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cognitive performance.

Visual and tactile properties of materials can influence human emotional and cognitive functioning. Existing studies
indicate that exposure to wood may lead to more favourable outcomes than contact with other common materials,
but evidence is limited. We measured affective states and cognitive performance in 16 participants before and after
each spent 15 min at 10 desks with differing top surfaces. Desk surfaces were made of untreated, oiled, or lacquered
spruce or oak solid wood, laminated or oak-veneered particleboard, glass, and mineral-filled thermoplastic composite.
The results indicate that cognitive performance and affective states of participants did not differ between the desk
surfaces. It appears that exposure to a relatively small wooden surface does not significantly influence affective and
cognitive outcomes. Incorporating larger amounts of wood coverage and a more demanding cognitive task would
probably increase the chances of capturing the potential effects of wood exposure on human affective states and
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Introduction
An increasing body of evidence demonstrates that when
people are exposed to natural environments or ele-
ments of nature, such as plants or water, certain indi-
cators of human stress and well-being tend to improve,
including affective states, cognitive performance, and
physiological arousal [1]. These observations are typi-
cally explained through the stress reduction theory [2],
emphasizing physiological and affective improvements in
response to nature exposure, or/and attention restoration
theory, highlighting restoration of cognitive capabilities
[3, 4]. The findings in this field urge building designers
to provide connection to nature in the built environ-
ment, where people spend most of their time [5]. Indeed,
indoor nature exposure can be seen as a health-promot-
ing framework [1].

Pleasant flower aromas, lush greenery, and water walls
are some of the ways in which nature can be brought
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indoors. The modern built environment, however, does
not only need to be a nature surrogate, but has to offer
practical solutions, which cannot be directly constructed
from most elements of nature. As a result, most elements
of nature have limited capabilities of bringing indoor
spaces closer to the natural environment.

In contrast, wood is a material that can be used in most
indoor furnishings [6]. It is perceived as more natural
than other common building materials and, accord-
ingly, indoor spaces containing more wood are rated as
more natural than their counterparts [6—8]. The current
research inspects how humans can be affected through
visual, tactile, and olfactory wood stimulation [9-11].
Of these, visual and tactile stimulation of wood might be
easier to implement on a wider scale, as it seems chal-
lenging for indoor wood furnishings to provide long-
term olfactory stimulation that is as intense as the one
delivered in the experiments observing positive findings
[12].

Altogether, not many studies have investigated the
effects of tactile and visual exposure to wood. The
existing findings demonstrate that touching wood can
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improve certain indicators of stress and well-being when
compared to the effects of the tactile experience of other
everyday materials, such as aluminium or marble [9, 13,
14]. These studies showed that certain indicators of phys-
iological arousal decrease after a short tactile exposure
to wood (typically 90 s). Other studies observed similar
physiological outcomes when investigating visual wood
exposure [15-17], while certain studies that combined
visual and olfactory wood stimulation detected improved
affective states in the wooden environment [18-20].

However, overall evidence for positive effects of tac-
tile or visual wood exposure is limited, as it is not clear if
the effects of wood exposure can extend beyond the ini-
tial brief period being observed in several existing stud-
ies. Additionally, it is not known if wood exposure, in the
absence of olfactory stimulation, can influence not only
(often ambiguous) physiological outcomes [21], but also
other indicators of stress and well-being, such as affective
states and cognitive performance.

Six studies were found that have investigated the effects
of wood exposure on affective states [8, 18-20, 22, 23].
Five of these used the Profile of Mood States (POMS)
measurement scale, which was devised to assess psy-
chiatric outcomes and may be less sensitive to changes
in affective states in different contexts [24], including
in investigations of human responses to natural envi-
ronments. In addition, due to its length (65 items in its
original form), the questionnaire is less appropriate for
repeated administrations typical in restoration studies,
as it can encourage unvarying responses that can lead to
misleading similarities in results between measurements
[25]. A carefully chosen measure (fitting to the study
context) can increase the chances of capturing potential
changes in affective states [24].

