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This study examined 274 college students’ psycho-physiological responses to the
six major terrestrial biomes (desert, tundra, grassland, coniferous forest, decidu-
ous forest, and tropical forest), while taking into account the influences of three
perceived physical variables (complexity, openness, and water features) pre-
sented in the biomes. The purpose of the study was to examine which specific
natural setting can evoke the most positive reactions from people. ANCOVA tests
and post hoc comparisons using the setting scores across the participants’ data on
the responses to 48 biome slides regarding scenic beauty, preference, the Short-
version Revised Perceived Restorativeness Scale and the Short-version Revised
Restoration Scale were performed. The results indicated that tundra and conifer-
ous forest were the most favored biomes, whereas desert and grassland were the
least favored. These findings appeared to support the forest hypothesis rather than
the long-held savanna hypothesis. In addition, the results of multiple regression
analyses indicated that the three perceived physical factors explained 9% more
variance of the respondents’ reactions than the biome classification. This
finding suggested that a nonhabitat-specific approach to environmental
responses holds more promise than a habitat-specific approach.

Keywords:  human evolution; savanna hypothesis; forest hypothesis; habitat-
specific approach; nonhabitat-specific approach

Introduction

Contemporary research on evolution, habitat selection, and landscape
aesthetics raises the question of whether there is a specific natural setting
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530 Environment and Behavior

most suitable for humans. Though there have been numerous studies on
how humans react to their natural environments (e.g., R. Kaplan & Kaplan,
1989), they still suffer from certain limitations. First, most of these studies
do not encompass a broad range of natural environments (see reviews in
Balling & Falk, 1982; Ulrich, 1983, 1993). There is general agreement
among ecologists that our complex natural world can, based on temperature
and rainfall, be classified into six major biomes: desert, tundra, grassland,
coniferous forest, deciduous forest, and tropical forest (Odum, 1989). Most
studies often include only one or two of the six major terrestrial biomes and
do not specify biomes as the categorical units representative of the rela-
tively limited natural environments. It should be further noted that these
selected settings have frequently not been examined by experts for their
appropriateness or suitability as representations of a given environment.
Moreover, these studies usually focus on preference alone, whereas prefer-
ence constitutes only one response among many psychological mechanisms
(Ulrich, 1989). Not only do these studies not include a broad spectrum of
psychological aspects, but they also seem to disregard the possible physio-
logical and behavioral responses of the subject.

Related Theories

General evolutionary theory postulates that “natural selection should
have favored individuals who were motivated to explore and settle in envi-
ronments likely to afford the necessities of life but to avoid environments
with poorer resources or posing higher risks” (Orians & Heerwagen, 1992,
p.- 557). Natural selection is regarded as the major mechanism by which
organisms change adaptively and persistently in response to their environ-
ment (deMenocal, 2004). Similarly, habitat selection theory claims that
selecting proper settings in which to live is an essential and necessary activ-
ity for both animals and human beings because habitat selection is closely
related to the successful survival, prosperous reproduction, and well-being
of a species (Orians & Heerwagen, 1992).

To survive, human responses to environments that are based primarily
on the differentiation of habitable from inhabitable settings have to be both
rapid and motivationally powerful (Parsons, 1991). In line with the earlier
notions, the psychological perspective on environmental aesthetics advo-
cates that high-quality landscapes should evoke positive responses, whereas
low-quality landscapes should evoke negative reactions (Daniel & Vining,
1983). Because emotional responses are such powerful motivators of human
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behavior, they would surely have contributed substantially to human sur-
vival and reproduction, otherwise they would not have evolved and been
brought forward in the human species during thousands of years (Orians &
Heerwagen, 1992).

Among the emotions, preference is regarded as the first response to an
environment that has developed through human evolution (Hartig, 1993; S.
Kaplan, 1987; S. Kaplan & Kaplan, 1982). Hence, preference signals
whether an environment can support human survival, functioning, and well-
being (Hartig, 1993; R. Kaplan & Kaplan, 1989). Nevertheless, Ulrich (1993)
further speculates that the positive responses of humans to natural environ-
ments should cover like—dislike and approach behavior, as well as cognitive
functioning and restoration from stress, of which the research on the last two
responses is much less than that on preference.

There are two general approaches to environmental aesthetics along with
the theories of evolution and habitat selection. One approach focuses specif-
ically on human responses to biomes in which Homo sapiens evolved. The
other is not confined to any specific habitat (Orians & Heerwagen, 1992).
There are three major hypotheses with respect to the specific habitat(s) where
humans have evolved (deMenocal, 2004). One is the long-held savanna
hypothesis, which proposes the spread of savanna grasslands in Africa
resulting in hominids (Balling & Falk, 1982; Bobe & Behrensmeyer, 2004;
Dart, 1925; deMenocal, 2004; Jolly, 1970; Klein & Edgar, 2002; Orians,
1986; Robinson, 1954). Another is the forest hypothesis, which argues that
human evolution took place in closed, forested settings (Andrews, 1989;
Berger & Tobias, 1996; Clarke & Tobias, 1995; Rayner, Moon, & Masters,
1993; WoldeGabriel et al., 1994). The third is the grassland—woodland
hypothesis, which proposes that a mosaic of both settings was the adaptive
environment for hominids (Blumenschine, 1986).

