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Recreational preferences in relation to stand treatment practice in
young pedunculate oak: An empirically-based international com-
parison

Abstract
The aim of this study was to investigate recreational preferences for contrasting
stem densities in young stands of penduculate oak. In particular, variations in pref-
erences were examined in relation to the respondents’ affiliation with forestry and
their nationality. Due to the increasing importance of oak, especially in the context
of urban forests, knowledge of such preferences could have strong implications for
future management practices of oak. The study was based on five pairs of colour
photographs from each of five recently thinned plots in a 13-year old experiment.
The plots presented five different residual stand densities: 7000 stems ha−1 (un-
thinned), 5300 stems ha−1 (traditional thinning), 1000 stems ha−1, 300 stems ha−1

and 100 stems ha−1. All cut trees were left on the ground. The study was carried
out as an European survey of forestry as well as natural resources professionals and
students based on questionnaires. Interviewees ranked the photographs according
to the criterion: “Which forest environment do you prefer as a visitor?”. Results
showed that there are geographical variations in the assessment of young stand
practices. Southern European respondents favoured stands with 7000–5300 stems
ha−1; Danes, British and Irish singled out stands with 1000 stems ha−1, whereas
Scandinavians tended to rank higher more open stands. Data on the Danish gen-
eral public from a previous study were analyzed and results compared to the Dan-
ish professionals. The principal component factor analysis showed that the general
public tended to perceptually group pictures according to similar overall patterns
of openings, presence of row structure and stand accessibility. The latter resulted to
be more important than stand density: as long as the stand appears accessible, stand
density can vary substantially (5300–300 stems ha−1). On the contrary, foresters
seemed to perceptually group pictures according to treatment type, and the pres-
ence of slash had very low influence in shaping forestry professionals’ preferences.
This suggested an influence of a forestry background on recreational preferences,
making foresters more willing to tolerate the visually negative effects of silvicul-
tural intervention.
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1 Introduction

In many parts of Europe oak is increasingly used for afforestation and when
regenerating long-established forests. In Denmark, as well as in other part
of the North-western Europe, this afforestation process has been carried out
in urban or periurban areas where the demand for forest recreation is high.
However, the numerous young stands are mostly managed to promote the
long-term economic potential and little considerations are given to other
management objectives during precommercial thinning operations.

Some years ago, statistically designed field experiments were installed in
young stands of oak to investigate effects of alternative precommercial thin-
ning practices on a range of tree and stand characteristics. Shortly after the
first precommercial thinning, each plot was photographed and the pictures
were used in a survey investigating the influences of precommercial thin-
ning practices on recreational preferences of the Danish adult population in
these type of stands (Jensen and Skovsgaard, 2009).

In this master thesis, a similar survey with the same photographs was made
among forestry professionals and forestry students from different parts of
Europe. The aim was to analyze the response from foresters and students
and compare the results, firstly, with the recreational preferences of the
Danish general public and, secondly, across Europe. Due to the increasing
importance of oak, especially in the context of urban forests, knowledge
of such preferences could have strong implications for future management
practices in oak forests.

In the rest of this introduction, the framework in which this study takes
place is analyzed in details. The description of the afforestation process and
its political foundations are described in Section 1.1. The new questions
and challenges brought up by the increase of the woodland especially close
to the urban areas are discussed in Section 1.2. In Section 1.3, the traditional
silvicultural management in young oak stand is presented, whereas in Sec-
tion 1.4 the tools to incorporate visitor preferences into silviculture is intro-
duced by a short literature review of the analysis of recreational preferences
on forest recreation. In the last two Sections, the previous studies investigat-
ing the silvicultural implications of recreational preferences in young stand
and the aim of this study are respectively described.

The rest of this thesis work is organized as follow: Chapter 2 presents the
data and the methodologies. In the Chapter 3 the results of the analysis are
illustrated. The discussion of the results is included in Chapter 4. Finally,
Chapter 5 briefly concludes.
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1.1 Afforestation in Europe

Over the past twenty years, in Europe the area covered by forests and other
wooded land slowly increased by approximately 0.3% annually (EURO-
STAT, 2009). To a major extent, this increment has been a consequence
of specific policies at both the European and national level: the former
through forestry measures included into the common agricultural policy
(CAP); the latter through country specific measures (Weber, 2000).

In particular, the EEC Regulation number 2080/92 (The Council of the Eu-
ropean Communities (EEC), 1992) was intended to promote the afforesta-
tion of agricultural land by means of financial incentives to landowners.
The purposes of the aid scheme were, among others, to increase the amount
forest resources, to contribute towards forms of countryside management
more compatible with environmental balance and to combat the green-
house effect (du Breil de Pontbriand, 2000). In 1999, a new agreement was
reached concerning the agricultural aspects of Agenda 2000, shaping the
new CAP. According to du Breil de Pontbriand (2000) in the new frame-
work, the Member States played a more crucial role, deciding whether to
support schemes for the afforestation of agricultural land or not, while the
implementation of the scheme was previously mandatory.

Turning to the national level, plans for afforestation were characterizing the
political priority in many European countries, in particular in the forest-
poor North-westesten region: Ireland, United Kingdom, Denmark, Ice-
land, Belgium, The Netherlands, and North-eastern France. According to
Nielsen and Jensen (2007), all these countries have plans for considerable
afforestation, with a target set to approximately 3.5 million ha of new for-
est (Table 1). A significant amount of forest expansion occurred also in
Southern Europe (Greece, Italy, Portugal, Spain) due to farm abandonment
and rural emigration processes as well as the decoupling of support from
agricultural production (Zanchi et al., 2007).

In Figure 1, it is possible to observe that the increment of the forest area
due to afforestation of agricultural land, during the first five years of appli-
cation of the EEC Regulation 2080/93, was approximately of 1 or 2% for
most of the European countries, with the only exception of Ireland where
the forest area - one of the smallest in Europe - soared by 16%. According
to Sondag (1999), this afforestation was carried out mostly on permanent
grassland, with the exception of The Netherlands and Denmark, where it
was implemented almost exclusively on arable land.

