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Knowledge  of how  to increase  the  restorative  quality  of  residential  streetscapes  may  help  to offset
problems  entailed  by  urban  densification.  The  present  study  considered  the  effects  of trees,  grass,  and
flower  beds  on  ratings  of restoration  likelihood  for streetscapes.  We  used  digital-imaging  techniques  to
systematically  vary  these  natural  elements  in  images  of  residential  streets  with  different  architectural
characteristics.  Using  a  web-based  procedure,  103 images  were  rated  by  independent  groups  of  Icelandic
adults  (N  =  188)  on either  restoration  likelihood,  preference,  being  away,  or  fascination.  Group  mean
scores  on  the  psychological  variables  were  calculated  for each  image,  and  the  images  were  then  used  as
the units  of  analysis  in regression  analyses.  Ratings  of restoration  likelihood  increased  with  increase  in

the number  of street  trees  and  the presence  of flower  beds.  These  effects  were  apparently  mediated  by
perceptions  of  being  away  and  fascination.  The  architectural  characteristics  of  buildings  along  the  streets
had  a strong  independent  effect  on  restoration  likelihood  ratings,  but  they  did  not  moderate  the  positive
effects  of vegetation  on restoration  likelihood  ratings.  The results  provide  guidance  for  the  design  of  more
psychologically  sustainable  urban  residential  environments.

©  2015  Elsevier  GmbH.  All  rights  reserved.
ntroduction

Streets take up some 25–35% of all developed urban land (Jacobs,
997). This is a substantially higher proportion of urban area than
hat dedicated to parks and other public spaces. Due to their role in
he urban infrastructure and their proximity to residences, streets
re among the places where residents spend much of their time
utdoors (Getz et al., 1982). Streetscapes also occupy the views
hat many people have from inside their homes and workplaces.
iven the normal, recurring needs for psychological restoration
xperienced by people in cities, knowledge of how to increase the
estorative quality of urban streetscapes should be beneficial, both
or the people living and working beside them and also for those
ho are moving along them as they travel to some destination. To

ddress the need for such knowledge, in the present study we use a
arge number of computer-generated images to estimate the effect
f different types and amounts of vegetation on judgments of the
ikelihood of restoration in urban streetscapes.
∗ Corresponding author. Tel.: +354 699 5920.
E-mail address: pall.jakob.lindal@gmail.com (P.J. Lindal).
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Restorative quality in environments

Psychological restoration is a key pathway through which
urban nature promotes public health (e.g., Health Council of the
Netherlands, 2004; Hartig et al., 2014). Attention restoration
theory (ART) (Kaplan and Kaplan, 1989; Kaplan, 1995) provides
an approach to understanding how natural elements on the
streetscape level might serve psychological restoration. The theory
is concerned with a capacity to direct attention, a cognitive resource
assumed to be necessary for effective functioning in contemporary
urban societies. People commonly rely on this resource in daily life,
as when performing paid work, finding their way around town, and
monitoring the behavior of other people as they go along. Directing
attention involves inhibiting other, more appealing or interesting
stimuli, and this is assumed to require effort. Because it requires
effort, ART further assumes that this inhibitory mechanism can
become fatigued. Attentional fatigue can become apparent in
ineffective work performance, failure to pick up important cues on
appropriate action, and increased irritability, among other behav-
iors. A chronic lack of restoration will entail negative consequences

for effective functioning, well-being, and health (Hartig et al., 2011).

To mitigate attentional fatigue, ART emphasizes the bene-
fits of environmental experiences characterized by high levels of
four qualities (Kaplan and Kaplan, 1989). Being away refers to
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sychological distancing from the routines and mental contents
hat ordinarily take up directed attention. Fascination refers to an
ffortless form of attention evoked by the environment. Extent
efers to the degree of order and coherence in the environment
s well as to the scope for involvement; one must have enough
o perceive, think about and experience to remain engaged in
he environment, and enough order to do so without becoming
ost or disoriented. Compatibility refers to the degree to which
he environment supports one’s purposes and inclinations. Kaplan
nd Kaplan argue that features of natural environments engender
hese four experiential qualities to a relatively high degree, but
hey also acknowledge that built features of environments can sup-
ort restorative experiences. The four restorative qualities are in
ny case thought to work as mediators between diverse physical
nvironmental attributes and restoration; that is, features of the
hysical environment can affect the level of each quality as experi-
nced by a person, which in turn can affect the degree of restoration
ealized by that person.

In the present study, only being away and fascination are under
onsideration, in line with the approach taken in the research on
hich this study builds (e.g., Nordh et al., 2009). We  expect ratings

f being away and fascination to be affected positively by the nat-
ral elements in the streetscape images and in turn to positively

nfluence ratings of the likelihood of restoration in the depicted
ettings.

election of natural elements

Although much research attention has been paid to restorative
alues of urban green spaces, relatively few studies have consid-
red the potential restorative benefits of vegetation along urban
treets (e.g., Jiang et al., 2014; van Dillen et al., 2012; Mitchell et al.,
011). However, numerous studies have shown that trees and other
egetation affect preferences for urban environments (e.g., Stamps,
997; Wolf, 2009), and several empirical studies have found that
ffects of environmental variations on preferences can be mediated
y psychological restoration or expectations of restoration (e.g., van
en Berg et al., 2003; Staats et al., 2003; Hartig and Staats, 2006).

t follows that, where evidence concerning restorative benefits is
acking, one can turn to the literature on environmental prefer-
nces for help in identifying promising approaches to restorative
rban design that make use of vegetation.