Given that adaptations molded by natural selection can persist in some
species for thousands of generations after the sources of selection no longer
exist and that humans might retain psychological and behavioral relics under
relaxed selection that exceed a time frame of a million years (Coss & Moore,
2002), it is speculated that humans have an innate predisposition for the
habitat where they evolved. It is surmised that because of their prolonged
evolutionary history, human beings have developed mechanisms of an emo-
tional, perceptual, cognitive, physiological, and behavioral nature that mold
adaptive responses to evolutionary habitats (Balling & Falk, 1982).

There are three major theories underlying a nonhabitat-specific approach
to landscape aesthetics. Appleton’s (1975/1996) prospect-refuge theory
states that people prefer locations similar to the savanna grasslands in
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Africa where grasses provide easy lookouts for spotting prey and threats, and
scattered trees offer hiding places from enemies and predators. He further
advocates that these settings which afford prospects and provide refuge,
either physical or symbolic, for the opportunity to “see without being seen”
will evoke people’s positive reactions. In line with Berlyne’s (1971) infor-
mation theory that advocates human preference for an optimal level of envi-
ronmental stimuli, Rachel and Steven Kaplan state that for evolutionary
success, human beings need to explore their surroundings to acquire informa-
tion and to understand as well as interpret that acquired information quickly
(S. Kaplan, 1987; S. Kaplan & Kaplan, 1982; R. Kaplan & Kaplan, 1989).
Environments in which people can readily do so tend to be liked, approached,
and furthermore to have higher restorative potential from mental fatigue.
Otherwise, they tend to be disliked and avoided (S. Kaplan, 1987; R. Kaplan
& Kaplan, 1989). Similarly, Ulrich (1983) claims that responses (including
emotion, physiology, behavior, and recovery from stress) to environments are
triggered by preferenda (Zajonc, 1980). In general, the preferenda of natural
settings can be classified into three groups: (a) gross structure, such as com-
plexity, order, and focality; (b) gross depth cues, such as spaciousness,
ground surface texture, and deflected vista; and (c) general environmental
content, such as perceived threat, or support, such as water and vegetation.

Previous Studies

Thus far, only three studies have specifically investigated human
responses to biomes. Balling and Falk (1982) examined 548 respondents’
preferences for both residing in five biomes during extended time periods and
visiting the five biomes during relatively short time periods. These five bio-
mes included tropical rain forest, temperate deciduous forest, coniferous for-
est, savanna, and desert. Each biome was represented by four slides. They
found that the participants of the various groups exhibited a significantly
higher preference for savanna, deciduous forest, and coniferous forest than
for tropical forest and desert. Their results suggested that there was some sup-
port for the savanna hypothesis and perhaps even for the forest hypothesis.
One year later, Lyons (1983) all but replicated Balling and Falk’s study using
the same visual stimuli with different background participants. The study
showed that the 281 respondents all appeared to prefer coniferous forest,
deciduous forest, and tropical forest to desert. In addition, Woodcock (1982)
examined 200 college students’ preferences for three biomes: savanna, hard-
woods, and rain forest. Each biome was represented by 24 slides, which
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included the same four exemplars used by Balling and Falk in their studies.
His research showed that hardwoods had the highest preference, whereas the
other two biomes were rated as being very close. The results obtained from
the studies of Lyons and Woodcock appeared to favor the forest hypothesis.

Nevertheless, these three studies still shared three drawbacks that were
similar to those studies conducted without using biomes as the natural setting.
First, they did not cover the full range of terrestrial biomes. Second, in select-
ing slides for biome representativeness, the researchers did not check for any
other variables, such as complexity, openness, and water features, and the effect
that they had on the psycho-physiological responses of people. Complexity,
openness, and water features have been known to have a considerable impact
on a person’s psycho-physiological reactions (Berlyne, 1971; Mehrabian &
Russell, 1974; Ulrich, 1979, 1983, 1993). The biome context alone may thus
not have been the only source of response differences. Third, Balling and
Falk (1982), Lyons (1983), and Woodcock (1982) tested only one psycho-
logical factor, preference, as the dependent variable in their studies and
neglected to take into account the other variables such as behavior, cognition,
and restoration. Although Woodcock included legibility, mystery, prospect,
and refuge as the predicting variables, he did not control for the influences of
these four predictors on preference across the three biomes.

In spite of the importance of human responses to natural settings as inter-
preted from the theoretical perspectives of evolution, habitat selection, and
environmental aesthetics, the findings in the foregoing research seem to pre-
clude certainty. The purpose of this study is therefore to rigorously examine
the human reactions to the six major terrestrial biomes while taking into
account the influences of complexity, openness, and water features pre-
sented in the biomes. Furthermore, the investigated responses are extended
from preference to scenic beauty, recovery from mental fatigue, and psycho-
physiological stress to determine which biome can evoke the most positive
reactions from people. In this way, the study hopes to provide a deeper and
broader understanding of human psycho-physiological responses to nature
in general and to biomes in particular, which arguably might shed some light
on whether there is a specific natural setting most suitable for humans.

Method

This study employed a completely within-participants design involving
three experiments. All the experiments involved small groups of undergraduate
students at Texas A&M University in the United States. All of the experiments
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were conducted in the same auditorium in the university’s College of
Architecture. The participants’ task was to view each of the randomly ordered
color slides as surrogates of the actual biomes and to record their responses
in terms of scenic beauty, preference, and restoration.