The species planted were in most cases broadleaved, as depicted in Figure 2.
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Figure 1: Area of agricultural land afforested under Regulation 2080/92
between 1992 and 1997 as a proportion of the total wooded area in 1997 (%)
[Source: Sondag (1999)]

Figure 2: Breakdown of the area of agricultural land afforested between
conifers and broadleaf species [Source: Sondag (1999)]
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Table 1: Forest cover and planned afforestation in countries within the
North-western European forest region

Country Forest cover Strategic goal for
forest cover

Planned afforestation

Ireland 9.6% (659,000 ha) 17% in 2030 700,000 ha

United Kingdom 11.6% including
Wales and Scotland
(2,790,000 ha)

Double the forest
cover (c.a. 20%)

c.a. 2,000,000 ha - 12,000
ha/year

Denmark 14% (485,000 ha) Double the forests
cover in 100 years
(20%)

c.a. 400,000 ha. Goal is
5000 ha/year

Iceland 1% (150,000 ha) 5% at elevations less
than 400m in 40
years

60,000 ha. 1500 each year

Flanders part of
Belgium

10.8% (728,000 ha) Positive strategies
but no long term
number found

13,665 ha

The Netherlands 11% (375,000 ha) 75.000 ha new forest
starting 1992

75,000 ha

North East France In the region:
8-10%. At the
national level: 27%
(15,341,000 ha)

The cover is
growing but no
specific goal has
been stated

n.a.

Source: Nielsen and Jensen (2007). Modified by the author.

In the time period between 1992 and 1997, on average 60% of the trees
planted were broadleaved, mixed plantation (with more than two thirds
of broadleaved) or fast-growing plantation. Beside the fact that the incen-
tives for planting broadleaves where 25% higher than the ones for planting
conifers, afforestation of former farmlands with broadleaved species is of-
ten seen as a preferable alternative to conifers from an ecological and social
point of view (Valkonen, 2008). In other words, broadleaved forests are
generally thought to be crucial to preserve forest biodiversity and offer an
attractive environment for recreational purposes and tourism (Löf et al.,
2004).

In this context, oak became widely used for afforestation in many parts of
Europe (Jensen and Skovsgaard, 2009). In Denmark, for instance, the area
covered by oak increased by approximately 40% during the 1990s. It was
estimated that oak forests cover an area of about 43,000 ha, representing 9%
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of the total forest area in year 2000. The importance of oak is increasing
also in Southern Sweden (Löf et al., 2004), Finland (Valkonen, 2008) and,
in general, in the nemoral urban woodland (Gundersen et al., 2005). The
development of the agricultural policy at the European and national level
suggests that this trend is expected to continue, further reinforcing the sig-
nificance of oak in forests and landscapes.

1.2 New challenges for silviculture and landscape planning

The increase of the forest area raised new questions to landscape planners,
foresters and researchers related with social and environmental sciences from
all over Europe. Issues related to ecology (Zanchi et al., 2007, section 4), hy-
drology (Wattenbach et al., 2007), soil composition (Vesterdal et al., 2002;
Rosenqvist, 2007), social sciences (Madsen, 2003; Kassioumis et al., 2004;
Nielsen and Jensen, 2007; Marey-Pérez and Rodríguez-Vicente, 2009), land-
scape planning (Karjalainen and Komulainen, 1998; Tyrväinen et al., 2006),
rural and forest policy (Marey-Pérez and Rodríguez-Vicente, 2009) as well as
silviculture (Rey Benayas, 1998; Ammer, 2000; Daugaviete, 2000; Löf et al.,
2004; Valkonen, 2008; Ovando et al., 2010) were widely discussed.

The circumstances and the consequences of afforestation schemes were dif-
ferent across the continent due to differences in climate, landscape, culture
and economy. Therefore, distinct silvicultural and landscape planning ques-
tions were debated across Europe. For example, in the Mediterranean Eu-
rope the afforestation took place mainly in marginal lands. There, the main
research objectives were focused on the establishment and tending of new
forests in order to cope with soil erosion, soil degradation as well as enhance
the timber production to create complementary income sources for farmers
in remote areas (Kassioumis et al., 2004; Ovando et al., 2010).

Timber production was the main reason for afforestation, mostly of Nor-
way spruce (Picea abies (L.) Karst.) in the densely forested Scandinavian
countries like Sweden and Finland (Rosenqvist, 2007). In this case, as un-
derlined by Karjalainen and Komulainen (1998), one of the main issues
emerged was that rural landscapes represent a “scarce” resource and often
they symbolize the historical process of settlement and cultivation. Given
that afforestation modified rural landscapes by hiding their characteristic el-
ements, the research objectives were focused on planning the afforestation
in a way that reduces the negative impact for the local residents.

A third different picture was observed in the scarcely forested North-western
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part of Europe. In this master thesis the focus was on Denmark, but anal-
ogous situations could be observed for instance in Belgium (Roovers et al.,
2002; Van Herzele, 2006). According to Madsen (2003), under the Danish
afforestation program, afforestation incentives were bounded to the fulfil-
ment of three main goals: to protect groundwater resources, to ensure ur-
ban recreational needs, and to support and enhance biological diversity in
the landscape. For this reason, many public and private farmland afforesta-
tions took place close to urban areas in order to increase the potential for
recreational services. As a result, in a setting of increasing urbanization
(Konijnendijk, 2000, 2003; Ode and Fry, 2002) forest was brought close to
the citizens, offering an environment for leisure activities and facilitating
the contact with nature.

In this context, the objectives of forest management are becoming increas-
ingly diverse, raising new questions to silviculture (Jensen and Skovsgaard,
2009). Two major forces are pushing these changes: on one hand, the advent
of the sustainable forest management and multiple use forestry paradigms;
and to the other, the process of “citification” of the forest (Paris, 1972; Konij-
nendijk, 2000). To put it more simply, forests have to meet the society’s new
needs: not only to assure timber supply, but also fulfil the recreational re-
quirements of the people and respond to the society demand for protecting
biodiversity, among others. The conventional forest management, focused
merely on timber production, may not be always appropriate to respond to
the new objectives.

