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ABSTRACT 

There is a long history of visual preferences for natural 

environments over urban environments, as well as beliefs in 

the restorative value of time spent in natural environments. 

Diverse theoretical perspectives, such as information 

overload, learning and evolutionary theories, can be used to 

help explain these preferences and beliefs, and early 

empirical research has found tentative support for them. The 

present study capitalizes on a recovery-from-stress 

experimental paradigm developed by Ulrich. Subjects are 

presented with a brief videotaped stressor followed by a brief 

videotaped outdoor environment while psychological and 

physiological indicators of arousal and emotion are 

monitored. In this study, two stressors and four environments 

were manipulated between subjects. The environments differed 

along two dimensions that were deriyed from visual preference 

research and theoretical predictions: whether they were 

natural or urban in character, and the presence or absence of 

a river. Physiological indicators of arousal included heart 

rate, skin conductance, respiration rate and salivary cortisol 

levels. Facial electromyographic (EMG) placements were used to 

assess the emotional valence of subjects' responding. The 

Zuckerman Inventory of Personal Responses (ZIPERS) was used to 

assess psychological responding. 
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Analyses yielded a limited and occasionally inconsistent 

pattern of results. Many of the inconsistent responses to the 

environments were found across stressors, suggesting that 

either arousal level or the particular nature of the arousal 

generated by the two stressors may have interacted with the 

recovery environments. Despite these inconsistencies, the 

tentative conclusions that could be reached were generally 

consistent with past research and theoretical predictions. 

Evidence from the arousal variables suggested that the Nature 

and water environments elicited less arousal during the 

recovery phase than did the Urban and Non-Water environments; 

and, there was corraboration or partial corraboration for eacn 

of these findings from the self-report data. Similarly, data 

from the EMG placements favored the Nature environments over 

the Urban environments, and in particular suggested that the 

Non-Water Natural (meadow) environment was less likely to 

produce negative emotions than the other environments. Again, 

this finding received some support from the self-report data. 
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INTRODUCTION 

For years, the study of environmental stress has been 

dominated by research that focuses on the debilitating effects 

of various environmental stressors (See Evans & Cohen, 1987, 

for a review). More recently, a somewhat neglected, 

complementary approach to the study of stress and environments 

has begun to appear in the literature (e.g., Ulrich & Simons, 

1986). The focus of this approach has been to test the extent 

to which various environments facilitate recovery from stress. 

Apart from the fact that these approaches can be distinguished 

by whether they focus on debilitating or beneficial effects in 

the environment-stress relationship, it is interesting to notu 

that those elements that are typically considered 

environmental stressors (e.g., crowding, noise, air pollution) 

are characteristically urban, while those found to facilitate 

recovery from stress (trees, grass, water) are 

characteristically rural or "natural. " Al though this 

distinction between urban and natural environments with 

respect to stress has only recently begun to appear in the 

environmental stress literature, it is not a new idea. 

Since the beginnings of civilization, people have sought 

retreat from the stress of city life in natural environments 

(Shepard, 1967). From the semi-sacred villa gardens of the 

ancient Egyptian nobility to the expansive, walled hunting 

gardens of Persia, the people who settled Mesopotamia went to 
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great lengths to maintain direct contact with nature. At 

various times since then, different cultures have occasionally 

entertained a dim view of nature, most notably, ascetic 

Christians of the Dark Ages (Pagels, 1988), but the widespread 

belief that nature is a balm for urban ailments survives to 

this day. 

There is a sUbstantial body of literature concerning the 

importance of urban parks and open spaces (e.g., Driver et 

al., 1978; R. Kaplan, 1983; Walker & Duffield, 1983), and this 

work is complemented by research on the psychological benefits 

of wilderness experiences (S. Kaplan & Talbot, 1983; Rossman 

& Ulehla, 1977; Scott, 1974). Researchers in both of these 

areas have repeatedly found a belief in the restorative value 

of nature, that is, a belief in nature as a restful sanctuary 

from city life. This literature indicates that the notion of 

nature as sanctuary has both negati~e and positive aspects. It 

is negative in the sense that there is an attempt to negate or 

escape the urban environment; and it is positive in that 

people are specifically drawn to a natural as opposed to an 

urban sanctuary (e.g., a cathedral). 

There is also evidence of beliefs in physiological health 

benefits associated with contact with nature. Walker & 

Duffield (1983) trace the beginnings of the 19th century urban 

open air movement in England to pythogenic theory 

(alternatively, the theory of miasma), a relatively obscure 
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medical theory of the 18th century that ascribed the etiology 

of all disease to bad air (cartwright, 1977). According to 

Walker & Duffield, this theory spawned the apocryphal belief 

that exposure to fresh air could reduce morbidity rates, and 

led to early legislation that provided for urban parks and 

open air walkways in English cities. Florence Nightingale even 

fell prey to this theory, coupling the restorative power of 

fresh air with the need for natural light in her Notes on 

Nursing (1859; Taylor, 1979). Though a belief in the inherent 

healing power of fresh air has waned among present-day 

scientists, there are still numerous writers spanning a broad 

range of disciplines who cite the necessity of direct contact 

with nature for human health and well-being (Driver & Greene, 

1977; Dubos, 1976; Iltis et al., 1970; Lewis, 1979; 

Stainbrook, 1968). 

Given the long history and re~ilience of beliefs in the 

physical and mental health benefits of exposure to nature, it 

is surprising that very little empirical work has been done to 

test the validity of those beliefs. Indirect evidence relating 

to these beliefs can be found in the literature on attitudes 

towards and the effects of windowlessness. As might be 

expected, much of the attitude literature indicates that 

people value windows for the contact with the outside world 

that they provide (Collins, 1975; Ludlow, 1976; Roessler, 

1980), but it is not simply a matter of gaining information 
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about the outside environment. Distant and middistant views 

are preferred over close views (Markus, 1967), and those rich 

with natural elements are preferred over more impoverished 

views (Ludlow, 1976; Markus, 1967). 

The effects of windowed and windowless views have been 

studied in office environments (Heerwagen & Orians, 1986; Wyon 

& Nilsson, 1980), residential settings (Kaplan, 1983), prisons 

(Moore, 1982), and hospitals (Keep et al., 1980; Ulrich, 1984; 

Verderber & Reuman, 1987; Wilson, 1972). Behavioral and 

psychological effects tend to be the dependent variables in 

the office and residential studies, while health effects are 

cited in the hospital studies. For example, Heerwagen & Orian~ 

(1986) found that office workers with little or no visual 

access to the outside are more apt to decorate their work 

spaces with depictions (posters, paintings, etc.) of outdoor 

scenes than are workers with windows, and those depictions are 

more likely to be dominated by nature. Finnegan & Solomon 

(1981) report that windowless office workers are less positive 

about their jobs and working conditions than are their 

windowed counterparts; and workers without windows also tend 

to feel restricted and tense (Ruys, 1970). 

These behavioral and psychological effects can be 

contrasted with health effects associated with windowlessness 

in hospital environments. Patients recovering from surgery in 

windowless intensive care units are more likely to suffer 
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organic delerium (Wilson, 1972) and to hallucinate (Keep, et 

al., 1980) than those who have windm'ls, and patients with 

various chronic illnesses also benefit from the presence of 

windows in their hospital rooms (Verderber & Reuman, 1987). As 

wi th the attitudinal data and behavioral effects reported 

above, separate research by Ulrich (1984) and Moore (1982) 

suggests that the specific content of the view from a window 

can have important health consequences. Ulrich compared the 

records of 23 matched pairs of cholecystectomy patients, and 

found that those with a view of a small copse had shorter 

postoperative hospital stays, required fewer potent analgesics 

and received fewer negative staff evaluations than those whose 

view was of a brick wall. Moore examined the use of prison 

health care facilities by inmates whose cells either looked 

out onto the prison yard, or had a 'view of nearby farmlands 

and forests, and found that those. who had the natural view 

were less likely to report for sick call. 

While these findings are interesting, especially in view 

of their congruence with the perceived benefits associated 

wi th urban natural areas and wilderness experiences, they 

should be viewed with caution. They are, in the main, 

correlational or quasi-experimental studies, and each has its 
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own peculiar methodological weaknesses. 1 Taken together, they 

suggest that natural environments may have restorative 

effects, but direct experimental evidence would be much more 

convincing. Ulrich has recently begun to test for the 

restorative effects of nature experimentally. 

In a pair of studies (Ulrich, 1979; Ulrich & Simons, 

1986), Ulrich has used a general paradigm in which stressed 

individuals are exposed to . either natural or urban 

environments while their recovery from stress is monitored 

physiologically and/or psychologically. A paradigm focusing on 

stressed subjects is especially relevant, given the research 

on the perceived stress-reducing benefits of urban natural 

areas and wilderness experiences and the burgeoning literature 

on stress-related illnesses (e.g., Bieliauskas, 1982; Glaser 

et al., 1985; Sterling & Eyer, 1981). Ulrich's research 

suggested that there are different rates of recovery from 

stress depending upon the type of environmental exposure. 

Physiological (EMG, skin conductance, pulse transit time) and 

psychological (Zuckerman Inventory of Personal Reactions) 

measures of stress both indicated that recovery was quicker 

In the Ulrich (1984) study, for instance, the 
comparison is between a view of the natural environment and a 
brick wall, and it could be that the patients were responding 
to the different levels of stimulation, not the distinction 
between natural and non-natural views. Similarly, in the Moore 
(1982) study, the natural environment vs. prison yard 
comparison is confounded with the fact that it is also a view 
of freedom vs. view of prison comparison. 
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and more complete in the natural environment exposure 

conditions. This was true even when the comparison was with a 

"relaxed" urban environment, that is, one that had relatively 

little visual and auditory stimulation (Ulrich & Simons, 

1986). 

Al though these are only two studies, there is some 

related experimental work that is supportive. Ulrich (1981) 

used a very similar manipulation with non-stressed subjects, 

and found that those who had v:iewed natural scenes were more 

wakefully relaxed (as measured by EEG) and reported feeling 

greater positive affect than those who had viewed urban 

scenes. And in research that was not concerned with 

comparisons between natural and urban environments or the 

restorative value of nature, Wadeson et ale (1963) found 

evidence that exposure to natural environments can have a 

direct influence on urine and serum levels of the stress

related hormone cortisol. Wades on and his colleagues were 

interested in the mood-inductive capacities of film, and they 

used popular films to induce anxiety in their subjects. As a 

"bland" control comparison, subjects also saw Disney nature 

documentaries. These films had the unexpected effect of 

reducing cortisol levels from baseline rates, which were 

slightly elevated because the subjects were uninformed about 

the nature of the experiment. 
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These are not direct tests of possible health effects of 

different environmental exposures, but they are certainly 

consistent with the evidence cited above that the 

psychological benefits people associate with urban natural 

areas and wilderness experiences are not simply a function of 

recreational behaviors, but are strongly tied to the 

environmental setting in which they occur. 

Before moving on to the purpose of the present research, 

brief mention should be made of the relevant explanatory 

perspectives. These perspectives can be mentioned briefly both 

because there are few of them that are relevant, and because 

no one of them constitutes an adequate explanation of the 

findings concerning the restorative value of nature (though 

for different reasons). Following Ulrich et ale (in press), 

they can be broadly categorized as cultural or learning-based 

approaches, arousal or information overload approaches, and 

evolutionary approaches. The cultural or learning-based 

approaches suggest that, in most societies, people are taught 

to prefer natural environments over urban environments, and 

those preferences are reinforced through the association of 

pleasurable experiences with natural environments during 

vacation 'trips and other 'recreational activities (Tuan, 1974). 

These learned preferences and pleasurable associations also 

serve to make natural environments more comfortable or 

anxiety-reducing places to be. Thus, beliefs about the 
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restorative power of nature and initial empirical support 

found for the stress-reducing qualities of natural 

environments over urban environments can be traced to one's 

cultural training. 

While it is quite plausible that learned associations 

serve to reinforce beliefs and feelings about environments, 

they do not necessarily explain the provenance of such 

feelings. Why is it that different cultures often raise people 

to prefer natural environments and believe in their 

restorative power? Learning-based perspectives do not address 

the question of why, but only how beliefs are maintained, and 

thus they are fundamentally inadequate. 

The arousal and information overload perspectives do 

attempt to answer the question of why, albeit with limited 

success. Though there are differences, these theories both 

propose that highly complex or multifarious environmental 

stimuli can overwhelm human perceptual systems, leading, 

respectively, to debilitating arousal and information 

processing overload. If one supposes that urban environments 

tend to be more complex than natural environments, and there 

is some evidence for this (Wohlwill, 1976), and that the human 

threshold for environmental stimulation implicit in both 

theories is generally exceeded in urban environments but not 

in natural environments, then one could reasonably expect to 
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find that people prefer and ascribe restorative powers to 

natural environments. 

