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Abstract: The factors contributing to urbanization, such as population growth and the development
of mega-cities, have increased environmental stressors on top of everyday stressors, resulting in
information overload. This has led to the increasing incidence of direct attentional fatigue, which
causes stress and mental fatigue. The attention restoration theory centres on the environment’s ca-
pacity to restore attentional deficits and suggests that there are certain qualities in the environment
that restore attention, which leads to improvements in our physical, mental, and social well-being.
An environment can be restorative through the activation of involuntary attention, which limits the
need for directed attention. This study explored for effects of natural, built, and mixed environment
types and levels of mystery on attention restoration in university undergraduates. Perceived and
actual levels of attention restoration were measured using a perceived restoration scale (PRS) and
the digit symbol substitution task (DSST), respectively. A total of 101 participants viewed a restor-
ative image followed by the completion of the DSST and the PRS for each of the 18 images depicting
different environments. Actual attention restoration was measured by latency values in the DSST
instead of through both speed and error rates due to some operational issues with the DSST which
interfered with the full achievement of the study’s aims. There was an effect of different environ-
ments and mystery on perceived attention restoration. However, there appeared to be no effect on
actual attention restoration, indicating a disconnect between perceived and actual restoration. Fur-
ther research is required to confirm the specific effects of natural and built environments and mys-

tery on attention restoration.
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1. Introduction

Environmental psychology is the study of interrelationships between people and
their physical environments, including how people perceive and respond to the physical
environment [1]. Understanding the physical environment has important implications on
how we react to the world around us. People’s physical, mental, and social well-being can
be affected by the surrounding environments and landscapes [2]. Understanding how the
different environments and landscape elements can contribute to health improvement is
essential to provide new landscape designs beneficial to human health.

The factors contributing to urbanization, such as population growth and the devel-
opment of mega-cities, have increased environmental stressors on top of everyday stress-
ors, resulting in information overload. This has led to the increasing incidence of direct
attentional fatigue, which causes stress and mental fatigue among urban residents [1].
Natural environments can help reduce stress and promote the recovery of mental fatigue
[3-5]. Restoration “proceeds in tandem with other processes that also affect the resources
that people use to meet everyday demands” [6] (p. 2). According to the attention restora-
tion theory (ART), full restoration does not amount to a mere recovery of directed
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attention capacity, because part of the restorative experience is for individuals to reflect
on unsolved life issues [3].

The investigation of the beneficial effects of nature and urban settings departs from
two theoretical perspectives. According to the ART, nature exposure experiences allow
for either improvements in mood states accompanied by physiological changes [7] or the
restoration of attention deficit [3,4]. Roger Ulrich’s [5] stress reduction theory centres on
the environments’ capacity to influence affective states. In this model, affective responses
towards the environment are mediated by changes in mood states, which may result from
exposure to different environments that have varying stress-reducing capacities. The
rapid, automatic, and unconscious process through which individuals respond to the en-
vironment can be attributed to the important subcortical areas in the brain, especially the
amygdala, which is involved in modulating stress-related hormones [8]. This explains
why different types of environments can have a different influence on autonomic stress
responses. For instance, there is evidence which suggests a much stronger stress-reducing
capacity of nature as compared to urban environments [9,10]. Exposure to nature can lead
to greater psychological well-being, fewer negative mood states, stronger positive affect,
and other physiological symptoms such as lower heart rates and reduced muscle tension
as compared to urban environments [11].

This contrasts with the framework of Kaplan’s attention restoration theory (ART),
which centres on the environment’s capacity to restore attention deficits. The ART holds
that intensive or prolonged use of directed attention, which is a limited resource, leads to
the fatigue of the mechanisms that serve it [4,12,13]. Directed attention fatigue has nega-
tive consequences that include negative emotions, irritability, impulsivity, decreased sen-
sitivity to interpersonal cues, reduced ability to plan, and decrements on tasks requiring
directed attention [14]. Thus, overworking the mind can result in the depletion of re-
sources and a reduction in the ability to utilize higher-order executive functions used in
cognition. In contrast, switching over to involuntary attention allows for the attentional
system to rest and recover, since it is effortless. This provides an opportunity for the indi-
vidual to restore and be recharged through clearing away unwanted thoughts, ultimately
enabling a contemplative state of mind.

Specifically, an environment can be restorative by attracting the activation of invol-
untary attention and limiting the need for directed attention [15]. Such settings are known
as restorative settings. Natural environments (e.g., preserved parks, nature trails, forests)
have been demonstrated to be inherently restorative by freeing up directed attention re-
sources through involuntary attention. In contrast, the array of stimuli in urban environ-
ments requiring directed attention is distracting rather than restorative [13]. Cognitive
benefits for children with attentional deficits [16] and normal adults [12,14,17] have been
demonstrated outcomes of interaction with nature, as have been improvements in short-
term memory [18] and school success [19]. However, natural environments are not all
equal in the level of restoration afforded to people who are mentally fatigued. The ART
asserts that there are four properties of restorative settings: being away, extent, compati-
bility, and fascination.

Being away involves distancing oneself from usual activities that are taxing on di-
rected attention, leading to attentional fatigue [20]. Being away can either be physical,
such as leaving the office for a walk or a beach vacation, or conceptual, where well-worn
mental content is avoided [12]. For example, a sense of “being away” can be induced by
watching a favourite television programme or reading a favourite book. Scopelliti and
Giuliani [21] highlighted that it is often more restorative to be conceptually distinct from
the everyday environment as compared to a physical change.

Extent is generated by environments that have sufficiently rich content and a coher-
ent structure, which allows one to feel connected and engaged in a “whole other world”
[4] (p. 173). Extent is defined by the experience of two components: scope and connected-
ness. Scope refers to the scale of the domain (e.g., conceptual, perceptual) in which the
activity occurs, wherein there is more than the immediate environment available, either
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physically just out of sight or even within the imagination [3]. On the other hand, connect-
edness is defined by the series of relationships between immediately perceived environ-
mental features that relate to each other and to a larger environment [22]. Such environ-
ments engage the mind for a sufficient duration so that directed attention rests while sup-
porting extended exploration. Extent, via scope and connectedness, can be experienced
not only in physical environments, but also in psychological processes [22].

Compatibility requires that a setting be well-suited both to the individual’s purpose
and to the types of activity anticipated in the setting [23]. The potential for engaging an
individual is dependent on the available information in supporting the individual’s inten-
tions or what the individual is trying to achieve. Natural settings can be compatible with
a wide range of activities (e.g., biking, observing wildlife, kite flying, etc.) that align with
the desires or interests of visitors [23]. These types of activities create familiarity and ease,
thus creating opportunities for individuals to withdraw their voluntarily directed atten-
tion and gain restoration through engagement with the environment. Kaplan and Berman
[13] argue that compatibility between the environment and the person is needed to restore
directed attention, a common resource used in executive functioning and self-regulation
tasks.