An example is given by the traditional oak management applied to new ur-
ban or periurban forest in Denmark. Young stands managed according to
the traditional paradigm are generally very dense, and precommercial thin-
nings are carried out to promote the long-term economic potential of the
stand, giving little consideration to other management objectives like forest
recreation or biodiversity. A rethinking of young stand treatment is then
becoming necessary. This is going to be relevant not only for Denmark,
but also for the Central and Northern Europe (if not for whole Europe).
As a matter of fact, almost 50% of the area stocked with hardwood in ur-
ban woodland in the nemoral zone, and even more in the boreal zone, has
an age lower than 49 years old and a consistent part of this is likely to be
represented by young stands (Figure 3).

Given the intensification of the level of connectivity between urban society
and forests, the risk of conflicts increased. Conflict situations occurred be-
tween the traditional (industrial) and the “new” uses of forests. This type of
contrast was more evident in case of felling operation or thinning; however,
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Figure 3: Present age structure of hardwoods in the urban woodlands by
area as reported by the responding managers. Source: Gundersen et al.
(2005).

in recent years due to intensive afforestation it involved also young stand
management operations.

Professionals’ and the general public’s preferences and values about forests
were compared in some studies in order to identify areas of conflicts and
reduce their risk (Jensen, 1993; Winter, 2005; Bradley and Kearney, 2007;
Beckwith et al., 2010). Results indicated that the similarities between ex-
perts and the general public were more than the differences, although there
is still an area of misperception in several subjects investigated. As clearly
analyzed by Konijnendijk (2000), the urban population is unfamiliar with
the (natural, rural) production cycle. To put is more simply, forest managers
have to deal with a society with a less understanding for their management
actions but still ready to challenge the foresters’ professional authority.

Thus, forest managers have to use an adequate long-term perspective, find
the appropriate silviculture measures to produce wood and non-wood prod-
ucts as well as environmental, cultural and social services. The work of this
thesis is oriented to understand the needs of the society and translating them
into silvicultural practices. Questionnaires to investigate the preferences of
the populations are often used for this purpose. There is an extensive liter-
ature on this topic, of which a brief summary is presented in Section 1.4.

Finally, as pointed out by Nielsen and Jensen (2007) and Jensen and Skovs-

15



gaard (2009), changing socioeconomic and market conditions represents
further challenges to traditional silvicultural methods: in particular, the
increased cost of labour, the progressive reduction of personnel, and the
unstable or scarce management budget respectively for the public and pri-
vate ownership. These issues affect especially management operations in
the first part of the rotation, such as establishment and precommercial thin-
ning, that are highly dependent on manual labour and do not generate any
short-term return. As a consequence, there appears to be a need for a re-
thinking of thinning practices in young stands towards more simple and
schematic approaches.

1.3 The traditional management practices for young oak stand in

Denmark

According to Rune and Skovsgaard (2007) and Jensen and Skovsgaard (2009),
the traditional management of oak in Denmark is oriented to wood produc-
tion. This is achieved through the establishment of even-aged pure stands,
often with an understorey of other tree species. The establishment is usu-
ally done by planting or sowing. In the first case, approximately 3500–5000
bare-rooted seedlings are planted per hectare (Löf et al., 2004). The tree den-
sity varies depending on provenance, site and possible nurse trees. In the
case of sowing, the initial density is significantly higher.

Oak is a light demanding species and stands young are very dense. There-
fore, precommercial thinnings are required to reduce stocking and concen-
trate growth on crop trees. In production forestry, precommercial thin-
nings are normally carried out by skilled forest workers equipped with
brush-saws. The management model for young oak stands is based mainly
on results from a precommercial thinning experiment implemented in the
early 1900s (Hauch 1908, 1915, in Jensen and Skovsgaard, 2009). The aim
of the experiment was to investigate silvicultural actions in young stand
to favour growth as well as the wood quality of potential crop trees. The
recommendations suggest thinning among dominant trees to remove unde-
sirable individuals combined with heavy thinning among socially interme-
diate trees, while retaining an understorey of suppressed oak trees. Three to
four pre-commercial thinnings should be carried out to achieve a stem num-
ber of 2200 trees per hectare at an age of 20 years. The stem density after
the first precommercial thinning should be in the order of 5500–5000 stems
per hectare. This model is the most applied for producing high-quality tim-
ber in good moraine sites, and it is kept as a reference in less optimal site
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conditions. The first commercial thinning is carried out when the volume
of merchantable products is sufficient to ensure neutral or positive revenue.

In summary, the traditional silvicultural practices for young oak stand are
focused on developing and enhancing the economic and productive poten-
tial of the stand with the result that little weight is assigned to other man-
agement objectives (Jensen and Skovsgaard, 2009).

1.4 Investigating visual preferences on forest recreation

Forest recreation is strictly connected with scenic beauty. The interrela-
tions between the aesthetic, the beauty as well as the pleasantness of the
environment and soul and body “re-creation” have been discussed at least
since the Greek and Roman times. The locus amoenus, Latin for “pleasant
place”, was intended as a place characterized by open woodlands, sometimes
with a brook, recalling the biblical Eden. This concept can be traced back to
the Greek poet Homer. It became a cornerstone of pastoral works of poets
such as the Theocritus (3rd century BC) and later Virgil (Publius Vergilius
Maro, 70 BC–19 BC). The latter wrote in Ecogla I of Bucolics:

“Tityre, tu patulae recubans sub tegmine fagi
silvestrem tenui Musam meditaris avena
nos patriae fines et dulcia linquimus arva:
nos patriam fugimus; tu, Tityre, lentus in umbra
formosam resonare doces Amaryllida silvas1. [. . .]”

Moreover, the assessment of scenic beauty or visual aesthetic beauty has
been a concern for human for as long as sites have had to be selected for liv-
ing or traveling, although other primary needs (i.e. food resources, security,
etc.) have been more important (Daniel, 2001). However, it is only in the
1960s when the assessment of scenic beauty started to be done in a system-
atic and formal manner. At that time, the analysis of visual aesthetic beauty
or scenic beauty was developed and implemented in many field connected
with environmental management.

