students participated in a BDM auction in which they placed monetary bids on a
range of appetitive snack foods. The foods were presented to observers either as
real objects or matched high-resolution 2D colored images. Prior to the auction,
participants rated their familiarity with, and preference for, each of the foods.
After the experiment, participants estimated how many calories were in each of
the foods presented during the auction. We used mixed-effects linear modeling of
the multivariate data to determine the extent to which monetary bids for the foods
depended on display format, preference ratings, actual caloric density, and
participants’ estimates of the number of calories in the foods, as well as whether
there were any interactions between each of these factors. As expected, a priori
preference for the foods had a strong influence on monetary bids, as in previous
studies (Bushong et al., 2010; Hare et al., 2008; Plassmann et al., 2010). Bids for
the foods also increased as the actual caloric density, and participants’ estimates
of the total number of calories in the foods, increased. Critically, despite the
powerful effects of preference and of caloric content on valuation, bids were also
influenced by the format in which the foods were viewed: WTP was significantly
increased for items displayed as real foods versus 2D images. The effect of

display format on WTP was apparent even though participants knew that they
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would receive the same (real) food reward at the end of the experiment
irrespective of how the stimuli appeared during the bidding task. There were no
other higher-order interactions between each of these factors in their effect on

bids.

Working with naturalistic stimuli under controlled laboratory conditions presents a
number of practical challenges to the researcher. As such, very few studies to
date have examined directly whether the value applied to 2D images of foods is
equivalent to their real-world counterparts, and no studies to date have controlled
adequately for differences in the appearance and timing of stimuli across display
formats, or accounted for other factors that could modulate valuation (Bushong et
al., 2010; Muller, 2013), perception, or other weight-related outcomes (Boswell &
Kober, 2016; Lambert, Neal, Noyes, Parker, & Worrel, 1991). Here, using a BDM
bidding task comparable to that of Bushong et al. (2010), but in which tight
experimental controls were placed on the stimuli, trial timing, and testing
environment, we found that observers were nevertheless willing to pay more for
real foods versus their matched 2D images. This effect is unlikely to reflect
inflated bids for the real foods due to differences in the way the stimuli were
presented between the real food and image conditions (Bushong et al., 2010;
Muller, 2013). Our 2D images were matched closely to the real foods for
illumination, size, background, and viewing angle. Stimulus viewing time was
matched on all trials using computer-controlled glasses and the order of trials in

each display format was randomized throughout the testing session. We tested
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all participants one-on-one with the experimenter to rule out the possibility that
differences in environmental conditions could differentially influence bids across
conditions. Our within-subjects design minimized potential fluctuations in bids
between conditions due to between-subject differences in a priori WTP. We also
confirmed that all participants were highly familiar with all items, differences in
bids across display formats were not attributable to food preference, and
variability in bids between observers was accounted for in the estimation of main
effects. Together, the results of Experiment 1 demonstrate the presence of a
‘real-exposure effect’ on food valuation (Bushong et al., 2010; Muller, 2013) that
amounts to a 6.62% amplification in WTP. Our strict matching of stimulus
characteristics between the different display formats may have caused strong
associations between the 2D images and real foods, more so than in designs
where participants only see one display type, or when stimulus characteristics
are not closely matched. It will therefore be important for future studies to
determine whether the magnitude of the real exposure effect is increased when

matched stimuli are presented in the context of between-participant designs.

We were particularly interested in whether the caloric content of the stimuli would
differentially influence valuation. A potential relationship between the format in
which foods are displayed and their caloric content is important to consider
because it could (a) provide critical insights into the mechanism for real food
exposure effects, and (b) help to determine ways in which real-world

environments could be manipulated to promote healthier eating and reduce
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obesity. In line with Tang et al. (2014), the results of Experiment 1 indicated that
bids were influenced strongly by the actual caloric density of the foods. Unlike
Tang et al. (2014), we also found that observers’ own estimates of the caloric
content of the foods were related to bids. Interestingly, however, the effect of
caloric content on bids did not appear to depend on the format in which the foods
were displayed. Put differently, the amplification in WTP for real foods is
equivalent for an apple (with few calories) as it is for a chocolate bar (which is
high in calories). If the mechanism for the real food exposure effect on valuation
reflects the availability of additional cues to the energy content of real foods
versus images, and given that valuation increases with actual and perceived
caloric content, then we would expect to have observed an interaction between

display format and caloric measures (which was not the case).

