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That odors play a significant role in subhuman intra-

species communication is a generally accepted fact explained 

in part by the production and reception of species specific 

pheromones. Recently the effects of human produced odors on 

human communication have received research attention, partic-

ularly in the communication of such biological phenomena as 

menstruation onset and gender assignment. Again pheromones 

have been posited as the explanatory mechanism. Whether a 

pheromone-like odor cued process exists in the communication 

of human emotions is unknown, though a number of anecdotal 

accounts of odor-emotion interactions suggest that such may 

be the case. It was the purpose of the present study to 

investigate a possible odor-emotion interaction by determining 

whether humans could differentially detect other humans' odor 

collected under varying emotional conditions. Two black and 

two white female donors underwent image induction procedures 

of relaxation, anxiety, and sexual arousal. Cotton pads were 

placed in the axiliary area of the donors for the purpose of 

collecting the odorant, apocrine gland secretions. Though not 

validated by chemical analysis, it was assumed that the odorant 

was collected. The odorants were chemically preserved and later 

evaluated by 16 naive white male judges as to the presence of 



discriminatory odor cues. On an unpleasantness rating task, 

judges were able to differentially detect the anxiety pro-

duced odorant of the black donors. On a free imagery task, 

judges detected the anxiety and relaxation odorants but failed 

to detect the sexual arousal odorant. 

Results were discussed in terms of the odorific potency 

of each affect condition. Anxiety carried the more potent 

communicative stimuli, a finding not altogether surprising in 

light of the strong sympathetic nature of the anxiety response 

and the intense anxiety response provided by the black donors. 

A possible race-affect interaction was suggested whereby the 

white judges may have been more sensitive to the less fa-

miliar black odors and may therefore have detected the odors 

more. It was also suggested that individual differences in 

ability to image among the donors, irrespective of race, may 

have contributed to the significant anxiety results. The re-

laxation result, though positive, may not have been a valid 

finding due to methodological difficulty, and it remains un-

clear whether states of relaxation could be communicated via 

olfactory means. The inability to detect the sexual arousal 

odorants may have been due to donors' inability to generate a 

sexual response or may have been due to judges' inability to 

discriminate sexual odors. A post hoc study was conducted to 

clarify this result. Following the procedure of the first 

study, 10 male judges smelled a manufactured perfume contain-

ing a musk-like substance considered to be sexually attracting. 



As the judges provided significant sexual imagery to this 

odorant, it was concluded that the inability to detect sexual 

arousal odorants was not due to insensitivity on the part of 

the judges. Suggestions for further research included alter-

ing the sexual arousal induction procedure to enable donors 

to elicit a more easily obtained and sustained sexual response. 
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OLFACTORY CORRELATES OF INDUCED AFFECT 

Studies of nonhuman mammalian chemosensory communication 

clearly establish a significant relationship between olfac-

tion and behavior. The likelihood of olfaction acting in 

the nonverbal communication process among human individuals 

has also been suggested, though experimental studies on 

humans have lagged far behind those conducted on animals. 

This may be due to the primary role assigned to vision and 

audition communication to the subordination of other sensory 

modalities, particularly olfaction. Nevertheless, the 

emphasis placed on scents in many cultures suggests that 

olfaction may be more influential than previously considered. 

In animals, odors communicate a variety of messages 

ranging from sexual receptivity (Keverne & Michael, 1971), 

to aggression (Mugford & Nowell, 1972), to individual species 

recognition (Bowers & Alexander, 1967; Halpin, 1974). Smell 

is a major sensory modality and most animals have specialized 

mechanisms to both receive and transmit odoriferous messages. 

Black-tailed deer, for example, communicate to their con-

specifics via scent from the torsal gland (Muller-Schwarze, 

19 71) and boars communicate a distinctive message via odors 

from their salivary glands (Melrose, Reed, & Patterson, 1971) 

Insects transmit and are receptive to chemical ectohormones 



called pheromones which contain species-specific substances 

that appear to elicit a mating response (Comfort, 1971). 

Odoriferous chemical substances in the urine and from 

vaginal secretions of some animals have also been shown to 

impart a behavioral message. The odor from the urine of a 

noncastrated male mouse may act to block the pregnancy of a 

recently inseminated female mouse (Bruce, 1959) and, as is 

well known, many animals establish territorial rights by 

emitting potent smelling urine (Wiener, 1966). Vaginal 

secretions from the female Rhesus monkey impart a distinc-

tive odor which has been shown to signal sexual receptivity 

(Michael & Keverne, 1970). 

Humans, like animals, have specialized olfactory mech-

anisms and, like animals, give off species-specific odors 

(Kuno, 1956). The odor producing organs in humans are the 

apocrine glands located predominantly in the axilla area 

(underarm) of the body and considered to be under the control 

of the sympathetic nervous system's adrenergic pathways. 

Humans vary along an odor producing continuum, both quantita-

tively and qualitatively, and although the triggering stimuli 

for the odor response have yet to be determined, individual 

physiology and emotional state are suspected to have a 

significant impact on odor differences. 

The odor sensing organs in humans are the nasal receptors 

which are receptive to endogenously produced body odors, 

including apocrine gland odor. Recent studies have suggested 



that human body odors selectively and probably subliminally 

influence cognitive activity and cue behavioral responses. 

Olfactory experiences appear to affect the vividness of mental 

imagery to a greater extent than other senses (Sheehan, 1967), 

and odor stimuli are forgotten extremely slowly, rendering 

odor memory unique among the senses (Lawless & Cain, 1975). 

Behavioral change may be affected by odors subliminally 

perceived. Menstrual related (McClintock, 1971), sexually 

related (Morris & Udry, in press), and gender identification 

(Russell, 1976) changes have been observed following the 

manipulation of olfactory cues. 

The preliminary evidence on olfactory-behavioral corre-

lates has prompted renewed interest in the role of olfaction 

in human social behavior and has generated new experimental 

investigations in this area. In the examination of this 

topic, three avenues of research will be presented: one which 

discusses the mechanisms for odor production and perception 

in humans and the related effect on affect; one which dis-

cusses the anatomical and physiological mechanisms which 

govern olfactory and affective processes; and one which pro-

vides experimental evidence concerning the interrelationship 

of olfaction and affect in human behavior. 



Mechanisms for Odor Production 

The specific odor glands in humans are the apocrine 

glands which are localized in seven different body areas: 

the axilla, the external auditory meatus, the eyelids, the 

circumanal area, the mons pubis, the aureola and nipple of 

the breast, the labia minora of the female, and the prepuce 

and scrotum of the male. The axillary glands are the most 

frequently studied because of their dense concentration in 

the axilla and their greater accessibility to investigation. 

The apocrine glands produce secretions or sweat which 

is a creamy, white material composed of proteins and fats. 

Sweat is delivered to skin surface at or near the orifice of 

hair follicles in short, spasmodic bursts: about .001 ml of 

apocrine sweat is produced by each gland (Shelley & Hurley, 

1953). Although the sweat is odorless and sterile upon 

reaching the surface, the bacterial action of diverse 

cutaneous microflora soon renders a characteristic odor 

(Strauss & Kligman, 1956) described as "rancid, caprylic 

or goat-like" (Harper, Bate-Smith, & Land, 1968) . Valeric, 

caproic, and caprylic acids found in axillary apocrine 

secretions are considered to be responsible for the odor 

(Kuno, 1956) and may explain the fact that axillary apocrine 

odor is easily distinguishable from other body odors (Shelley, 

Hurley, & Nichols, 1953). Apocrine gland odor is, in fact, 

listed as a distinct or primary odor in several classifi-

cation schemes (Amoore, 1970; Moncrieff, 1966). 



Apocrine gland odor is produced by both sexes of adult 

age (Montagna, 1962) and may differ qualitatively by race. 

Anecdotal evidence reports that Oriental, Negro, and Cauca-

sian racial groups emit distinctive odors (Kuno, 1956), and 

anthropological reports refer to "smell greetings" and smell-

cued tribal recognition responses among a number of racial 

groups (Millen, 1960). Empirical data on a proported racial 

interaction are, however, unknown. 

The apocrine sweating mechanism is postulated to be 

under the control of the hypothalamus and autonomic nervous 

system and to be triggered by either adrenergic nerves or 

circulating adrenaline (Evans, Smith, & Weil-Malherbe, 1956) . 

Shelley and Hurley (1953) found that local injections of 

adrenaline and noradrenaline stimulated apocrine gland 

secretions and determined in a series of experiments that 

the apocrine gland sweated in responses to adrenergic stresses 

such as sex, pain, and intense emotion. A strong instantaneous 

apocrine gland response was observed to both painful stimuli 

(needle pricks) and feared situations (pending operations). 

Although no observable sweating response was observed under 

relaxed conditions, it was unclear whether the apocrine 

mechanism was activated. Ikeuchi and Kuno (1927) reported 

that axillary apocrine glands sweated freely in response to 

emotional stimulation but weakly if at all to thermal stress. 

The functional significance of apocrine gland sweating 

is as yet unclear though Kuno (1956) speculated that apocrine 



odor may be linked to reproductive activity. The apocrine 

gland does not begin functioning until puberty and declines 

in activity around senescence (Shelley et al., 1953). Apoc-

rine activity has been reported to cycle with the menstrual 

cycle by manifesting glandular swelling and increased activity 

during the premenstrual and menstrual phase (Kuno, 1956). 

Though this evidence has not been universally accepted 

(Montagna, 1962), it does raise the question of the role of 

odor in human sexual communication. Comfort (1971), in fact, 

presented a strong argument for the existence of human sex 

pheromones and predicted that human sex signals would be found 

in underarm odors. 

Mechanisms for Reception and Perception 
of Olfactory Stimuli 

The receptors for smell in humans are located in the 

upper posterior part of the nasal passage. The receptor 

itself is a minute, thin, long, pigmented cell, consisting of 

five to 10 hair-like projections. An axon lies at the base 

of each receptor cell, and bundles of these axons comprise 

the olfactory nerve which travels to the olfactory bulb in 

the central nervous system (CNS). As outlined by Pribram 

and Krugar (1954), axons travel from the olfactory bulb to 

the primary olfactory centers of the amygdaloid nucleur, pre-

pyriform cortex, and olfactory tubercle. From these areas, 

olfactory information is spread to second system structures, 

including the central nuclei of the amygdaloid complex, the 



septum, and the hippocampus. The third system structures of 

Ammon's formation, entorhinal, and retrosplenal and cingulate 

cortex receive a largely diffused olfactory imput. 

Odor detection is usually accomplished through respira-

tion or sniffing, and the perception of odoriferous substances 

is limited to substances in the gaseous state and soluble in 

the fatty parts of olfactory apparati. The threshold for 

odor perception is a function of a number of intraorganismic 

and environmental factors, one of which involves the physical 

condition of the nasal receptor. Under normal conditions, 

the nose serves as an extremely sensitive and specific 

chemical detector. Beidler (1972) demonstrated that nasal 

odor receptors will respond to a mere nine molecules of an 

odorant, and Geldard (1972) demonstrated that a human is able 

by sniffing to detect ethel alcohol at 1/60,000th the concen-

tration needed to serve as an adequate stimulus for the skin. 