In the following, we consider three kinds of vegetation – trees,
rass and flowers – that research has found to be related with pre-
erences and/or with expectations about restoration with regard to
rban streets.

rees
Trees in the urban environment are seen as bringing nature

loser to urban residents (Schroeder et al., 2006), and it appears that
any people think that trees in urban areas contribute significantly

o their quality of life (Lohr et al., 2004). Regarding possibilities
or restoration, Lohr et al. (2004) reported that the potential to
elp people to feel calmer was ranked second highest among the
enefits of trees in urban settings in the USA. Studies have found
hat streetscapes with trees are ordinarily more preferred than
treetscapes without trees (Sommer et al., 1990; Stamps, 1997;
orman, 2004; Wolf, 2009), and having trees along streets may  be

ust as important for residents as having them in parks (Getz et al.,
982). In a streetscape, trees may  be the strongest single factor

nfluencing preference when compared to other natural elements
uch as hedges, flowers, grass and soil (Todorova et al., 2004).
Several attributes of street trees may  play a role in evaluations
f streetscapes and at the same time have significant practical
mplications. Some attributes depend on the tree species. Particular
pecies of street trees can be more or less preferred depending on
rban Greening 14 (2015) 200–209 201

their shape and other visual attributes, with deciduous trees gen-
erally preferred over coniferous trees (e.g., Summit and Sommer,
1999). Different species are also more or less demanding in terms
of nuisances and maintenance requirements (Tomalak et al., 2011).

Species aside, the size and number of trees along a street will
together affect the amount of apparent greenery in a streetscape.
In light of the large body of evidence concerning the positive rela-
tionship between naturalness and both perceived restorativeness
(e.g., Hartig et al., 1997a; Laumann et al., 2001) and preferences
(e.g., Kaplan and Kaplan, 1989; Hartig, 1993; Stamps, 1999), more
apparent greenery could be expected to positively affect evalua-
tions of streetscapes. Also, Kalmbach and Kielbaso (1979) found
that a majority of residents in their sample wanted more trees in
their own residential streets, and the desire for more trees was
stronger among those who  presently had relatively few trees. They
also found some evidence, however, that preference may decline
after the amount of tree greenery exceeds a certain point (cf. Wolf,
2003).

Some trees may  obscure others when viewed from a given van-
tage point (cf. Schroeder and Orland, 1994), and this might affect
their impacts on evaluations. It follows that the amount of apparent
greenery that a given number of trees contributes to a streetscape
also depends on their arrangement. For example, for a person look-
ing down a street, a given number of trees evenly distributed
along both sides could present an objectively larger amount of vis-
ible greenery than if the same number of trees were all aligned
along one side, with trees in the foreground largely obscuring
those behind them. Moreover, the amount of greenery aside, peo-
ple may  appreciate the greater symmetry that would obtain with
trees aligned along both sides of a street. Enquist and Arak (1994)
claim that symmetrical patterns hold an almost universal appeal
for humans. In line with this claim, Weber et al. (2008) assert that
preference ratings can be increased if vegetation along streetscapes
is symmetrical, with similar height and type along both sides.

In light of the foregoing discussion, we expect the size and
number of street trees will correlate positively with both rated
restoration likelihood and preference, at least at the lower end
of the distributions for those physical attributes,. Furthermore, we
expect that streetscapes with trees arranged symmetrically along
both sides will be considered as more restorative and will be pre-
ferred more than streetscapes with trees along only one side.

Understory vegetation: Flowers and grass
Little research has addressed the impact of understory vegeta-

tion in streetscapes on either restoration likelihood or preference.
There is however some evidence concerning flowers and grass.
Todorova et al. (2004) found that flowers were more preferred
as elements for street-side plots than bare soil, grass or hedges.
They even found greater preference for streets that lacked trees
but had flowers arranged in long plots along the curb in compar-
ison to streets with trees and bare soil, grass or hedges arranged
beneath them along the curb. Preference was highest for plantings
with bright, low flowers orderly arranged in the space beneath the
trees (cf. Wolf, 2004). Todorova et al. furthermore found that streets
with flowers were rated as relatively restful.

With regard to grass, Todorova et al. (2004) found that streets
with grass plots were more preferred than streets without grass
plots. They did not however report results concerning whether
grass also made the streets appear more restful or otherwise psy-
chologically beneficial.

In light of these preference findings and previous findings

concerning the relationship between preference and restorative
potential, we nonetheless expect the presence of flowers and the
presence of grass to each increase judged restoration likelihood as
well as preference.
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on each side was positioned halfway down the street. When there
were more than two  trees on each side (i.e., when six trees were dis-
tributed on both sides, and when four and six trees were positioned
02 P.J. Lindal, T. Hartig / Urban Forestr

 potential interaction between vegetation and architectural
haracteristics

The amounts of trees, grass and flowers are not the only physical
ttributes of an urban streetscape that may  affect ratings of restora-
ion likelihood and preference. The buildings along the street may
lso have a significant effect. In the forerunner to this study, Lindal
nd Hartig (2013) analyzed mean ratings of restoration likelihood
or images of 145 urban streetscapes that did not include any trees
r other street-side vegetation, but which were lined by buildings
hat had varying architectural characteristics. They found that the
oofline silhouette, faç ade details, and the height of the buildings
ll affected judgments of restorative potential. The streetscapes
udged to have low restorative potential were lined by three-story
uildings with little visual complexity, whereas the streetscapes
ith the highest mean ratings of restoration likelihood were lined

y one-story buildings with relatively high levels of visual com-
lexity. Note however that the mean restoration likelihood ratings
or the latter streetscapes were not high in some absolute sense;
hey fell close to the mid-point of the scale used.