Thus, both the arousal and information overload models 

address the question of why people might prefer one type of 

environment over another, and their answer possesses a modicum 

of face validity, as well as some empirical support (Berlyne 

and Lewis, 1963; O'Leary, 1965). Where they run into trouble, 

however, is in the case of simple urban environments. If the 

primary distinguishing factor between urban and natural 

environments is the level of complexity, then simple urban 

environments ought to be as preferable and as able to succor 

harried urban dwellers as their comparably simple natural 

counterparts. As it happens, urban environments, simple or 

otherwise, are rarely preferred over natural environments when 

aesthetic or scenic quality judgments are solicited (Ulrich, 

1983); neither have simple urban._ environments fared well 

compared to unspectacular, everyday natural environments in 

recovery-from-stress experimental paradigms (e.g., Ulrich & 

Simons, 1986). Thus, while the arousal/information overload 

approaches may be able to partially account for preferences 

and beliefs about the restorative power of natural 

environments, they too are inadequate explanatory models. 

What the evolutionary perspectives add to this discussion 

is a theoretical explanation for content-specific preferences 

and bases for restorative benefits. A central premise common 
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to most evolutionary perspectives (e.g. Kaplan, 1987; orians, 

1986; Ulrich, 1983) suggests that the long evolutionary 

development of humans in certain types of natural environments 

has left its mark on the species in the form of genetic 

predispositions for positive responses to the forms and 

contents that comprised those environments. And those forms 

and contents (grass, trees, water) that are chracteristic of 

the natural environments that are most readily exploited by 

humans are the ones to which we ought to respond most 

positively. Orians (1986), for instance, has suggested that 

particular shapes and arrangements of foliage could have could 

have served to indicate the suitability of an area for human 

habitation. Orians and Heerwagen (in press) have found 

evidence of agreement among members of U.S., Argentine and 

Australian cuI tures ··~for tree shape preferences. Their study 

focused on the Acacia tortilis, a n~tive savanna species that 

has distinctly different shapes in savannas of varying 

quality. In high quality savannas, A. tortilis has the 

\ classic' savanna tree shape: a trunk that bifurcates close to 

the ground, and a multilayered, umbrella-shaped canopy. 

Subjects from Seattle, Argentina and Australia all preferred 

examples of the A. tortilis that came from high quality 

savannas over other examples that indicated low quality 

savannas. Because the advent of "civilized" urban environments 

is a very recent event (on an evolutionary time scale), 
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evolutionary theorists argue that the species has not had time 

to acquire similar genetic predispositions for the forms and 

contents of supportive urban environments. On the other hand, 

one could make the argument that humans are genetically 

predisposed to avoid urban (and other visually barren) 

environments precisely because (and to the extent that) urban 

environments lack the natural elements that indicate 

habitability (see Parsons, 1991). 

A logical extension of this perspective can be used to 

account for the relationship between complexi ty and 

environmental preferences and anxiety reduction. As mentioned 

above, implicit in both the arousal and information overload 

models is the notion of an optimal level of environmental 

complexity. If such a level exists, proponents of an 

evolutionary perspective would suggest that it is a reflection 

of the level of complexity of the. type of environment the 

species has evolved to exploit. In fact, this argument could 

be extended to include a host of variables tradi tionally 

considered to be important for landscape aesthetics: depth, 

complexity, form, focality, line, etc. 2 

2 The oft-cited (and rather aptly named) element of 
"mystery" is not mentioned in this discussion due to its 
nebulous character. Any environment that has visually 
interposed elements (trees, shrubs, tall grass, buildings, 
billboards) holds the "promise of more information to come" if 
one were to explore the environment, and thus its usefulness 
as a construct for distinguishing among environments seems 
limited. Indeed, two of the more useful elements for 
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One could argue, of course, that establishing that a 

given behavior has an evolutionary basis is a trivial 

accomplishment, given that all behaviors are ultimately 

grounded in human evolution. Indeed, it has become axiomatic 

in psychology to recognize that there are very few behaviors 

(if any) that are either purely learned or purely innate. A 

more interesting question concerns the relative importance of 

genetic and learned contributions to behavior. Ulrich et al. 

(in press) have suggested one possibility for how genetics and 

learning might conspire to influence behavioral responses to 

environments, which concerns the notion of biologically 

prepared learning (Seligman, 1971). Evidence from conditioning 

experiments (see Ohman, 1986, for a review) indicates that it 

is easier to condition aversion to environmental threats that 

were especially relevant prior to human civilization, such as 

snakes and spiders, than to more modern stimuli, such as 

handguns. 

The obverse of the ability to readily learn negative 

associations to certain environmental stimuli may help to 

distinguishing among environments on the basis of preference 
(whether they are natural or urban, and the presence or 
absence of water), are virtually indistinguishable with 
respect to mystery. For instance, adding water to an 
environment (natural or urban) will almost invariably increase 
its attractiveness without adding any mystery to the 
environment. Similarly, one could replace a parking lot with 
a meadow without changing the environment's mystery, yet 
vastly improving its attractiveness. 
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explain positive associations people have to natural 

environments as opposed to urban environments. It may be that 

fewer positive experiences in natural environments are 

required to build strong positive associations with them, 

whereas urban environments should have no comparable 

advantage. It may also be that, once learned, positive 

associations may be difficult to dislodge, a possibility 

suggested by conditioning evidence showing that associations 

involving supposed biologically prepared stimuli are harder to 

extinguish than associations involving "civilized" stimuli. 

Again, positive associations to urban environments should not 

exhibit such "natural" resilience. Thus, evolutionary 

perspectives should not be viewed as alternative explanations, 

but as complementary to learning based theories, wi th the 

significance of their explanatory power yet to be determined. 

The present research represents an~ttempt to begin to assess 

that significance for behaviors and responses associated with 

environmental perception. 

Purpose 

The purpose of this research is to compare four types of 

outdoor environments in terms of their effects 

(facilitatory/inhibitory) on recovery from stress. The 

environments have been chosen according to two criteria, 

whether they are natural or urban in character, and the 

presence or absence of water (in this case, a river). The 
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focus on these types of environments stems from the desire to 

empirically test the widely-held belief that natural 

environments are anxiety-reducing. Both evolutionary and 

learning or culture-based theoretical perspectives are 

consistent with such popular beliefs, and they would therefore 

predict that natural environments should show a greater 

anxiety-reducing effect than urban environments. The 

distinction between water and nonwater environments is also 

consistent with these theories, as well as with repeated 

findings in environmental preference research of water being 

a very powerful variable, often accounting for the lion's 

share of explained variance when used as a predictor 

(Dearinger, 1979; Pomeroy et al., 1986; Shafer et al., 1969; 

Zube et al., 1975). Thus, according to these theories, one 

would also predict that environments wi th water are more 

anxiety-reducing than those withou~ water, and further that 

exposure to water in a natural setting should be the most 

beneficial while the absence of water in an urban setting 

should be the least beneficial of the four implied categories 

of the nature/urban and water/no-water distinctions. 

Considering the vast body of evidence (see Sterling & Eyer, 

1981 for a review) that stress is both a causal agent and an 

aggravating circumstance for numerous diseases, the mental and 

physical health implications of this study are substantial. 
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The link between stress and disease highlights a second 

purpose of this research, to extend the range of physiological 

measurements used to indicate recovery from stress. By and 

large, environmental stress researchers have employed verbal 

mood scales and general, external physiological measures of 

autonomic and skeleto-muscular functioning (heart rate, blood 

pressure, skin conductance, EMG). While these measures are 

useful, a more complete account of the health implications of 

environment-stress interactions should include measures of 

stress-related hormones and immunoglobulins, two basic 

measures of stress commonly used in the more general field of 

stress research. Thus, by including a measure of cortisol, 

this project is a step in that direction for environmental 

stress researchers. 

The third purpose of this research is to determine the 

usefulness of recently developed sensitive assays of salivary 

cortisol for environmental stress research. There are 

indications in the literature that salivary cortisol levels 

correlate highly with blood cortisol levels (Hanada et al., 

1985), that fairly mild stressors can elicit changes in 

salivary cortisol (e.g., doing math problems, Fibiger, et al., 

1986), and that changes in salivary cortisol levels occur 

within minutes of changes in blood cortisol (Tarui & Nakamura, 

1987). The advantages and potential applications of a 

sensitive, noninvasive, self-collected, hormonal indicator of 
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stress for field research in environmental stress are both 

numerous and obvious. 

Finally, this research is also conceived of as a partial 

replication and extension of the Ulrich and Simons (1986) 

study described above. The basic experimental procedure is the 

same: a ten minute videotaped stressor presentation, followed 

by a ten minute videotaped recovery environment presentation. 

The stressor video used by Ulrich and Simons is one of the two 

used here; the videotaped self-report affect questionnaire 

u~=d here was also used in the previous study. The extensions 

involve the use of four new environments, though they conform 

to the nature/urban distinction made in the earlier study; a 

slightly different battery of physiological measures, which 

includes the recently developed salivary cortisol measure 

mentioned above and additional facial electromyography (EMG) 

to strengthen psychophysiological inferences about the 

affective valence of elicited arousal states; and the use of 

an addi tional videotaped stressor, which should allow an 

assessment of the generalizability of the stressor/recovery 

paradigm. 
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METHOD 

overview 

six physiological responses of the participants in this 

study were monitored continuously during a five minute 

baseline period, and during the presentation of two ten minute 

videotapes. The two ten minute videotaped presentations were 

conceived of as stressor and recovery periods, respectively. 

During the stressor period, subjects were randomly assigned to 

view one of two videotapes. Previous research has established 

the first videotape as an effective producer of mild anxiety 

(an accident prevention film for high school shop classes; see 

description of stimuli below). The second stressor videotape 

consisted of excerpts from an award-winning PBS color 

videotape titled "The Implant", which depicts a hip 

replacement operation performed i~ 1989. As with the first 

stressor video, "The Implant" was carefully edited and pilot 

tested for this study to evoke relatively mild anxiety. The 

addition of a second stressor that differs from the first on 

a number of dimensions (color vs. black and white video; 

recent vintage vs. 50 years old; and, perhaps most important, 

the nature of the depicted events) extends the Ulrich & Simons 

(1986) stressor/recovery paradigm to allow a test of the 

generalizability of the restoration effects they reported. 
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Subjects also were randomly assigned to view one of four 

videotaped outdoor environments for the second 10 minute 

presentation. The environments differed along two dimensions, 

whether they were natural or urban in character, and the 

presence or absence of water (i.e., a river). The 

physiological responses continuously recorded included 

electrocardiogram (ECG) , respiration rate, non-specific skin 

conductance (NS-SCR) responses, and electromyographic (EMG) 

activity recorded over three facial muscle regions, medial 

frontalis, corrugator supercilii, and zygomaticus major (see 

Figure 1). 

The first three of these measures are under the control 

of the autonomic nervous system (ANS) , and can be considered 

separate indicators of arousal. ECG activity, however, has 

also been used to discriminate between perceptual intake and 

rejection when the eliciting stiIl),ulus is external to the 

individual, with heart rate acceleration indicating the 

rej ection of information and deceleration indicating the 

intake of information (Lacey, 1972; Lacey & Lacey, 1980). When 

the eliciting stimulus is internal, such as cognitive activity 

associated with problem-solving or memory storage and 

retrieval, heart rate tends to accelerate. Though the 

interpretation of heart rate deceleration as a measure of 

perceptual intake has proved controversial (see Jennings, 

1986), especially when applied to tonic stimulus situations as 
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opposed to the phasic stimulus situations for which the 

phenomenon was originally reported, Ulrich et al. (in press) 

have demonstrated heart rate deceleration for tonic stimuli 

very similar (and in one case identical) to those used in the 

present study. 

The latter three physiological measures, the EMG 

responses, are controlled by the peripheral nervous system, 

and they potentially offer the opportunity to assess the 

affective valence of elicited arousal and recovery states. 

While muscle activity in the brow (corrugator supercilii) and 

forehead (medial frontalis) regions has been associated with 

negative emotional states, and activity in the cheek regioll 

(zygomaticus ma; or) with positive states, none of these 

relationships is unambiguous. Recordings from surface 

electrodes placed over muscle regions are not immune to "cross 

talk" among adj acent muscles and the muscle of interest, 

movement artifacts, and individual variability in 

responsiveness, muscle location, muscle power, etc. Thus, any 

inferences about psychological states based on physiological 

activity are strongest when a pattern of responses is 

considered, rather than trying to infer specific emotions from 

individual physiological responses (cacioppo & Tassinary, 

1990). For this study, two patterns of responses among the 

three EMG measures, corresponding to negative and positive 

emotional states, are pertinent. Elevations in activity 
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recorded from the corrugator and frontalis muscle regions 

coupled with relative quiescence or decreased activity in the 

zygomaticus region would make the strongest case for a 

negative affective state, while the opposite pattern of 

indicated muscle activity would constitute positive affect. 

