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Abstract

Some individuals ascribe health symptoms to odor exposures, even when none would be expected based on toxicological
dose-effect relationships. In these situations, symptoms are believed to have been mediated by beliefs regarding the potential
health effects from odorants, which implies a controlled type of information processing. From an evolutionary perspective, such
a form of processing may hardly be the only route. The aim of the present study was to explore the viability of a fast and
implicit route, by investigating automatic odor-related associations in the context of health. An Implicit Association Test
assessing association strengths between the concept odor and the concepts healthy and sick was conducted. Three
experiments (N = 66, N = 64, and N = 64) showed a significantly stronger association between the concepts odor and sick than
between odor and healthy. These results did not match explicit associations and provide evidence for a fast and automatic
route of processing that may complement consciously controlled processes. A dual-processing theory of olfactory information
is proposed leading to new hypotheses regarding the development and maintenance of odor-induced health symptoms.
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Introduction

Odors signal the presence of airborne chemicals, some of
which, at certain concentrations, cause adverse health effects.

Examples of suchdirect health effects are irritation of the nasal

mucosa, increased nasal secretion, respiratory changes, and

central nervous system effects (Schiffman et al. 2000). Alter-

natively, some odorants are the by-products of bacterial ac-

tivity associated with decomposition or bad hygiene (e.g.,

sulfides, organic acids, andamines). In such instances, contact

with the odor ‘‘source’’ should be avoided, but the odorant
itself is nodirect trigger ofhealth effects andcanbe considered

‘‘only’’ an exposure marker (Schiffman and Williams 2005).

However, some people report health symptoms not as a con-

sequenceof inhalinghighly toxic chemicals or ingesting rotten

food but in response to perception of associated, essentially

harmless odors. The most extreme variant of odor-related ill-

ness is idiopathic environmental intolerance (IEI) or multiple

chemical sensitivity (MCS;Ross et al. 1999;Das-Munshi et al.
2007). Individuals suffering from IEI or MCS report symp-

toms in response to (intense) odors in general. Such odor-

induced health symptoms are hard to understand from a

toxicological perspective—concentrations do not exceed lev-

els where bodily effects are expected—and in these instances,

psychological explanations can be helpful (e.g., Dalton et al.

1997; Devriese et al. 2000; Shusterman 2001).

Dalton and Hummel (2000) proposed an information-
processing model of chemosensory perception to explain in-

dividual differences in interpretations of and reactions to

odors in the context of health (see also Smeets and Dalton

2005). Besides ‘‘bottom-up’’ processing of olfactory infor-

mation (initiated by the stimulus itself; e.g., concentration,

quality), effects of ‘‘top-down’’ processing play a central role

in this model, referring to influences of beliefs and expecta-

tions on the perception and interpretation of the olfactory
stimulus. Knowledge and beliefs and sometimes clear mis-

conceptions regarding potential health effects from exposure

to odorous chemicals can be considered ‘‘mental models’’

that facilitate the access to relevant information and appli-

cation of that information to further processing (Reiser et al.

1985). It has been repeatedly demonstrated that such top-

down processes, indeed, influence individual perception

and reactions to odors (e.g., the influence of various coping
styles, Cavalini et al. [1991]; personality, Smeets and Dalton

[2005]; being environmentally worried, Shusterman [2001];

and psychological stress, Dayal et al. 1994).

Although top-down influences of mental models on odor

perception and the production of health effects are no doubt

important, some caution as to their precise role is warranted.

First of all, the use of the term mental models suggests a rich

ª The Author 2008. Published by Oxford University Press. All rights reserved.
For permissions, please e-mail: journals.permissions@oxfordjournals.org

 by guest on O
ctober 3, 2012

http://chem
se.oxfordjournals.org/

D
ow

nloaded from
 

http://chemse.oxfordjournals.org/


network of connected propositions (Reiser et al. 1985) that is

both comprehensive and consistent. However, preliminary

data from our laboratory on the content of such mental rep-

resentations through focus groups and interviews (unpub-

lished data) have revealed that there are substantial
individual differences in degree of sophistication of these

knowledge structures. In most people, the mental model is

not exhaustive—that is to say, it may hold beliefs regarding

what symptoms may follow from exposure to odorants but

shows gaps concerning the mechanism by which odorants

would provoke these symptoms or concerning the general

workings of the sense of smell. Thus, the notion that smelling

an odor activates an advancedmental network of interrelated
cognitions concerning olfaction and health is probably an

overstatement of the mental process that takes place in most

people. Second, the mental model may hold incompatible be-

liefs, or misconceptions, and is often difficult to access via in-

trospection. As noted earlier by Leventhal et al. (1980), the

cognitive structure comprising illness representations may

be nonverbal (but rather perceptual) and, thus, difficult to

represent verbally. And finally, the mental model approach
suggests extensive information processing of olfactory input.

