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March 23th, 2019 

 
To Aaron Berard, Editor 

 

We are pleased to resubmit our manuscript entitled Methods for presenting real-world objects 

under controlled laboratory conditions, to be considered for publication in The Journal of 

Visualized Experiments. We have addressed carefully the editorial concerns as well as those raised 

by each of the reviewers. In particular, we have edited the text of the introduction to emphasize 

that the focus of the manuscript is on the methods used for presenting real-world objects rather 

than the decision-making task case example. In addition, we have also significantly revised the 

discussion section to carefully consider the critical steps in the protocol, the significance of our 

approach, and possible future applications of the technique. Importantly, we have revised a 

considerable amount of the discussion in response to both Reviewers’ concerns about whether 

the time and resource costs of working with real objects are justified, or whether similar results 

can be obtained using more convenient image displays.  

 

We hope you now find our manuscript acceptable for publication in The Journal of Visualized 

Experiments. 

 

Sincerely, 

 

 
Jacqueline C.Snow, MPsych (Clin. Neuropsych.) / PhD 
Assistant Professor of Psychology 
Program in Cognitive and Brain Sciences, Interdisciplinary Program in Neuroscience 
Department of Psychology /296 University of Nevada Reno 
Office: (775)6828661 
Fax: (775)7841126 
Email: jacqueline.c.snow@gmail.com / snow@unr.edu 
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SHORT ABSTRACT: 19 

We describe methods for presenting real-world objects and matched images of the same objects 20 

under tightly-controlled experimental conditions. The methods are described in the context of a 21 

decision-making task, but the same real-world approach can be extended to other cognitive 22 

domains such as perception, attention, and memory. 23 

 24 

LONG ABSTRACT:  25 

Our knowledge of human object vision is based almost exclusively on studies in which the stimuli 26 

are presented in the form of computerized two-dimensional (2-D) images. In everyday life, 27 

however, humans interact predominantly with real-world solid objects, not images. Currently, 28 

we know very little about whether images of objects trigger similar behavioral or neural 29 

processes as do real-world exemplars. Here, we present methods for bringing the real-world into 30 

the laboratory. We detail methods for presenting rich, ecologically-valid real-world stimuli under 31 

tightly-controlled viewing conditions. We describe how to match closely the visual appearance 32 

of real objects and their images, as well as novel apparatus and protocols that can be used to 33 

present real objects and computerized image on successively interleaved trials. We use a 34 

decision-making paradigm as a case example in which we compare willingness-to-pay (WTP) for 35 

real snack foods versus 2-D images of the same items. We show that WTP increases by 6.6% for 36 

food items displayed as real objects versus high-resolution 2-D colored images of the same foods 37 

–suggesting that real foods are perceived as being more valuable than their images. Although 38 

presenting real object stimuli under controlled conditions presents several practical challenges 39 

for the experimenter, this approach will fundamentally expand our understanding of the 40 

cognitive and neural processes that underlie naturalistic vision. 41 

  42 

INTRODUCTION: 43 
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The translational value of primary research in human perception and cognition hinges on the 44 

extent to which the findings transfer to real-world stimuli and contexts. A long-standing question 45 

concerns how the brain processes real-world sensory inputs. Currently, knowledge of visual 46 

cognition is based almost exclusively on studies that have relied on stimuli in the form of two-47 

dimensional (2-D) pictures, usually presented in the form of computerized images. Although 48 

image interaction is becoming increasingly common in the modern world, humans are active 49 

observers for whom the visual system has evolved to allow perception and interaction with real 50 

objects, not images1. To date, the overarching assumption in studies of human vision has been 51 

that images are equivalent to, and appropriate proxies for, real object displays. Currently, 52 

however, we know surprisingly little about whether images effectively trigger the same 53 

underlying cognitive processes as do the real objects. Therefore, it is important to determine the 54 

extent to which responses to images are like, or different from, those elicited by their real-world 55 

counterparts. 56 

 57 

There are several important differences between real objects and images that could lead to 58 

differences in how these stimuli are processed in the brain. When we look at real objects with 59 

two eyes, each eye receives information from a slightly different horizontal vantage point. This 60 

discrepancy between the different images, known as binocular disparity, is resolved by the brain 61 

to produce a unitary sense of depth2,3. Depth cues derived from stereoscopic vision, together 62 

with other sources such as motion parallax, convey precise information to the observer about 63 

the object’s egocentric distance, location, and physical size, as well its three-dimensional (3-D) 64 

geometric shape structure4,5. Planar images of objects do not convey information about the 65 

physical size of the stimulus because only the distance to the monitor is known by the observer, 66 

not the distance to the object. While 3-D images of objects, such as stereograms, approximate 67 

more closely the visual appearance of real objects, they do not exist in 3-D space, nor do they 68 

afford genuine motor actions such as grasping with the hands6.  69 

 70 

The practical challenges of using real object stimuli in experimental contexts 71 

Unlike studies of the image vision in which stimulus presentation is entirely computer-controlled, 72 

working with real objects presents a range of practical challenges for the experimenter. The 73 

position, order, and timing of object presentations must be controlled manually throughout the 74 

experiment. Working with real objects (unlike images) can involve a significant time commitment 75 

due to the need to collect7-9 or make10 the objects, set up the stimuli prior to the experiment, 76 

and present the objects manually during the study. Moreover, in experiments that are designed 77 

to compare, directly, responses to real objects with images, it is critical to match closely the 78 

appearance of the stimuli in the different display formats8,9. Stimulus parameters, environmental 79 

conditions, as well as randomization and counterbalancing of real object and image stimuli, must 80 

all be controlled carefully to isolate causal factors and rule out alternative explanations for the 81 

observed effects. 82 

 83 

The methods detailed below for presenting real objects (and matched images) are described in 84 

the context of a decision-making paradigm. The general approach can be extended, however, to 85 

examine whether stimulus format influences other aspects of visual cognition such as perception, 86 

memory or attention.  87 



 88 

Are real objects processed differently to images? A case example from decision-making 89 