Stimuli

The following four steps were used to select slides that were appropriate
to and representative of the actual biomes. To begin with, the author selected
200 slides from thousands of color slides owned by two doctoral students
and seven professors in the departments of Forest Science, Geography,
Landscape Architecture and Urban Planning, and Rangeland Ecology and
Management at the university. These slides were taken around the world
without any specific aesthetic considerations or constraints. The selection
of the slides was based on the following three criteria: the presence of nat-
ural landscapes and terrestrial biomes, good photographic quality with as
little distortion as possible, and horizontal photographic shots taken at
approximately eye level without looking up or down. Among these 200
slides, 27 slides were of desert, 38 were of tundra, 35 were of grassland, 33
were of coniferous forest, 31 were of deciduous forest, and 36 were of trop-
ical forest. The next step was to invite three different groups of judges to eval-
uate the 200 color slides on a 5-point scale, with five denoting the highest
level. Evaluations of these 200 slides followed the same procedure using a
blocked format, where slides of a given biome were presented one-by-one
to the judges for rating.

The first group of judges, which consisted of three graduate students in the
College of Architecture at the university, evaluated the slides in terms of their
photographic quality. The judges had an average of 12 years’ experience in
photography. The second group of judges, which consisted of two graduate
students and one postdoctoral researcher in the college, evaluated the slides
according to the three perceived physical variables: complexity, openness,
and water features. The final group of judges, which consisted of four pro-
fessors from the departments of Forest Science, Geography, Landscape
Architecture and Urban Planning, and Rangeland Ecology and Management
at the university, evaluated each of the slides in terms of their appropriateness
as a biome type. The evaluations of appropriateness were based on Odum’s
(1989) definitions of terrestrial biomes and the judges’ expertise.

As aresult of the judges’ ratings of the 200 slides, 48 slides were selected
and were later used in three experiments as the visual stimuli. Each of the
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six biomes was represented by 8 slides, which had been judged to have good
photographic quality (mean = 3.6/5.0), to be the most appropriate samples
for that biome (mean = 4.2/5.0), and to exhibit varying degrees of the three
perceived physical variables. The judges’ ratings for the 8 slides for each
biome were averaged to form a setting score for biome appropriateness, pho-
tographic quality, complexity, openness, and water features for later statisti-
cal analyses (Herzog & Chernick, 2000). The use of setting score has several
advantages (Herzog & Barnes, 1999; Richards, 1996), such as that it is a
summary of central tendency and variability across raters (Herzog & Stark,
2004), it provides conservative analyses because the number of settings
is usually less than that of raters (Herzog & Barnes, 1999), and it focuses
on the perceptual quality of settings rather than individual differences
among raters (Herzog & Barnes, 1999; Hull & Stewart, 1992).

Procedure

Experiment 1 involved the collection of data on scenic beauty and pref-
erence from 92 participants. Of these 92 participants, 47 were male and 45
were female, with the average age of all participants being 19.30. Both mea-
sures were recorded on 9-point scales, with 9 denoting the highest level. The
definition of scenic beauty selected for this research was a perceptual eval-
uation in response to the visual attributes of the presented landscape (Daniel
& Vining, 1983; Gritter, 1997; Jang, 1998; Yhang, 1994). Preference was
defined as a personal liking for the presented landscape for whatever reason
(Herzog & Bosley, 1992).

Experiment 2 entailed collecting data for 93 participants using
Hartig’s (Hartig, Korpela, Evans, & Garling, 1997) Short-version Revised
Perceived Restorativeness Scale (SRPRS). Hartig’s SRPRS has three
dimensions (being away, fascination, and compatibility) together with 12
items and is based on the Kaplans’ (R. Kaplan & Kaplan, 1989) Attention
Restoration Theory. The SRPRS is specifically designed to measure one type
of cognitive functioning, namely, the recovery of directed attention from
mental fatigue (Table 1). The research findings indicate that the validity and
the reliability of the SRPRS were satisfactory (Herzog, Black, Fountaine, &
Knotts, 1997). Of the 93 respondents, 45 were male and 48 were female, with
their average age being 18.87.

Experiment 3 involved the collection of data for 89 respondents using
Han’s (2003b) Short-version Revised Restoration Scale (SRRS). Han’s
SRRS covers four dimensions (emotion, physiology, cognition, and behavior)
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Table 1
Hartig’s Short-Version Revised Perceived Restorativeness Scale

Imagine you were in the presented landscape. How would you agree with the following
statements?

Being Away:
It is an escape experience.
(not at all) 1 2 3 4 5 6 7 8 9 (a great deal)

Spending time here gives me a good break from my day-to-day routine.
(notatall)1___ 2 3 4 5 67 8 9 (agreatdeal)
Fascination:
The setting has fascinating qualities.
(not at all) 1 2 3 4 5 6 7 8 9 (a great deal)

My attention is drawn to many interesting things.
(not at all) 1 2 3 4 5 6 7 8 9 (a great deal)

I would like to get to know this place better.
(not at all) 1 2 3 4 5 6 7 8 9 (a great deal)

There is much to explore and discover here.
(not at all) 1 2 3 4 5 6 7 8 9 (a great deal)

I would like to spend more time looking at the surroundings.

(notatall)1___ 2 3 4 5 67 8 9 (agreatdeal)

Compatibility:

I can do things I like here.