We found only two studies that examined cognitive
performance following the exposure to wood [16, 17].
One of these did not report the results due to issues with
the nature of the employed task [17]. In the other study,
which did not detect differences between the tested
environments, cognitive performance was not assessed
prior to exposure to the experimental settings [16]. This
excludes the possibility of detecting baseline differences
in performance and it does not induce cognitive fatigue
that might be important in finding differences in resto-
ration between environments [26, 27]. In addition, the
type of the deployed task and the length and timing of its
administration can be decisive in detecting restoration
of cognitive performance [26-28]. These observations
indicate that greater attention is needed in selecting and
administering cognitive tasks in restoration research.

In addition to knowledge gaps related to affective
states and cognitive performance, it is not clear if and
how different wooden materials influence indicators
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of well-being. The existing studies incorporated vari-
ous wood types, colours, and species, from birch wood-
veneered furniture [16] to oak and walnut-veneered
furniture [17] and spruce and fir solid wood [18]. These
studies typically compared the effects of a wooden ver-
sus a control material, but not different wooden mate-
rials with each other. As visual and tactile properties of
wood differ between wood species and treatments as well
as between solid and processed wood, different wooden
materials might lead to diverse human responses.

The scarcity of research and the specific methodologi-
cal approaches identified in many existing studies lead to
several gaps in knowledge that we investigated in the pre-
sent study. The objective of the study was to investigate
the effects of tactile and visual exposure to (untreated and
treated) wood, glass, and mineral-filled thermoplastic
composite (MFTC) desk materials on cognitive perfor-
mance and affective states, while incorporating a fitting
measure of affective states and including an assessment
of cognitive performance prior to the subjects’ exposure
to the experimental settings.

We hypothesized that (1) wooden materials compared
to the non-wooden materials and (2) untreated wooden
materials compared to treated wooden materials will:

a. Influence affective states

1. Increase the pleasure dimension.
2. Decrease the arousal dimension.

b. Improve cognitive performance

3. Increase the proportion of correct answers on the
cognitive task.

4. Decrease the mean response time in correct
answers.

5. Decrease the differences in mean response time
between congruent and incongruent task trials
(Simon effect).

Materials and methods

Participants

A convenience sample of 16 volunteer sub-
jects  (mean=25.88 vyears, standard deviation
(SD)=3.98 years; 10 women) participated in the study.
Subjects belonged to the social network of the first two
authors. They were eligible to participate in the study if
they did not present with health issues or other charac-
teristics that would make completing the study tasks diffi-
cult (e.g. very poor vision). A large majority of the invited
people agreed to participate in the study; the refusals
were generally related to the lack of time. In general,
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participants were not expected to possess in-depth
knowledge on materials that could substantially influence
the results, even though that the educational background
of two participants included wood science. Subjects did
not receive any compensations for participating in the
study. Before the experiment, participants signed an
approved informed consent waiver that provided them
information about study purpose and procedure, par-
ticipant rights, and data management. The study proto-
col and testing procedures (ClinicalTrials.gov identifier:
NCT03733366) were approved by the National Medical
Ethics Committee of Slovenia (No. 0120-631/2017/2)
and the research was carried out in compliance with the
Oviedo convention.

Sample size and power

Statistical power for Friedman tests was computed by
calculating the power of repeated measures analysis of
variance and transforming the resulting value [29]; the
study was underpowered (1 —f (type II error probabil-
ity)=0.52, effect size: Cohen’s f=0.8). Statistical power
for Wilcoxon tests was calculated empirically using
Monte Carlo simulation [30]. The empirical power of
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Fig. 1 Layout of the test setting with control (right) and test desks
(left)

Table 1 Desk materials used in the study
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these tests is 0.88 with a large effect size (Cohen’s f/=0.8).
The effect size in this power calculation indicates the
probability that X< Y, where X and Y are random obser-
vations from the compared data. When testing a location
shift hypothesis, the null hypothesis is an effect size of 0.5
and effect size increases as the probability approaches 0
and 1 [30].