1“You, Tityrus, ’neath a broad beech-canopy / reclining, on the slender oat rehearse /
your silvan ditties: I from my sweet fields, / and home’s familiar bounds, even now depart.
/ Exiled from home am I; while, Tityrus, you / sit careless in the shade, and, at your call,
/ ”Fair Amaryllis” bid the woods resound.” Translation by Greenough (1900), accessed on
April 17, 2011, on http://www.perseus.tufts.edu/.
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The scenic beauty assessment is included in a broader field of study called
“landscape perception” research. Its final research orientation centres on
the human-landscape-interaction-outcome model (Zube et al., 1982). Four
different approaches can be identified: the expert (or design) approach, the
psychophysical approach, the cognitive (or psychological) approach and the
phenomenological approach (Zube et al., 1982).

The expert approaches are based on the assumption that trained profession-
als can objectively analyze and translate the landscape features into formal
parameters according to the principles of art, design, ecology or manage-
ment (Konijnendijk, 2003). In this case, the landscape quality and scenic
beauty can be reached via wise management techniques.

In the psychophysical paradigm, the general public or selected populations
are involved as passive observers. The visual characteristics of the envi-
ronment (such as amount of slash on the ground, basal area, stem density,
canopy density) are initially measured. Then, it is asked to the observers to
evaluate the visual quality of the landscape. The stimuli can assume several
forms such as on-site visits, photographs, verbal stimuli, digital image edit-
ing, visual landscape simulations or a combination of them, each one with
different degrees of accuracy. The stimuli evaluation is done through a sin-
gle psychological response such as scenic beauty or visual aesthetic quality.
Finally, the responses are analyzed and associated to the measured landscape
elements by the means of statistical analysis in order to extract the landscape
preferences (Konijnendijk, 2003; Zube et al., 1982; Daniel, 2001).

The cognitive approach, following the definition of Zube et al. (1982), in-
volves a search for human meaning associated with landscapes or landscape
properties. The information received by the human observer from the land-
scape are elaborated by the means of experience, future expectation, and
sociocultural conditioning. The interaction between the observer and the
landscape lends meaning to landscape as a whole such as mystery, prospect,
refuge, and hazard. The cognitive approach tries to explain the relationship
between landscape preferences and such meanings in order to investigate the
psychological basis of landscape preferences (Konijnendijk, 2003).

The phenomenological approach is focused on the interaction between the
landscape and the human, the latter considered as an active participant. The
main objective of this research is to study the total experience of the indi-
vidual interacting with the landscape (Herzog, 1985, in Konijnendijk, 2003)
and not the comparative assessments between different landscapes (Konij-
nendijk, 2003).
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Now, the aim of this work is the analysis recreational preference according
to different silvicultural treatments in young oak stands. In abstract terms,
the scope is to explore public preferences on aesthetic quality, assuming that
recreational preferences are related to the visual qualities of the stand. As
described above, in the literature there are two main paradigms for evaluat-
ing the visual aesthetic beauty of a landscape: the expert approaches and the
psychophysical approach. Both types of approaches share the basic concept
that landscape quality derives from the interaction between humans and
landscape, that is, between the properties of the landscape and the effects of
those properties on human visitors (Zube et al., 1982; Daniel, 2001). How-
ever, of these two, only the psychophysical approach can be considered as a
“public preference” research because the expert approach does not include
any analysis of the people’s opinions.

In addition, according to Daniel (2001), the psychophysical approach has
achieved higher levels of reliability compared to the expert approach in the
analysis of scenic beauty. Jensen and Koch (1998) estimated that the ex-
perts’ opinions do not match the public preferences in almost one third of
the cases investigated. Moreover, during the last two decades, the implemen-
tation of this approach became more flexible especially when related with
visual stimuli; relevant developments were carried out in the field of digital
image processing, computational procedure, landscape simulation and com-
munication technology. Therefore, nowadays very detailed visual stimuli
can quickly reach the observers almost everywhere and they can be easily
understood.

In light of these facts, the psychophysical approach is the most used para-
digm for deriving measurement of scenic beauty. It has been applied world
wide - from America, to Europe, Asia and Oceania - in many field of en-
vironmental management. Examples are numerous in landscape planning
(Zube et al., 1982; Tips and Savasdisara, 1986a,b; Daniel, 2001); agriculture
and rural management (Arriaza et al., 2004; Rogge et al., 2007), coast and
rivers management (Banerjee, 1977; Byrne, 1979; Hali, 1974; Stein, 1979; in
Zube et al., 1982).

This approach has been adopted in a large number of work concerning
forests, of which Ribe (1989) presented a detailed review. As already dis-
cussed, the growth of the multiple use forestry paradigm has increased the
attention to recreational services and the public perception of managed
forests. Moreover, the traditional belief that a well-managed forest should
lead to high scenic quality has been questioned, demanding for new meth-
ods to define visual aesthetic beauty in forestry (Ribe, 2002). As a result, the
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focus of the scenic beauty assessment in forests has shifted from the land-
scape level (Patey and Evans, 1979) to the stand level analyzing the effects of
different silvicultural practices. Examples can be find in Daniel and Boster
(1976), Brown and Daniel (1984), Ribe (1989), Jensen and Koch (1998), Kar-
jalainen and Komulainen (1998), Nielsen and Jensen (2007) and Hoffman
and Palmer (1996). Gundersen and Frivold (2008) made a review of public
preferences for forest structures in Fennoscandia.

Although all the studies mention above deal with forest scenic beauty, some
contributions focus explicitly on particular aspect of forest aesthetic: urban
wood management (Ode and Fry, 2002; Tyrväinen et al., 2006) and forest
recreation (Brunson and Shelby, 1992; Jensen and Koch, 1998; Jensen, 1999;
Shelby et al., 2005; Jensen and Skovsgaard, 2009; Beckwith et al., 2010).
These two aspects are strictly connected because, according to Van Herzele
(2006), urban and periurban woodlands are widely seen as the best strategy
for providing green spaces for recreation.