Fascination is a crucial component of the ART because inherently interesting stimuli
capture attention without requiring effort, and thereby allows for the restoration of di-
rected attentional capacity [4,23]. Fascination is elicited when the individual is engaged in
inherently interesting stimuli that capture one’s attention effortlessly, without having to
use directed attention [3].

Settings can range along a spectrum from soft fascination to hard fascination. Soft
fascination is usually a response to gentle stimuli which are moderate in intensity (e.g.,
the changing shape of cloud formations, or rain drops glistening on leaves), whereas hard
fascination is usually high in intensity and rivets one’s attention (e.g., tracking the action
in a sports game, or engaging in gambling activities) [4]. Both soft and hard fascination
share the aspect of captured attention but have different restorative effects. Soft fascina-
tion is common in natural settings (e.g., viewing a sunset) and best promotes attention
restoration as it allows one to think freely [24].

Many studies have shown that fascination can be triggered by the attention-drawing
qualities of natural settings (e.g., forests, beaches). Berto [25] has shown that attention res-
toration can occur in less than 10 min through exposure to images of natural environments
rated as being high on perceived fascination. Similarly, photographs of environments
rated as displaying content high in fascination that engage involuntary attention generate
fewer eye fixations as compared to low-fascination photographs [26]. This suggests that
less capacity of directed attention and focus is required for images high in fascination,
thereby allowing for greater attention restoration.

However, fascination is not only engaged in the processes of landscape perception
(i.e., exploring and making sense of the environment). It can also be activated by particular
content (e.g., animals, people, water, nature), events (e.g., story-telling, watching compet-
itive sports, gambling) and processes in which there is an element of uncertainty involved
(i.e., reading a book that is unresolved until the end) [4]. It is important to consider the
pleasantness, intensity, and functionality dimensions of fascination, which may differ for
each individual [22]. While soft fascination appears to be advantageous for restoration,
restoration might be advanced by more intense fascination, especially if it contributes to
a sense of extent. The proposed three other components —being away, extent, and com-
patibility —are likely to enhance and contribute to attentional recovery and, together with
fascination, their combined effect is what makes an environment restorative [4].

1.1. The Impact of Restorative Environments

A vast amount of literature has been devoted to examining the applied utility of the
ART in terms of the cognitive benefits of nature exposure. In addition to improved atten-
tional capacity, direct exposure to nature has also been associated with increased
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connectedness to nature, positive emotions, and improved ability to reflect on life prob-
lems [27]. Most research has examined the restorative effects of participants being physi-
cally immersed in the natural environment as compared to urban environments, but these
benefits also carry over when simulated forms or visual representations of nature are
used. Simply observing natural scenes has been shown to improve executive attention in
young adults, as compared to viewing pictures of urban scenes [28]. Similarly, Berto [25]
reported improved attentional capacity from measures of accuracy, reaction time, and tar-
get detection after viewing restorative nature images on a sustained attention test. Large
dramatic nature murals, especially those containing elements of water, were also per-
ceived by students as being more restorative places to study than settings of real mundane
natural environments with built structures present [20]. This suggests that large nature
murals used in indoor settings for study breaks may provide attentionally fatigued stu-
dents with opportunities for attention restoration. This is especially advantageous in ur-
ban cities where views of nature are unavailable or limited in resource.

1.2. The Role of Mystery in ART

Natural settings are not all equal in their ability to enable mental restoration. It ap-
pears that high-mystery natural settings may enable restoration more so than low-mys-
tery settings, and mystery can be used to predict environmental preference [29-31].
Kaplan and Kaplan [3] proposed that dual needs to understand and to explore an envi-
ronment determine one’s visual preference for a landscape. These two dimensions were
utilized to produce a preference matrix containing four variables. Mystery is a scenic qual-
ity and is one of the informational variables proposed in the Kaplans’ environmental pref-
erence matrix. Mystery refers to features that draw one’s curiosity or attention through
indications that the landscape has more to offer [29]. Other variables such as coherence,
legibility, and complexity play an equally important role in influencing an individual’s
preference for an environment [30]. These four visual preference predictors provide infor-
mation to further our understanding of the preference and perceived comfort of such en-
vironments. Therefore, it is possible to manage and design natural and urban environ-
ments based on these informational needs [32].

In the case of mystery, physical attributes (e.g., depth of field, spatial definition) that
often contribute to a person’s perception of mystery may enhance the perception of the
level of complexity [31]. Examples include partially concealed views (e.g., sinuous paths
or views obscured by tall grasses or shrubs) which draw the viewer’s attention through
the impression that there is more to be found. Thus, these kinds of settings contain the
element of fascination as they increase the potential to learn something new and thereby
prompt interest. Szolosi et al. [31] also suggest how mystery is a component of fascination
from the tests of mediation which showed that mystery affects recognition performance
as a consequence of such perceptions. Hence, images depicting settings high in mystery
usually include soft fascination. Through a novel oculometric methodology to explore en-
gagement with environments depicted in images, Marois et al. [33] proposed that it is the
voluntary engagement with mystery and soft-fascination components of nature that helps
bring about restoration by reducing cognitive demand.

Among the four predictors of visual landscape preference, only mystery was signifi-
cant in explaining the perceived restoration potential in nature and urban environments
[32]. However, there is no general consensus on this line of argument. No significant cor-
relations were found between mystery and preference in natural and built environments
[34,35].

1.3. Perceived vs. Actual Attention Restoration

Perceived restorative potential is defined as the individual’s judgement of the degree
to which an environment can aid in the recovery of mental resources [36]. For example,
an individual’s perception of a setting with high restorative potential will lead to the ex-
pectation of psychological, emotional, or physiological recovery after spending time in
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that perceived restorative space. However, perceived restoration differs from actual psy-
chological restoration, which is an improvement to an individual’s well-being (e.g., recov-
ery of cognitive resources, reduced stress).

Most recently, studies have begun to discuss the ART in the context of the different
cognitive processes that attention may require [9,17,25,28]. Natural environments capture
involuntary attention, which requires little top-down processing, and thereby tends to
have a positive effect on cognitive performance [37]. In contrast, urban or city-like envi-
ronments capture dramatic attention and require directed attention and show no im-
provement on cognitive performance. Kaplan [4] linked the ART to the attention theory
through a specific reference to processes such as selection, problem solving, and inhibi-
tion, amongst others. An individual would need to hold and replay visual and auditory
stimuli and manipulate them according to the rules stored in short-term memory, while
suppressing distracting alternative attentional cues in order to perform well on such
measures [18]. As such, the higher demands on executive functions of attention such as
working memory can be used as a measure of actual restoration.