Test setting

The experiment was performed at the kinesiology and
ergonomics laboratory of the University of Primorska
in Izola, Slovenia. The layout of the test setting is pre-
sented in Fig. 1. Four desk frames were prepared from
solid spruce wood and were positioned close to a white
wall (participants were seated to face the wall). White
drapes were put in between the desk frames, so the sub-
jects participating in the experiment simultaneously
could not see each other. Next to them was a control
desk (80 x 120 cm) that was covered with a plain white
tablecloth and had no chairs (participants were standing).
The control desk was not divided in sections and when
many simultaneous sessions were running, participants
were able to see each other. The indoor temperature and
relative humidity were measured several times per day;
the mean values were 23.58 °C (SD=0.69) and 37.40%
(SD=7.05), respectively. The experiment took place in
November and December 2018. Most of the testing was
conducted in first half of the day during weekdays, but
sessions were sometimes executed later in the day and on
weekends.

Desk materials

Desk surfaces were prepared from 10 different materials
(with dimensions 80 x 80 cm; thickness varied by mate-
rial), listed in Table 1 and presented in Additional file 1:
Figures S1 to S9. Eight surfaces were manufactured from
wood; six from solid wood (and were either untreated,

Material Surface treatment Material thickness
Spruce Untreated 2cm
Spruce Ol 2cm
Spruce Lacquer 2cm
Oak Untreated 2cm
Oak Oil 2cm
Oak Lacquer 2cm
Qak (veneer) Untreated 2cm
Imitation wood laminate - 2cm

Glass (on laminate) -
MFTC -

1.5 cm (glass) 4+ 0.5 cm (laminate)
0.8 cm (MFTC) 4 1.2 cm (particleboard)
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oiled, or lacquered) and two were wood composites. The
two non-wood materials were glass and a commercially
available METC (Kerrock®). An example is presented in
Fig. 2.

Measures of affective states, cognitive performance,

and material assessment

Subjects completed an affective state assessment and
a cognitive performance task that were presented with
Tatool, an open-source test platform [31]. After an intro-
duction to the experiment, the test procedure was auto-
mated, including breaks and instructions.

Pleasure and arousal single-item scales

Affective states were examined with two single-item
scales assessing the states of pleasure and arousal [32].
As it is not clear which specific affective states can be
induced by wood exposure, including any specific meas-
ure increases the chances of not detecting other affective
changes [33]. For this reason, we used the scales captur-
ing the broad state of core affect—simplest consciously
accessible feelings [33]. In addition, the testing with
the single-item scales is brief and thus especially useful
when many assessments are carried out in a short period
of time [32], as is the case in our protocol. Despite the
brevity, these measures have proven to be reliable and
valid [32, 34]. The two administered items asked: “How
pleasant/activated do you feel at this moment?” Par-
ticipants provided answers on a 9-point Likert-type
scale (1=especially unpleasant/inactivated, 5=neutral,
9 =especially pleasant/activated).

Simon task

Cognitive performance was assessed with the Simon task
that captures inhibitory control—the ability to override
the urge to an internal predisposition or an external lure
[35, 36]. We based our task selection on the findings of
a recent review demonstrating that exposure to nature

Fig. 2 Desks with top surfaces made of MFTC (left) and oak (right)
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has been shown to restore this core executive function
[26]. In the task, a circle appeared on either the left or the
right side of the screen. Participants were instructed to
press the left arrow key when the circle was green and the
right arrow key when the circle was red, regardless of the
circle location on the screen. In approximately half of the
trials, the location of the circle and the correct response
key were congruent (e.g. a red circle appeared on the
right) and in the other half they were incongruent. Each
session consisted of 100 trials, taking about 90-120 s to
complete.

Subjective assessment of materials

At each desk, subjects completed a short writing task and
answered four questions examining their perception of
a material. Results of the subjective assessment are not
reported in this article.

Arm and material temperature

Arm and material temperatures were measured as part
of the protocol using a non-invasive thermal camera. The
results of the temperature measurement are not reported
here.