The energy content of a food may, however, have a more powerful influence on
display format effects if observers make ecologically-relevant judgments about
foods, such as how filling they would be to eat (i.e., anticipated satiety), rather
than estimates based on numbers of calories. Effects related to energy content
may also be more apparent if observers are probed about satiety at the time of
stimulus exposure, rather than after the experiment in response to a text-display.
Therefore, in Experiment 2 we asked participants to rate how satiated they would
feel if they were to consume each food item, both when the foods were
presented as real objects and as 2D images. As expected, participants rated that

they would feel more satiated if they ate foods of higher caloric density —
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suggesting that they were sensitive to the energy content of the foods (Almiron-
Roig, Solis-Trapala, Dodd, & Jebb, 2013; Brunstrom, Shakeshaft, & Scott-
Samuel, 2008; Carels, Konrad, & Harper, 2007; Keenan, Brunstrom, & Ferriday,
2015). Strikingly, participants also believed that they would feel more full after
eating a food when they viewed it as a real object than as a matched 2D image
of the very same item. Importantly, however, this effect of display format on
satiety ratings was comparable for low- and high-calorie foods (similar to
Experiment 1 using WTP as the dependent measure). Our data do not, therefore,
lend support to the idea that the underlying mechanism for the real food
exposure effect is related to caloric content. This conclusion is supported by
previous findings that an amplification in WTP is apparent not only in the context
of foods, but also with inedible trinkets (Bushong et al., 2010). The observation
that the real exposure effect was relatively constant across variations in caloric
content and food preference suggests that these factors are weighted similarly
during dietary choice, regardless of display format. It is also possible, however,
that the lack of an interaction between these factors reflects insufficient power to
detect higher-order effects in the context of our linear mixed effects model.
Future studies with larger sample sizes may be necessary to reveal more subtle

relationships of this nature.

The considerations outlined above raise new questions about the underlying
mechanism for the real-exposure effects that we observed in the context of food

perception and decisions. One possibility is that observers are aware that real



33

foods decay (whereas images of foods do not), which may elicit a sense of time
pressure that is not present in the context of 2D images. We did not ask
participants to rate the perceived longevity of the stimuli and so this might be an
interesting factor to investigate in future studies. Alternatively, our results could
also be interpreted from the perspective of behavioral learning theory. Current
models of decision-making posit that behavior is influenced by different control
systems that compete with one another, based on whether a behavior is
motivated by the stimulus or a particular goal outcome (O'Doherty, Cockburn, &
Pauli, 2017). In behavioral learning theory, stimulus-driven control refers to
behaviors that are deployed rapidly and automatically in response to
environmental cues, irrespective of the observer’s goals or expected outcomes
(Balleine, 2005; O'Doherty et al., 2017). Examples of stimulus-driven controllers
are reflexes (such as salivation in response to the presence of food), and habits
that are established on the basis of stimulus-action associations (such as
seeking food in cue-dependent locations that are associated with the receipt of
previous rewards (Smith, Virkud, Deisseroth, & Graybiel, 2012). Conversely,
goal-directed control refers to flexible behaviors that take into account the long
term consequences of actions. Some have argued that, compared to other types
of decisions, dietary choices may be unique in that they are influenced strongly
by stimulus-driven controllers (Rangel, 2013). It is reasonable to expect that
because real foods are a meaningful, biologically-potent stimulus (i.e., an

‘unconditioned stimulus’) they are more powerful triggers of automatic controllers
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than images, which are not associated strongly with the presence of real food

(Balleine, 2005; Balleine, Daw, & O’Doherty, 2008; Bushong et al., 2010).

In contrast to models of decision-making that emphasize the serial progression of
information processing from perceptual and cognitive stages to motor outputs
(Clithero & Rangel, 2014; Kable & Glimcher, 2009; Padoa-Schioppa, 2011),
recent evidence suggests that sensorimotor networks that are involved in
generating a potential motor response to a stimulus are activated very rapidly
after stimulus onset and can influence the early stages of decision-making
(Harris & Lim, 2016). Indeed, a growing body of evidence supports the notion
that decisions are represented within the same sensorimotor circuits as those
responsible for planning and executing the associated actions (Cisek, 2007,
Cisek & Kalaska, 2005, 2010). For example, objects within (but not outside of)
reach activate dorsal brain areas involved in reaching and grasping, regardless
of whether or not a grasp is overtly planned or executed (Gallivan et al., 2009;
Gallivan et al., 2011). We did not ask participants to rate the graspability of the
food stimuli in the context of our within-subjects design. Although direct
manipulations of affordances for action, such as graspability, have not been
conducted in human observers in the context of food decisions, non-human
primates have difficulty inhibiting a gasping action towards a proximal food
stimulus, but not a distal one (Junghans, Sterck, Overduin de Vries, Evers, & De
Ridder, 2016). The notion that real-exposure effects on decision-making may be

linked with the potential for action with a stimulus (rather than lower-level stereo
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differences) is supported by recent findings that real snack foods elicit
significantly greater self-reported craving (Ledoux et al., 2013) and affective
responses (Gorini, Griez, Petrova, & Riva, 2010) than do 3D immersive virtual

reality displays of snack foods.

