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SUMMARY: 18 
The use of an olfactometer for directly presenting odorants opens exciting opportunities for 19 
researchers of olfactory memory. The current paper discusses issues related to this methodology 20 
as related to a previously published experiment on olfactory context dependent memory. 21 
 22 
ABSTRACT: 23 
Information is retrieved more effectively when the retrieval occurs in the same context as that in 24 
which the information was first encoded. This is termed context dependent memory (CDM). One 25 
category of cues that have been shown to effectively produce CDM effects are odors. However, 26 
it is unclear what the boundary conditions of these CDM effects are. In particular, given that 27 
olfaction has been called an implicit sense, it is possible that odors are only effective mnemonic 28 
cues when they are presented in the background. This assertion seems even more likely given 29 
that previous research has shown odors to be poor cues during paired associate memory tests, 30 
where odors are in the focus of attention as mnemonic cues for other information. In order to 31 
determine whether odors are only effective contextual mnemonic cues when presented outside 32 
the central focus of an observer, an olfactory CDM experiment was performed in which odorants 33 
were presented directly, rather than ambiently. Direct presentation was accomplished with the 34 
aid of an olfactometer. The olfactometer not only allows for direct presentation of odorants, but 35 
provides other methodological benefits, including the allowance of trial by trial manipulations of 36 
odorant presentations and, relatedly, time-specific releases of odorants. The presence of the 37 
same odor during both encoding and retrieval enhanced memory performance, regardless of 38 
whether the odor was presented ambiently or directly. This finding can serve as a basis for future 39 
olfactory CDM research which can utilize the benefits of direct presentation. 40 
 41 
INTRODUCTION:  42 
Retrieval is enhanced when it occurs in the same context as encoding1,2; this is termed context 43 
dependent memory (CDM). Many stimuli have been shown to be effective contextual cues for 44 
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enhancing retrieval3. In line with this general research, it has been shown that information that 45 
is learned and retrieved in the presence of the same odor is remembered better than information 46 
that is retrieved in the presence of a different odor4 or information that is neither learned nor 47 
retrieved in the presence of an extra olfactory context5; this has been termed olfactory context 48 
dependent memory (OCDM). 49 
 50 
The use of odors as contextual mnemonic cues provides researchers with new opportunities to 51 
investigate various questions related to both CDM and olfactory processing. Indeed, the 52 
relationship between olfaction and memory has been shown to be unique6,7,8. Memories for 53 
odors seem to be more resistant to forgetting than memory for other stimuli6 (though this is not 54 
always found9). Furthermore, autobiographical memories that are cued by odors are experienced 55 
differently than autobiographical memories cued by other stimuli7. 56 
 57 
There are other interesting differences between olfaction and the “major” (i.e., visual and 58 
auditory) senses. For example, when humans see or hear stimuli, we are frequently able to 59 
explicitly identify them and we often consciously adjust our behavior in line with the information 60 
they present. However, we are frequently unable to identify odors10. Furthermore, although 61 
humans are constantly surrounded by odorous substances, we do not always have the conscious 62 
experience of perceiving an odor. Accordingly, it has been proposed that olfaction is an implicit 63 
sense, and that odors mostly influence our behavior when we do not consciously perceive 64 
them11. 65 
 66 
If olfaction truly is an implicit sense, it poses the question as to whether odors must necessarily 67 
be outside the focus of awareness for them to act as effective contextual mnemonic cues. Some 68 
evidence would suggest this is the case, as odors have been shown to be less effective cues in 69 
paired-associates paradigms then other stimuli12,13. To this point all studies that have shown 70 
evidence of OCDM have utilized ambient presentation of odorants, whereby the odorants are 71 
presented in the background and subjects learn some other target information4,14. Often, the 72 
subjects are never explicitly told about the odors.  73 
 74 
The focus on ambient odorant presentation up to this point has been logical, as odorants are 75 
generally present in the background of an experience, but odors are infrequently at the center 76 
of our attentional focus. That being said, ambient odorant presentation necessarily means that 77 
researchers relinquish control over some aspects that may be of interest. Chief among these 78 
aspects is time. With ambient presentation odorants must be present for a long period of time, 79 
with no control over the moment of presentation or odor perception. However, presenting 80 
odorants directly, for example with the aid of an olfactometer, allows the researcher to 81 
manipulate the time of the odorant presentation in relation to the onset time of other stimuli. 82 
Further aspects of control that are gained through direct presentation include the ability to 83 
alternate between two or more odorants during a single session, presentation to one or both 84 
nostrils, presentation of “no odor” trials, and even the ability to manipulate the intensity of 85 
odor/concentration of odorant. In short, ambient odorant presentation limits experimenters to 86 
between subjects or block-wise manipulations, while direct odorant presentation allows for odor 87 
manipulations on a trial by trial basis.  88 



