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19  SHORT ABSTRACT:
20  We describe methods for presenting real-world objects and matched images of the same objects
21 under tightly-controlled experimental conditions. The methods are described in the context of a
22  decision-making task, but the same real-world approach can be extended to other cognitive
23 domains such as perception, attention, and memory.
24
25 LONG ABSTRACT:
26 Our knowledge of human object vision is based almost exclusively on studies in which the stimuli
27 are presented in the form of computerized two-dimensional (2-D) images. In everyday life,
28  however, humans interact predominantly with real-world solid objects, not images. Currently,
29 we know very little about whether images of objects trigger similar behavioral or neural
30 processes as do real-world exemplars. Here, we present methods for bringing the real-world into
31  thelaboratory. We detail methods for presenting rich, ecologically-valid real-world stimuli under
32  tightly-controlled viewing conditions. We describe how to match closely the visual appearance
33  of real objects and their images, as well as novel apparatus and protocols that can be used to
34  present real objects and computerized image on successively interleaved trials. We use a
35 decision-making paradigm as a case example in which we compare willingness-to-pay (WTP) for
36  real snack foods versus 2-D images of the same items. We show that WTP increases by 6.6% for
37 food items displayed as real objects versus high-resolution 2-D colored images of the same foods
38  —suggesting that real foods are perceived as being more valuable than their images. Although
39  presenting real object stimuli under controlled conditions presents several practical challenges
40 for the experimenter, this approach will fundamentally expand our understanding of the
41  cognitive and neural processes that underlie naturalistic vision.
42
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The translational value of primary research in human perception and cognition hinges on the
extent to which the findings transfer to real-world stimuli and contexts. A long-standing question
concerns how the brain processes real-world sensory inputs. Currently, knowledge of visual
cognition is based almost exclusively on studies that have relied on stimuli in the form of two-
dimensional (2-D) pictures, usually presented in the form of computerized images. Although
image interaction is becoming increasingly common in the modern world, humans are active
observers for whom the visual system has evolved to allow perception and interaction with real
objects, not images?. To date, the overarching assumption in studies of human vision has been
that images are equivalent to, and appropriate proxies for, real object displays. Currently,
however, we know surprisingly little about whether images effectively trigger the same
underlying cognitive processes as do the real objects. Therefore, it is important to determine the
extent to which responses to images are like, or different from, those elicited by their real-world
counterparts.

There are several important differences between real objects and images that could lead to
differences in how these stimuli are processed in the brain. When we look at real objects with
two eyes, each eye receives information from a slightly different horizontal vantage point. This
discrepancy between the different images, known as binocular disparity, is resolved by the brain
to produce a unitary sense of depth?3. Depth cues derived from stereoscopic vision, together
with other sources such as motion parallax, convey precise information to the observer about
the object’s egocentric distance, location, and physical size, as well its three-dimensional (3-D)
geometric shape structure®®. Planar images of objects do not convey information about the
physical size of the stimulus because only the distance to the monitor is known by the observer,
not the distance to the object. While 3-D images of objects, such as stereograms, approximate
more closely the visual appearance of real objects, they do not exist in 3-D space, nor do they
afford genuine motor actions such as grasping with the hands®.

The practical challenges of using real object stimuli in experimental contexts

Unlike studies of the image vision in which stimulus presentation is entirely computer-controlled,
working with real objects presents a range of practical challenges for the experimenter. The
position, order, and timing of object presentations must be controlled manually throughout the
experiment. Working with real objects (unlike images) can involve a significant time commitment
due to the need to collect’® or make'® the objects, set up the stimuli prior to the experiment,
and present the objects manually during the study. Moreover, in experiments that are designed
to compare, directly, responses to real objects with images, it is critical to match closely the
appearance of the stimuli in the different display formats®°. Stimulus parameters, environmental
conditions, as well as randomization and counterbalancing of real object and image stimuli, must
all be controlled carefully to isolate causal factors and rule out alternative explanations for the
observed effects.

The methods detailed below for presenting real objects (and matched images) are described in
the context of a decision-making paradigm. The general approach can be extended, however, to
examine whether stimulus format influences other aspects of visual cognition such as perception,
memory or attention.
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Are real objects processed differently to images? A case example from decision-making

The mismatch between the kinds of objects that we encounter in real-world scenarios versus
those examined in laboratory experiments is especially apparent in studies of human decision-
making. In most studies of dietary choice, participants are asked to make judgments about snack
foods that are presented as colored 2-D images on a computer monitor 114, In contrast, everyday
decisions about which foods to eat are usually made in the presence of real foods, such as at the
supermarket or the cafeteria. Although in modern life we regularly view images of snack foods
(i.e., on billboards, television screens and online platforms) the ability to detect and respond
appropriately to the presence of real energy-dense foods may be adaptive from an evolutionary
perspective because it facilitates growth, competitive advantage, and reproduction®>’.

Research outcomes in scientific studies of decision-making and dietary choice have been used to
guide public health initiatives aimed at curbing rising obesity rates. Unfortunately, however,
these initiatives appear to have met with little to no measurable success'®?!. Obesity remains a
major contributor to the global burden of a disease?? and is linked to a range of associated health
problems, including coronary heart disease, dementia, Type Il diabetes, certain cancers, and
increased overall risk of morbidity?2?’. The sharp rise in obesity and associated health conditions
over recent decades?® has been linked with the availability of cheap, energy-dense foods!®2°. As
such, there is an intense scientific interest in understanding the underlying cognitive and neural
systems that regulate everyday dietary decisions.

If there are differences in the way foods in different formats are processed in the brain, then this
might provide insights into why public health approaches to combating obesity have been
unsuccessful. Despite the differences between images and real-world objects, described above,
surprisingly little is known about whether images of snack foods are processed similarly to their
real-world counterparts. In particular, little is known about whether or not real foods are
perceived to be more valuable or satiating than matched images of the same items. Classic early
behavioral studies found that young children were able to delay gratification in the context of 2-
D colored images of snack foods3°, but not when they were confronted with real snack foods3:.
However, few studies have examined in adults whether the format in which a snack food is
displayed influences decision-making or valuation'?3233 and only one study to date, from our
laboratory, has tested this question when stimulus parameters and environmental factors are
matched across formats’. Here, we describe innovative techniques and apparatus for
investigating whether decision-making in healthy human observers is influenced by the format
in which the stimuli are displayed.

Our study’ was motivated by a previous experiment conducted by Bushong and colleagues!? in
which college-aged students were asked to place monetary bids on a range of everyday snack
foods using a Becker-DeGroot-Marschak (BDM) bidding task3*. Using a between-subjects design,
Bushong and colleagues®? presented the snack foods in one of three formats: text descriptors
(i.e., ‘Snickers bar”), 2-D colored images, or real foods. Average bids for the snacks (in dollars)
were contrasted across the three participant groups. Surprisingly, students who viewed real
foods were willing to pay 61% more for the items than those who viewed the same stimuli as
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images or text descriptors —a phenomenon the authors termed the ‘real-exposure effect’!?.
Critically, however, participants in the text and image conditions completed the bidding task in a
group setting and entered their responses via individual computer terminals; conversely, those
assigned to the real food condition performed the task one-on-one with the experimenter. The
appearance of the stimuli in the real and image conditions was also different. In the real food
condition, the foods were presented to the observer on a silver tray, whereas in the image
condition the stimuli were presented as scaled cropped images on a black background. Thus, it is
possible that participant differences, environmental conditions, or stimulus-related differences,
could have led to inflated bids for the real foods. Following from Bushong, et al.'2, we examined
whether the real foods are valued more than 2-D images of food, but critically, we used a within-
subjects design in which environmental and stimulus-related factors were carefully controlled.
We developed a custom-designed turntable in which the stimuli in each display format could be
interleaved randomly from trial to trial. Stimulus presentation and timing were identical across
the real object and image trials, thus reducing the likelihood that participants could use different
strategies to perform the task in the different display conditions. Finally, we controlled carefully
the appearance of the stimuli in the real object and image conditions so that the real foods and
images were matched for closely for apparent size, distance, viewpoint, and background. There
are likely to be other procedures or mechanisms that could allow for randomizing stimulus
formats across trials, but our method allows for many objects (and images) to be presented in
relatively rapid interleaved succession. From a statistical standpoint, this design maximizes
power to detect significant effects more so than is possible using between-subjects designs.
Similarly, the effects cannot be attributed to a-priori differences in willingness-to-pay (WTP)
between observers. It is, of course, the case that in within-subjects designs open the possibility
for demand characteristics. However, in our study participants understood that they could ‘win’
a food item at the end of the experiment regardless of the display format in which it appeared in
the bidding task. Participants were also informed that arbitrarily reducing bids (i.e., for the
images) would reduce their chances of winning and that the best strategy for winning the desired
item is to bid one’s true value343%, The aim of this experiment is to compare WTP for real foods
versus 2-D images using a BDM bidding task3*3>.

PROTOCOL:
The experimental protocols were approved by the University of Nevada, Reno Social, Behavioral,
and Educational Institutional Review Board.

1. Stimuli and Apparatus

1.1 Stimuli

1.1.1 Real Objects

1.1.1.1 Purchase 60 popular snack food items (e.g., Figure 1) from local convenience stores.
Ideally, make sure the foods span a wide range of caloric densities (e.g., 0.18 to 6.07)’. Open the

packaging for each food and place both the package and some of the food on a plate. Use white
paper plates to maximize stimulus contrast.
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1.1.2 2-D Photographs

1.1.2.1 Place a plate of food on a cell of the turntable (see Figure 2) and photograph the stimulus
on the turntable so that the background of the stimulus in the 2-D image matches the real food
counterpart (see Figure 1).

[Place Figure 1 here]

1.1.2.2 Position a camera (see Table of Materials) on a tripod in front of the turntable. Set the
distance, height, and angle, of the camera to match that of the participant’s eyes when the
stimulus is viewed from straight-ahead. Position the camera 50 cm (or less) from the edge of the
turntable to ensure that the photos are perceived to be within the reaching distance of the
participant.

1.1.2.3 Set, and hold constant, the source of illumination in the testing room. Use a direct source
of illumination, such as ceiling lights or a lamp, to provide direct illumination of the stimuli on the
turntable. Ensure that the same lighting levels and sources are used during the presentation of
the real foods during the experiment. Photograph the real foods on the turntable (using the same
lighting sources) using a camera with constant F-stop and shutter speed. Match as closely as
possible the overall luminance, shading patterns and specular highlights across display formats.
Repeat this process for each stimulus.

1.1.2.4 If necessary, adjust the 2-D images for color, luminance, and visual size using image
processing software (see Table of Materials). Click on the Hue/Saturation and
Brightness/Contrast tabs and move the sliders until the image looks as similar as possible to its
real-world counterpart when mounted on the turntable.

1.1.2.5. Fine tune the size of the object in the image by positioning the real object next to the
computer monitor and increase/decrease the pixel size until the stimuli are matched exactly for
size. Make sure that the image processing software page view (zoom) is set at 100% when editing.