With the assumption that nature affords opportunities for effortless attention, it is
generally expected that participants perform better on cognitive tasks when exposed to
natural scenes as opposed to urban scenes. Research has shown improved performance
after exposure to natural settings, directly or through images, on the Necker cube pattern
control task [9,38], the attention network task (ANT) [28], the digit span task [28,38], the
sustained attention to response task (SART) [39], and the digit symbol substitution test
(DSST) [40]. Berman et al. [28] reported substantially more correct trials on a digit span
task after a walk in nature compared to a walk in city streets. A similar pattern has also
been observed as performance on the digit span task and the executive portion of the ANT
also increased by nearly 30% during exposure to natural pictures when compared to view-
ing urban pictures [28]. Likewise, this trend is observed on the DSST in individuals when
walking alone or with a friend in natural settings [40] as well as on the digit span task in
individuals diagnosed with depression [41] and in children with attention deficits [16].

A distinction needs to be made between the properties of objects (e.g., images, videos,
actual environments) that affect perceived restoration and objectively measured attention
restoration following exposure to such properties. In fact, the extent to which perceived
restoration predicts actual attention restoration appears to be overestimated [42]. While it
is often assumed that individuals are aware of their own cognitive processes and are able
to accurately predict and estimate how different environments will affect them, such an
assumption is not well evidenced [43].

Most studies have either investigated the effect of attention restoration using self-
reported questionnaires similar to the PRS (e.g., [20]) or performance task measures alone
[25,28]. Furthermore, restoration should occur regardless of whether it is perceived if there
is an interaction between directed attention and the object’s properties. Thus, the true re-
storative effect of natural environments may be overrepresented, and the restorative effect
of built environments misrepresented, since there is no concrete evidence that perceived
restoration has an impact on related cognitive effects.

1.4. The Current Study: Aims and Hypotheses

A vast amount of literature has covered the restorative potential of nature and urban
settings. However, there is little evidence on the effect of urban nature (or mixed environ-
ments) on attention restoration. Research on the relationship between mystery and pref-
erence is also inconclusive, even though previous research has found mystery to be a
strong predictor for environmental preference [29,30,44]. Furthermore, most of the studies
have only examined the impact of mystery on attention restoration between scenes of na-
ture and scenes of buildings [30] or of nature scenes alone [31]. Thus, understanding the
influence of mystery in the domain of urban natural (or mixed) environments in addition
to urban and built environments could prove useful from a future design perspective.
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The aim of the current study was to examine the effect of visual exposure to built,
urban nature (or mixed), and natural settings on attention restoration. The current study
also aimed to examine the influence of mystery in the domains of built, urban nature (or
mixed), and natural environments on attention restoration.

However, given the discussed limitations of previous attention restoration measures,
the present research employed the use of Felsten’s [20] single-item scale of PRS as well as
a performance task, the digit symbol substitution task (DSST), in order to more accurately
access the actual restorative potential of the visual exposure on a person’s cognitive and
attentional capacity. One of the major assumptions of the ART is that recovery from di-
rected attention fatigue depends on resource restoration [4]. Thus, having the PRS to-
gether with the DSST as measures of perceived and actual attention restoration, respec-
tively, will increase the reliability of accessing the mental workload that images of differ-
ent settings will have on a person’s cognitive capacity. Consideration of the discussed
literature led to the framing of the following hypotheses:

Hypothesis 1A. Participants will display a higher level of perceived attention restoration after
being presented with natural scenes, followed by mixed and built scenes, respectively.

Hypothesis 1B. Participants will have the highest accuracy level on the DSST after being pre-
sented with natural scenes, followed by mixed and built scenes, respectively.

Hypothesis 1C. Participants will have the fastest reaction time on the DSST after being presented
with natural scenes, followed by mixed and built scenes comparatively.

Given the research suggesting greater improvements in performance for images per-
ceived high in mystery when compared to images perceived low in mystery [31], the fol-
lowing hypotheses were also proposed:

Hypothesis 2A. Participants will have a higher level of perceived attention restoration after being
presented with images high in mystery than with images low in mystery.

Hypothesis 2B. Participants will have a higher accuracy level on the DSST after being presented
with images high in mystery than with images low in mystery.

Hypothesis 2C. Participants will have a faster reaction time on the DSST after being presented
with images high in mystery than with images low in mystery.

Hypothesis 3. There will be an interaction effect between the type of environmental settings and
mystery on overall attention restoration.

2. Materials and Methods
2.1. Participants

One hundred and one undergraduates from a private university in Singapore were
recruited for the purposes of this study. PRS data from two participants (1.98%) were re-
moved due to errors in task completion or missing data. Accordingly, RT data of these 2
participants, along with other repeated trials in the RT data, were also removed (7.62%).
The final sample consisted of 99 participants (60.60% females). Their ages ranged from 17
to 34 years (M =22.48, SD =2.64). Participants were mostly recruited through convenience
sampling via the university’s research recruitment noticeboard and the research manage-
ment system, while the remaining participants were recruited through snowball sam-
pling. Eligible students were allocated credit points for their participation in the study
while the remaining participants received neither incentive nor reward. The only specific
inclusion criterion was that participants needed to have met the minimum level of English
competence required for university entry.
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2.2. Design

This study employed a 3 x 2 within-subjects experimental design with environment
type (built, natural, or mixed) and mystery (high or low) as the independent variables
(IVs). The dependent variable (DV) was attention restoration, which was operationalized
in three different ways: (1) Perceived attention restoration measured by participants’
scores on the PRS; (2) mean accuracy of participants’ scores on the DSST measured by
number of correct responses identified; and (3) mean speed of responses on the DSST. The
study was designed to examine the effects of environment type and mystery on attention
restoration in cognitively fatigued individuals. Cognitive fatigue was generated through
performance of the DSST.

The different types of environments were operationalised as such: (1) Built environ-
ments are human-made surroundings such as those with architectural features ranging
from buildings and roads to parks; (2) natural environments are landscapes usually un-
touched or conserved by humankind, usually characterised by an abundance of plants
and other elements of natural ecosystems; and (3) mixed environments are a 50/50 combi-
nation of built and natural elements [45]. Images should be at least 75% natural or built to
be classified as natural or built environments, respectively.

Mystery refers to settings that easily capture an individual’s attention, providing the
prospect to acquire additional information and enhance one’s sense of involvement. High
mystery settings usually contain partially concealed views, enticing a person to look fur-
ther [3]. Examples include a bend in the trail, meandering streams, or winding city streets
or staircases. Kaplan and Kaplan [3] emphasized that, even when defined, viewers tend
to draw on “implicit interpretations of the opportunities and constraints afforded by the
space” (p. 28) for the categorization of environments. We therefore employed a set of
viewer ratings to determine a suitable set of stimuli to represent each of our pre-defined
categories.