However, this idea does not correspondwith our general con-

ception of the sense of smell as the gatekeeper of the senses,

whose function is to quickly decide whether to approach or

avoid. The function of olfaction would actually be better

served by a capacity-free, unconscious and automatic form

of informationprocessing thanby a capacity-dependent, con-

scious, and controlled manner of processing (Bargh 1989).
Although we do not question the influence of mental mod-

els, it is unlikely that they guide quick, initial approach or

avoidance evaluation by extensive and controlled cognitive

processes. This reasoning suggests the presence of another

pathway that assists people’s perceptions of and reactions

to environmental odors. Such a pathway would predomi-

nantly rely on quick associations between odors and health

effects, as opposed to rich networks of knowledge structures,
and on preattentive, perceptual associations. The notion of

olfactory cognitive processing as a dual-route system, with

one automatic, involuntary route enabling rapid approach

or avoidant responses, as well as a higher level, conscious,

and deliberate route to making consciously and deliberate

evaluations, is in line with recent models of information pro-

cessing (e.g., the model of medically unexplained symptoms,

Brown [2004]; the model of cognitive mechanisms underlying
threat processing, Bar-Heim et al. [2007]; the model of selec-

tive processing in anxiety, Mathews andMackintosh [1998]).

The aim of the present study was to explore the viability of

this first route, by investigating automatic odor-related asso-

ciations in the context of health. To this end, the Implicit

Association Test (IAT) was conducted (Greenwald et al.

1998), whereby association strengths between the concept

odor and the concepts healthy and sick were assessed. The
term ‘‘implicit test’’ (or ‘‘indirect measure’’) in the context

of the IAT refers to the fact that subjects 1) are not neces-

sarily aware of the fact that the association is being mea-

sured, 2) do not need conscious access to the association,

and 3) have less control over the measurement outcome com-

pared with questionnaires (De Houwer 2006). Others take

a slightly different viewpoint and prefer to classify the
IAT as a measurement tool that measures activated associ-

ations which have not been subject to validation processes,

whereby ‘‘validation’’ refers to deliberate consideration

about the truthfulness of one’s automatic associations

(Gawronski et al. 2007). In other words, the IAT is consid-

ered to capture ideas that have not been consciously

‘‘checked.’’ During the IAT, items belonging to 1 of 4 con-

cepts (in the present case: odor, house, healthy, sick) are cat-
egorized as quickly as possible in 2 categories by pressing 1 of

2 response keys. In a first part of the test, items representing

the concepts odor and healthy are categorized by pressing

one and the same key, whereas items representing the neutral

house category and the concept sick are categorized by an

alternative key. In the second part of the IAT, now items rep-

resenting the concepts odor and sick share the first one key,

whereas items belonging to the concepts neutral and healthy
share the other key. The comparison between response times

of the 2 conditions is an indication of association strengths

between the concepts. For instance, subjects who categorize

items more quickly when odor is paired with healthy, com-

pared with the condition when odor is paired with sick, are

presumed to have an implicit dominant association between

the concepts odor and healthy.

The present paper describes the results of 3 IAT experi-
ments. From an adaptive tendency, we expected that the con-

cept of odor would be more closely associated with the

concept of illness than with the concept of health because

the role of odors to signal the presence of chemicals or foods

of which the inhalation or ingestion may promote illness is

probably more important than the role of odors to signal

chemicals or foods that promote health. The results of Ex-

periment 1, indeed, provided support for the prediction of an
implicit odor–illness association.

After Experiment 1, we decided to conduct 2 additional

experiments for 2 reasons: 1) to test whether the odor–illness

association was a general and a stable one and 2) to test

whether the use of neutral target category house influenced

the results. The latter refers to the fact that the IAT always

measures associations with a certain concept of interest (in

this case odor) relative to the associations with the other con-
cept (in this case house). For example, most IATs use oppo-

site concepts (De Houwer 2002), like male versus female, or

black versus white, whereby a strong positive association

with the concept male automatically implies a more negative

association with the concept female (which is more negative

in this example). Because the concept odor does not have its

own contrary counterpart, we used a matching or reference

category on the assumption that neither the concept nor the
exemplars of the concept were intrinsically associated with

healthy or sick and, thus, that an odor–sick association or
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an odor–health association did not necessarily imply an

house–healthy association or a house–sick association, re-

spectively (see also De Jong et al. 2001). However, to be cer-

tain that the results of Experiment 1 were really based on an

intrinsic association between odors and illness, the neutral
reference category was replaced by 2 different ones in 2 ad-

ditional experiments. If the dominant association between

odor and illness found in Experiment 1 was caused by the

choice of a relatively positive reference category, it would

disappear after substitution with a truly neutral category.

