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Abstract

Clear-cutting often causes negative public reactions due to its visual impact, especially in
recreational forests. Understanding how people perceive early regeneration stages may
support more socially acceptable management practices. This pilot study investigated
how young adults visually perceive early forest regeneration after clear-cutting, with a
particular focus on gender differences and attention-attracting elements. Field research
was conducted in October in central Poland on a 0.97 ha site with Scots pine regeneration.
Participants were studied using Tobii Pro Glasses 2. Over 950,000 visual events were
recorded, including approx. 9000 fixations and 900 saccades. Analyses included Areas of
Interest, heat maps, and fixation and saccade metrics. Women tended to show longer
fixation durations than men in this pilot study (602 ms vs. 458 ms; p < 0.001), particularly
in clear-cut regeneration areas, where median values were more than 35% higher. They
also had shorter and more variable saccades. Visual attention was concentrated on the
boundaries between mature forest and regeneration areas, and on elements that reduced
the perceived “nakedness” of clear cuts, such as undergrowth and young trees. These
patterns suggest that structural and compositional characteristics of regenerating forest
landscapes affect visual attention. The results highlight the potential of eye-tracking
methods for studying responses to forest management and landscape perception.

Keywords: ecosystem services; forest management; forest utilization; mental health;
urban forest; visual tracking
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1. Introduction

In recent years, numerous conflicts have arisen in Europe between foresters and
certain groups of society [1,2]. This may have contributed to a visible decline in the level
of public acceptance of forest management in European Union countries [3,4]. At the same
time, there is little social consensus on paying for forest ecosystem services [5-7], which
could at least partially compensate for revenue lost from timber production. Conflicts
related to forest management are common and inevitable due to the multifunctional role
of forests and the long-term consequences of management decisions [8]. This situation is
further complicated by the high demand for forest recreation in many European countries
[9-11], which may further hinder the achievement of one of the key objectives of forest
management, i.e., ensuring forest sustainability while maintaining a continuous supply of
timber. It is therefore important to identify solutions that can alleviate tensions resulting
from the different interests of various social groups. Clear-cut areas are among the most
controversial forms of forest management [10,12,13]. Consequently, where site conditions
and the ecological requirements of the tree species permit, clear-cutting should be
replaced by alternative regeneration methods, including selective cutting systems.
Foresters worldwide recognize this need and have been replacing clear-cutting with other
silvicultural approaches for many years [14,15]. However, for light-demanding species,
such as Scots pine (Pinus sylvestris L.), which dominates large parts of the European
temperate zone, clear-cutting remains one of the most suitable methods for generational
replacement [16,17]. Hence, solutions have long been sought to mitigate the negative
visual perception of clear-cutting areas. These include retaining individual trees or groups
of old trees in the harvested area, using irregular cutting boundaries, and promoting
natural regeneration [18]. The analysis of visual scenes is a major application of eye-
tracking research. In recent years, eye-tracking has been increasingly used to investigate
the perception of environmental information and decision-making processes [19-21],
enabling the identification of visual attention patterns. This tool may help objectively
determine the landscape elements that reduce the negative perception of clear-cutting and
thus improve public acceptance of forest management.

The aim of this pilot study was to assess visual attention patterns in young adults
viewing early forest regeneration following clear-cutting using eye tracking. The study is
a continuation of previous psychological analyses related to the emotions evoked by clear-
cutting in comparison to mature forest stands [22]. Combining these two approaches
makes it possible to integrate consciously reported psychological responses with objective
measures of visual attention, providing complementary information on how people
perceive forest landscapes and respond to forest management practices. The identification
of elements such as understory vegetation, clearings, and proximity to the forest edge,
which reduce the negative visual perception of clear-cut areas, may support public
communication and the planning of forest management measures that are more
acceptable to the public. As a pilot study, the findings should be regarded as exploratory
and as a basis for further, more extensive research.