The question arises whether the impact of vegetation on the
estorative potential of a streetscape depends on the architectural
ttributes of the buildings along the street. For example, street veg-
tation may  increase or decrease evaluations of the complexity of
he built urban environment, as they can break up a monotonous
nvironment or mask a chaotic one (Thayer and Atwood, 1978;
mardon, 1988; Wolf, 2003). Trees and other vegetation may  also
odify the sense of enclosure otherwise provided by buildings

hrough the ways in which they define spaces both vertically and
orizontally (cf. Ewing et al., 2006; Bell et al., 2005).

Building on the results from Lindal and Hartig (2013), we  chose
or use in the present study those of their streetscape images
hat had the most divergent ratings of restorative potential on the
asis of their architectural attributes alone. It is an open question
hether the addition of any of the street vegetation variables as
ell as the overall amount of street vegetation will increase rat-

ngs of restoration likelihood and preference to a greater degree in
he streetscapes with architectural attributes that had previously
licited low ratings of restorative potential.

he present study

The primary objective of the present study is to generate knowl-
dge about the use of trees and other vegetation in increasing
he restorative quality of urban streetscapes. Working from avail-
ble literature on restorative environments and environmental
references, we formed expectations regarding positive effects on
estorative quality due to the number of trees, the size of the
rees, the arrangement of the trees along the street, the presence
ersus absence of grass, and the presence versus absence of flowers.
ccordingly, the analyses of primary interest address expectations

hat judgments of restoration likelihood increase with (a) increases
n the number of street trees; (b) increases in the size of street
rees; (c) the presence of street trees on both versus only one side
f the street; (d) the presence of grass; and (e) the presence of
owers. This set of analyses also addresses expectations that the
ositive effects of the natural elements on restoration likelihood

udgments are at least partially mediated by ratings of being away
nd/or fascination.

A secondary objective of the present study is to examine how
treetscape vegetation interacts with the architectural character-
stics of the buildings that line the street in affecting restoration

ikelihood judgments. In a final set of analyses we therefore con-
ider whether any of the street vegetation variables or the overall
mount of vegetation have a greater positive impact on ratings
f restoration likelihood for streetscapes that previously elicited
rban Greening 14 (2015) 200–209

low ratings of restorative potential because of their architectural
attributes.

Method

Visual stimuli

The architectural backdrop in the streetscapes
This study involved computer-generated images of urban resi-

dential streetscapes that were based on images used by Lindal and
Hartig (2013). The streetscapes in their study varied in architec-
tural characteristics alone; they did not include any greenery. The
streetscapes from that study with the two lowest and the two high-
est mean values for judgments of restoration likelihood were used
as platforms for the further manipulations of the environment in
terms of greenery. The two images with the lowest values both had
a mean of 2.35, and the two  images with the highest values both
had a mean of 5.14 on the 0–10 scale used for ratings of restoration
likelihood. Thus, the streetscapes previously rated low in restor-
ative potential had a mean that was low on the scale in an absolute
sense, whereas the streetscapes with the highest ratings were only
around the mid-point of the scale used, and so were not considered
high in restorative potential in some absolute sense.

All of the streetscapes had a uniform set of spatial criteria, with
a block of buildings on each side of the street1, and buildings along
the far side of the distal cross street to close off the space. In the
streetscapes previously judged to have relatively higher restorative
potential, the blocks had one-story buildings on sunken cellars,
nearly all of which had faç ade details as well as diversity in the
skyline silhouettes. In the two  streetscapes previously judged to
have low restorative potential, the blocks consisted of buildings
three stories high on sunken cellars, with no facade details and rel-
atively simple and uniform skyline silhouettes. Street lamps and
traffic signs were included in all streetscapes, but cars, people and
animals were excluded.

The street vegetation
Although we  recognize that the choice of street tree species is an

important practical consideration for arborists and urban foresters,
in this study we decided to hold constant the type of tree. A three-
dimensional unspecified deciduous tree was  downloaded from the
Google 3D Warehouse website. The density of the canopy was
increased and other minor adjustments were made before adding
a tree to the streetscape. The trees were introduced according to
a scheme in which their number, arrangement and size were sys-
tematically manipulated. The number of trees had four levels: 0, 2,
4 or 6 trees. We did not include more than six trees due to tech-
nical restrictions. The intended number of trees in a streetscape
was reached by copying the initial tree and then rotating it to pre-
vent an identical appearance. The tree arrangement was  on two
levels: either all trees were on one side of the street, or half of
them were on each side. In all cases, the trees were positioned at
30.5 cm from the pavement curb. The location of the trees along
the street varied with the number of trees. When two  trees were
placed on one side, the pavement length was divided into tertiles
and the trees were positioned at the tertile junctions. This was done
to avoid the appearance of a large tree at the proximal end and one
very small tree on the distal end with no vegetation in the middle.
When two  trees were divided across the two sides, the one tree
1 The street and sidewalk widths conform to published standards for residential
blocks (e.g., Ewing, 1994).
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n one side), none of the trees was placed close to the curb of the
ross-street at an intersection [in line with recommendations in the
lanning literature; e.g. Portland Parks and Recreation City Nature
rban Forestry, no date; Texas Chapter of the International Society
f Arboriculture, no date]. Within the space remaining along the
treet, the trees were evenly distributed depending on the number
f trees.

Tree size had two levels: small and medium. Urban trees from
.1 to 9.0 m in height can be considered small, and trees from 9.1 to
2.2 m can be considered medium high (Grey and Deneke, 1978). In
he study, small trees were 6.1 m and medium trees were 9.1 m.  The
olume of the medium tree was greater than that for the smaller
ree, but the volume ratio for small to medium trees was not the
ame as the height ratio, given concerns about preserving a view
own the street with medium trees. All of the trees in a given
treetscape had the same size. A focus on small and medium size
rees is consistent with the relative ease of introducing them into

 streetscape; however, we recognize that the additional benefits
rovided by large trees could justify the greater costs associated
ith planting them.