1.1.2.6. Ensure that the monitor used for editing the images is the same (or the same size)
monitor that will be used as the participant monitor during the study. Hold the resolution, aspect
ratio and pixels per inch of the images as constant. Additionally, confirm that the monitor is large
enough to display the largest stimulus at its full size.

1.2 Turntable apparatus

1.2.1 Create a circular (wood) base for the turntable that is 2 m in diameter and a round central
core (56 cm in diameter and 24 cm H) with 20 slots (1 cm W; see Figure 2). Place the core on top
of a rotating cylinder, allowing for an easy rotation (see Figure 2A).
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1.2.2 Create 20 dividers (H 24 cm x L 62 cm x W 0.5 cm). Slide each divider into the central core
of the turntable to form 20 cells (24 cm x 62 cm x 26 cm).

[Place Figure 2 here]

1.2.3 Place the circular base on the top of a table (~72 cm H, see Figure 3A). Make sure the table
is at a height that would allow a seated participant to comfortably view items on the turntable.

1.2.4 Create a vertical partition (81 cm x 127.5 cm) between the turntable and the participant
(see Figure 3B). Place the partition 26 cm from the turntable allowing room for an LCD computer
monitor behind the partition. Ensure that the space between the partition and the turntable does
not place the stimuli out of reach of the participant.

1.2.4.1 Construct an aperture in the partition. Make sure the width of the aperture is adjustable
so that, in the final setup, the participant can see only one item on the turntable at a time (see
Figure 3B). Importantly, ensure that the aperture is wide/high enough that it does not interfere
with the participants’ physical access to the stimuli on the turntable.

1.2.5 Create a sliding platform (L 18.5 cm x W 11.5 cm piece of wood with wheels attached to the
underside) for the participant monitor (see Figure 3D).

1.2.5.1 Place the sliding platform and participant monitor between the turntable and the
partition to allow for rapid transitions between display format conditions (see Figure 3D).
Position the participant monitor within the viewing aperture during image trials; retract the
monitor behind the partition on real object trials (see Figure 3).

1.2.6 Use a small desk, or create a shelf, for the experimenter monitor (see Figure 3A,C). Use the
experimenter monitor to present prompts as to when to set up a real item or an image, and the
identity of the object, for the upcoming trial.

[Place Figure 3 here]

1.2.7 Attach a keyboard tray to the turntable base directly underneath the aperture in the
partition (see Figure 3B). Attach a curtain (or similar occluder) between the sides of the turntable
and the wall to prevent the participant from viewing the stimuli and the experimenter during the
experiment.

1.2.8 Purchase (or make) computer-controlled liquid crystal occlusion glasses®” (See Figure 3B,C
and Table of Materials).

NOTE: The occlusion glasses provide millisecond control of stimulus viewing time. The glasses
become opaque (‘closed state’) during the inter-trial interval and transparent (‘open state’)
during stimulus presentation. Computer commands for controlling the glasses (and all other
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scripts and files necessary for running the protocol described here) are available at
http://www.laboratorysys.com/Data/JoVE Real%200bject Code.zip).

1.2.8.1 Test that the glasses open and close correctly (i.e., use ‘GlassesTest’ script, available at
http://www.laboratorysys.com/Data/JoVE Real%200bject Code.zip) before the start of the
experiment.

2. General Procedure: Randomization and Design

2.1 Create a script using MATLAB that will randomly interleave real and image trials. Ensure that
half of the participants see a given snack food (e.g., an apple) as a real object, and the remaining
participants see the item as a 2-D image. For each participant, randomize the order in which the
different snack foods are presented within the experiment. Have the script list which real items
to place on the turntable, and in what order, prior to the start of the experiment (see ‘runStudy’
script, available at http://www.laboratorysys.com/Data/JoVE Real%200bject Code.zip).

2.2 Place the items on the turntable in the correct order (see Figure 3A).
NOTE: Depending on the number of stimuli in the study, set up time may take up to 30 min.

2.3 Place the monitor in the aperture and make sure all other items and the experimenter are
masked from the participant’s view (see 1.2.7).

2.4 Seat the participant approximately 50 cm from the turntable and play white noise, either via
a white noise machine or via earphones, so that the participant is unable to predict (i.e., from the
sound of the sliding monitor) the stimulus format on the upcoming trial.

2.5 Give the participant the glasses to put on and make sure that the glasses are in the
closed/opaque state. Explain to the participant that the glasses are currently closed but will open
when they need to.

2.6 View the experimenter monitor to see what type of condition (i.e., real or image) the
upcoming trial will be (see Figure 3A).

2.6.1 On ‘real object’ trials, retract the participant monitor from the viewing aperture, via the
sliding platform, so that the object is visible to the participant on the turntable (see Figure 1A
and 3).

2.6.1.1 Make a computer command (e.g., a button press) to trigger the opening and closing of
the glasses allowing for the real food to be visible on the turntable for 3 s. Once the glasses close,
position the participant monitor back in front of the aperture and press a key to open the glasses
for the participant to make a response (e.g., a bid). Have the glasses automatically close once the
participant  enters  his/her response (see  ‘runStudy’  script, available at
http://www.laboratorysys.com/Data/JoVE Real%200bject Code.zip).
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2.7 View the experimenter monitor to prepare for the next trial. Press a key to advance to the
next trial.

2.7.1 For 2-D image trials, place the LCD monitor within the viewing aperture (see Figure 1B and
Figure 3). Press a key to open the glasses. Leave the monitor in the viewing aperture and press a
key to open the glasses for the participant to make a response. Make sure the next stimulus is
ready for viewing. Press a key to advance to the next trial.

3. Procedure for Randomization and Design

3.1 Create a preference- and familiarity-rating task using the food item images (not the real
foods; see  ‘runStudy’, ‘LikeSurvey’, and ‘FamSurvey’ scripts, available at
http://www.laboratorysys.com/Data/JoVE Real%200bject Code.zip). Create two different
blocks for the preference- and familiarity-rating tasks and counterbalance the order of blocks
across observers (see Figure 4).

3.1.1 For each participant, randomize the order of the images presented within each block and
create an analog slider for participants to perform their ratings after viewing each food image

(see Figure 4, ‘runStudy’ |, like_slider, and ‘Fam_slider’ scripts, available at
http://www.laboratorysys.com/Data/JoVE Real%200bject Code.zip).

3.2 Add a bidding task to the script. Randomize as described in 2.1. Add a food auction to
the script. Have the computer select randomly one of the 60 food items from the bidding task.
Have the computer place a random bid of its own on the selected item from $O - $3 in 25 cents
increments (see Figure 4 and ‘bidModule’ script, available at
http://www.laboratorysys.com/Data/JoVE Real%200bject Code.zip).

[Place Figure 4 here]

4. Participant Screening and Scheduling

4.1 Recruit participants who self-report that they enjoy eating and frequently consume snack
foods, and who are familiar with a wide variety of snack foods (typical to the region). Ensure that
participants are not actively dieting to lose weight, have any food allergies, dietary restrictions
(i.e., vegetarian, gluten-free) or food-related diseases, and are not pregnant.

4.2 In accordance with the BDM bidding task?3>, make sure to schedule participants in the late
afternoon (e.g., between 1:00 pm and 7:00 pm), which is when snack foods are typically
consumed. Remind the participant to refrain from eating for 3 h prior to the experiment?!2.

NOTE: This is to ensure that the participant is hungry and will bid accurately for the foods.

5. Questionnaire Procedure
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5.1 For each participant, collect personal demographic information (i.e., age, sex), ask whether
they have a normal or corrected-to-normal vision and record height and weight (these data are
useful for calculating body mass index).

6. Preference- and Familiarity Rating Task Procedure

6.1 Ask participants to rate how familiar they are with each of the 60 snacks. Have the participant
respond via a mouse click on an analog sliding bar (e.g., “0” = not very familiar; “3” = very
familiar). Ensure responses are self-paced (see Figure 4).

6.2 Ask participants to rate how much they like each of the 60 snacks via a mouse click on an
analog sliding bar (e.g., “-7” = strongly dislike; “0” = indifference; “7” = strongly like). Ensure
responses are self-paced.

7. Bidding Task Procedure

7.1 Inform the participant that they will be given a $3 allowance which can be used to bid on 60
common snack food items. Relay the rules of the bidding task#3>,

7.1.1 Emphasize that the best strategy is not to bid based on retail prices, but rather, to bid one’s
true value: how much one is willing-to-pay to eat the item at the end of the experiment.

7.1.2 Remind the participant that there is a mandatory 30 min waiting period in the laboratory
at the end of the study (see Figure 4). Explain to the participant that if they ‘win’ the bidding task
they will be able to consume one food item at the end of the experiment; if they ‘lose’ the bid
they will nevertheless be asked to remain in the lab for the duration of the waiting period,
without consuming any outside food or drinks.

7.2 Seat the participant in the testing room (see 2.4-2.5). Perform a practice auction with three
items that are not part of the 60 experimental items. Place the three items in front of the
participant one at a time. Ask the participant to rate how much they like the item (-7 to 7).

7.3 Place the items in front of the participant once again one at a time. Ask the participant to bid
(SO - S3) on each item. Ensure the participant understands the instructions —ask questions to

cross-check comprehension.

7.4 Place $3 next to the mouse close to the participants’ hand and remind him/her that the
allowance is theirs to keep and that they may bid up to $3 per item.

7.5 Refer to sections 2.6.1 — 2.7.1. for conducting the real object and images trials. Figure 4
illustrates the bidding task procedure.

8. Food Auction/ 30 Min Waiting Period Procedure
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8.1 Check to see whether or not the participant ‘won’ a snack food item and at what price (see
‘runStudy’ script, available at
http://www.laboratorysys.com/Data/JoVE Real%200bject Code.zip).

NOTE: The computer will make a bid consisting of a random number between $0 and S3, in 25
cents increments. If the computer’s bid is less-than-or-equal-to the participant’s bid, then the
participant ‘wins’ the item for consumption. The participant pays the experimenter the price of
the computer’s bid from their $3 allowance. A number of previous studies have provided an in-
depth consideration of the rationale for the BDM bidding task343638,

9. Calorie Estimation Procedure

9.1 For each food item displayed in the main experiment, present a text display (i.e., ‘Snickers
bar’) and ask the participant to estimate (write down with a pen) how many calories they think
are in the serving size.

10. Data Analysis

10.1 Use statistical analysis software (see Table of Materials) to perform a linear mixed effects
modeling analysis. Use a linear mixed effects model to account for the nested responses within
participants (i.e., the dependence of observations from the same participant). Create a dataset
with the following variables: Participants, Item, Display Format, Preference, Caloric Density,
Estimated Calories, and Bid. Create a model by clicking Analyze, then Mixed Models, then Linear.

10.1.1 Transfer the variable Participants into the Subjects: box then press continue. Transfer Bid
into the Dependent Variable: box. Next, transfer Subject and Display Format into the Factor(s):
box. Then, transfer Preference into the Covariate(s): box.

10.1.2 Click Fixed, then select and add all of the variables except Participants into the Model
box then click Continue. Click Random, then select and add Participants into the Combinations
box in order to account for variability in responses within and across observers. Click Continue.