 89 
Here the fundamentals of a method for testing OCDM using direct presentation of odorants with 90 
the aid of an olfactometer are presented15. An olfactometer is a machine that allows for the 91 
presentation of odorants at exact points in time (for example, contemporaneously with the onset 92 
of the presentation of a visual stimulus) and for a discrete amount of time (e.g., the presentation 93 
of a puff of air for 2 s). Furthermore, the olfactometer allows for the presentation to be directed 94 
below the nostrils, directly in one nostril, or directly in both nostrils. Olfactometers have long 95 
been utilized in memory research16,17. This protocol builds on previous research and applies it to 96 
the area of OCDM research. 97 
 98 
PROTOCOL: 99 
 100 
All data collection in the original experiment15 was performed in accordance with the ethical 101 
guidelines of the American Psychological Association as well as the World Medical Association’s 102 
Declaration of Helsinki. The experiment was preapproved by the local Ethik-Kommission 103 
(equivalent to an Institutional Review Board). All subjects were made aware that their 104 
participation was voluntary and could at any time and without fear of penalty be terminated. All 105 
subjects signed informed consent. 106 
 107 
1. Participant Recruitment and Pre-Study Instructions 108 
 109 
1.1. Recruitment: 110 
 111 
1.1.1. Recruit participants who are native speakers (to ensure a comparable understanding of the 112 
instructions and comparable processing of target information) and who have normal or corrected 113 
to normal vision. Also, either a) exclude subjects who profess below average olfactory abilities or 114 
are smokers, or b) collect information about smoking habits and olfactory ability to use in later 115 
analyses.  116 
 117 
1.1.2. Furthermore, given the frequency of sex differences found in olfactory studies18, either a) 118 
recruit equal numbers of males and females, to allow for comparisons, b) perform analyses 119 
separately for each sex to ensure no differences, or c) focus on a single sex. Finally, given that 120 
olfactory performance is age dependent19 either a) recruit all subjects from a single cohort, or b) 121 
specifically include age as a variable of interest. 122 
 123 
Note: The final sample used in the current study included 60 subjects (56 females, Mage = 22.05 124 
years, SD = 4.86), all of whom were students at the University of Hildesheim and who participated 125 
in exchange for partial course credit. Further information concerning the sample can be found in 126 
our previous article15. 127 
 128 
1.2. Provide subjects with specific pre-study instructions. 1) Subjects must not smoke for the 24 129 
hours prior to the beginning of the experiment, 2) Subjects must not eat or brush teeth for at 130 
least one hour prior to the beginning of the experiment. 131 
 132 