2.3. Materials

The materials include an information sheet detailing the nature of the study and out-
lining the terms of consent to participate, a set of images sourced specifically to represent
environmental categories as visual stimuli, a self-report questionnaire (PRS), and a per-
formance task (DSST) that also contributed to cognitive fatigue. Qualtrics survey software
[46] and Inquisit experimental software version 4 [47] were employed for various parts of
the study.

2.4. Stimulus Selection

A stimulus selection exercise involving seven participants was conducted to rate a
set of images to be used in the experiment. In selecting the original set of images, we aimed
for photographs that reflected environments that would likely be seen in (or similar to)
real-life settings in Singapore, and we did not select images on the basis of colour or frac-
tality. Joye et al. [48] have argued that selecting on such a basis would likely negate the
effects of restoration if using such properties to differentiate between urban and natural
settings, for example. Twenty-two photographic images reflecting low and high mystery
in natural and mixed environments were used as stimuli with permission from Szolosi,
Watson, and Ruddell [31]. According to the environmental type (built, mixed, or nature)
and mystery levels (high or low), additional images were either drawn from the research
supervisor’s own photographic collection or sourced from Google. In total, 71 images
were collated for stimulus selection. Participants were three males (42.9%) and four fe-
males (57.1%) aged between 22 and 26 years old (M = 23.4, SD = 1.40). All participants
were fourth-year undergraduates whose involvement in the stimulus selection exercise
excluded them from taking part in the experiment.

Within a Qualtrics survey created for the stimulus selection exercise, participants
were provided with information about the task requirements and asked to provide
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informed consent by clicking on the “agree” button. Following this, they were provided
with the definitions of ‘built’, ‘mixed’, ‘nature’, and ‘mystery” before evaluating the stim-
uli. Participants were instructed to rate 71 images sequentially based on the type of envi-
ronment and level of mystery which best represented the setting in each image. Two cat-
egorical questions were presented for each image, (1) “Which category do you think the
above image best represents? (Built/Mixed/Nature)” and (2) “How mysterious do you
think the above image is? (High Mystery/Low Mystery)”.

Images from each category were selected based on a cut-off point of 5 out of 7 partic-
ipants, reflecting a minimum consensus rating of 71.4%. Based on the collated results, 36
images met the criteria and, of those, three images with the highest consensus rating in
each category were selected. In total, a final set of 18 images was selected across all 6 con-
ditions (3 images per condition). Sample images for each of the 6 conditions are displayed
in Figure 1.

Figure 1. Sample images for the 6 conditions (a = high mystery built, b = high mystery mixed, ¢ =
high mystery natural, d = low mystery built, e =low mystery mixed, and f = low mystery natural).

2.5. Measures

Perceived Restoration Scale (PRS) Short Version. The version of the PRS used in this
study is based on the version used by Felsten [20], which comprises five items reflecting
the characteristics of restorative experiences. Felsten used one item for each of the four
properties of restorative environments together with one additional item. Four items as-
sess the constructs of being away, extent, fascination, and compatibility, whereas the last
item measures an overall perceived restorativeness: “Overall, how much do you agree
that this setting would be excellent for taking a break and restoring your ability to study
for an exam or work effectively on a demanding project?”.

For each statement, participants respond on a seven-point Likert scale to assess the
restorative potential of each setting (1 = “Not at all”, 7 = “Very Much”). Higher scores on
the PRS indicate a higher level of perceived attention restoration after viewing the respec-
tive restorative images. The minimum and maximum scores are 5 and 35, respectively.

According to Felsten [20], the internal consistency for the four items measuring com-
ponents of perceived restorativeness for 30 settings ranged from 0.85 to 0.97, with a mean
of 0.95. The four items measuring restorativeness also correlated with the one item meas-
uring overall restorativeness for the same 30 settings, ranging from 0.61 to 0.92, with a
mean of 0.82.
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Automated Digit Symbol Substitution Task (DSST). The DSST is a component of the
Wechsler adult intelligence scale [49] and is a test of coding performed at speed. It is a
modification of the symbol digit modalities test (SDMT). Unlike the SDMT which has
combined written and oral tests, the automated DSST only requires a computerized test.
Given the complexity of the task, the DSST assesses several perception, attention, and ex-
ecutive function processes such as incidental memory, perceptual organization, visuomo-
tor coordination, and selective attention [45,50]. The DSST is relatively free from cultural
bias in college students [51] and gender, age, or education bias in younger adults [52].
While many of the attentional tests might be affected by mood, the DSST taps into cogni-
tive function over and above any mood effects [53].

The test is structured in such a way that a key is provided at the top of the computer
screen, with nine different symbols each paired with a number from 1 to 9. Beneath the
key is another array of randomised symbols paired with an array of blank squares be-
neath. Participants complete the task by filling in the corresponding number for an appro-
priate symbol-number match. A practice response sequence is provided whereby a few
of the numbers corresponding to symbols are shown as examples. Participants are asked
to fill in the empty boxes of the practice sequence correctly before they proceed to the
actual task. The test itself constitutes 8 rows of 18 symbols, with each row followed by a
corresponding row of squares for responses. Of the total of 144 squares, nine have been
filled up from the practice test. Participants are instructed to fill in as many blanks as pos-
sible in a 90 s timeframe.

This version of the DSST is run on Inquisit computer software [47], which allows for
millisecond accuracy in timing. Unlike traditional paper-and-pen tests, participants are
not given the opportunity to correct responses once they have been made. Both the num-
ber of correct and incorrect responses are recorded and the total score equals the sum of
all correct symbols completed within 90 s. Lower error rates would indicate higher accu-
racy and better performance levels. The mean speed of responses reflecting an individ-
ual’s perceptual processing speed is recorded as well. The DSST demonstrates good test—
retest reliability of repeated measures at one day evaluated by the coefficient of correlation
(r=0.93), correlation of repeatability (7 items), and the coefficient of variation (13%) [54].
Typical mean number of items filled in per 90 s for individuals aged 18 to 35 with >13
years of education (tertiary undergraduate students) is 32 to 42 symbols [54].

2.6. Procedure

This study was approved by a Human Research Ethics Committee. This study was
conducted in one of the testing rooms within the cognitive psychology research lab. There
were ten cubicles in the room. Each participant was provided with a desktop computer, a
table and chair at each cubicle such that there were no noise interferences or other distrac-
tions.

First, participants were directed to the computer screen on Qualtrics [46], where the
information sheet detailing the nature of the experiment was presented. They were given
time to read and clarify doubts before providing informed consent by clicking on the
‘agree’ button, thereby proceeding with the experiment. Participants were then directed
to complete demographic information such as their age and gender. Following this, they
were directed to an alternative webpage to complete the first DSST on Inquisit, to help
familiarise themselves with the task and to initiate cognitive fatigue.