In addition to these six measures, approximately half the 

subjects in each of the four conditions defined by the 

Environment and water factors gave four saliva samples during 

the course of the experiment for the subsequent measurement of 

salivary cortisol. Each participant also completed a shortened 

(ll-item) version of the Zuckerman Inventory of Personal 

Responses (ZIPERS; see Appendix 1), which is a broad stata 

affect questionnaire that assesses feelings on five factors: 

Fear, positive Affects, Anger/Aggression, 

Attentiveness/Interest, and Sadness. The subjects indicate on 

a 5-point scale the degree to which each item describes the 

way he/she feels "now." 

Design 

The general design for this study involved two between 

subjects and two within subjects factors. Environment (Built 

vs. Nature) and water (River vs. No River) were manipulated 

between subjects, and Period (Baseline, Stressor and Recovery) 

and Time (Epochs 1-3) were within subjects factors, with Time 

being nested within Period. Thus, subjects were nested within 
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Environment and Water, and crossed with Period and Time. The 

overall design for the study, then, was an Environment (2) X 

Water (2) X Period (3) X Time (3) X Subject (22) mixed model 

repeated measures design. 

Subjects 

Participants in this research were recruited in two ways. 

First, 25 subjects were drawn from introductory psychology 

classes at Texas A&M University, and these students received 

credit towards a "Research Participation" requirement for 

their course. Second, 58 subjects were recruited from student 

organizations at Texas A&M University. Each organization was 

paid $lO/member who participated in the study. 

Procedure 

Subject Preparation. Subject~ were run individually in 

single experiment sessions that lasted approximately 2 hourso 

Upon arrival at the laboratory, the experimenter (the author) 

queried each subject concerning prior knowledge of the 

experiment, briefly described the nature and purpose of the 

study and the measures to be taken, and had the subjects read 

the informed consent form (see Appendices 2 & 3). Apart from 

soliciting consent, the form provided subjects with a more 

detailed description of the physiological signals to be 

recorded, including information about the necessary skin 
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preparation. It gave subjects general descriptions of the 

accident prevention and hip surgery videos, and informed them 

that the first presentation would be followed by a second 

video of an "outdoor environment." Thu.s, the form gave 

subj ects enough information about the stressor videos to allow 

any potential obj ections to be raised beforehand, while 

information concerning the environmental video was kept to a 

minimum. 

Each subject who agreed to participate (there was one 

refusal) then completed a brief demographic questionnaire and 

was shown to the laboratory restrooms to wash his/her hands. 

If scheduled to give saliva samples, each subject was also 

asked to rinse out his/her mouth. Electrodes were then 

attached and quality readings confirmed by inspection of the 

signals on an oscilloscope. Those scheduled to give saliva 

samples were briefed on the prope~ procedure for giving the 

samples, which involved placing a few drops of lemon juice on 

the tongue to stimulate saliva flow and then expectorating 1-2 

ml of saliva into a 15 ml screw-top plastic tUbe3 • Subjects 

gave the first saliva sample while the experimenter was 

present, and any questions about the procedure were answered. 

3 Numerous investigators have found salivary levels of 
cortisol to be independent of flow rate (e.g., Bustamante & 
Crabbe, 1984; Guechot et al., 1982; Riad-Famy et al., 1983), 
and the use of lemon juice to stimulate saliva flow has been 
reported to have no influence on cortisol levels (Blackburn et 
al., 1987). 
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Subjects were then given answer sheets for the ZIPERS affect 

questionnaire and versed in the use of the 5-point scale. 

Final instructions were given concerning the sequence of 

events to transpire once the experimenter left the room, and 

subjects were given a final chance to ask questions. The 

entire preparation time, starting from when the subject 

arrived to when the experimenter left the room to start the 

videotape and physiological recording, ranged from 45 mins to 

55 mins. The difference between these preparation times 

primarily depended upon the number of questions the subject 

asked and whether or not instructions for saliva collection 

were necessary. 

Video Presentation. stimuli corresponding to the 

baseline, stressor and recovery periods for a given condition 

were contained on a single videotape that was started and 

played to completion once subject preparation was finished. 

Physiological responding was recorded continuously throughout 

the three periods. The baseline period (5 mins) presented all 

subjects with a blank (black) screen and soft instrumental 

music on the audio portion of the videotape. Following the 

baseline period, the II-item ZIPERS was presented, which 

scrolled by in approximately 2.5 mins. A brief, single-screen 

instruction then appeared, asking the subject to pay attention 

to the film to follow, which was the 10 min stressor 

presentation. The stressor was follwed by a 30 second set of 
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instructions to view the upcoming outdoor setting, imagining 

that one was relaxing on a public bench. The environment 

presentation, also 10 mins long, was followed by the second 

ZIPERS administration, which marked the end of the videotape. 

Subjects were then disconnected from the recording equipment 

and debriefed (see Appendix 4). 

cortisol Procedures. As mentioned above, the first saliva 

sample was collected while the experimenter was still in the 

room. The three remaining samples were collected as indicated 

in Figure 2: immediately after the first ZIPERS 

administration, following the stressor presentation, and after 

the second ZIPERS administration. Subjects were cued to giv~ 

the saliva samples via a 1 Hz audio tone at the appropriate 

spots on the videotape. Following debriefing, cortisol samples 

were labeled and frozen until the end of the data collection 

phase of the research, when they ~ere assayed. All samples 

were thawed and centrifuged for 20 mins at 3000 rpm. The 

supernatants were assayed in duplicate in a single 

radioimmunoassay with materials purchased from Diagnostic 

Products Corp., Los Angeles, CA. Assay procedures were as per 

DPC salivary cortisol assay kit instructions (Appendix 5), 

with the exception that the samples were refrigerated (4oC) 

over night after pipetting and prior to incubation. The 

sensitivity of the assay was .02 ug/dl, with an intra-assay 

coefficient of variability less than 3%0 
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stimuli 

stressor Videos. The first stressor was a lo-minute black 

and white videotape about the prevention of workplace 

accidents ("It Didn't Have To Happen"; referred to hereafter. 

as "the woodshop video") that has been found to be an 

effective stressor in previous research (e. g., Lazarus et al. , 

1965). It simulates several serious injuries that can happen 

in a woodworking shop as the resul t of carelessness or 

disregard for safety regulations. As mentioned above, the 

second stressor video contains excerpts from "The Implant", a 

PBS video on hip replacement surgery (referred to below as 

"the surgery video"). This video is also 10 mins long, the 

first 5 mins of which consist of the surgeon explaining the 

need for the surgery, demonstrating the procedure on a model 

of the hip joint, and an introduction of the patient whose hip 

will be replaced. The fifth minut~ closes with the initial 

incision, and the remaining 5 mins depict the exposure of the 

diseased hip joint, the placement of the components that 

comprise the new hip joint, and the surgeon rotating the 

patient's leg to demonstrate the action of the new ball and 

socket. It should be emphasized that this video was carefully 

edited to omit the more distressing surgical events, and it 

was pilot-tested to determine that it was roughly comparable 

to the woodshop video in terms of arousal elicited. 
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Environmental Surrogates. The four environments were 

taped by a professional videographer using broadcast quality 

3/4" color/sound videotape. They were edited on a 1" tape 

machine and dubbed to a 1/2" (VHS) tape for playback. 

The two natural environments were videotaped along the 

Cache la Poudre River, just north of Ft. Collins, co. The 

river scene was taken at eye level, looking (approximately) 

45° upstream at an unspectacular mix of deciduous and 

coniferous trees on the opposite bank. The nonwater natural 

scene was videotaped nearby, also at eye level, and consisted 

of a treescape and "meadow corridor" that approximated the 

depth, complexity and vegetation forms of the river scene. 

The urban environments were videotaped in San Antonio, 

TX. The river scene was taken along the San Antonio River, in 

downtown San Antonio, close to the River Walk. The 

relationship of the viewer to the ~iver is similar to that of 

the natural scene, and the scene was chosen to exclude 

vegetation (almost entirely), focusing on the buildings that 

are built at the edge of the river. The nonwater urban scene 

was framed to include a street that approximates the path of 

the river in the water scenes, and its depth, complexity and 

building forms are similar to those the urban water scene. 

Traffic in the scene moves away from the viewer, at 20-25 mph, 

and is light (an average of 7 cars/min). 
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Apparatus 

Physiological activity was recorded by a Coulbourn 

Modular Instrument System and transmitted simultaneously to a 

Packard Bell 286 laboratory computer. All analog physiological 

signals were collected continuously, digitized by a National 

Instruments 16-bit AID board at a rate of 100 Hz per channel, 

and 'stored as 10 second binary files. Prior to digitization, 

the physiological signals were filtered using a 0-4 Hz 

passband (-3dB points; 6-pole active Butterworth; 36dB per 

octave rolloff). In addition to the following measures, a 

single iso-ground electrode filled with high conductivity gel 

(Med Associates) was attached to the right earlobe after 

cleansing the site with isopropyl alcohol. 

Skin Conductance. Standard Med Associates Ag/AgCI surface 

electrodes (13mm inner diameter) were placed over the thenar 

and hypothenar eminences of the npndominant hand. Subjects 

washed their hands wi th a nonabrasive soap prior to the 

attachment of the electrodes wi th adhesive collars. The 

electrodes were filled with a .05 mol NaCI Unibase paste, as 

specified in Fowles et ale (1981). Skin conductance was 

measured with a Coulbourn Skin Conductance Module (Model #S71-

22) using a precision sine wave excitation voltage of 0.5V 

RMS. 

Respiration. Standard Med Associates Ag/AgCI surface 

electrodes (13mm,inner diameter) were placed on opposite sides 
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of the rib cage, half-way between the armpit and waistline. 

Recording sites were mildly abraded with an abrasive pad 

(Biobrade Model #1092) and wiped clean with isopropyl alcohol 

prior to attachment of the electrodes with adhesive collars. 

The electrodes were filled with a high conductivity gel (Med 

Associates Model #TD-40). Respiratory activity was recorded 

with a Coulbourn Impedance Pneumograph Coupler (Model #S73-

22), which measures transthoracic impedance between the two 

recording electrodes. 

ECG Activity. The electrocardiogram (ECG) was recorded 

from the same electrodes used to record respiration. The raw 

ECG signal was amplified and filtered by an independent 

circuit in the Coulbourn Impedance Pneumograph Coupler (1-40 

Hz passband, -3dB cutoff point; 6-pole active Butterworth; 

36dB per octave rolloff). To facilitate recording of interbeat 

intervals, the amplified and filtered ECG was passed first 

through an upper threshold detector on a Coulbourn Dual 

Comparator/window discriminator (Model #S21-10) and then 

through a Coulbourn Flip Flop Module (Model #S41-12). This 

signal conditioning circuit converts the multiphasic ECG 

signal into a series of binary events (i.e. Os and 1s) that is 

stored in the lab computer. 

Electromyographic Activity. Standard Med Associates 

Ag/AgCl miniature electrodes (4mm inner diameter) were placed 

over the medial frontalis, corrugator supercilii, and 
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zygomaticus major muscle regions, as specified in Fridlund & 

Cacioppo (1986). Prior to the attachment of these electrodes 

with adhesive collars, recording sites were mildly abraded 

with an abrasive pad and wiped clean with isopropyl alcohol, 

and the electrodes were filled with a high conductivity gel. 

Electromyographic (EMG) recordings were bipolar with an inter

electrode distance of approximately 1 cm. The EMG signals were 

AC coupled (1 Hz) to Coulbourn amplifiers (Model #S75-01), 

bandpass filtered (8-250 Hz, -3dB cutoff points; 2-pole 

Butterworth; 12dB per octave rolloff), and rectified and 

smoothed using Coulbourn Contour-following integrators (Model 

#S76-01) with 60 ms time constants. 

Data Reduction 

Following data collection, data in the 10 second binary 

files were converted to ASCII characters, reduced to 20 Hz per 

channel (except for ECG) , and collapsed into 1 minute epochs 

for scoring of nonspecific skin conductance responses (NS

SCRs, number of responses observed per minute), respiration 

rate (number of breaths observed per minute), heart period 

(median inter-beat interval per minute, the reciprocal of 

heart rate), and mean EMG activity over the medial frontalis, 

corrugator supercilii, and zygomaticus major muscle regions. 

Heart period data files were checked for artifacts 

(excessively long or short heart periods) by computer program, 
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(1990) • 

a small 

percentage (3-4%) of good data as artifactual, mean corrected 

heart periods were correlated with median heart periods of the 

uncorrected data, and, across conditions, these correlations 

ranged from r= .92 to r= .99. Given this close relationship 

between the corrected and uncorrected data, the fact that the 

median is a value that reflects all of the data rather than a 

subset, and the fact that the median is fairly robust to 

artifact-induced deflections in distributions, the median 

heart period was used as the ECG measure for this study. Also, 

for ease of presentation and discussion, median heart periods 

were converted to median heart rates. 