1.3. When subjects arrive in the laboratory ensure that they have followed the pre-study 133 
instructions. This is best accomplished by having the experiment leader specifically ask the 134 
subjects whether they have complied with the instructions. 135 
 136 
1.4. If they have complied, present subjects with information about the study and any ethical 137 
considerations. Have subjects sign informed consent. 138 
 139 
1.5. Situate subjects in the experimental room. 140 
 141 
Note: In the current experiment subjects were first placed in a cabin in which there was a monitor 142 
rested upon a table.  143 
 144 
1.5.1. Seat subjects in a comfortable chair which they can adjust as needed. Have subjects place 145 
their chins in a chin rest (in which the tubes for presenting the odors are located). Adjust the 146 
height of the chin rest to make the seating comfortable for the subject.  147 
 148 
1.5.2. Alternatively, use another method of presentation, including placing the tubes directly in 149 
the nostrils of the subjects or connecting the tube-ends to a mask, which ensures that the 150 
odorous material remains concentrated around the nose. 151 
 152 
2. Experimental Design 153 
 154 
Note: In the experiment outlined here (which corresponds to Experiment 1 from the original 155 
article15) the purpose was to determine whether the presence of an odor context during encoding 156 
and retrieval enhanced memory over a condition in which no extra odor context was present 157 
during both phases5. This is a variety of a CDM effect called context enhanced memory. The 158 
original experiment included more independent variables (odor valence and word valence) that 159 
are irrelevant for the current report. For details on the original experiment and specific 160 
information concerning the verbal material used, see the Supplementary Material from the 161 
original article15. The experiment is broken down into three different phases (See Table 1 for an 162 
overview). 163 
 164 
2.1. For the first, encoding, encoding phase, have subjects encode the target material (words) in 165 
the presence of the contextual material (odors).  166 
 167 
2.1.1. Present subjects with words (one at a time) on the screen. Subjects must categorize the 168 
words as abstract or concrete. Learning is incidental, as subjects are not informed of the later 169 
memory test. 170 
 171 
2.1.2. Have subjects categorize 90 words in total. 172 
 173 
2.1.3. Have each trial follow the same pattern. 174 
 175 
2.1.3.1. Begin each trial with the presentation of a puff of air. The puff of air either contains 176 



odorous material or not, depending on the group.  177 
 178 
2.1.3.2. Couple the puff of air the presentation of a cross on the computer screen and have the 179 
puff of air and the cross remain for 2000 ms.  180 
 181 
2.1.3.3. Replace the cross is replaced with a target word, and have it remain for 2000 ms. Order 182 
word presentation randomly for each subject. 183 
 184 
2.1.3.4. Upon offset of the word, have subjects categorize the word as abstract or concrete by 185 
button press. The response triggers the immediate onset of the next trial. Present the same 186 
odorant on all 90 trials during the encoding phase.  187 

 188 
2.1.4. Odor presentation. 189 
 190 
2.1.4.1. Utilize an olfactometer to achieve direct presentation of odorants. Olfactometers come 191 
in several different varieties. Purchase or build an olfactometer that will best meet the aims of 192 
the researchers25. 193 
 194 
2.1.4.2. Ensure that the olfactometer design is appropriate to the research question. 195 

 196 
2.1.4.3. Cut the tubes to the appropriate length and ensure that they are held in place and tightly 197 
connected. 198 

 199 
Note: The length of the tubes influences the delay between signal onset (i.e., signal from program 200 
to release an odorant) and actual arrival of odorous material to the nostrils. Researchers should 201 
be aware of the delays between signals and actual presentation times, which will vary between 202 
individual olfactometers. This information can usually be found in information provided by the 203 
retailer or in instructions for building new olfactometers. 204 

 205 
2.1.4.4. Be aware of potential issues involved with odorant presentation. 206 
 207 
2.1.4.4.1. Ensure that the inter-stimulus interval (ISI; or the length of time between odorant 208 
presentations) is appropriate for the research question. There is no standardized or suggested ISI 209 
appropriate for all odor experiments. Conduct pilot tests to determine which ISI’s are appropriate 210 
for the experiment in question. 211 
 212 
2.1.4.4.2. Control for tactile stimulation. Present the tubes inside a metal bar that supports the 213 
chin rest. Have the tubes end approximately 2 cm below the nostrils. Cover the top of the metal 214 
bar with a filter (e.g., tissue). Replace the filter for each subject. 215 