10.1.3 Click Statistics, then check the Descriptive statistics, Parameter estimates, and Tests for
covariance parameters boxes. Click Continue. Click EM Means and then select and transfer all of
the Factors and Factor Interactions into the Display Means for box. Click Continue. Lastly, press
OK.

REPRESENTATIVE RESULTS:

Representative results from this experiment are presented below. A more detailed description
of the results, together with a follow-up study, can be found in the original publication’. We used
a linear mixed effects model with the dependent variable of Bid, and independent variables of
Display Format, Preference, Caloric Density, and Estimated Calories. As expected, and in line with
previous studies!?14, there was a strong positive relationship between Preference ratings and
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Bids (F(1,1655) = 1803.69, p < .001) such that a one unit increase in Preference was associated
with an increase of $0.15 in Bid value (8 = .15, t(1655) = 42.47, p < .001; d = 8.03). There was also
a significant main effect of Caloric Density on Bids (F(1, 1649) = 6.87, p <.01). A one unit increase
in Caloric Density was associated with an increase of $.024 in Bids (6 = .024, t(1649) = 2.62, p <
.01; d = 0.50). The main effect of Estimated Calories was also significant (F(1, 1672) = 6.88, p <
.01)!%. A one unit increase in Estimated Calories was associated with an increase of $.009 in WTP
(6 = .009, t(1671) = 2.62, p < .01; d = .50). In other words, observers rated foods that were
perceived to be of greater caloric content to be more valuable than foods of lower caloric
content. Critically, after controlling for all other factors, we found a significant main effect of
Display Format (F(1, 1645) = 7.99, p < .01, d = .53) in which there was a 6.62% increase in Bids for
real foods versus food images. The amplification in WTP for real foods (vs. images) was relatively
consistent across participants, with 20 out of 28 participants showing the effect. For illustrative
purposes, Figure 5 displays average Bid values for each snack food item as a function of
Preference, separately for foods shown as real objects (red) and images (blue). Similarly, Figure
6 displays average Bid values for each snack food as a function of Caloric Density, separately for
foods in each Display Format. The amplification in WTP for real foods vs. images is evident in both
Figure 5 and Figure 6. Importantly, the effect of Display Format on bids was constant across food
Preference (F(1, 1644) = .025, p = .88), Caloric Density (F(1, 1643) = 2.54, p = .11) and Estimated
Calories (F(1,1643) = .11, p = .74), and there were no significant higher-order interactions
between any other factors (all p-values > .11).

Although we observed an effect of estimated calories on Bids, the effect was relatively weak. This
result may be explained by the fact that participants performed the estimation task in response
to text prompts after the main experiment, rather than while looking at the foods at the time of
stimulus presentation. Furthermore, estimating the number of calories in a given food item is not
necessarily an intuitive task; many observers are unaware (or do not pay attention to) the caloric
density of the foods they consume.

[Place Figure 5 here]
[Place Figure 6 here]
FIGURE LEGENDS

Figure 1: Real object (displayed on the turntable) and matched 2-D image of the same item
(displayed on a computer monitor). The stimuli in this experiment consisted of 60 popular snack
food items. The real foods (/eft panel) were photographed on the turntable and their resulting 2-
D images (right panel) were matched closely for the apparent size, distance, viewpoint, and
background.

Figure 2: Schematic showing turntable components and assembly. (A) Major components of the
turntable device and their relative positioning. (B) Assembled turntable apparatus with 20
individual cells. A real object can be placed inside each cell. The vertical dividers prevent
participants from viewing items in neighboring cells.
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Figure 3: How to set-up and use the turntable apparatus for testing. (A) Setup of the turntable
apparatus ready for testing. Once the turntable has been assembled it should be placed on a
table at a comfortable height for a seated participant. A vertical partition should be created and
placed between the participant and the turntable. Within the partition, there should be a viewing
aperture. A ‘participant monitor’ is used for viewing the 2-D images. The LCD monitor should be
positioned behind the vertical partition and viewing aperture, and in front of the turntable. The
monitor is mounted on a sliding platform that allows it to move in and out of the participant’s
view across trials. An ‘experimenter monitor’, which is placed out of view of the participant, is
used to inform the experimenter of which stimulus to present on upcoming trials. (B) View of the
apparatus and a real object stimulus from the participants’ perspective. Only one food item
should be visible to a participant at a time. A keyboard tray should be attached to the desk
directly in front of where the participant is seated. Participants make responses with a computer
mouse. (C) Side view showing the participant monitor mounted on the sliding platform. For image
trials, the experimenter slides the participant monitor into the viewing aperture. The participant
monitor is retracted behind the vertical partition on real object trials. (D) Aerial schematic
showing the setup of the turntable apparatus. A single real object can be placed in each of the
20 cells of the turntable. The participant should be seated in front of the viewing aperture while
wearing the computer-controlled visual occlusion glasses. The experimenter can view upcoming
trials on the experimenter monitor and manually rotate the turntable, or move the participant
monitor, as necessary. Panel C of this figure has been reprinted from’ with permission from
Elsevier.

Figure 4: Experimental design for the current study. The experiment consisted of 4 phases: (1)
food preference- and familiarity-rating task, (2) bidding task, (3) food auction, (4) in-lab waiting
period. Participants first complete either a preference- or familiarity-rating task
(counterbalanced across participants). In the preference task, participants viewed an image of
each snack food item for 3 s and then rate how much they liked the item (using a -7 to 7 rating
scale) using a sliding analog bid bar. For the familiarity rating task, participants indicated how
familiar they were with the item (using a 0 to 3 rating scale). Next, participants completed a
bidding task in which they rated how much they were willing to pay (50-S3) for each snack food
item. Half of the stimuli were presented as real foods and half were presented as 2-D images.
Viewing time on each trial was controlled using computer-controlled visual occlusion glasses. At
the start of the trial, the glasses transitioned to the ‘open’ (transparent) state for 3 s, before
returning to the ‘closed’ (opaque) state for a 3 s inter-trial interval. The spectacles then opened
to allow the participant to record a response. Once the bidding task had been completed, an
‘auction’ was conducted to determine whether a participant ‘won’ a food item, and at what price.
The auction was followed by a mandatory 30 min waiting period in the lab. If the participant won
a food item, they could consume the food during the waiting period. All participants were asked
to remain in the lab for the waiting period whether or not a food item was won during the
auction. This figure has been reprinted from’ with permission from Elsevier.

Figure 5: Average monetary bids for each snack food plotted as a function of preference and
display format. As expected, there was a strong positive relationship between monetary bids and
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food preference ratings, with higher bids for foods that were more strongly liked. Importantly,
there was a significant main effect of Display Format in which bids for real foods were greater
than matched food images. There was no significant interaction between the effect of display
format and preference. Mean bid values ($) for the foods are displayed separately for the real
foods (red) and 2-D images (blue). Each data point represents the group average bid for each
food item, separately for foods in each display format. Solid red and blue lines represent lines of
best fit for the real object and image conditions, respectively. This figure has been reprinted from
from’ with permission from Elsevier.

Figure 6: Average monetary bids for each snack food plotted as a function of caloric density
and display format. We found a significant positive relationship between bids and actual caloric
density, with higher bids for foods of higher caloric density. There was no significant interaction
between the effect of display format and caloric density. Mean bid values (S$) for the foods are
displayed separately for the real foods (red) and 2-D images (blue). Each data point represents
the group average bid for each food item, separately for foods in each display format. Solid red
and blue lines represent lines of best fit for the real object and image conditions, respectively.
This figure has been reprinted from from’ with permission from Elsevier.

DISCUSSION:

The overarching goal of the current paper is to facilitate future studies of ‘real world’ object vision
by providing detailed information about how to present large numbers of real-world objects (and
images) under controlled experimental conditions. We present an ecologically-valid approach for
studying the factors that influence dietary choice and food valuation. We describe methods
employed in a recent study of human decision-making’ in which we examined whether snack
foods presented in the form of real-world objects are valued differently to foods presented as 2-
D images. In our experiment’ hungry college students placed monetary bids on a range of
everyday snack foods. Using a within-subjects design, half of the stimuli were presented to each
observer as real foods and the remainder were presented as high-resolution colored 2-D
photographs of foods. The real foods and food images were matched closely for apparent size,
distance, background, viewpoint, and illumination. In an important departure from previous
studies’, environmental conditions and stimulus timing were identical across the different display
formats. The order of trials in each display format was randomized throughout the experiment
using a custom-built turntable device. At the start of the testing session, participants rated their
preference for, and familiarity with, sixty different appetitive snack foods (presented as images).
In the main experiment, observers indicated their willingness-to-pay (WTP) for each of the sixty
foods which were displayed either as real objects or 2-D images. Assignment of food items to the
real object or image conditions was counterbalanced across observers. Following from an earlier
study that addressed a similar question'?, we measured WTP using a Becker DeGroot Marschak
(BDM)3> bidding task in which observers entered a monetary bid ($0-$3) for each snack food to
‘win’ the opportunity to consume a food at the end of the experiment. Given the nested structure
of the data, we used linear mixed effects modeling to determine the extent to which WTP was
influenced by display format, food preference, caloric content, and estimated calories. We found
that observers were willing to pay 6.62% more for foods displayed as real objects versus food
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images’. The amplification in value for real food displays was consistent across all levels of food
preference, as well as across actual and estimated caloric content of the foods. These results are
surprising because participants knew that they could receive the same (real) snack food reward
at the end of the experiment regardless of the format in which the food was presented during
the bidding task. Importantly, the findings confirm that there is a reliable ‘real-food exposure
effect’ on willingness-to-pay”*? that cannot be accounted for by differences in environmental
context, stimulus presentation method, or trial timing, across display formats.

In summary, we have provided detailed methods that describe how to prepare real object stimuli
and closely-matched 2-D computerized images of the same items, as well as methods for creating
a manually-operated turntable for presenting large numbers of real objects and images in
interleaved succession. We provided instructions for controlling stimulus presentation and
viewing time across all trials, for example, by using computer-controlled display glasses. The
methods presented here open up new avenues to examine the underlying mechanisms for the
observed effects. For example, future studies could assess directly the impact of stereopsis by
presenting real-world stimuli under monocular viewing conditions (which could, for example, be
tested easily using monocular vs. binocular states of the computer-controlled glasses described
here). This would form a nice comparison with the image-based trials in which both motion
parallax and stereopsis provide conflicting depth information.