Olfactory acuity is reduced when the nasal air passage is 

either highly swollen or wide open (Schneider, 1971); factors 

contributing to reduced acuity include colds, allergies, and 

tobacco use. 

Olfactory sensitivity may be dependent on the sex and 

hormonal state of the individual. Le Magnen (1952) demon-

strated a sex-odor interaction in which adult women displayed 

increased sensitivity to exaltolide (a musk-like odor) at 

the time of their ovulation. Prepubescent females and males 

could only vaguely, if at all, detect the odor. Young (1961) 



found that olfactory acuity in parallel with nasal mucosa 

changed with different stages of the menstrual cycle, and 

Schneider (1971) reported olfactory acuity enhancements at 

time of ovulation and decrements during menstrual flow. In 

ovariectomized women and in menopausal women, olfactory 

acuity was revealed to be poor and significantly increased 

following administration of estrogens (Schneider, Costiloe, 

Howard, & Wolf, 1958). 

Women in general are believed to have a lower olfactory 

threshold than men. Hold and Schleidt (1977) revealed 

women to have a lower smell threshold to both their own and 

their sexual partner's body odor, and Wallace (1977) reported 

that women are better able than men to distinguish between 

gender on basis of hand odor cues and can more readily detect 

perspiration odor in more dilute concentrations. Doty (1976) 

presented several methodological criticisms of these studies 

and rendered any firm statements concerning menstrual cycle 

olfactory threshold interactions as premature. 

Age also appears to affect odor perception. Moncrieff 

(1966) provided evidence showing children to be more tolerant 

of unpleasant odors than adults, and Stein, Ottenberg, and 

Roulet (1958) showed that 3 and 4 year old children liked 

synthetic odors of feces and sweat while 5 year olds and 

older did not. It is unclear, however, whether these ages 

related results were due to actual odor preferences or to a 



"yea-saying" response bias on part of younger children (Engen, 

1974) . 

Interindividual differences in odor perception and 

identification may be attributable to the emotional impact 

of the individual's past experiences. Certain odors, for 

example, are reported to elicit vivid recall of past experi-

ence (Schneider, 1971), and individual association may 

account for variations in affective judgments odors (Kenneth, 

1923) . Engen (1974) reported evidence that odor preference 

and elicited affective responses depend on the perceiver's 

familiarity with the odor, with more familiar odors being 

judged as pleasant. Sexual odors, on the other hand, may be 

judged as unpleasant or even denied, attributable perhaps to 

the general inhibitory nature of dealing with sexual matters 

in the American society (Katchadourian & Lunde, 1975). 

In addition to intraorganismic factors, odor perception 

depends on numerous factors external to the individual, 

including airstream velocity, ambient temperature, and 

presence of other masking odors. The chemical and physical 

properties of the odor stimulus dictate to a great extent 

the nature of odor perception. The range of olfactory stimuli 

are specified according to molecular weight, and humans are 

able to detect odors ranging from molecular weights of about 

30 to 300 (Brown, 1975). Adaptation occurs fairly rapidly 

for olfactory stimuli, the rate typically being a function 

of stimulus intensity. Duration of the adaptation period 
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does not, however, appear to affect odor detection, sugges-

ting the sense of smell to be more stable than often believed 

(Berglund, Berglund, Engen, & Lindvall, 1971). 

Olfaction and Emotion: Anatomical 
and Physiological Linkage 

There are solid anatomical and neurochemical reasons to 

support the premise that olfactory processes and affective 

behavior are functionally interrelated. The structures which 

appear to regulate olfaction, emotional expression, and 

sexual arousal are connected anatomically via primary and 

secondary routes in the CNS. Nasal olfactory receptors send 

the olfactory message directly to the olfactory tubercle, the 

prepyriform cortex, and portions of the amygdaloid nucleus. 

Olfactory inputs are relayed beyond these centers to parts 

of the limbic system, namely the septum, the hippocampus, 

and other portions of the amygdaloid nucleus (Pribram & 

Krugar, 1954). These limbic areas, along with the inter-

connecting hypothalamus, are considered important in the 

regulation of emotion. It is interesting to note that both 

the limbic system and the primary CNS olfactory receptor are 

very old phylogentically and that both the sense of smell 

and emotional reactivity serve important primitive survival 

functions in lower animals. 

There is substantial evidence demonstrating functional 

interdependence of olfaction and emotion along both neural 

and humoral pathways. Studies of function have found the 
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olfactory tubercle to be directly involved not only in simple 

olfactory discriminations (Allen, 1941; Isaacson, Douglas, 

Lubar, & Schmatty, 1971), but in more cognitive experiences 

as well. Stimulation of the olfactory bulb in humans results 

in perceptions of unpleasant odors (Penfield & Jasper, 1954), 

and Harper et al. (1968) reported the common occurrence of 

olfactory aura connected with olfactory bulb tumors. 

The role of the second olfactory system including septal 

and amygdaloid complex nuclei appears to be more complex and 

to have an effective component. Pribram and Kruger (1954), in 

a review of brain research on subhuman animals, reported that 

the olfactory secondary areas have both a distinct olfactory-

gustatory role and an emotional role. The emotional role 

ascribed to these secondary areas appears to be centered in 

the septum (Brady & Nauta, 1955), the hippocampus, and the 

amygdala (Ursin & Kaada, 1960). In humans, limbic system 

involvement has been discovered in disturbances of emotion 

and mood (MacLean, 1970). Sexual behavior also appears to 

be controlled by limbic formations. Stimulation of the 

septal region in the male animal, for example, effects penile 

erection, mounting, and grooming behaviors (Pribram, 1969). 

In humans, septal and amygdala region stimulation results in 

physiological signs of sexual arousal (Heath, 1972). 

An additional piece of evidence interrelating olfactory 

and emotional processes lies in the dual function of the 

hypothalamus both as a receiving unit for inputs from olfactory 
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and limbic system structures and as a controlling unit of 

those peripheral manifestations of emotion, sexual arousal, 

and olfaction. Stimulation of certain portions of the hypo-

thalamus in the rat results in both strong emotional and 

sexual responses (Isaacson et al., 1971; Vaughan & Fisher, 

1962) and olfactory behaviors of sniffing and exploration 

(Milner, 1970). In humans, stimulation of hypothalamic 

pathways and interconnecting septal and amygdala regions 

results in pleasurable feelings associated with sexual 

arousal (Heath, 1972). 

The hypothalamus controls the autonomic nervous system 

and influences the peripheral concomitants of sexual arousal 

and emotional arousal. In response to incoming stimuli, the 

sympathetic nervous system is stimulated, resulting in a 

release of adrenaline and noradrenaline from the adrenal 

medulla and sympathetic nerve endings. These hormones feed 

back to CNS structures and trigger numerous peripheral 

responses, among them the emotion stimulated stress effects 

of lowered skin temperature, brain and muscle blood accumu-

lation, pupil dilation, and eccrine sweating, and the 

sexual stimulated effects of a rather rapid genital and 

facial vasocongestion (Masters & Johnson, 1966). Depending 

on the nature of the incoming stimuli (e.g., whether fear 

related or sex related), different physiological response 

patterns are probably generated (Ax, 1953; Lacey, 1967) . 

Hoon, Wincze, and Hoon (1976), for example, found differential 
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physiological response patterns characteristic of organismic 

sexual arousal, neutral, and states of dysphoric emotional 

conditions. 

In addition to the response patterns of sexual arousal 

and emotionality, the olfactory process of apocrine sweating 

also appears to be under hypothalamic control. Apocrine 

sweating is an adrenergic stimulated response which responds 

to increased blood levels of adrenaline and noradrenaline. 

Rich concentrations of noradrenaline have, in fact, been 

identified in the human hypothalamus, central amygdaloid 

nucleus, the nucleus accumbens septi, and the medial part 

of the olfactory area (Farley, 1977), all areas thought to 

be involved in olfaction and emotion. 

Olfactory Influences on 
Human Behavior 

In the previous sections, it was reported that the 

emotional state of an individual may influence the amount 

or quality of odoriferous substances emitted from the body. 

Apart from an obvious message these body odors may impart 

as to personal hygiene (or lack thereof), research data 

indicate that odors may communicate a number of behavioral 

messages. 

There is evidence to suggest that olfaction has an 

impact on sexual behavior. In the early 1970's, several 

researchers, investigating the vaginal secretions of the 

female Rhesus monkey, isolated and identified substances 
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comprised of a number of short-chain aliphatic acids (Michael 

& Keverne, 1970; Michael, Keverne, & Bonsall, 1971). These 

substances, labeled copulins, were found to be secreted in 

a cyclical pattern commensurate with the Rhesus' menstrual 

cycle. The fact that copulins were most evident during the 

estrogen dominant ovulatory interval, the least abundant 

during low estrogen, high progestrone premenstrual intervals, 

led Michael (1975) to postulate that the copulin cycle is 

under neuroendocrinological control via the regulating effect 

of the gonadol hormones. 

Copulins not only evinced cyclic regularity but they 

also seem to have a behavioral effect on the male Rhesus' 

sexual behavior (Michael & Keverne, 1968, 1970; Keverne & 

Michael, 1971). During copulin abundant phases of the 

female's menstrual cycle or in the presence of castrated 

females painted with copulin, males displayed a great amount 

of sexual interest; conversely, at low copulin phases or in 

the presence of castrated females, male sexual interest 

declined. Males apparently detected this sexual message 

through olfactory mechanisms: With males made anosmic, 

copulins exerted no effect, thus suggesting the olfactory 

nature of copulin transmission and reception (Michael et 

al., 1971). 

Copulins have been identified in the vaginal secretions 

of human females. Michael, Bonsall, and Warner (1974), in 

analyzing 86 menstrual cycles of 47 women, found copulins to 
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be normal constituents of vaginal secretions which, like the 

Rhesus, cycled in conjunction with the menstrual cycle phase. 

Oral contraceptive users showed significantly lower amounts 

of copulins and no cyclic production pattern—presumably due 

to absence of ovulation. 

The behavioral significance of copulins for humans is 

unclear, though it seems obvious that natural selection and 

survival of the species would be enhanced by an olfactory 

transmitted vaginally produced pheromone (Michael, 1975). 

Evolutionary significance notwithstanding, preliminary 

evidence indicates that for some individuals, human copulins 

may communicate a sexual message. Morris and Udry (in press), 

in a direct test of the behavioral significance of copulins, 

instructed a group of 67 married women to rub a lotion made 

of human copulins on their chests at bedtime for several 

nights. In a test of possible copulin influence on sexual 

behavior, the sexual activity of the women and their husbands 

was assessed the next morning. Results showed no significant 

interaction for the group as a whole; however, for a smaller 

group of 12 couples, the copulins did appear to trigger 

increased sexual behavior leading Morris and Udry to investi-

gate further the potential olfactory effect of copulins on 

behavior. 