(notatall)1___ 2 3 4 5 67 8 9 (agreatdeal)
I have a sense that I belong here.

(notatall) 1___ 2 3 4 5 67 8 9 (agreatdeal)
I have a sense of oneness with this setting.

(notatall)1___ 2 3 4 5 67 8 9 (agreatdeal)
Being here suits my personality.

(notatall)1___ 2 3 4 5 67 8 9 (agreatdeal)

I could find ways to enjoy myself in a place like this.
(not at all) 1 2 3 4 5 6 7 8 9 (a great deal)

Source: Hartig, Korpela, Evans, & Garling, 1997. Reprinted from “A measure of restorative qual-
ity in environments” by Hartig, T. A., Korpela, K., Evans, G. W., & Garling, T. from Scandinavian
Housing & Planning Research 1997, Volume 14, pp. 175-194, by permission of Taylor & Francis.

together with eight items and is based on the theories of the Kaplans
(R. Kaplan & Kaplan, 1989) and Ulrich (1983). In Ulrich’s view, restora-
tion is derived from the reduction in stress. The SRRS is thus developed
to measure the recovery from psychological and physiological stress
(Table 2). The research findings show that the validity and the reliability of
the SRRS are acceptable (Han, 2003b). The 89 respondents included 43
males and 46 females, with the average age of all participants being 18.94.
In each of the three experiments, various versions of the questionnaire
listed the dependent variables of interest in different sequences. Two identical
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Table 2
Han’s (2003) Short-Version Revised Restoration Scale

Imagine you were in the projected scene. How would you describe your emotional
response?

Grouchy Good natured
(very much) 1 2 3 4 5 6 7 8 9 (very much)
Anxious Relaxed

(verymuch)1___ 2 3 4 5 6.7 8 9 (very much)
Imagine you were in the projected scene. How would you describe your
physiological response?
My breathing is becoming faster.
(notatall)1___ 2 3 4 5 67 8 9 (very much so)
My hands are sweating.
(notatall)1___ 2 3 4 5 6.7 8 9 (very much so)
Imagine you were in the projected scene. How would you describe your
cognitive response?
I am interested in the presented scene.
(notatall)1___ 2 3 4 5 67 8 9 (very much so)
I feel attentive to the presented scene.
(notatall)1___ 2 3 4 5 6.7 8 9 (very much so)
Imagine you were in the projected scene. How would you describe your
behavioral response?
I would like to visit here more often.
(notatall)1___ 2 3 4 5 67 8 9 (very much so)

I would like to stay here longer.
(not at all) 1 2 3 4 5 6 7 8 9 (very much so)

copies of the 48 selected slides were arranged in random order. It is worth
noting that, in both sets, not more than 2 slides of the same biome were
arranged in consecutive order (Herzog et al., 1997), and the set of slides that
was used during each experiment was randomly determined. The various
versions of the questionnaire were distributed evenly among the partici-
pants. The combined use of the various questionnaire versions and the two
copies of slides attempted to reduce the effect of order.

In Experiment 1, the 92 participants’ scores on scenic beauty and prefer-
ence with respect to the 48 slides were averaged to form two setting scores,
respectively. In Experiment 2, the 93 participants’ data on the SRPRS were
first averaged to form composite scores for each of the three dimensions for
each slide and were then averaged to form one setting score for each slide
(Hartig et al., 1997). In Experiment 3, the 89 participants’ data on the SRRS
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were also averaged to form composite scores for each of the four dimen-
sions. The composite score of the second dimension was reversed because it
measures physiological arousal. Then the composite scores were averaged
to form the setting score (Han, 2003b).

Results

The internal reliability coefficients of the judges’ ratings for photographic
quality, biome appropriateness, complexity, openness, and water features
across the 200 slides were 0.76, 0.61, 0.64, 0.87, and 0.96, respectively. The
results of the five analyses of variance using the judges’ setting scores indi-
cated that there was no significant difference in terms of photographic qual-
ity, biome appropriateness, and the three perceived physical features across
the biome slides. Of the three perceived physical variables, only complexity
and water features exhibited a moderate and significant association (r = 0.442,
p < 0.001). Meanwhile, the internal reliability coefficients of the subjects’
data in relation to scenic beauty, preference, SRPRS, and SRRS were all
0.98. As for the setting scores for these four responses, all of them were
strongly and significantly correlated (r > 0.952, p < 0.001). Also, the results
of the factor analysis indicated that these four responses formed one com-
ponent. This was not surprising because both of the theories of the Kaplans
(R. Kaplan & Kaplan, 1989) and Ulrich (1983) postulate that visually pre-
ferred environments are not only positively correlated with human restora-
tion but also seem to promote it (Hartig, 1993; R. Kaplan, Kaplan, & Ryan,
1998; Korpela, 1991; Newell, 1997; Ulrich, 1984). The dominant factor score
for the 48 slides was also calculated for subsequent analyses.