The research was based on the following questions: (1) Which elements of an early
forest regeneration area following clear-cutting attract the greatest visual attention? (2)
Are there differences between women and men in visual attention patterns, as reflected
by fixation and saccade characteristics? (3) Which landscape components may reduce the
visual impact of clear-cut areas and therefore contribute to more socially acceptable forest
management practices? To address these questions, eye-tracking metrics, including
fixation duration, saccade duration, Areas of Interest (AOI) analysis, and heat maps, were
used to identify patterns of visual attention during observation of an early regeneration
site.
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2. Materials and Methods

The study was conducted in October 2023 in the Celestynéw Forest District, located
near Otwock (population 40,000), 32 km from the large urban agglomeration of Warszawa
(nearly 2 million inhabitants). The study site covered 0.97 ha and was in the early stages
of regeneration after clear-cutting in a pine stand on a fresh mixed coniferous forest
habitat. The area contained visible regeneration of Scots pine (Pinus sylvestris L.) and, to a
lesser extent, European beech (Fagus silvatica L.). The study site was surrounded by
mature pine stands, aged 80-130 years (Figure 1). According to data from the
meteorological station in Otwock, the average daily temperature on the day of the study
was 6.3 °C (maximum 7.9 °C, minimum 5.3 °C), relative humidity was 95%, average cloud
cover was 5.3 octas, atmospheric pressure was 1008 hPa, and wind speed was up to 4.5
m/s [22].

@ (b) T ©

Figure 1. Study area showing early forest regeneration following clear-cutting (a); Tobii Pro Glasses

2 eye tracker (b); a participant observing a video scene (c).

In the present research, Tobii Pro Glasses 2 eye trackers (Tobii AB, Karlsrovagen 2D
Box 743 S-182 17, Danderyd, Stockholm, Sweden) were used (Table 1, Figure 1). The
participants (Figure 1), aged 21-25 years, had no diagnosed vision impairments. Before
the study, all volunteers were informed about the measurement procedure, the purpose
of the study, and its duration. They knew that participation was voluntary and
anonymous and that they could withdraw from the study at any time. The authors
ensured the protection of personal data in accordance with the General Data Protection
Regulation (GDPR) [23]. The authors confirm that all procedures used in the study
complied with the ethical standards of the Polish Committee on Ethics in Science and the
1964 Declaration of Helsinki, as amended [24]. According to the Code of Ethics for
Research Workers of the Polish Academy of Sciences [25], ethical approval was not
required for this study.

Before the experiment began, participants received detailed information about its
purpose and procedures. The researchers explained the successive stages of the
experiment, including eye-tracker calibration, observation of the visual scenes, and data
recording. Participants were instructed to observe the presented scenes freely and
naturally. To minimize potential order effects, the sequence of visual scenes was
randomized for each participant.

Individual recordings lasted approximately 8 min. After each session, data collection
was completed and, following recalibration of the equipment, a new recording session
was started. The videos were copied from the eye trackersememory storage to a computer
hard drive and subsequently processed and analyzed using TIMER PRO
PROFESSIONAL software (version 22.11.2015. Applied Computer Online Services ACOS,
2901 Moorpark Ave, Suite 100, San Jose, CA, USA).
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Table 1. Technical specifications of the Tobii Pro Glasses 2 eye tracker.

50-100 Hz (for eye-trackers, sampling frequency
refers to the number of identified locations of

Sampling frequency fixation points per second. It determines data
quality and measurement accuracy)
Eye tracker
Cameras 4
Scene camera FOV 820 horizontally, 520 vertically
Scene camera parameters h.264; 1920 x 1080 pixels; @25 fps
Field of view 160
Diagonal of scene camera FOV 90°; 16:9
Sound recording Yes
Weight 45¢g
Battery 120 min
Recording Station
Connection HDMI, Micro USB, 3.5 mm jack
Frequency 2.4 GHz & 5 GHz band
Dimensions 130 x 85 x 27 mm
Weight 312 g

Nine recordings were included in the analyses, 4 for women and 5 for men.

Randomly selected fragments of the recordings were analyzed using Tobii Pro Glasses
Controller software with an I-VT Attention filter (version 1.83.11324-RC1, Tobii AB
Karlsrovagen 2D Box 743 S-182 17, Danderyd, Stockholm, Sweden). Visual activity of the
subjects was assessed in relation to two selected areas of the visual scene (Figure 2).

Figure 2. Visual scene —snapshot (a). Areas of Interest marked on the snapshot (b). Heat map for an
individual participant (c), and the corresponding heat map based on data averaged across all
participants (d). Heat map colors indicate the relative intensity of visual attention, with warmer
colors (yellow to red) representing areas with a higher concentration of fixations and cooler colors

(green to blue) indicating areas receiving less visual attention.
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Spatial resolution, defined as the respondentseability to distinguish between areas of
the visual scene, was determined. Based on the collected video material, heat maps (Figure
2) and gaze plots were generated. On a snapshot representing the entire visual scene (a
selected frame from the recording), the locations of individual fixations were marked, and
their frequency and duration were presented on a color scale ranging from green (low
focus) through yellow to red (highest focus). Averaged heat maps (Figure 2) were
generated using TIMER PRO PROFESSIONAL.

