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*  The more intensely a forest is treated silviculturally, the less it corresponds to people’s wishes
and expectations for nature.

» Itis possible to assess the attractiveness of nature from both photographs and videos.

*  Evaluations from videos and images differed slightly, but these differences do not affect how
treatments are ranked.

*  Photo and video assessments are not easy for everyone.

We evaluated the consistency of video, ordinary photo, and panoramic photo surveys in measur-
ing the attractiveness (recreational use, scenic values etc.) of forest stands managed with varying
intensities. We also evaluated possible effects on the results caused by the personal background of
citizen respondents and how the respondents experienced the evaluation events. Our experimental
sites were in mature Scots pine (Pinus sylvestris L.) forests in eastern Finland and included two
replicate sites which were unharvested (control, basal area 26 m? ha™!), a selective cutting site
(basal area 18 m? ha '), small openings sites (gap cut) with 5 and 20% retained trees, respectively,
and one site which was clear cut with 3% retained trees. In our study, 71 volunteer forestry stu-
dents evaluated the attractiveness of these sites from an ordinary photo, a panoramic photo, and a
video, with a 0—10 scale. Based on this study, the unharvested forest was the most attractive and
clear cutting was the least attractive, regardless of the evaluation method. This result was in line
with a previous study using on-site evaluations of the same sites. The differences of respondents
considering in how easy they felt to assess the attractiveness of the environment as a whole and
in using different visualisation methods affected the result, unlike background variables of the
respondents. The results of forest attractiveness were consistent between panoramic and ordi-
nary photos, and the attractiveness scoring was slightly higher for them than for the video. We
conclude that all the compared visualisation methods seem to be suitable for assessment of the
attractiveness of forest views.
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1 Introduction

Forests provide multiple ecosystem services for society, ranging from the provisioning of timber
and non-wood products to carbon sequestration and maintenance of biodiversity and recreational
environments (Winkel et al. 2022). The attractiveness of the forest environment can be assessed
based on its nature, scenery, and recreational values (Tyrvdinen et al. 2014; Salo 2015). Trees
easily attract attention in the forest (Liu and Nijhuis 2020; Shirpke et al. 2022; Zhou et al. 2022).
Therefore, forest management intensity affects the attractiveness perceptions of the environment.
In general, mature, dense, diverse, and natural forests are found attractive (Silvennoinen et al.
2002; Tyrvéinen et al. 2017). Furthermore, selective cutting and gap cutting are experienced as
more attractive than typical clear-cut areas. In any case, leaving retention trees in a harvested site
improves the attractiveness of forest in-stand views (Koivula et al. 2020; Silvennoinen et al. 2022).
According to environmental theories, certain environments are preferred by people. Character-
istics of a pleasant environment include informativeness, interest, safety, accessibility, visibility,
and diversity. Such environments provide opportunities for a wide variety of activities (Appleton
1975; Ulrich 1983; Kaplan and Kaplan 1989; Orians and Heerwagen 1992).

The evaluation of the attractiveness of scenery from photos has been used in environmental
research for a long time (Kaplan et al. 1972; Zube et al. 1987), due to their general equivalency to
evaluations of the real environment (Kelloméki and Savolainen 1984; Stamps 1990; Daniel and
Meitner 2001; Sevenant and Anthrop 2011; Silvennoinen et al. 2022). However, contradictory
results have also been obtained. The fear is that the mood, meaning, and novelty that differentiate
photo-based from on-site landscape experiences (Hul and Stewart 1992). In this sense, panoramic
photo may have certain advantages, as it has been found to convey real environmental sensations
better than ordinary photo (Higuera-Trujillo et al. 2017). Photos and other visualisation methods
have often been used because they are cheaper than on-site evaluations (Daniel and Meitner 2001).
It is also easier to manage the presentation and its conditions with different visualization meth-
ods (Surova and Pinto-Correia 2008; Sevenant and Anthrop 2011). However, these presentation
modes are found to describe only a fraction of details of the scene such as underground vegetation
(Karjalainen and Tyrviinen 2002), which may affect the evaluation result (Nielsena et al. 2012).

Visual observation of the environment has mainly been based on photo evaluations (Stamps,
2010; Schiipbach et al. 2016; Svobodova et al. 2017). However, such static presentation does not
fully reflect reality (Heft and Nasar 2000; Zhang et al. 2020). In a dynamic presentation, such as
a video, observation of the environment may be more realistic (Gibson 2014), especially consid-
ering that it contains moving elements and sounds (Daniel and Meitner 2001; Huang 2009). In
addition, more attention can be paid to the forest floor (Liu and Nijhuis 2020), which can affect
the assessment of the whole environment (Cottet et al. 2018; Li et al. 2020). For the evaluation
of diverse environments, it is generally recommended to use several photos or larger panoramic
images (Palmer and Hoffman 2001), which help aesthetic evaluations to correlate more strongly
with the real environment (Sevenant and Anthrop 2011), but not always (Meitner 2004).