 216 
2.1.4.4.3. Control for auditory stimulation. Have subjects perform the experiment inside a sound-217 
reducing cabin with headphones on. Store the olfactometer itself in a sound-reducing container 218 
unit stored outside of the experimental cabin. 219 

 220 



2.1.5. For presentation control, use a standard experimental control software program (see 221 
Table of Materials) to control odorant presentation from the olfactometer. 222 
 223 
2.1.6. Breathing instructions.  224 
 225 
Note: When using an olfactometer, it is potentially important that subjects sniff (i.e., sample the 226 
olfactory material) at the appropriate moment. This is particularly important in experiments 227 
where the odorant changes between trials.  228 
 229 
2.1.6.1. To ensure that subjects sample the odorant at the appropriate time, present a visual cue 230 
(fixation cross) simultaneously with the onset of the puff of air. Furthermore, ensure that the puff 231 
of air is long enough to allow the subjects to register the visual cue and initiate inhalation (2000 232 
ms). It should be noted here that the inhalation instruction might act as a second task, which 233 
could potentially interact with the task(s) of interest. 234 
 235 
2.1.6.2. Alternatively, use one of several other methods for ensuring subjects sample the 236 
odorants at the appropriate time:  237 

 238 
2.1.6.2.1. Present subjects with a countdown, so they can prepare to inhale when the countdown 239 
is completed 240 
 241 
2.1.6.2.2. Present subjects with an initial cue alerting them to exhale followed by a second cue 242 
alerting them to inhale 243 
 244 
2.1.6.2.3. If the tubes are presented directly in the nostrils, and a discrete presentation 245 
olfactometer is used, instruct subjects to inhale anytime they feel tactile stimulation inside the 246 
nostrils.  247 
 248 
2.1.6.3. Regardless of which method is used, have subjects complete inhalation practice trials 249 
before beginning with the actual experiment. 250 
 251 
2.1.6.4. For practice trials, instruct subjects to inhale whenever they see the appearance of the 252 
fixation cross. Present a fixation cross and an air puff for 2000 ms on each trial. Have subjects 253 
complete 10 practice trials. 254 
 255 
2.1.7. Timing.  256 
 257 
2.1.7.1. Present the odorous material two seconds prior to the onset of the visually presented 258 
word. This is done to ensure that the olfactory context is present during visual perception.  259 
 260 
2.1.7.2. Other research questions may call for simultaneous perception. Olfactory perception 261 
takes longer than visual and auditory perception from the time of stimulus onset until 262 
perception20, at least as measured by response times on detection tasks21. Therefore, depending 263 
on the manipulation, researchers must ensure that they choose appropriate inter-stimulus 264 



intervals (ISIs). Note that this will also depend on the specifics of the olfactometer used (see 4.1.) 265 
 266 
2.2. For the second phase, use a retention interval in which subjects complete a task that is 267 
unrelated to the actual memory task. 268 
 269 
2.2.1. Have subjects leave the testing cabin and move to a different area, away from odorous 270 
material. This is an important step to ensure that the context is reinstated during the retrieval 271 
phase.  272 
 273 
2.2.2. Air out the testing cabin during the retention interval with ventilators or fans. 274 
 275 
2.2.3. Have subjects color in mandalas for 5 minutes.  276 