However, scenic beauty does not represent the only variable influencing
recreational preferences, although it is one of the most important (Virgil
docet). As showed by Shelby et al. (2005), recreational ratings are related
to, but different from scenic ratings. For example, it is likely that a clear-
cut has a low scenic beauty, however for a berry picker it might have a
high recreational potential (Ribe, 1989). Therefore, in some studies such as
Brunson and Shelby (1992), Jensen and Koch (1998), Jensen (1999), Shelby
et al. (2005), recreation quality (related to specific activity) and scenic quality
are analyzed separately.

Furthermore, it is possible to study recreational preferences with several
other tools deriving from the economic analysis. For example, the conjoint
analysis, the travel cost method or the willingness to pay method (Sayadi
et al., 2005; Roovers et al., 2002; van Rensburg et al., 2002). In this work,
however the data does not allow to group the respondents accordingly to
their recreational activities, so the focus is on the visual preferences. The
recreational preferences that are not connected to visual quality, as well as
methods to to extrapolate preferences alternative to the psychophysical ap-
proach will not be further discussed.

Although for much of the population’s preferences for forest scenes vary
in a similar pattern, preferences for certain scenes may differ based on a
person’s relation with the landscape or with certain characteristics of the
respondents. For example, a forest scene that has been significantly mod-
ified by a timber harvest might be rated higher by a person working in
forestry than by a person who does not work in forestry (Bradley et al.,
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2004). For these reasons, visual aesthetic preferences have been analyzed in
relationship with residential environment and macro-geographical environ-
ment (Tips and Savasdisara, 1986a); gender, age, income and religion (Tips
and Savasdisara, 1986b); as well as professional background (Rogge et al.,
2007; Jensen, 1993; Jensen and Koch, 1998; Winter, 2005; Bradley and Kear-
ney, 2007).

1.5 Previous studies on recreational preference in young stands

As already discussed, given the recent waves of oak afforestation in prox-
imities of urban areas in Denmark, there is a number of young stand, in
particular stocked with oak, which requires a rethinking of the traditional
practices. Nielsen and Jensen (2007) underlined the need for combining
visual aspect and technical considerations. This was then investigated by
Jensen and Skovsgaard (2009), who analyzed the preference for forest recre-
ation of the Danish adult population in relation to young penduculate oak
(Quercus robur L.) stand treatments. The study was based on five pairs of
color photographs of even-age oak stands, each pair representing a different
thinning intensity in a 13-year old experiment: 7000 stems ha−1 (unthinned
control plot), 5300 stems ha−1 (traditional precommercial thinning), 1000
stems ha−1, 300 stems ha−1 and 100 stems ha−1. All cut trees were left on
the ground after the thinning operation.

The authors investigated how the general Danish population ranked these
alternative precommercial thinning practices based on the criterion “Which
forest environment do you prefer as a visitor?” The study was carried out
as a national survey representing the Danish adult population. The pictures
together with a questionnaire were sent by post; overall, 243 questionnaires
were sent and the response rate was 73%. The same photographs and ques-
tionnaire were used for this work and they are described in details in Chap-
ter 2 .

Jensen and Skovsgaard (2009) found out that visitor accessibility seemed to
be considered as a crucial characteristic for the general visitor. Thinning
slash could be pointed out as a major factor for the impression of accessi-
bility. The indications for silvicultural practices suggested that the general
public prefers low to mid-range densities (300-5300 ha−1) over very dense
(7000 ha−1) or very open (100 −1) stands. Moreover, the authors believed
that with opportune silvicultural measures, such as high pruning for the se-
lected crop trees and extremely heavy thinning around a few individual trees
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of inferior wood quality, it might be possible to fulfil the multiple manage-
ment objectives (production, recreation and biodiversity protection). The
stand will result in a mixture of timber oaks and large-crown open-grown
trees.

Studies on the management and silviculture of young stands were carried
out also in North America and Australia (Findley et al., 2001; Bradley et al.,
2004; Beckwith et al., 2010). Although the specific silvicultural recommen-
dations are not applicable in Europe due to differences in species compo-
sition, forestry tradition, economic and social situation, the author believe
that some general results (i.e. the effects on scenic preferences of the affilia-
tion to forestry, demographic variables, among others) and methodologies
are relevant for this thesis work.

Bradley et al. (2004) investigated several silvicultural options to be applied
to young-growth Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) for-
est in western Washington (USA) managed for multiple objectives. The
analysis considered six management options aiming to create different age
and canopy structures. The study was part of a broader investigation that
ranged from production and economics, to ecology and, of course, social
aspects (aesthetic effects and public acceptance).

As far as the recreational preferences are concerned, Bradley et al. (2004) for-
mulated a survey containing 30 colour photographs depicting the six treat-
ments in the study. For each treatment, five photos were taken at different
point in time: one before the final harvesting (representing the final stage
of the treatment), one in the first spring after the harvesting operations and
the others in each spring of the following 3 years. Respondents were asked
to rate the pictures on a 1 to 5 scale according to how much they liked
the scene. Beyond the photo portion of the survey, there were four pages
of questions regarding knowledge and opinions about forest management,
demographic information affiliations with natural resource or environmen-
tal organizations. Overall, approximately 750 questionnaires were sent and
210 individuals responded (response rate 28%). The authors grouped the
interviewees into subgroups: general public, foresters, recreationists, envi-
ronmentalists, and educators.

The main findings of Bradley et al. (2004) showed that in general foresters
tended to show significantly greater preference than most other groups for
treatments where moderate to large openings where present (i.e., clear-cuts,
patch cut, and group selection). All groups showed high preference for the
repeated thinning and for the control treatment, although foresters rated
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the latter much lower than environmentalists and educators. Finally, the au-
thors underlined that, in general, respondents did not discriminate among
the scenes based on treatment type; rather, the interviewees tend to group
scenes according to similar overall patterns of openings, tree size variation,
and colour.