The analysis of heat map data was fully automated and implemented in the Python
3.12.3 environment, using the Matplotlib 3.6.3, Pandas 2.1.4 and OpenCV 4.11.0 libraries.
The Pandas library was used to handle data saved in “.xIsx” and “.csv” formats, enabling
them to be loaded, filtered, processed and saved in the selected format for further analysis.
Data visualization was performed using the Matplotlib library, which allows the
generation of graphical charts, including image representations. The OpenCV library,
which provides a set of algorithms for image analysis and processing, was used to analyze
and process images.

The identification of points within a specific color range and intensity was carried
out according to the following procedure: first, the image was loaded and converted to
the HSV color space, in which color information was separated from brightness
information, facilitating color-based image analysis. Next, the target color range was
defined, and a binary mask was created to identify pixels within that range. The
correctness of the resulting mask was verified visually, after which the coordinates of the
identified points were saved to a data file. After cluster analysis using the k-means method
[26], averaged heat maps corresponding to the identified groups of subjects, comprising
three clusters, were overlaid on the reference image. The number of clusters (k = 3) was
determined based on the characteristics of the analyzed visual scene. Three zones were
distinguished: the terrain after tree exclusion; the forest edge with relatively limited
structural variation; and the forest edge defined by trees with colorful elements and crown
structures typical of coniferous species. Increasing the number of clusters reduced the
functionality of generalized visual characteristics. This process was carried out using a
similar set of programming tools. The resulting image, containing superimposed areas of
a specified color (yellow or red), was saved using the Matplotlib library. All calculations
and visualizations were performed in the Jupiter Notebook environment, which allows
the creation of computational documents in various programming languages, including
Python.

We also determined temporal resolution, defined the duration of fixations and
saccades. The AOI analysis was performed based on a graphical overlay applied to the
snapshot (Figure 3), which served as a reference point for marking two predefined areas:
early regeneration of a clear-cut forest and a mature forest stand. Each successive scanned
point was assigned to one of these areas and automatically linked to the corresponding
data files (Metrics.xlsx and Metrics.tsv) generated by the software, which contained the
basic measures of fixation duration variability.

The fixation and saccade data were pre-processed and analyzed. To eliminate outliers
and incorrect measurements, observations outside the specified time intervals were
removed from the datasets. Specifically, fixations shorter than 100 ms or longer than 2000
ms [27,28], and saccades shorter than 20 ms and longer than 100 ms were excluded [29].
The data were then organized separately for fixations and saccades.

To ensure sample representativeness, the minimum sample size for each recording
was determined. These calculations were performed based on the formula presented by
Bobrowski [30], which assumes a normal distribution of the random variable. Based on
the calculations, the minimum number of observations for fixations was approximately
600-700. However, to increase the power of the statistical tests and ensure consistency
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across analyses, a random sample of 1000 observations was selected for each recording.
In the case of saccades, owing to the lower variability of the data, smaller samples were
sufficient, with a minimum sample size of 100 observations determined using the same
statistical approach. Random sampling was performed using the RAND() function in
Microsoft Excel. This function generates a random real number in the range from 0
(inclusive) to 1 (exclusive), producing a random decimal value greater than or equal to 0
and less than 1.

fixation log(fixation)
> 9
= = (= g
2| . : ¥ s
@ o @ =]
T T 1 1 1 T T 1T T 717711
= ms = log(ms)
0 500 1000 1500 20 24 28 32
saccadas log(saccadas)
& 8 & 3
5 9 ﬂ /% 5 ° g/%
=2 =
g o g ©
s I T T L e fre T 1 1 T T 1 log(ms)
20 40 60 80 1.3 1.5 1.7 19

Figure 3. Frequency distributions of fixation and saccade durations before and after logarithmic

transformation.

Descriptive statistics were calculated for the resulting datasets, including means,
medians, standard deviations, and coefficients of variation. Due to the skewed
distributions of fixation and saccade durations, the data were log-transformed before
comparing women and men. This transformation improved the normality of the
distributions and allowed the application of the parametric Students t-test.

3. Results

The analyzed research material included 9 recordings, which were used to generate
heat maps and gaze plots and to analyze visual activity of respondents within the Areas
of Interest (AOI). The database contained more than 950,000 changes in the eye activity of
the subjects. Differences in the duration of fixations and saccades were examined using a
random sample of 9000 fixations and 900 saccades.