Experimental procedure

The experimental (within-subject) procedure is outlined
in Fig. 3. Before the first session, the necessary instruc-
tions and explanations were given to the subjects. It was
explained to them how to rate the affective states (arousal
and pleasure) and they completed a short demo of the
cognitive task (Simon task). The instructions were also
available in the computerized testing during all sessions.
In addition, subjects were instructed not to communicate
with each other at any stage of the experimental session
and to abstain from caffeinated beverages prior to the
testing.

The participants started with the baseline period,
where they were brought to a control desk. They rested
for 1 min in silence before completing the cognitive task
and reporting affective states (CTAS; measurement time
“Pre”), to minimize any influences of the previous inter-
action with the researcher(s). Subjects were instructed to
keep their gaze at the desk surface during all rest periods
throughout the experiment.

After the baseline period, participants began with the
experimental part of the study, where they sat at a desk
made of one out of 10 desk surface materials (the order
was randomized). Before completing CTAS for the sec-
ond time (measurement time “Start”), they again rested
for 1 min, (1) to enable dissipation of any temporary
influences resulting from the relocation from the base-
line period and (2) to enable subjects to gaze at the desk
surface.
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Baseline Experimental period
Pre Start Post
Rest Affect & : Rest Affect & Rest : Affect & | Writing | Material
| |
| |
Cognition I Cognition : Cognition task rating
1 1
1 min 3min | 1min 3 min 15 min | 3 min 1 min 1 min
| |
\: Temperature measurement
Fig. 3 Experimental procedure

After this, participants rested for 15 min while keeping
their bare arms immobile and flat on the desk and their
gaze directed to the desk surface. After the rest period,
subjects completed CTAS for the third and last time
(measurement time “Post”). Participants then completed
the short hand writing task and answered the four ques-
tions on subjective assessment of the material.

Subjects repeated the entire session 10 times, once for
each desk material. They took 15-min breaks between
sessions, when more than one was conducted in the same
day. Up to five sessions per day were planned.

Statistical analysis

The data were processed and analysed in R 3.6.1 [37]
using R Studio 1.2.1335 [38] with the packages dplyr
[39], ggplot2 [40], rstatix [41], rcompanion [42], wmw-
pow [43], and WebPower [44]. Data from the entire sam-
ple of 16 participants were available and analysed in all
results presented below. There were no missing values, as
the computerized testing tool did not allow progressing
through tasks without providing a response.

The assumptions of parametric tests were not met for
any of the analysed outcomes, so we calculated boot-
strapped medians and percentile confidence intervals to
report observed values and their spread. We used non-
parametric tests throughout the analysis.

To compare subjective assessment ratings between
materials and examine differences between materials
regarding changes in affective states and cognitive per-
formance, we conducted Friedman tests that test for the
difference between paired observations on ranked data.
Separate Friedman tests were conducted for each subjec-
tive assessment item as a dependent variable and material
as an independent variable. Similarly, separate Friedman
tests comparing change scores (the difference in scores
between two measurement times) between materials
were conducted individually for each affective state and

cognitive performance outcome, with the change score as
the dependent variable and material as the independent
variable. p values in Friedman tests were adjusted with
the Bonferroni correction.

To investigate changes in affective states and cognitive
performance between study parts across all materials, we
performed one-sample Wilcoxon signed rank tests that
test for the difference between the observed values and
a theoretical value, by comparing the ranks of the com-
puted differences. Unless noted otherwise, p values in
multiple comparisons were adjusted with the Bonferroni
correction. The significance threshold was set at 0.05;
reported effect sizes are on the measurement scale.

Results

In most cases more than one subject participated in the
study simultaneously (up to four). It generally took four
visits (i.e. over a period of 4 days) for each participant to
complete the study for all 10 desk materials; typically, less
than a week passed between visits.

Affective states

Results on pleasure and arousal dimension across all
materials are presented in Fig. 4 and Additional file 1:
Table S1. The subjects generally reported feelings that
were around the middle (or slightly higher) of the arousal
and pleasure continuum.