The menstrual cycle, like sexual activity, may be 

another olfactory influenced behavior. McClintock (1971) was 

one of the first to investigate the behavior of menstrual 
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synchronization, the frequently observed phenomenon whereby 

women who live in close proximity experience a synchroniza-

tion of menstruation onset. McClintock studied the menstrual 

cycles of 135 dormitory residents from the beginning of their 

living together to the end of a year. As was expected, at 

the beginning of the semester, menstrual onset occurred at 

random; however, for those roommates living together in close 

proximity menstrual onset eventually became synchronized. In 

ruling out other possible explanations for this phenomenon 

(such as conscious awareness of menstruation timing, common 

life stresses, and lunar cycles), McClintock adduced that 

menstrual synchronization might be a pheromone caused behavior 

detected by olfactory mechanisms. 

In a direct test of the olfactory influence on menstrual 

synchronization, Russell, Switz, and Thompson (unpublished 

manuscript) examined the effects of axillary odor on onset 

of menstruation on groups of experimental and control women. 

An odorant from the axilla was collected from one female 

donor who was selected for normal menstrual history and 

evidence of driving another woman's menstrual cycle on three 

previous occasions. The odorant, uncontaminated by deodorant 

or perfume use, was chemically treated to inhibit further 

bacterial growth and to preserve odor. Eleven women with 

normal menstrual histories volunteered to have the odorant 

rubbed on their upper lip three times a week for 4 months. 

A control group received the same procedure but without the 
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axilla odorant. Menstruation onset was determined by inter-

view at the time the volunteer picked up the odor sample. 

Results from this study showed a significant menstrual 

synchronization effect for the group receiving the odor, with 

four women synchronizing within 1 day of the donor's menstrual 

onset. The participants responses after the study's comple-

tion indicated that although they could not verbally describe 

the changes in the donor's odor which caused menstrual altera-

tion, they were aware of the donor's odor changing throughout 

their cycle. Russell et al. stated that these results not 

only indicate that olfactory communication may occur without 

conscious awareness but support the theory that some form of 

olfactory control of human's hormonal system is occurring. 

Another behavior that may be communicated from olfactory 

cues alone is individual and sexual recognition responses. 

Russell (1976) asked 29 female and male students to wear a 

plain white T-shirt for 24 hours and to not use any soap, 

deodorant, or perfume in that period. After the 24 hours, 

the shirts were collected and presented to each student who 

was asked to judge which preselected T-shirts were the 

student's own, which belonged to a female and which belonged 

to a male. Results were highly significant indicating that 

sexual and individual identification can be communicated on 

basis of olfactory cues presumably emanating from the axilla. 

Within the same study, Russell demonstrated an olfactory 
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transmitted recognition response in newborns toward their 

mother. 

Similar significant olfactory based recognition responses 

have been found in other studies. Hold and Schleidt (1977) 

asked 24 married couples to identify their own and their 

partner's odor from cotton undershirts worn for seven nights 

in a row. Approximately one-third of the participants made 

the correct identification of their personal and their part-

ner's odor. Nearly half made incorrect judgments of either 

their own or their partner's odor. Wallace (1977) tested 16 

women and men on their ability to distinguish gender on the 

basis of olfactory cues from hand perspiration. The majority 

of participants were able to distinguish gender, with women 

evincing a greater proficiency. 

Empirical data on the effects of olfaction on emotion 

are virtually nonexistent, though there is a wealth of apro-

cryphal accounts concerning the ability of humans and animals 

to detect emotion on basis of odor emitted. According to one 

psychoanalytic report, the smell of anger could be detected 

from 6 feet away (Hall, 1966), and several psychiatric reports 

have referred to the peculiar odors emitted from schizophrenics 

(Wiener, 1966). In a more direct test of schizophrenic odor, 

Smith and Sines (1960) found that both trained rats and a 

panel of human odor judges could reliably identify odors 

associated with certain types of schizophrenics. The ques-

tionable methodology used in this study, however, renders 

these results disputable. 
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Several investigators have evaluated the emotional 

response of individuals requested to made hedonic assessments 

of various human odors. Michael et al. (1974) observed that 

fatty acids of human vaginal secretions present in detectable 

amounts in a test tube were judged unpleasant to smell. Doty, 

Ford,Preti, and Huggins (1975), in a more controlled study, 

found that vaginal secretions collected at the high-copulin 

ovulatory interval were judged as the least intense and the 

least unpleasant. 

Russell (1976) found that requests to smell axilla odor 

on T-shirts generated no adverse comments, though male odors 

were described as musky and female odors as sweet. In another 

experiment, male axilla odors were judged highly unpleasant by 

both females and males who further attributed socially undesir-

able characteristics to the odor donor (McBurney, Levine, & 

Cavanaugh, 1977). Hold and Schleidt (1977), in finding 

different results, revealed a sex-pleasantness interaction in 

24 married couples who judged the hedonic quality of body odor 

found on undershirts worn by these individuals. Female odors 

were more frequently described as pleasant than male odors, 

leading the authors to claim that human odor may provide 

important cues for nonverbal communication. 

It seems evident from the studies reviewed that more 

research is needed on the affective concomitants of the human 

olfactory process. Several questions remain to be answered, 

one of which concerns the extent to which olfactory stimuli 
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communicate an emotional message and another which concerns 

the effects of race on odor production. It was the intent 

of the present study to determine whether humans are able to 

differentially detect and label human odors produced under 

induced affect conditions of anxiety, relaxation, and sexual 

arousal. The following hypotheses were tested: (a) Humans 

are able to make hedonic discriminations among human produced 

odors, with anxiety produced odorants assessed as most 

unpleasant and relaxation and sexual arousal produced odor-

ants judged as least unpleasant; (b) humans are able to make 

imagoic discriminations among odors, with anxiety produced 

odorants generating anxiety related verbal responses, sexual 

arousal produced odorants generating sex related verbal 

responses, and relaxation produced odorants generating relax-

ation related verbals. In addition to these hypotheses, odor 

differences attributed to race were examined. 

Method 

Three methodological strategies were sequentially 

employed, the first of which involved the production of odor 

samples under induced affect states. The second strategy 

involved the collection of the odor sample, and the third 

involved the assessment of odor samples as to the presence 

of stimulus characteristics. 

Odor Production 

Donors. The odor donors were four females between the 

ages of 18 and 28 years, recruited from advertisements 
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(Appendix A) announced and posted in psychology classes at 

Southeast Missouri State University. Donors were volunteer 

and were selected according to the following criteria: 

(a) absence of any known neurological or hormonal abnor-

mality which might interfere with normal apocrine activity; 

(b) capacity to image in a variety of sensory modalities; 

(c) willingness to adhere to the odor collection methodo-

logical requirements; (d) history of regular ovulatory men-

strual cycles; (e) willingness to participate in the affect 

induction phase; and (f) absence of any known emotional or 

behavioral problems which might interfere with affect 

induction. 

An Informed Consent Statement (Appendix B) describing 

the research project and requirements was read to potential 

donors who completed a Personal Data Questionnaire (Appendix 

C). Those persons who indicated any neurological, hormonal, 

psychological, or psychiatric disorder were excluded. Women 

either using oral contraceptives or reporting a last menstrual 

cycle of less than 26 days or more than 30 days were also 

excluded. 

Persons who met the selection criteria and who indicated 

a willingness to abide by the project's requirements were 

administered the revised form of the Betts Questionnaire 

Upon Mental Imagery (Sheehan, 1967; Appendix D). Two black 

and two white females who reported ratings of 3 or higher on 

each questionnaire item were selected as the odor donors. 
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As previous research has indicated a potential menstrual 

cycle-olfaction interaction during ovulatory and premen-

strual intervals (Schneider, 1971), the odor production 

and collection phase was conducted during the 7 to 10 days 

following onset of menstrual bleeding for each donor. 

Instruments and apparatus. The Personal Data Question-

naire was designed by the author to elicit demographic and 

medical information pertinent to the research project's 

hypotheses. A physician familiar with the project's design 

provided the medical items on the questionnaire and evaluated 

each completed questionnaire to determine medical eligibility 

for participation in the project. 

The revised form of the Betts QMI (Sheehan, 1967) 

evaluates the vividness of evoked images in seven sensory 

modalities; visual, auditory, cutaneous, kinesthetic, gusta-

tory, olfactory, and organic. The QMI is a self report 

instrument consisting of 35 items, each of which pertains 

to a sense modality. Respondents are asked to evoke images 

of objects suggested by the items and to rate the clarity 

and vividness of their imagery on a 7-point rating scale 

ranging from "perfectly clear and as vivid as the actual 

experience" (1) to "no image presented at all . . .11 (7). 

The entire inventory takes about 10 minutes to administer 

and is reportedly easily understood by college populations 

(Sheehan, 1967). 
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The QMI appears to be internally consistent and reliable. 

Split-half estimates have yielded .91 on one occasion and 

.93 on a retest for college undergraduates (Shor, Orne, & 

O'Connell, 1966). Jo.hasz (1972) found reliabilities of .95 

and .99 for undergraduates and professors respectively. 

Construct validity has been determined by factor analytic 

methods and intertest studies. Both Sheehan (1967) and 

Richardson (1969) reported the existence of a large general 

factor, termed imagery trait, and seven smaller modality 

specific factors which appear to be related to known patterns 

of sensory system functioning (White, Ashton, & Law, 1974). 

Intertest data show the QMI and other tests of mental imagery 

to load highly on the same factor (DiVesta, Ingersoll, & 

Sunshine, 1971). 

The QMI appears to be only minimally influenced by 

response styles. McLemore (1972, 1976) found imaginal vivid-

ness to be a unitary attribute across sensory modalities and 

little influenced by social desirability and acquiescent 

response styles. The predictive utility of the QMI has been 

demonstrated for a number of performance functions (White, 

Sheehan, & Ashton, 1977). 

Apparatus. A Cyborg J42 Feedback Thermometer was used 

to continuously monitor donor's digital skin temperature. 

The Thermometer is a visual display instrument which monitors 

direction and rate of skin surface temperature change at reso-

lutions up to .01° Fahrenheit (or Celsius). An automatic 
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chart recorder, attached to the instrument recorded temper-

ature changes over time. Temperature was noted manually 

each minute during the odor production phase. Donors were 

connected to the Thermometer by a tiny temperature probe 

taped to the forefinger of the nondominant hand. They were 

not able to see or hear temperature feedback. 

Surface skin temperature varies in proportion to amount 

of blood flow in the dermal area and reflects dilation and 

constriction of blood vessels innervated by sympathetic 

nerve fibers (Hardy & Bard, 1974). Changes in sympathetic 

activity are reflected in peripheral skin temperature changes 

with a lowered surface temperature indicating peripheral 

vasoconstriction and sympathetic arousal or stress and raised 

surface temperature indicating peripheral vasodilation and 

decreased sympathetic activity or relaxation. 