As the samples were very large, the assessment of normality was based on graphical
analysis (Figure 3) and the analysis of shape parameters—skewness and kurtosis (Table
2). The original data were compared with log-transformed values. The results presented
below clearly indicate that the log-transformed data of fixation are significantly closer to
a normal distribution. Regarding saccades, the dataset contains only four values: 20, 40,
60, and 80. Consequently, the log-transformed dataset also contains four values with
corresponding frequencies, resulting in very similar histograms in both cases. However,
as the data reflect quantitative variables, logarithmic transformation affects the scaling of
differences between values and, consequently, the normality of the distribution. As shown
in Table 2, logarithmic transformation significantly improved skewness, bringing it close
to 0, while moving the kurtosis value further away from zero. However, since symmetry
is generally considered a more important characteristic of a normal distribution, the log-
transformed data were also used in subsequent analyses of saccades.
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Table 2. Descriptive statistics of the distributions of fixation and saccade durations before and after

logarithmic transformation.

Statistics Fixation Log (Fixation) Saccades Log (Saccades)
Skewness 1.412 0.146 0.639 -0.001
Kurtosis 1.413 -0.872 -0.410 -1.256

Clear differences were observed in the median fixation durations between the
selected AOISs (Figure 2b). In both areas of the visual scene, fixation durations were longer
in women than in men (Figure 4). These differences were particularly significant during
observation of early forest regeneration following clear-cutting, where the median fixation
duration in women was more than 35% longer than in men (Table 3).

400 ~
350 -

NN W

o O o

o o O
1 1 1

Fixation [ms]
[
a1
o
1

Mature stand Regenerating clearcut area

B Women M Man = Together

Figure 4. Average fixation duration in selected Areas of Interest.

The average fixation duration for all observations was 522 ms (Table 3). The average
fixation duration in women (602 ms) was nearly 25% higher than in men (458 ms). These
differences were statistically significant (t=16.29; p=0.00) (Figure 5). Variability in fixation
duration was greater among men, with the coefficient of variation being 9% higher than
that observed in women. However, the Mann-Whitney rank-sum test performed on
individual means did not reveal a significant difference between groups (W =13, p-value
= 0.56). The discrepancy between the results of the two tests may be explained by their
different sensitivities. The Mann-Whitney test is based solely on the ranking of
observations and is less sensitive to the magnitude of differences than the Studente t-test.
In the present sample, two individual mean values were substantially lower than the
others, and both belonged to male participants. Therefore, it is difficult to determine
whether these lower values reflect individual variation or a gender-related effect. A larger
sample size is required to clarify the influence of gender.

Table 3. Descriptive statistics and variability measures for fixation duration.

Number of Medi Mini Maxi Standard Coefficient
. Mean . .. . ..
Observations -an -mum -mum Deviation of Variation
All 9000 522 360 100 1999 421.59 80
Women 4000 602 460 100 1999 444.81 74
Men 5000 458 310 100 1999 390.53 85
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Figure 5. Average fixation duration in the female and male groups.

The average duration of saccades for all observations was 39 ms (Table 4). The
average saccade duration in women (38 ms) was approximately 5% lower than in men (40
ms). These differences were statistically significant (Z = -4.42; p = 0.00) (Figure 6).
Variability in saccade duration was greater in women, approximately 4% higher than in
men. As these differences were recorded in the pilot sample, they should be interpreted
with caution. Similarly to fixation duration, the Mann—-Whitney rank-sum test performed
on individual means did not show a significant difference between groups (W =4, p-value

=0.19).
80
70
60
50
40

30

Fixation [ms]

20

10

-10

o Mean
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Figure 6. Average duration of saccades in women and men.
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Table 4. Descriptive statistics and variability measures for saccade duration.

Mean Median Minimum Maximum Std. Dev. Coefficient of Variation

All 39 40 20 80 18.07 45.8
Women 38 40 20 80 18.21 47.90
Men 40 40 20 80 17.88 44.11

Figure 7 presents averaged heat maps of fixation frequency and fixation duration for
women, men, and the entire study group. The visual scene is characterized by a broad
horizontal extent. A clear concentration of visual attention was observed along the
boundary between the early forest regeneration area following clear-cutting and the
mature forest stand, as well as in the immediately adjacent area. In contrast, the nearest
part of the scene, including the harvested area with logging residues and exposed soil,
received relatively little visual attention. More frequent and longer observations were
concentrated in the central part of the scene, where the respondents focused on several
understory trees and a colorful group of deciduous trees marked with blue circles. Greater
dispersion was observed in fixation frequency, although a noticeable tendency was
evident for more frequent observation of the group of colorful trees. Heat maps based on

fixation duration showed substantially less dispersion. Clear clusters of longer fixation
durations were recorded in women, particularly in relation to the colorful group of trees
located on the boundary between the clear-cut area and the mature forest stand.