Change scores (the difference in scores between two
study parts) across materials in both affect dimensions
were computed with Wilcoxon signed rank test and are
presented in Table 2. Neither affective dimension sig-
nificantly changed from the Pre to the Start period. In
contrast, both arousal and pleasure scores decreased in
the Post period when compared to either of the first two
phases; the scores were approximately one point lower
(on the 9-point scale) in the Post measurement time
compared to the values taken in the Start and Pre phase.
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Fig. 4 Arousal and pleasure scores across all materials

Table 2 Changes in arousal and pleasure scores across study parts (all materials combined)—results of the Wilcoxon

signed rank test

Affect dimension Change period v Pseudomedian 95% Cl p
Pleasure Start-Pre 1057 0.000 —0.000 to 0.000 1
Post-Pre 121 —1.000 —1.000 to — 0.000 <0.007%**
Post-Start 7375 —1.000 —1.000 to —0.500 <0.007***
Arousal Start—Pre 982.0 —0.000 —1.000 to 0.000 0438
Post—Pre 1238 —1.000 —1.500 to — 1.000 <0.001***
Post-Start 608.0 —1.000 —1.500 to — 1.000 <0.007%**

p-values are adjusted with the Bonferroni correction
V, V-statistic; Cl, confidence interval. ***p <0.001

The scores on both affective dimensions grouped by
materials are displayed in Fig. 5 and Additional file 1:
Tables S2 and S3. The results of Friedman tests compar-
ing change scores in arousal and pleasure ratings between
materials are presented in Table 3. There were no statis-
tically significant results; neither arousal nor pleasure
change scores differed between materials.

Cognitive performance

Three outcomes of the Simon task were analysed: (1)
proportion of correct answers, (2) mean response time
on correct answers, and (3) Simon effect, the differ-
ence in mean response time between correct answers
on incongruent trials and correct answers on congruent
trials (higher values generally suggest lower cognitive
inhibition). The results across all materials are presented
in Fig. 6 and Additional file 1: Table S4. Typically, sub-
jects responded correctly to more than 90% of the trials,
their mean response time in correct answers was around
400 ms, and the Simon effect was usually between 20 and
30 ms.

Change scores in the three Simon task outcomes com-
puted with Wilcoxon signed rank test (across all materi-
als) are presented in Table 4. The proportion of correct
answers in the Simon task was higher in the Start period
when compared to the Pre period by approximately one
percentage point, while no differences were detected
between other study parts. Differences in the other two
Simon task outcomes between study parts were not
detected.

The scores on the Simon task outcomes grouped by
materials are presented in Fig. 7 and Additional file 1:
Tables S5-S7. The results of Friedman tests compar-
ing change scores in Simon task outcomes are presented
in Table 5. No statistically significant differences were
detected; change scores did not differ between materials.

Discussion

The results did not support our first group of hypoth-
eses; affective states did not differ between wooden and
non-wooden desks. When pooled data were inspected
(combining all materials), neither arousal nor pleasure
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Table 3 Changes in arousal and pleasure
across measurement times with material as a dependent
variable—results of the Friedman tests

Affect dimension Change period df x2 Kendall's W p

Pleasure Start-Pre 9 1554 0.108 0.232
Post-Pre 9 5.033 0.035 1
Post-Start 9 6.899 0.048 1

Arousal Start-Pre 9 2.322 0016 1
Post-Pre 9 5.762 0.040 1
Post-Start 9 5.163 0.036 1

p-values are adjusted with the Bonferroni correction

df, degrees of freedom, x?, Chi-square value

significantly changed from the Pre to the Start period,
but ratings on both dimensions were lower in the Post
sessions. These scores suggest that participants were
experiencing more feelings such as sleepiness, tiredness,
or boredom in the last stage of the experiment. It should
be pointed out, however, that the differences in affective
state scores were small; overall, the arousal and pleasure
states of participants were relatively similar in Pre, Start,
and Post measurement times. This lack of substantial dif-
ferences is not surprising, given that participants rested
for only a short period of time while being relatively
unstimulated. The reason that we were able to detect
these small changes might have been related to using two