Beckwith et al. (2010) presented an extensive report on the impact of for-
est thinning on perceptions of recreational value and forest health in the
forested catchments of the South West of Western Australia. In the study,
five thinning programs were tested. The treatments differ for basal area,
thinning method and regrowth control. A “no treatment” option was also
considered. For the analysis, the authors generated computer photo simula-
tions of forest scenes. Each photo simulation consisted of a sequence of five
images per treatment representing the first year after treatment, and then
5 years, 25 years, 50 years and 70 years after treatment. In the question-
naires for each treatment, respondent had to rate the acceptability of each
image in terms of three attributes: forest health, scenic beauty and outdoor
recreation suitability. The questionnaires with the photo were sent to three
groups of interest: bush-walkers, off-road cyclists and professional forest
or water resource managers selected from local organizations. In total, 203
questionnaires were returned to the researchers.

An important finding of this study was that after viewing the temporal se-
quences of forest images (and not only the image after the treatment), the
acceptability ratings of the bush-walker and cyclist groups moved closer to
those of the manager group. As far as the preference of treatment is con-
cerned, all groups preferred the no treatment option. The thinning method
was the most important element in shaping the respondent preferences for
forest scenes. In contrast with the work of Bradley et al. (2004), respondents
with a background in silviculture presented analogous forest visual prefer-
ences to those of other respondents. Moreover, the demographic variables
age, gender, place of residence or level of education were not predictors of
forest scene preferences. Once again, from the analysis it was clear that for-
est density, and hence stand accessibility, was the most important element
to determine the scene’s acceptability for forest recreation.

1.6 Aim of this study

The aim of this study was to analyze the recreational preferences for differ-
ent thinning practices in young penduculate oak stand. The analysis was
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structure on three levels. The first level was focused on the Danish pop-
ulation only. The recreational preferences of the general public, natural
resources students and forestry professionals were compared. The other
two levels, instead, aimed to examine recreational preferences across Eu-
rope. Specifically, the second level was focused exclusively on an interna-
tional comparison of forestry professionals, whereas the third on natural
resources students.

The study tried to answer to the following questions:

• Are the responses from Danish forestry professional, Danish natural
resources student and the Danish general public different?

• Is it possible to find some patterns in the opinion of natural resources
students across Europe? And among forestry professionals?

• The study is focused on different young stand treatments. To which
extent is the Danish population able to distinguish among treatments?
And professionals and students? Are there some others undergoing
factors explaining recreational preferences?

With the first question, the main idea was to see whether the “experts”’
opinion is enough to shape the management in a way that it could include
the population recreational preferences or, alternatively, survey methods
should be used to create a forest environment that are suitable for recre-
ational purposes. The second point addressed the question whether there is
a difference in perception of the recreational preference across Europe. This
research on international differences in recreational preferences could be rel-
evant especially in urban woodland management, in the light of the socio-
cultural integration process undergoing in Europe (Konijnendijk, 2000, p.
89). Finally, through a principal component factor analysis, it was inves-
tigated whether distinct treatments were perceived differently by the sub-
groups and eventually which undergoing factors were influencing recre-
ational preferences.

24



2 Materials and methods

2.1 The study area

The study area used for this thesis work is the same selected by Jensen and
Skovsgaard (2009) for their investigation of the Danish general public recre-
ational preferences in young oak stands. It is located in the Haslev Orned
forest at Bregentved Estate, approximately 60 km south of Copenhagen
(Rune and Skovsgaard, 2007; Jensen and Skovsgaard, 2009, UTM coordi-
nates, ETRS89, zone 32: E 689,290 m, N 6,135,994 m, height above sea level
33 m). The site, called experiment no. 1516, is one of the three replications
of a Danish experiment on precommercial thinning of oak.

The stand description that will follow is based on Rune and Skovsgaard
(2007) and Jensen and Skovsgaard (2009). The study area is composed of
even aged pedunculate oak (Quercus robur L.) with a sparse admixture of
hornbeam (Carpinus betulus L.). The stand establishment was carried out in
1989. Approximately 90–95 kg ha−1 of penduculate oak acorns were sowed
on a former meadow during spring. Acorns were of local provenances from
stands of Dutch origin (seed sources F.661 and F.630). To protect the newly
established stand from browsing, the area was fenced for about ten years.

When the stand was 13 years old (spring 2002), experiment 1516 was in-
stalled. At that time, the stem density varied from 6000 to 11000 stem ha−1

and dominant top hight was 6 to 7 m. The aim of this experiment and of
the other two replications is to quantify short and long-term effects of pre-
commercial thinning in even-aged oak in relation to different issues such as
volume growth, wood quality, biodiversity and recreation. The experiment
comprises eight treatments with different combinations of precommercial
thinning grade and timing. All treatments were replicated twice within ex-
periment 1516.

Five treatments were selected for this study: a unthinned control treatment
(with self thinning only) and four treatments with different thinning inten-
sities. Treatments are described in terms of residual stem densities: 7000
stems ha−1 in the “unthinned” control plot; 5300 stems ha−1 in the “tra-
ditional precommercial thinning” plot; 1000 stems ha−1 in the “heavy pre-
commercial thinning” plot; 300 stems ha−1 in the “very heavy precommer-
cial thinning” plot and 100 stems ha−1 in the “solitary trees” plot. All cut
trees were left on the ground after the thinning operation. The unthinned
control plot included an additional 1900 dead stems ha−1 (with a height
larger than 1.3m), most of which were still standing.
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Figure 4: Aerial photograph of experiment no. 1516 taken on 6 September
2003, two growth seasons after the first precommercial thinning. Indica-
tions of plot borders, orientation (UTM grid) and scale of measurement are
only approximate (Source: Jensen and Skovsgaard, 2009).