 277 
Note: OCDM experiments have frequently, though not always14, utilized long retention intervals 278 
to avoid issues of adaptation and habituation. One potential benefit of direct presentation of 279 
discrete air puffs is that it may be more resistant to habituation than ambient presentation. 280 
 281 
2.2.4. Alternative distractor tasks can be implemented in the retention interval to accomplish 282 
different goals.  283 
 284 
2.3. For the third, retrieval phase, have subjects remember and retrieve the target information.  285 
 286 
2.3.1. Have subjects return to the experimental cabin. Once again, seat subjects with their chins 287 
in the chin rest.  288 
 289 
2.3.2. Have subjects complete an old/new recognition test with a total of 180 trials (90 old/90 290 
new).  291 
 292 
2.3.3. Have each trial follow the same pattern. 293 
 294 
2.3.3.1. Begin each trial with the presentation of a puff of air. The puff of air either contains 295 
odorous material or not, depending on the group. As this is a context enhancement experiment, 296 
the odorant presented is always the same as that presented in the encoding phase. 297 
 298 
2.3.3.2. Couple the puff of air with the presentation of a cross on the computer screen; have both 299 
the puff of air and the cross remain for 2000 ms.  300 
 301 
2.3.3.3. Replace the cross with a word and have the subject respond (by button press) as to 302 
whether the word is old or new. The word remains until the subject responds. The order of word 303 
presentation is determined randomly for each subject. 304 
 305 
2.3.3.4. Have the subject’s response trigger the immediate onset of the next trial. There are no 306 
time limits during the retrieval phase. 307 
 308 



3. Stimulus Selection 309 
 310 
3.1. Target stimuli 311 
 312 
3.1.1. Select target stimuli that best fit the exact research question or the type of memory test 313 
that the experimenter is planning. For the most basic design, choose stimuli that come from a 314 
non-olfactory modality (e.g., words). For more information about the target stimuli used in the 315 
experiment reported here see the original article15. 316 
 317 
3.2. Contextual stimuli 318 
 319 
3.2.1. Select odorants that best fit the exact research question. Important attributes to take into 320 
account include 1) valence, 2) arousal, 3) intensity, 4) familiarity, and 5) identifiability.  321 
 322 
3.2.2. There are several methods that can be used when choosing the appropriate odorants. 323 
 324 
3.2.2.1. In one method, choose the odorants based on a pilot study. In this case, have external 325 
subjects (those not participating in the main experiment) rate a variety of potential odorants on 326 
various attributes. Based on the results, choose the odorants that best suit the needs of the 327 
experimental question. This was the method used in the original experiment using direct 328 
presentation and OCDM (see original article for details on chosen odorants)15. 329 
 330 
3.2.2.2. Alternatively, the choose the odorants based on a pre-existing database containing 331 
ratings22. Exercise caution with this method due to large potential cultural differences in odor 332 
perception23. 333 
 334 
3.2.2.3. Lastly, in certain cases, choose stimuli based on the subject’s idiosyncratic odor ratings24. 335 
 336 
3.2.3. Choose the odorous material that is best suited for the olfactometer being used.  337 
 338 
3.2.3.1. Decide on liquid or solid material—some olfactometers only allow for the use of liquid 339 
material, while others allow for the use of either liquid or solid material.  340 
 341 
3.2.3.2. Obtain odorous material from a commercial supplier, either from companies that 342 
specifically produce odorants and chemicals for research purposes, or from companies that 343 
produce products (e.g., essential oils, perfumes, scented candles, etc.) for use by the general 344 
public.  345 
 346 
3.2.3.3. Alternatively, olfactometer permitting, collect odorous material from surrounding 347 
sources (e.g., pine needles, sweaty t-shirts, fruits, etc.). This method may be appropriate for some 348 
research questions; exercise caution as it makes standardization (and therefore comparisons 349 
with other research projects) difficult. 350 
 351 
REPRESENTATIVE RESULTS: 352 