Previous methodological comparisons of static and dynamic presentations have focused
on open and semi-open landscapes that include cultural features (Vining and Orland 1989; Heft
and Nasar 2000; Huang 2009; Stamp 2016; Svobodova et al. 2018). Only a few such methodo-
logical comparisons have been conducted in forested areas. Vining and Orland (1989) evaluated
the environmental quality of forests using photos and videos. In turn, Heft and Nasart (2000)
evaluated forested roadside views with videos and freeze frames from videos with static and
dynamic methods. Overall, the comparisons between static and dynamic methods have produced
both equivalent (Vining and Orland 1989; Rohrmann et al. 2000; Nasar 2008; Stamp 2016) and
divergent results (Hetherington et al. 1993; Heft and Nasar 2000; Svobodova et al. 2018). In the
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latter case, static methods produced on average higher preference values (Heft and Nasar 2000;
Svobodova et al. 2018).

The interpretation and understanding of photos and videos may vary depending on how
the viewer understands the nature of the described object (Moriarty 1996). A visual image is a
subjective experience mixed with mental images, impressions, and illusions (Shore 1998). The
respondent’s background may affect the similarity between photo and on-site evaluations, but there
have been no differences between non- and forest professionals or between different age groups
(Silvennoinen et al. 2022). In comparative studies of static and dynamic methods (photo vs. video),
the effect of respondent background on results has not been studied earlier. The impact of factors
related to the evaluation event and experience has also not been previously studied in comparative
methodological studies, so the present study is unique also in this respect. On the other hand, in
terms of landscape valuations, effect of background variables has been evaluated since the late
20th century. (Kellomidki 1975; Zube et al. 1983).

In this study, we evaluated the consistency of video, ordinary, and panoramic photo surveys
in measuring the attractiveness perceptions of views of forests managed with varying intensities.
We also evaluated possible effects on the results between visualization methods caused by the
background of respondents and factors related to the assessment event. Evaluations were carried
out in a pathless environment. Research questions were:

1. Does the visualisation method have an impact on the forest environment attractiveness?

2. Does the background variables of the respondents or evaluation event have an impact

on the results?

2 Material and methods
2.1 Study sites

Study sites were located in mature Scots pine (Pinus sylvestris L.) dominated Vaccinium-type
forest (80—110 years old, average height of dominant trees about 21 meters) with flat topography
in Ruunaa area in Lieksa, Eastern Finland (Fig. 1). The field and bottom layers of these forests
were dominated by Vaccinium myrtillus L., Vaccinium vitis-idaea L., Calluna vulgaris (L.) Hull,
and Cladonia lichens, Empetrum nigrum L. dwarf shrubs, and Dicranum, Hylocomium, and Pleu-

Fig. 1. A map of Finland and location of
study area of forest attractiveness in Ruunaa
area in Lieksa, eastern Finland.

Study area

Joensuu @

Helsinki
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rozium mosses. The study included two examples each of unharvested sites (control, basal area
26 m? ha!), selectively cut sites (18 m? ha!), gap cut sites (gap cut) with 5% (1.3 m? ha') and 20%
(5.2 m? ha!) retained of initial basal area of control in harvested parts, respectively, and one site
which was clear cut with 3% (0.8 m? ha™!) retained trees (Fig. 2). The areas harvested in gap cuts

Gap cut 5% A Gap cut 5% B

s

Clear cut

Fig. 2. Evaluated Scots pine dominated Vaccinium-type forest views in panorama images including two repli-
cate sites which were unharvested (control, basal area 26 m?ha!), a selective cutting site (basal area 18 m2ha™!),
small openings sites (gap cut) with 20 and 5% retained trees, respectively, and one site which was clear cut with
3% retained trees.
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Screenshot from video

Fig. 3. Example photo and video views used in our study (selective cut). Standard photo
size cropped with a red dotted line from a panoramic image.

were between 0.2—0.3 ha, and for the clear cut it was 2.5 ha. All treatments were carried out in the
winter of 2011. Same study sites were previously used in the study of Silvennoinen et al. (2022).