Figure 4 presents the spatial allocation of treatments in experiment 1516.
In this aerial photographs, taken two growth seasons after the first precom-
mercial thinning, plots are bordered by white lines and identified by plot
ID (letters A, B, etc.) and residual stem number. For plots A and M, rep-
resenting the unthinned control treatment, the number of dead stems still
standing is indicated after the plus sign. Plots without an indication of stem
number are reserved for treatment at a later stage and therefore not included
in the study.

2.2 Photographs of the experimental plots

The ten pictures taken by Jensen and Skovsgaard (2009) were used in this
study. Each treatment was depicted in two pictures. The first picture was
obtained in order to show the row-wise structure of the stand and the sec-
ond picture tried to depict the lack of such structure. The pictures are pre-
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sented grouped by treatments in Figures 5–9. In Figure 10, the map of ex-
periment 1516 is presented. Yellow dots indicate the points from which
pictures were taken, with the exception of picture 217 that was taken from
plot P. In the stands, these points are permanently marked with yellow pales
(with exception of plot P).

The ten pictures were taken in August 2002, shortly after the thinning oper-
ation had taken place. According to Bradley et al. (2004), taking the photos
in the spring or summer minimizes the factors that may influence prefer-
ence ratings such as fall colour, snow, or bare trees.

Jensen and Skovsgaard (2009) assigned a three-digit identification number
to each picture. The first digit was added to reduce the chance of the num-
bering affecting the assessment. The tree digit number was printed on the
top-right corner of each picture. The ten pictures were printed in a 10 × 15
cm format.

2.3 Questionnaire surveys and data acquisition

Recreational preferences were investigated through a questionnaire survey
with attached the red envelope with the ten pictures. In the short question-
naire, the respondent was asked to rank the pictures according to the cri-
terion: “Which forest environment do you prefer as a visitor?” Moreover,
the respondents had to answer to other six general questions dealing with
number of forest visits, affiliation to forestry or other “green” occupation,
childhood environment, age and gender. The questionnaire was written in
Danish and translated in English and Italian. The English version can be
found in Appendix A.

The data acquisition was carried out in different periods and with different
target groups. A first wave of data acquisition was conducted by Jensen
and Skovsgaard from November 2004 to January 2005 as national survey
based on postal questionnaires. Respondents represented the resident pop-
ulation in Denmark above 15 years of age, with a slight over-representation
of females. Overall, 243 individuals responded to the questionnaire, with
a response percentage of 73%. These data were used by Jensen and Skovs-
gaard (2009) in their study. More details on the survey’s methodology can
be found in that paper.

In the second wave of data acquisition, the same questionnaire and set of
pictures were used to survey forestry professionals and students. The ques-
tionnaires were distributed during several seminars and conferences in Eu-
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(a) In the direction of rows. (b) Across the direction of rows.

Figure 5: Unthinned control, (7000 stems ha−1 + 1900 dead ha−1)

(a) In the direction of rows. (b) Across the direction of rows.

Figure 6: Traditional thinning, (5300 stems ha−1)

(a) In the direction of rows. (b) Across the direction of rows.

Figure 7: Heavy thinning, (1000 stems ha−1)
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(a) In the direction of rows. (b) Across the direction of rows.

Figure 8: Very heavy thinning, (300 stems ha−1)

(a) In the direction of rows. (b) Across the direction of rows.

Figure 9: Solitary trees, (100 stems ha−1)

Figure 10: Map of experiment no. 1516. Red dots represent the plots’
vertexes, yellow dots show the marked points from which pictures were
taken, blue dots denote ground flora measurement areas (Source: Attocchi
(2011), modified by the author).
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rope as well as during field excursions, including field tours to the experi-
ment 1516, in the period between 2004 and 2005. During field tours to ex-
periment 1516, the questionnaires were filled in before the visit in order to
guarantee the same type of stimulus for all respondents (pictures) and not to
introduce bias in the analysis. In total, 330 professionals and students from
Denmark as well as several other European countries were interviewed via
the questionnaire.

In winter 2011, the second wave dataset was preliminary analyzed by the au-
thor. Given that the survey of experts had been collected without a precise
experimental design, the need for a third wave emerged in order to balance
the number of professionals or students among countries. The aim was
to have approximately the same size in the respondents’ groups and a ho-
mogeneous cover of Europe. Therefore, questionnaires and pictures were
sent during Spring 2011 by mail to several forest faculties in Europe. Re-
spondents were mostly forestry students from Sweden, Portugal, Wales and
Austria, however few tens of forestry professionals from Northern Italy and
Portugal were also surveyed. Overall, 152 questionnaires were collected in
this third wave.

In the time span of approximately 6–7 years between the second and the
third wave, there might have been changes in people preferences. However,
according to the author opinion, this does not constitute a problem for the
analysis. The undergoing hypothesis is that within such time span recre-
ational preferences are thought to remain quite stable and therefore data can
be considered as if they were collected simultaneously. This hypothesis is
confirmed by several studies that show that recreational preferences showed
only minor changes in a twenty-year period (Jensen, 1999; Lindhagen and
Hörnsten, 2000).

2.4 The three datasets

Once the three waves of the survey had been collected, each respondent
was classified in one of the following categories: general public, forestry
professionals, “other green” professionals (employed in landscape planning,
horticulture, agriculture, nature administration, or similar), other profes-
sionals, or natural resources students. To assign respondents to one of these
groups, information about affiliation to forestry, affiliation to “other green”
job, age as well as the occasion in which the questionnaire were distributed
were used. Some overlaps were detected, mostly students who also had an
affiliation with forestry or “other green” jobs (summer jobs or similar), or
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respondents with both forestry and “other green” job experiences. In the
former case, the age of the respondent was used to discriminate among stu-
dents and professionals with a cut-off level for student set at 35 year. In the
second case, the presence of a forestry affiliation was considered a sufficient
condition to label the respondent as forestry professional. The hypothesis
made here is that a forestry education or experience somehow influences
the perception of the forest environment. In other words, the silvicultural
knowledge (typical of forestry professionals) offers a key to understand and
analyze the forest environment that is likely to affect the respondents’ opin-
ion.