Although we have offered practical solutions for presenting real-world objects under controlled
viewing conditions, working with real objects in the laboratory is undeniably challenging, costly,
and time-consuming. In addition to the technicalities associated with controlling stimulus
parameters such as illumination, position, size and timing, collection and careful preparation (i.e.
mounting) of real object stimuli can be painstakingly slow compared to the time that would be
required to prepare images alone. The experimenter(s) must be well-practiced with locating the
correct exemplars prior to each trial within required time limits and there are obvious possibilities
for experimenter error. In some cases where trial numbers are limited, such as in fMRI®*° and
patient!® studies of real-object vision, we use a video camera to record which exemplars were
presented on each trial and the recordings are cross-checked post-hoc for accuracy. There are
additional challenges with working with foods, which are perhaps a unique class of real object
stimuli. Depending on the number of items used in the study, a relatively large selection of foods
must be kept fresh, on-hand, and in relatively close proximity to the testing room. In decision-
making paradigms involving foods, the stimuli are typically shown with the packaging opened
and some of the contents visible. Although many manufactured foods seem to have an indefinite
shelf life (i.e., the Twinkie) most items need to be replaced regularly to maintain freshness and
visual appeal. Together, these conditions make it difficult to control exactly the appearance of
the foods between real and image formats to the degree that we have found is possible with
non-perishable stimulus classes, such as objects and tools. It is also important to note that we
modified our turntable apparatus from the way it appeared in the original study’ (black) to the
way it is depicted here (white) because we found that the white apparatus was easier to clean
and stimulus contrast was improved.
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The above considerations raise the critical question of whether or not the time and resource
costs of working with real objects are justified, or whether similar results can be obtained using
more convenient image displays. The results from our decision-making paradigm’ indicate that
real food displays elicit a constant increase in valuation (i.e., a linear effect) that does not interact
with other factors such as preference or caloric density. These results from decision-making
dovetail with findings from other domains of human cognition. For example, real-world objects
are more easily recognized!%4%4! enhance memory*?, and capture attention**4* more so than
images do. Compared to 2-D images, fMRI repetition suppression effects are reduced for real
objects®. Similarly, fine-grained examination of the temporal dynamics of brain responses to real
objects as measured by high-density EEG reveals that real objects (vs. images) elicit stronger and
more prolonged desynchronization of the mu rhythm —a signature of activation in visuo-motor
networks involved in automatic planning of motor actions®. The amplification in mu
desynchronization for real objects is independent of early signal differences related to
stereopsis®. Taken together, these findings suggest that the pattern of results that could be
obtained using image displays may be broadly consistent, but just less compelling, than what
might otherwise have been observed had real-world objects been used. In other words, if findings
from studies of image vision transfer predictably to real object vision, then the translational value
of basic research studies of image vision is preserved. Although there is currently insufficient data
to make firm conclusions on this issue, recent evidence for dissociations in the effects of real
objects across motor areas in the left versus right hemispheres® and across egocentric distances®
raise concerns about this assumption. For example, the effect of real objects on attentional
capture fall to the levels observed for 2-D and 3-D images when the objects are positioned
outside of reach of the observer, or when they are within reach but behind a transparent barrier®,
suggesting that the potential for manual interaction with a real object (but not an image)
determines how it is processed. Future studies could use the protocols described here to
investigate whether similar underlying causal mechanisms modulate ‘real-food exposure effects’
on willingness-to-pay. For example, a distance or barrier manipulation® could be employed to
determine whether real snack foods that are reachable or graspable are processed differently to
those that are not (and to determine whether the same manipulation has any effect on
processing of food images). Future studies using ecologically-valid real-object stimuli are required
to make definitive conclusions on this issue. Importantly, it may not be the case that similar
mechanisms are at play in different cognitive domains, or in different tasks. Nevertheless, our
approach to working with real-world objects promises to provide important new insights into the
underlying processes and mechanisms that drive naturalistic vision.

ACKNOWLEDGMENTS:

This work was supported by grants to J.C. Snow from the National Eye Institute of the National
Institutes of Health (NIH) under Award Number RO1EY026701, the National Science Foundation
(NSF) [grant 1632849] and the Clinical Translational Research Infrastructure Network [grant 17-
746Q-UNR-PG53-00]. The content is solely the responsibility of the authors and does not
necessarily represent the official views of the NIH, NSF or CTR-IN.

DISCLOSURES:



657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699

The authors have nothing to disclose.

REFERENCES:

1 Gibson, J. ). The Ecological Approach to Visual Perception. Houghton Mifflin. Boston.
(1979).

2 Westheimer, G. Three-dimensional displays and stereo vision. Proceedings of the Royal
Society B: Biological Sciences. 278 (1716), 2241-2248, doi:10.1098/rspb.2010.2777, (2011).

3 Julesz, B. Foundations of cyclopean perception. U. Chicago Press. Oxford. (1971).

4 Sprague, W. W., Cooper, E. A, ToSi¢, |., Banks, M. S. Stereopsis is adaptive for the natural
environment. Science Advances. 1 (4), doi:10.1126/sciadv.1400254, (2015).

5 Nityananda, V., Read, J. C. A. Stereopsis in animals: evolution, function and mechanisms.
Journal of Experimental Biology. 220 (Pt 14), 2502-2512, doi:10.1242/jeb.143883, (2017).

6 Gomez, M. A., Skiba, R. M., Snow, J. C. Graspable Objects Grab Attention More Than
Images Do. Psychological Science. 29 (2), 206-218, doi:10.1177/0956797617730599, (2018).

7 Romero, C. A, Compton, M. T., Yang, Y., Snow, J. C. The real deal: Willingness-to-pay and
satiety expectations are greater for real foods versus their images. Cortex. 107 78-91,
doi:10.1016/j.cortex.2017.11.010, (2018).

8 Snow, J. C. et al. Bringing the real world into the fMRI scanner: Repetition effects for
pictures versus real objects. Scientific Reports. 1 130, doi:10.1038/srep00130, (2011).

9 Marini, F., Breeding, K. A., Snow, J. C. Distinct visuo-motor brain dynamics for real-world
objects versus planar images. Neurolmage. (in press).

10 Holler, D., Behrmann, M., Snow, J. C. Real-world size coding of solid objects, but not 2-D
or 3-D images, in visual agnosia patients with bilateral ventral lesions. Cortex. (in press).

11 Tang, D. W., Fellows, L. K., Dagher, A. Behavioral and neural valuation of foods is driven

by implicit knowledge of caloric content. Psychological Science. 25 (12), 2168-2176,
doi:10.1177/0956797614552081, (2014).

12 Bushong, B., King, L. M., Camerer, C. F., Rangel, A. Pavlovian processes in consumer
choice: The physical presence of a good increases willingness-to-pay. The American Economic
Review. 100 (4), 1556-1571 (2010).

13 Rangel, A. Regulation of dietary choice by the decision-making circuitry. Nature
Neuroscience. 16 (12), 1717-1724, doi:10.1038/nn.3561, (2013).
14 Plassmann, H., O'Doherty, J. P., Rangel, A. Appetitive and aversive goal values are encoded

in the medial orbitofrontal cortex at the time of decision making. Journal of Neuroscience. 30
(32), 10799-10808, doi:10.1523/jneurosci.0788-10.2010, (2010).

15 Berthoud, H. R. Metabolic and hedonic drives in the neural control of appetite: who is the
boss? Current Opinion in Neurobiology. 21 (6), 888-896, doi:10.1016/j.conb.2011.09.004, (2011).
16 Sclafani, A. Conditioned food preferences. Bulletin of Psychonomic Society. 29 (2), 256-
260, doi:10.3758/BF03335250, (1991).

17 Volkow, N. D., Wise, R. A. How can drug addiction help us understand obesity? Nature
Neuroscience. 8 (5), 555-560, doi:10.1038/nn1452, (2005).

18 Drewnowski, A., Darmon, N. Food choices and diet costs: An economic analysis. Journal
of Nutrition. 135 (4), 900-904 (2005).



700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741

19 Imram, N. The role of visual cues in consumer perception and acceptance of a food
product. Nutrition and Food Science. 99 (5), 224-230, doi:10.1108/00346659910277650, (1999).
20 Marteau, T. M., Hollands, G. J., Fletcher, P. C. Changing human behavior to prevent
disease: The importance of targeting automatic processes. Science. 337 (6101), 1492-1495,
doi:10.1126/science.1226918, (2012).

21 Neal, D. T., Wood, W., Quinn, J. M. Habits: A repeat performance. Current Direction in
Psychology. 15 (4), 198-202, d0i:10.1111/j.1467-8721.2006.00435.x, (2006).

22 Wellman, N. S., Friedberg, B. Causes and consequences of adult obesity: Health, social
and economic impacts in the United States. Asia Pacific Journal of Clinical Nutrition. 11, S705-
S$709, doi:10.1046/j.1440-6047.11.58.6.x, (2002).

23 Canoy, D. et al. Coronary heart disease incidence in women by waist circumference within
categories of body mass index. European Journal of Preventive Cardiology. 20 (5), 759-762,
doi:10.1177/2047487313492631, (2013).

24 Whitmer, R. A. et al. Central obesity and increased risk of dementia more than three
decades later. Neurology. 71 (14), 1057-1064, d0i:10.1212/01.wnl.0000306313.89165.ef, (2008).
25 Bean, M. K., Stewart, K., Olbrisch, M. E. Obesity in America: Implications for clinical and
health psychologists. Journal of Clinical Psychology in Medical Settings. 15 (3), 214-224,
do0i:10.1007/s10880-008-9124-9, (2008).

26 Brownell, K. D., Gold, M. S. Food and addiction: A comprehensive handbook. Oxford
University Press, (2012).

27 Klein, S. et al. Waist circumference and cardiometabolic risk: A consensus statement from
shaping America's health: Association for Weight Management and Obesity Prevention; NAASO,
the Obesity Society; the American Society for Nutrition; and the American Diabetes Association.
Obesity. 15 (5), 1061-1067, doi:10.1038/0by.2007.632, (2007).

28 Zhang, Y. et al. Obesity: Pathophysiology and Intervention. Nutrients. 6 (11), 5153-5183,
doi:10.3390/nu6115153, (2014).

29 Afshin, A. et al. Health effects of overweight and obesity in 195 countries over 25 years.
New England Journal of Medicine. 377 (1), 13-27, d0i:10.1056/nejmoal614362, (2017).

30 Mischel, W., Moore, B. Effects of attention to symbolically presented rewards on self-
control. Journal of Personality and Social Psychology. 28 (2), 172-179 (1973).

31 Mischel, W., Ebbesen, E. B., Zeiss, A. R. Cognitive and attentional mechanisms in delay of
gratification. Journal of Personality and Social Psychology. 21 (2), 204-218 (1972).

32 Gross, J., Woelbert, E., Strobel, M. The fox and the grapes-how physical constraints affect
value based decision making. PLoS One. 10 (6), e0127619, doi:10.1371/journal.pone.0127619,
(2015).

33 Midller, H. The real-exposure effect revisited — How purchase rates vary under pictorial
vs. real item presentations when consumers are allowed to use their tactile sense. International
Journal of Market Research. 30 (3), 304-307, doi:10.1016/j.ijresmar.2013.03.001, (2013).

34 Becker, G. M., DeGroot, M. H., Marschak, J. Measuring utility by a single-response
sequential method. Behavior Science. 9 (3), 226-232 (1964).

35 Becker, G. M., DeGroot, M. H., Marschak, J. Stochastic models of choice behavior.
Behavior Science. 8 (1), 41-55 (1963).