One of the main purposes of the current experiment was to determine whether OCDM effects 353 
could be found when the olfactory context was presented directly, rather than ambiently. There 354 
were three main dependent variables (in line with common signal detection theory analyses26): 355 
the proportion of hits, the proportion of false alarms, and a corrected accuracy score termed d’. 356 
Given the focus of interest here, the data from the two odor groups from the original 357 
experiment15 (positive and negative odor) are combined and compared to the no odor group. 358 
Collapsing the data across these two groups provides the purest test of olfactory context 359 
enhancement.  360 
 361 
As can be seen in Table 2, the olfactory context groups outperformed the no odor group in 362 
accuracy, by displaying more hits and significantly fewer false alarms as well as significantly 363 
higher d’. This is clear evidence that direct presentation of odorants can also lead to OCDM 364 
effects, as has been previously found for ambient presentation4,5.  365 
 366 
This finding is somewhat surprising, given that previous experiments have shown odors to be 367 
poorer cues of memory in paired-associates tests (where odors are presented in the 368 
foreground)12,13 and notions that olfaction is an implicit sense11. Future research will be needed 369 
to determine what distinguishes using odors as paired-associates from using odors as contextual 370 
mnemonic cues. 371 
 372 
FIGURE AND TABLE LEGENDS: 373 
Table 1. Overview of the experimental procedure. 374 
 375 
Table 2. Means, significance test values, and effect sizes for comparisons between the control 376 
and olfactory context groups. Values in parentheses represent standard deviations.  377 
 378 
DISCUSSION: 379 
The method described here, in which an olfactometer is used to directly present odorants as 380 
contextual stimuli, represents an expansion of the utility of olfactometers in olfactory memory 381 
research16,17. Specifically, this method allows for an expansion of the area of OCDM research. 382 
Previous research had shown that odors are indeed effective contextual mnemonic cues4,14, but 383 
all research to this point has utilized ambient presentation of odors. By using the method 384 
described here, it was shown that OCDM effects can also be found when odorants are presented 385 
directly, by means of an olfactometer15. 386 
 387 
This methodology, with appropriate modifications, provides several benefits over ambient 388 
presentation. For one, direct presentation allows for presentation of odorants at specific times. 389 
This can help researchers answer several questions, such as determining whether an odor must 390 
be present contemporaneously with target material in order to be bound together, and 391 
eventually act as an effective contextual mnemonic cue. Another benefit is that direct 392 
presentation allows for trial by trial manipulations of odorant presentation. This can help 393 
researchers learn whether odors function similarly to other stimuli, which can be effective cues 394 
when altered rapidly between trials27. Other benefits include 1) allowing for presentation to a 395 
single nostril on one trial, 2) allowing for the presentation of multiple odorants on a single trial, 396 



and 3) allowing for the presentation of different intensities across trials. This list of the benefits 397 
of this methodology is not exhaustive but highlights its potential utility to future researchers.  398 
 399 
Another potential benefit of using an olfactometer in OCDM research is that direct presentation 400 
may be less susceptible to adaptation and habituation than ambient presentation of odorants. 401 
Past OCDM research, which has exclusively utilized ambient presentation, has frequently made 402 
use of short encoding phases and long retention intervals, potentially to avoid problems of 403 
adaptation and habituation14. Any procedure that would allow for longer encoding phases and 404 
shorter retention intervals could have large practical benefits for future research in terms of 405 
allowing for more encoding phase manipulations and making organization of subjects easier. 406 
Future research is needed to investigate whether direct presentation is, indeed, less susceptible 407 
to adaptation and habituation than ambient presentation. 408 
 409 
The use of an olfactometer to directly present odorants also has several limitations. For one, 410 
directly presenting odorants to subjects increases the likelihood that olfaction is in the center of 411 
attention. Direct presentation is, therefore, not suited to OCDM research that attempts to 412 
investigate whether a subject must be consciously aware of the olfactory context for odors to 413 
serve as effective contextual mnemonic cues. Furthermore, given that odors are generally 414 
outside the focus of our awareness on a day to day basis, the direct presentation method 415 
probably provides less external validity than the ambient presentation method.  416 
 417 
There are several issues that researchers should consider when determining which type of 418 
olfactometer to use or build and other issues that researchers should consider about their 419 
experiment, depending on the properties of the olfactometer they have. For example, the 420 
original experiment made use of a discrete presentation olfactometer with three separate 421 
channels15. This particular olfactometer had an estimated flow rate of 97.4 mL/s and the tubes 422 
that led from the odorant jar to the end just below the subject’s nose was 4.3 m long. A discrete 423 
presentation olfactometer presents puffs of air at discrete times. This could potentially lead to 424 
issues related to tactile information, which need to be considered by the researcher when 425 
planning the experiment (see 2.1.4.4.2). The number of channels determines the number of 426 
different odorants that can be used in a single experiment. Some research questions may require 427 
a large number of odorants to be presented to a subject in a single experimental sitting, and 428 
researchers must therefore ensure that their olfactometer has the appropriate number of 429 
channels. One more issue to consider is the length of the tubes used in the olfactometer, which 430 
determine the delay between presentation trigger and actual delivery to the subject. Researchers 431 
should test to ensure that the timing is appropriate for their research question. 432 
 433 
When a researcher investigating OCDM is deciding whether to utilize direct or ambient 434 
presentation of odors, we would suggest the following, based on the goals of the particular 435 
research project. Ambient odor presentation should generally be preferred when matters of 436 
ecological validity are of primary concern to the researcher. Direct presentation may be 437 
preferable when matters of experimental control are of primary importance. Specifically, direct 438 
presentation should be preferred when investigating topics such as a) the role of attention 439 
towards the olfactory context, b) inter-nasal differences, c) trial by trial manipulations of 440 