1000 0 200 400 1000 0 200 400 800 1000

Figure 7. Averaged heat maps of fixation frequency (top row) and fixation duration (bottom row)
for women, men, and the entire study sample. The area containing the colorful group of deciduous

trees is outlined in blue.

4. Discussion

Zhang et al. [31] and Li et al. [32] demonstrated consistency between subjective
landscape assessment and eye-tracking indicators. We observed a similar relationship
with respect to earlier psychological studies conducted on the same group of respondents
and in the same forest environment [22]. Early forest regeneration following clear-cutting,
which was associated with increased tension and lower mood in the questionnaire survey,
generated significantly longer fixation times in the eye-tracking analysis than the adjacent
mature forest stand, although this effect was observed only in women. The longer fixation
durations in women within the investigated sample may reflect greater sensitivity to
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anthropogenic disturbance caused by clear-cutting or a higher level of involvement in the
affective assessment of altered landscapes. The clear-cut area (Clear-Cutting Area and
Second Growth Forest), which was associated with increased tension and reduced
positive mood indicators [22], was also linked to significantly longer fixation times among
women in the present study. Longer fixations are commonly interpreted as indicators of
increased attentional engagement, more intensive cognitive processing, or greater
emotional salience of a stimulus [33,34]. In this context, the clear-cut area appears to
function as a visually salient element requiring additional perceptual processing.
Importantly, longer fixation duration should not be interpreted solely as evidence of
negative evaluation. However, the convergence of results —a stronger negative emotional
response in the psychological study, and longer visual processing time in the eye-tracking
analysis—suggests that the clear-cut landscape requires intensified perceptual and
cognitive processing. The degraded spatial structure, exposed soil, logging residues, and
sudden break in stand continuity are likely to disrupt perceptual fluency and landscape
coherence, thereby increasing attentional load. In contrast, men tended to focus more
frequently on distant parts of the forest stand, which was consistent with the findings of
Jiang et al. [35].

Heat map analyses showed that visual attention was strongly concentrated along the
boundary between the mature forest and the area of early-stage forest regeneration
following logging. This transition zone appears to be a key element of the landscape in
terms of perception. Environmental psychology studies have shown that sharp spatial
contrasts and disruptions in continuity attract attention and may signal ecological
disturbance [36,37]. The boundary may therefore serve as a visual marker of landscape
change, activating evaluative and potentially affective processes. Interestingly, the most
degraded elements in the foreground (logging residues and exposed soil) were scanned
relatively less intensively, while the mid-range zone and natural regeneration attracted
longer and more frequent fixations. This pattern may indicate selective attention directed
toward elements that mitigate the visual harshness of clear-cutting, such as undergrowth,
regenerating young forest, or remaining isolated old-growth trees. This finding is
supported by earlier studies indicating that structural complexity and signs of
regeneration can partially mitigate the negative impact of clear-cutting on landscape
perception [38—-40]. Furthermore, studies on the natural regeneration of pine trees in
logged areas have shown that regeneration density decreases with increasing distance
from the forest edge [41]. Therefore, the most beneficial approach, both in terms of
supporting natural pine regeneration and forest landscape perception, would be to use
narrow strip clear-cuts, up to 3040 m wide, leaving single trees or groups of old trees.
These observations are consistent with the findings of Silvennoinen et al. [42], who
showed that clear-cuts were the least preferred forest landscape among the management
regimes examined in mature pine stands. These authors also found that retaining as little
as 5% of old trees and creating small openings (gap-cuts) had a positive effect on
landscape perception.

One of the notable observations in this pilot study was the tendency toward longer
fixation durations among women. Average fixation duration was approximately 25%
longer overall and more than 35% longer within the AOI representing early regeneration
following clear-cutting. However, participant-level analyses did not confirm statistically
significant gender differences, and therefore these patterns should be interpreted as
exploratory and requiring confirmation in larger samples. Similar observations were
reported by Dobson [43], who interpreted longer fixation durations in women as reflecting
amore analytical viewing strategy and deeper processing of visual information. However,
previous studies have indicated that gender-related differences in eye movements may
depend on the type of stimulus and the observation context. For example, Dudek et al.
[19] reported longer fixations among boys observing educational boards in forest
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environments, while Dong et al. [44] found longer fixation times in men when viewing
selected infrastructure-related objects. Therefore, the differences observed in the present
study should be interpreted within the specific context of forest landscape perception. The
patterns observed in this pilot sample are consistent with previous publications indicating
that sociodemographic variables, including gender, influence visual responses to forest
landscapes [35,45,46].