742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767

36 Plassmann, H., O'Doherty, J., Rangel, A. Orbitofrontal Cortex Encodes Willingness to Pay
in Everyday Economic Transactions. Journal of Neuroscience. 27 (37), 9984-9988,
doi:10.1523/jneurosci.2131-07.2007, (2007).

37 Milgram, P. A spectacle-mounted liquid-crystal tachistoscope. Behavior Research
Methods. 19 (5), 449-456 (1987).
38 Johnson, E. J., Haubl, G., Keinan, A. Aspects of endowment: A query theory of value

construction. Journal of Experimental Psychology: Learning Memory and Cognition. 33 (3), 461-
474, doi:10.1037/0278-7393.33.3.461, (2007).

39 Freud, E. et al. Getting a grip on reality: Grasping movements directed to real objects and
images rely  on dissociable neural representations. Cortex. 98  34-48,
doi:10.1016/j.cortex.2017.02.020, (2018).

40 Chainay, H., Humphreys, G. W. The real-object advantage in agnosia: Evidence for a role
of surface and depth information in object recognition. Cognition Neuropsychology. 18 (2), 175-
191, doi:10.1080/02643290042000062, (2001).

41 Humphrey, G. K., Goodale, M. A., Jakobson, L. S., Servos, P. The role of surface information
in object recognition: Studies of a visual form agnosic and normal subjects. Perception. 23 (12),
1457-1481 (1994).

42 Snow, J. C., Skiba, R. M., Coleman, T. L., Berryhill, M. E. Real-world objects are more
memorable than photographs of objects. Frontiers in Human Neuroscience. 8 837,
doi:10.3389/fnhum.2014.00837, (2014).

43 Gomez, M. A., Snow, J. C. Action properties of object images facilitate visual search.
Journal of Experimental Psychology: Human Perception and Performance. 43 (6), 1115-1124,
doi:10.1037/xhp0000390, (2017).

44 Gerhard, T. M., Culham, J. C., Schwarzer, G. Distinct visual processing of real objects and
pictures of those objects in 7- to 9-month-old infants. Frontiers in Psychology. 7 827,
doi:10.3389/fpsyg.2016.00827, (2016).



Figure 1 Click here to access/download;Figure;JoVE_Fig1_Final.tif =

Raal food on umishie 2-I irmge of food an compulsrmonlior


https://www.editorialmanager.com/jove/download.aspx?id=1017793&guid=ee6d1576-bde7-4c3b-81cf-48181836242c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1017793&guid=ee6d1576-bde7-4c3b-81cf-48181836242c&scheme=1



https://www.editorialmanager.com/jove/download.aspx?id=1017794&guid=17081920-8070-4487-a090-9aa51c82e23c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1017794&guid=17081920-8070-4487-a090-9aa51c82e23c&scheme=1

Figure 3 Click here to access/download;Figure;JoVE_Fig3_Final.tif

 Tumntable | | _paﬂHinn\;?

Experimenter
monitor

Participant Turniabde

¥ monitor

- Tt e -—5|id[ngprmfurm

' I.;'\W.m.

Exparimenter
Viewing aperiurg

monitor

ﬂamputar-mnlrnllnd
visual occlusion glasses


https://www.editorialmanager.com/jove/download.aspx?id=1017795&guid=630eaafd-c6d3-4446-a25b-f0364a772312&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1017795&guid=630eaafd-c6d3-4446-a25b-f0364a772312&scheme=1
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Comments/Description

Computer programming software. Download this additional free toolbox: PsychToolbox 3.0.14

Statitical analysis software

The ToTal Control System controls the PLATO spectacles
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ARTICLE AND VIDEO LICENSE AGREEMENT
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Author(s):

LonsSa A. Romexo, J’oxc,%\;e,l'm& C. sSnow

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:
IZStandard Access

Item 2: Please select one of the following items:

I:l Open Access

BIThe Author is NOT a United States government employee.

I:lThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JOVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video" means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.


carissar
Stamp

https://www.editorialmanager.com/jove/download.aspx?id=1017823&guid=2b854ee2-ca50-4e3d-9c81-ee1f7368ac70&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1017823&guid=2b854ee2-ca50-4e3d-9c81-ee1f7368ac70&scheme=1

tel, 617.945.9051
wWww.jove.com

Q
1 Alewife Center 4200
Cambridge, MA 02140

VISUALIZED B3

4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5: Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JOVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

T Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.5.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author's Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11 JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author's institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution's
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR

Name:

Jecee cecelerd Sy

Department:

7521t log <

Institution:

M"v«oﬁ—z')’é? g teovaeds, , E%

Title: A S5 cenle P J=s8So—.

Signature:

T

Date: | DO jc(/t ) 2o C{ )

Please submit aggned and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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RESPONSE TO REVIEWERS

We would like to thank the editor and the reviewers for taking the time to consider our
manuscript and for their constructive comments and suggestions. In light of this feedback, we
have made several broad changes to the manuscript, in addition to addressing the point-by-
point questions outlined below. First, we have revised the structure of the introduction to bring
the focus of the manuscript squarely within the domain of methods for presenting real-world
objects under controlled viewing conditions. We emphasize later in the introduction that we
use a decision-making task as an example protocol with which to apply our ‘real-world’
approaches and apparatus. Second, in line with the suggestions of both the Editor and the
reviewers, we have substantially revised the structure of the discussion to consider explicitly
the critical steps in the protocol, the significance of our approach with respect to existing
methods, and possible future applications of the technique. Importantly, we consider carefully
the various limitations and challenges of working with real objects in experimental contexts and
whether or not the time and resource costs of working with real objects are justified, or if
similar results can be obtained using more convenient image displays.

Taken together, the changes we have made to the manuscript have strengthened the paper
considerably. Point-by-point responses to each of the reviewer’s queries are provided below.

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are
no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any
errors in the submitted revision may be present in the published version.

Resolved

2. Please revise the title to be more concise and avoid punctuations.

We have revised our title to be more concise, as follows:

“Methods for presenting real-world objects under controlled laboratory conditions”
3. Please define all abbreviations during the first-time use.
Resolved

4. Please remove all commercial language from your manuscript and use generic terms instead.
All commercial products should be included in the Table of Materials and Reagents and
reference the table wherever applicable.

For example: Canon Rebel T2i DSLR, Adobe Photoshop, PLATO liquid crystal occlusion goggles,
MATLAB,

*
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Resolved

5. Please ensure that all text in the protocol section is written in the imperative tense as if
telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions
should be described in the imperative tense in complete sentences wherever possible. Avoid
usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any
text that cannot be written in the imperative tense may be added as a “Note.” However, notes
should be concise and used sparingly.

Resolved
6. The Protocol should contain only action items that direct the reader to do something.
Resolved

7. The Protocol should be made up almost entirely of discrete steps without large paragraphs of
text between sections.

Resolved

8. Please add more details to your protocol steps. Please ensure you answer the “how”
guestion, i.e., how is the step performed?

Resolved see 9- 15.
9.1.1.2.4: How is this done?
We have revised this section to detail how adjustments to images are made, as follows:

“1.1.2.4 If necessary, adjust the 2-D images for color, luminance, and visual size using image
processing software (see Table of Materials). Click on the Hue/Saturation and
Brightness/Contrast tabs and move the sliders until the image looks as similar as possible to its
real-world counterpart when mounted on the turntable. Fine tune the size of the object in the
image by positioning the real object next to the computer monitor and increase/decrease the
pixel size until the stimuli are matched exactly for size. Make sure that the image processing
software page view (zoom) is set at 100% when editing. Ensure that the monitor used for
editing the images is the same (or the same size) monitor that will be used as the participant
monitor during the study. Hold constant the resolution, aspect ratio and pixels per inch of the
images. Additionally, confirm that the monitor is large enough to display the largest stimulus at
its full size.”

10. 2.6.1.1: How is this done? What codes are used?



We have revised this section to include where the code can be found to trigger the liquid crystal
occlusion glasses, as follows:

“2.6.1.1 Make a computer command (e.g., a button press) to trigger opening and closing of the
glasses allowing for the real food to be visible on the turntable for 3 sec. Once the glasses close,
position the participant monitor back in front of the aperture and press a key to open the
glasses in order for the participant to make a response (e.g., a bid). Have the glasses
automatically close once the participant enters his/her response (see ‘run study’ script,
available at https://snowlab.blogs.unr.edu/).”

11.2.6.1.1.1.: How?

This section has been combined with the previous section 2.6.1.1.

12. 3.1: Please include the script as a supplemental file.

Because of the nature of the files that are needed to run the study (i.e. .mat and images files)
and because all files must be included in a single folder, we believe it will be better to provide a

link to a compressed folder on our lab website (https://snowlab.blogs.unr.edu/) than scripts as
a supplemental file.

13. 3.2: How? Codes used, scripts used to do the same?

A link to the necessary files to perform this task has been included.
14. 8: Include the script/ codes used for this as a supplemental file.
A link to the necessary files to perform this task has been included.
15. 10: How is this done?

We have revised this section to detail how the linear mixed effects model analysis is done, as
follows:

“10.1 Use statistical analysis software (see Table of Materials) to perform a linear mixed
effects modeling analysis. Use a linear mixed effects model to account for the nested responses
within participants (i.e., each participant places bids on both real items and items seen as
images). Create a dataset with the following variables: Participants, Item, Display Format,
Preference, Caloric Density, Estimated Calories, and Bid. Create a model by clicking Analyze,
then Mixed Models, then Linear.

10.1.1 Transfer the variable Participants into the Subjects: box then press continue. Transfer
Bid into the Dependent Variable: box. Next, transfer Subject and Display Format into the
Factor(s): box. Then, transfer Preference into the Covariate(s): box.



10.1.2 Click Fixed... then select and add all of the variables except Participants into the Model:
box then click Continue. Click Random... then select and add Participants into the Combinations:
box in order to account for variability in responses within and across observers. Click continue.

10.1.3 Click Statistics... then check the Descriptive statistics, Parameter estimates, and Tests
for covariance parameters boxes. Click Continue. Click EM Means... then select and transfer all
of the Factors and Factor Interactions into the Display Means for: box. Click Continue. Lastly,
press OK.”

16. Lines 182-191: We cannot have paragraph of texts in the protocol section, please consider
making steps in imperative tense or move to the discussion section

This text has been removed.

17. Software steps must be more explicitly explained ('click’, 'select’, etc.). Please include all the
codes used for this experiment as a supplemental file.

Resolved
18. Please do not use personal pronouns throughout the protocol section.
Resolved

19. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content.
Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that
identifies the essential steps of the protocol for the video, i.e., the steps that should be
visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted
Protocol steps will remain in the manuscript, and therefore will still be available to the reader.

Resolved

20. Please include all the Figure Legends together at the end of the Representative Results in
the manuscript text.

Resolved

21. Please obtain explicit copyright permission to reuse any figures from a previous publication.
Explicit permission can be expressed in the form of a letter from the editor or a link to the
editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to
your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend,
i.e. “This figure has been modified from [citation].”