The relationships between the three perceived physical factors and the
four responses were preliminarily explored here by conducting regression
analyses. More detailed analyses of their complex relationships and the dis-
tinction between the four responses are subject to another article under
preparation. In short, both the simple linear and quadratic regressions were
appropriate models and explained almost the same amount of variance,
except for that variance found between scenic beauty, preference, SRPRS,
and openness. Because of its parsimony, the simple linear models were pre-
ferred to the quadratic models, which provided a basis for multiple regres-
sion analyses. The results of the multiple regression analyses specifying the
responses as dependent and the perceived physical variables as independent
suggested the four responses to be distinguishable from each other in terms
of the three perceived physical variables (Han, 2003a). Also, given that the
three perceived physical variables and the four response measures were
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related and that no correlations between the three perceived physical
factors were larger than 0.80, they were suitable for running ANCOVAs
(Elashoft, 1969).

Four ANCOVAs treating the setting scores on scenic beauty, preference,
SRPRS, and SRRS as dependent, the biomes as independent, and the setting
scores on three perceived physical factors as the covariates were conducted
to determine which biome was most favored by the respondents. Running
four ANCOVAs, instead of a single one, which used the dominant factor
score was intended to explore a comprehensive picture of human responses
to the biomes. These four ANCOVAs met the statistical requirements of
equality of error variances and homogeneity of within-class regression
coefficients (SPSS Inc., 1999). The results of these four ANCOVAs had two
things in common. First, the participants responded significantly differently,
F(5,39)>4.752, p < 0.01, to the six biomes in terms of the four measures.
Second, the three perceived physical variables significantly explained a large
part of the variance of the dependent variable, F(1, 39) > 5.478, p < 0.05,
except for complexity with respect to scenic beauty, preference, and SRRS,
F(1,39)< 3.920, p > 0.05. This indicated that these three perceived physical
factors compensated for the systematic biases among the samples, reduced
within-groups variability, and thus increased the precise estimation of the
treatment effect (Huck, 1972; Snedecor & Cochran, 1989; Stevens, 1990).

In addition, it should be noted that respondents had almost an identical
rank ordering with regard to the four measurement means adjusted for the
covariates across the six biomes. Tundra and coniferous forest had the high-
est and the second highest scores, respectively, in relation to the four
responses, and grassland and desert had the second lowest and the lowest
scores, respectively, for the four measures (see Figure 1 for examples of the
48 biome slides). The only difference in terms of rank ordering was that
grassland and desert exchanged their positions as the lowest and the second
lowest items on the SRPRS (Table 3).! Bonferroni post hoc comparisons of
the six biomes were performed with respect to the four responses adjusted
for the covariates. Tundra had significantly higher means than grassland and
desert for all four measures. Coniferous forest was rated substantially higher
than desert in relation to the four responses and was higher than grassland in
regard to the SRPRS and SRRS. In addition, tundra’s mean in relation to the
SRRS was significantly higher than the deciduous forest’s mean.

Moreover, to determine whether the three perceived physical variables or
the biome classification can explain more variance of the human responses,
three multiple regression analyses all specifying the dominant factor score
as the dependent variable and using the enter method were performed. The
first multiple regression specified the three perceived physical variables as
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Table 4
Summary of the Results of the Three Multiple
Regression Analyses
Equation 1 Equation 2 Equation 3
Dependent Variable B p Value B p Value B p Value
Complexity 0.274 0.035 0.261 0.021
Openness 0.172 0.139 0.290 0.005
Water features 0.455 0.001 0.325 0.003
Dummy 1 (Desert) -0.321 0.011 -0.466 0.006
Dummy 2 (Tundra) 0.210 0.086 0.130 0.422
Dummy 3 (Grassland) -0.273 0.035 -0.303 0.065
Dummy 4 (Coniferous) 0.141 0.226 0.140 0.387
Dummy 5 (Deciduous) -0.114 0.324 -0.126 0.437
R? 0.445 0.697 0.355
F 11.213 < 0.001 4.631 0.002 11.755 < 0.001

independent. The second one treated all the perceived physical factors and
five dummy variables transformed from the six biome types as indepen-
dent. The third multiple regression took only the five dummy variables as
independent. All these three multiple regression analyses did not encounter
the problem of collinearity as indicated by the Conditional Index (< 15;
Belsley, Kuh, & Welsch, 1980). By comparing the values of R?, the results
indicated that the first multiple regression explained 9% more of the vari-
ance than the third one (Table 4). This suggested that the perceived physi-
cal variables were slightly better than the biome classification in explaining
the psycho-physiological response to natural landscapes, though whether
this difference reached a statistical significance was not known.

Discussion

In addition to this research, three other studies (Balling & Falk, 1982;
Lyons, 1983; Woodcock, 1982) tested human responses to biomes. Although
the participants were of various age groups and a variety of biome cate-
gories was used, these four studies gave rise to both similar and contrasting
results. The findings from these independent research projects suggest that
desert is the least preferred biome. However, the author’s study found four
results that contrasted from those of the earlier research. First, in this study,
tundra and coniferous forest were clearly the most favored biomes, whereas
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Figure 1
Sample Slides of the Six Biomes

A Highest in Preference Lowest in Preference

Biome
Desert

score: 4.99 score: 3.86
Tundra

score: 8.27 score: 4.58
Grassland

score: 5.64 score: 4.41

(continued)
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Figure 1 (continued)

B Highest in Preference

Biome
Coniferous
Forest

score: 8.03 score: 3.79

Deciduous
Forest

score: 7.55 score: 4.60

Tropical
Forest

score: 4.55

score: 8.37
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other studies did not appear to produce such clear-cut results regarding the
most preferred biome(s). Second, in the previous research, deciduous for-
est tended to be in the top half of the biomes studied in terms of preference,
whereas in the present study, deciduous forest was ranked fourth among the
six biomes in terms of scenic beauty, preference, and restorativeness.
Moreover, grassland appeared to be one of the least favored biomes in this
study, whereas savanna was not evaluated as the least preferred biome in
the other three studies. Fourth, this study used the three perceived physical
features of the six biomes as the controlling variables in the hope that it
would lead to a better understanding of human responses to natural settings
in terms of scenic beauty, preference, and restoration.