Skin temperature as a measure of psychophysiological 

assessment has been used with variable success in autogenic 

feedback training to relieve symptoms associated with 

migraine headache (Sargent, Green, & Walters, 1973) and 

Raynaud's disease (Surwit, Shapiro, & Feld, 1976). Skin 

temperature changes have also been investigated in research 

on patterns of female sexual arousal. Hoon et al. (1976) 

found that forehead temperature changed as a function of 

erotic stimuli presentation, suggesting a possible vasocon-

striction mechanism underlying sexual arousal. VanEgeren, 
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Feather, and Hein (1971) found significant digital vasocon-

striction to imagined threat scenes. 

Procedure. The odor donors were subjected to induced 

affect techniques geared toward creating eraotidnal i 

states during which apocrine gland odorants were presumed 

to be produced. Affect states of relaxation, sexual arousal, 

and anxiety were induced by the techniques of structured and 

non-structured imagery. Physiological data were recorded 

throughout each affect induction session. 

The induced affect experimental sessions was conducted 

in a private draft-free room with ambient temperature con-

trolled at around 75°F (24°C). The room was equipped with 

two chairs and a table supporting a feedback thermometer 

and recording instrument. A room with sink and axilla 

preparatory materials was adjacent to the experimental room. 

Prior to the image induction session, odor donors were 

requested to prepare their axilla according to odor collection 

procedures. Each donor was tested individually and prepared 

for the session by seating her in a comfortable chair adjacent 

to the experimenter who presented the following instructions: 

For the next hour or so, you will be involved in 

a few imagination exercises, some of which are 

based on the information you gave me at our last 

meeting. At different points, I will be giving 

you instructions to imagine or focus on different 

scenes or feelings. It is important for you to 
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follow the instructions and concentrate as best 

as you can. This instrument is a thermometer 

which measures skin temperature. When we are 

ready to begin, I will attach this small probe 

to your index finger with tape. There is no 

danger of electrical contact. Let me know if 

the tape feels uncomfortable. This instrument 

is a recorder which will record your skin 

temperature. After each exercise, I will tell 

you to remove the cotton pad and place it in 

this test tube. You'll then go to the next 

room and wash your underarm thoroughly with 

the Ivory soap, dry the area, and tape a 

fresh cotton pad to the same area. When you 

return to this room, we'll begin a new imagi-

nation exercise. Any questions? We'll begin 

the first exercise in about 5 minutes. Take 

this time to get comfortable. 

The experimenter attached the temperature probe securely 

to the donor's finger and observed temperature recordings for 

the subsequent 5 minute adaptation period in order to estab-

lish a temperature baseline. A temperature sensitivity 

setting of ,1°F was used. After 3 minutes, the experimenter 

announced "two more minutes" to adjust the thermometer device 

to the donor's reactivity level (Grossberg & Wilson, 1968). 

The experimenter then gave instructions for one of the four 
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affect inductions, each of which lasted 5 minutes. Following 

the induction, the donor was told to relax for an additional 

30 seconds and to then remove the cotton pad from under her 

arm and place it in a test tube. Test tubes were immediately 

treated per odor collection requirements and labeled as to 

experimental condition (A for anxiety; S for sexual arousal; 

and Rl and R2 for relaxation) and donor number (1 through 4). 

Donors were given a 10 minute rest period before subse-

quent sessions, the last 5 minutes of which was used for 

axillary cleansing and cotton pad placement. The subsequent 

image induction sessions followed the same procedure as the 

first. Presentation of induction conditions was counter-

balanced. For donor 1, order of presentation was relaxation, 

anxiety, relaxation, and sexual arousal; for donor 2, the 

order was sexual arousal, relaxation, anxiety, and relaxation; 

for donor 3, the order was anxiety, relaxation, sexual arousal, 

and relaxation; and for donor 4, the order was relaxation, 

sexual arousal, relaxation, and anxiety. For donors 1 and 4, 

an additional relaxation trial was administered to ensure 

them leaving the session in a relaxed, comfortable state. 

Induction techniques. Induced imagery techniques require 

the subject to withdraw attention as much as possible from 

bodily processes and extraneous thoughts and to focus instead 

on either a particular symbolic scene or on the emergence of 

nonspecific feelings. A number of studies have shown that 

imagery techniques are capable of eliciting affect or at 
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least the physiological concomitants of affect. May and 

Johnson (1973) found that internally evoked scenes produced 

cardiovascular and respiratory changes and that the direction 

of the change was dependent on the scene's affective tone. 

Others have reported similar physiological changes accompa-

nying imagery generated fear (Grossberg & Wilson, 1968; 

Rimm & Bottrell, 1969; VanEgeren et al., 1971); relaxation 

and threat (Folkins, Lawson, Opton, & Lazarus, 1968); and 

depression (Schwartz, 1976). Schwartz (1975) speculated 

that imagery elicits affect through the creation of a self-

regulated internal feedback loop where a specific image 

triggers peripheral changes which are then reprocessed by 

the CNS, creating the feeling state associated with the 

imagery. 

For the relaxation induction, each donor on the day 

prior to the experimental session composed in writing a 

relaxing scene chosen from the items on the Reinforcement 

Survey Schedule (Cautela & Kastenbaum, 1967). The donor 

was given one trial in which to practice imagining her 

relaxation scene in conjunction with the following instruc-

tions (Tondo & Cautela, 1974) presented by the experimenter. 

Sit back, close your eyes, and relax as best as 

you can. (Pause 10 sec.) When I say the word 

"Scene," think of the scene you selected earlier. 

(Pause 10 sec.) "Scene." Imagine you are having 

a very pleasant, relaxing experience involving 
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as many of your senses as possible. (Pause 20 

sec.) Try to feel as though you are actually 

there. (Pause 20 sec.) Concentrate on all of 

the details. (Pause 20 sec.) Imagine all of the 

things you would see or hear. (Pause 20 sec.) 

Notice any pleasant smells or tastes. (Pause 20 

sec.) Pay attention to any feelings of touch or 

movement. (Pause 20 sec.) Just let yourself go. 

Relax and enjoy the feelings. Let yourself feel 

as though this were really happening. (Pause 20 

sec.) Concentrate on all the relaxing sensations. 

(Pause 20 sec.) Stop imagining the scene. Blank 

your mind and relax. 

On the day prior to the experimental session and fol-

lowing the relaxation scene practice, each donor was asked 

to describe to herself in detail a scene which she found 

sexually arousing and which she could visualize. If unable 

to compose her own scene, the donor was given reading materi-

als on women's erotic fantasies (Friday, 1974) and instructed 

to select a fantasy which she could visualize. Donors were 

given one practice session to imagine the sexually arousing 

scene during which the experimenter presented the same 

instructions as was presented during the relaxation scene 

practice with the exception of substituting the words 

"sexually arousing" and "stimulating" for the words "relaxa-

tion" and "pleasant." 



30 

The induced anxiety technique (Sipprelle, 196 7) was 

used to generate an intense, sustained emotional state of 

anxiety within the donor. This technique involves the 

operant reinforcement of states of heightened emotionality 

and associated motor behavior through verbal shaping. It 

is a therapeutic technique in which the therapist instructs 

the individual to turn his or her attention inward and to 

focus on a nonspecific feeling which will begin to emerge 

with force. The therapist provides verbal reinforcement to 

all observable behaviors suggestive of emotionality such as 

rapid breathing, skin flush, or muscular tension until a 

condition of heightened affect is reached, and the individual 

is enabled to emit statements about life events associated 

with the emotion aroused. The individual is then relaxed 

and desensitized to the anxiety evoking stimuli. 

Induced anxiety is considered to be especially produc-

tive with individuals who have difficulty focusing on or 

labeling intense emotions (Sipprelle, 1967). The induced 

emotional states have been described in both patient and 

nonpatient populations as unusually intense, ranging from 

extreme anxiety and rage to almost any feeling disruptive 

to the individual (Jordan & Sipprelle, 1972; Noonan, 1969). 

The occurrence of harmful psychological effects as a result 

of the technique has not been observed, at least for non-

patient subjects (Jordan & Sipprelle, 1972). Various 

physiological parameters have been reported to change in 
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conjunction with anxiety induction. Heart rate, galvanic 

skin response, and respiration rate have all changed in the 

appropriate direction concurrent with observed increase in 

anxiety levels (Jordan & Sipprelle, 1972; Sipprelle, Pilgrim, 

Saar, & Sletten, 1970). 

The donors were administered the following initial 

anxiety induction instructions: 

I want you to focus inward and forget every-

thing outside of yourself. You will start to 

feel a small feeling way down inside yourself 

starting to grow. Turn your attention toward 

this feeling. The feeling is now growing 

stronger and stronger. 

For a 5 minute period, continued suggestions of anxiety 

induction were given and interspersed with verbal reinforce-

ments of "good" and "let it go" when such behaviors as 

increased muscular tension, twitching, swallowing, rapid 

erratic breathing, restlessness, and verbal reports were 

observed. 

Odor Collection 

The odorant was collected from the donor's axilla 

in accordance with methodology developed by Russell, et al., 

(1978). Donors were required to wash each axilla with 

Ivory soap 12 hours prior to the initial treatment 

session and again at the start of each subsequent ses-

sion and were not allowed to use any special soap, 
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antiperspirant, deodorant, or perfume during that time. The 

purpose of this procedure was to create aseptic axilla condi-

tions to enable apocrine gland secretions collection. 

Immediately before the start of each experimental session, 

the donor taped a square 4 in. (10.2 cm) by 4 in. (10.2 cm) 

sterile pad under the left arm. The pad was worn throughout 

the image induction phases after which it was removed and 

placed in a 30 ml test tube. Each test tube was topped with 

two layers of sterile gauze, sealed with a cork wrapped in 

aluminum foil, and covered with aluminum foil. Four drops of 

ethanol was placed on each pad to inhibit bacterial growth 

and preserve the original odor. The test tubes were sealed 

and frozen on dry ice. Though not validated by chemical analy-

sis, it was presumed that the odorant was collected. 

Odor Assessment 

Judges. The judges were 16 male volunteer college 

students between the ages of 18 and 25 who had no prior ex-

perience with the procedure and no information as to the 

purpose of the project other than what was given to them in 

the procedural instructions. Judges were selected from all 

individuals who responded to an advertisement (Appendix A) 

announced and posted at Southeast Missouri State University. 

Those selected met the criteria of absence of colds, aller-

gies, or any other obstruction of the nasal passageway; 

nonuse in the past 24 hours of antihistamines or other 

substances considered to affect normal respiration; capacity 
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to imagine in a variety of sensory modalities; rating the 

concepts of relaxation and sexuality as pleasant; and normal 

olfactory detection thresholds. 