The study sites were photographed in 2017 and videotaped in 2021 (Fig. 3). To standardize
weather conditions, the sites were photographed and videotaped in clear sky. Photos were taken
with a full-frame digital camera (Canon EOS 5D Mark III). Ordinary photos were taken horizon-
tally with a 35 mm lens, whereas panorama photos were taken and assembled from vertical photos
taken using a 50 mm lens. The aspect ratio was 1.5 (horizontal angle 63°) in ordinary photos and
2 (94°) in panorama photos. In our study photo without specification means both photo formats
(ordinary and panoramic). The videos were filmed with an image stabilizer on a GoPro Hero 9
camera with a 16.5 mm lens which corresponds to a full frame camera (106°). The original aspect
ratio of the videos (1.33) was set to 1.8 to match the aspect ratio of the photos. The photos and
videos were taken from the eye level without inclinations, because people are good at observing
horizontal and vertical tilts (Betts and Curthoys 1998). Photos and videos were cropped similarly in
terms of horizontal positioning, which contributes to their comparability (Svobodova et al. 2018).
The videos were filmed at walking speed, without stops, going in the same direction as that of the
corresponding photos.

2.2 Evaluation of forest site attractiveness
The evaluation of forest site attractiveness included 9 ordinary photos, 9 panoramic photos and

9 videos, thus making up a total of 27 visual materials for nine forest sites. The displayed order
of the photos was random to minimise the “order effect” in the photo evaluation (Brown and
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Daniel 1987; Meitner 2004). The photos and videos were reflected via a data projector (Panasonic
PT-VMZ51) on a large screen. We requested each respondent to rate each photo and video accord-
ing to how well they correspond to their wishes and expectations (recreational use, scenic values,
etc.), using a 11-step scale from 0 (does not correspond to wishes and expectations at all) to 10
(corresponds perfectly). These wishes and expectations are later in the text referred to as attrac-
tiveness (see Koivula et al. 2020). The scale used an extended variant of the “Likert” scale used
widely in social sciences (Joshi et al. 2015), to make it easier to distinguish the response options
from each other (Tyrvéinen et al. 2017). This was done to avoid the so-called end-point problem,
where the used scale could run out if very high scores were too generously given in the beginning
(Brown and Daniel 1990). All study sites were also shown as previews for respondents before the
actual evaluation to help them calibrate their evaluations to the existing evaluation scale (Brown
and Daniel 1990; Meitner 2004). In the evaluation event, the photos were displayed for five sec-
onds and the videos, without sound, lasted for 50 seconds. Respondents were asked to evaluate
the actual environment, not the photos or videos displayed. In visual evaluations, it is important
to indicate whether to evaluate the photo or the environment it presents (Scott and Canter 1997;
Meitner 2004). After the evaluation, the respondents answered questions related to the evaluation
event and methodology (Table 1).

Table 1. Evaluation event of measuring forest attractiveness: grouping variables related to the
evaluation event and methods (% of respondents).

Grouping variable: Category:
To evaluate this number of photos and videos Moderately or very effortless 514
The evaluation of attractiveness in general Moderately or very easy 52.9
Photos contra videos (the easy of evaluations): ™ Easier from the photos 17.1
Easier from the videos 27.1
Equally easy 55.7
Imagining the forest from the photos Well or very well 75.7
Imagining the forest from the videos Well or very well 84.3
The quality of the images was good Yes 100
The quality of the videos was good Yes 95.8
The time of looking photos was Too long 5.7
About right 91.4
Too short 29
The length of the videos was Too long 41.4
About right 55.7
Too short 2.9
The vertical motion in the videos: *) Positive 40.0
Neutral 50.0
Negative 10.0
The poorer quality of images and videos would Yes 56.3
have affected to the evaluation
Noises (e.g., birds and wind) would have affected ~ Yes 53.5
to the evaluation ™
Particular attention to the forest floor * Yes 45.7
Particular attention to the trees * Yes 54.2

*) Involved in group analyses according to the grouping presented here.
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The aim was to involve more than 50 volunteer evaluators to maintain average predictability
(see Islam 2018). The evaluations were done related to seven randomly selected forestry student
lectures at the University of Eastern Finland on the Joensuu campus. About 80% of students par-
ticipating in lectures did these evaluations.

In total, 71 volunteer participated in the evaluations, and 57.7% of them were Finnish stu-
dents. The proportion of women in the evaluation was slightly lower (45.1%) compared to men.
Most participants were 20-27 years old (70.4%).