Experiment 2A describes an IAT with an odor versus

clothes target dimension. Experiment 2B describes an IAT

with an odor versus sound target dimension. The concept
clothes again represents objects, like house, that we presume

to be of neutral value. On the other hand, subjects might co-

incidentally have implicit positive associations with all kinds

of objects, and thus, the concept sound was chosen in Exper-

iment 2B. Because sound refers to the sense of audition and

odor to the sense of olfaction, sound as reference category

may be a better match than any object category.

Materials and methods

Subjects

In Experiment 1, 67 students from Utrecht University (57

females, 10males) were tested.Mean age was 20.77 (standard
deviation [SD] = 2.25). In Experiment 2A, 65 students were

tested (46 females and 19 males). Mean age was 21.45 years

(SD = 3.41). In Experiment 2B, 64 students were tested (46

females and 18 males). Mean age of this group was 22 years

(SD=2.34). Subjects received either course credits orfinancial

remuneration for their contribution. They were not informed

about the test purpose prior to their participation.

Stimulus words

One of the dimensions of the IAT used in Experiment 1 con-

sisted of the 2 word categories: house (porch, basement,
room, hallway, attic) and odor (whiff, aroma, smell, nose,

scent). The other dimension also consisted of 2 word catego-

ries: the healthy category, containing words related to pos-

itive health (vital, fit, strong, well, and happy), and the sick

category, containing words related to negative health (weak,

fever, flu, headache, and virus). All words were checked for

their frequency and length (in Dutch) in order to have 2 com-

parable word categories on both dimensions. The concept
house had been chosen as a neutral category previously be-

cause it was assumed that neither this concept nor the exem-

plars of the concept were intrinsically associated with the

concepts good or bad (Bulsing et al. 2007; see also De Jong

et al. 2001). Likewise, we assumed that the concept house

would be neutral in terms of ‘‘healthiness’’ and, thus, that

neither the concept itself nor the exemplar words would

be intrinsically associated with the concepts healthy or sick.
To explore whether this was the case, we had an independent

student sample (N = 47) to rate the healthiness of the concept

words house and odor and the associated 5 exemplar words

for all 4 concepts on a 5-point scale (ranging from 1 to 5) with

unhealthy (low scores) versus healthy (high scores) as ex-

treme categories. Mean ratings of the concept words house
and odor were 3.21 (SD = 0.66) and 3.49 (SD = 0.78), respec-

tively. Mean ratings of the 5 exemplar words were 3.01 (SD =

0.28) for the house words, 3.27 (SD = 0.43) for the odor

words, 1.52 (SD = 0.41) for the sick words, and 4.61 (SD =

0.40) for the healthywords. In conclusion, the odor andhouse

concept words and exemplar words were rated as neutral and

the healthy and sick exemplar words were rated as healthy

and unhealthy, respectively.
For Experiment 2A, the house category of Experiment 1

was replaced with the clothes category (coat, pants, socks,

shoes, shirt), and for Experiment 2B, the house category

was replaced with the category sound (listen, tones, vibra-

tion, ear, hearing). The odor category was identical to that

in Experiment 1. The other dimension again consisted of the

2 word categories healthy and sick. An independent student

sample (N = 37) rated the healthiness of the concept words
clothes, sound, and odor and the 5 exemplar words of all

5 categories (clothes, sound, odor, healthy, sick) on a 5-point

scale (ranging from 1 to 5) with unhealthy (low scores) versus

healthy (high scores) as extreme categories. Mean ratings of

the concept words clothes, sound, and odor were 3.27 (SD =

0.45), 3.22 (SD = 0.48), and 3.46 (SD = 0.73), respectively.

Mean ratings of the 5 exemplar words were 3.07 (SD =

0.32) for the clothes words, 3.18 (SD = 0.40) for the sound
words, 3.17 (SD = 0.39) for the odor words, 1.45 (SD = 0.34)

for the sick words, and 4.36 (SD = 0.36) for the healthy

words. In conclusion, the odor, clothes, and sound concept

words and exemplar words were rated as neutral in terms of

healthiness, the healthy and sick exemplar words were rated

as healthy and unhealthy, respectively.

Procedure

The IAT was programmed in E-prime, version 1.2. Follow-

ing Greenwald et al. (1998), the test consisted of 5 blocks and
2 practice blocks. During Block 1, subjects were trained on

how to differentiate between the odor words and the house

words. The 5 house words and 5 odor words were presented

twice (Block 1: 20 trials). Subsequently, subjects had to use

the same response keys for classification of the 5 healthy

words and the 5 sick words, which were also presented twice

(Block 2: 20 trials). During practice Block 3a, the 2 former

tasks were combined. Half of the subjects started the com-
bined task with pressing the same key for odor words and

healthy words (Order 1). The other half started this block

with pressing the same key for odor words and sick words

(Order 2). Because Block 3a was a practice block, words

from all concepts were presented once (Block 3a: 20 trials),

and reaction times were not registered. Block 3b was the

same as Block 3a, except that now registration took place

and words from all concepts were presented twice (Block 3b:
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40 trials). During Block 4, the categories house and odor

changed positions on the computer screen, resulting in a re-

quired switched response for the associated words. Again

the 5 odor words and the 5 house words were presented twice

(Block 4: 20 trials). No exemplar words from the healthy and
sick categories were presented during this block. Practice

Block 5a was again a block where the 2 tasks were combined

but nowwith the switchedodor/house dimension.Words from

all concepts were presented once (Block 5a: 20 trials). Block 5b

was the same as Block 5a, except that registration took place

and all words were presented twice (Block 5b: 40 trials).