NS-SCRs were scored by hand, using .05 microsiemens as 

the minimum increase in amplitude necessary to be counted as 

a response (Dawson et al., 1990). R~spiration was also scored 

by hand, with a valid inspiration being defined as 5% of the 

peak inspiration value reached during the baseline period. 

Analog/digital units associated with EMG activity were 

converted to microvolts and averaged over each 1 minute epoch. 

Ini tial inspection of the data revealed considerable 

variability in responses during the first 30 seconds of each 

period (BL, stressor and recovery), which was likely 

attributable to movement artifacts associated with IIsettling 

inll to each new phase of the experiment. This is impossible to 
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confirm, however, because subject movements were neither 

videotaped nor continuously monitored. Nevertheless, the 

attribution seems reasonable given that the variability 

occurred for multiple variables, was relatively restri~ted in 

duration, and there is no other obvious competing explanation. 

Therefore, data from the first 30 seconds of each period (BL, 

stressor and Recovery) were excluded from the analyses 

reported below. Also, to facilitate subsequent analyses, data 

were consolidated across Time within Periods to achieve equal 

numbers of levels (3 epochs) for the baseline, stressor and 

recovery periods. This was achieved in the baseline period by 

using mins 3-5 as epochs 1-3; and in the stressor and recovery 

periods, this was achieved by using mins 1-3 as Epoch 1, mins 

4-6 as Epoch 2, and mins 7-9 as Epoch 3. Thus the factor 

"Time" was nested within Period, and consisted of three 

levels, Epochs 1-3. 

Responses to the 11 ZIPERS items were combined to form 

the five factors mentioned above, fear, anger/aggression, 

positive affect, sadness and interest. Factor scores mentioned 

below refer to the arithmetic mean of the items that comprise 

each factor (see Table 1). 

cortisol values for each sample represent the mean of the 

two assay replications for the sample, expressed in 

micrograms/deciliter (ug/dl). 
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RESULTS 

Analysis of the data from this experiment was guided by 

two broad questions. First, Was there an effect of the 

stressor? And second, Did subj ects in the four conditions 

defined by the Environment and Water factors (Nature-River = 

"Poudre River"; Nature-No River = "Meadow"; ·Built-River = 

"Riverwalk"; Built-No River = "Traffic") respond differently 

during the recovery period? The reporting of results to 

address these questions is preceded by a description of the 

preliminary analyses that were run to help determine the 

specific models that would be tested. The remainder of the 

results section is divided into two broad sections, "stressor 

Effects" and "Recovery Effects". Though the primary question 

to be addressed concerning recovery effects is the extent to 

which the Environment and Water manipulations influence 

responding during recovery, the Recovery Effects section 

begins with a "stressor/Recovery Effects" sUbsection. Analyses 

reported in this section were run to determine whether there 

were significant changes in responses from stressor to 

recovery periods, regardless of experimental condition. 
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preliminary Analyses 

Figures 3-14 plot the results of the four Environment X 

water conditions for the six continuously collected dependent 

variables. Visual inspection of these graphs suggested that 

there was significant variability across conditions on a 

number of these measures during the baseline and stressor 

periods, prior to exposure to the recovery conditions. Several 

of the apparent differences between conditions in the baseline 

period were confirmed to be statistically significant. 

For example, separate ANOVAs run on the baseline data for 

subjects who watched the woodshop stressor video revealed a 

main effect of Environment for respiration, F (1, 39) = 5.48, 

p < .03, such that those assigned to the Nature conditions had 

a slower mean respiration rate during the baseline period than 

those in the Built conditions; a Time X water interaction for 

respiration, F (4, 156) = 2.41, p = .051, indicating that 

those in the River conditions breathed more slowly in minutes 

4 and 5 of the baseline period than did those in the Non-River 

conditions; a Time X Environment X water interaction for heart 

rate, F (4, 152) = 4.19, p = .003, showing faster heart rates 

for those in the Traffic condition, especially during min 2 of 

the baseline period; and lastly, a near significant 

Environment X Water interaction for frontalis muscle region 

activity, F (1, 39) = 3.17, p= .083, suggesting that those in 

the Poudre River condition had greater frontalis activity 
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during the baseline period than those in the Riverwalk 

condition. 

Similar baseline period effects were found for the 

subjects who watched the hip surgery video. Many of these same 

Environment- and Water-related effects persisted during the 

stressor period, while some fell out, and a few new effects 

appeared (see Tables 2 & 3 for a summary of these effects). 

One potential explanation for these Environment X Water 

effects (that occur before the Environment X Water 

manipulations in the recovery period) could be experimenter 

influence. This is a possible explanation because the 

logistics of subject running for this study prevented a doubl~ 

blind procedure. To be crebible, however, there would have to 

be a consistent pattern of effects across dependent variables 

during the baseline and stressor periods, which is not the 

case (see Tables 2 & 3). This, and the fact that the large 

number of potential effects in the model increases the 

likelihood of finding some effects by chance suggests that the 

observed effects are likely specious. Given that the primary 

question asked of the baseline and stressor period data 

concerns the effects of the stress manipulation, the 

Environment and Water factors were left out of the stressor 

effect analyses. Thus, the general model used to test for the 

effects of the stressor was a Period (baseline vs. stressor) 

X Time (Epochs 1-3) X Subject (22) repeated measures ANOVA. 
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Nevertheless, because there are effects during the 

baseline and stressor periods that could hinder 

interpretations of the recovery analyses, an analysis of 

covariance (ANCOVA) approach was adopted to assess differences 

among conditions during the recovery period. Given that 

slightly different Environment- and Water-related effects 

occur in the baseline and stressor periods, two covariates 

were constructed for each dependent variable based on the mean 

responding for each of these periods. The general model to be 

tested for the effects of Environment and Water during 

recovery, then, was an Environment (Nature vs. Built) X Water 

(River vs. No River) X Time (3 epochs) X Subjects (22) 

repeated measures ANCOVA, with mean BL responding and mean 

stressor period responding treated as a covariates. The use of 

a covariate approach is appropriate when the covariate has a 

significant main effect (that is, it accounts for a 

significant amount of variance in the DV in question), but no 

interaction effects with the IVs. Given the large number of 

covariance analyses to be run for this study, it was likely 

that several significant covariate-IV interactions would occur 

by chance, and 8.3% (6 of 72) of the possible covariate-IV 

interactions were significant. All effects reported or 

depicted for the ANCOVAs are derived from the least squares 

adjusted means, which are used in the covariance analysis. 
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All pairwise comparisons reported below are contrasts 

that were not planned, and must be viewed with caution. They 

were performed without regard for significance of main effects 

or interactions. They are reported here solely as exploratory 

aids to understanding a limited and somewhat inconsistent set 

of main effects and interactions. The reporting convention 

used is to report all main effects and interactions first, 

followed by any pairwise effects involving the Environment and· 

water factors, which are uniformly referred to as 

"suggestive." 

Because the cortisol and ZIPERS data were collected at a 

small number of discrete points during the experimental 

session, their results will be discussed separately from the 

continuously collected data. 

stressor Effects 

EeG Acti vi ty • Responses during stressor period show 

significantly slower heart rates for both the woodshop and 

surgery stressor video groups. For the woodshop video, the 

main effect of period was F (1, 41) = 34.1, p < .001; for the 

surgery video, the main effect of period was F (1, 38) = 

13.72, P < .001. There was also a significant Period X Time 

interaction for the surgery video, F (2, 76) = 6.21, p < .01, 

indicating that heart rates were significantly slower than 
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baseline heart rates during the first and second epochs (mins 

1-6) of the stressor period only. 

Skin Conductance. There was a main effect of Period, F 

(1, 43) = 31.91, p < .001, for skin conductance responses to 

the woodshop video, indicating that NS-SCRs increased during 

the stressor, and suggesting an increase in physiological 

arousal. The Period X Time interaction also was significant, 

F (2, 86) = 6.16, p < .01, suggesting that NS-SCRs were higher 

than baseline responding for the first and third epochs of the 

stressor period. There were no significant effects for skin 

conductance in response to the surgery video, which is 

surprising. Examination of the minute by minute data for these 

subjects suggests that there is a good deal of variability 

during the stressor period across conditions, and also that 

many of the subjects were responding relatively highly at the 

beginning of the baseline period. W~en this initial responding 

(mean of mins 1 & 2) is added to the basic stressor effects 

model as a covariate, there is a trend for the main effect of 

Period, F (1, 37) = 3.04, p = .089, suggesting that the 

surgery video elevated skin conductance responding above 

baseline levels. 

Respiration. There were no significant respiration rate 

effects in response to the woodshop video, though, as reported 

above, there were significant differences in BL period 

responding across conditions. When a BL covariate is added to 
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the stressor-effects model, there is a near significant Period 

X Time interaction, F (2, 84) = 3.62, P = .055, indicating 

that respiration rate increased during the second epoch of the 

stressor period, which would suggest increased arousal. There 

were no significant changes in respiration rate in response to 

the surgery video. 

Frontalis Activity. Both the woodshop and surgery videos 

elicited an increase in activity recorded in the frontalis 

muscle region, with the main effect of Period for the former 

being F (1, 43) = 52.43, p < .001, and for the latter, F (1, 

38) = 41.65, p < .001. There was a similar Period X Time 

interaction associated with both videos as well, for the 

woodshop video, F (2, 86) = 17.83, p < .001, and for the 

surgery video, F (2, 76) = 6.34, p < .01. In both cases, 

frontalis region activity increased relative to baseline in 

the second and third epochs of the stressor period. Increased 

activity in this muscle region has "been associated with fear 

responses, and the effect found for the stressor videos used 

here is similar to the frontalis effects reported by Ulrich & 

Simons (1986). 

corrugator Activity. Responses recorded from the 

corrugator muscle region mirror those of the frontalis region. 

For both videos, there was a main effect of Period: for the 

woodshop video, F (1, 43) = 78.52, p < .001, and for the 

surgery video F (1, 38) = 51.61, p < .001, indicating an 
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increase during the stressor period. For both videos, the 

Period X Time interaction was also significant: for the 

woodshop video, F (2, 86) = 10.92, and for the surgery video, 

F (2, 76) = 3.84, p < .03. Again, activity at this site 

increased in epochs 2 and 3 of the stressor period relative to 

baseline activity, and is suggestive of negative emotional 

responding. 

Zygomaticus Activity. There were no significant changes 

in activity recorded from the zygomaticus muscle region in 

response to the woodshop video. For the surgery video, there 

was a Period X Time interaction, F (1, 38) = 3.92, p < .03, 

indicating that muscle activity recorded from the zygomaticus 

region was elevated during the second epoch of the stressor 

period. Zygomaticus activity has been associated with positive 

emotions, so an increase during the stressor period is cause 

for concern, especially given th~ evidence of arousal and 

negative emotional responding gleaned from the preceding data 

reported for the other physiological variables. This apparent 

incongruity receives further attention in the Discussion 

section. 

Recovery Effects 

A. stressor/Recovery Period Effects 

As mentioned above, the analyses reported in this section 

were run to help determine the extent to which subjects may 
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have recovered from arousal elicited during the stressor 

period, regardless of recovery condition. For the six 

continuously monitored variables, the model tested was a 

Period (2) X Time (3 epochs) X Subject (22) repeated measures 

ANCOVA, with mean baseline period responding acting as the 

covariate. For the autonomic variables, those who saw the hip 

surgery video tended to have faster recovery period heart 

rates relative to epochs 1 and 2 of the stressor period 

(Period X Time interaction, p= .098), but showed no change on 

the respiration and skin conductance measures. Subjects who 

saw the woodshop video showed no significant change in heart 

rate from stressor to recovery periods, but there were 

significant decreases in respiration and skin conductance, F 

( 1 , 39) = 3. 85 , P = • 056 and F ( 1 , 39) = 7. 43, P < . 01 , 

respectively. For the facial EMG measures, subjects in the hip 

surgery group showed less corrugator region activity during 

recovery, F (1,34) = 5.12, P < .04, but did not change 

significantly in the two other muscle regions. The woodshop 

group showed significantly decreased frontalis [F (1, 39) = 

17.02, P < .001J and zygomaticus [F (1, 38) = 8.77, p< .01J 

muscle region activity, and a trend towards a decrease in 

corrugator muscle region activity, F (1, 39) = 3.76, p < .06. 

The decreases in respiration and skin conductance suggest 

that subjects in the woodshop group may have felt less arousal 

during the recovery period, while the increased heart rate for 
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the hip surgery group may suggest that they were less 

interested during the recovery period than during the stressor 

(see Discussion section for further interpretations of heart 

rate activity). The decreases in frontalis and corrugator 

muscle region activity are also indicative of recovery, 

suggesting that any negative emotions elicited by the 

stressors may have diminished during the recovery period. 

However, interpretation of the patterns of EMG responding is 

clouded somewhat by the similarly decreasing zygomaticus 

muscle region activity. If it is the case, as will be argued 

below, that the increased zygomaticus activity during the 

stressor period is artifactual, then the decreasing activity 

in this muscle region during recovery is less problematic. 