The mismatch between the kinds of objects that we encounter in real-world scenarios versus 90 

those examined in laboratory experiments is especially apparent in studies of human decision-91 

making. In most studies of dietary choice, participants are asked to make judgments about snack 92 

foods that are presented as colored 2-D images on a computer monitor 11-14. In contrast, everyday 93 

decisions about which foods to eat are usually made in the presence of real foods, such as at the 94 

supermarket or the cafeteria. Although in modern life we regularly view images of snack foods 95 

(i.e., on billboards, television screens and online platforms) the ability to detect and respond 96 

appropriately to the presence of real energy-dense foods may be adaptive from an evolutionary 97 

perspective because it facilitates growth, competitive advantage, and reproduction15-17.  98 

 99 

Research outcomes in scientific studies of decision-making and dietary choice have been used to 100 

guide public health initiatives aimed at curbing rising obesity rates. Unfortunately, however, 101 

these initiatives appear to have met with little to no measurable success18-21. Obesity remains a 102 

major contributor to the global burden of a disease22 and is linked to a range of associated health 103 

problems, including coronary heart disease, dementia, Type II diabetes, certain cancers, and 104 

increased overall risk of morbidity22-27. The sharp rise in obesity and associated health conditions 105 

over recent decades28 has been linked with the availability of cheap, energy-dense foods18,29. As 106 

such, there is an intense scientific interest in understanding the underlying cognitive and neural 107 

systems that regulate everyday dietary decisions.  108 

 109 

If there are differences in the way foods in different formats are processed in the brain, then this 110 

might provide insights into why public health approaches to combating obesity have been 111 

unsuccessful. Despite the differences between images and real-world objects, described above, 112 

surprisingly little is known about whether images of snack foods are processed similarly to their 113 

real-world counterparts. In particular, little is known about whether or not real foods are 114 

perceived to be more valuable or satiating than matched images of the same items. Classic early 115 

behavioral studies found that young children were able to delay gratification in the context of 2-116 

D colored images of snack foods30, but not when they were confronted with real snack foods31. 117 

However, few studies have examined in adults whether the format in which a snack food is 118 

displayed influences decision-making or valuation12,32,33 and only one study to date, from our 119 

laboratory, has tested this question when stimulus parameters and environmental factors are 120 

matched across formats7. Here, we describe innovative techniques and apparatus for 121 

investigating whether decision-making in healthy human observers is influenced by the format 122 

in which the stimuli are displayed. 123 

 124 

Our study7 was motivated by a previous experiment conducted by Bushong and colleagues12 in 125 

which college-aged students were asked to place monetary bids on a range of everyday snack 126 

foods using a Becker-DeGroot-Marschak (BDM) bidding task34. Using a between-subjects design, 127 

Bushong and colleagues12 presented the snack foods in one of three formats: text descriptors 128 

(i.e., ‘Snickers bar”), 2-D colored images, or real foods. Average bids for the snacks (in dollars) 129 

were contrasted across the three participant groups. Surprisingly, students who viewed real 130 

foods were willing to pay 61% more for the items than those who viewed the same stimuli as 131 



images or text descriptors –a phenomenon the authors termed the ‘real-exposure effect’12. 132 

Critically, however, participants in the text and image conditions completed the bidding task in a 133 

group setting and entered their responses via individual computer terminals; conversely, those 134 

assigned to the real food condition performed the task one-on-one with the experimenter. The 135 

appearance of the stimuli in the real and image conditions was also different. In the real food 136 

condition, the foods were presented to the observer on a silver tray, whereas in the image 137 

condition the stimuli were presented as scaled cropped images on a black background. Thus, it is 138 

possible that participant differences, environmental conditions, or stimulus-related differences, 139 

could have led to inflated bids for the real foods. Following from Bushong, et al.12, we examined 140 

whether the real foods are valued more than 2-D images of food, but critically, we used a within-141 

subjects design in which environmental and stimulus-related factors were carefully controlled. 142 

We developed a custom-designed turntable in which the stimuli in each display format could be 143 

interleaved randomly from trial to trial. Stimulus presentation and timing were identical across 144 

the real object and image trials, thus reducing the likelihood that participants could use different 145 

strategies to perform the task in the different display conditions. Finally, we controlled carefully 146 

the appearance of the stimuli in the real object and image conditions so that the real foods and 147 

images were matched for closely for apparent size, distance, viewpoint, and background. There 148 

are likely to be other procedures or mechanisms that could allow for randomizing stimulus 149 

formats across trials, but our method allows for many objects (and images) to be presented in 150 

relatively rapid interleaved succession. From a statistical standpoint, this design maximizes 151 

power to detect significant effects more so than is possible using between-subjects designs. 152 