Selection criteria were established through administra-

tion of the QMI, the Questionnaire Upon Mental Imagery 

Test (Appendix D), an abbreviated Semantic Differential 

Technique (Osgood, Suci, & Tannenbaum, 1957; Appendix E), 

and an olfactory detection threshold test. Those individuals 

rating QMI items as 3 or higher and assigning scores of 1, 2, 

or 3 to the adjectives of "good," and "valuable" and 5, 6, or 

7 to the adjectives of "clean" and "kind" on both concepts of 

"relaxed" and "sex" on the semantic differential were eligible 

for participation. The individual's olfactory detection 

threshold was assessed by administering a series of solutions 

of nitrobenzene and water and noting at which point the lowest 

concentration of nitrobenzene could reliably be distinguished 

from water (Henkin & Bartter, 1966). Test solutions of 

— 5 

nitrobenzene ranged from 10 mmol/L to 10 mmol/L with dilu-

tion gradations of 10_1, 10~2, 10~3, and 10~4 mmoi/L in be-

tween. Potential judges were asked to smell each test solu-

tion along with two distilled water solutions and state which 

smelled different from the other two. Those judges who made 
two successive correct responses of selecting the test solution 

— 3 

as different as thresholds of 10 mmol/L or lower were eligible 

to participate in the study. 
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Procedure. All judges were tested on the same day 

within 72 hours after all odor samples were collected. 

Testing occurred in a room equipped with a one-way mirror 

with ambient temperature maintained at about 68°F (20°C). 

Frozen samples of the odorants were thawed to room tem-

perature 6 hours prior to judging to permit bacterial 

decomposition and maximal odor detection (Shelley et al., 

1953). 

Judges were brought into the test room individually 

and were seated in a comfortable chair at a table containing 

the prelabeled test tubes and a tape recorder. Judges were 

asked to smell the contents of each flask and to respond to 

each through a free imagery procedure and an estimation pro-

cedure of odor unpleasantness. The following verbal and 

written instructions were provided to judges in a group by 

the experimenter prior to assessment: 

You will be seated alone in this room, and I will 

give you instructions over a microphone. You will 

see a number of test tubes stoppered with a cork 

and containing a cotton pad. The pads contain an 

odor that was collected from people undergoing 

different emotional states. Some states were 

relaxation, some were anxiety, and some were 

sexual arousal. When I tell you, you will turn 

on the tape recorder to the record position, 

read the number of the first test tube, take 
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the stopper off, and sniff the test tube one 

time with both nostrils open and mouth closed. 

Hold the test tube this far from your nose 

(experimenter demonstrates by selecting an 

empty test tube and holding it 3 cm from nose) 

and sniff like this (experimenter demonstrates 

by inhaling deeply for about 3 seconds). You 

will be allowed only one sniff. Reseal the 

test tube and place it back on the table. 

After smelling the test tube, lean back, close 

your eyes, and report out loud everything that 

crosses your mind, including images, feelings, 

and physical sensations. The tape recorder will 

be playing to record what you say. Everything 

you say is confidential and you will not be 

identified by name. After a certain period of 

time, I will tell you to stop. I will come back 

into the room and you will begin the second part, 

to be explained later. Any questions? We'll 

now practice with an empty test tube. I'll 

demonstrate the procedure and you'll repeat 

what I do. 

Following these instructions, each judge repeated the 

procedure until demonstrating a consistent pattern of nasal 

inspiration and an understanding of the free imagery task. 
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The second phase instructions entailed making magnitude 

estimates of the hedonic properties of each odor. Judges 

were provided with the following instructions (Marks, 1974). 

You are going to smell each of these odors again. 

Your task is to evaluate how unpleasant each odor 

seems to you by assigning a number to stand for 

the degree of odor unpleasantness you perceive. 

To the first test tube, assign whatever number 

seems to you most appropriate to represent the 

degree of the odor. Then, for succeeding odors, 

assign other numbers, in proportion to the first 

odor. For example, if one odor seems three times 

as unpleasant as another, assign a number three 

times as great; if it smells one-fifth as un-

pleasant, assign a number one-fifth as great. 

Any type of number—whole number, decimal, or 

fraction—may be used. Any questions? 

Judges were assigned at random to the test tubes. Four 

judges evaluated donor l's odorant samples, four judges 

evaluated donor 2's odorant samples, four judges evaluated 

donor 3's samples, and four judges evaluated donor 4's 

samples. Order of test tube presentation was randomized 

across judges such that the first judge of each set of 

judges evaluated odorants in the order of anxiety, relaxa-

tion -1, sexual arousal, and relaxation -2; the second 

judge, in the order of relaxation -2, sexual arousal, 
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relaxation -1, and anxiety; the third judge, sexual arousal, 

relaxation -1, anxiety, and relaxation -2; and the fourth 

—2 —l 

judge, relaxation , anxiety, relaxation , and sexual 

arousal. 

Assessment techniques. A free imagery technique pro-

cedure (Reyher, 1963) was utilized to determine whether 

judges could detect the affect condition under which the 

odors were produced. Judges were given instructions to 

relax and to report any immediate images, feelings, and 

sensations they experienced following smelling each odor 

sample. To minimize interpersonal interactions, queries 

or comments from the judges were met with silence or by a 

reiteration of the instructions to report only images and 

feelings. Silences from the judges of over 30 seconds were 

met with a response of "what is happening?" Each free 

imagery session was terminated at 2 minutes. A Sony 

cassette tape recorder recorded all verbally stated images. 

The free imagery technique is a technique commonly used 

in psychotherapy to uncover repressed material. Verbal 

responses elicited under free imagery conditions are con-

sidered as communications of the unconscious in the language 

of the unconscious (Sheikh & Panagiotou, 1975). Subliminal 

perceptions including perceptions of sensory input are deemed 

to be material easily elicited under free imagery conditions 

(Jellinek, 1949). Olfactory induced images may be especially 

amenable to elicitation through free imagery. Olfactory 
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stimuli are often associated with strong emotional experi-

ences and are considered to be easily and vividly recalled 

and slow to forget even when the odorants' name cannot be 

identified (Lawless & Cain, 1975; Lawless & Engen, 1977). 

Free imagery has a reported potent impact on the thera-

peutic process, yielding a wealth of imagery material in a 

brief time and effecting extensive affective and physiolo-

logical changes. Reyher and Smeltzer's (1968) controlled 

comparison study between free imagery and free association 

found significantly more affective responses and greater 

numbers of galvanic skin responses under free imagery. May 

and Johnson (1973) and Jordan and Sipprelle (1972) all 

report significant physiological changes concomitant with 

imagery generated affect. 

The free imagery responses were scored by independent 

raters who evaluated the judges' imagery responses on a 

6-point scale (Appendix F) as to how closely the imagery 

related to the affect states of anxiety, relaxation, sexual 

arousal, and control state of guilt. Two psychology students, 

naive to the project's purpose, rated all judges' tape 

recorded imagery responses during three sessions lasting 

about an hour each. Instructions for the ratings were 

written on each rating sheet. Order of affect presentation 

on the sheets was randomized, and each sheet was turned in 

as it was completed. 
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The second assessment phase required the 16 judges to 

make magnitude estimates of the hedonic quality of each 

odor sample. Judges were asked to rate how unpleasant each 

test tube odor smelled by assigning an arbitrary number to 

the first odor in the series and rating each subsequent 

odor in comparison to the first. Estimates were recorded 

on a blank piece of paper. 

The magnitude estimation procedure is a standard pro-

cedure in making psychophical assessments of sensory 

processes (Marks, 1974). The procedure can be used both 

with and without a standard and modulus and has been used 

in a number of investigations to evaluate both quantitative 

(Engen, 1974) and hedonic (Doty et al., 1975; McBurney, 

Levine, & Cavanaugh, 1977) attributes of olfactory stimuli. 

Data analysis. The temperature chart trace was analyzed 

for temperature changes over time and donors who did not show 

the expected temperature pattern were excluded from the study. 

Expected temperature changes included temperature increments 

over baseline during relaxation and temperature decrements 

during anxiety induction. 

A Pearson Product-Moment correlation was used to compute 

interjudge reliabilities on the two psychology students' 

ratings of judges' free imagery responses. Those ratings 

not attaining a coefficient of .70 or higher were omitted 

from further data analysis. The two ratings accepted for 

analysis were averaged to yield one score per judge per 

affect. 
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A 2 x 4 factorial repeated measures analysis of variance 

was used to test the hypotheses (Kirk, 1968) . The dependent 

variable for one set of analyses was the averaged ratings on 

the free imagery task and for the magnitude estimate analysis, 

the judges' estimate of odor unpleasantness. The .05 level 

of significance or less was used to evaluate all F-ratios. 

Results 

Odor Production 

All odor donors showed the expected skin temperature 

changes during image, induction. During anxiety induction, 

temperature decreased from baseline and during relaxation, 

temperature increased. Sexual arousal followed a more 

variable pattern, increasing for some donors and decreasing 

for others. All of the donors reported some difficulty in 

both creating and imagining the sexual arousal scenes. 

Donor 4, in fact, reported difficulty creating a sexually 

arousing scene on her own and used the erotic literature 

to construct a scene. During relaxation, all donors mani-

fested relaxation indices of skin temperature increments, 

slackening body posture, and self report of almost falling 

asleep and feelings of contentment. During anxiety induction, 

donors manifested more variable responses. Apart from tem-

perature decrements, donors 2 and 4 showed few overt anxious 

behaviors. Donors 1 and 3 reported feelings of intense 

anxiety centering around feared objects or situations (i.e., 

worms and flying). Donor 1 displayed considerable anxiety— 
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hyperventilating, trembling, and crying—throughout the 2 

minute session. The donor also reported intense feelings 

of anxiety centered around her fear of worms. It is inter-

esting to note that this donor showed greater temperature 

fluctuations and changes that did the other donors who varied 

only slightly from baseline. 

Odor Assessment 

Hedonic estimates of odor unpleasantness. A 2 x 4 

factorial analysis of variance with repeated measures on 

the affect factor was performed. As two of the judges' 

unpleasantness estimates were proportionately larger than 

the rest, homogeneity of cell variances were tested. An 

F-maximum test for Homogeneity of Variance showed extreme 

heterogeneity [Fmax (3, 16) — 236.69, p>.05]. A logarithmic 

transformation [X* = log (X + 1)] was conducted on the data 

with the resultant homogeneity among variances [Fmax (3, 16) 

= 11. 8, £<.01]. 

The mean scores and summary of judges' magnitude esti-

mates of odor unpleasantness are presented in Tables 1 and 

2 with a resultant significant Race x Affect interaction. 

A simple main effects analysis indicated that there were 

significant differences in hedonic estimates of the 

odorants produced by the black donors. A Tukey HSD 

test revealed that the judges' estimates of the anxiety 

produced odorants were significantly higher (£>.01) and, 

therefore, more unpleasant than were the estimates given 
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Table 1 

Mean Scores of Judges' Magnitude Estimates 
of Odor Unpleasantness 

Donor 

Race 

Black 

White 

Relax. 

.78 

1.07 

Affect 

Anx 

1.23 

.77 

Sex 

.75 

1.00 

Relax, 

,53 

.92 

Table 2 

Analysis of Variance Summary for Judges' 
Odor Unpleasantness Estimates 

Source DF SS MS F 

Between subjects 15 5.39 

Race (A) 1 .36 .36 1 

Error 14 5.03 .36 

Within subjects 48 5.95 

Affect (B) 3 .46 .15 1.5 

B for A^ 3 1.34 .45 4.47* 

B for 3 .39 .13 1.3 

A x B 3 1.28 .43 4.3* 

Error 42 4.21 .10 

*p <.01. 
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to the relaxation and sexual arousal produced odorants. 