B. Environment X water Effects During Recovery4 

ECG Activity. There were no main effects or interactions 

during the recovery period for those who saw the woodshop 

video as a stressor. However, a pairwise comparison (Figure 

15) of the Rive~~alk and Traffic conditions suggests that the 

subj ects in the Traffic condi tion had faster heart rates 

during the recovery period (F = 4.32, P < .05). For those who 

saw the hip surgery stressor, there was a near significant 

main effect of environment, F (1, 27) = 4.17, p = .051, 

4 The effects reported in this section are summarized in 
Table 4. 
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indicating that subjects in the two built conditions had 

slower heart rates during the recovery period. There was a 

significant Environment X water interaction for the hip 

surgery group, F (1, 27) = 5.96, p < .03, suggesting that 

those in the Riverwalk condition had slower heart rates than 

subjects in the other conditions. And there was a Time X water 

interaction for the hip surgery group, F (2, 54) = 3.32, p < 

.05, indicating that subjects in the River conditions had 

slower heart rates during the first epoch (mins 1-3) of the 

recovery period than did those in the No River conditions. 

Skin Conductance. There were no significant main effects 

or interactions for the woodshop stressor group, though thero 

was a trend for an Environment X water interaction, F (1, 32) 

= 2.9, P = .098, suggesting that those in the Meadow condition 

had fewer NS-SCRs during the recovery period. For the hip 

surgery group, the stressor period covariate did not account 

for a significant amount of the variance in recovery period 

responding, and was dropped from the model for this variable. 

with the baseline period mean as the single covariate, there 

was a main effect of Environment for the hip surgery group, F 

(1, 31) = 4.88, p < .04, indicating that subjects in the 

Nature conditions had fewer NS-SCRs during recovery than those 

in the Built conditions. Though the Environment X water 

interaction was not significant for this group, the least 

squares adjusted means for the four conditions suggest a trend 
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for those in the Meadow condition having fewer NS-SCRs during 

recovery (see Figure 16), which is consistent with the trend 

reported for the woodshop stressor group. 

Respiration. For the woodshop video group, there was a 

near significant main effect of Water, F (1, 32) = 3.95, p 

=.055, suggesting that those who watched the River 

environments during recovery had slower respiration rates. 

Pairwise comparisons of the least squares adjusted means 

suggest that those in the Poudre River condition had a slower 

respiration rate than those in the the Traffic condition (p = 

.058; Figure 17), and reveal a trend for those in the 

Riverwalk condition to have slower respiration rates than th~ 

Traffic group too (p = .078). There were no main effects or 

interactions involving either the Environment or Water factors 

for subjects in the hip surgery group. 

Frontalis Activity. For the ~oodshop video group, the 

baseline covariate was not significant, and was dropped from 

the model, leaving no significant effects of the Environment 

and Water factors for activity recorded from the frontalis 

muscle region. Likewise, there were no significant main 

effects or interactions for the hip surgery group (with the 

stressor covariate dropped for non significance), though 

pairwise comparisons suggested that subjects in the Meadow (F 

= 4.61, P < .05) and Poudre River (F = 3.01, P = .092) 
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conditions had less frontalis area activity than those in the 

Riverwalk condition (see Figure 18). 

Corrugator Activity. There was a main effect of 

Environment for the woodshop stressor group, F (I, 32) = 9.35, 

p < .01, indicating that subjects in the Nature conditions had 

less corrugator region activity during recovery than subjects 

in the Built conditions. The main effect of water was also 

significant for the woodshop group, F (I, 32) = 11.62, p < 

.01, suggesting that those who watched the River environments 

had greater activity during the recovery period. There also 

was a Environment X water interaction, however, F (1, 32) = 
15.16, P < .001, indicating that the subjects in the Riverwalk 

condition had more corrugator muscle region activity during 

recovery than did subjects in the other conditions. Pairwise 

comparisons suggest that mean activity for the Riverwalk group 

was significantly greater than the Meadow (F = 8.49, P < .01) 

and the Traffic groups (F = 4.64, P , .04), but that the 

Poudre River group was not significantly different from any of 

the others (Figure 19). For the hip surgery video group, there 

were no significant main effects or interactions during 

recovery for the corrugator placement. 

Zygomaticus Activity. ANCOVAmodels for both the woodshop 

video group and the hip surgery group were run without the 

stressor covariate, which did not account for a significant 

amount of variance in recovery responding for this variable. 
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There were no significant main effects or interactions for 

either group. Pairwise comparisons for these groups suggested 

only that, for subjects in the woodshop stressor group, the 

Riverwalk condition (F = 3.08, P =.088) elicited greater 

zygomaticus region activity than did the Meadow condition (see 

Figure 20). 

ZIPERS Data 

The ZIPERS state affect questionnaire was administered 

twice, immediately preceding the stressor video, and after the 

recovery video. These two administration times represent 

something of a compromise, in that the absence of an 

administration immediately following the stressor video 

precludes a self-report assessment of the stressor. It was 

decided, however, that the 2.5 mins needed to administer the 

ZIPERS would sacrifice too much physiological recovery data, 

as it would be virtually impossible to extricate "true" 

responses from artifacts while subjects were completing the 

questionnaire. Thus, spaced as they are at the beginning of 

the stressor period and at the end of the recovery period, the 

utility of a simple difference score is limited. Neither does 

a straightforward analysis of the post-recovery factor scores 

seem appropriate, given the evidence of initial differences in 

responding on the physiological variables related to the 

Environment and water factors. There were, as well, several 
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(though fewer) Environment- and water-related effects for the 

initial ZIPERS adminstration factor scores. For these reasons, 

then, an ANCOVA approach was used to assess differences among 

conditions for the woodshop and hip surgery stressor groups on 

each of the five ZIPERS factors. 

Figure 21 shows the factor scores of the woodshop 

stressor group for the five ZIPERS factors. There were no 

significant main effects or interactions across the ZIPERS 

factors for this group, though there was a trend for an 

Environment X water interaction for the Interest factor, F 

91,3S) = 3.24, p < .OS. This trend suggests that those in the 

traffic condition expressed more attentiveness and interest 

following the recovery video than did those in the other 

condi tions, although none of the pairwise comparisons was 

significant. other selected pairwise comparisons on the 

remaining factors indicated that th.ere was a trend for those 

in the Poudre River condition to express more positive affect 

following recovery than those in the traffic condition, F (1, 

3S) = 3.14, P = .OS5; a trend for those in the Riverwalk 

condition to express greater anger and aggression than those 

in the Meadow condition, F (1, 3S) = 3.99, P = .053; and a 

significant difference between the Poudre River and Traffic 

conditions, F (1, 3S) = 5.4S, P < .03, suggesting that those 

in the Poudre River condition expressed less fear following 

the recovery period. 
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Figure 22 shows the factor scores of the hip surgery 

stressor group for the five ZIPERS factors. There was a main 

effect of water for this group on the positive affect factor, 

F (1, 31) = 5.19, p = .03, indicating that those in the River 

conditions expressed greater positive affect following 

recovery than did those in the Non-River conditions. There was 

a near significant main effect of water on the Fear factor as 

well, F (1, 31) = 3.79, p = .061, suggesting that those in the 

River conditions also expressed less fear than those in the 

Non-River conditions. There was a near significant Environment 

X water interaction on the Anger/aggression factor, F (1, 31) 

= 4.07, P = .052, suggesting that those in the Poudre River 

condi tion expressed less anger and those in Ri verwalk condi ton 

more anger following the recovery period, though none of the 

pairwise comparisons was significant. There were no 

significant main effects or interaqtions for the Sadness and 

Interest factors for this group, but a pairwise comparison 

between the Riverwalk and Poudre River conditions suggested 

that those in the Riverwalk condition expressed more interest 

following the recovery period, F (1, 31) = 3.99, p = .055. 

Cortisol Data 

Figure 23 shows least squares-adjusted mean cortisol 

levels for subjects in the two stressor video groups, with the 

practice saliva sample used as a covariate. The three samples 
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represented on the X-axis were intended to reflect cortisol 

levels during the baseline, stressor and recovery periods. 

This intention appears to have been misguided. As the figure 

shows, cortisol levels decreased from pre- to post-stressor 

samples, significantly so for subjects in the woodshop group, 

F (1, 20) = 9.004, p < .01. Figure 24 depicts post-recovery 

sample least squares-adjusted mean cortisol levels across 

conditions for the two stressor groups. There were no main 

effects or interactions for either the woodshop or hip surgery 

groups, though the means suggest lower cortisol levels for 

subj ects in the Water conditions of the former group, and 

lower cortisol levels for subjects in the Nature conditions of 

the latter group. 
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DISCUSSION 

This discussion section is divided into three sections: 

Summary, Implications and Concluding Remarks. The Summary 

section summarizes the results across stressor groups and 

across physiological and self-report variables, for both 

stressor and recovery period effects. The summary indicates 

that, though the findings reported are generally consistent 

with past research, they are both limited and show evidence of 

inconsistencies. The Implications section is an attempt to 

understand these limitations and inconsistencies, and the 

Concluding Remarks sections briefly mentions some potential 

future research that might help to clear up some of the issues 

raised by the present study. 

Summary 

Stressor Effects. First, to summarize the results of the 

effects of the stressors: From the ?omparison of the baseline 

and stressor periods, both the woodshop and hip surgery videos 

appear to have effectively elicited stress responses from the 

subjects in this study, though not necessarily to the same 

level or in the same manner. There was a significant 

deceleration in heart rate in response to both videos, which 

has been interpreted by Ulrich (Ulrich & Simons, 1986) and 

others (Lacey & Lacey, 1980) to suggest perceptual intake or 

attention. As mentioned earlier, this interpretation is not 

unambiguous, especially given the dual innervation of the 
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heart muscle by the sympathetic and parasympathetic nervous 

systems. Heart rate deceleration could be due to, among other 

things, a decrease in sympathetic activity or an increase in 

parasympathetic activity. Evidence of increasing sympathetic 

activity from the other physiological measures would help to 

rule out the former interpretation, and there is some 

indication that sympathetic activation increased for the 

subjects in this study. Skin conductance, one of the more 

widely used measures of sympathetic arousal, increased in 

response to both stressor videos, though the increase was only 

a trend in the case of the hip surgery video. 

Respiration rate, the third indicator of autonomic 

arousal used in this study increased during the second epoch 

of the stress period for those who saw the woodshop video, but 

did not change in response to the surgery stressor. These 

respiration rate results were not. wholly unexpected, given 

that some researchers have found no relationship between 

arousal and respiration rate (e.g., Cohen, et al., 1975), 

while others have reported a decrease in autonomic 

responsivity associated with slowed respiration rates (Harris, 

et al., 1976). That there is a divergence between the two 

stressors used here with respect to respiration rate, while 

they both elicit heart rate decelerations and increased skin 

conductance responding is something of a puzzle. It may be the 

case that the increased respiration rate for the woodshop 
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video group is an indication that the stressors produced 

qualitatively different states of arousal. There is some self-

report evidence, for instance, that the woodshop video elicits 

anger in addition to fear or anxiety (Ulrich & Simons, 1986), 

and pilot data collected for this study comparing the two 

stressors corraborates that, as well as suggesting that the 

hip surgery video does not elicit anger5. This (admittedly 

speculative) scenario is bolstered by findings that anger is 

associated with increased respiration rate (Dudley, 1969; 

Lorig & Schwartz, 1990). Thus, while the heart rate data 

suggest that both videos elicited perceptual intake, and the. 

skin conductance evidence indicates that both videos produce 

anxiety, the respiration rate data also raise the possibility 

that these stressors engender qualitatively different arousal 

states. 

cortisol levels are also considered an indication of 

autonomic arousal, so it is unfortunate that the cortisol 

results reported here will be of little use in helping to 

resolve the the question of the qualitative nature of the two 

stressors. One possible explanation for the general downward 

trend of cortisol values from baseline to stressor periods 

(see Figure 23), is that events preceding the baseline period 

were experienced as stressful for many of the subjects. Though 

5 In both cases, these pilot findings were trends, not 
significant, likely owing to the small treatment group sizes. 
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cortisol levels may have responded in a timely fashion to any 

pre-baseline stressors, they may not have returned to normal 

in time to reflect the increased arousal during the stressor 

videos. Any such extended recovery times for cortisol levels 

would preclude its utility in research paradigms (such as the 

one used here) that require dependent variables that both 

increase and decrease relatively quickly in response to stress 

manipulations. Thus, it would seem that cortisol,was a poor 

match for the experimental design used in the present study. 