single-item (arousal and pleasure) scales instead of often
used longer questionnaires that can be less sensitive in
restoration studies (e.g. POMS). For example, a recent
study from Dematté and colleagues [18] administered
Positive and Negative Affect Schedule (PANAS) before
and after the exposure to a wooden setting and did not
detect any changes between the measurements, despite
the study’s large sample (102 participants), relatively large
amount of wood coverage, and the presence of olfactory
stimulation. While it is possible that the subjects’ affec-
tive states did not significantly change between the meas-
urements, it could be that PANAS, consisting of many
items capturing specific affective phenomena, might have
missed broad and subtle changes that could have been
detected with measures of core affect, including the one
used in this study. Such measures may be more sensitive
in detecting changes with small effect sizes that can have
large effects in practice, due to small, seemingly insignifi-
cant effects compounding over time.

The observed trend of decreasing arousal and pleas-
ure did not differ between materials—wooden mate-
rials did not seem to influence the affective states, as
we expected. Similar results were observed in the two
studies by Tsunetsugu et al. [8, 22], where differences
in affective states were not detected between the test
settings differing in the amount of incorporated wood.
However, certain studies did detect an effect of wood
exposure on affective states. Compared to the present
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Fig. 6 Simon task outcomes across all materials

Table 4 Changes in Simon task outcomes across study parts (all materials combined)—results of Wilcoxon signed rank

test

Simon task Change period v Pseudomedian 95% Cl p

Proportion of correct answers Start-Pre 5931 0.010 0.005 t0 0.015 <0.001***
Post—Pre 5034 0.005 —0.000t0 0.010 0.141
Post-Start 3872 —0.005 —0.010 to —0.000 0.107

Mean response time on correct Start-Pre 6187 —0.785 —44351t02.785 1

answers (ms) Post—Pre 6619 0667 —3.140 10 4470 1

Post-Start 7126 1.985 —1.355t05.305 0.730

Simon effect (ms) Start—Pre 5852 —2.085 —6.190 to 2.055 0.951
Post-Pre 7143 2.965 —1.9751t07.980 0.693
Post-Start 7123 2.810 —1.805t07.735 0.736

p-values are adjusted with the Bonferroni correction
V, V-statistic; Cl, confidence interval, ***p <0.001

study, these incorporated a larger amount of wood in
their test environments [20] and those who used solid
wood also had detectable levels of wood scents in the
air [18, 19]. Other studies that observed lowered physi-
ological arousal in the wooden settings similarly incor-
porated a relatively large amount of wood in their test
settings (without olfactory stimulation). Although
these studies did not directly measure affective states,
lower physiological arousal (when considered a marker
of lower stress levels) would likely be reflected in
changes in affective phenomena [21, 45, 46]. Interest-
ingly, in both studies decreased physiological arousal

was observed early in the study and it did not seem to
depend on the exposure time, nor was it evident only
after the stress-inducing activity.

Put together, these results suggest that the amount
of wood coverage might be one of the prime suspects
for the diverging results of the present study and other
findings. Indeed, according to stress reduction theory
and attention restoration theory, environments that are
generally richer in natural stimuli are more to likely to
benefit humans [2, 4]. Perhaps the small desk surface
was not stimulating enough to generate these benefits,
despite participants being instructed to keep their gaze
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Table 5 Changes in Simon task outcomes
across measurement times with material as a dependent
variable—results of the Friedman tests

Simon task Change period df x? Kendall'sW p
Proportion Start-Pre 9 2929 0.020 1
ofcorrect  pogt_pre 9 9308 0065 1
answers
Post-Start 9 8912 0.062 1
Mean Start-Pre 9 1339  0.093 0437
response Post-Pre 9 6709 0.047 1
time on cor-
rect answers  Post=Start 9 7.173 0.050 1
Simon effect Start-Pre 9 6.600 0.046 1
Post-Pre 9 9.055 0.063 1
Post-Start 9 4486 0.031 1

p-values are adjusted with the Bonferroni correction
df, degrees of freedom, x?, Chi-square value

at the material throughout the experiment. It is also
possible that such less intense environmental stimula-
tions might benefit people, but that these benefits would
become apparent only during the recovery following an
induction of stress or fatigue [26]. Exposure to a larger
amount of wood coverage combined with a stress- or

fatigue-inducing activity would likely increase the
chances of detecting potential effects of wood exposure
on human affective states.