In addition to varying numbers, sizes and locations of trees, the
treetscapes were presented with grass or pavement covering the
ntermediate space framed by the walls of the buildings, the side-

alks and the door steps. The intermediate space was  elevated
5 cm above the public sidewalks to give a sense of a semi-private
pace belonging to the residents. Both pavement and grass were
reated in Google Sketchup 7 (free version) by applying real life
mages of turf grass or pavement as a texture to the intermediate
paces.

Finally, the streetscapes were presented with or without beds
f flowers. A model of unspecified flowers was downloaded from
he Google 3D Warehouse website. All of the flowers had iden-
ical form and were low-lying, but they varied in color (yellow,
range, red, blue and purple). Beds of flowers were then cre-
ted by multiplying the initial flower model and, to prevent a
niform appearance, rotating some of them. Due to technical
estrictions, creating flowerbeds beneath the trees (cf. Todorova
t al., 2004) was not possible. They were therefore arranged in
elatively narrow plots in the intermediate spaces beside the
oorsteps and near the wall of each building. In streetscapes
ithout flowerbeds, the same area was occupied by grass or pave-
ent.

reation of the image pool
The manipulations of the street vegetation and other image

eatures resulted in an image pool of 104 virtual streetscapes.
he pool included one image with each possible combination of
rchitecturally determined restorative quality (one of the two  low
estorative quality streetscapes or one of the two higher restorative
uality streetscapes), number of trees when trees were present
2, 4 or 6), arrangement of those trees (one or both sides), size
f those trees (small or large), and the presence of grass or pave-
ent with/without flowers. In addition to these 96 images, the pool

ncluded eight images that had no trees but which had pavement or
rass with/without flowers against one or the other architectural
ackground.

The images were created and elaborated using Google Sketchup
. All of the images had the same cloudless, blue sky which that
rogram offers as a default, and the same lighting features. The date
nd time of day for the images were set for June 21 at 12:00 AM
i.e., the summer solstice in the northern hemisphere) to minimize

hadow-projection from buildings and trees. Additional details of
he spatial dimensions of the streetscapes, image capture, camera
ettings and rendering process are provided by Lindal and Hartig
2013).
rban Greening 14 (2015) 200–209 203

Amount of vegetation

A quantification of the vegetation was done to support the test of
the interactive effect of street vegetation and architectural charac-
teristics. Following an approach described by Nordh et al. (2009), a
grid of 588 cells was  laid over any image that included vegetation.
Each cell more than 50% covered by vegetation was  marked, and
then all marked cells were counted. The percentage of vegetation
ranged from 0 to 25.9% of the cells across images.

Psychological variables

Independent groups of participants rated each of the
streetscapes on either preference (I like this environment), judged
likelihood of restoration (I would be able to rest and recover my
ability to focus in this environment), being away (two statements
combined into one item, Spending time here gives me  a break from
my day-to-day routine; It is a place to get away from the things
that usually demand my attention), or fascination (two statements
combined into one item, This place is fascinating; My  attention is
drawn to many interesting things). Ratings on these items were
given with the same 11-point scale (0 = not at all,  10 = completely).
The items for being away and fascination were taken from the
Perceived Restorativeness Scale (PRS) (Hartig et al., 1997a,b).

Procedure

Data collection was  carried out via the internet with the sup-
port of the Social Science Research Institute (SSRI) of the University
of Iceland. The SSRI maintains an Internet Panel that consists of
Icelandic residents aged 18 years and older who have agreed to
participate in SSRI’s online surveys. Panel members are recruited
by telephone interviews with residents randomly sampled from
the Icelandic National Register. Samples subsequently drawn from
the panel for specific studies like this one can be considered repre-
sentative of the population.

A random sample of 970 persons was  drawn from the SSRI’s
Internet Panel for this study. The SSRI sent each person a request
for participation together with a link to a website where the partic-
ipants could access the study. The purpose of the study and other
necessary information (e.g., regarding informed consent) were pre-
sented at the website, along with a link to start running the study.
When started, each participant was  presented with one of two  dif-
ferent sets of streetscape images, each of which included half of the
images. Each participant was  asked to rate the images on only one
of the psychological variables. The order of the images in the given
set had previously been randomly generated using an online ran-
domization program. The order was then fixed, and the participants
went through the images from either first to last or vice versa. The
participant was also asked to provide background information (age,
gender, nationality and familiarity with the kind of environments
shown in the images).

Participants who were to rate the images on one of the three
variables related to restorative experience (i.e., being away, fascina-
tion, restoration likelihood) received the following scenario before
they began the rating task, and they were asked to keep it in mind
when rating the images: “Imagine that it is afternoon and you are
walking alone from work to home. You are mentally tired from intense
concentration at work and you appreciate having a chance to stroll
and recover before you have to go home to solve various matters.”

The scenario was  meant to provide a standardized, plausible and
relevant context for the rating task (cf. Herzog et al., 1997; Lindal
and Hartig, 2013; Nordh et al., 2009, 2011; Staats et al., 2003). No
scenario was presented prior to the ratings of preference.
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articipants

In total, 188 Icelanders (57% women), ranging in age from 20
o 70 years (M = 44.6, SD = 13.1) participated in the study (response
ate 19.4%). Our respondents’ mean age corresponds fairly well with
he mean age for the total population (42.9 years), but the pro-
ortion of women in our sample is higher than that in the total
opulation between 20 and 70 (49.5%). As in the forerunner of this
tudy (Lindal and Hartig, 2013), in which the participants were also
celandic, the level of familiarity with streetscapes like those pre-
ented was generally low among the participants (M = 3.97 out of
1, SD = 2.58). Urban environments in Iceland are generally differ-
nt from those presented in this study. Participants would therefore
ave little opportunity to regularly experience streetscapes like
hose shown in the study. Some participants would however have
xperienced similar environments when traveling or through dif-
erent types of media presentations. Despite the generally low level
f familiarity, we collected data only from Icelanders in this study
o better relate the results to the results from the previous study,
nd because densification of urban areas in Iceland may  in the near
uture involve streetscapes like those shown here.