Prior to each DSST task, participants were instructed to enter their eight-digit student
identification number followed by a dash and the image number (e.g., 123XXXXX-image
number) to link performance on the DSST to the environmental image stimuli provided
on Qualtrics. Since there was no image prior to the first task, participants were instructed
to enter their student identification number followed by the number zero (e.g.,
123XXXXX-0).

Participants were seated approximately 60 cm from the computer screen, where they
were instructed to pay attention to the key provided at the top of the screen and to proceed
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with the practice trial followed by the first experimental trial. After completion of the first
DSST (fatiguing task), participants were redirected to Qualtrics where the first image stim-
ulus was shown on the screen. Images were randomized so that each participant viewed
them in a different order. Each image was shown for 10 s before it disappeared. This du-
ration of exposure to the stimulus was deemed sufficient as there was a significant rela-
tionship found between scene and recognition performance scores at 10 s durations
[31,33]. Following the stimulus exposure, participants were redirected to Inquisit to com-
plete the DSST following the first image. As such, the DSST performed a dual function as
pre-exposure cognitive fatigue task and as a post-exposure measure of cognitive restora-
tion.

After completion of the DSST measuring cognitive restoration, participants were di-
rected back to Qualtrics to complete the PRS as a measure of perceived restoration. A
smaller version of the image was provided at the top of the screen to prompt their memory
and to ensure responses referred to the correct image. This sequence was followed for
each of the 18 images. On completion of these tasks, participants were debriefed, thanked

for their participation, and dismissed. The sequence of the procedure can be found in Ta-
ble 1.

Table 1. Participation Sequence for the Study.

Sequence Action in Qualtrics Action in Inquisit
Information about the study pre-
Step 1 sented, informed consent implied
upon proceeding to the study
Step 2 Demographics data collected
Step 3 First DSST for initial fatigue
Step 4 Stimulus/Measurement sequence

a. Restorative image in random order
b. DSST (DV and renewed fatigue)

c. PRS
Step 5 Repeat Step 4 a—c sequence x 17 for the remaining images
Step 6 Verbal debrief

3. Results

All analyses were conducted using the Statistical Package for the Social Sciences
(SPSS) version 23 (IBM Corp., Armonk, NY, USA) with the alpha level set at 0.05.

3.1. Assumption Testing

Given that the study followed a within-subjects design, a sample of 99 exceeds the
recommended sample size for repeated measures multivariate analysis of variance
(MANOVA), which suggests to have 20 participants per DV (i.e., N =20 x 3 =60) [55]. Post
hoc power analysis (G*Power, Universitdat Diisseldorf, Diisseldorf, Germany) also re-
vealed that a sample size of 99 was sufficient to obtain statistical power (1 - =0.97) at an
alpha level of p < 0.05 and moderate effect size (f2 = 0.25).

Through visual inspection of the boxplots, four outliers were removed due to ex-
treme scores of PRS scores, latency, and error rate beyond two standard deviations from
the mean. An examination of skewness and kurtosis values indicated that the assumption
of normality was violated for latency values and error rate in the DSST. However, distri-
butions of reaction time data are often positively skewed, violating the normality assump-
tion underlying the general linear model [56].

In order to address the violation of normality, a logarithmic transformation was con-
ducted on latency and error rate data to normalise the distributions and impact of outliers
[57]. As an outcome of this procedure, statistical assumptions regarding outliers and
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normality for latency values in the DSST were met. Unfortunately, error rates for the DSST
were still too skewed beyond acceptable violations of normality and, thus, were removed
from analysis. Pre- and post-transformation statistics pertaining to normality can be found
in Table 2.

Table 2. Pre- and Post-Transformation Normality for Scores on Latency Values and Error Rates on
the DSST.

Pre-Transformation Post-Transformation
kew- kew-
Skew Kurtosis M SD Skew Kurtosis M SD
ness ness
Latency 1.37 4.53 1032.00 347.00 0.19 -0.06 2.99 0.14

Error Rate  3.93 25.82 0.02 0.03 3.21 17.03 0.01 0.01
Note: Values for skewness between —2 and +2 and values for kurtosis between -7 and +7 are consid-
ered acceptable indications of normality when assessing multivariate normality in MANOVA,
which is assumed as it is robust against violations of normality [58,59].

3.2. Hypothesis Testing

Following the transformation of the data, the skewness and kurtosis for latency val-
ues were reduced and considered acceptable indications of normality [59]. A 2 (Mystery:
high vs. low) x 3 (Environment setting: built vs. mixed vs. natural) repeated measures
MANOVA was carried out on the DVs (PRS and latency on the DTTS) for hypothesis
testing. The descriptive statistics for the data from 95 participants across six conditions are
reported in Tables 3 and 4.

Table 3. Post-Transformation Descriptive Statistics for the Effects of Mystery and Environment Set-
tings on the PRS.

Level of Type of Environment Setting
Mystery Built Natural Mixed Mystery Totals
High M 17.53 25.87 28.02 23.81
SD (5.33) (6.34) (4.41) (5.42)
Low M 17.09 24.75 23.14 21.66
SD (6.54) (5.60) (5.74) (5.97)
Setting M 11.54 16.87 17.05
totals SD (5.97) (5.98) (5.12)

Table 4. Post-Transformation Descriptive Statistics for the Effect of Mystery and Environment Set-
tings on Latency Values in the DSST.

Level of Type of Environment Setting
Mystery Built Natural Mixed Mystery Totals
High M 1033 1042 1034 1036
SD (286) (297) (238) (275)
Low M 1045 1047 1025 1039
SD (288) (314) (292) (298)
Setting to- M 1039 1044 1029
tals SD (287) (306) (266)

Note: Response latencies reported in whole numbers because Inquisit accuracy is only to the milli-
second.

The combined PRS scores and latency values in the DSST were used to assess atten-
tion restoration. There was a statistically significant interaction effect between mystery
and the type of environment setting on the combined dependent variables measuring at-
tention restoration, F(4, 91) = 10.91, p < 0.001, Wilks” A = 0.675, partial 7?> = 0.325.
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A series of univariate ANOVA analyses was conducted to determine the effects of
mystery and type of environmental setting on the DVs separately. The alpha level was
corrected for, using the Bonferroni correction by dividing the current level of statistical
significance by the number of tests (i.e., 0.05/6 = 0.008) for the analysis of multiple simple
main effects. Therefore, the simple main effect is only statistically significant if p <0.008.

Mystery. Mauchly’s test of sphericity indicated that the assumption of sphericity had
been exactly met for PRS scores and latency values in the DSST, x? (0) = 1. Therefore, the
degrees of freedom were corrected using Huynh-Feldt estimates of sphericity (¢ =1). The
results show that the PRS scores were significantly affected by the level of mystery, F(1,
94) =32.27, p < 0.001, partial 2 = 0.256, with PRS values higher for images high in mystery
than images low in mystery (Table 3). However, latency in the DSST was not significantly
affected by the level of mystery, F(1, 94) =0.000, p > 0.008, partial n?<0.001, which indicates
that the reaction time in the DSST did not differ significantly between images high and
low in mystery (Table 4).