The estimates given to the sexual arousal and relaxation 

odorants did not differ significantly from each other. 

These data are presented in Figure 1. 

Free imagery responses. The data in Appendix G are 

the judges' imagery responses following smelling the anxiety, 

sexual arousal, and relaxation produced odorants. Judges 

1 through 8 evaluated the black donors1 odorants, and 

judges 9 through 16, the white donor's odorants. The two 

raters' evaluations of the judges imagery responses were 

in close agreement on each affect adjective (Appendix F) 

with correlation coefficients as follows: anxiety, .90; 

sex, .96; relaxation, .95; and guilt, 1.0. The two ratings 

per affect were subsequently averaged to yield one score per 

affect. Each affect score was analyzed by a 2 x 4 factoral 

analysis of variance with repeated measures on the affect 

factor. 

In Table 3, the mean rating of the judges's imagery re-

sponses to the anxiety produced odorants is presented. The four 

affect conditions listed in this and subsequent tables (i.e., 

anxiety, relaxation, sex, and guilt) refer to the adjectives which 

were checked by the raters as they listened to the tapes of 

the judges' imagery. Hence a high mean rating of an affect 

means that the judges' imagery was suggestive of that affect 

state. In table 4, the results of the analysis of variance 

for the anxiety odorant are presented and show a significant 

Affect effect. This indicates that the judges, upon smelling 
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Figure 1. Judges1 odor unpleasantness estimates 
as a function of race and donor affect. 
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Table 3 

Mean Ratings of Judges' Imagery Responses 
to Anxiety Produced Odorants 

Donor 

Race Anx 

Affect 

Relax Sex Guilt 

Black 

White 

3.38 

2.25 

1.50 

1.50 

1.38 

1.00 

1.00 

1.00 

Table 4 

Analysis of Variance Summary for Judges' 
Imagery Responses to Anxiety Odors 

Source df SS MS F 

Between subjects 15 12 

Race (A) 1 2.25 2.25 3.21 

Error 14 9.75 .70 

Within subjects 48 79 

Affect (B) 3 27.38 9.13 8.78* 

A x B 3 3.37 1.12 1.08 

Error 42 43.50 1.04 

!p < .01. 
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the anxiety odorants, produced imagery responses suggestive 

of at least one of the affect states. A Tukey HSD test was 

performed with the result that the judges reported signifi-

cantly more (]o < .05) anxiety related images when smelling the 

anxiety odorants. The data are found in Figure 2. 

In Tables 5 and 6, the results of the analysis for one of 

the relaxation series of odorants is presented. The other 

relaxation series was not analyzed as no significant dif-

ferences between the two means were found (t = 1.35, p > .05). 

A nonsignificant Race and interaction effect and a significant 

Affect effect was determined, indicating that the judges pro-

duced imagery suggestive of one or more affect states when 

smelling the relaxation produced odorants. A Tukey HSD test 

was performed with the result that the mean rating of the re-

laxation imagery responses to both black and white relaxation 

produced odorants was significantly greater (p < .05) than the 

ratings of the other affects. This indicates that judges 

gave relaxation related imagery when smelling the relaxation 

produced odorants, both black and white. The data are included 

in Figure 3. 

The results of the analysis of the sexual arousal scores are 

presented in Tables 7 and 8 in which a nonsignificant Race and 

interaction effect but a significant Affect effect are determined. 

A Tukey HSD test was performed with the result that the relaxa-

tion mean ratings of the judges' imagery to both black and 
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Figure 2. Ratings of judges' imagery responses to black 
and white donors' anxiety produced odorants. 
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Table 5 

Mean Ratings of Judges' Imagery Responses 
to Relaxation Produced Odorants 

Donor 

Race Anx 

Affect 

Relax Sex Guilt 

Black 

White 

1.88 

1.63 

3.88 

3.88 

1.25 

1.38 

1.0 

1.0 

Table 6 

Analysis of Variance Summary for Judges1 

Imagery Response to Relaxation Odors 

Source df SS MS F 

Between subjects 15 10. .75 

Race (A) 1 .03 .03 .04 

Error 14 10. .72 .77 

Within subjects 48 138. .25 

Affect (B) 3 80. .81 26. .94 19.81* 

A x B 3 .29 .10 .07 

Error 42 57. .15 1. .36 

*P <.01. 
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Table 7 

Mean Ratings of Judges' Imagery Responses 
to Sexual Arousal Produced Odorants 

Donor 

Race Anx 

Affect 

Relax Sex Guilt 

Black 

White 

2.0 

1.5 

4.38 

3.13 

1.38 

1.5 

1.0 

1.0 

Table 8 

Analysis of Variance Summary for Judges1 Imagery 
Response to Sexual Arousal Odors 

Source df SS MS F 

Between subjects 15 14, .73 

Race (A) 1 2, .64 2, .64 3, .07 

Error 14 12, .09 

Within subjects 58 132. .25 

Affect (B) 3 71. ,04 23. .68 17, .54* 

A x B 3 4. ,68 1. .56 1. ,15 

Error 42 56. ,53 1. .35 

fcp <.01. 
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white sexual arousal produced odorants were significantly 

9̂ ®9-ter (P < «05) than the other affect conditions, indi-

cating that the judges were responding to the sexual arousal 

produced odorants with relaxation imagery rather than with 

sexual imagery. This study's hypothesis concerning the 

sexual arousal odorants was therefore not supported. These 

data are found in Figure 4. 

Discussion 

The results suggest that some human odors may influence 

the perceptions of other humans and support in part the prem-

ise that odor is a factor in the communication of emotional 

state. The first hypothesis stating that judges would be 

able to made hedonic discriminations among odorants is 

partially supported in that judges are able to make hedonic 

discriminations among the black produced odorants, assessing 

the anxiety odorant as more unpleasant than both the relaxa-

tion and sexual arousal produced odorants. Judges are 

unable to make hedonic discriminations among the white 

produced odorants. The hedonic qualities of the relaxation 

and sexual arousal odorants are not distinguished for any 

of the donors. 

The second hypothesis stating that judges would be able 

to make imagery discriminations among odorants is partially 

supported in that judges provided significant relaxation 

related images to the black and white donors' relaxation 

produced odorants and significant anxiety related images 
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to black and white donors' anxiety odorants. There .is no 

significant sexual imagery associated with either the black 

or white donors 1 sexual arousal produced odorants. 

It appears that in terms of communicative power, the 

affect conditions of relaxation and anxiety provides more 

potent stimuli, especially when transmitted by black donors. 

Whether this can be attributed to special properties of the 

affect condition, donors, or judges is far from clear. 

Certainly, an investigation of a communication process is 

multifaceted, focusing on the message, the sender, the 

receiver, and the context (Haley, 1963). 

The relaxation message appears to be one of the more 

informative odorants, generating presumed unconsciously 

cued relaxation images in the receiver. The veritability 

of this finding is challenged, however, by conflictual data. 

The inability of the judges to distinguish between the 

hedonic attributes of the relaxation odorants and the sexual 

arousal odorants certainly questions the contention the 

relaxation has unique olfactory properties. If relaxation 

were in fact a detectable odor cued message, it would appear 

likely that judges would make differential estimates of its 

pleasantness. The purported potency of the relaxation 

message is also disputed by the finding of significant 

relaxation images provided to the sexual arousal odorants. 

If a relaxation message were actually communicated, then 
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one would not expect relaxation images given to dissimilar 

odorants. 

It is unclear from this study whether the affect of 

relaxation is actually transmitted via olfactory means. 

The significant relaxation images reported could have been 

a function of experimental artifact whereby relaxation 

images, in the absence of discriminatory olfactory cues, 

gravitates by nature to themes of relaxation. The reasons 

why relaxation may not have been communicated at all are 

subject to speculation. Donor response during affect 

induction seems to confirm that relaxation was indeed 

induced. It is possible, however, that apocrine secretions 

under relaxed conditions are not as abundant as others and 

it may be that to identify an affect condition, humans 

require some minimum quantity of odorant. The apocrine 

glands may also be unresponsive to parasympathetic inner-

vation and may communicate only sympathetic states. Relaxa-

tion, a parasympathetic response, could generate no odor 

cues, the possibility of which receives support from the 

anecdotal reports of Shelley and Hurley (1953) who observed 

no apocrine sweating under relaxed conditions. 

The sexual arousal odorant appears to be one of the 

least communicative affect messages, a puzzling finding in 

light of both the apocrine glands known responsivity to 

sympathetic innervation and the bulk of evidence (in humans, 

most anecdotal) suggesting that sexual arousal provides 
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strong olfactory cues. A possible explanation for the non-

significant sexual arousal result lies not in the nature of 

the message but in the failure of the donors to generate and 

sustain an erotic response. Donors reported difficulty in 

sustaining sexual images during the induction. When ques-

tioned after the experiment, the donors reported that part 

of their difficulty was due to the artificiality of the 

testing conditions, the brevity of time allowed to engage 

in a sexual fantasy and, for two donors, inexperience with 

sexual imagery. Also, in comparison to relaxation and 

anxiety, skin temperature changed very slightly from baseline, 

varying as little as .1°F throughout the 2 minute induction. 

It seems apparent, then, that because of the difficulty of 

affect induction, statements concerning the communicability 

of sexual arousal remain inconclusive. 

Anxiety appears to be one of the more powerful odor 

cued messages, a finding not altogether unexpected due to 

the sympathetic nature of anxiety and fear reactions. A 

significant race-affect interaction on the hedonic estimate 

task is determined in which judges received an odor cued 

anxiety message from the black donors and not the white 

donors. No interaction is revealed on the free imagery 

task, though judges did detect through their free imagery 

responses the anxiety produced odorants. Why the judges de-

tected the white donors 1 anxiety odorants on one task and 

not the other is open to speculation. 
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Differential sensitivity of the two procedures in 

eliciting the judges' assessments of the odor stimuli may 

account for the discrepancy. Responses generated from free 

imagery may be more sensitive to anxiety generated odor 

stimuli. Alternatively, it may be that the hedonic estimate 

procedure is not testing an unpleasantness dimension per se 

but rather a familiarity dimension. The judges, white and 

reared in largely white environments, detected the black 

donors1 anxiety odorants and not the white donors 1. The 

possibility arises that a form of racial interaction exists 

whereby races exhibit differential sensitivity to other races• 

odors due to relative unfamiliarity with their odors. Re-

search indicates that the less clear or more unfamiliar a 

nonlanguage communicative modality the more to which it is 

attended (Satir, 1967). Hence, white judges, relatively 

unfamiliar with black donors, would more likely attend to 

these odors and assign the stronger odor, anxiety, the 

higher number, incorrectly signifying unpleasantness. 