tatistical analysis

Each participant rated only half of the images and then only on
ne of the four psychological variables. Thus, each participant was
nly asked to make 52 ratings in total. The number of participants
ating a given variable ranged from 41 to 52. The number varied
ecause the variable to be rated was assigned at random by the data
ollection program. Based on the ratings from a given group, a mean
alue was calculated for each image and then the mean values for
he images were used for further analysis. Thus, our analyses did
ot treat the individual participants as cases or units of analysis,
ut instead treated the images as units of analysis. A mistake made
uring the online survey creation forced us to drop one streetscape,

eaving 103 images for further analyses.
We completed three sets of multivariate analyses. The primary

et of analyses assessed the strength of the independent direct
ffects of number, location and size of trees and the presence of

owers and grass on the judged likelihood of restoration. We  also
stimated mediation of the relationship between environmental
eatures and restoration likelihood by being away and fascina-
ion. For these analyses, we used Preacher and Hayes’ (2008)

able 1
escriptive statistics and correlation matrix for the variables in the analyses, based on 10

M SD Min  

Being away 4.02 .83 1.70 

Fascination 3.75 .85 1.64 

Restoration likelihood 4.29 .86 2.43 

Preference 3.95 .76 2.04 

Architectural propertiesa

Number of trees 

Tree sizeb

Tree  arrangementc

Grassd

Flowersd

ote: Pearson correlations. The psychological variables (being away, fascination, restorati
alues correspond to less positive evaluations. Descriptive statistics for and correlations
reation of the images rather than rated by study participants. By design they are not cor

* p < .05.
** p < .01
a Three stories and low complexity (=0) versus one story and moderate complexity (=1

tudy.
b 0 = small trees, 1 = large trees.
c 0 = trees on one side, 1 = trees on both sides.
d 0 = not present, 1 = present.
rban Greening 14 (2015) 200–209

regression-based approach, in which the total and the direct
effect of the independent variables on the dependent variable
(c and c′) and the indirect effect though mediators (ab) can be
tested simultaneously using confidence intervals obtained with
bootstrap methods. The mean ratings of being away (provided
by one group) correlated strongly (r = .90) with the mean ratings
of fascination (provided by another group); we therefore tested
separate regression models with either being away or fascination
as the sole mediator to avoid collinearity.

The second set of multivariate analyses were the same as those
in the first set, but with preference instead of restoration likeli-
hood as the dependent variable. As in the first set of analyses, we
did not include the variable representing the architectural char-
acteristics of the buildings in the streetscapes, The third set of
multivariate analyses assessed the interactive effect of architec-
tural characteristics and street-side vegetation. We  first performed
a multiple regression analysis which included three variables:
the overall amount of vegetation in the image, the composite
architectural characteristics of the buildings lining the street (i.e.,
one-story buildings with moderate surface and silhouette complex-
ity versus three-story buildings with low surface and silhouette
complexity), and the interaction term. The vegetation variable was
centered prior to creating the interaction term to avoid collinear-
ity (Tabachnick and Fidell, 2007). Following up on this analysis,
we performed five two-way analyses of variance (ANOVA). Each
ANOVA crossed the composite architectural characteristics with
one of the five vegetation variables (i.e., number of trees, arrange-
ment of trees, size of trees, presence of flowers, presence of
grass).

Results

Effects of the physical attributes on restoration likelihood ratings

The mean values for restoration likelihood ranged from low-to-
moderate across the streetscapes (see Table 1). Those streetscapes
that received the lowest, closest-to-average and highest ratings on
restoration likelihood are shown in Fig. 1. Bivariate correlations
show that, in keeping with expectations, restoration likelihood

tended to be rated higher for streetscapes with more trees and with
flowers present (see Table 1). Tree size, tree arrangement and the
presence of grass also correlated positively with restoration likeli-
hood; however, these correlations were not statistically significant.

3 streetscape images.

Max  1 2 3 4

5.48 1
5.63 .90** 1
6.74 .66** 79** 1
5.75 .87** .83** .76** 1

.49** .65** .75** .63**

.51** .36** .32** .42**

.24* .18 .08 .18

.33** .34** .19 .27**

.15 .12 .10 .17

.42** .39** .32** .44**

on likelihood, preference) were all measured on a scale from 0 to 10, on which low
 among the physical attributes are not reported as these were manipulated in the
related.

); a higher value indicates higher restorative potential as determined in a previous
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Fig. 1. Streetscape images with the highest, lowest and closest to average likeli-
hood of restoration ratings, calculated looking across the participants who  provided
the ratings. (From left to right) The streetscape image with lowest mean rat-
ing  for restoration likelihood (M = 2.43, SD = 2.19), the streetscape image with the
closest-to-average mean rating for restoration likelihood (M = 4.24, SD = 1.74) and
t
S

F

r
s

Table 2
Indirect effects of the association between the environmental components and
restoration likelihood, through being away.

Point estimate BC 95% confidence interval*

Lower Higher

Number of trees .27 .15 .40
Tree size .01 −.14 .17
Tree arrangement .15 −.01 .31
Presence of grass .17 .01 .33
Presence of flowers .47 .28 .70

Note: N = 103 streetscape images.

arrangement, and the presence of grass and flowers; however, the
correlations for tree size and presence of grass were not significant.

When we substituted preference for restoration likelihood in
the multivariate assessments of mediation, the results showed the

Table 3
Indirect effects of the association between the environmental components and
restoration likelihood, through fascination.