Subjects were instructed to categorize as quickly and accu-

rately as possible the words into the 4 categories by pressing
the corresponding response keys on a computer keyboard.

The words that had to be classified appeared one by one

in the center of the screen. During each IAT block, the cat-

egory concepts remained visible in the left and right upper

corners of the screen. Orders 1 and 2 both had 2 versions

where the target–attribute pairs were allocated to different

sides of the screen. Subjects had to respond by pressing

the ‘‘q’’ (index finger left hand) for words that belonged
to a category in the left corner and the ‘‘p’’ (index finger right

hand) for words that belonged to a category in the right cor-

ner. In case of a wrong answer, a red cross appeared. Subjects

had to correct the mistake by quickly pressing the alternate

(correct) key. As soon as the correct key was pressed, the next

word appeared.

After completion of the test, subjects were asked to rate the

explicit ‘‘healthiness valence’’ of the concept and exemplar
words on a 5-point scale with unhealthy (low scores) versus

healthy (high scores) as extreme categories. In this manner,

differences between subjects’ implicit and explicit associa-

tions were assessed. They were debriefed about the study

aim before leaving.

Procedures of Experiment 2A and 2B were the same as in

Experiment 1.

Analyses

A repeated-measures analysis of variance with within-

subject factor Association (odor and healthy vs. odor and

sick) and between-subjects factor Order (Order 1 vs. 2)

was conducted on the dependent variable reaction times

of the 2 critical blocks (3b and 5b). A significant main effect

of Association would indicate that either the odor and
healthy block or the odor and sick block was completed fast-

er. It was expected that this would be the case for the odor

and sick blocks. IAT effects were reported along with main

effects of Association. IAT effects are defined as the differ-

ences in mean latency between compatible blocks and incom-

patible blocks (Greenwald et al. 1998). Because we expected

to find a dominant odor–illness association, the odor and

sick block was considered a compatible block, whereas the
odor and healthy block was considered an incompatible

block. Consequently, we expected that the mean latency

of the compatible block would be shorter compared with

the mean latency of the incompatible block, as reflected

by positive IAT effect scores (incompatible block minus

compatible block). A main effect of Order would indicate

that one order (first odor and healthy and then odor and sick

vs. first odor and sick and then odor and healthy) would be
easier to complete compared with the other order. It was ex-

pected that both orders would be equal in terms of their dif-

ficulty. A significant interaction effect between Order and

Association would demonstrate that switching from one

block to the other block would be easier for one order as

compared with the other. Here, it was expected that switch-

ing from an incompatible block to a compatible block (Order

1) would be easier compared with switching from a compat-
ible block to an incompatible block (Order 2).

IAT effects were additionally calculated with the improved

D600 scoring algorithm as proposed by Greenwald et al.

(2003; e.g., better resistance to artifacts associated with

the speed of responding and to procedural influences). Fol-

lowing their formula, practice blocks were now included in

the analyses, error penalties (600 ms) were given, and results

were standardized at the level of the subject. The D600 mea-
sure was calculated such that higher scores indicated faster

performance during odor and sick blocks as opposed to odor

and healthy blocks.

The alpha level was set at 0.05. Post hoc tests were con-

ducted after significant interactions between Order and As-

sociation. Bonferroni corrections were applied, and alpha

levels were set at 0.025. As an indication of effect size, the

partial eta square (g2p) is reported along with all significant
main and interaction effects.

Results

Experiment 1

Data reduction

Following Greenwald et al. (1998), reaction times below 300

ms were recoded to 300 ms (n = 1; 0.01%), and reaction times

above 3000 ms were recoded to 3000 ms (n = 36; 0.30%). Re-

action times of incorrect trials were excluded for further re-
action time analysis (n = 715; 5.93%). This did not apply for

the calculation of the D600 measure, where reaction times

and incorrect trials were not recoded or excluded. Box plots

depicting the distribution of individual mean latencies on the

odor and sick block and on the odor and healthy block

showed that one subject was a significant outlier on both

blocks. Data of this subject (Order 1) were excluded from

all analyses.