2.3 Data analysis

All statistical analyses were done using IBM SPSS Statistics v.27.0. software. We used a repeated
measures ANOVA to examine the equivalence of the results of the three different visualisation
methods. Meitner (2004) used the same method to analyse the impact of environments, presenta-
tion methods and interactions between them. The assumption of the analysis was that the average
of the 11-step scale of each method would be the same. The repeated measures ANOVA assumes
that the internal correlations of the visualisation methods are consistent; this assumption was tested
with the Mauchly’s test of sphericity. Because this assumption was not met, we used the Huynh-
Feldt test which is recommended if the Greenhouse-Geisser epsilon value of the sphericity test is
greater than 0.75 (Robey and Barcikowski 1984; Girden 1992). In this case, Greenhouse-Geisser
is too conservative and would result in incorrectly rejecting the null hypothesis that sphericity
holds, which was the case for our data. Huynh-Felt correction have been developed to alter the
degrees of freedom and produce an F-ratio where the Type I error rate is reduced. The repeated
measures ANOVA was used both for combined data (average of all forest treatments) and for each
treatment separately. A statistically significant difference between the visualisation methods led
to a subsequent contrast analysis (repeated method), which identifies significant pair-wise differ-
ences. Pearson’s correlation test was used to test correlations between the visualisation methods
using the whole data.

We also examined how a set of background variables of respondents and especially the
factors involved in the evaluation event affected differences between assessment methods. For
group analyses, respondents were divided into 12 different groups based on demographic vari-
ables, evaluation event and visualisation methods. The purpose was to use such variables which
make possible the statistical analyses and divide participants into clear groups. The background
variables included gender (man/woman) and nationality (Finnish/other). Based on the evaluation
event and visualisation methods, the respondents were grouped according to the variables set out in
Table 1. The effect of video and photo duration was not analysed, because only a few respondents
considered the videos and photos too short. Group evaluation was not done in respect of photo
and video quality, because everyone thought the photos, and almost everyone thought the videos,
were of good quality. We also used a contrast analysis to find out whether the differences between
the visualisation methods were similar between the groups. In turn, the paired-samples t-test was
used to identify differences between visualisation methods within groups. Group analysis was first
performed on combined data (average of all forest treatments). If a statistically significant differ-
ence was found in the entire data, the analysis was continued separately for each treatment. In all
tests, we interpret p < 0.05 as significant.
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3 Results
3.1 Similarity of the three visualisation methods

All three visualisation methods produced similar orders of perceived attractiveness of forest man-
agement treatments. The perceived attractiveness decreased as the forest management intensity
increased, i.e., the unharvested forest was the most attractive and clear cut was the least attrac-
tive, and the rest of the treatments fell between these two. The photo format had no impact on
the evaluation result, but video and photo evaluations differed from each other. On average, the
attractiveness of the site was perceived as lower in the video than in either of the photo formats
(Table 2, Fig. 4). The attractiveness of the unharvested forests and the selectively cut forests were
evaluated as lower from the video compared to both two photo formats. In the two most inten-
sive management treatments, clear cuts, and gap cuts with 5% retention, the difference was only
observed between the video and the panoramic photo evaluation. In gap cuts with 20% retention,
all visualisation methods gave similar results. However, correlations between visualisation methods
were strong: video/ordinary photo 0.894; video/panorama 0.902; and ordinary photo/panorama
0.938 (p <0.001 in all cases).

Table 2. Statistical differences in forest attraction between visualization methods: entire
data and treatments. Significant < 0.01 in bold and significance 0.01-0.05 in italic and

underscore.

Treatment: F P Contrast: F P

Average ofall  19.992  <0.001 Video vs. Photo 25.465  <0.001

treatments Video vs. Panorama 24336  <0.001
Photo vs. Panorama 0.119 0.731

Untreated 16.722  <0.001 Video vs. Photo 22.863  <0.001
Video vs. Panorama 17.719 <0.001
Photo vs. Panorama 2.490 0.119

Selectively cut  18.601  <0.001 Video vs. Photo 25909  <0.001
Video vs. Panorama 20.132  <0.001
Photo vs. Panorama 1.508 0.224

Gap cut 20% 3.071 0.054

Gap cut 5% 4.018 0.021 Video vs. Photo 3.660 0.060

Video vs. Panorama 7.456 0.008
Photo vs. Panorama 0.391 0.534

Clear cut 4.059 0.029 Video vs. Photo 2.599 0.111
Video vs. Panorama 6.532 0.013
Photo vs. Panorama 1.880 0.175
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Fig. 4. Statistical differences in forest attraction between visualization methods: entire data and treatments.
Equal line connects methods that did not differ statistically from each other (variance analysis of repetition

measurements). Statistical significance: * < 0.05; ** < 0.01; *** < (0.001. Forest treatments presented in the
Fig. 2 caption.

3.2 Effects of experiencing evaluation event

Approximately half of the respondents considered the evaluation event effortless and easy (Table 1).
A little more than half of the respondents considered the photos and videos equally easy to evaluate.
About a quarter considered the video assessment easier and less than a fifth the photo assessment
easier. Both photos and videos were considered to be of good quality. Most respondents felt that
they were able to imagine the real environment from photos and videos.