Point estimate BC 95% confidence interval*

Lower Higher

Number of trees .20 .06 .34
Tree size −.02 −.21 .18
Tree arrangement .27 .07 .47
Presence of grass .17 −.05 .40
Presence of flowers .51 .27 .79
he streetscape image with highest mean rating for restoration likelihood (M = 6.74,
D = 2.51).

ascination and being away as mediators
The rated mean values for being away and fascination were
elatively low (see Table 1). Both being away and fascination
howed strong, positive bivariate correlations with multiple
* BC (bias corrected confidence interval) based on bootstrapped estimates. When
the confidence interval does not include zero, the indirect effect can be regarded as
statistically significant at p < .05.

physical attributes as well as with restoration likelihood (see
Table 1), in keeping with the expectation that they would medi-
ate relationships between physical attributes and judgments of
restoration likelihood.

In the regression analysis with being away as a mediator, the
environmental components accounted for 44.9% of the variance
in restoration likelihood. When adjusting for the influences of the
other environmental components, the total effects (c) of number
of trees and presence of flowers were statistically significant (see
Fig. 2 and Table 2). When being away was added to the model, the
indirect effects of number of trees, presence of grass and presence of
flowers were significant. No direct effects (c′) of the environmental
components remained significant with being away as the mediator.
Neither tree size nor tree arrangement significantly affected ratings
of being away.

With fascination as a mediator, the environmental components
accounted for 63.1% of the variance in restoration likelihood. When
adjusting for the other environmental components, the total effects
(c) of number of trees and presence of flowers were significant (see
Fig. 3 and Table 3). When added to the model, fascination mediated
the effects of number of trees, tree arrangement, and presence of
flowers on restoration likelihood. As with being away, no direct
effects (c′) of the vegetation variables remained significant with
fascination as the mediator in the model. Neither tree size nor the
presence of grass affected fascination.

Direct and indirect effects of the physical attributes on preference

The values for preference ranged from low to moderate across
the images, and they correlated strongly and positively with the
values for restoration likelihood (see Table 1). Preference also
correlated positively with the number of trees, their size and
Note: N = 103 streetscape images.
* BC (bias corrected confidence interval) based on bootstrapped estimates. When

the confidence interval does not include zero, the indirect effect can be regarded as
statistically significant at p < .05.
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c' = .00
(.12)

c = .15
(.14)

R2 = .45 R2
(adj.) = .42

N = 103

a
.25*
(.12)

c = .28**
(.09)

c = .54**
(.15)

Restoration 
likeli hood

.68**
(.11)

c' = .01
(.09)

c' = .08
(.15)

b

Being away

Tree size

Tree
arrangement

Grass

Flow ers

.68**
(.12)

a

.01
(.11)

a

.39**
(.07)

a

Number of
trees

c = -.11
(.14)

c' = -.11
(.12)

c = .18
(.15)

c' = .01
(.13)

a .22
(.11)

Fig. 2. Mediation model with being away as the mediator of the effects of physical environmental components of urban streetscapes on judgments of restoration likelihood.
Unstandardized coefficients are shown with the corresponding standard errors in the parentheses. The paths marked (a) represent the effect of the physical components on
the  mediator. The path marked (b) represents the effect of the mediator on restoration likelihood. The paths marked (c) represent the effects of the physical components on
r t for t
t r the 

i

s
b
g
a

I

t
e
i
h
t
i
c
b

w
a
p
b
i
e
i
o
i
w
W
fi
t
p

estoration likelihood before adjustment for the mediator, though with adjustmen
he  effects of the physical components on restoration likelihood after adjustment fo
ndirect effects transmitted through the mediator. N = 102. * p < .05; ** p < .0001.

ame basic patterns seen in Figs. 2 and 3 for restoration likelihood,
ut with differences in the magnitude of some coefficients and
reater amounts of explained variance (R2 = .76 with being away
s the mediator and R2 = .73 with fascination as the mediator).

nteraction between the built environment and street vegetation

As indicated by the correlations in Table 1, the composite archi-
ectural characteristics of the buildings along the streets had strong
ffects on the environmental evaluations. The one-story build-
ngs with moderate surface and silhouette complexity engendered
igher ratings of restorative quality and restoration likelihood than
he three-story buildings with low surface and silhouette complex-
ty. These correlations affirm that the manipulation of architectural
haracteristics in the streetscapes had the effects expected on the
asis of the findings of Lindal and Hartig (2013).

Looking to the possibility that the effect of streetside greenery
ould depend on the architectural characteristics of the buildings

long the street, a multiple regression analysis revealed inde-
endent effects of the overall amount of vegetation (b = .06, SE

 = .01,  ̌ = .43, p < .001) and the composite architectural character-
stics (b = 1.32, SE b = .09,  ̌ = .77, p < .001), with the two variables
xplaining 72% of the variance in restoration likelihood ratings. One
mage was dropped from this analysis because it was a multivariate
utlier. The interaction between composite architectural character-
stics and amount of vegetation on judged restoration likelihood

as however not significant (b = −.02, SE b = .01,  ̌ = −.10, p = .17).

e also did not find any significant interaction in the series of

ve ANOVA (also N = 102) which crossed the composite architec-
ural characteristics with one of the five vegetation variables (all
s > .48, all �2

p < .015). In each of these analyses, the effect size for
he other physical environmental component. The paths marked “c′” (c′) represent
mediator. The difference between the values for c and c′ represents the sum of the

the architectural variable was  substantially larger than that for the
vegetation variable; from twice as large in the analysis involving
number of trees (�2

p < .600 versus .295) to nearly 19 times as large
in the analysis involving grass (�2

p < .603 versus .032). The variance
explained was substantial in each analysis (adjusted R2 number
of trees = .694; R2 tree size = .627; R2 tree arrangement = .614; R2

grass = .597; R2 flowers = .688).