Reaction times

For the2combinedblocks (3band5b),meanreaction timesare
shownseparately forOrders1and2 inTable 1.Amain effectof

Association was found: F1,64 = 25.51, P < 0.01, g2p = 0.29,

showing that reaction timeswere shorter during odor and sick
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blocks, comparedwithodor andhealthyblocks (meanhealthy=

836 ms, SD = 175 ms; meansick = 766 ms, SD = 150 ms, IAT

effect = 70). Additionally, a significant interaction effect be-

tween Association and Order effect was found: F1,64 = 45.91,

P < 0.01, g2p = 0.42. Post hoc testing demonstrated that sub-

jects in Order 1, who first completed the odor and healthy
block, did not show more difficulty after switching to the

new combined taskwhere they had to associate odor and sick:

t(33)=–1.13,P=0.27 (Order 1:meanhealthy=798ms, SD=162

ms; meansick = 823 ms, SD = 151 ms). However, subjects

in Order 2 who first completed the odor and sick block,

and then the odor and healthy block, demonstrated more

difficulty with the new task, t(31) = 9.31, P < 0.025 (Order

2: meanhealthy = 876 ms, SD = 182 ms; meansick = 705 ms,
SD = 124 ms). There was no main effect of Order, F < 1.0.

A positive D600 IAT effect was calculated (0.20), demon-

strating that subjects associated the concept odor signifi-

cantly more with the concept sick than with the concept

healthy, t(65) = 3.11, P < 0.01.

Explicit ratings

Explicit ratings of the subjects who completed the experiment

differed from the ratings made by the independent student
sample preceding the construction of the IAT with regard

to the exemplar categories house and odor, t(65) = –6.01,

P < 0.01, showing that odor words were rated as healthier

than house words (meanodor = 3.34, SD = 0.42; meanhouse =

3.10, SD = 0.30). The concept words were rated as equal in

termsofhealthiness, t(65)=1.23,P=0.22, indicating thatboth

conceptnameswere ratedasequallyneutral in termsofhealth-

iness (meanodor=3.42, SD=0.68;meanhouse=3.33,SD=0.51).

Conclusion

Subjects showed lower reaction times during blocks where

they had to associate the concept odor with the concept

sick, compared with blocks where they had to associate

the concept odor with healthy, reflected by a positive (and

significant D600) IAT effect score. Additionally, they dem-

onstrated more difficulty when switching to the odor and

healthy block than when switching to the odor and sick

block. Thus, subjects were quicker to associate odor with ill-

ness than odor with health, which implies a stronger associ-

ation for the former pairing than the latter.

Although the concept word odor was rated equally neutral

as house in terms of its healthiness, the odor exemplar words
were rated as healthier compared with the house exemplars.

Explicit odor and health associations are apparently differ-

ent from implicit odor and health associations.

Experiment 2A and 2B

Data reduction

Reaction times below 300 ms were recoded to 300 ms (n = 1,

0.01% [Experiment 2A]; n = 0 [Experiment 2B]), and reaction
times above 3000 ms were recoded to 3000 ms (n = 6, 0.05%

[Experiment 2A]; n = 73, 0.63% [Experiment 2B]). Incorrect

trials were excluded for further reaction time analysis (n =

740, 6.32% [Experiment 2A]; n = 838, 7.19% [Experiment

2B]). Box plots depicting the distribution of individual mean

latencies on the odor and sick block and on the odor and

healthy block showed that one subject was a significant out-

lier on both blocks. Data of this subject (Order 1, Experi-
ment 2A) were excluded from all analyses.

Reaction times

For the 2 combined blocks (3b and 5b), mean reaction times

are shown separately for Orders 1 and 2 and Experiment 2A

and 2B in Table 2. For Experiment 2A, a main effect of As-

sociation was found,F1,62 = 9.85,P< 0.01, g2p = 0.14, showing
that reaction times were shorter during odor and sick blocks,

comparedwith odor andhealthyblocks (meanhealthy= 868ms,

SD = 168 ms; meansick = 809 ms, SD = 183 ms, IAT effect =
59 [Experiment 2A]). During Experiment 2B, reaction

times were also lower for the odor and sick combination

(meansick = 946 ms, SD = 263 ms) than for the odor and

healthy combination (meanhealthy = 962 ms, SD = 212 ms,

IAT effect = 16). However, this main effect did not reach

significance, F < 1.0 (Experiment 2B). A significant interac-

tion effect betweenAssociation andOrderwas found for both

experiments,F1,62= 9.89,P<0.01, g2p = 0.14 (Experiment 2A),
and F1,62 = 6.47, P = 0.01, g2p = 0.09 (Experiment 2B). Post

hoc testing demonstrated that subjects in Order 1 who first

completed the odor and healthy block did not show more

difficulty after switching to the new combined task where

they had to associate odor and sick, Experiment 2A: t(32) =

–0.01, P = 1.00 (Order 1: meanhealthy = 822 ms, SD = 137

ms; meansick = 822 ms, SD = 163 ms), and Experiment 2B:

t(32) = –1.22, P = 0.23 (Order 1: meanhealthy = 943 ms, SD =

214 ms; meansick = 988 ms, SD = 265 ms). However, subjects

in Order 2 who first completed the odor and sick block and

then the odor andhealthyblock demonstratedmore difficulty

with the new task, Experiment 2A: t(30) = 4.03, P < 0.025

(Order 2: meanhealthy = 918 ms, SD =185 ms; meansick = 794

ms, SD = 204 ms), Experiment 2B; t(30) = 2.48, P < 0.025

Table 1 Mean reaction times in milliseconds (SDs between parentheses)
for Orders 1 and 2 during phases of Experiment 1 where the concept odor
had to be associated with the concepts healthy and sick