The displayed time for photos was considered sufficient, but many respondents felt that the
videos lasted too long. Only one in ten respondents considered the small vertical motion in the
displayed video to be disturbing. More than half of the respondents felt that the lower quality of the
photos and videos would have affected their assessment. Furthermore, the videos were shown with-
out sound, and again, more than half of the respondents felt that the sounds might have influenced
their assessment. In the evaluation event, less than half of the respondents paid special attention
to the undergrowth vegetation whereas over half paid special attention to trees. The undergrowth
vegetation received special attention much more often from video (32.9% of respondents) than
from photos (12.9%). In turn, the trees received special attention more often from photos (32.9%)
than from videos (21.4%).

3.3 Respondent-group analyses

In the respondent group analysis of the entire data (average of all forest treatments), there were
differences in three groupings: easiness of assessing attractiveness, easiness of methods, and paying
particular attention to undergrowth (Tables 3 and 4, Fig. 5). Therefore, the analysis was performed
separately for these groups under different forest treatments. If the setting of the evaluation was
found to be easy, the difference occurred only between ordinary photos and videos. If the evaluation
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Table 3. Statistical differences in forest attraction between visualization methods in group and pair
comparisons: entire data and treatments. Presentation methods: V = Video; Ph = Photo; Pa = Panora-
ma. Significant < 0.01 in bold and significance 0.01-0.05 in italic and underscore.

Grouping factor Treatment Group * Method Contrasts of Interaction
F P Contrast F P
Easiness of Entire data 5.847 0.005 V vs. Ph 4.294 0.042
gtstsreascstiiggness Vvs. Pa 9.955  0.002
Phvs. Pa 1.625 0.207
Untreated 3.644 0.033 Vvs. Ph 4.576 0.036
V vs. Pa 4.816 0.032
Ph vs. Pa 0.110 0.741
Selectively cut ~ 3.772 0.030 Vvs. Ph 1.242 0.269
V vs. Pa 7.106 0.010
Phvs. Pa 3.406 0.069
Gap cut 5% 3.619 0.031 Vvs. Ph 1.237 0.270
V vs. Pa 7.930 0.006
Phvs. Pa 2.528 0.117
The easiness of  Entire data 3.123 0.020 V vs. Ph 3.813 0.027
methods V vs. Pa 3846 0.026
Ph vs. Pa 0.474 0.624
Untreated 3.206 0.017 V vs. Ph 4.101 0.021
V vs. Pa 3.367 0.040
Ph vs. Pa 1.250 0.293
Selectively cut ~ 4.295 0.003 Vvs. Ph 6.570 0.002
V vs. Pa 3.157 0.049
Ph vs. Pa 2.205 0.118
Gap cut 20% 2.549 0.045 Vvs. Ph 2.298 0.108
V vs. Pa 3.592 0.033
Ph vs. Pa 1.046 0.357
Particular Entire data 5.564 0.006 V vs. Ph 6.028 0.017
ﬁggfeforg o Vvs. Pa 8.067  0.006
grow Ph vs. Pa 0152 0.697
Untreated 4.382 0.017 V vs. Ph 5.093 0.027
V vs. Pa 6.477 0.013
Phvs. Pa 0.009 0.925
Selectively cut ~ 3.738 0.031 V vs. Ph 0.489 0.487
V vs. Pa 6.664 0.012
Ph vs. Pa 5.626 0.021
Gap cut 20% 3.592 0.033 Vvs. Ph 3.275 0.075
V vs. Pa 5.349 0.024
Ph vs. Pa 0.880 0.352

10
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Table 4. Statistical differences in forest attraction between visualization methods in intragroup comparisons:
entire data and treatments. Presentation methods: V = Video; Ph = Photo; Pa = Panorama. Significant <0.01 in
bold and significance 0.01-0.05 in italic and underscore.