presented context, and d) differences in presentation time of olfactory context. Of course, this 441 
list is not exhaustive, and there may be other situations where direct presentation of olfactory 442 
context is preferable to ambient presentation.  443 
 444 
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Pre-study Encoding phase Retention interval Retrieval phase
1. Ensure pre-study 

instructions were follwed

1. Present words one at a time 1. 5 minute break in 

which subjects color in 

mandalas

1. Present words one at a 

time

2. Have subjects sign 

informed-concsent

2. Subjects complete 

abstract/concrete 

categorization task

2. Subjects complete 

old/new recognition test

3. Situate subjects in 

experimental room

3. Present odorants on each 

trial

3. Present odorants on 

each trial

4. Perform practice 

inhalation trials
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n d ’ Hits
False 

Alarms

20 1.54 (1.62) .67 (.25) .25 (.25)

40 2.18 (.50) .75 (.13) .13 (.05)

t 2.29 1.57 2.90

p .026 .123 .005

Cohen’s d .53 .40 .67

Control (no odor)

Olfactory context
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Name of Material/ Equipment Company Catalog Number Comments/Description

Olfactometer

Burghart 

Messtechnik OG001 Discrete presentation olfactometer

Odiferous material_Onion

Burghart 

Messtechnik LA-13-00236 Liquid used in olfactometer to produce onion odor

Odiferous material_Peach

Burghart 

Messtechnik LA-13-00245 Liquid used in olfactometer to produce peach odor

E-Prime 2.0

Psychology 

Software Tools Experiment control software
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Note that some formatting changes have been made. Also, it is acceptible to solely use a table for 

results. 
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informing us about the ability to use a table to present our results.  
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but 4 was less clear—some of that information may better be in the discussion, and parts directly 

relevant to how the experiment in Section 2 was run (e.g., flow rates and presentation control) should 

probably be moved there. Other highlighted parts in 4 involve vague decision making, not discrete 

actions done in a real-world setting, and cannot be filmed. 

We appreciate the editor’s attention to our manuscript. We especially appreciate the improved legibility 
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We appreciate the editor’s suggestions concerning our formulations and formatting in section 4. We 

have now removed section 4 as an independent part of the paper and have moved the relevant 

information to other sections (section 2 and the discussion), based on where it was most appropriate. 

Furthermore, we have altered the wording to better reflect the language used in the other sections. 

Finally, we have revised our highlighting, so as to ensure that only clear and filmable sections are 

highlighted. 
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