Environmental Setting. Mauchly’s test of sphericity indicated that the assumption of
sphericity had been violated for latency values in the DSST but not for PRS scores. There-
fore, the degrees of freedom were corrected using Huynh-Feldt estimates of sphericity for
latency (e = 0.98). The results show that the PRS scores were significantly affected by the
type of environmental setting, F(2, 188) = 116.26, p < 0.001, partial 1> = 0.553. However,
contrary to the hypotheses, the PRS scores were higher for images depicting mixed envi-
ronments than for natural and built environments (Table 3). However, latency values in
the DSST were not significantly affected by the type of environmental settings, F(2, 188) =
0.307, p > 0.008, partial 72 = 0.003, which indicates that the reaction times in the DSST did
not differ among built, natural, and mixed environments (Table 4).

Mystery x Environmental setting. Mauchly’s test of sphericity indicated that the as-
sumption of sphericity had been violated for latency values in the DSST but not for PRS
scores. Thus, the degrees of freedom were corrected using Huynh-Feldt estimates of sphe-
ricity for latency values in the DSST (¢ = 1). The results show that there was a statistically
significant interaction effect between mystery and the type of environmental setting on
the PRS scores, F(2, 188) = 22.38, p < 0.001, partial n? = 0.192. The PRS scores were the
highest for mixed environments high in mystery. However, there was no statistically sig-
nificant interaction effect between mystery and the type of environmental setting for la-
tency values in the DSST, F(2, 188) = 0.235, p > 0.008, partial 2 =0.002, which indicates that
the reaction times in the DSST did not differ between the levels of mystery and among
different environment types. Graphical illustrations of the interactions can be found in
Figures 2 and 3.



] 2022, 5

490

35
30
25
20

Mean PRS Scores

ol

=
=
o
o

050

= e
o
o
o

950
900
850
800
750
700

Mean latency values (msecs)

PRS Scores

Dk
ik

Built Natural Mixed
Type of Environment

m High ~Low

Figure 2. Effect of environmental settings (built/natural/mixed) and level of mystery (high/low) on
PRS scores. Error bars represent the standard error of the mean PRS scores.
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Figure 3. Effect of environmental settings (built/natural/mixed) and level of mystery (high/low) on
latency values in the DSST. Error bars represent the standard error of the mean latency values.

4. Discussion

This study drew upon and advances previous research examining the cognitive ben-
efits of nature [4,20,28] and mystery [3,29,31] on attention restoration. Given the previous
gaps in research, the aims of this study were to examine the effect of visual exposure to
built, urban nature (or mixed), and natural settings as well as the influence of mystery in
the domains of built, urban nature (or mixed), and natural environments on perceived
and actual attention restoration. In doing so, this study also sought to explore the possible
interaction effect of environmental settings and mystery on perceived and actual attention
restoration, respectively.
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4.1. Adjusted Hypotheses

Some operational issues with the DSST interfered with the full achievement of the
study’s aims. The DSST was initially chosen as it is a direct measure of the rate of infor-
mation processing of visual figures and because it is reportedly not affected by mood un-
like other attentional tests [53]. Exposure and contact with greenery have been found to
enhance cognitive performance [60], mood, and office productivity, amongst other bene-
fits [61].

There are two versions of the DSST —automated and pen-and-paper. The automated
version was chosen to allow for measures of both speed and accuracy. However, due to
limitations in coding ability and despite substantial efforts to resolve the issue, only one
version of the test was presented to participants throughout instead of the original plan
to use equivalent versions of the test for repeated testing. The rationale for computing
speed—accuracy trade-off functions despite practice effects provides the means to record
reaction time on top of accuracy rate which is impractical to attempt with the pen-and-
paper version.

Even by alternating the forms of the test, visual search and digit response patterns
are held constant in digit symbol forms and, thus, practice effects may still be evident at
brief retest intervals [62]. Alternating forms also does not necessarily prevent participants
from developing strategies for approaching the task and thereby improving performance
[63]. Therefore, for the current study we continued with the use of the DSST as an atten-
tional task. The balancing of fatigue and practice effects over the course of the experiment
was made easier by randomizing the sequence of restorative images from trial to trial
across different conditions.

Unfortunately, it appears from the highly skewed error data (almost no errors) that
practice effects were present and represent potential confounds for the analysis of intra-
individual variability in performance among the six conditions. The errors in the DSST
were low in frequency across all conditions and were extremely skewed despite logarith-
mic transformation of values, hence the decision to exclude error data from the analyses.
Fortunately, latency values from the DSST were still suitable for analyses because simple
motor speed in the DSST does not typically show sustained improvement with practice
[64]. Instead, the executive function of strategizing and consciously exerting effort to learn
the pairings is most likely to be at play. Thus, actual attention restoration was measured
by latency values in the DSST instead of through both speed and accuracy (error rate). As
such, some of the originally proposed hypotheses concerning accuracy levels could not be
tested. These include hypotheses 1B and 2B. Furthermore, hypothesis 3 concerned ‘overall
attention restoration’, including both perceived and actual (speed and accuracy), and so
the testing of this hypothesis was also affected in such a way that overall restoration in-
cluded only PRS and DSST latency data.

Consistent with previous research, the results indicate that there were significant dif-
ferences in perceived attention restoration among the different environmental settings.
Interestingly, however, the hypothesis that exposure to natural environments would re-
sult in a higher level of perceived attention restoration for natural environments, followed
by mixed and, subsequently, built environments was not supported. Instead, the PRS
scores were the highest for mixed environments, followed by natural and built environ-
ments, which means that hypothesis 1A is not supported.

The results confirm hypothesis 2A, according to which there would be higher levels
of perceived attention restoration for images high in mystery than for images low in mys-
tery, as there were higher PRS scores for the former. Contrary to expectations, the results
indicate no significant differences in latency values in the DSST among natural, mixed,
and built environments as well as between images high and low in mystery, which sug-
gests that there was no actual restoration benefit from any one condition. Hypotheses 1C
and 2C are therefore not supported by the current study data. The hypothesis concerning
an interaction effect between the type of environmental stimuli and mystery was sup-
ported for perceived restoration but not for actual restoration.
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4.2. Perceived Attention Restoration

The results of this study are somewhat consistent with previous evidence indicating
the higher perceived restoration potential of natural environments as compared to built
environments [4,16,26,28]. Interestingly, although it has been hypothesized that natural
environments are the most restorative, contributing to attentional recovery and reducing
mental fatigue [3], mixed environments (50% built, 50% natural) turned out to have the
highest PRS scores. This suggests that for the current sample and for the range of environ-
ments used to represent the different categories, mixed environments were perceived to
be the most restorative out of the three types of environments.