EMG responses recorded from the frontalis and corrugator 

muscle regions increased significantly for both videos. There 

was no significant increase in zygomaticus region responding 

for the woodshop video, and a relatively limited increase 

(epoch 2 of the stressor period) in response to the hip 

surgery video. Because the pattern of facial EMG responding is 

important in drawing inferences about the valence of the 

elicited arousal, and because the pattern expected in response 

to both stressors was one of increased activity in the 

frontalis and corrugator regions and no change or decreased 

activity in the zygomaticus region, this increased responding 

recorded from the zygomaticus region meri ts further 

discussion. 

On closer inspection of Figure 14, the minute by minute 

graph of zygomaticus muscle region responding for the hip 

surgery group, it seems apparent that responses during minute 
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13 by subjects in the Poudre River and Meadow conditions are 

primarily respon~ible for this significant increase. There is 

no reason to expect subjects in these conditions to respond 

differently to the surgical stressor than subj ects in the 

other condi tions, and inspection of individual subj ects ' 

responding revealed that only two subjects in each of these 

conditions had elevated zygomaticus responding during minute 

13. It is important to note that the initial surgical incision 

of the hip replacement operation occurs at the very end (in 

the last 5 seconds) of minute 12, and that the bulk of 

responding to this event would likely have been recorded in 

minute 13. In this regard, it is also important to note that 

casual observation of subjects during the stressor video (and 

of onlookers during the editing of the video) suggests that 

some people respond to this event with a grimace that pulls 

the lips back slightly and/or by ~lenching the jaw. Both of 

these actions would result in an increase in activity recorded 

from the zygomaticus placement. In the former case, this is 

because the zygomaticus muscle itself would be active in 

pulling the lips back, and in the latter case, large increases 

in masseter activation, a muscle that overlaps the upper end 

of the zygomaticus major and is responsible for clenching the 

jaw, would be detected by the zygomaticus placement. Thus, 

given the stimulus circumstances and the limited nature (both 

temporally and with respect to the number of subjects 
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involved) of the increased zygomaticus muscle region 

responding, it is likely that the increase was not associated 

with a positive affective state, and that the inference of 

negatively valenced arousal to the hip surgery video is a 

strong one. 

Recovery Effects. For the arousal variables, there is no 

clear pattern of responding across the four experimental 

conditions and two stressor groups during the recovery period. 

The heart rate data suggest that subjects in the Riverwalk 

condition may have been more interested during the recovery 

period than those in the other conditions. Though there are no 

main effects or interactions for those in the woodshop group, 

and a main effect for the hip surgery group that shows slower 

heart rates for subj ects in both of the built conditions, 

there is also an Environment X water interaction for the hip 

surgery subjects indicating that those in the Riverwalk group 

were responsible for the slower heart rates in the built 

conditions. Pairwise comparisons of the least squares-adjusted 

heart rate means for both stressor groups indicate that the 

Riverwalk subjects in the woodshop group had significantly 

slower heart rates than their Traffic condition counterparts, 

and there was a near significant trend in the same direction 

for the hip surgery subjects (see Figure 15). For both 

stressor groups, Riverwalk condition heart rates were slower 

than those in the other condi tions as well, though not 
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significantly so. Finally, factor scores of the ZIPERS post

recovery administration for the hip surgery group suggest that 

subjects in the Riverwalk condition also expressed more 

interest than those in the other condi tions , though this 

difference only approached significance in comparison with the 

Poudre River condtion (see Figure 15). Thus, to the extent 

that heart rate deceleration can be considered a measure of 

perceptual intake, and with the proviso that there is only 

partial corraboration with the self-report data, one tentative 

conclusion to be reached is that the Riverwalk environment 

elicits more interest than the Traffic environment. 

The results of the recovery period skin conductance 

analyses suggest that the Meadow condition elicits the least 

arousal among the four conditions. For the hip surgery group, 

there was a main effect of Environment that favored the Nature 

conditions. An examination of the le.ast squares~adjusted means 

(Figure 16), however, suggests that this was solely on the 

strength of the Meadow condition, though the Environment X 

water interaction was not significant. For the woodshop 

stressor group, the Environment X water interaction tended 

toward significance (p= .098), and though this is likely the 

result of the Traffic condition subjects having more NS-SCRs 

than subjects in the other conditions, the Meadow condition 

subjects did show the lowest skin conductance responding of 

the four groups. These results are consistent with the post-
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recovery ZIPERS finding that subjects in the Meadow condition 

of the woodshop 9roup reported less Anger/aggression than 

those in the other conditions, though the only significant 

pairwise comparison was with subjects in the Riverwalk 

condition. A stronger argument for consistency with the self

report data could be made, however, if responses in the Meadow 

condi tion for the hip surgery subj ects had shown the same 

tendency, or if Meado,v condition subjects in either of the 

groups had reported less fear than than subjects in the other 

conditions, neither of which was the case. Thus, though there 

is a suggestion that the Meadow condition elicits less arousal 

than the other conditions, this is also a tentative 

conclusion. 

The respiration data for the woodshop video group 

revealed a near significant main effect of Water, indicating 

that those in the River conditions b~eathed more slowly during 

the recovery period, and possibly suggesting greater recovery 

for these subjects. For the Fear factor of the ZIPERS data, 

there is a consistent, near significant main effect of Water 

that also favors the River conditions, but it is the subjects 

in the hip surgery group who reported less fear, not the 

woodshop sUbjects. Once again, there is the suggestion of 

corraboration across physiological and self-report measures, 

but there is a lack of continuity between subjects in the two 

stressor groups. 
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The findings for the three EMG variables show similar 

suggestions of recovery effects, with similar inconsistencies 

across stressor groups and dependent variables. Data from the 

corrugator placement for the woodshop group reveal a main 

effect of Environment that favors the Nature conditions, and 

a main effect of Water that favors the No River conditions. 

But both effects must be interpreted in light of the 

Environment X Water interaction, which indicates that activity 

recorded from this site was highest for those in the Riverwalk 

condition. This same group of subjects, those in the Riverwalk 

condition who saw the woodshop video, also reported 

significantly more Anger/aggression on the post-recovery 

ZIPERS than did subjects in the Meadow condition, though the 

Environment X Water interaction was not significant. For the 

hip surgery subjects, there were no main effects or 

interactions involving the corrugator muscle region. However, 

the hip surgery subjects did show a similar response for the 

frontalis placement, though, again, the interaction was not 

significant. Pairwise comparisons indicated that frontalis 

region activity was significantly greater for these subjects 

than for those in the Meadow condition, and tended (p< .1) to 

be greater than frontalis activity recorded from subjects in 

the Poudre River condition. Though they represent data from 

different subjects and different muscle regions, the frontalis 

and corrugator findings suggest the possible association of 
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negative emotions with the Riverwalk environment, but the data 

from the zygomaticus muscle region are contradictory. 

There was a significant Environment X Water interaction 

for the woodshop group for data recorded from the zygomaticus 

muscle region, suggesting that subjects in the Riverwalk 

condition showed greater activity at this site than those in 

the Meadow condition (pairwise comparison, p< . 08). This 

finding was not supported by the self~report data, nor did the 

Riverwalk subjects who saw the hip surgery video respond in a 

like manner. Nevertheless, this last finding is somewhat 

troubl ing , suggesting, as it does, that subj ects in the 

Riverwalk condition who saw the woodshop stressor video 

exhibi ted both more zygomaticus region acti vi ty and more 

corrugator region activity. This is troubling, because the 

former activity is associated with positive affective states, 

and the latter with negative affective states. Thus, the 

apparent consistency of increased frontalis region activity 

for the Riverwalk subjects in the hip surgery group and the 

increased corrugator region activity of the Riverwalk subjects 

in the woodshop group (both of which suggest negative 

affective states associated with the Riverwalk environment) is 

undermined by the finding of increased zygomaticus region 

activity for the woodshop/Riverwalk subjects. possible 

resolution of this contradiction may be had by referring back 

to the ZIPERS data, which suggested that the 



72 

woodshop/Riverwalk subjects reported more anger/aggression 

than those in the other conditions, which would help to tip 

the interpretive scales towards a negative affective response 

to the Riverwalk environment. If this is so, the increased 

zygomaticus region activity might be attributed to artifact, 

with a chance increase in yawning on the part of the Riverwalk 

subjects being one possible candidate. 

In sum, whether considered across stressor groups or 

across dependent variables, either within arousal indicators 

or EMG variables, there is no clear pattern of results that 

warrants strong conclusions about any of these environments. 

On the other hand, there are enough significant findings, 

including occasional instances of consistent findings, to 

preclude the judgment that the experimental manipulations had 

no influences on responding. From the arousal indicators there 

are the tentative conclusions that. the Riverwalk environment 

tended to elicit more interest than the Meadow environment 

(slower heart rates) ; that Nature environments (fewer NS-SCRs) 

and water environments (slower respiration rates) produced 

less arousal; and there was corroboration or partial 

corroboration for each of these conclusions from the self

report data. 

Similarly, data recorded from the EMG placements seemed 

to favor the Nature environments over the Built, in the guise 

of lower corrugator and frontalis muscle region activity. In 
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particular, these variables (again, in partial collusion with 

the ZIPERS data) implicated the Meadow environment as being 

less likely to engender negative emotional states, such as 

anger, aggressiveness or fear. Thus, though there are serious 

qualifications to be considered, the tentative conclusions 

that can be reached are all generally consistent with 

theoretical predictions and past research. It is the Nature 

and Water environments that are associated with lowered 

arousal and the reduced facial EMG activity associated with 

negative emotions, while the Traffic environment in particular 

and the Built environments as a whole do not produce similar 

positive effects. 

Implications 

One purpose of this research was to extend the 

stress/recovery paradigm Ulrich ha~ used to investigate the 

restoration hypothesis by comparing the effects of different 

stressors combined with a single set of environmental recovery 

conditions. In the past, Ulrich (Ulrich & Simons, 1986) has 

used one of the stressors used here, the woodshop video, 

paired with a set of recovery environments similar6 to the set 

used in this project. He has also capitalized on a naturally 

occurring stressor, university exams, combined with a 

6 Though different in some important respects, to be 
discussed below. 
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different set of environments presented in a different medium, 

color slides ( Ulrich, 1979). He has reported consistent 

results in an archival study of hospitalized cholecystectomy 

patients (Ulrich, 1984), and consistent findings outside the 

stressor/recovery paradigm, measuring EEGs to find that non

stressed students were more wakefully relaxed when watching 

natural as opposed to urban environments. Dimberg and Ulrich 

(1990) have demonstrated that slides of highly preferred 

landscape scenes elicit zygomaticus region activity in the 

absence of corrugator region activity, while low preference 

scenes do not. Thus, across stressors, environmental recovery 

conditions, presentation media, research pardigms and a range 

of physiological and self-report measures, Ulrich and his 

colleagues have reported similar findings of positive 

responses to natural environments, and less positive or 

negative responses to urban or built environments. There was 

good reason, then, to expect similar findings in the present 

research. And though the findings reported here are in general 

agreement with these studies, they do fall short of the 

predictions made based on prior research and theory. That, and 

their fairly limited nature justifies some speculation as to 

why. 

One might be tempted to account for inconsistencies in 

recovery responding by suggesting that there were quantitative 

and/or qualitative differences between the stressors. Such an 
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argument could be made based on the stressor effects data 

reported above, for instance, where increases in skin 

conductance and respiration rate favored the woodshop video as 

being the more potent stressor. Evidence of greater recovery 

effects associated with the woodshop video would strengthen 

this argument, and the summary of recovery effects displayed 

in Table 4 suggests that this indeed was the case. One 

possible interpretation of differences in responding across 

the two stressor groups might be that differential responding 

across conditions was predicated on being "suitably" stressed 

beforehand, that is, stressed in the peculiar way that 

interacts wi th these environmental conditions. From this 

perspective, evidence of recovery effects that favor nature 

and water environments may have less to do with the 

restorative ·charatcteristics of these types of environments 

than with the interaction of one or more of these environments 

with the stressor videos. 

For example, the woodshop video depicts several serious 

accidents that occur as the result of carelessness or the 

disregard of safety regulations, and more than likely elevates 

the viewers' sensitivity to potential accidents. such a 

mindset might be expected to interact with the Traffic 

condition in the present study, given that it is the only 

environment of the four that shows people, and especially 

because the people shown are motorists and pedestrians 
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crossing the motorists' path. Thus, the evidence of possible 

restorative effects associated with nature and water 

environments reported above could also be interpreted as 

continued stress effects associated with the Traffic 

environment. However, there is evidence from previous research 

with other stressors and with non-stressed individuals that 

argues against this interpretation; people have responded more 

positively to natural environments compared to urban 

environments, for instance, in a number of different 

circumstances (briefly outlined above). Such an interpretation 

also fails to account for evidence of restorative effects 

(albeit fewer) associated with the hip surgery stressor, whicn 

has no obvious potential to interact with the recovery 

conditions. 

A more parsimonious interpretation might focus on the 

level of stress produced by the two.stressor videos. It may be 

that restorative effects are to some extent a function of the 

strength of the preceding stress manipulation, wi th more 

restorative recovery effects being found for the woodshop 

video group because the woodshop video was a more potent 

stressor. According to this interpretation, one would still 

expect to find evidence of recovery effects for the hip 

surgery group, but less evidence, which was the case here. 