Similarly, the effects cannot be attributed to a-priori differences in willingness-to-pay (WTP) 153 

between observers. It is, of course, the case that in within-subjects designs open the possibility 154 

for demand characteristics. However, in our study participants understood that they could ‘win’ 155 

a food item at the end of the experiment regardless of the display format in which it appeared in 156 

the bidding task. Participants were also informed that arbitrarily reducing bids (i.e., for the 157 

images) would reduce their chances of winning and that the best strategy for winning the desired 158 

item is to bid one’s true value34-36. The aim of this experiment is to compare WTP for real foods 159 

versus 2-D images using a BDM bidding task34,35. 160 

 161 

PROTOCOL: 162 

The experimental protocols were approved by the University of Nevada, Reno Social, Behavioral, 163 

and Educational Institutional Review Board. 164 
 165 

1. Stimuli and Apparatus 166 

 167 

1.1 Stimuli 168 

 169 

1.1.1 Real Objects 170 

 171 

1.1.1.1 Purchase 60 popular snack food items (e.g., Figure 1) from local convenience stores. 172 

Ideally, make sure the foods span a wide range of caloric densities (e.g., 0.18 to 6.07)7. Open the 173 

packaging for each food and place both the package and some of the food on a plate. Use white 174 

paper plates to maximize stimulus contrast. 175 



 176 

1.1.2 2-D Photographs 177 

 178 

1.1.2.1 Place a plate of food on a cell of the turntable (see Figure 2) and photograph the stimulus 179 

on the turntable so that the background of the stimulus in the 2-D image matches the real food 180 

counterpart (see Figure 1). 181 

 182 

[Place Figure 1 here] 183 

 184 

1.1.2.2 Position a camera (see Table of Materials) on a tripod in front of the turntable. Set the 185 

distance, height, and angle, of the camera to match that of the participant’s eyes when the 186 

stimulus is viewed from straight-ahead. Position the camera 50 cm (or less) from the edge of the 187 

turntable to ensure that the photos are perceived to be within the reaching distance of the 188 

participant. 189 

 190 

1.1.2.3 Set, and hold constant, the source of illumination in the testing room. Use a direct source 191 

of illumination, such as ceiling lights or a lamp, to provide direct illumination of the stimuli on the 192 

turntable. Ensure that the same lighting levels and sources are used during the presentation of 193 

the real foods during the experiment. Photograph the real foods on the turntable (using the same 194 

lighting sources) using a camera with constant F-stop and shutter speed. Match as closely as 195 

possible the overall luminance, shading patterns and specular highlights across display formats. 196 

Repeat this process for each stimulus. 197 

 198 

1.1.2.4 If necessary, adjust the 2-D images for color, luminance, and visual size using image 199 

processing software (see Table of Materials). Click on the Hue/Saturation and 200 

Brightness/Contrast tabs and move the sliders until the image looks as similar as possible to its 201 

real-world counterpart when mounted on the turntable.  202 

 203 

1.1.2.5. Fine tune the size of the object in the image by positioning the real object next to the 204 

computer monitor and increase/decrease the pixel size until the stimuli are matched exactly for 205 

size. Make sure that the image processing software page view (zoom) is set at 100% when editing.  206 

 207 

1.1.2.6. Ensure that the monitor used for editing the images is the same (or the same size) 208 

monitor that will be used as the participant monitor during the study. Hold the resolution, aspect 209 

ratio and pixels per inch of the images as constant. Additionally, confirm that the monitor is large 210 

enough to display the largest stimulus at its full size. 211 

 212 

1.2 Turntable apparatus 213 
  214 

1.2.1 Create a circular (wood) base for the turntable that is 2 m in diameter and a round central 215 

core (56 cm in diameter and 24 cm H) with 20 slots (1 cm W; see Figure 2). Place the core on top 216 

of a rotating cylinder, allowing for an easy rotation (see Figure 2A). 217 
 218 



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 219 

of the turntable to form 20 cells (24 cm x 62 cm x 26 cm). 220 
 221 

[Place Figure 2 here] 222 

 223 

1.2.3 Place the circular base on the top of a table (~72 cm H, see Figure 3A). Make sure the table 224 

is at a height that would allow a seated participant to comfortably view items on the turntable.  225 

 226 

1.2.4 Create a vertical partition (81 cm x 127.5 cm) between the turntable and the participant 227 

(see Figure 3B). Place the partition 26 cm from the turntable allowing room for an LCD computer 228 

monitor behind the partition. Ensure that the space between the partition and the turntable does 229 

not place the stimuli out of reach of the participant. 230 
 231 

1.2.4.1 Construct an aperture in the partition. Make sure the width of the aperture is adjustable 232 

so that, in the final setup, the participant can see only one item on the turntable at a time (see 233 

Figure 3B). Importantly, ensure that the aperture is wide/high enough that it does not interfere 234 

with the participants’ physical access to the stimuli on the turntable.  235 

 236 

1.2.5 Create a sliding platform (L 18.5 cm x W 11.5 cm piece of wood with wheels attached to the 237 

underside) for the participant monitor (see Figure 3D).  238 

 239 

1.2.5.1 Place the sliding platform and participant monitor between the turntable and the 240 

partition to allow for rapid transitions between display format conditions (see Figure 3D). 241 