A possible explanation for higher PRS scores on mixed environments as compared
to natural environments is that the evaluations of environmental scenes may be highly
influenced by the associations the individual has with that environment. Given that we
did not measure either familiarity with the environments or how much time participants
may have spent in recreation activities in each type of environment, we acknowledge that
this explanation is speculative. When Beute and de Kort [65] examined associations with
the environment, they found that a large cluster of leisure activities was more frequently
mentioned for highly natural scenes (e.g., picnic, swimming, hiking) and generally scored
high on positive valence. Restorative environments such as urban parks, which are a com-
bination of natural and built elements, were also highly related to leisure [66]. This high-
lights the importance of compatibility, which is the ability of the environment to support
restorative activities [4]. As such, it is possible that mixed environments aligned better
with the participants’ goals and inclinations and, thereby, had higher compatibility com-
pared to natural and built environments. Though urban elements in mixed environments
can be very stimulating and require directed attention, there is evidence to suggest that
exposure to nature incorporated into urban settings can contribute to attentional recovery
and improve cognitive function and performance [28,67]. Kaplan and Berman [13] argued
that compatibility between an individual and an environment is essential to restore di-
rected attention. This ties well with previous research highlighting how preference and
restorative potential of an environment are related [68,69].

In line with previous research, the results of this study confirm the notion that images
high in mystery have a greater restorative potential than images low in mystery within
nature or forest settings alone [29,31], as well as between natural and urban environments
[25]. As predicted, images high in mystery had higher PRS scores, and therefore a greater
perceived restorative potential than images low in mystery in mixed environments as
well, which is consistent with the findings of Pazhouhanfar et al. [32].

Mystery, as a component of fascination, is a key element in facilitating attention res-
toration [31]. With their inherent promise of satisfying an individual’s needs to under-
stand and explore the environment, high-mystery settings have a higher potential to
evoke involuntary attention [4]. Thus, images high in mystery possibly had higher PRS
scores because they had sufficient strength to draw attention away from taxing cognitive
content and were potential sources of directed attention fatigue stemming from the com-
pletion of each DSST. When stimuli are novel, complex, and unpredictable, the process of
attracting attention is made easier and automatic, being relatively low on cognitive re-
sources [70]. Reflective episodes stemming from encounters with high mystery settings
containing soft fascination allow in turn for relaxation and an easing of negative moods
engendered by the stressors of the repetition of the DSST.

However, our understanding of the restorative potential of environments has so far
mainly relied on self-reported measures. Many concepts associated with the natural world
are also typically associated with positive semantic associations (e.g., pristine, pure, clear)
[71]. Though self-report measures of attention restoration like the PRS show that individ-
uals experience mixed and natural environments as pleasant compared to built environ-
ments, this may be due to cultural beliefs ingrained from a young age instead of people’s
own personal experiences of nature.
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4.3. Actual Attention Restoration

In order to address the potential shortcomings of self-reports, the current study em-
ployed the use of a cognitively fatiguing task, the DSST, aimed to more objectively verify
the experience of whether images high in mystery indeed enhanced effortlessness as com-
pared to images low in mystery. Similarly, this study also aimed to objectively verify the
difference between exposure to natural, mixed, and built environments. However, in con-
trast to expectations, exposure to high mystery images did not significantly improve the
reaction time taken to associate and match symbols and digits as compared to low mystery
images. Similarly, reaction time taken for the association of symbols and digits did not
differ among natural, mixed, and built environments. This is not entirely surprising given
the learning effect of taking the cognitive test repeatedly [25].

While a contradiction to expectations, it still is consistent with some of the previous
literature. Specifically, Bodin and Hartig [72] found no significant attentional benefits
from running in a large nature reserve versus running on urban sidewalks and streets
despite constructing four versions of the DSST (pen-and-paper version) and using a dif-
ferent test on each occasion. While the participants showed slight improvements in digit-
capacity post-test, Emfield and Neider [37] found that performance was independent of
the type of environment experienced, suggesting that performance was due to increased
familiarity with the task after completing it for a second time. Similarly, there was also no
significant effect of scene type (high and low mystery) on performance in the recognition
memory task [31]. As such, it appears that there was no actual restoration regardless of
the type of environment or the level of mystery involved.

It was hypothesized that there would be an interaction effect of mystery and envi-
ronmental type on both perceived and actual restoration. However, the results only show
a significant interaction effect on perceived restoration. As such, there seems to be a dis-
connect between perceived and actual attention restoration.

One reason for the differences between the levels of perceived and actual attention
restoration may be affective forecasting. Affective forecasting suggests that people have
difficulty predicting the intensity and duration of their feelings, and predictions are often
distorted [73]. This overestimation of how much experiences affect feelings, a phenome-
non termed as impact bias, can lead to frequent errors in decision-making [74]. This is
particularly true when individuals make quick judgements about their environments, as
in the present study, in which participants were only given 10 s to view each image. In
such situations, participants often focus on one aspect of the environment (e.g., lighting,
trees) and ignore other aspects of the image (e.g., depth). This results in focalism, which
interferes with prediction accuracy regarding the effect of different environments on life
satisfaction [73]. In the current study, some participants also reported being unable to dif-
ferentiate between similar images. While previous research has shown how different
scene types and mystery levels are able to predict actual attention restoration at 5 s and
10 s [31], 10 s may not be sufficient for all individuals to take in all elements of the image.
Future research should consider increasing the time limit to allow participants to absorb
and take in the entire image.

Another plausible reason for the disconnect between perceived and actual attention
restoration may be the possibility that the images were not immersive enough to elicit
attention restoration. Based on the definition of mystery, the current study design incor-
porated mystery elements in different environmental settings for attention restoration.
However, not all images high in mystery may be equally suited to reach the stage of full
restoration. Mystery is a component of fascination, so images high in mystery tend to in-
clude soft fascination. The ART posits that soft fascination settings enable involuntary at-
tention, thereby freeing up directed attention capacity [3]. Unfortunately, the optimal
combination of elements to induce soft fascination and thereby to provide a full restora-
tive experience has not been clarified in the ART. This leaves us to speculate about the
attributes that constitute a setting of soft fascination and, thereby, high in mystery (e.g.,
size, intensity, duration of the stimulus) rather than hard fascination which is low in
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mystery [75]. Moreover, it may be difficult to clearly identify at which point soft fascina-
tion turns into hard fascination and vice versa, but many stimuli could potentially be con-
sidered as engendering soft fascination when optimal softness in environments is not
specified. Thus, these unknown attributes in mystery may have affected actual restoration
since the restorative potential of the image perceived as high in mystery could vary in
actual restorative potentials needed to reach ‘full’ restoration.