Order Blocks Reaction times

Order 1a (n = 34) Odor and healthy 797.99 (162.27)

Odor and sick 822.94 (150.98)

Order 2b (n = 34) Odor and sick 704.83 (124.27)

Odor and healthy 875.92 (181.53)

aSubjects in Order 1 first had to complete the odor and healthy block and
then the odor and sick block.
bSubjects in Order 2 first had to complete the odor and sick block and then
the odor and healthy block.
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(Order2:meanhealthy=983ms,SD=212ms;meansick=901ms,

SD = 258 ms). There was no main effect of Order, F < 1.0

(Experiment 2A and 2B).

A positive D600 IAT effect was calculated (0.24 [Experi-

ment 2A]; 0.10 [Experiment 2B]), demonstrating that subjects

associated odor significantly more with the concept sick than

with the concept healthy, Experiment 2A: t(63) = 4.50, P <
0.01, and Experiment 2B: t(63) = 2.07, P = 0.04.

Explicit ratings

For Experiment 2A, explicit healthiness ratings of the word

exemplars did not differ between the odor words and the

clothes words, t(63) = 0.03, P = 0.97 (meanodor = 3.19,

SD = 0.40; meanclothes = 3.19, SD = 0.43). The same was true

for Experiment 2B, t(63) = –0.66, P = 0.51 (meanodor = 3.14,

SD = 0.46; meansound = 3.18, SD = 0.41). Mean ratings for the

concept words did not differ either, t(63) = 0.80, P = 0.43
(meanodor = 3.27, SD = 0.63; meanclothes = 3.19, SD = 0.65 [Ex-

periment 2A]), and t(63) = 0.59, P = 0.56 (meanodor = 3.39,

SD = 0.70; meansound = 3.33, SD = 0.67 [Experiment 2B]).

Conclusion

In both experiments, subjects showed lower reaction times

during blocks in which they had to associate the concept

odor with sick, compared with blocks where they had to as-

sociate odor with healthy, which was also reflected by pos-

itive (and significant D600) IAT effect scores. This main
effect reached significance during Experiment 2A, but not

during Experiment 2B. However, both during Experiment

2A and 2B, subjects demonstrated significantly more diffi-

culty with switching from the odor and sick block to the odor

and healthy block than the other way around. These results

again suggest an implicit association between the concepts

odor and sick: The odor–illness association turns out to

be a robust one.

Explicit evaluation of the exemplar and concept words re-
vealed no differences between the categories. These results

demonstrate that explicit, intentional evaluations do not re-

flect implicit ones.

Remarkably, we observed a difference in reaction times be-

tween the IAT using the concept sound as a neutral contrast

category (Experiment 2B) and the other 2 experiments that

used house and clothes as contrast categories (Experiments 1

and 2A). Reaction times in general were approximately
100 ms higher during Experiment 2B compared with the

other 2 experiments. This is surprising because experimental

hardware and procedures were exactly identical in all experi-

ments. It could be argued that Experiment 2B was harder to

complete because the 2 concepts that had to be associated

with the health dimension related both to sensory modalities,

whereas in the other 2 experiments the control concepts

(house and clothes) were not sensory modalities. This would
imply that the sensory modality exemplar words are concep-

tually closer, leading to higher decision times during the cat-

egorization process of the exemplar words. Despite this

complicating factor, a significant D600 IAT effect was ob-

served for Experiment 2B, indicating a stronger odor–sick

association than an odor–healthy association.

Extra analyses to rule out effects of exemplar

word selection

The aim of the 3 experiments was to investigate intrinsic odor

and health associations. We conducted additional analyses

in order to rule out any alternative explanations, related

to selection of the exemplar words, which could have ac-

counted for the observed odor–illness association. For exam-

ple, De Houwer (2001) argues that the IAT primarily
measures associations at the level of the categories (in this

case: odor, house, clothes, sound, healthy, sick) and that cat-

egory labels determine IAT effects more strongly than the

exemplar words that happen to be selected (i.e., the ‘‘label

effect’’). However, others have argued that exemplar words

do in fact influence association strengths (Bluemke and

Friese 2006). With this latter argument in mind, we reex-

amined our exemplar words and found 2 possible confound-
ing factors that could have contributed to the present results.