Discussion

This study sheds light on the significance of streetside vegeta-
tion for restorative experience in urban residential streetscapes. A
larger number of trees and the presence of flower beds beside build-
ings positively affected judgments of restoration likelihood. These
effects appear to have been mediated by both of the restorative
qualities in focus here; that is, trees and flower beds increased per-
ceptions of being away and fascination, which in turn led to higher
ratings of restoration likelihood.

Having trees on one versus both sides of the street did not
appear to affect judgments of restoration likelihood, at least as
initially seen in the bivariate correlation; however, when fascina-
tion was added as a mediator to a multivariate model which also
adjusted for the effects of the other physical attributes, we  found
that having trees on both sides of the street did in fact contribute
positively to restoration likelihood as expected. Similarly, the
bivariate correlation between the presence of grass and restora-
tion likelihood was not significant, but in a multivariate model

with being away as the mediator we found the presence of grass
did significantly increase restoration likelihood. These multivariate
results, which take precedence over the bivariate correlations,
are additionally interesting because they indicate that different
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R2 = .63 R2
(adj.) = .61

N = 103

.21
(.14)

c = .54**
(.15)

Restoration 
likeli hood

c' = . 03
(.12)

Fascinati on

Tree size

Tree
arrangement

Grass

Flow ers

-.03
(.13)

.24**
(.08)

Number of
trees

c =  -.11
(.14)

c' = -.08
(.10)

c = .15
(.14)

c' = -.12
(.10)

c = .18
(.15 )

c' = .01
(.11)

a

.33**
(.13)

a

a

a

b

.64**
(.14)

c =  .28 **
(.09)

c' = .09
(.06)

.80**
(.08)

a

Fig. 3. Mediation model with fascination as the mediator of the effects of physical environmental components of urban streetscapes on judgments of restoration likelihood.
Unstandardized coefficients are shown with the corresponding standard errors in the parentheses. The paths marked (a) represent the effect of the physical components on
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he  mediator. The path marked (b) represents the effect of the mediator on restorat
estoration likelihood before adjustment for the mediator, though with adjustmen
he  effects of the physical components on restoration likelihood after adjustment fo
ndirect effects transmitted through the mediator. N = 103. * p < .05; ** p < .0001.

hysical attributes of streetscapes can affect judgments of restora-
ion likelihood through different components of restorative
xperience.

Not all effects were as expected. Of particular note, judgments
f restoration likelihood did not increase with increasing size of
rees. Conceivably, while the small and larger trees we  used in our
mages differed substantially in height, the difference in the size of
heir canopies was too small.

We found no interaction between the composite of architec-
ural properties and street vegetation. However, it should be noted
hat the streetscapes shown to have higher restorative potential on
he basis of composite architectural characteristics (i.e., one story
uildings with more faç ade details and peaked roofs) were not
ated as highly restorative in some absolute sense, either in this
tudy or in the study by Lindal and Hartig (2013). The difference
n the restorative potential between the two streetscapes might
ave been too small to enable detection of an interaction. Conceiv-
bly, some form of interaction could emerge if a broader register of
estorative quality had been covered by the architectural manipu-
ations. In this regard, Bell et al. (2005) have noted that the addition
f trees might sometimes reduce the esthetic quality of the envi-
onment by blocking beautiful facades or particularly appealing
istas. On the basis of the present results, however, the clearest
onclusion that we can draw is that architecture and street green-
ry of different kinds had independent effects, and that the effect
f architecture was clearly stronger.

Regarding preference, the study replicates previous findings
howing a strong relationship between preference and restoration

ikelihood ratings (e.g., Nordh et al., 2009; Lindal and Hartig, 2013).
n the whole, the results affirm our assumption that findings

egarding environmental preference can be used as a source
f guidance in identifying promising predictors of restoration
elihood. The paths marked (c) represent the effects of the physical components on
he other physical environmental component. The paths marked “c′” (c′) represent
mediator. The difference between the values for c and c′ represents the sum of the

likelihood, given gaps in the literature on specific physical
attributes of environments that enhance restorative quality
(Nordh et al., 2009; Velarde et al., 2007). This said, the results of the
tests involving preference were not exactly like those for restora-
tion likelihood. For example, the amount of variance explained in
the multivariate analysis was  substantially lower for restoration
likelihood. This may  reflect on the fact that in rating restoration
likelihood the participants were asked to bear in mind a scenario
of attentional fatigue. No such scenario was provided as a frame
of reference for the ratings of preference. In any case, the results
indicate that although the two  dependent measures correlate
strongly, they are indicators of different underlying constructs.
Preference is a broader construct than restoration likelihood; peo-
ple may  like some environments more than others because they
better support restoration, but they may  also like environments to
different degrees for reasons unrelated to restoration.

Limitations of the study and directions for further research

The present study has significant strengths, including the large
sample of images with systematic manipulation of multiple phys-
ical attributes of immediate practical relevance. The study does
however also have some limitations.

Some of these limitations have to do with features of our visual
simulations. The use of two-dimensional images to present the
streetscapes might be regarded by some as a weakness of the
study, but we think this common validity concern has been well
addressed in the literature, including the comprehensive meta-

analyses by Stamps (1990, 2010). For example, both of his studies
found strong correlations (r = .86) between ratings obtained with
simulations versus on-site. Of course, on-site implies an existing
environment, and our use of digital images anticipates the use
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f simulations to obtain evaluations of environments that do not
et exist. Although the images were not very sophisticated, they
ould be created at low cost, and they apparently represented
he variation in most physical attributes sufficiently well for us to
btain reliable estimates of their effects. Still, they did force our
articipants to assume a particular vantage point, looking down
he street from the close end. This vantage point is important; it
ffords the view of a pedestrian, driver or resident returning home
ho, turning onto the street, would begin to take in and evaluate

ts visual characteristics. We  can only acknowledge, however, that
ome results might differ given a vantage point elsewhere on the
treet, where a person standing on one or the other sidewalk (or
ooking out a window) could have quite a different sense of the
treetscape (cf. Wolf, 2004). Further research would therefore do
ell to consider other viewing options.