Position the participant monitor within the viewing aperture during image trials; retract the 242 

monitor behind the partition on real object trials (see Figure 3).  243 

 244 

1.2.6 Use a small desk, or create a shelf, for the experimenter monitor (see Figure 3A,C). Use the 245 

experimenter monitor to present prompts as to when to set up a real item or an image, and the 246 

identity of the object, for the upcoming trial.  247 

 248 

[Place Figure 3 here] 249 

 250 

1.2.7 Attach a keyboard tray to the turntable base directly underneath the aperture in the 251 

partition (see Figure 3B). Attach a curtain (or similar occluder) between the sides of the turntable 252 

and the wall to prevent the participant from viewing the stimuli and the experimenter during the 253 

experiment.   254 

 255 

1.2.8 Purchase (or make) computer-controlled liquid crystal occlusion glasses37 (See Figure 3B,C 256 

and Table of Materials).  257 

 258 

NOTE: The occlusion glasses provide millisecond control of stimulus viewing time. The glasses 259 

become opaque (‘closed state’) during the inter-trial interval and transparent (‘open state’) 260 

during stimulus presentation. Computer commands for controlling the glasses (and all other 261 



scripts and files necessary for running the protocol described here) are available at  262 

http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip).  263 

 264 

1.2.8.1 Test that the glasses open and close correctly (i.e., use ‘GlassesTest’ script, available at  265 

http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip) before the start of the 266 

experiment. 267 

               268 

2. General Procedure: Randomization and Design  269 

 270 

2.1 Create a script using MATLAB that will randomly interleave real and image trials. Ensure that 271 

half of the participants see a given snack food (e.g., an apple) as a real object, and the remaining 272 

participants see the item as a 2-D image. For each participant, randomize the order in which the 273 

different snack foods are presented within the experiment. Have the script list which real items 274 

to place on the turntable, and in what order, prior to the start of the experiment (see ‘runStudy’ 275 

script, available at http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip). 276 

 277 

2.2 Place the items on the turntable in the correct order (see Figure 3A).   278 

 279 

NOTE: Depending on the number of stimuli in the study, set up time may take up to 30 min.  280 

 281 

2.3 Place the monitor in the aperture and make sure all other items and the experimenter are 282 

masked from the participant’s view (see 1.2.7).  283 

 284 

2.4 Seat the participant approximately 50 cm from the turntable and play white noise, either via 285 

a white noise machine or via earphones, so that the participant is unable to predict (i.e., from the 286 

sound of the sliding monitor) the stimulus format on the upcoming trial.  287 

 288 

2.5 Give the participant the glasses to put on and make sure that the glasses are in the 289 

closed/opaque state. Explain to the participant that the glasses are currently closed but will open 290 

when they need to.   291 

 292 

2.6 View the experimenter monitor to see what type of condition (i.e., real or image) the 293 

upcoming trial will be (see Figure 3A). 294 

 295 

2.6.1 On ‘real object’ trials, retract the participant monitor from the viewing aperture, via the 296 

sliding platform, so that the object is visible to the participant on the turntable (see Figure 1A 297 

and 3).  298 

 299 

2.6.1.1 Make a computer command (e.g., a button press) to trigger the opening and closing of 300 

the glasses allowing for the real food to be visible on the turntable for 3 s. Once the glasses close, 301 

position the participant monitor back in front of the aperture and press a key to open the glasses 302 

for the participant to make a response (e.g., a bid). Have the glasses automatically close once the 303 

participant enters his/her response (see ‘runStudy’ script, available at 304 

http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip). 305 

http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip
http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip
http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip
http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip


 306 

2.7 View the experimenter monitor to prepare for the next trial. Press a key to advance to the 307 

next trial. 308 

 309 

2.7.1 For 2-D image trials, place the LCD monitor within the viewing aperture (see Figure 1B and 310 

Figure 3). Press a key to open the glasses. Leave the monitor in the viewing aperture and press a 311 

key to open the glasses for the participant to make a response. Make sure the next stimulus is 312 

ready for viewing. Press a key to advance to the next trial. 313 

 314 

3. Procedure for Randomization and Design 315 

 316 

3.1 Create a preference- and familiarity-rating task using the food item images (not the real 317 

foods; see ‘runStudy’, ‘LikeSurvey’, and ‘FamSurvey’ scripts, available at 318 

http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip). Create two different 319 

blocks for the preference- and familiarity-rating tasks and counterbalance the order of blocks 320 

across observers (see Figure 4). 321 

 322 

3.1.1 For each participant, randomize the order of the images presented within each block and 323 

create an analog slider for participants to perform their ratings after viewing each food image 324 

(see Figure 4, ‘runStudy’ , ‘ like_slider‘, and ‘Fam_slider’ scripts, available at 325 

http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip).  326 

 327 

3.2 Add a bidding task to the script. Randomize as described in 2.1. Add a food auction to 328 

the script. Have the computer select randomly one of the 60 food items from the bidding task. 329 

Have the computer place a random bid of its own on the selected item from $0 - $3 in 25 cents 330 

increments (see Figure 4 and ‘bidModule’ script, available at 331 

http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip).  332 

 333 

[Place Figure 4 here] 334 

 335 

4. Participant Screening and Scheduling 336 

 337 

4.1 Recruit participants who self-report that they enjoy eating and frequently consume snack 338 

foods, and who are familiar with a wide variety of snack foods (typical to the region). Ensure that 339 

participants are not actively dieting to lose weight, have any food allergies, dietary restrictions 340 

(i.e., vegetarian, gluten-free) or food-related diseases, and are not pregnant.  341 

 342 

4.2 In accordance with the BDM bidding task12,35, make sure to schedule participants in the late 343 

afternoon (e.g., between 1:00 pm and 7:00 pm), which is when snack foods are typically 344 

consumed. Remind the participant to refrain from eating for 3 h prior to the experiment12.  345 

 346 

NOTE: This is to ensure that the participant is hungry and will bid accurately for the foods.  347 