The variable nature of the donors' response to anxiety 

induction may be responsible for the significant 

anxiety findings. The black donors, in contrast to the white 

donors, manifested a more intense response, both in overt 

behaviors and in dermal temperature fluctuation. It is in-

teresting to note that both of the black donors reported 

more specific, phobic-like images than did the white donors, 

who reported more vague, undifferentiated anxiety feelings. 
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Donor 1 (black) in particular manifested a greater and more 

immediate anxiety response as she imagined her specific fear. 

All four judges gave her anxiety odorant both the highest un-

pleasantness estimates and some of the more obvious anxiety 

related images (judges 1 through 4, Appendix G). 

Whether the donors' anxiety response is due to racial 

differences in ability to image or to individual differences 

is far from clear. Individual differences, irrespective of 

race, cannot be ruled out as a contributing factor to the 

significant anxiety finding. It has long been observed 

(Ellis, 1928) that certain individuals emit more distinctive 

(or just more) olfactory stimuli than others. Donor 1, by 

virtue of an ability to generate and sustain intense affect, 

may be one of those individuals who carry out their own 

personal olfactory signature. 

In summary, it appears that anxiety produced odors in-

fluence some of the perceptions of other humans, a finding 

attributed to a combination of receiver and sender character-

istics and the nature of the message. The white judges' 

greater sensitivity to black anxiety odorants on the hedonic 

estimate task may be due to their unfamiliarity with 

these odorants. Ihe black donors' intense anxiety response 

during induction may also contribute to the race-af-

fect interaction but does not rule out the impact individual 

differences in imagining or emitting olfactory cues may have 

on the transmission of an anxiety message. It is unclear 
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whether the affect conditions of sexual arousal and relaxa-

tion can also be communicated via odors. The methodological 

difficulty of inducing a sexual arousal response within the 

donors may contribute to nonsignificant results. Judges' 

relaxation images may be nondiscriminatory due to the 

possibility of free imagery being by nature relaxation oriented. 

A number of limitations are evident in this study. 

The methodological shortcoming of not providing for an un-

ambiguous imagery response has been discussed in relation to 

the affect of relaxation. A recommendation for future re-

search is to include a placebo test odorant to test for genera-

tion of relaxation images. Relaxation images provided in a 

significant amount to the placebo would be construed as sup-

port of the premise that relaxation is a noncommunicative 

affect. An additional methodological shortcoming entails 

the failure to include black judges, a failure which leaves 

the question of differential racial sensitivity as debatable. 

Judges, both black and white, could have been required to 

assess the familiarity of each odorant, a procedure detailed 

by Cain (1979). Subsequent research, including both black 

and white judges, would assist in elucidating this race-

affect interaction. Another limitation of the study concerns 

the split plot design utilized to test the hypothesis. An 

assumption of the split plot design is that the judges' 

variability on the dependent measures is confounded with 

race of donors. Hence there is the possibility that the 
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more anxiety sensitive judges, for example, were randomly-

assigned to the black donor group. 

The small donor sample limits the generalizability of 

the results. Future investigations in this area would profit 

from increasing the sample size and controlling for variables 

of skin temperature changes and intensity of affect during 

induction. Ideally, black and white donors should demon-

strate comparable amounts of skin temperature changes and 

should each manifest a specific phobia, equated on intensity 

dimensions. Instead of a nonstructured anxiety induction 

technique, specific phobic images would be presented to donors. 

As noted, the difficulty of interpreting the nonsignificant 

sexual arousal results may have been due to donor inability 

to generate sexually arousing images in a laboratory setting 

or due to judges' inability to differentially detect sexual 

odors. A post hoc study was conducted to test the ability 

of humans to provide sexual imagery to certain odors. 

Post Hoc Study 

It was suggested that the nonsignificant sexual arousal 

imagery results may have been due to either the inability of 

the female donors to generate adequate sexual responses 

within the laboratory setting or to an inability of the 

judges to provide sexual imagery to the odorants produced 

under sexual arousal induction. A post hoc experiment was 

conducted to determine whether judges were able to provide 

sexual imagery to a perfume considered by the perfume industry 
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to possess stimuli capable of eliciting sexually based 

images and behaviors. 

Method. Ten male volunteer subjects recruited from 

general psychology classes at Southeast Missouri State Uni-

versity were requested to smell an odorant and to report any 

images, feelings, or thoughts they had within a 2 minute 

interval. The procedure was identical to the procedure out-

lined in the preceding experiment with the exception that 

judges smelled only one odorant which was prepared on the 

morning prior to the judging. The odorant was a perfume 

manufactured by Joven, Inc., and contained a musk based com-

pound as its active ingredient. The perfume is advertised 

for its presumed sexually attracting qualities. 

Results. The imagery responses of the judges is pre-

sented in Appendix H. The two raters showed close agree-

ment in their ratings with correlation coefficients as fol-

lows: anxiety, .9 8; relaxation, .90; sex, .9 2; and guilt, 

1.0. The two ratings per judge were averaged to one score 

with this score analyzed by a repeated measure analysis of 

variance. These results are presented in Tables 9 and 10 

with a significant difference among the rated effect condi-

tions indicated. It was revealed from a Tukey HSD test 

that the affect condition of sex was rated as significantly 

greater (£ <.05) than all other affects. This means that 

the judges provided sexual imagery to a significant degree 

when smelling the musk odorant. 
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Table 9 

Mean Ratings of Judges' Imagery 
to Musk Odorant 

Anx 

Affect 

Sex Relax Guilt 

Mean 1.4 2.6 1.5 1.0 

Discussion. The result that male college students en-

gaged in sexual imagery in response to a stimulus with 

sexual eliciting properties suggests that the failure to 

detect the donors' sexual arousal produced odorant in the 

first study was not due to the judges' insensitivity. 

Whether the judges could detect a bodily produced sexual 

arousal odorant remains as yet unclear. Future research 

would benefit from selecting donors who could easily engage 

in sexual imagery and sustain a definite sexual arousal 

Table 10 

Analysis of Variance Summary of Judges' Imagery 
Responses to Musk Odorant 

Source df SS MS F 

Total 39 47.5 

Subjects 9 7.12 

Affects 3 14.07 4.69 4.84* 

Error 27 26.21 .97 

<.05. 
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response. A physiological index such as a vaginal secretory 

monitor (Hoon et al., 19 76) could be used to validate the 

induction. 
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Appendix A 

Advertisement for Volunteers 

Volunteers are needed to participate in a research 

project. For more information, contact Ms. Patricia 

Owen, Psychology Department, ext. 2133. 
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Appendix B 

Informed Consent Statement 

The research project is designed to evaluate the effects 
that human odors have on behavior. The project is a disser-
tation study for Patricia Owen, clinical psychology program, 
North Texas State University. 

The project consists of two phases, one which deals with 
odor collection and one which deals with odor production. 
Participants will be involved with both phases; the total 
time involved should be about one hour. 

The odor collection phase involves the collection of a 
perspiration like fluid from the underarm. Participants are 
required to avoid smoking and drug use one day prior to the 
research session and to not wash under their arms 12 hours 
prior to this session. The odor production phase requires 
participants to engage in a series of brief emotion arousing 
session in which the emotions of anxiety, relaxation, and 
sexual arousal will be created. As some of the emotional 
states may be intense and unpleasant, the participant is 
allowed at any time to discontinue involvement with the 
project. 

Participants will be required to complete a brief Per-
sonal Data Questionnaire and short questionnaire about mental 
imagery. All information and results is kept strictly 
confidential. Participation in the project is voluntary. 
Results of the project will be shared upon request. 

understand the 
purpose of the project dealing with effects of human odors 
on behavior, and I understand the risks and benefits that may 
occur. I consent to participate in this project knowing that 
I may withdraw without penalty at anytime. I understand that 
all information concerning me is voluntary and my questions 
concerning the project have been answered to my satisfaction. 

Witness Signature 

Date Date 
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Name 

Age 

Appendix C 

Personal Data Questionnaire 

For women: average length 

of menstrual cycles 

Address 

Phone 

days 

Race 

Sex 

1. Medical Checklist: Check the appropriate box if you 

experience now or have experienced any of the following: 

Yes No Yes No 

Head injury (auto acci-
dent, fight, falling, 
other) 

Dizziness 
Memory Loss 
Headaches 
Eye Strain or Pain 
Night Sweats 
Fever 
Chills 
Loss of Smell 
Allergies 
Difficulty Swallowing 
Hoarseness 
Boils, Sores on Skin 
Lumps or Knots on Body 
Neck Pains 
Broken Bones 
Major Surgery or Illness 
Noises in Ear 
Venereal Disease 

Diarrhea 
Ulcer 
Coughing Blood 
Pain in Chest 
Shortness of Breath 
Rapid Heart 
Hypertension 
Swelling of Limbs 
Difficulty with 
Medication 

Difficulty Sleeping 
Difficulty Eating 
Vomiting 
Blood in Stool 
or Urine 

Burning when 
Urinating 

Numbness in Any 
Part of Body 

Abdominal Pains 
Female Problems 
Emotional/ 
Psychiatric ( ) ( ) 

For those checked yes, explain 

3. Do you smoke? If so, how much per day 



. . . 66 
Appendix C—Continued 

4. Currently, do you take any drugs, prescribed or otherwise 

(including birth control pills)? If yes, what kind 

and how often 

5. For women: List the days on which you started your last 

two menstrual cycles. Use the accompanying calendar. 

last cycle 

second to last cycle 
month day 
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Appendix D 

The Betts QMI Vividness of Imagery Scale 

Instructions for doing test 

The aim of this test is to determine the vividness of your 
imagery. The items of the test will bring certain images 
to your mind. You are to rate the vividness of each image 
by reference to the accompanying rating scale, which is 
shown at the bottom of the page. For example, if your image 
is "vague and dim" you give it a rating of 5. Record your 
answer in the brackets provided after each item. Just write 
the appropriate number after each item. Before you turn to 
the items on the next page, familiarize yourself with the 
different categories on the rating scale. Throughout the 
test, refer to the rating scale when judging the vividness 
of each image. A copy of the rating scale will be printed 
on each page. Please do not turn to the next page until 
you have completed the items on the page you are doing, and 
do not turn back to check on other items you have done. 
Complete each page before moving on to the next page. Try 
to do each item separately independent of how you may have 
done other items. 

The image aroused by an item of this test may be: 

Perfectly clear and as vivid as the actual Rating 1 
experience 

Very clear and comparable in vividness to the 

actual experience Rating 2 

Moderately clear and vivid Rating 3 

Not clear or vivid, but recognizable Rating 4 

Vague and dim Rating 5 

So vague and dim as to be hardly discernible Rating 6 

No image present at all, you only "knowing" 
that you are thinking of the object Rating 7 

An example of an item on the test would be one which asked 
you to consider an image which comes to your mind's eye of 
a red apple. If your visual image was moderately clear and 
vivid you would check the rating scale and mark "3" in the 
brackets as follows: 
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Item Rating 

5. A red apple ( 3 ) 

Now turn to the next page when you have understood 
these instructions and begin the test. 