In this regard, dynamic representations available with virtual
echnologies offer many possibilities for studying future envi-
onments, including evaluations made with free exploration of
irtual environments (VEs) and also the measurement of restor-
tive effects of different VEs. High-performance graphical and
isplay technology enable the creation of highly realistic, three-
imensional virtual urban environments in which design variables
an be manipulated and confounding variables can be controlled
Rohrmann and Bishop, 2002). Although the potential utility of VEs
n this research area has long been recognized (see also de Kort
t al., 2006; Valtchanov et al., 2010), the VEs so far used do not
o our knowledge make use of the kind of systematic manipula-
ion of environmental attributes we have demonstrated here with
wo-dimensional images. We  think a promising direction for future
esearch is to assess the restorative effects of VEs constructed with
reviously evaluated digital images like those used in the present
tudy (Lindal, 2013).

Other limitations of the present study have to do with the
anipulations of the physical attributes in the creation of our

mages. The streetside vegetation and architectural background
resumably can be elaborated in different ways to gain better esti-
ates of their independent and interactive effects. As it stands, the

atings of the psychological variables generally fell within a nar-
ow range at the low end of the scale, so there is clearly room for
mprovement in restorative quality. For example, we suggested ear-
ier that the absence of the expected effect of tree size could follow
rom a too small difference in canopy volume, and restorative qual-
ty could increase given trees with larger canopies that spread
cross the street. Such differences in size and growth patterns
lign with tree age and other practical concerns of urban foresters,
nd image creation for future studies could more deliberately join
oncerns for restorative quality with specific concerns for design,
are and management of urban greenery (cf. Nielsen and Møller,
008). Image creation could also more deliberately address other

ssues in which concern for human benefits converges with con-
ern for the environment, as with biological diversity. For example,
ncreasing species diversity in trees, flowers, grass, other vegetation
nd the wildlife they attract could also increase visual diversity,
hich in turn could enhance restorative quality (cf. Fuller et al.,

007). Caution is warranted, however, as large amounts of vege-
ation may  give an unwanted impression of lack of care and act
s a problematic visual barrier in some contexts (cf. Wolf, 2004).
inally, image creation could take guidance from the literature
n environmental preferences not only with regard to physical
ttributes that might contribute to restorative quality, but also
ith regard to ideas about how to organize those attributes in

he given space (cf. Kaplan and Kaplan, 1989; Kaplan et al., 1998).

ere we have used a quite simple approach, for example with
quidistant placement of trees along sidewalks. Other arrange-
ents might serve better if the primary concern is restorative

uality.
rban Greening 14 (2015) 200–209

The sample that rated the streetscape images might also be con-
sidered a limitation of the study. The low response rate does not
necessarily mean non-representativeness, though it appears that
our sample had a greater proportion of women than is found in
the general population for the obtained age range, speaking to the
operation of self-selection. Still, we  had substantial variability in
the sample as reflected for example in its age range; our streetscape
images were rated by a heterogeneous group of Icelanders.

Finally, one might question the relevance of our data, in that the
kind of residential environment presented in our images is rela-
tively uncommon in the Icelandic context and Icelanders seem to
have low familiarity with such environments. They do exist, how-
ever, and construction of more is an important topic of debate in
Iceland as elsewhere. A large proportion of the Icelandic population
has concentrated in the region of the capital, Reykjavik. Around 39%
of the country’s population is expected to live in Reykjavik by 2030,
and until then it is expected that 90% of new residential units will
be built in the current urban area (Department of Planning and
Environment, 2013). This projection reflects the fact that planning
professionals in Reykjavik, like their colleagues in many countries,
have adopted a sustainability ideology critical of reliance on auto-
mobile transport and suburbanization (Reynarsson, 1999). Having
evaluations of possible green urban futures involving greater resi-
dential densities should be of great help in Reykjavik as elsewhere
when it is time to decide how development should proceed. It
would nonetheless be interesting to see whether different results
would be obtained from people in other sociocultural contexts
where such environments are more familiar.

Conclusions

Our results agree with previous studies showing that the pres-
ence of natural elements can promote perceptions of restorative
quality in urban environments (e.g., Todorova et al., 2004). They
also affirm a proposal by Thwaites et al. (2005), which see streets
together with a dense network of small, well-designed public
spaces as serving the restoration needs of people in dense urban
environments.

This study also contributes to the literature on restorative envi-
ronments. It replicates the findings by Lindal and Hartig (2013),
obtained with another Icelandic sample, showing the different
impact of different street block architectural properties on restora-
tion likelihood ratings. It also provides additional evidence that
perceptions of being away and fascination mediate relationships
between physical attributes of the environment and judgments
of restoration likelihood. Furthermore, in that the indirect effects
associated with being away and fascination differ, the study results
speak to the effects of different physical attributes on different
components of restorative quality.

The techniques used to create the environmental stimuli in this
study also add value to the research on restorative environments.
This study and its forerunner (Lindal and Hartig, 2013) have pro-
vided a platform for the creation of interactive three dimensional
virtual urban environments, that can be used to carry out studies on
restorative quality and actual restoration in virtual “field settings”.
This seems a promising approach to us, particularly in a time when
urban densification calls for public input regarding ways to increase
residential densities while also providing contact with nature and
other opportunities for restorative experiences.
Author notes
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