 348 

5. Questionnaire Procedure 349 

http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip
http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip
http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip


 350 

5.1 For each participant, collect personal demographic information (i.e., age, sex), ask whether 351 

they have a normal or corrected-to-normal vision and record height and weight (these data are 352 

useful for calculating body mass index). 353 
 354 

6. Preference- and Familiarity Rating Task Procedure 355 

 356 

6.1 Ask participants to rate how familiar they are with each of the 60 snacks. Have the participant 357 

respond via a mouse click on an analog sliding bar (e.g., “0” = not very familiar; “3” = very 358 

familiar). Ensure responses are self-paced (see Figure 4). 359 

 360 

6.2 Ask participants to rate how much they like each of the 60 snacks via a mouse click on an 361 

analog sliding bar (e.g., “-7” = strongly dislike; “0” = indifference; “7” = strongly like). Ensure 362 

responses are self-paced. 363 

 364 

7. Bidding Task Procedure 365 

 366 

7.1 Inform the participant that they will be given a $3 allowance which can be used to bid on 60 367 

common snack food items. Relay the rules of the bidding task14,35. 368 

 369 

7.1.1 Emphasize that the best strategy is not to bid based on retail prices, but rather, to bid one’s 370 

true value: how much one is willing-to-pay to eat the item at the end of the experiment.  371 

 372 

7.1.2 Remind the participant that there is a mandatory 30 min waiting period in the laboratory 373 

at the end of the study (see Figure 4). Explain to the participant that if they ‘win’ the bidding task 374 

they will be able to consume one food item at the end of the experiment; if they ‘lose’ the bid 375 

they will nevertheless be asked to remain in the lab for the duration of the waiting period, 376 

without consuming any outside food or drinks. 377 

 378 

7.2 Seat the participant in the testing room (see 2.4-2.5). Perform a practice auction with three 379 

items that are not part of the 60 experimental items. Place the three items in front of the 380 

participant one at a time. Ask the participant to rate how much they like the item (-7 to 7). 381 

 382 

7.3 Place the items in front of the participant once again one at a time. Ask the participant to bid 383 

($0 - $3) on each item. Ensure the participant understands the instructions –ask questions to 384 

cross-check comprehension. 385 

 386 

7.4 Place $3 next to the mouse close to the participants’ hand and remind him/her that the 387 

allowance is theirs to keep and that they may bid up to $3 per item. 388 

 389 

7.5 Refer to sections 2.6.1 – 2.7.1. for conducting the real object and images trials. Figure 4 390 

illustrates the bidding task procedure. 391 

 392 

8. Food Auction/ 30 Min Waiting Period Procedure 393 



 394 

8.1 Check to see whether or not the participant ‘won’ a snack food item and at what price (see 395 

‘runStudy’ script, available at 396 

http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip).   397 

 398 

NOTE: The computer will make a bid consisting of a random number between $0 and $3, in 25 399 

cents increments. If the computer’s bid is less-than-or-equal-to the participant’s bid, then the 400 

participant ‘wins’ the item for consumption. The participant pays the experimenter the price of 401 

the computer’s bid from their $3 allowance. A number of previous studies have provided an in-402 

depth consideration of the rationale for the BDM bidding task34,36,38. 403 

 404 

9. Calorie Estimation Procedure 405 

 406 

9.1 For each food item displayed in the main experiment, present a text display (i.e., ‘Snickers 407 

bar’) and ask the participant to estimate (write down with a pen) how many calories they think 408 

are in the serving size.  409 

 410 

10. Data Analysis 411 

 412 

10.1 Use statistical analysis software (see Table of Materials) to perform a linear mixed effects 413 

modeling analysis. Use a linear mixed effects model to account for the nested responses within 414 

participants (i.e., the dependence of observations from the same participant). Create a dataset 415 

with the following variables: Participants, Item, Display Format, Preference, Caloric Density, 416 

Estimated Calories, and Bid. Create a model by clicking Analyze, then Mixed Models, then Linear. 417 

 418 

10.1.1 Transfer the variable Participants into the Subjects: box then press continue. Transfer Bid 419 

into the Dependent Variable: box. Next, transfer Subject and Display Format into the Factor(s): 420 

box. Then, transfer Preference into the Covariate(s): box.  421 

 422 

10.1.2 Click Fixed, then select and add all of the variables except Participants into the Model 423 

box then click Continue. Click Random, then select and add Participants into the Combinations 424 

box in order to account for variability in responses within and across observers. Click Continue.  425 

 426 

10.1.3 Click Statistics, then check the Descriptive statistics, Parameter estimates, and Tests for 427 

covariance parameters boxes. Click Continue. Click EM Means and then select and transfer all of 428 

the Factors and Factor Interactions into the Display Means for box. Click Continue. Lastly, press 429 

OK. 430 

 431 

REPRESENTATIVE RESULTS: 432 

Representative results from this experiment are presented below. A more detailed description 433 

of the results, together with a follow-up study, can be found in the original publication7. We used 434 

a linear mixed effects model with the dependent variable of Bid, and independent variables of 435 

Display Format, Preference, Caloric Density, and Estimated Calories. As expected, and in line with 436 

previous studies12,14, there was a strong positive relationship between Preference ratings and 437 

http://www.laboratorysys.com/Data/JoVE_Real%20Object_Code.zip


Bids (F(1,1655) = 1803.69, p < .001) such that a one unit increase in Preference was associated 438 

with an increase of $0.15 in Bid value (β = .15, t(1655) = 42.47, p < .001; d = 8.03). There was also 439 

a significant main effect of Caloric Density on Bids (F(1, 1649) = 6.87, p < .01). A one unit increase 440 

in Caloric Density was associated with an increase of $.024 in Bids (β = .024, t(1649) = 2.62, p < 441 