The appropriate documents have been uploaded to the portal. Elsevier has requested that
acknowledgement to the source be made in the following way:

“Reprinted from Publication title, Vol/edition number, Author(s), Title of article/title of chapter,
Pages No., Copyright (Year), with permission from Elsevier [OR APPLICABLE SOCIETY COPYRIGHT
OWNER].”

22. As we are a methods journal, please revise the Discussion to explicitly cover the following in
detail in 3-6 paragraphs with citations:

a) Critical steps within the protocol

b) Any modifications and troubleshooting of the technique

c) Any limitations of the technique

d) The significance with respect to existing methods

e) Any future applications of the technique

The discussion section of the revised draft has been modified substantially to reflect the above
criteria. Please see revised manuscript.

23. All figures should be uploaded separately to your Editorial Manager account.
Resolved

24. Please revise the table of the essential supplies, reagents, and equipment. The table should
include the name, company, and catalog number of all relevant materials in separate columns.
Once done please sort the table alphabetically.

Resolved

Reviewer #1:

Manuscript Summary:

This is a very well-written manuscript describing a procedure for bringing real-world objects
into experimental investigations of decision making. The rationale for instituting the procedure
is well-formulated.

Major Concerns:

In a few places the authors remark that there has been little or no experiments examining
valuation of real food objects versus images of foods. However, at least one of the studies that
they cite in another context seems to have done exactly that (Bushong et al., 2010). They
should be cited as an exception to statements like the one made at the top of page 4.

We thank Reviewer 1 for highlighting this point. We have modified the introduction to address
this concern, as follows:



Introduction, p.3: “However, few studies have examined in adults whether the format in which
a snack food is displayed influences decision-making or valuation'>3233 and only one study to
date, from our laboratory, has tested this question when stimulus parameters and
environmental factors are matched across formats’.”

On page 4, starting on line 114 the authors note that their procedure provides advantages over
previous Beck-DeGroot-Marschk bidding task set-ups allowing greater control over stimulus
parameters, presentation and timing. It would be beneficial to indicate some of the specific
features of the classic bidding task formats and how they are limited. It would also be helpful to
indicate which features of the current method overlap with the existing ones and what specific
features are different?

We agree with Reviewer 1 that it would be beneficial to describe what advantages our
procedures provide over previous studies that have used the Becker-DeGroot-Marschk bidding
task. We have substantially modified the introduction to highlight the key similarities and
differences between our approach and that of Bushong et al., (2010):

Introduction, pp.3-4: “Here, we describe innovative techniques and apparatus for investigating
whether decision-making in healthy human observers is influenced by the format in which the
stimuli are displayed. Our study’ was motivated by a previous experiment conducted by
Bushong and colleagues®? in which college-aged students were asked to place monetary bids on
a range of everyday snack foods using a Becker-DeGroot-Marschak (BDM) bidding task34. Using
a between-subjects design, Bushong and colleagues'? presented the snack foods in one of three
formats: text descriptors (i.e., ‘Snickers bar”), 2-D colored images, or real foods. Average bids
for the snacks (in dollars) were contrasted across the three participant groups. Surprisingly,
students who viewed real foods were willing to pay 61% more for the items than those who
viewed the same stimuli as images or text descriptors —a phenomenon the authors termed the
‘real-exposure effect’*2, Critically, however, participants in the text and image conditions
completed the bidding task in a group setting and entered their responses via individual
computer terminals; conversely, those assigned to the real food condition performed the task
one-on-one with the experimenter. The appearance of the stimuli in the real and image
conditions was also different. In the real food condition, the foods were presented to the
observer on a silver tray, whereas in the image condition the stimuli were presented as scaled
cropped images on a black background. Thus it is possible that participant differences,
environmental conditions, or stimulus-related differences, could have led to inflated bids for
the real foods. Following from Bushong, et al.'2 we examined whether the real foods are valued
more than 2-D images of food, but critically, we used a within-subjects design in which
environmental and stimulus-related factors were carefully controlled. We developed a custom-
designed turntable in which the stimuli in each display format could be interleaved randomly
from trial to trial. Stimulus presentation and timing were identical across the real object and
image trials, thus reducing the likelihood that participants could use different strategies to
perform the task in the different display conditions. Finally, we controlled carefully the




appearance of the stimuli in the real object and image conditions so that the real foods and
images were matched for closely for apparent size, distance, viewpoint, and background.”

The authors note that one of the advantages of the set-up is that it allows for random,
interleaved presentations of stimuli. They relate this to enhancing the ability to do within-
subjects studies which increases power. | did not find this argument as compelling for 2
reasons. First, one of the drawbacks of a within-subjects design is that the purpose of the
experiment would be pretty transparent and therefore the likelihood of experimenter demand
effects would be high. A between-subjects design eliminates this considerable concern. Second,
it is not clear that the suggested procedure is the only one that allows such a design or allows
for randomized presentations. | suggest touching on these points in the paper for clarity.

We agree with Reviewer 1. These points have been clarified in the introduction section of the
revised manuscript, as indicated below:

Introduction, p.4: “There are likely to be other procedures or mechanisms that could allow for
randomizing stimulus formats across trials but our method allows for a large number of objects
(and images) to be presented in relatively rapid interleaved succession. From a statistical
standpoint, this design maximizes power to detect significant effects more so than is possible
using between-subjects designs. Similarly, the effects cannot be attributed to a-priori
differences in willingness-to-pay (WTP) between observers. It is, of course, the case that in
within-subjects designs open the possibility for demand characteristics. However, in our study
participants understood that they could ‘win’ a food item at the end of the experiment
regardless of the display format in which it appeared in the bidding task. Participants were also
informed that arbitrarily reducing bids (i.e., for the images) would reduce their chances of
winning, and that the best strategy for wining a desired item is to bid one’s true value3+36.”

Page 11: A question related to the food auction. "if the computer makes a bid . . . less than or
equal to the participant's bid, then the participant wins the item for consumption and pays the
price of the computer's bid." Why does the consumer not pay the price that they bid as
opposed to what the computer bid? If the participant knows they could end up paying less than
their bid, then could this introduce different strategies that might complicate interpreting the
results? This also lacks ecological validity. Perhaps the rationale for this could be explained
somewhere.

We agree with Reviewer 1 that it seems counterintuitive that the participant should pay for the
food item the price that was generated by the computer rather than their own bid value.
However, first, it is important to point out that the focus of the current paper is on methods for
presenting real objects under controlled viewing conditions, more so than the particulars of the
Becker-DeGroot-Marschak bidding task. Second, the BDM task is a relatively well-established
method that has been applied in a large number of previous studies in the decision-making
literature. Finally, given that one of our major goals was to replicate the ‘real exposure effect’
described originally by Bushong et al., (2010) — but under more controlled conditions, we kept
the bidding task in line with the original study. If Reviewer 1 would like to follow up on this



issue further, the following papers provide an in-depth consideration of the rationale for the
BDM procedure:

34 Becker, G. M., DeGroot, M. H. & Marschak, J. Stochastic models of choice behavior. Behav Sci. 8
(1), 41-55 (1963).

35 Plassmann, H., O'Doherty, J. & Rangel, A. Orbitofrontal Cortex Encodes Willingness to Pay in
Everyday Economic Transactions. The Journal of Neuroscience. 27 (37), 9984-9988,
doi:10.1523/jneurosci.2131-07.2007, (2007).

36 Becker, G. M., DeGroot, M. H. & Marschak, J. Measuring utility by a single-response sequential
method. Behav Sci. 9 (3), 226-232 (1964).

38 Johnson, E. J., Haubl, G. & Keinan, A. Aspects of endowment: A query theory of value
construction. Journal of Experimental Psychology: Learning, Memory, and Cognition. 33 (3), 461-
474, doi:10.1037/0278-7393.33.3.461, (2007).

In anticipation that other readers may have similar questions about the BDM task, we have
added a sentence to p.11 of the Methods section to direct readers to relevant background
material about the BDM bidding task, as follows:

“A number of previous studies have provided an in-depth consideration of the rationale for the
BDM bidding task3436:38,

Page 13: It is noted that although it is tempting to use photographs in experiments rather than
repeating the set-up for each participant, it is "imperative to ensure that empirical findings
generalize to real-world contexts . . ." One of the issues that would be important to touch on in
the discussion is how the differences between how 2D and 3D stimuli were valuated might lead
to erroneous conclusions in experiments (and what kind of errors). For example, is the
reduction in willingness to pay for 2D images versus real objects is just characterized by a linear
transformation? If this is the case, the issue may not be a particularly troubling one if there is
still a considerable range. It just means that the translation to real-life is simply a linear and
predictable one. This is an important issue to address in the paper as it speaks to evaluating the
criticality of the manipulation (in the face of its time and resource costs). Note, however, that
regardless of the relationship observed here, it does not dismiss the utility of the application in
other settings, but it is something that should be considered when deciding on whether the
extra resource cost of this procedure is necessary for a given application.

We thank Reviewer 1 for highlighting this point. A similar concern was also raised by Reviewer
2. Given that both reviewers asked about this issue, we have revised the discussion quite
substantially to consider this point in detail, as follows:

Discussion, pp.15-16 (last paragraph): “The above considerations raise the critical question of
whether or not the time and resource costs of working with real objects are justified, or
whether similar results can be obtained using more convenient image displays. The results from
our decision-making paradigm’ indicate that real food displays elicit a constant increase in
valuation (i.e., a linear effect) that does not interact with other factors such as preference or
caloric density. These results from decision-making dovetail with findings from other domains




of human cognition. For example, real-world objects are more easily recognized'%4%4!, enhance
memory*?, and capture attention**** more so than images do. Compared to 2-D images, fMRI
repetition suppression effects are reduced for real objects (Snow et al., 2011). Similarly, fine-
grained examination of the temporal dynamics of brain responses to real objects as measured
by high-density EEG reveals that real objects (vs. images) elicit stronger and more prolonged
desynchronization of the mu rhythm —a signature of activation in visuo-motor networks
involved in automatic planning of motor actions®. The amplification in mu desynchronization for
real objects is independent of early signal differences related to stereopsis®. Taken together,
these findings suggest that the pattern of results that could be obtained using image displays
may be broadly consistent, but just less compelling, than what might otherwise have been
observed had real-world objects been used. In other words, if findings from studies of image
vision transfer predictably to real object vision, then the translational value of basic research
studies of image vision is preserved. Although there is currently insufficient data to make firm
conclusions on this issue, recent evidence for dissociations in the effects of real objects across
motor areas in the left versus right hemispheres® and across egocentric distances® raise
concerns about this assumption. For example, the effect of real objects on attentional capture
fall to the levels observed for 2-D and 3-D images when the objects are positioned outside of
reach of the observer, or when they are within reach but behind a transparent barrier ©,
suggesting that the potential for manual interaction with a real object (but not an image)
determines how it is processed. Future studies could use the protocols described here to
investigate whether similar underlying causal mechanisms modulate ‘real-food exposure
effects’ on willingness-to-pay. For example, a distance or barrier manipulation® could be
employed to determine whether real snack foods that are reachable or graspable are processed
differently to those that are not (and to determine whether the same manipulation has any
effect on processing of food images). Future studies using ecologically-valid real-object stimuli
are required to make definitive conclusions on this issue. Importantly, it may not be the case
that similar mechanisms are at play in different cognitive domains, or in different tasks.
Nevertheless, our approach to working with real-world objects promises to provide important
new insights into the underlying processes and mechanisms that drive naturalistic vision.

n

Minor Concerns:

| was not clear on the positioning of the subject's monitor relative to the aperture. | gather that
this is on some kind of slide and moves back and forth depending on the stimulus condition. A
few more details about the slide itself early on would be helpful.