Treatment Contrast Easiness of assessing attractiveness
Moderately or very easy Less easy
t p t p
Entire data V vs. Ph 2.091 0.044 5.994 <0.001
V vs. Pa 1.707 0.096 5.363 <0.001
Phvs. Pa 1.168 0.251 0.630 0.533
Untreated V vs. Ph 2.042 0.049 4.784 <0.001
V vs. Pa 1.635 0.111 4.155 <0.001
Phvs. Pa 0.988 0.330 1.359 0.184
Selectively cut V vs. Ph 2.953 0.006 4.201 <0.001
V vs. Pa 1.467 0.151 5.184 <0.001
Ph vs. Pa 2.577 0.014 0.380 0.707
Gap cut 5% V vs. Ph 0.567 0.574 2.059 0.048
V vs. Pa 0.086 0.932 3.479 0.001
Ph vs. Pa 0.666 0.509 1.507 0.142
Treatment Contrast The easiness of methods
Easier from the photos Easier from the videos Equally easy
t p t p t p
Entire data V vs. Ph 4.720 0.001 3.416 0.003 2.457 0.019
V vs. Pa 3.398 0.006 3.130 0.006 2.410 0.021
Phvs. Pa 0.621 0.547 0.628 0.538 0.708 0.483
Untreated V vs. Ph 3.680 0.004 3.024 0.007 2.100 0.042
V vs. Pa 2.207 0.050 3.474 0.003 1.652 0.107
Phvs. Pa 1.287 0.224 0.317 0.755 1.160 0.253
Selectively cut Vvs. Ph 4.072 0.002 3.456 0.003 2.476 0.018
V vs. Pa 3.500 0.005 2.891 0.010 1.957 0.058
Phvs. Pa 2.493 0.030 0.403 0.692 0.796 0.431
Gap cut 20% V vs. Ph 2.930 0.014 1.102 0.285 0.864 0.393
V vs. Pa 2.449 0.032 1.481 0.156 0.157 0.876
Phvs. Pa 0.484 0.638 1.022 0.320 1.000 0.324
Treatment Contrast Particular attention to undergrowth
Yes No
t p t p
Entire data V vs. Ph 1.744 0.091 5.495 <0.001
V vs. Pa 1.313 0.199 5.747 <0.001
Ph vs. Pa 0.631 0.533 0.100 0.921
Untreated Vvs. Ph 1.681 0.103 4.863 <0.001
V vs. Pa 1.169 0.251 4.304 <0.001
Phvs. Pa 1.000 0.325 1.339 0.189
Selectively cut Vvs. Ph 2.483 0.019 4.946 <0.001
V vs. Pa 0.975 0.337 6.533 <0.001
Phvs. Pa 2.436 0.021 0.666 0.510
Gap cut 20% V vs. Ph 0.395 0.696 2.675 0.011
V vs. Pa 0.431 0.669 2.701 0.010
Phvs. Pa 1.027 0.313 0.397 0.694

11
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Fig. 5. The visualization method averages with groupings that showed a statistical difference in forest attraction (y-axis).
At the top side by side are the groups that had statistical significant differences in the entire data. Below them are the
statistical significant differences that those groups had with different forest treatments. Statistical significant differences

between groups in Table 3 and internal in Table 4. Forest treatments presented in the Fig. 2. caption.

was not easy, the attractiveness was evaluated to be, on average, statistically highly significantly
lower in videos than in photos. Perceived experience of the evaluation event as easy or less easy
separated the respondents” evaluations of forest views, which represented either unharvested forest,
selective cutting, and gap cutting with 5% retention. In all these treatments, the attractiveness was
rated statistically higher in photos than in videos if the evaluation event was considered less easy.
For those who considered the evaluations as easy, a difference occurred between the ordinary
photos and the videos of selectively cut and unharvested forests.
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If either the video or the photo evaluation was considered easier, the attractiveness of the
forest view was, on average, lower from videos than from photos. If the visualisation methods
were considered equally easy, the attractiveness was evaluated as being similar between videos and
photos. The above-mentioned grouping affected the results in the forests which were unharvested,
selectively cut, and gap cut with 20% retention. Respondents whose experience with photos or
videos was easier than with other methods, evaluated the attractiveness of unharvested and selec-
tively cut forests higher from photos than from videos. Similarly, respondents whose experience
with photo evaluations was easier, evaluated the attractiveness of gap cut with 20% retention higher
from photos than from videos. Furthermore, respondents who evaluated the visualisation methods
with equal ease, rated the attractiveness of unharvested and selectively cut forests to be higher in
ordinary photos than in videos.

Respondents who paid no specific attention to the undergrowth vegetation rated the attrac-
tiveness, on average, statistically highly significantly lower in the videos than in the photos. If
attention was paid to the undergrowth vegetation, the attractiveness was found to be consistent in
all visualisation methods. Special attention to the undergrowth separated the respondents in the
unharvested forests, the selectively cut forests, and forests with a small opening (gap cut) with
20% retention trees. The attractiveness of forest views was perceived as higher in photos than in
videos among respondents who had paid no special attention to the undergrowth vegetation. In
selectively cut sites, the attractiveness of the forest was perceived as higher in the ordinary photos
than in the panoramic photos or videos among respondents who had paid special attention to the
undergrowth vegetation.