Before going further to the discussions, the author wishes to bring three
points to the readers’ attention. First, both the SRPRS and the SRRS are
instruments to measure perceived restoration or restorative potential of envi-
ronments rather than actual restorativeness. Second, Balling and Falk (1982)
and Lyons (1983) used participants of various ages and found that preferences
for biomes differed between age groups. This is regarded as an interaction
between innate predisposition of natural settings as advocated by evolutionary
theory and experience with or learning about environments as advocated by
cultural theory. Because this study focused more on human evolution, the
effects of the demographic features of the respondents such as age, gender,
residence, education, and occupation on their responses were not examined
here. Third, although the biome slides were not photographed based on aes-
thetic criteria, they were not a random sample of natural landscapes.

Responses to Grassland

Quite unexpectedly, the participants of this research responded very unfa-
vorably to grassland. This was relatively surprising because several studies
have demonstrated that participants, regardless of cultural differences, exhibit
a significant preference for savanna-like or park-like settings, which are char-
acterized by relatively smooth ground surfaces with scattered trees (Balling
& Falk, 1982; Ruiz & Bernaldez, 1982; Ulrich, 1979, 1983, 1986, 1993; Yi,
1992). Balling and Falk (1982) referred to this positive reaction to park-like
settings as the support for the savanna hypothesis. Alternatively, this can also
be interpreted as support for the grassland—woodland hypothesis because
grassland with scattered clumps of trees can be viewed as open woodland or
a mix of grassland and forest.
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However, the other three studies that specifically focused on human
responses to biomes appeared to be nonsupportive of the savanna hypothe-
sis. Researchers could argue that this fact is largely because of the sampled
instances for savannas. Balling and Falk’s (1982) four savanna slides included
a relatively green one that received higher ratings in relation to preference
than the other slides. By contrast, Lyons (1983) chose not to include that
slide because it was rated as being too different from other savanna exem-
plars. Furthermore, Woodcock’s (1982) 24 savanna slides included the same
four instances used by Balling and Falk. Moreover, his slides covered both
dry and wet types of savannas in Africa. Out of 8 grassland slides, the cur-
rent study included 4 relatively lush ground surfaces and 2 relatively smooth
ground surfaces with scattered trees. However, neither of these studies found
a higher preference for savanna grassland than for other biomes.

Though this study included scenes not only of savannas dominated by C,
grasses in African tropical ecosystems (Cerling, 1992; deMenocal, 2004;
Sarmiento, 1984) but also of grasslands elsewhere, it might shed some light
on the savanna hypothesis in particular and on human perceptions of nat-
ural environments in general. Balling and Falk (1982) did refer to the nat-
ural settings as biomes in their study (p. 11), and they also invited experts
to judge the biome representativeness of their slides (p. 12). Since Balling
and Falk’s study, many researchers and authors have made use of this term
in their research. However, it is becoming apparent that the savanna hypoth-
esis with a psychological perspective does not strictly adhere to any bioe-
cological definition. When considered under a strict ecological-biome
definition, the savanna hypothesis tends to be rejected, whereas a less bio-
logical and more landscape-featured version tends to be supported.

Although the preferred features can be described as relatively smooth
ground surfaces with scattered trees, they might be more appropriately clas-
sified as psycho-biological rather than bioecological. This is because not
every natural setting characterized by the landscape features of smooth
ground surfaces with scattered trees meets the bioecological definition of
savanna grassland. Furthermore, if the favorable landscape configurations
of savannas appear to be preferred irrespective of any official biomes, an
interesting issue is raised: Are psycho-biological descriptions more appro-
priate than bioecological features when studying human responses to nat-
ural settings? The answer is perhaps that they are because the findings of
this study suggest that the biome classification is not the best factor in
determining the psycho-physiological response.

Another possible reason for not finding positive reactions to savanna
grassland is some evidence that indicates that C, grasslands similar to the
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savannas in today’s Africa were established millions of years after the
hominid species developed its obligate bipedal ability (Bishop, 1976; Leakey
& Hay, 1979; Cerling, 1992; Cerling & Hay, 1986; Potts, 1998; Senut et al.,
2001). Therefore, savanna grasslands were not the evolutionary habitats for
humans and human beings did not develop psychological mechanisms that
molded adaptive responses to those savanna grasslands.

Responses to Deciduous Forests

In studies by Balling and Falk (1982) and Lyons (1983), deciduous for-
est was rated as having a very high preference among the general population
and by college students in particular. Woodcock (1982) also found that hard-
woods were evaluated as having the highest preference among college
students. All their slides were photographed during the spring and summer
growing seasons. Their findings seem to support the forest hypothesis, as
human beings have developed psychological mechanisms that mold adap-
tive responses to woodland.