We have revised the location of the sliding platform image and description in Figure 3 from D to
C and placed the entire figure after the description of the sliding platform in the text for clarity.

Reviewer #2:

Manuscript Summary:

The authors present a method and apparatus that can be used to assess responses to real-
world stimuli, and importantly, directly compare these responses with 2-D displayed versions.
The authors make a compelling case for the utility of this approach for this particular topic, and



the apparatus is nicely designed.

Major Concerns:

The manuscript is clear and for the most part well-written (see minor comments below). One
general comment is that the multiple short sections (some consisting of only one sentence)
throughout the paper are jarring. | think some of these could be consolidated to help the flow
of the paper. To give just one example, Section 2 could be divided into two parts A setups for a
test session, and B procedure during test session, with fewer subsections.

We agree that in many cases the multiple short sections are jarring to the reader, but the Editor
has indicated that this is the format that is required for JOVE. However, we have done our best
to combine some of the sections to reduce the number of short sentences within the limits of
the journal requirements.

| realize that the results shown here are from another, already published, paper but this study
provides an excellent opportunity to directly assess the impact of stereopsis by including real-
world tests with monocular viewing (easy to control with the test goggles). This would form a
nice comparison with the monitor-based trials in which motion parallax and stereopsis provide
conflicting depth information.

This point has been outlined in the discussion section of the revised manuscript:

Discussion, p.14: “The methods presented here open up new avenues to examine the
underlying mechanisms for the observed effects. For example, future studies could assess
directly the impact of stereopsis by presenting real-world stimuli under monocular viewing
conditions (which could, for example, be tested easily using monocular vs. binocular states of
the computer-controlled glasses described here). This would form a nice comparison with the
image-based trials in which both motion parallax and stereopsis provide conflicting depth
information.”

| assume there is some reason for using the awkward term 'likeingness' instead of preference or
appreciation. Similarly, the rating scale could be called a preference or appreciation scale.

We have changed the term ‘likingness’ to ‘preference’ throughout the manuscript, and in the
figures/captions.

Throughout the paper it would be useful for the reader if the authors used 'estimated' caloric
density rather than simply caloric density, since the participants' estimates were not likely
veridical.

To clarify, we included both actual caloric density, and participants’ estimates of the caloric
density of the foods, in our linear mixed effects modeling analysis. We have clarified this point
in the manuscript, as follows:



Protocol Section 10.1: “Create a dataset with the following variables: Participants, Item, Display
Format, Preference, Caloric Density, Estimated Calories, and Bid.”

The effect of estimated caloric density is weak; | assume that this is discussed in the original
paper.

We did discuss this result in the original manuscript, and in fact in the original paper we ran a
second experiment to address this question in more detail. For the purpose of the current
manuscript, we have clarified this point, as follows:

Representative Results, p.11: “Although we observed an effect of estimated calories on Bids,
the effect was relatively weak. This result may be explained by the fact that participants
performed the estimation task in response to text prompts after the main experiment, rather
than while looking at the foods at the time of stimulus presentation. Furthermore, estimating
the number of calories in a given food item is not necessarily an intuitive task; many observers
are unaware (or do not pay attention to) the caloric density of the foods they consume.”

In all of the data presented here the difference between the real-world and displayed objects
conditions is a constant shift, with no interaction effects. That is the pattern of the results is
consistent. | assume that in the original paper the authors discuss that depending on the aims
of the study the results obtained using displays may be valid, just less compelling.

We thank Reviewer 2 for highlighting this point. A similar concern was also raised by Reviewer
1. Given that both reviewers asked about this issue, we have revised the discussion quite
substantially to consider this point in detail, as follows:

Discussion, pp.15-16 (last paragraph): “The above considerations raise the critical question of
whether or not the time and resource costs of working with real objects are justified, or
whether similar results can be obtained using more convenient image displays. The results from
our decision-making paradigm’ indicate that real food displays elicit a constant increase in
valuation (i.e., a linear effect) that does not interact with other factors such as preference or
caloric density. These results from decision-making dovetail with findings from other domains
of human cognition. For example, real-world objects are more easily recognized'®4%4! enhance
memory*?, and capture attention**** more so than images do. Compared to 2-D images, fMRI
repetition suppression effects are reduced for real objects (Snow et al., 2011). Similarly, fine-
grained examination of the temporal dynamics of brain responses to real objects as measured
by high-density EEG reveals that real objects (vs. images) elicit stronger and more prolonged
desynchronization of the mu rhythm —a signature of activation in visuo-motor networks
involved in automatic planning of motor actions®. The amplification in mu desynchronization for
real objects is independent of early signal differences related to stereopsis®. Taken together,
these findings suggest that the pattern of results that could be obtained using image displays
may be broadly consistent, but just less compelling, than what might otherwise have been
observed had real-world objects been used. In other words, if findings from studies of image
vision transfer predictably to real object vision, then the translational value of basic research




studies of image vision is preserved. Although there is currently insufficient data to make firm
conclusions on this issue, recent evidence for dissociations in the effects of real objects across
motor areas in the left versus right hemispheres® and across egocentric distances® raise
concerns about this assumption. For example, the effect of real objects on attentional capture
fall to the levels observed for 2-D and 3-D images when the objects are positioned outside of
reach of the observer, or when they are within reach but behind a transparent barrier ©,
suggesting that the potential for manual interaction with a real object (but not an image)
determines how it is processed. Future studies could use the protocols described here to
investigate whether similar underlying causal mechanisms modulate ‘real-food exposure
effects’ on willingness-to-pay. For example, a distance or barrier manipulation® could be
employed to determine whether real snack foods that are reachable or graspable are processed
differently to those that are not (and to determine whether the same manipulation has any
effect on processing of food images). Future studies using ecologically-valid real-object stimuli
are required to make definitive conclusions on this issue. Importantly, it may not be the case
that similar mechanisms are at play in different cognitive domains, or in different tasks.
Nevertheless, our approach to working with real-world objects promises to provide important
new insights into the underlying processes and mechanisms that drive naturalistic vision.”

Section 5.1 is redundant with the text that precedes it.
This section has been removed.

The organization of the sections describing the apparatus is a bit confusing. | suggest describing
the sliding platform prior (1.2.5.1 and to Figure 3 where this piece of the set-up is referred to.

We have revised the location of the sliding platform image and description in Figure 3 from D to
C and placed the entire figure after the description of the sliding platform in the text for clarity.

Minor Concerns:
40 tense shift (this is one example, there are many other instances throughout)

Resolved
97 text should be modified to refer to the position and timing of object presentation
Resolved

163 The statement that the 50cm distance is typical in visual perception experiments is too
broad/sweeping. | would just remove that clause.

The statement has been removed

263 The reference to the updated occluding glasses is unclear - a bit more detail would be
useful here.



This reference has been removed.

342 would view -> viewed

Resolved

435 the participant loses the item -> does not win the item

Resolved



Copy Right Permission

3/13/2019

Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Copyright Permission_3_13_2019.pdf
RightsLink Printable License

ELSEVIER LICENSE
TERMS AND CONDITIONS

Mar 13, 2019

This Agreement between Miss. Carissa Romero ("You") and Elsevier ("Elsevier") consists of
your license details and the terms and conditions provided by Elsevier and Copyright

Clearance Center.

License Number

License date

Licensed Content Publisher
Licensed Content Publication

Licensed Content Title

Licensed Content Author

Licensed Content Date
Licensed Content Volume
Licensed Content Issue
Licensed Content Pages
Start Page

End Page

Type of Use

Requestor type

Intended publisher of new
work

Portion

Number of
figures/tables/illustrations

Format

Are you the author of this
Elsevier article?

Will you be translating?
Original figure numbers

Title of the article

Publication new article is in
Publisher of the new article
Author of new article
Expected publication date

Estimated size of new article
(number of pages)

Requestor Location

4518951021193
Jan 30, 2019
Elsevier

Cortex

The real deal: Willingness-to-pay and satiety expectations are
greater for real foods versus their images

Carissa A. Romero,Michael T. Compton,Yueran Yang,Jacqueline C.
Snhow

Oct 1, 2018

107

n/a

14

78

o1

reuse in a journal/magazine
academic/educational institute

other

figures/tables/illustrations
5

both print and electronic

Yes

No
Figures 1-5

The real deal: Willingness-to-pay and satiety expectations are
greater for real foods versus their images

Journal of of Visualized Experiments
other

Carissa A. Romero, Jacqueline C. Snow
Jan 2020

14

Miss, Carissa Romero
1674 N VIRGINIA ST
UNIT 9193

hitps://s100.copyright.com/CustomerAdmin/PLF.isn?ref=R7h5509a-feNf-draf_halh 02249RAEFROO

L]


https://www.editorialmanager.com/jove/download.aspx?id=1017806&guid=b1e697cc-7035-4f8e-bc03-0056b0eec21d&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1017806&guid=b1e697cc-7035-4f8e-bc03-0056b0eec21d&scheme=1

3/13/2019 RightsLink Printable License

RENOQO, NV 89507
United States
Attn: Miss. Carissa Romero

Publisher Tax ID 98-0397604
Total 0.00 USD

Terms and Conditions

INTRODUCTION

1. The publisher for this copyrighted material is Elsevier. By clicking "accept" in connection
with completing this licensing transaction, you agree that the following terms and conditions
apply to this transaction (along with the Billing and Payment terms and conditions
established by Copyright Clearance Center, Inc. ("CCC"), at the time that you opened your
Rightslink account and that are available at any time at http://myaccount.copyright.com).