First of all, the sick and healthy exemplar words seemed to

differ in terms of their semantic proximity to the concept

odor. That is, the sick category consisted of words like fever,

flu, and virus, words that seem to have a stronger a priori link

to the concept odor than the exemplar words belonging to

the healthy category, like fit, well, and vital, which do not

have an a priori link to odor. If that is the case, it would ex-
plain why we found an implicit odor–illness association

rather than an implicit odor–health association. Second,

the sick and healthy exemplar words differed in terms of their

Table 2 Mean reaction times in milliseconds (SDs between parentheses)
for Orders 1 and 2 during phases where the concept odor had to be
associated with the concepts healthy and sick, shown separately for
Experiment 2A and 2B

Order Blocks Reaction times

Experiment 2A (N = 64)

Order 1a (n = 33) Odor and healthy 821.90 (136.53)

Odor and sick 822.03 (162.92)

Order 2b (n = 31) Odor and sick 794.47 (203.71)

Odor and healthy 917.59 (184.81)

Experiment 2B (N = 64)

Order 1a (n = 33) Odor and healthy 942.50 (213.78)

Odor and sick 988.40 (265.10)

Order 2b (n = 31) Odor and sick 901.05 (258.19)

Odor and healthy 983.31 (212.00)

aSubjects in Order 1 first had to complete the odor and healthy block and
then the odor and sick block.
bSubjects in Order 2 first had to complete the odor and sick block and then
the odor and healthy block.
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abstractness: the sick category mostly consisted of concrete

words (e.g., flu, headache, virus), whereas the healthy cate-

gory mostly consisted of abstract words (e.g., well, happy,

vital). To account for such influences, reaction time analyses

were conducted again, but instead of calculating mean reac-
tion times of all 5 exemplar words per category, only the

words ‘‘strong’’ (representing the healthy category) and

‘‘weak’’ (representing the sick category) were included in

the analyses because these 2 words are both equal in terms

of their semantic proximity to the concept odor (in relation

to the first argument), as well as in terms of their abstractness

(in relation to the second argument). The same pattern of re-

sults appeared. Associations between the concepts odor and
weakwere stronger comparedwith associationsbetweenodor

and strong (Experiment 1: t(65) = –3.31,P< 0.01; meanweak =

832.02, SD = 270.76; meanstrong = 1008.95, SD = 427.27;

Experiment 2A: t(63) = 2.36, P < 0.05; meanweak = 864.34,

SD = 389.87; meanstrong = 1366.03, SD = 1610.67; Experiment

2B: t(63) = 1.76, P = 0.08; meanweak = 1045.20, SD = 1193.51;

meanstrong = 1609.30, SD = 2210.85). In conclusion, after

controlling for possible confounding factors, we still found
a robust odor–sick association.

Discussion

A robust implicit odor–illness association

Three experiments demonstrated that subjects were quicker

to associate odor with sick than odor with healthy and that
subjects had more difficulty switching from odor and sick

associations to odor and healthy associations than the other

way around. Additionally, all 3 experiments showed positive

D600 IAT effects, implying a stronger implicit association

between the concepts odor and sick than between odor

and healthy. This odor–illness association remained visible

after controlling for possible confounding factors. It can

be concluded therefore that the association between odor
and illness is a robust one.

Implicit associations were assessed independently of, and

did not match, explicit associations between the concepts.

Although the distinction between implicit versus explicit in-

formation processing has received attention previously in the

odor literature (e.g., Nordin et al. 1995; Degel and Köster

1999; Köster et al. 2002; Dematte et al. 2006), it has not been

applied in the context of odors as signals of illness or health
(but see: Witthöft et al. 2006).

The finding that people intrinsically associate the concept

odor with illness, regardless of self-reported attitudes, raises

the question as to the purpose served by such fast and auto-

matic associations between odors and illness, rather than be-

tween odors and health.

Better safe than sorry

The implicit odor–illness association probably has its roots

in a predisposition for organisms to primarily attend to neg-

ative inputs coming from the environment (Pratto and John

1991). This general propensity for negative information can

even be found at preattentive levels (Ogawa and Suzuki

2004). From an evolutionary perspective, survival is obvi-

ously better served by automatically scanning the environ-
ment for possible danger, so as to always be prepared for

a ‘‘flight’’ reaction. This same reasoning could be applied

to the perception of odors. It is a safer strategy to quickly

signal an odorant coming from a potentially poisonous food

source or a predator, and thus prevent death, than to signal

an odorant coming from a wholesome and nutritious source

or a potential mate and thus extend life. From the point of

view of signal detection theory (Swets 1964), the criterion for
detecting danger should be lower than that for detecting

safety, so as to increase one’s chances of survival. The pres-

ent results may reflect such a perceptual strategy.