This study included three slides of deciduous trees that were not taken
during the growing season, and it was found that deciduous forest evoked
relatively low positive responses. This finding does not appear to support the
forest hypothesis. Among the slides used in this study, two had sparse leaves
and one showed orange-brown leaves that were changing color. Previous
research indicates that the amount of tree crowns visible is positively asso-
ciated with people’s favorable reactions (Buhyoff, Gauthier, & Wellman,
1984; Lien & Buhyoff, 1986; Schroeder, 1989). This perhaps explains the
low favorable responses to deciduous trees with small amounts of leaves.
However, other studies have also shown that respondents tend to prefer for-
est slides featuring the orange-brown color (Buhyoff, Wellman, & Daniel,
1982) and a complexity of vegetation color (Pearce & Waters, 1983). This
demonstrates both the importance of and difficulty encountered in collecting
samples of natural landscapes that are not in a static but rather a dynamic
state. Seasonal changes appear to be a very important factor in gaining a
proper and accurate understanding of human responses to natural landscapes
(Orians & Heerwagen, 1992).2

Responses to Coniferous Forest

This study found that the participants responded the second most favor-
ably to coniferous forest among the six biomes. This finding does not seem
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to support the forest hypothesis because coniferous forests have not been
flourishing in tropical Africa. Instead, it seems to favor a cultural theory that
advocates that environmental preferences are determined socioculturally
through experience or learning because American people are familiar with
or frequently exposed to parks or backyards, where coniferous trees are
relatively common.

Nevertheless, as bioecological features are not the most appropriate
operational definitions for studying human reactions to natural settings,
particularly in the case of savanna grasslands, this would also be applicable
to forested environments and even any natural setting. Scholars adopting
evolutionary perspectives might contend that (a) contemporary humans are
supposed to react most favorably to those settings containing features or
patterns that are close to or similar to those of the evolutionary habitats and
(b) this does not mean that the preferred settings should have bioecological
features or patterns that are identical to the evolutionary environments. The
earlier notions are advocated by the nonhabitat-specific approach as it is not
the habitat per se but certain features presented in the habitat that evoke
people’s favorable responses. This contrasts with the habitat-specific approach
as in the cases of the savanna, forest, and grassland—woodland hypotheses
(Orians & Heerwagen, 1992).

It appears that the preferred characteristics are not purely bioecological
in nature. Thus, favored woodlands could be deciduous, coniferous, or trop-
ical forests as long as they exhibit the preferred features. By contrast, set-
tings, no matter their official biome types, without these preferred
characteristics tend to be disliked. This is illustrated by results showing that
one tropical forest slide received the highest preference score, one tundra
slide received the second highest preference score, one coniferous forest
slide was rated to have the lowest preference, and one desert slide was rated
to have the second lowest preference among the total of 48 slides (Figure 1).
Therefore, the nonhabitat-specific approach shows its greater flexibility,
potential, and promise over the habitat-specific approach when studying
human reactions to nature.

Responses to Tundra

An interesting result of this study is that tundra was found to be the most
favored setting in terms of scenic beauty, preference, and restorativeness.
Thus far, very few studies have attempted to investigate people’s psycho-
physiological reactions to tundra. It is therefore evident that more research
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will have to be done on the subject before any justifiable claims can be made
about it. Nevertheless, people’s strong and positive responses to tundra,
which by definition is cold and arid, seem unexpected; tundra is considered
to be a hostile habitat for most living creatures. It is worth noting that neither
an evolutionary perspective nor a cultural perspective can provide reasonable
explanations as to how and why people responded so favorably to tundra in
the present study. Thus far, no evidence has suggested that tundra plays a vital
role in human history in terms of biological evolution or civilization.

Some people might be curious as to why this study included tundra,
because the previous studies conducted by Balling, Falk, Lyon, and Woodcock
never did. However, tundra deserved inclusion as it is a legitimate type among
the six major terrestrial biomes. Balling and Falk (1982) also mentioned that
tundra was one kind of natural environment and raised concerns about people’s
responses to it more than 20 years ago (pp. 6-7). However, why tundra was
not included in their study is still not known. The absence of research on
people’s responses to tundra might have resulted from careless omissions
or simply the difficulty of having access to tundra.

Two factors may have played a role in the favorable responses to tundra
that were found in this study. The first one is related to the climate of Texas
and the other is related to the slide examples of tundra. The participants’
data on scenic beauty, preference, and restoration with respect to the six
biomes were collected from students at Texas A&M University. Although
not all participants were Texans, given that they were recruited in the spring
semester, they would have lived in Texas for at least a couple of months.
Therefore, the participants’ experiences of the humid and hot weather in cen-
tral Texas might have led to favorable responses to tundra that is dry and
cold. However, Balling and Falk (1982) compared the preference data col-
lected from Arizona (a desert climate, n = 30) and non-Arizona (n = 100)
college students in the United States and found a high correlation and no
difference for their five biomes. The effect of the experience of weather on
responses to landscapes probably deserves attention in future research. It
appears that very few discussions have been devoted to this subject so far.