4.4. Limitations and Future Research

All research studies have limitations that affect the generalisability of the results due
to the methods used. Since there were some operational issues in relation to the DSST for
the current study, the measure of the participants’ accuracy rate was removed from the
analyses. A baseline performance measure was excluded from the study as a covariate
since the participants were learning throughout the experiment due to the repeated
presentation of a single DSST task instead of the originally planned presentation of 18
different but equivalent versions. Future research on actual restoration may consider im-
plementing a control group tested at identical intervals instead of taking a single measure
of baseline for better control over possible practice effects [63].

A recurrent concern in this type of study is the matter of attentional depletion prior
to the experiment, which could potentially be the reason behind the lack of cognitive res-
toration for any condition in the current study. According to ART, restoration is achieved
when attentional resources are depleted, but then replenished through exposure to inher-
ently restorative natural environments [4]. However, in previous studies, measures that
were considered cognitively fatiguing, such as the DSST, were used to induce fatigue, and
in the current study the participants were all exposed to this fatiguing task prior to each
new exposure to a restorative environment. However, it is difficult to predict and discern
whether the tasks are taxing enough to induce directed attention fatigue. Therefore, the
results of the study may not contribute to restorative environment research, which heavily
focuses on attentional recovery from the depletion of resources. Future research may con-
sider using a manipulation check aimed to confirm fatigue and attention depletion. Future
research could also consider employing measures specifically aimed to induce fatigue as
well.

A limitation of the current study relates to the fact that, despite the best efforts to
create reasonably matched sets across all conditions, the images used in the experiment
differed on a number of visual dimensions. First, the nature images depicted colourful
scenes, whereas urban scenes had relatively dull colouring. This raises the question of
whether the effect of environment type and mystery on attention restoration may be
merely an artefact of these visual differences. Though the images may differ on several
visual dimensions, images similar to those in our stimulus set are commonly used in such
studies (and several were purposely drawn from previous research of a similar nature).
Joye et al. [48] argued that qualities such as colour are what differentiates the restorative
dimension of fascination between natural and urban scenes [48]. Hence, the use of these
stimuli sets reflects an individual’s actual experience of natural, mixed, and urban envi-
ronments.

Additionally, the current study did not measure the participants’ familiarity with the
stimuli set. Since some of the images depict local settings, the novelty of certain images
may have been a helpful predictor towards perceived restoration for some participants.
Sometimes, individuals prefer familiar things over novel ones because we have extensive
experience with them [76] and vice versa, where novel visual objects or places are pre-
ferred [77]. Individuals may have come to associate the places shown in the stimuli set
with meanings over time and through cultural, familial, or even personal learning. As
such, individuals may have already formed meaning-based associations with familiar
places as they encounter them more frequently than the environments in novel images.
However, experience does affect our preference in a variety of different yet contradictory
ways for different individuals. Few participants in this study were nature experts and,
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regardless of familiarity, reported that they could not differentiate or point out the loca-
tion of the images in the stimuli set. Moreover, according to the ART, restoration results
from an interaction between directed attention and the intrinsic properties of an environ-
ment [3]. As such, restoration should occur regardless of whether it has been previously
perceived [42]. Future research may wish to explore whether interactions with familiarity
are more pronounced amongst nature lovers who may have stronger prior associations
with the environments, which may in turn affect their perceived restorative potential of
the environments.

Finally, the sample in this study consisted largely of undergraduate students who
were all in the same age group, which makes it likely that they are unique from popula-
tions which are varying in factors such as age, lifestyle, and attention span. It is thus im-
portant to note that generalising these results to other populations and other age groups
should be done with caution. However, given the imbalance of the studies conducted in
Western countries, the current study goes some small way to address the imbalance by
providing data obtained from a southeast Asian sample of participants in the highly ur-
banized setting of Singapore.

4.5. Implications

Despite these limitations, this study successfully relied on the theoretical foundations
of the ART to further examine (1) the effect of natural, mixed, and natural environments
and (2) the level of mystery on perceived and actual attention restoration. In doing so, this
study provided the means to access the depth of the effect of mystery on the restoration
potential of different types of environments, especially for mixed environments, which
previous studies did not examine. Consequently, the findings of the study have both the-
oretical and practical implications.

First, some of the findings from this study support previous research in emphasizing
the utility of integrating natural elements in an environment to increase perceived resto-
ration, but the current findings also go beyond the nature and built dichotomy of the en-
vironments [78]. This is essential due to the trends of increasing population growth and
the development of mega-cities, leading to concerns that people will have fewer opportu-
nities for exposure to natural environments. If the postulated relationship between mixed
environments and restoration is true, as evidenced here in our results showing this is so
at least for perceived restoration, accessibility to well-maintained greenspace within ur-
ban environments could be imperative for future city planning. We acknowledge that our
current findings have not clearly established this to be so but offer this as a potential di-
rection for future research.

On the other hand, the current study revealed the role of mystery in increasing the
perceived restorative potential of natural, mixed, and urban environments, in line with
Kaplan and Kaplan [3]. This revealed that predictors of visual preference can also influ-
ence the evaluation of the person—environment interaction, which could potentially influ-
ence the perceptions of restorative environments. Given the evidence indicating the role
of mystery in attention restoration, the continual exploration of its paradigms might allow
us to venture beyond the relationship between perceived restorative properties of an en-
vironment and objective measures of cognitive restoration to the more specific realms of
how the ART components operate [42].

However, it is still unclear whether perceived restoration is directly translational into
actual restoration. Given the inconsistent findings in this study between perceived and
actual restoration, it appears that there is more scope to find ways to see whether they are
closely related or quite different. The findings from this study speak to the risk of mistak-
ing perceived restoration as a reasonable proxy for actual cognitive effects. Thus, future
studies must take caution to not assume actual restoration, especially when the mecha-
nisms underlying nature’s actual restorative effects are still not well understood.
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5. Conclusions

To summarize, attention restoration research represents a particularly valuable ap-
proach to generating insight on the benefits towards an individual’s health and well-be-
ing. This study examined the interaction between the types of environment and elements
of mystery that influence the perceptions of different types of environment. Although the
ART has been invaluable in drawing attention to the importance of natural environments
in restoring human well-being and cognitive functioning, this study has revealed the po-
tential for a restorative role of urban nature (mixed environments), which is particularly
salient with respect to the current rate of urbanization and in the context of the current
study location in Singapore. Additionally, this study has also highlighted the essential
role of mystery in drawing effortless attention, which may prove to be valuable for the
continued research on the restorative properties of the environment. However, given the
inconsistent findings between perceived and actual restoration, greater conceptual and
methodological clarity is still required to reliably conclude whether nature imagery and
mystery could directly affect restoration in individuals. As such, the matter of restoration
for effortful performance is not clearly resolved with respect to how the fascination di-
mension may be affected or influenced through brief exposures to images of nature, and
as such warrants further research attention.
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