Thus, while the former explanation can plausibly account for 
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data from the woodshop stressor group, the latter explanation 

is better able to account for data from both of the groups. 

One might also bring a cognitive theoretical perspective 

to bear on these data, a good general example of which is 

Mandler's (1984) schema/discrepancy model of emotional 

responding, which has been applied to landscape perception by 

Purcell (1986). According to this model, cognitive structures, 

or schemas, are used to store perceptual, semantic and 

behavioral (action sequences) information in the human mind 

based (primarily) on perceived environmental regularities. In 

essence, schemas are default values for (prototypical 

representations of) classes of objects, meaning analyses and 

behavioral plans, which are developed through experience with 

the environment. Multiple schemas corresponding to varying 

levels of generality are thought to exist for any given 

concept. For instance, I might have a mid-level (in terms of 

generality) schema for "dog" that consists of characteristics 

such as: four-legged, warm-blooded, furry, domesticated 

animal, vaguely reminiscent of a wolf. Whereas my schema for 

a particular dog, such as my dog "Fred", would be much more 

specific: short, somewhat squat, dark-haired dog of 
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indeterminate breed, and possessed of a generally pleasant 

disposition. 7 

By this view, emotions are thought to be the products of 

discrepancies between our schemas and day to day encounters 

with concrete exemplars of them; or, emotions occur when 

current action sequences are interrupted. In the former case, 

which is more pertinent to the present discussion, arousal is 

induced to the extent that perceived reality differs from the 

perceiver I S relevant schemas. The arousal represents the 

intensity of the emotion, while a cogni ti ve or meaning 

analysis is necessary to determine its specific quality. The 

meaning analysis depends in part on the nature of the 

discrepancy between one I s schema and the particular 

instantiation of it presented for comparison, but also upon 

the particular circumstances of the situation in which the 

comparison arises. Thus, while a day visit to the Grand Canyon 

may produce disappointment when the reality of the experience 

fails to live up to the expectation, the same discrepancy 

might also produce anger and righteous indignation if the 

visit were the highlight of a once-in-a-lifetime vacation 

trip. 

7 Whether separate perceptual, semantic and behavioral 
schemas are stored at each level of generality, or, as implied 
by the schema characteristics listed here, as a single schema 
at each level differs according to theorist. While potentially 
meaningful, the distinction is not important for the point to 
be made here. 
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Applying this model of emotions (and its attendant argot) 

to the encounter with reality subjects experienced during the 

recovery phase of this experiment, the circumstances of any 

schema/reality discrepancies are likely to be especially 

crucial, given the IIstaged ll nature of the encounter. The 

instructions to the subjects prior to the recovery videotape 

asked them to imagine that they were sitting on a public 

bench, relaxing in the "outdoor setting" they were going to 

see. As there were no disruptions of ongoing action sequences 

during the recovery period, it is reasonable to suppose that 

the arousal/emotional responding of the subjects generated 

during the recovery period was a function of any 

schema/reality discrepancies they experienced, and the 

concomitant meaning analyses they performed. To the extent 

that subjects imagined themselves to be in the environment 

they viewed, the relevant discrepancy would be between their 

schema for "outdoor setting" and their perception of the 

videotaped environment they viewed. Though it is impossible to 

say what the modal schema for "outdoor setting" was for the 

subjects in this study, the findings reported above suggest a 

possibility. If the subjects' typical schema for "outdoor 

setting" tended to be more natural than urban or built, then 

one would expect greater discrepancies (and, therefore, 

greater arousal) among those who saw the urban environments. 

The skin conductance results for the hip surgery group, 
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which indicated fewer NS-SCRs for those in the Nature 

conditions, are consistent with this interpretation, but the 

respiration and heart rate findings suggest that the greatest 

discrepancy may have been for the Traffic condition in 

particular. The respiration responses of the woodshop subj ects 

favored the water conditions, and pairwise comparisons 

suggested that both Water conditions were significantly 

different from the Traffic condition, but not from the Meadow 

condition; and, the heart rate data for the hip surgery group 

favored the Riverwalk over the Traffic condition in general 

(Environment X Water interaction), and the Water conditions 

over the non-water conditions during the first epoch of 

recovery (Water X Time interaction). Thus, there is a 

patchwork of findings suggesting that, when subjects do show 

some physiological indication of lowered arousal, it occurs in 

condi tions other than the Traffic condition. Consequently, the 

inference one might draw concerning schema/reality 

discrepancies is that, whatever the typical schema invoked by 

the phrase "outdoor setting" was for the subjects in this 

study, it was most discrepant from the Traffic scene. 

This interpretation requires at least three important 

cautions. First, it is essentially backwards. That is, it uses 

a post hoc analysis of the physiological data to suggest a 

theoretical interpretation, rather than using hypotheses 

derived from the theory to predict the data. This sequence of 



81 

events does not necessarily invalidate the interpretation, but 

a stronger case could be made for it had it been predicted 

rather than retrofitted. Given its post hoc heritage, this 

interpretation could nevertheless be bolstered by some 

indication of the actual schemas conjured by the "outdoor 

setting" instructions. As there is no evidence on this point, 

the interpretation must be seen as specualtive at best. 

Second, while this interpretation may have some validity 

for the findings reported, it does not address the broader 

issue of why the findings were not consistent across stressor 

groups and dependent variables. Presumably, whatever 

schema/reality discrepancies there were between the "outdoor 

setting" instructions and the environments viewed would be the 

same for both stressor groups; and, there is no reason to 

expect such discrepancies to be reflected in some 

physiological variables but not others. 

The third caution suggests a limitation for the schema 

model in general for the stressor/recovery paradigm used in 

this study. Any emotional responses generated by perceived 

schema/reality discrepancies during recovery have to be 

considered in light of the preceding stressor presentation. 

This is because the stressor/recovery period ANCOVAs suggested 

that, though people had started to recover during the recovery 

period, there was still some residual arousal from the 

stressor period. Thus, though subjects may well have 
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experienced arousal during the recovery period, they would 

likely have attributed some portion of that arousal to the 

preceding video presentation, and not to schema/reality 

discrepancies associated with the recovery videos. 

possible explanations for this study's limited 

affirmation of the restoration hypothesis might also be had by 

examining some of the differences between the recovery stimuli 

used here and those used in Ulrich and Simons (1986), the past 

research that most closely resembles the present study. Though 

the general distinction between natural and urban environments 

was the same for both projects, the environments used here 

differed from those of the earlier study in a number ot 

important ways. First, both of the urban environments used in 

this study were videotaped in central San Antonio, and both 

included examples of the older Spanish architecture that is 

characteristic of that city's dOWl1town. In the Ulrich and 

Simons study, the urban environments used contained buildings 

of much more recent vintage (mid 1960s-1970s) with no 

discernible architectural style, and, in fact, they were 

chosen to be representative of the faceless, quotidian 

architecture characteristic of East coast strip development. 

Thus, it is possible that the urban environments used here 

would be visually preferred by many observers over those used 

by Ulrich and Simons based solely on the architecture. 
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It is also possible that the distinctive architectural 

style of the San Antonio environments increased the likelihood 

that they would be recognized, or that the downtown San 

Antonio area where they were videotaped would be recognized. 

Though subjects were not specifically asked whether they 

recognized the environments they saw, several subjects in each 

of the Built environment conditions spontaneously mentioned 

that they recognized San Antonio; and, after asking where the 

scene they viewed had been shot, several others also voiced 

their recognition. Given that the areas where the two San 

Antonio scenes were shot include very popular tourist 

attractions (the River scene was taken just off of th~ 

Riverwalk, and the Traffic scene was taken two blocks from the 

Alamo), one could plausibly argue that if the scenes were 

recognized, they would be more likely to conjure pleasant 

rather than unpleasant associations .• 

Finally, the Traffic scene used in this study had 

considerably less traffic than the "Heavy Traffic" scene (two 

traffic scenes were used) in the Ulrich and Simons study, 7 

cars/minute versus 24 cars/minute, and traffic was moving more 

slowly (20 mph vs. 35-45 mph) in the present study than in 

both of the previous study's traffic scenes. Also, the traffic 

scene in the Ulrich and Simons study showed 3-way 

intersection, with one lane of traffic moving in the general 

direction of the viewer, while the traffic scene in the 
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present study was of a one way street with traffic moving away 

from the viewer. 

All of these differences between the urban scenes in this 

study and those in the Ulrich and Simons study suggest that 

the two scenes used here were more pleasant to watch. If that 

is true, then one might expect to find less evidence of 

differences in responses to urban and natural environments, 

which was the case here. There is a potentially important 

difference between the natural water scenes used in the two 

studies as well. Though both water scenes are visually 

pleasant, the soundtrack for the Poudre River scene in the 

present study was marked by multiple instances of wind in the 

microphone, a phenomenon that could well have been annoying to 

many though it was only mentioned by one subj ect. The 

soundtrack for the Ulrich and Simons water scene was 

characterized by a smooth, contirlous rushing-water sound. 

Thus, not only is it likely that the urban scenes for the 

present study were more pleasant than those in the previous 

study, but the water scene may also have been less pleasant. 

Both of these differences between stimuli used for the two 

studies would tend to work against finding differences across 

environmental categories in the present study. 
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concluding Remarks 

Though the differences cited may help to explain the 

limited support for the restoration hypothesis reported here 

as compared to previous findings, they also help to illustrate 

what is arguably a much more important point: that the theory 

from which the restoration hypothesis is derived is relatively 

young. It has yet to progress much beyond the stage of 

predicting environmental preferences, restoration effects, 

housing choices, leisure pursuits, etc., based on relatively 

vague notions of the supportive natural environments of our 

evolutionary past. When considered in the context of related 

research, the data reported here suggest the likelihood thac 

there is a good deal of variability within the broad 

environmental categories used to define the urban and natural 

environments in this and similar studies. Whether that 

variability is more or less important than the variability 

among the overarching environmental categories is difficult to 

tell without evidence from research that employs multiple 

exemplars within categories. 

Such research might explicitly include environments for 

which subjects have positive and negative associations, as 

well as varying with respect to "pleasantness" or scenic 

quality and urban or natural elements. An alternative approach 

would be to manipulate positive and negative associations, as 

with the conditioning studies mentioned above, to determine if 
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positive associations are more easily developed to those 

environmental elements considered important in evolution, such 

as trees, grass and water. It would also be possible to test 

hypotheses derived from evolutionary theory by taking 

advantage of research conducted by Orians and Heerwagen (in 

press) mentioned above, where subjects from different cultures 

were found to respond more positively to photographs of 

savanna environments containing trees associated with high

quality (life sustaining) environments. The current state of 

computer animation technologies makes it possible to create 

analogous high and low quality videotaped savanna 

environments. Again, the general point to be made here is tha'-; 

gathering information about differences among environments in 

the broad environmental categories used in the present study 

will help to determine the validity of those categories. 

Finally, to investigate the po~ential interactions among 

stressors and recovery conditions, it would be useful to 

conduct a series of studies that replicates the Ulrich and 

Simons (1986) study with a number of different stressors. The 

importance of such a line of research is highlighted by the 

evidence of differential recovery effects in the present study 

asssociated with the two different stressors. Because both the 

recovery environments were different and a new stressor was 

added, it is impossible to say which procedural change is 
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responsible for the different findings, or whether both 

changes contributed. 
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FIGURE 15 

HEART RATE DURI NG RECOVERY PERI OD 
(ENVIRONMENT X WATEH) 

75 

p < . 05 p = . 073 -• H 
):I 

' tn 

~ 70 

~ 
IX'l - 8 POODRERIVER 

~ 
fa MEADOW 

Iii RIVERWAL.K 
P( 

E--
~ TRAFFIC 

~ 65 

~ 
~ 
~ 

60 
WOODS HOP HIP SURGERY 

STHESSOR VI DEO 

...... 
0 
N 



.-- ·-~· 

I 
' 01 
~ u 
en 
I 

tn • 
~ 
~ 

FIGURE 1 6 

SKI N CONDUCTANCE DUR I NG RECOVERY PER I OD 

(ENVIRONMENT X WATER) 
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FIGURE 17 

RESPIRATION RATE DURING RECOVEHY PERIOD 
(ENVIRONMENT I WATEH) 

16 .-----------------------------------------~ 

p & .058 

15 

14 

"I 
12 

II 

10 -+---
WOODS HOP HIP SURGERY 

STRESSOR VIDEO 

II POUDRE RIVER 

[21 MEADOW 

liJI RIYERWALK 

~ TRAFFIC 

....... 
0 
~ 



-t -
~ 

~ 
H 
H 

~ 

= ~ 

FIGURE 18 

FRONTALIS ACTIVITY DURING RECOVERY PERIOD 
(ENVIRONMENT I WATER) 
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FIGURE 19 

CORRUGATOR ACTIVITY DURING RECOVERY PERIOD 
( ENVIRONMENT I WATER 
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FIGURE 20 

ZYGOMAT I CUS ACTIVI TY DURING RECOVERY PERIOD 

(ENVIRONKENT X WATER) 
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FIGURE 21 

POST- RECOVERY ZIPERS for WOODSHOP STRESSOR GROUP 
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FI6URE 22 

POST- RECOVERY ZIPERS for HIP SURGERY STRESSOR GROUP 
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FI6URE 23 

SALIVARY COR'l'I SOL LEVEI.S 
(WOODS IJOP va . HI P SURGERY STllESSOR VI DEO) 
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FIGURE 24 

SALIVARY CORTISOL - POST RECOVERY SAMPLE 
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Table 1 

Items that comprise ZIPERS Factors 

Factor 

Anger/Aggression 

Fear 

Sadness 

Positive Affect 

Interest 

1. I feel angry or defiant. 
9. I feel like hurting or "teeling 

off" someone. 