Think of some relative or friend whom you frequently see, 
considering carefully the picture that rises before your 
mind's eye. Classify the images suggested by each of the 
following questions as indicated by the degrees of clear-
ness and vividness specified on the Rating Scale. 

Item Rating 

1. The exact contour of face, head, shoulders 
and body ( ) 

2. Characteristic poses of head, attitudes of 
body, etc. ( ) 

3. The precise carriage, length of step, etc. 
in walking ( ) 

4. The different colours worn in some familiar 
costume ( ) 

Think of seeing the following, considering carefully the 
picture which comes before your mind's eye; and classify 
the image suggested by the following questions as indicated 
by the degree of clearness and vividness specificed on the 
Rating Scale. 

5. The sun as it is sinking below the horizon ( ) 

Rating Scale 

The image aroused by an item of this test may be: 

Perfectly clear and as vivid as the actual 
experience Rating 1 

Very clear and comparable in vividness to the 

actual experience Rating 2 

Moderately clear and vivid Rating 3 

Not clear or vivid, but recognizable Rating 4 

Vague and dim Rating 5 
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So vague and dim as to be hardly discernible 

No image present at all, you only "knowing" 
that you are thinking of the object 

Rating 6 

Rating 7 

Think of each of the following sounds, considering carefully 
the image which comes to your mind's ear, and classify the 
images suggested by each of the following questions as indi-
cated by the degrees of clearness and vividness specified on 
the Rating Scale. 

Item Rating 

6. The whistle of a locomotive 

7. The honk of an automobile 

8. The mewing of a cat 

9. The sound of escaping steam 

10. The clapping of hands in applause 

Rating Scale 

The image aroused by an item of this test may be: 

Perfectly clear and as vivid as the actual 
experience Rating 1 

Very clear and comparable in vividness to the 

actual experience Rating 2 

Moderately clear and vivid Rating 3 

Not clear or vivid, but recognizable Rating 4 

Vague and dim Rating 5 

So vague and dim as to be hardly discernible Rating 6 

No image present at all, you only "knowing" 
that you are thinking of the object Rating 7 

Think of "feeling" or touching each of the following, con-
sidering carefully the image which comes to your mind's 
touch, and classify the images suggested by each of the 
following questions as indicated by the degrees of clear-
ness and vividness specified on the Rating Scale. 
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Item Rating 

11. Sand ( 

12. Linen ( 

13. Fur ( 

14. The prick of a pin ( 

15. The warmth of a tepid bath ( 

Rating Scale 

The image aroused by an item of this test may be: 

Perfectly clear and as vivid as the actual 
experience Rating 1 

Very clear and comparable in vividness to the 

actual experience Rating 2 

Moderately clear and vivid Rating 3 

Not clear or vivid, but recognizable Rating 4 

Vague and dim Rating 5 

So vague and dim as to be hardly discernible Rating 6 

No image present at all, you only "knowing" 
that you are thinking of the object Rating 7 

Think of performing each of the following acts, considering 
carefully the image which comes to your mind's arms, legs, 
lips, etc., and classify the images suggested as indicated 
by the degree of clearness and vividness specified on the 
Rating Scale. 

Item 

16. Running upstairs 

17. Springing across a gutter 

18. Drawing a circle on paper 

19. Reaching up to a high shelf 

20. Kicking something out of your way 

Rating 

( 

( 

( 

( 

( 
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Rating Scale 
The image aroused by an item of this test may be: 

Perfectly clear and as vivid as the actual 
experience Rating 1 

Very clear and comparable in vividness to the 

actual experience Rating 2 

Moderately clear and vivid Rating 3 

Not clear or vivid, but recognizable Rating 4 

Vague and dim Rating 5 

So vague and dim as to be hardly discernible Rating 6 

No image present at all, you only "knowing" 
that you are thinking of the object Rating 7 

Think of tasting each of the following considering carefully 
the image which comes to your mind's mouth, and classify the 
images suggested by each of the following questions as indi-
cated by the degrees of clearness and vividness specified on 
the Rating Scale. 

Item Rating 

21. Salt ( 

22. Granulated (white) sugar ( 

23. Oranges ( 

24. Jelly ( 

25. Your favourite soup ( 

Rating Scale 

The image aroused by an item of this test may be: 

Perfectly clear and as vivid as the actual 
experience Rating 1 

Very clear and comparable in vividness to the 
actual experience Rating 2 

Moderately clear and vivid Rating 3 
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Not clear or vivid, but recognizable 

Vague and dim 

So vague and dim as to be hardly discernible 

No image present at all, you only "knowing" 
that you are thinking of the object 

Rating 4 

Rating 5 

Rating 6 

Rating 7 

Think of smelling each of the following, considering care-
fully the image which comes to your mind's nose and classify 
the images suggested by each of the following questions as 
indicated by the degrees of clearness and vividness specified 
on the Rating Scale. 

Item Rating 

26. An ill-ventilated room 

27. Cooking cabbage 

28. Roast beef 

29. Fresh paint 

30. New leather 

Rating Scale 

The image aroused by an item of this test may be: 

Perfectly clear and as vivid as the actual 
experience Rating 1 

Very clear and comparable in vividness to the 

actual experience Rating 2 

Moderately clear and vivid Rating 3 

Not clear or vivid, but recognizable Rating 4 

Vague and dim Rating 5 

So vague and dim as to be hardly discernible Rating 6 
No image present at all, you only "knowing" 

that you are thinking of the object Rating 7 

Think of each of the following sensations, considering 
carefully the image which comes before your mind, and 
classify the images suggested as indicated by the degrees 
of clearness and vividness specified on the Rating Scale. 
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Item 

31. Fatigue 

32. Hunger 

33. A sore throat 

34. Drowsiness 

35. Repletion as from a very full meal 

Rating 
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Appendix E 

Judges' Semantic Differential 

Place an "X" in one position between the adjectives of 

each scale (for example, : X : ) to indicate how 

well these adjectives apply in general to the word at 

the top of the scale. 

Relaxed 

Good Bad 
1 2 3 4 5 6 7 

Dirty Clean 
1 2 3 4 5 6 7 

Valuable Worthless 
1 2 3 4 5 6 7 

Cruel Kind 
1 2 3 4 5 6 7 

Sex 

Good Bad 
1 2 3 4 5 6 7 

Dirty Clean 
1 2 3 4 5 6 7 

Valuable Worthless 
1 2 3 4 5 6 7 

Cruel Kind 
1 2 3 4 5 6 7 
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Appendix F 

Rater's Imagery Rating Scale 

Below are a list of emotions or conditions with numbers 
by each ranging from 1 through 6, with 1 meaning "not at all" 
and 6 meaning "a great deal." Listen to each taped response, 
record the number where the taped response stopped, and rank 
each as to how much the response suggests the emotions or 
conditions. Circle only one number per emotion. 

Tape Number 

not at a great 
all deal 

anxiety 1 2 3 4 5 6 

relaxation 1 2 3 4 5 6 

sexual 

arousal 1 2 3 4 5 6 

guilt 1 2 3 4 5 6 
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Appendix G 

Judges' Imagery Responses—Key Words/Phrases 

Judge Number Anxiety Qdorant 

1 Worried about test tomorrow; really scared 

2 Very mellow, weak and soft; girlfriend 

3 Repelling odor; not very happy; feel very 

uptight—don't like this at all 

4 Foggy, sorta cloudy; blurred; loneliness; 

(later) feeling good 

5 Wish school was over—two more tests to go; 

zoology is worse; this summer I can relax 

6 Thinking about girlfriend; (later) hospitals; 

going to the dentist 

7 Wondering about getting summer job; hard to 

find; need money 

8 (a lot of confused mumbling) 

9 Yukky smell; (later) smells like fruit salad 

10 Feel like crying 

11 Bio lab and dissecting things 

12 Wide awake now—hard to concentrate 

13 (no response) 

14 Had hard test yesterday; did okay 

15 (no response) 

16 Thinking about school work 
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Judge Number Relaxation Odorant 

1 Worried about hard test tomorrow 

2 Can't wait till weekend to unwind 

3 Springtime smell; flowers; warm days 

4 Going home for spring break; play ball 

5 This hard to do; I just feel tired 

6 Reminds me of last summer—no worries 

7 Not thinking much; laid back 

8 Don't know what to say; feel okay; thinking 

about next year 

9 Alcohol smell; parties after class or going 

to sleep 

10 Really laid back 

11 Cutting up frogs in bio lab 

12 Going to see Lynn tonight—going to mess 

around 

13 Warm day—just laying around, drinking beer 

14 Very peaceful; nothing much is happening 

15 Can't really think at all 

16 Nothing much; thinking about girls, I guess 

Sexual Arousal Odorant 

1 Test tomorrow; (later) taking a picnic 

2 This weekend with friends 

3 Messing around this weekend 

4 Weak, drained 
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Appendix G—Continued 

Judge Number Sexual Arousal Odorant 

5 Wish school were over; getting really 

sleepy now 

6 Girlfriend and me going camping in Ozarks; 

need a new sleeping bag 

7 Hurt foot in practice yesterday; need to 

soak it in hot water—it'll feel much 

better 

8 Dreamed last night about old girlfriend; 

really miss her 

9 Pure grain; kind of dizzy; after class I'm 

going home to sleep and relax 

10 Wish I was with family; beer bust; party 

11 Flowery smell; sweet 

12 Cows; cartoons on Saturday morning 

13 I picture a warm sunny day; laying around 

outside with my girl 

14 Nothing much; maybe of when I was in high 

school at the B and C dance; nice time 

15 (no response) 

16 Lots of school work to do; have a big date 

this weekend 
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Appendix H 

Post Hoc Experiment: Judges' Imagery Responses 

Judge Number Key Words/Phrases 

1 work, bike, horse, woman, people, toad, 
happy, cat, Don, apple, fair, girlfriend, 
Florida, Trail of Tears park, ocean 

2 lost my ID yesterday; soccer practice is 
today; was wondering what the smell was 
going to be; hoping to go to St. Louis this 
weekend; the mile I have to run Monday 

3 smell was like a lady. After I smelled 
it for a while the smell gave a fall-
winter scent. I think I had a girlfriend 
who used the same scent. I think I broke 
up with the girl two months later 

4 soapy, shower, hard water, bath tub ring; 
I'm hungry; don't want to bother cleaning 
the tub; not going to pay tickets--have 
to park out of school boundaries 

5 girls; walking in fields back in Wisconsin; 
Debbie's letter; water skiing; Prom night; 
driving around town at night; flowers in 
bloom; mini-marathon; my family getting 
together; swimming and frog hunting 

6 medicine and doctors and hospital; baking 
soda; feeling that I was in and around some 
form of a hospital 

7 it smells very good; like flowers 

8 I thought of an orchard in bloom during the 
spring and I thought of an evening out with 
a lady 

9 flowers; lady; Hawaii; sweet; girls 

10 powder; fresh; clean; soap; biology class 
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