.01; d = 0.50). The main effect of Estimated Calories was also significant (F(1, 1672) = 6.88, p < 442 

.01)11. A one unit increase in Estimated Calories was associated with an increase of $.009 in WTP 443 

(β = .009, t(1671) = 2.62, p < .01; d = .50). In other words, observers rated foods that were 444 

perceived to be of greater caloric content to be more valuable than foods of lower caloric 445 

content. Critically, after controlling for all other factors, we found a significant main effect of 446 

Display Format (F(1, 1645) = 7.99, p < .01, d = .53) in which there was a 6.62% increase in Bids for 447 

real foods versus food images. The amplification in WTP for real foods (vs. images) was relatively 448 

consistent across participants, with 20 out of 28 participants showing the effect. For illustrative 449 

purposes, Figure 5 displays average Bid values for each snack food item as a function of 450 

Preference, separately for foods shown as real objects (red) and images (blue). Similarly, Figure 451 

6 displays average Bid values for each snack food as a function of Caloric Density, separately for 452 

foods in each Display Format. The amplification in WTP for real foods vs. images is evident in both 453 

Figure 5 and Figure 6. Importantly, the effect of Display Format on bids was constant across food 454 

Preference (F(1, 1644) = .025, p = .88), Caloric Density (F(1, 1643) = 2.54, p = .11) and Estimated 455 

Calories (F(1,1643) = .11, p = .74), and there were no significant higher-order interactions 456 

between any other factors (all p-values ≥ .11). 457 

 458 

Although we observed an effect of estimated calories on Bids, the effect was relatively weak. This 459 

result may be explained by the fact that participants performed the estimation task in response 460 

to text prompts after the main experiment, rather than while looking at the foods at the time of 461 

stimulus presentation. Furthermore, estimating the number of calories in a given food item is not 462 

necessarily an intuitive task; many observers are unaware (or do not pay attention to) the caloric 463 

density of the foods they consume.  464 

 465 

[Place Figure 5 here] 466 

 467 

[Place Figure 6 here] 468 

 469 

FIGURE LEGENDS 470 

 471 

Figure 1: Real object (displayed on the turntable) and matched 2-D image of the same item 472 

(displayed on a computer monitor). The stimuli in this experiment consisted of 60 popular snack 473 

food items. The real foods (left panel) were photographed on the turntable and their resulting 2-474 

D images (right panel) were matched closely for the apparent size, distance, viewpoint, and 475 

background.  476 

 477 

Figure 2: Schematic showing turntable components and assembly. (A) Major components of the 478 

turntable device and their relative positioning. (B) Assembled turntable apparatus with 20 479 

individual cells. A real object can be placed inside each cell. The vertical dividers prevent 480 

participants from viewing items in neighboring cells. 481 



 482 

Figure 3: How to set-up and use the turntable apparatus for testing.  (A) Setup of the turntable 483 

apparatus ready for testing. Once the turntable has been assembled it should be placed on a 484 

table at a comfortable height for a seated participant. A vertical partition should be created and 485 

placed between the participant and the turntable. Within the partition, there should be a viewing 486 

aperture. A ‘participant monitor’ is used for viewing the 2-D images. The LCD monitor should be 487 

positioned behind the vertical partition and viewing aperture, and in front of the turntable. The 488 

monitor is mounted on a sliding platform that allows it to move in and out of the participant’s 489 

view across trials. An ‘experimenter monitor’, which is placed out of view of the participant, is 490 

used to inform the experimenter of which stimulus to present on upcoming trials. (B) View of the 491 

apparatus and a real object stimulus from the participants’ perspective. Only one food item 492 

should be visible to a participant at a time. A keyboard tray should be attached to the desk 493 

directly in front of where the participant is seated. Participants make responses with a computer 494 

mouse. (C) Side view showing the participant monitor mounted on the sliding platform. For image 495 

trials, the experimenter slides the participant monitor into the viewing aperture. The participant 496 

monitor is retracted behind the vertical partition on real object trials. (D) Aerial schematic 497 

showing the setup of the turntable apparatus. A single real object can be placed in each of the 498 

20 cells of the turntable. The participant should be seated in front of the viewing aperture while 499 

wearing the computer-controlled visual occlusion glasses. The experimenter can view upcoming 500 

trials on the experimenter monitor and manually rotate the turntable, or move the participant 501 

monitor, as necessary. Panel C of this figure has been reprinted from7 with permission from 502 

Elsevier.  503 

 504 

Figure 4: Experimental design for the current study. The experiment consisted of 4 phases: (1) 505 

food preference- and familiarity-rating task, (2) bidding task, (3) food auction, (4) in-lab waiting 506 

period. Participants first complete either a preference- or familiarity-rating task 507 

(counterbalanced across participants). In the preference task, participants viewed an image of 508 

each snack food item for 3 s and then rate how much they liked the item (using a -7 to 7 rating 509 

scale) using a sliding analog bid bar. For the familiarity rating task, participants indicated how 510 

familiar they were with the item (using a 0 to 3 rating scale). Next, participants completed a 511 

bidding task in which they rated how much they were willing to pay ($0-$3) for each snack food 512 

item. Half of the stimuli were presented as real foods and half were presented as 2-D images. 513 