The results were similarly not in line with our second
group of hypotheses; we did not observe differences in
cognitive performance between materials. Across all
materials, there were no significant differences between
the study periods in mean response time in correct
answers or in the Simon effect; in contrast, the propor-
tion of correct answers was higher in the Start period
than in the Pre phase. Considering that the two cogni-
tive task sessions were conducted with only a few min
in between, perhaps the first session served as a train-
ing experience that improved the results on the second
administration. Alternatively, the results could have
improved due to other differences between the first and
the second session; for example, due to the participants’
change from the standing to the sitting position or due
to fewer distractions that the subjects faced in the second
session, as they were isolated from each other.

As was the case in the examination of affective
states, we did not find any differences in cognitive per-
formance between the tested desk materials. Only two
existing studies tested the effects of wood exposure on
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cognitive performance; one did not report the results
[17] and the other did not observe any differences
between the wooden and non-wooden environment
[16]. Despite our results being in line with the latter
finding, they run counter to the findings observed in
several other studies with somewhat similar research
protocols, which mainly differ by incorporating other
elements of nature instead of wood [1]. While wood
may not exhibit attention enhancing properties simi-
lar to other elements of nature, it is also possible that
other factors played a role.

In all wood exposure studies (including the present
study) cognitive fatigue might not have been sufficiently
induced. Attention restoration theory is specific to pre-
dict restoration from induced attention fatigue but not
improvement in cognitive capabilities, if these are not
fatigued prior to the exposure to natural environments.
However, several studies found that exposure to nature
improved cognitive performance even without prior
induction of attention fatigue, suggesting that other
mechanisms, such as changes in affective states, may
be important [26]. Another reason for the absence of
effects on cognitive performance may be related to the
cognitive task we deployed. It has been proposed that
cognitive tasks with certain properties are more likely
to capture the differences in performance in attention
restoration studies. Among other qualities, tasks should
be high in cognitive demand, which may not have been
the case in this study. Namely, the percentage of correct
answers in the Simon task was often in the high nine-
ties, with several sessions where all the answers were
correct. Furthermore, the results generally improved
on the second administration of the task, suggesting
that the employed task was not sufficiently difficult
to lead to attention fatigue after the first administra-
tion. Our findings urge future studies to employ tasks
demanding enough to induce attention fatigue and to
avoid the ceiling effect, where the range of the scores
is restricted and prevents potential differences between
the environments to occur.

Limitations

The sample size in the study was relatively small and the
statistical power was too low for the study to reliably
capture small and moderate effects that could be prac-
tically relevant. In addition, the study did not include
any physiological measures that could capture impor-
tant changes that would not necessarily be detected
in either the measures of affective states or the tests
of cognitive performance. Several confounders could
have influenced the results that might not have been
sufficiently controlled for, including the frequency of
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testing sessions, time and day of testing, and the poten-
tial effects of being without caffeine before and during
the test.

Conclusions

The findings suggest that a brief visual and tactile
exposure to a wooden small desk surface might not be
enough to significantly improve human affective states
and cognitive performance, even though the study
tested a variety of materials and included a sensitive
measure of affective states. To increase the chances
of capturing potential effects, future studies should
include a larger number of participants, increase the
amount of wood coverage, and incorporate a cognitive
task with different properties, including higher cog-
nitive demands. Although the study did not observe
positive outcomes following wood exposure, it is
important for the research in this field to continue, as
even small effects of wood stimulation could contrib-
ute to substantial real-life outcomes. Wood furnishings
are relatively simple and inexpensive to implement on
a wide-scale, while at the same time wood exposure
does not depend on human effort and determination,
as do many other psychosocial interventions addressing
stress and well-being.
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