4 Discussion

The most attractive forest from an in-stand view was the unharvested forest, whereas the clear-
cut forest was considered to be the least attractive. Our results align with previous similar
studies (O’Brien 2006; Putz et al. 2008; Tyrviinen et al. 2017; Koivula et al. 2020). The eval-
uation of attractiveness was consistent between both the ordinary and the panoramic photos.
The video evaluations provided slightly lower attractiveness scores than the other two visu-
alisation methods. However, the ranking of the attractiveness of different treatments remained
similar in our study regardless of the visualisation method. Therefore, all these visualisation
methods can be used to evaluate the impact of forest management intensity on the perceived
attractiveness of structurally simple forests. However, if the respondents felt the whole concept
of assessing forests was difficult, or they found that some of the visualisation methods were
challenging, it affected the evaluation results. The attractiveness of different treatments was,
in our study, also very similar to previous studies in similar environments based on photo and
on-site evaluations (Koivula et al. 2020; Silvennoinen et al. 2022), which contributes to the
reliability of the study.

Photo and video evaluations produced slightly different environmental attractiveness scores,
supporting comparative studies using static and dynamic visualisation methods (Vining and Orland
1989; Hetherington et al. 1994; Heft and Nazar 2000; Svobodova et al. 2018). Static presentations
have sometimes obtained higher attractiveness scores than dynamic presentations (Heft and Nasar
2000; Svobodova et al. 2018). The reason may be that static presentation is easier to interpret
than dynamic (Heft and Nazar 2000). In static presentation, careful positioning of the photo also
increases its attractiveness compared to the video presentation (Svobodova et al. 2018). In our study,
special attention was paid to the photo positioning, which may have contributed to the evaluation
differences between photos and videos.
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In a forest landscape study by Vining and Orland (1989), video and photo evaluations pro-
duced similar results, but the photos were still images of the video. In our study, the differences
between video and photo scores were relatively small: the correlations between visualisation meth-
ods were stronger than those presented by Palmer and Hoffman (2001). We compared the methods
(videos and photos) in a pathless forest environment, which has not been done in previous studies.
Therefore, our study setting reflects real life situation, since in Finland you can move freely in for-
ests and engage in various activities (Neuvonen et al. 2022). Globally, it is more common to travel
in limited routes and trails (Bell et al. 2008). The assessment in a pathless forest may differ from
the assessment along the route, especially if the stand is too dense hindering walking (Tyrvdinen
et al. 2017). In our study, the forests were relatively easy for walking, so the difference between
the assessment from the path or pathless environment may not be significant.

Static presentation methods, such as photos, have been criticised for the fact that they lack
the normal environmental experience, which is usually generated in a dynamic environment and
further emphasised by the observer’s own movements (Gibson 2014). However, in this study, most
of the respondents felt that the real environment was somewhat as easy to imagine from a dynamic
(video) as from a static presentation (photos). The impact of sound on the evaluation result was
also recognised in this study, even though they were not included in the evaluations. According to
Stamps (2016), both visual and static methods provided results that were quite consistent with on-
site evaluations of the present study. Silvennoinen et al. (2022) used the same scaling and, partly,
the same photos, in attractiveness assessments of forests with on-site and photo evaluations as in
this study (Fig. 6). The results of our study were quite like the on-site evaluations of Silvennoinen
et al. (2022). Unfortunately, we could not statistically compare our results to on-site evaluations
of Silvennoinen et al. (2022), because our study had different respondents. However, our non-
statistical estimation based on the graphics in Fig. 6 suggest that in untreated and lightly treated
forest sites, photo evaluations appear to be more consistent with on-site evaluations of Silvennoinen
etal. (2022), while in gap cut sites and the clear-cut sites, video evaluations appear to be more like
the on-site evaluations of Silvennoinen et al. (2022). Therefore, this comparison does not indicate
which method, on average, corresponds better to on-site evaluations. On the other hand, there is also
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Fig. 6. Attractiveness of forest stands (y-axis) by various presentation methods (video, photo, panorama, and field
assessment). Field assessment carried out in 2017 on the same forests but with a different person (Silvennoinen et al.
2022). Forest treatments presented in the Fig. 2 caption.
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uncertainty related to on-site evaluations due to changing factors such as weather conditions, time
of the day, sounds, smells, path condition, and alertness status and fatigue due to the movement of
the respondent, which can have a significant impact on the evaluation (Daniel and Meitner 2001).

The respondents’ background (gender, nationality) had no impact on the differences between
the visualization methods. This supports earlier observations of Silvennoinen et al. (2022), who
compared results between photo and on-site assessments. However, factors related to the actual
evaluation event affected the results between the visualization methods. According to our study,
people’s ability to make independent evaluations from different visualisation methods varies, and
people themselves were also aware of this. However, the visualisation methods had little impact
on the forest in-stand evaluation if the evaluation was perceived as being easy or if there was no
difference between photo and video assessments. For about half of the respondents, the evalua-
tion was perceived as being easy and, for a similar proportion of evaluators, it was equally as easy
to make an evaluation from the photos and as it was from the videos, but this should not lead to
general conclusions. The evaluations were performed by forestry students who had professional
knowledge related to forests. Experts look at the forest stand or landscape in a more comprehensive
way than the layman, which affects the interpretation and understanding of the forest view (Dupont
etal. 2015; Lien et al. 2015). Furthermore, the professional status of respondents, i.e., being either
a forestry student, a forest professional, or a common forest user did not affect the results of photo
and on-site assessment in the study of Silvennoinen et al. (2022). A deeper understanding of the
matter would require further research with broader population-level data.