GENERAL TERMS
2. Elsevier hereby grants you permission to reproduce the aforementioned material subject to
the terms and conditions indicated.
3. Acknowledgement: If any part of the material to be used (for example, figures) has
appeared in our publication with credit or acknowledgement to another source, permission
must also be sought from that source. If such permission is not obtained then that material
may not be included in your publication/copies. Suitable acknowledgement to the source
must be made, either as a footnote or in a reference list at the end of your publication, as
follows:
"Reprinted from Publication title, Vol /edition number, Author(s), Title of article / title of
chapter, Pages No., Copyright (Year), with permission from Elsevier [OR APPLICABLE
SOCIETY COPYRIGHT OWNER]." Also Lancet special credit - "Reprinted from The
Lancet, Vol. number, Author(s), Title of article, Pages No., Copyright (Year), with
permission from Elsevier."
4. Reproduction of this material is confined to the purpose and/or media for which
permission is hereby given.
5. Altering/Modifying Material: Not Permitted. However figures and illustrations may be
altered/adapted minimally to serve your work. Any other abbreviations, additions, deletions
and/or any other alterations shall be made only with prior written authorization of Elsevier
Ltd. (Please contact Elsevier at permissions@elsevier.com). No modifications can be made
to any Lancet figures/tables and they must be reproduced in full.
6. If the permission fee for the requested use of our material is waived in this instance,
please be advised that your future requests for Elsevier materials may attract a fee.
7. Reservation of Rights: Publisher reserves all rights not specifically granted in the
combination of (i) the license details provided by you and accepted in the course of this
licensing transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment
terms and conditions.
8. License Contingent Upon Payment: While you may exercise the rights licensed
immediately upon issuance of the license at the end of the licensing process for the
transaction, provided that you have disclosed complete and accurate details of your proposed
use, no license is finally effective unless and until full payment is received from you (either
by publisher or by CCC) as provided in CCC's Billing and Payment terms and conditions. If
full payment is not received on a timely basis, then any license preliminarily granted shall be
deemed automatically revoked and shall be void as if never granted. Further, in the event
that you breach any of these terms and conditions or any of CCC's Billing and Payment
terms and conditions, the license is automatically revoked and shall be void as if never
granted. Use of materials as described in a revoked license, as well as any use of the
materials beyond the scope of an unrevoked license, may constitute copyright infringement
and publisher reserves the right to take any and all action to protect its copyright in the
materials.

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=87b5509e-fc0f-4ca8-be1 b-92342665f899 2/6



3/13/2019 RightsLink Printable License

9. Warranties: Publisher makes no representations or warranties with respect to the licensed
material.
10. Indemnity: You hereby indemnify and agree to hold harmless publisher and CCC, and
their respective officers, directors, employees and agents, from and against any and all
claims arising out of your use of the licensed material other than as specifically authorized
pursuant to this license.
I1. No Transfer of License: This license is personal to you and may not be sublicensed,
assigned, or transferred by you to any other person without publisher's written permission.
12. No Amendment Except in Writing: This license may not be amended except in a writing
signed by both parties (or, in the case of publisher, by CCC on publisher's behalf).
13. Objection to Contrary Terms: Publisher hereby objects to any terms contained in any
purchase order, acknowledgment, check endorsement or other writing prepared by you,
which terms are inconsistent with these terms and conditions or CCC's Billing and Payment
terms and conditions. These terms and conditions, together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire agreement
between you and publisher (and CCC) concerning this licensing transaction. In the event of
any conflict between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions, these terms and conditions
shall control.
14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions described
in this License at their sole discretion, for any reason or no reason, with a full refund payable
to you. Notice of such denial will be made using the contact information provided by you.
Failure to receive such notice will not alter or invalidate the denial. In no event will Elsevier
or Copyright Clearance Center be responsible or liable for any costs, expenses or damage
incurred by you.as a result of a denial of your permission request, other than a refund of the
amount(s) paid by you to Elsevier and/or Copyright Clearance Center for denied
permissions.

LIMITED LICENSE
The following terms and conditions apply only to specific license types:
I5. Translation: This permission is granted for non-exclusive world English rights only
unless your license was granted for translation rights. If you licensed translation rights you
may only translate this content into the languages you requested. A professional translator
must perform all translations and reproduce the content word for word preserving the
integrity of the article.
16. Posting licensed content on any Website: The following terms and conditions apply as
follows: Licensing material from an Elsevier journal: All content posted to the web site must
maintain the copyright information line on the bottom of each image; A hyper-text must be
included to the Homepage of the journal from which you are licensing at
http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier homepage for books at
http://www.elsevier.com; Central Storage: This license does not include permission for a
scanned version of the material to be stored in a central repository such as that provided by
Heron/XanEdu.
Licensing material from an Elsevier book: A hyper-text link must be included to the Elsevier
homepage at http://www.elsevier.com . All content posted to the web site must maintain the
copyright information line on the bottom of each image.

Posting licensed content on Electronic reserve: In addition to the above the following
clauses are applicable: The web site must be password-protected and made available only to
bona fide students registered on a relevant course. This permission is granted for 1 year only.
You may obtain a new license for future website posting.

17. For journal authors: the following clauses are applicable in addition to the above:
Preprints:

A preprint is an author's own write-up of research results and analysis, it has not been peer-
reviewed, nor has it had any other value added to it by a publisher (such as formatting,

https://s1 00.copyright.com/CustomerAdmin/PLF jsp?ref=87b5509e-fc0f-4ca8-be1 b-92342665f889 3/6



3/13/2019 RightsLink Printable License

copyright, technical enhancement etc.).

Authors can share their preprints anywhere at any time. Preprints should not be added to or
enhanced in any way in order to appear more like, or to substitute for, the final versions of
articles however authors can update their preprints on arXiv or RePEc with their Accepted
Author Manuscript (see below).

If accepted for publication, we encourage authors to link from the preprint to their formal
publication via its DOI Millions of researchers have access to the formal publications on
ScienceDirect, and so links will help users to find, access, cite and use the best available
version. Please note that Cell Press, The Lancet and some society-owned have different
preprint policies. Information on these policies is available on the journal homepage.
Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an
article that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and editor-author
communications.

Authors can share their accepted author manuscript:

e immediately
o via their non-commercial person homepage or blog
o by updating a preprint in arXiv or RePEc with the accepted manuscript
o via their research institute or institutional repository for internal institutional
uses or as part of an invitation-only research collaboration work-group
o directly by providing copies to their students or to research collaborators for
their personal use
o for private scholarly sharing as part of an invitation-only work group on
commercial sites with which Elsevier has an agreement
o After the embargo period
o via non-commercial hosting platforms such as their institutional repository
o via commercial sites with which Elsevier has an agreement

In all cases accepted manuscripts should:

e link to the formal publication via its DOI

e bear a CC-BY-NC-ND license - this is easy to do

o if aggregated with other manuscripts, for example in a repository or other site, be
shared in alignment with our hosting policy not be added to or enhanced in any way to
appear more like, or to substitute for, the published journal article.

Published journal article (JPA): A published journal article (PJA) is the definitive final
record of published research that appears or will appear in the journal and embodies all
value-adding publishing activities including peer review co-ordination, copy-editing,
formatting, (if relevant) pagination and online enrichment.

Policies for sharing publishing journal articles differ for subscription and gold open access
articles:

Subscription Articles: If you are an author, please share a link to your article rather than the
full-text. Millions of researchers have access to the formal publications on ScienceDirect,
and so links will help your users to find, access, cite, and use the best available version.
Theses and dissertations which contain embedded PJAs as part of the formal submission can
be posted publicly by the awarding institution with DOI links back to the formal
publications on ScienceDirect.

If you are affiliated with a library that subscribes to ScienceDirect you have additional
private sharing rights for others' research accessed under that agreement. This includes use
for classroom teaching and internal training at the institution (including use in course packs
and courseware programs), and inclusion of the article for grant funding purposes.

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=87b5509¢e-fcOf-4caB-be1b-9234 2665899 4/6



3/13/2019 RightsLink Printable License

Gold Open Access Articles: May be shared according to the author-selected end-user
license and should contain a CrossMark logo, the end user license, and a DOI link to the
formal publication on ScienceDirect.

Please refer to Elsevier's posting policy for further information.

18. For book authors the following clauses are applicable in addition to the above:

Authors are permitted to place a brief summary of their work online only. You are not
allowed to download and post the published electronic version of your chapter, nor may you
scan the printed edition to create an electronic version. Posting to a repository: Authors are
permitted to post a summary of their chapter only in their institution's repository.

19. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis may be
submitted to your institution in either print or electronic form. Should your thesis be
published commercially, please reapply for permission. These requirements include
permission for the Library and Archives of Canada to supply single copies, on demand, of
the complete thesis and include permission for Proquest/UMI to supply single copies, on
demand, of the complete thesis. Should your thesis be published commercially, please
reapply for permission. Theses and dissertations which contain embedded PJAs as part of
the formal submission can be posted publicly by the awarding institution with DOI links
back to the formal publications on ScienceDirect.

Elsevier Open Access Terms and Conditions

You can publish open access with Elsevier in hundreds of open access journals or in nearly
2000 established subscription journals that support open access publishing. Permitted third
party re-use of these open access articles is defined by the author's choice of Creative
Commons user license. See our open access license policy for more information.

Terms & Conditions applicable to all Open Access articles published with Elsevier:
Any reuse of the article must not represent the author as endorsing the adaptation of the
article nor should the article be modified in such a way as to damage the author's honour or
reputation. If any changes have been made, such changes must be clearly indicated.

The author(s) must be appropriately credited and we ask that you include the end user
license and a DOI link to the formal publication on ScienceDirect.

If any part of the material to be used (for example, figures) has appeared in our publication
with credit or acknowledgement to another source it is the responsibility of the user to
ensure their reuse complies with the terms and conditions determined by the rights holder.
Additional Terms & Conditions applicable to each Creative Commons user license:
CC BY: The CC-BY license allows users to copy, to create extracts, abstracts and new
works from the Article, to alter and revise the Article and to make commercial use of the
Article (including reuse and/or resale of the Article by commercial entities), provided the
user gives appropriate credit (with a link to the formal publication through the relevant
DOI), provides a link to the license, indicates if changes were made and the licensor is not
represented as endorsing the use made of the work. The full details of the license are
available at http://creativecommons.org/licenses/by/4.0.

CC BY NC SA: The CC BY-NC-SA license allows users to copy, to create extracts,
abstracts and new works from the Article, to alter and revise the Article, provided this is not
done for commercial purposes, and that the user gives appropriate credit (with a link to the
formal publication through the relevant DOI), provides a link to the license, indicates if
changes were made and the licensor is not represented as endorsing the use made of the
work. Further, any new works must be made available on the same conditions. The full
details of the license are available at http://creativecommons.org/licenses/by-nc-sa/4.0.

CC BY NC ND: The CC BY-NC-ND license allows users to copy and distribute the Article,
provided this is not done for commercial purposes and further does not permit distribution of
the Article if it is changed or edited in any way, and provided the user gives appropriate
credit (with a link to the formal publication through the relevant DOI), provides a link to the
license, and that the licensor is not represented as endorsing the use made of the work. The
full details of the license are available at http://creativecommons.org/licenses/by-nc-nd/4.0.

https://s100.copyright.com/CustomerAdmin/PLF jsp?ref=87b5509e-fc0f-4ca8-be1b-92342665(899 RiA



3/13/2019 RightsLink Printable License

Any commercial reuse of Open Access articles published with a CC BY NC SA or CC BY
NC ND license requires permission from Elsevier and will be subject to a fee.
Commercial reuse includes:

 Associating advertising with the full text of the Article
 Charging fees for document delivery or access

e Article aggregation

e Systematic distribution via e-mail lists or share buttons

Posting or linking by commercial companies for use by customers of those companies.
20. Other Conditions:

v].9

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.

https://s100.copyright.com/CustomerAdmin/PLF jsp?ref=87b5509e-fcOf-4ca8-be1b-92342665f899 6/6