More broadly, our findings of increased WTP and expectations about satiety for
real foods (versus their images), complement other studies showing that real
objects can have unique influences on brain responses and behavior. Using
fMRI, Snow et al. (2011) found that whereas repeated images of objects elicit
repetition-suppression, the same pattern was reduced, if not absent, for matched
real-world exemplars, suggesting that the brain processes real objects differently
to images. Differences between real objects versus images have also been
reported in a range of behavioral measures. For example, preferences for real
objects over images are apparent in eye movement patterns in young children as
early as 7 months of age (Gerhard, Culham, & Schwarzer, 2016), as well as in
non-human primates (Mustafar, De Luna, & Rainer, 2015). Patients with visual
form agnosia who have severe deficits in identifying objects depicted in
photographs and line-drawings show striking improvements in recognition when
they are presented with real-world objects (Chainay & Humphreys, 2001;
Humphrey, Goodale, Jakobson, & Servos, 1994). Similarly, real objects are more
memorable than colored photographs or line drawings of the very same items
(Snow, Skiba, Coleman, & Berryhill, 2014). We have also shown recently, using

a flanker interference paradigm, that real objects capture attention more than
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both 2D and three-dimensional (3D) stereoscopic images of the same objects,
suggesting that the unique effect of real objects (versus images) on responses is
not merely attributable to richer visual information about the depth structure, size,
or distance of the objects (Gomez, Skiba, & Snow, in press). Critically, however,
the effects of real objects on attention disappeared when the stimuli were
positioned out of reach of the observer, and when they were placed behind a
transparent barrier that disrupted the potential for in-the-moment interaction with
the objects (Gomez et al., in press). Together, these behavioral and
neuroimaging findings raise the question of whether or not the underlying
mechanisms that drive real-exposure effects in the context of dietary choice are
analogous to those that drive the effects of real objects in the domains of eye-

movements, perception, memory and attention.

The results of our experiments, together with related findings in previous studies
(Bushong et al., 2010; Muller, 2013), contrast with a recent meta-analysis by
Boswell and Kober (2016) that assessed the predictive effects of food cue
reactivity and craving on eating and weight-related outcomes. Boswell and Kober
(2016) reported that across 49 studies, visual food cues in the form of pictures or
videos were associated with a similar effect size as exposure to real foods (and
both of these measures elicited stronger effect sizes than exposure to olfactory
cues). Boswell and Kober (2016) did not include studies that tested the effects of
display format on other outcome measures, such as WTP. Although the effect of

display format on WTP in our controlled study (6.62%) was smaller than that
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reported by Bushong et al., (2010) (61%), the influence of display format on bids
in Experiment 1, and on estimated satiety in Experiment 2, nevertheless reflected
medium effect sizes. Only one of the studies that contributed to Boswell and
Kober’s, (2016) analysis compared directly responses to real foods versus
images (Lambert et al., 1991), and little if any information was provided in
Lambert et al.’s (1991) study about the nature of the image stimuli or whether
they were similar in size, distance, or other important respects to the real objects.
It will be important for future studies to determine the extent to which proximity to
real food influences other real-world outcome measures, such as consumption
and weight change (Medic et al., 2016), as well as whether or not the effects
differ across sex, socio-economic status, dieters versus non-dieters, level of self-
control or executive function (e.g., Hunter, Hollands, Couturier, & Marteau, 2016;
Medic et al., 2016). A reliable 6.62% increase in WTP for real items may indeed
have large-scale implications for marketing and product displays (Bushong et al.,

2010).

4.1 Conclusion

Our findings demonstrate for the first time a reliable ‘real-exposure effect’ on both
willingness-to-pay, and expectations about satiety, for snack foods. The results
provide a critical extension to previous studies investigating the effect of display
format on decision-making behavior in adults (Bushong et al., 2010; Mdiller,
2013) and children (Mischel et al., 1972; Mischel & Moore, 1973). Our stimuli and

design rule out a number of competing explanations for real food exposure
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effects, perhaps most importantly the possibility that bids for real foods simply
reflect differences in the environmental context or stimulus presentation and
timing. Our results suggest that real-exposure effects on food decisions operate
independently of other factors that drive valuation, such as food preference and
caloric density, although future studies with larger sample sizes are needed to
determine whether there may be meaningful relationships between these factors.
Together with previous studies (Bushong et al., 2010; Gross et al., 2015; Muller,
2013; O'Connor, Meade, Carter, Rossiter, & Hester, 2014), the results have
translational implications that could inform public health approaches to diet and
obesity (Drewnowski & Darmon, 2005; Marteau et al., 2012; Neal et al., 2006).
Specifically, we predict that that if proximity to real tangible foods has a powerful
influence on dietary decisions and expectations about satiety, changes in the
way foods are positioned in cafeterias and other food outlets, such as limiting the
accessibility of high-calorie foods, or making low-calorie healthy foods easier to
reach, should have a measurable influence on buyer behavior and long-term

health outcomes (Hunter et al., 2016).
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