Viewing time on each trial was controlled using computer-controlled visual occlusion glasses. At 514 

the start of the trial, the glasses transitioned to the ‘open’ (transparent) state for 3 s, before 515 

returning to the ‘closed’ (opaque) state for a 3 s inter-trial interval. The spectacles then opened 516 

to allow the participant to record a response. Once the bidding task had been completed, an 517 

‘auction’ was conducted to determine whether a participant ‘won’ a food item, and at what price. 518 

The auction was followed by a mandatory 30 min waiting period in the lab. If the participant won 519 

a food item, they could consume the food during the waiting period. All participants were asked 520 

to remain in the lab for the waiting period whether or not a food item was won during the 521 

auction. This figure has been reprinted from7 with permission from Elsevier. 522 

 523 

Figure 5: Average monetary bids for each snack food plotted as a function of preference and 524 

display format. As expected, there was a strong positive relationship between monetary bids and 525 



food preference ratings, with higher bids for foods that were more strongly liked. Importantly, 526 

there was a significant main effect of Display Format in which bids for real foods were greater 527 

than matched food images. There was no significant interaction between the effect of display 528 

format and preference. Mean bid values ($) for the foods are displayed separately for the real 529 

foods (red) and 2-D images (blue). Each data point represents the group average bid for each 530 

food item, separately for foods in each display format. Solid red and blue lines represent lines of 531 

best fit for the real object and image conditions, respectively. This figure has been reprinted from 532 

from7 with permission from Elsevier. 533 

 534 

Figure 6: Average monetary bids for each snack food plotted as a function of caloric density 535 

and display format. We found a significant positive relationship between bids and actual caloric 536 

density, with higher bids for foods of higher caloric density. There was no significant interaction 537 

between the effect of display format and caloric density. Mean bid values ($) for the foods are 538 

displayed separately for the real foods (red) and 2-D images (blue). Each data point represents 539 

the group average bid for each food item, separately for foods in each display format. Solid red 540 

and blue lines represent lines of best fit for the real object and image conditions, respectively. 541 

This figure has been reprinted from from7 with permission from Elsevier. 542 

 543 

DISCUSSION: 544 

 545 

The overarching goal of the current paper is to facilitate future studies of ‘real world’ object vision 546 

by providing detailed information about how to present large numbers of real-world objects (and 547 

images) under controlled experimental conditions. We present an ecologically-valid approach for 548 

studying the factors that influence dietary choice and food valuation. We describe methods 549 

employed in a recent study of human decision-making7 in which we examined whether snack 550 

foods presented in the form of real-world objects are valued differently to foods presented as 2-551 

D images. In our experiment7 hungry college students placed monetary bids on a range of 552 

everyday snack foods. Using a within-subjects design, half of the stimuli were presented to each 553 

observer as real foods and the remainder were presented as high-resolution colored 2-D 554 

photographs of foods. The real foods and food images were matched closely for apparent size, 555 

distance, background, viewpoint, and illumination. In an important departure from previous 556 

studies7, environmental conditions and stimulus timing were identical across the different display 557 

formats. The order of trials in each display format was randomized throughout the experiment 558 

using a custom-built turntable device. At the start of the testing session, participants rated their 559 

preference for, and familiarity with, sixty different appetitive snack foods (presented as images). 560 

In the main experiment, observers indicated their willingness-to-pay (WTP) for each of the sixty 561 

foods which were displayed either as real objects or 2-D images. Assignment of food items to the 562 

real object or image conditions was counterbalanced across observers. Following from an earlier 563 

study that addressed a similar question12, we measured WTP using a Becker DeGroot Marschak 564 

(BDM)35 bidding task in which observers entered a monetary bid ($0-$3) for each snack food to 565 

‘win’ the opportunity to consume a food at the end of the experiment. Given the nested structure 566 

of the data, we used linear mixed effects modeling to determine the extent to which WTP was 567 

influenced by display format, food preference, caloric content, and estimated calories. We found 568 

that observers were willing to pay 6.62% more for foods displayed as real objects versus food 569 



images7. The amplification in value for real food displays was consistent across all levels of food 570 

preference, as well as across actual and estimated caloric content of the foods. These results are 571 

surprising because participants knew that they could receive the same (real) snack food reward 572 

at the end of the experiment regardless of the format in which the food was presented during 573 

the bidding task. Importantly, the findings confirm that there is a reliable ‘real-food exposure 574 

effect’ on willingness-to-pay7,12 that cannot be accounted for by differences in environmental 575 

context, stimulus presentation method, or trial timing, across display formats.  576 

 577 

In summary, we have provided detailed methods that describe how to prepare real object stimuli 578 

and closely-matched 2-D computerized images of the same items, as well as methods for creating 579 

a manually-operated turntable for presenting large numbers of real objects and images in 580 

interleaved succession. We provided instructions for controlling stimulus presentation and 581 

viewing time across all trials, for example, by using computer-controlled display glasses. The 582 

methods presented here open up new avenues to examine the underlying mechanisms for the 583 

observed effects. For example, future studies could assess directly the impact of stereopsis by 584 

presenting real-world stimuli under monocular viewing conditions (which could, for example, be 585 

tested easily using monocular vs. binocular states of the computer-controlled glasses described 586 

here). This would form a nice comparison with the image-based trials in which both motion 587 

parallax and stereopsis provide conflicting depth information. 588 

 589 

Although we have offered practical solutions for presenting real-world objects under controlled 590 