Women showed slightly shorter and more varied saccade durations. The present
results are consistent with those reported by Dobson [43] and Coutrot et al. [47]. These
authors have suggested that women use a more analytical and exploratory scanning
strategy, characterized by a greater number of small eye movements and more frequent
transitions between local elements of a scene, resulting in shorter, more dynamic saccades.
However, given the limited number of participants in the current study, these
observations should be regarded as preliminary. The differences in saccade dynamics
observed between women and men, particularly in the context of the landscape of early
post-clear-cut regeneration, are consistent with the psychological responses previously
reported for the same group of participants in this environment [22]. These results may
indicate a more detailed visual exploration of the regenerating clear-cut landscape among
women. However, given the pilot nature of the study and the limited sample size, this
interpretation should be considered preliminary and verified in future research.
Consequently, the findings are relevant both to the interpretation of perceptual behavior
in forest areas after management interventions and to landscape planning in the context
of user well-being.

The visual characteristics of the regeneration area likely influenced participantse
patterns of visual attention. In particular, the presence of colorful deciduous shrubs
during the autumn season may have increased visual contrast and contributed to the
concentration of fixations within the regeneration area. Future studies should compare
different regeneration structures, including uniform young plantations, regeneration
areas with shrub vegetation, and sites with retained individual trees or groups of trees, to
determine how specific structural elements influence visual attention and landscape
perception.

Study limitations

This study has several limitations that should be considered when interpreting the
results. First, it was designed as a preliminary research and involved a relatively small
number of participants (n = 9). Although eye-tracking studies often generate large
numbers of observations, the limited sample size restricts the broader applicability of the
findings.

Second, all participants were young adults aged 21-25 years. Previous studies have
shown that the perception of forest landscapes may vary according to age, education,
cultural background, and previous experience with natural environments. Therefore, the
observed visual attention patterns may not be representative of other age groups or social
categories.

Third, the research was conducted at a single forest site representing one specific
example of early regeneration after clear-cutting. Landscape structure, stand composition,
regeneration density, topography, and local management practices may influence visual
perception. Therefore, the findings should be interpreted with caution and verified under
a wider range of forest conditions.

Another limitation is the seasonal context of the study. Data were collected in
October, when deciduous vegetation displayed autumn colors and seasonal visual
contrasts were particularly pronounced. Different results could potentially be obtained
during other seasons.

The study also did not collect detailed information regarding participantseprevious
experience with forests, forestry practices, environmental attitudes, or professional
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background. Such factors may influence both emotional responses and visual attention
patterns and should therefore be considered in future investigations.

Finally, although more than 950,000 visual events were recorded and subsamples of
fixations and saccades were analyzed statistically, many observations originated from the
same participants. As a result, individual observations cannot be considered fully inde-
pendent. The statistical results should therefore be regarded as preliminary and viewed
primarily as evidence of patterns observed within this pilot sample rather than as popu-
lation-level estimates. Future studies should include larger participant groups and ana-
lytical approaches that explicitly account for repeated measurements within individuals.

5. Conclusions

This pilot eye-tracking investigation examined visual attention patterns associated
with the observation of early forest regeneration following clear-cutting. The results
showed that visual attention was concentrated primarily on the transition zone between
the regenerating area and the adjacent mature forest stand, as well as on visually distinc-
tive elements such as young trees and groups of deciduous vegetation. These findings
suggest that structural and compositional features of regenerating forest landscapes influ-
ence the distribution of visual attention.

The study also revealed patterns suggesting possible differences in visual behavior
between women and men. In this pilot sample, women tended to exhibit longer fixation
durations and slightly shorter, more variable saccades than men. However, participant-
level analyses did not confirm statistically significant gender differences, and these obser-
vations should be regarded as exploratory and verified in future studies involving larger
and more diverse samples.

The combination of eye-tracking methods with studies of forest landscape perception
may provide a useful approach for investigating how people visually respond to the ef-
fects of forest management. Future research should include larger and more diverse par-
ticipant groups, multiple study sites, and repeated observations in different seasons to
verify the patterns identified in this study.
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