Moreover, most of the tundra slides used in this research were represen-
tative examples of alpine tundra on high mountains with few trees (Odum,
1989) and included only a few examples of Arctic tundra around polar ice-
caps at high latitude, which are usually flat, featureless, and monochromic
(Odum, 1989).? Several studies have shown that people prefer natural land-
scapes with great variations in topography or color over those with little or
no variation (e.g., Brush, 1981; Bureau of Land Management, 1983; Litton,
1972; Shafer, Hamilton, & Schmidt, 1969; Pearce & Waters, 1983; Zube,
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1970). Thus, if the slides had included more examples of Arctic tundra, the
participants’ reactions in terms of scenic beauty, preference, and restorative-
ness to tundra may have been less favorable. However, attributing the par-
ticipants’ favorable reactions exclusively to the tundra’s changes in elevation
seems somewhat inappropriate because the slides for each of the six bio-
mes do show some mountain backgrounds. Nevertheless, it seems to be rel-
atively difficult to use a reasonable number of exemplars to cover even one
type of natural setting in a representative and comprehensive manner. This is
because each of the major biomes still includes subcategories (Odum, 1989).

Three Perceived Physical Variables

The three perceived physical features explained more variances than the
biome classification in the participants’ responses. When ignoring the biome
classification, people respond most favorably to a natural setting possessing
a high level of complexity and a large quantity of water features. Also, even
when the biome classification was included in the multiple regression analy-
sis along with the perceived physical variables, complexity, openness, and
water features were still significant predictors of the response (Table 4).
Convergently, they suggested that a nonhabitat-specific approach to environ-
mental responses is more flexible than a habitat-specific approach; the favor-
able features appear to be irrespective of biome types. Meanwhile, these
preferred characteristics have been identified repeatedly in numerous studies
(e.g., Berlyne, 1971; R. Kaplan & Kaplan, 1989; Ulrich, 1983; Yi, 1992) and
are congruent with several theories of landscape aesthetics or environmental
perception. According to Berlyne’s (1971) information theory, human beings
should respond favorably to a natural setting with moderate to high levels of
information rate because natural environments are less information intensive
than man-made settings. In addition, both evolutionary and cultural theories
propose that human beings have strong and positive reactions to environ-
ments with the presence of water features, given the significance of water for
survival and well-being, through either biological needs or learned experi-
ences (e.g., Orians & Heerwagen, 1992; Ulrich, 1983, 1993).

Taken together, it all seems to suggest that human landscape preference or
other responses to environments is not one dimensional. A comprehensive
understanding of landscape preference or responses to environments should
not be limited to any perspective alone. A combination of various theories—
such as the evolutionary, cultural, Berlyne’s (1971) information, the Kaplans’
(1989), Ulrich’s (1983), and Appleton’s (1975/1996) prospect-refuge
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theories—is probably the approach that holds the most promise. Note that
the author does not intend to nullify any theory of landscape aesthetics nor
do the results of this study advocate the need for using the perceived phys-
ical variables alone as a theoretical alternative to, or replacement of, any
other theories. Furthermore, when integrating these theories, researchers
probably need to clarify the exact interrelatedness of biophysical features
(such as water bodies, tree crowns, landforms, colors), perceived variables
(for example, complexity, mystery, familiarity), and psycho-physiological
responses (i.e., preference, restoration, EMG, epinephrine) (Han, 1999).

Conclusion

In line with the perspectives of human evolution, the objective of this
study was to test people’s responses to the six major terrestrial biomes while
controlling three perceived physical variables to investigate which specific
natural setting can evoke the most positive responses from the college
students. The results indicated that tundra and coniferous forest were the most
favored biomes, whereas desert and grassland were the least favored ones.
These findings tend to support the forest hypothesis but not the long-held
savanna hypothesis. In addition, the nonhabitat-specific approach shows its
greater flexibility and potential than the habitat-specific approach. Given that
a grassland—woodland setting is not among the six biomes, the grassland—
woodland hypothesis was not examined here. Future research might make use
of an approach similar to psychological relics to test the grassland—woodland
hypothesis. Nonetheless, the hypotheses of the savanna, forest, and grassland—
woodland need not necessarily be confined by a purely bioecological point
of view.

It appears that no single current theory alone can sufficiently explain the
causal processes responsible for any consistently favorable reaction to nat-
ural settings in general and to biomes in particular. An approach that inte-
grates multiple perspectives such as evolution and culture seems to hold the
most promise for understanding the landscape preferences or responses to
environments among humans. In addition, the influence of weather and sea-
sonal changes, which have seldom been taken into account in studies on
environmental perception and landscape aesthetics, probably deserves fur-
ther exploration. Also, the distinction between scenic beauty, preference, and
restoration as well as their relationships between other variables (physical
and perceived) are worthy of investigation (Han, 2001, 2002, 2003a; Herzog,
Maguire, & Nebel, 2003). Finally, the author hopes that social sciences
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such as psychology and natural sciences such as palacogeography can work
together and complement each other to contribute to a more comprehensive
picture of human evolution.

Notes

1. The rankings of the four responses of the unadjusted means for the six biomes only differed
from those adjusted for the covariates at the exchanging spots of coniferous forest and tundra.

2. Landscape Research recently published a special issue on seasonal landscapes (Palang,
Fry, Jauhiainen, Jones, & Soovali, 2005).

3. Odum’s (1989) definition of tundra is “Between the forests to the south and the Arctic
Ocean and polar icecaps to the north lies a circumpolar band of about 5 million acres of tree-
less country called the Arctic tundra. Smaller but ecologically similar regions found above the
tree line on high mountains are called alpine tundras” (p. 238).
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