viewing conditions, working with real objects in the laboratory is undeniably challenging, costly, 591 

and time-consuming. In addition to the technicalities associated with controlling stimulus 592 

parameters such as illumination, position, size and timing, collection and careful preparation (i.e. 593 

mounting) of real object stimuli can be painstakingly slow compared to the time that would be 594 

required to prepare images alone. The experimenter(s) must be well-practiced with locating the 595 

correct exemplars prior to each trial within required time limits and there are obvious possibilities 596 

for experimenter error. In some cases where trial numbers are limited, such as in fMRI8,39 and 597 

patient10 studies of real-object vision, we use a video camera to record which exemplars were 598 

presented on each trial and the recordings are cross-checked post-hoc for accuracy. There are 599 

additional challenges with working with foods, which are perhaps a unique class of real object 600 

stimuli. Depending on the number of items used in the study, a relatively large selection of foods 601 

must be kept fresh, on-hand, and in relatively close proximity to the testing room. In decision-602 

making paradigms involving foods, the stimuli are typically shown with the packaging opened 603 

and some of the contents visible. Although many manufactured foods seem to have an indefinite 604 

shelf life (i.e., the Twinkie) most items need to be replaced regularly to maintain freshness and 605 

visual appeal. Together, these conditions make it difficult to control exactly the appearance of 606 

the foods between real and image formats to the degree that we have found is possible with 607 

non-perishable stimulus classes, such as objects and tools. It is also important to note that we 608 

modified our turntable apparatus from the way it appeared in the original study7 (black) to the 609 

way it is depicted here (white) because we found that the white apparatus was easier to clean 610 

and stimulus contrast was improved. 611 

 612 



The above considerations raise the critical question of whether or not the time and resource 613 

costs of working with real objects are justified, or whether similar results can be obtained using 614 

more convenient image displays. The results from our decision-making paradigm7 indicate that 615 

real food displays elicit a constant increase in valuation (i.e., a linear effect) that does not interact 616 

with other factors such as preference or caloric density. These results from decision-making 617 

dovetail with findings from other domains of human cognition. For example, real-world objects 618 

are more easily recognized10,40,41, enhance memory42, and capture attention43,44 more so than 619 

images do. Compared to 2-D images, fMRI repetition suppression effects are reduced for real 620 

objects8. Similarly, fine-grained examination of the temporal dynamics of brain responses to real 621 

objects as measured by high-density EEG reveals that real objects  (vs. images) elicit stronger and 622 

more prolonged desynchronization of the mu rhythm –a signature of activation in visuo-motor 623 

networks involved in automatic planning of motor actions9. The amplification in mu 624 

desynchronization for real objects is independent of early signal differences related to 625 

stereopsis9. Taken together, these findings suggest that the pattern of results that could be 626 

obtained using image displays may be broadly consistent, but just less compelling, than what 627 

might otherwise have been observed had real-world objects been used. In other words, if findings 628 

from studies of image vision transfer predictably to real object vision, then the translational value 629 

of basic research studies of image vision is preserved. Although there is currently insufficient data 630 

to make firm conclusions on this issue, recent evidence for dissociations in the effects of real 631 

objects across motor areas in the left versus right hemispheres9 and across egocentric distances6 632 

raise concerns about this assumption. For example, the effect of real objects on attentional 633 

capture fall to the levels observed for 2-D and 3-D images when the objects are positioned 634 

outside of reach of the observer, or when they are within reach but behind a transparent barrier6, 635 

suggesting that the potential for manual interaction with a real object (but not an image) 636 

determines how it is processed. Future studies could use the protocols described here to 637 

investigate whether similar underlying causal mechanisms modulate ‘real-food exposure effects’ 638 

on willingness-to-pay. For example, a distance or barrier manipulation6 could be employed to 639 

determine whether real snack foods that are reachable or graspable are processed differently to 640 

those that are not (and to determine whether the same manipulation has any effect on 641 

processing of food images). Future studies using ecologically-valid real-object stimuli are required 642 

to make definitive conclusions on this issue. Importantly, it may not be the case that similar 643 

mechanisms are at play in different cognitive domains, or in different tasks. Nevertheless, our 644 

approach to working with real-world objects promises to provide important new insights into the 645 

underlying processes and mechanisms that drive naturalistic vision.  646 
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SPSS IBM Version 22
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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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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” 
question, 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 valuation12,32,33 and only one study to 
date, from our laboratory, has tested this question when stimulus parameters and 
environmental factors are matched across formats7.” 

 
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 study7 was motivated by a previous experiment conducted by 
Bushong and colleagues12 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 colleagues12 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’12. 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.12 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. I 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. I 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 value34‐36.” 
 
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 task34,36,38. 
 
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 paradigm7 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 recognized10,40,41, enhance 
memory42, and capture attention43,44 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 actions9. The amplification in mu desynchronization for 
real objects is independent of early signal differences related to stereopsis9. 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 hemispheres9 and across egocentric distances6 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 6, 
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 manipulation6 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.  
.” 
 
Minor Concerns: 
I was not clear on the positioning of the subject's monitor relative to the aperture. I 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. I 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. 
 
I 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.” 
 
I 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; I 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. I 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 paradigm7 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 recognized10,40,41, enhance 
memory42, and capture attention43,44 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 actions9. The amplification in mu desynchronization for 
real objects is independent of early signal differences related to stereopsis9. 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 hemispheres9 and across egocentric distances6 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 6, 
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 manipulation6 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. I 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. I 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 
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