Besides the tendency to (implicitly) focus attention on neg-

ative information in general, certain stimuli or objects seem

to have, even in the absence of actual danger, a strong innate

association with possible harmful consequences. This biolog-

ical ‘‘preparedness’’ indicates that certain stimuli which once
posed serious threat to our early ancestors are still easily clas-

sified as harmful today (Öhman and Mineka 2001). This is

reflected by the fact that fears and phobias for spiders,

snakes, and water are far more common compared with fears

for cars or even guns (Seligman 1971). Because one of the

ancient functions of olfaction is to signal possible danger,

odors can also be considered such ‘‘prepared stimuli,’’ hav-

ing an innate association with danger and illness, as was
demonstrated in the present study (Although it is difficult

to determine whether certain odor–illness associations are

truly innate or actually based on learned associations: em-

bryo’s are already exposed to various chemicals in the womb

through food ingestion by the mother and might ‘‘learn’’ in

this stage which chemicals should be approached or avoided

later on [Mennella et al. 1995].) As a result of this innate

odor–illness connection, ‘‘newly’’ learned associations be-
tween odors and adverse health effects are in turnmore easily

established (based on Garcia and Koelling 1966).

Miasma theory: ‘‘All smell is disease’’

The implicit odor–illness association shown here may have

been strengthened by the belief that odors themselves can in-

fluence health in a negative way. A theory that has presum-

ably contributed to the spreading and persistence of these

beliefs is the Miasma theory. This theory is based on beliefs

of Hippocrates (460–377 BC) who suspected a relation be-
tween illness and places ‘‘where the air is dank and foul.’’

The malodors he referred to were called ‘‘miasma.’’ The no-

tion of miasma triggered the theory that diseases may orig-

inate due to the inhalation of vapors emitted by rotting

animal and vegetable materials (Miller 1962; Bloom 1965;

Franco and Williams 2000). Hundreds of years later, in

the 19th century, the miasmatists helped to improve health

care and living conditions by stating that ‘‘all smell is
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disease,’’ consequently motivating people (including govern-

ments) to tackle malodor sources and thereby unintention-

ally improving sanitation (Collins 2006). Although the

miasma theory has been abandoned by scientists for quite

some time—it has been accepted that bacteria were directly
responsible for causing disease with odors being produced as

by-products—the belief that odors negatively influence

health still seems to resonate today (Dalton 2007).

A dual-processing perspective

Asalready stated in the introduction of this paper, the distinc-

tion between an automatic, effortless, and unconscious infor-

mation processing system on the one hand and a more

controlling, voluntary, and conscious system on the other

hand plays a central role in recent models of cognitive infor-

mation processing in psychopathology (e.g., Mathews and

Mackintosh 1998; Brown 2004; Bar-Heim et al. 2007). With
respect to olfaction, automatically activated odor–illness as-

sociations could facilitate olfactory information processing

by giving it a ‘‘jump start.’’ Still, bottom-up processing of

odor characteristics and contextual influences can suppress

or rectify reactions based on such initial associations. This

distinction seems useful as an extension of the information-

processingmodelof chemosensoryperceptionmentionedear-

lier (Dalton and Hummel 2000; Smeets and Dalton 2005).
From such a dual-processing perspective, it could be hy-

pothesized that the foundation for the development and

maintenance of odor-induced health symptoms—referring

to the symptoms that cannot be clarified by toxicological

models—should be searched in an imbalance between the 2

informationprocessing systems.Basedon the analogwith sig-

nal detection theory introduced earlier, classifying harmless

odors as dangerous could be equated with the false alarms
that unavoidably accompany low criteria. Alternatively, it

is possible that controlled cognitive processes are insuffi-

ciently capable of suppressing automatic avoidance asso-

ciations or reinforce them. This perspective may foster

interesting new hypotheses for future research to improve

ourunderstandingofunexplained illness fromexposure to en-

vironmental odors, as in people suffering from MCS or IEI.

For example, it could be hypothesized that individuals who
suffer from IEI have stronger implicit associations between

odors and sick than healthy individuals, that individuals with

strong odor–illness associations interpret ambiguous/

unknown odors as more threatening compared with individ-

uals with less strong associations, or that those who have

stronger odor–illness associations produce or report more

adverse health effects than controls.

Other odor associations

In closing, we of course acknowledge that the function of

the sense of smell goes beyond warning for possible danger

and that associations between the concept odor and con-

cepts other than illness may well be of an approach kind.

With respect to food or eating, odors signal nutritious and

appealing food products, and IATs will probably also re-

veal positive associations with the concept odor in such

contexts. In animals, odors play a significant role in de-

marcation of territory or drive mating behavior, which
predict avoidance and approach, respectively. Unfor-

tunately, it is still very hard to conduct IATs among ani-

mals (but for exciting new IAT possibilities, see Bones and

Johnson 2007).
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