The differences between the three visualisation methods were less pronounced if the respond-
ent paid particular attention to the undergrowth in video or photo presentation. Factors that capture
or receive special attention may influence the evaluation of the entire scene (Li et al. 2020; Cottet et
al. 2018). More attention was paid to the undergrowth in video presentations, which may be related
to people’s tendency to concentrate on route selection when moving around in forests (Liu and
Nijhuis 2020). Our result is generally in line also with existing environmental theories, especially
the psycho-evolutionary theory by Ulrich (1986), which posits that topography and traversability
can affect the attractiveness of the environment. However, the importance of paying special attention
to trees supports the view that trees act as effective eyecatchers in the landscape (Liu and Nijhuis
2020; Shirpke et al. 2022; Zhou et al. 2022). The impact of that the heterogeneity of the view has
on the perceived attractiveness of the forest cannot be properly evaluated based on our study, as
the experimental sites were, in a certain way, relatively homogeneous areas: Scots pine dominated
Vaccinium-type forest with a generally flat topography. A similar study should be carried out in
structurally more heterogeneous areas and forests. In addition, the evaluated views in our study
were mainly half-open, which reduces horizontal observation (Dupont et al. 2015). These factors
may impact the similarity of results obtained for both video and photo formats.

The study data were sufficient for the evaluation of the consistency of video and photo sur-
veys in measuring the attractiveness of forest landscapes managed with varying intensities. The
number of respondents in previous studies usually varies from a few tens to just over 100 (Vining
and Orland 1989; Heft and Nasar 2000; Huang 2009; Stamp 2016; Svobodova et al. 2018). The
present study is not representative at the population level, as most respondents were young adults
and forest professionals. However, the generalizability of the results is supported by the previous
methodological comparison study in the same study site (Silvennoinen et al. 2022). Photo and
on-site assessments did not differ between non- and forest professionals or different age groups
(Silvennoinen et al. 2022). In addition, the results of Silvennoinen et al. (2022) and our results
are relatively similar, and e.g., citizenship was not a distinguishing factor in the assessments. The
evaluation of attractiveness seems to be robust and quite independent of methods and equipment
used (cameras, objectives etc.). There were few years difference between the videos and the photos
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at the time of filming. This was considered to have a small effect on the results since in a dry pine
forest (Vaccinium-type) tree variables change slowly. The quality of the photos and videos was
good and of consistent quality, and the respondents also shared this view. The photo formats used
in this study did not differ much from each other: the panoramic images were 49% wider than the
ordinary photos.

5 Conclusions

According to our study, static and dynamic visualisation methods provide a similar understanding
of the attractiveness of the environment, at least in relatively homogeneous forests such as those
that we studied. The assessed visualisation methods can be used reliably and for many purposes
in the professional level forest management planning for example in forestry and recreational
areas. However, people’s ability to evaluate forest views varies, which makes visual presentation
for research purposes challenging. Not everyone is able to carry out a consistent attractiveness
assessment independently of the visualisation method, as assessing the attractiveness of the forest
environment or the method itself may be challenging. In addition, people visualise things differ-
ently, which also affects the evaluations. A deeper understanding of the phenomenon would help
to develop visual evaluation methods and virtual environments that mimic genuine nature. We
need more information on the comprehensive experience of the environment and the suitability of
different visualisation methods for the evaluation of heterogeneous forests with varying ages and
species structures under varying environmental conditions. Thus, the use of different visualisa-
tion methods to determine the attractiveness of the forest environment should be further explored.
However, using visualisation methods, like conventional photos and videos may be relatively
laborious — weather conditions alone pose challenges for photography.

In the future, also use of virtual reality (VR) may enable the control of conditions and the
environment, allowing us to explore the impact of individual landscape factors on experiences. It
would be useful to examine how imaging methods, based on virtual reality, reflect the real environ-
ment, compared to the visualisation methods we used. For example, a 360° video view (utilising
VR glasses) and 3D surround sound might offer more comprehensive and realistic environmental
experiences than traditional imaging and vision-only methods. Virtual methods have already been
used, for example, in environmental psychology to study human well-being (Nukarinen et al. 2022).
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