2. I feel fearful. 
11. I feel like getting out of this 

situation or avoiding it. 

3. I feel sad. 

4. I feel carefree or playful. 
6. I feel affectionate or 

warmhearted. 
7. I feel elated or pleased. 
8. I feel like acting friendly or 

affectionately. 

5. I feel interested. 
10. I feel attentive or 

concentrating. 



VARIABLE 

Heart Rate 

Skin 
Conductance 

Respiration 

Frontalis 

Corrugator 

Zygomaticus 

TABLE 2 
ENVIRONMENT X WATER EFFECTS DURING BASELINE 

WOODS BOP VIDEO HIP SURGERY VIDEO 

Effect Deacription Effect Deacription 

lnteract : TxExW:p<.O TR faster, min . 2 Interact : TxW : p< . 06 River slower. min . 1 

Main : Env: p< . 03 Nature slower than Bui 1 t 

Interact : TxW : <. 06 River slower mins . 4 & 5 

Interact : ExW : p< . 09 RW lowest, PR highest Interact:ExW : p<.Ol PR lowest , M & RW high 

-

,....... 
,....... 
w 



VARIABLE 

Heart Rate 

Skin 
Conductance 

Respiration 

Frontalis 

Corrugator 

Zygomaticus 

- -

TABLE 3 
ENVIRONMENT X WATER EFFECTS DURING STRESSOR 

WOODS HOP VIDEO HIP SURGERY VIDEO 

Effect Description Effect Description 

Interact : TxE: p<.07 Bull t faster min. 3 

Interact : ExW : p< . 06 M l ower , TR higher 

Interac t:TxE: p<.08 Nature higher min. 3 

Main : Env: p< . Ol Nature slower than Built Main : Water : p< . 07 River slower than No-River 

Main: Env : p<. OS Nature lower than Built 

Interact:ExW: p<.09 M & RW lower, PR & TR higher Interact :ExW: p<.OZ PR lowest, RW highest 

Interact :TxE: p < .03 Nature h.1.gher min. 2 

- - --- ------ ------ - - -- -- -- ----- - - - - ----- ----

I 

,__. ,__. 
+>-
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VARIABLE 

Heart Rate 

Skin 
Conductance 

Respiration 

Frontalis 

Corrugator 

Zygomaticus 

TABLE 4 
ENVIROHHEHT X WATER EFFECTS DURING RECOVERY 

WOODS HOP VIDEO HIP SURGERY VIDEO 

Effect Description Effect Description 

Main : Env.: p=. 051 Built slower than Nature 

Interact:ExW : p<.03 RW slowest, TR fastest 

PairedComp .: p< .05 RW slower than TR Paired Comp. : p-=. 073 RW slower than TR 

Main: Env: p< . 04 Nature less than Built 

Interact: ExW : p-=. 09E M lowest , TR highest 

Main: Water : p-=. 055 River slower than No - River 

Paired Comp: p-=. 058 PR slower than TR 

Paired Comp: p-=. 078 RW slower than TR 

Interact:ExW: p< .02 M iowest, PR highest 

Pa1redComp: p< . 05 M less than RW 

Main: Env: p< . 01 Nature less than Built 

Main : Water: p< . 002 No-River less than River 

Interact:ExW : p< . OO M lowest,RW highest 
PairedComps : p<.Ol; M lower than RW & TR 

p<.04 

Interact:ExW: p<.03 M lowest, RW highest ,__. ,__. 
CJl 



VARIABLE 

Heart Rate 

Skin 
Conductance 

Respiration 

Frontalis 

Corrugator 

Zygomaticus 

'- -

TABLE 5 
EFFECTS OF THE STRESS HANIPUI.A'fiON 

WOODS HOP VIDEO HIP SURGERY VIDEO 

Effeot Description Effeot Description 

Main : Period : p< . 001 Slower during stressor Main: Period : p< . 001 Slower during stressor 

Interac t : PxT : p< . Ol Slower epochs 1 & 2 

Main : Period : p< . 001 Up during stressor Main : Period : p< . 09 Up during stressor 

Interact:PxT : p<.01 Up epochs 1 & 3 

Interac t : PxT :p =.OS~ Up, epoch 2 of stressor 

Main : Period: p< . 001 Up during stre s sor Main : Pe r i o d : p< . 001 Up during stre sso r 

Interact : PxT: p< . 001 Up, epochs 2 & 3 Intera ct : PxT : p< . 01 Up epoc hs 2 & 3 

Main: Period: p< . 001 Up during stressor Main : Peri o d : p < . 001 Up during stressor 

Interact : PxT : p< . OO Up epochs 2 & 3 Interac t : PxT : p <. 03 Up epochs 2 & 3 

Interact : PxT : p< . 03 Up, epoch 2 of stressor 

,_. ,_. 
m 
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APPENDIX 1 - ZIPERS Directions and Items 
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ZIPERS Directions and Items 

Personal Feelings and Reactions 

Directions: Listed below are 11 statements concerning feelings 

and reactions. Please indicate on youe sheet # ___ the extent 

to which you are experiencing the fe"elings right ~, at this 

time. To indicate your answer, circle a number for each 

question using the following scale: 1 = not at all; 2 = 

slightly .•.....•. 5 = very much. 

l. I feel angry or defiant. 

2. I feel fearful. 

3. I feel sad. 

4. I feel carefree or playful. 

5. I feel interested. 

6. I feel affectionate or warmhearted. 

7. I feel elated or pleased. 

8. I feel like acting friendly or affectionately. 

9. I feel like hurting or "telling off" someone. 

10. I feel attentive or concentrating. 

11. I feel like getting out of this situation or avoiding it. 
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APPENDIX 2 - Initial Remarks to subjects 
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Experimenter'S Initial Remarks to Subjects 

I've been making the announcement for this research 

proj ect to several different student groups and organizations; 

and then some people have heard about it through word of 

mouth. So, when people come in to participate, I don't really 

know how much they know about the experiment •••• Have you been 

told much about this experiment? (Answer routinely is, "No.") 

I'll give you some background, then. I'm a psychologist, 

working with some people in this lab who are primarily 

physiologists, and wi th some people from the College of 

Architecture. So, this project brings those three areas of 

interest together. For the most part, we are interested in how 

people respond to videotaped events and environments. In 

particular, we want to comp~~e how people respond 

physiologically with how they respond psychologically. On the 

physiological side, we'll measure some very basic signals, 

like heart rate, respiration rate, etc.; and on the 

psychological side, I'll have you fill out four short 

questionnaires while you are here. Then, later on, we'll 

compare everyone's physiological responding with their 

psychological responding to see if there is a general 

correspondence, or if they disagree. 
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Do you have any questions about the purpose of this 

experiment? (Again, the answer typically is, "No.") 

I'd like to give you this consent form to read. This is 

something that the University requires everyone to read before 

they participate in any research project, so you should take 

a few minutes to read through it completely. It will tell you 

what your rights are if you decide to participate, as well as 

give you more detailed information about what's involved in 

participating in this experiment. 

Let me know if you have any questions. 
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APPENDIX 3 - Subject Consent Form 



TEXAS A & M UNIVERSITY SUBJECT CONSENT FORM 
TO PARTICIPATE IN RESEARCH 

123 

TITLE OF STUDY: AN INVESTIGATION OF PSYCHOLOGICAL AND 
PHYSIOLOGICAL RESPONSES TO VIDEOTAPED EVENTS AND ENVIRONMENTS. 

INVESTIGATORS: 

Roger S. Ulrich, Ph.D. 
Charles H. Shea, Ph.D. 
Russ Parsons, M.A. 

OFFICE PHONE# 

845-1221 
845-5002 
845-6999 

NIGHTS/WEEKENPS 

693-8206 
268-3819 
822-7304 

GENERAL INFORMATION CONCERNING YOUR RIGHTS AS A STUPX 
PARTICIPANT 

You are invi ted to participate in a research study. 
Persons who participate in research are entitled to certain 
rights. These rights include but are not limited to the 
subject's right to: 

1. Bo informed of the nature and purpose of the reaearch. 
The purpose of this study is to measure 
psychological and physiological responses to 
videotaped presentations of various events and 
environments. 

2. Be qiveD an explanation of the procedurea to be 
followed in the reaearch, and any device to be 
used. You will be given a chance to become 
acquainted with the measures to be recorded. These 
include: measurement of your heart rate and 
respiration, which involves placing two biosensors 
on your rib cage; a measure of sweat gland 
activity, which involves placing two biosensors on 
the palm of your non-dominant hand; measures of 
involuntary neural responses, which involves 
placing four biosensors on your forehead, and two 
on your cheek; and, a reference biosensor will be 
placed on your right ear lobe. Finally, you may 
also be asked to give seven saliva samples during 
the course of the experiment. 

Once the biosensors are attached, you will be given 
a short (5 min.) resting period to become 
accustomed to their presence. After the resting 
period, you will see a series of four lO-minute 
videotapes. Among the videos you may see are 



several of outdoor environments; one on the 
prevention of workplace accidents, including the 
depiction of. several simulated accidents, and one 
containing excerpts from a PBS video on hip 
replacement surgery. You will alsv be asked to fill 
out four mood questionnaires during the experiment. 

3. Be qiven a description of any attendant discomforts 
and risks that may he raasonahly expected. The skin 
preparation needed to place the biosensors for the 
physiological measures requires mild abrasion of 
the skin and the use of a conductive qel to make 
proper contact. This may cause some momentary pain 
or irritation. Those who see the video on workplace 
accidents and the hip operation video may 
experience some psycholoqical discomfort, but these 
videos are no more disturbinq than a typical 
adventure film shown in movie theaters. 

4 • Be qi van an explanation of any henafi ts to the 
subject that may he reasonahly expected. You cannot 
expect to receive any direct benefits from this 
study, but your participation will help scientists 
to more fully understand the impact of various 
filmed scenes on psycholoqical and physiological 
respondinq. 

5. Be informed of the alternatives ot medical 
treatment, if any, available to the subject during 
or after the experiment if complications arise. The 
procedures outlined here are those that have been 
determined to give the least risk to you and those 
that provide the information required to answer the 
research questions posed in this study. 

6. Be given an opportunity to ask questions concerning 
the research and the procedures involved. When you 
volunteer for this study, the procedures will be 
discussed with you by one of the investigators. You 
will be able and encouraged to ask questions at any 
time during the experiment. 

7. Be instructed that consent to participate in the 
research may be withdrawn at any time, and the 
subject may discontinue participation without 
predjudice. 

8 . Be qi ven the opportunity to decide to consent or 

124 



Please Note 

Page(s) not included with 
original material and unavailable 

from author or university. Filmed as received. 
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APPENDIX 4 - Debriefinq Form 
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DEBRIEPING FORK 

The purpose of the study you have just completed was to 

determine physiological and psychological responses to 

videotaped events and environments. Information about human 

responses to various environments is useful for designing and 

managing environments for habitation, work, recreation, etc. 

In addition, your responses to the events you witnessed will 

help us determine how people respond to different environments 

when they are feeling slightly anxious or stressed. This 

information can then be used to design environments that 

facilitate recovery from stressful episodes, and to avoij 

designing environments that hinder recovery. You are 

encouraged to ask questions about any part of the experiment 

you don't understand or would like to know more about. 

Finally, we ask for your further cooperation in this research 

by not discussing this experiment with other students until 

after the semester has ended. 

Thank you for participating. 
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APPENDIX 5 - cortisol Assay Procedure 
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APPENDIX 6 - Instructions to View outdoor settings 
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Instructions 

For the next several minutes an outdoor setting will be 

displayed on the screen. Please keep your eyes open, pay 

attention to the screen and relax as much as possible. While 

relaxing, it is important that;" Y0U keep your eyes open and 

imagine that you are sitting outdoors on a public bench and 

actually looking at the setting. Remember: Keep your eyes 

open, relax, and imagine that the setting is real. 
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