Given the high heterogeneity of the data, the analysis was then subdivided
in three parts. The first part was based on a dataset containing only the Dan-
ish population data. Denmark was the only country surveyed where it was
possible to compare forest recreational preferences of the general public and
experts. The second and the third part were based on datasets containing
respectively data on forestry professionals and on natural resources students
from several European countries. Unfortunately, no data were available to
compare the general public across Europe.

Table 2 shows the structure of dataset no. 1 focusing only on respondents
from Denmark. As underlined by Jensen and Skovsgaard (2009), the general
public segment is representing the adult general population, whereas the
other segments (forestry professionals, “other green” professionals, other
professionals and students) were not tested for their representativity of the
overall population of experts. Still, for the way the data have been collected
(conferences, field tour, etc.), it is believed that the experts’ segments can
offer a sound indication of the professionals and students’ recreational pref-
erences. In the analysis the segments “other professionals” was not used
because of its small size.

Table 3 shows dataset no. 2 used to analyze forestry professionals’ recre-
ational preferences across Europe. In this case, only respondents labelled
as forest professionals were filtered out. Overall, 152 forestry professionals
were selected. Given the low number of respondents per country and their
scattered geographical distribution, respondents with different nationalities
were grouped together according to the geographical region in which their
countries belong. In Table 4, the countries forming each region are listed.
Denmark was kept separated for two reasons: firstly, because it represents
a benchmark and a point of reference between the European forester analy-
sis and the Danish population analysis; secondly, because given the high
number of foresters from Denmark, recreational preferences of the Nordic
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Table 2: Dataset no. 1 representing respondents from Denmark (segments’
size and percentage).

Occupation Freq. Percent

Forest professionals 59 15.2
Other green professionals 23 5.9
Natural resources students 53 13.6
Others professionals 11 2.8
General public 243 62.5

Total 389 100

countries cluster would have been strongly influenced by including also the
Danish forestry professionals. The allocation of Italy between the Cen-
tral European countries might be questioned because geographically it is lo-
cated in the southern part of Europe. However, all respondents from Italy
live and work in the Northern part of the countries, in the Prealpine and
Alpine region. Therefore, the landscape and vegetation types they are used
to are closer to the ones found in Austria rather than Portugal. Moreover,
the Italian silviculture in the Northern part of the country is influenced by
the German school. As a consequence, it appeared to be more consistent to
group Italy (labelled as “Northern Italy” for clarity’s sake) with the Central
European segment.

Table 4 presents the dataset created for the analysis of natural resources stu-
dents across Europe. In this case, five countries were selected for repre-
senting different European regions: Sweden for Northern Europe, Portugal
for Southern Europe, United Kingdom for non-continental Europe, Aus-
tria and Romania for Central and Eastern Europe. In addition, Denmark
was included as a benchmark. The choice of using representative countries
and not cluster of countries from different parts of Europe depended on
the fact that data about students presented countries with a high number of
observations (the ones selected) and other countries with just few respon-
dents. Consequently, each cluster would have been strongly influenced by
one country only.
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Table 3: Dataset no. 2 representing forestry professionals grouped by geo-
graphical macro regions (segments’ size and percentage).

Country group Freq. Percent

Denmark 59 38.8

Other Nordic countries 30 19.7
Finland 6 (20.0)
Faroe Islands 1 (3.3)
Iceland 5 (16.7)
Norway 10 (33.3)
Sweden 8 (26.7)

Central Europe 27 17.8
Austria 1 (11.1)
Belgium 1 (3.7)
Czech Republic 2 (7.4)
Germany 3 (11.1)
France 2 (7.4)
Northern Italy 12 (44.4)
Poland 2 (7.4)
Romania 2 (7.4)

Southern Europe 17 11.2
Former Yugoslavia 1 (5.9)
Greece 2 (11.8)
Portugal 13 (76.4)
Spain 1 (5.9)

Non-continental Europe 19 12.5
United Kingdom 16 (84.2)
Ireland 3 (15.8)

Total 152 100
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Table 4: Dataset no. 3 representing natural resources students by country
(segments’ size and percentage).

Country Freq. Percent

Austria 46 16.9
Denmark 53 19.5
United Kingdom 38 14.0
Portugal 46 16.9
Romania 53 19.5
Sweden 36 13.2

Total 272 100

2.5 Assessment of photographs

In Section 1.4 the visual preference investigation framework has been intro-
duced. Within the psychophysical paradigm, there is a rather numerous set
of suitable stimuli that can be used, such as on-site visits, photographs, ver-
bal stimuli, digital edited images, visual landscape simulations. In the last
decades, there has been a conspicuous literature reviewing methods of mea-
suring preferences of different forest and landscape types (e.g. Zube et al.,
1982; Jensen and Koch, 1998; O’Leary and McCormack, 1998; Daniel, 2001;
Karjalainen and Tahvanainen, 2002).

The choice of photographs as the appropriate stimulus for the measurement
of visual preferences is supported by several considerations. First, as Ka-
plan and Kaplan (1989) suggested, the use of images compared to in situ
visits poses no serious problems. Limitations of photo based judgments
compared to field observations were discussed by Hull and Stewart (1992)
and Stewart et al. (1984). Nevertheless, despite some bias observed at the
individual level, average on-site scenic beauty assessments were similar to
the average photo-based assessments (Hull and Stewart, 1992). Second, ac-
cording to Tahvanainen et al. (2001), preconceptions concerning different
silvicultural measures did not consistently correspond to perceptions based
on the assessment of visual images. In other words, the use of a mere verbal
stimulus is critical because, without illustration, people may create differ-
ent mental images about the proposed management actions. Third, besides
that both black-and-white and colour photographs can provide a basis for
fully valid measurement of visual preference (Jensen and Koch, 1998), they
also offer the advantage of cost effectiveness. As a matter of fact, picture
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assessment (compared to filed observation or simulation analysis) provides
as much information as possible at a reasonable cost (Bradley et al., 2004).
For instance, it is relatively easy to reach a large sample of the population of
interest and to submit to respondents scenes from different places or times
of the year, at one and in a single interview. Fourth, photograph stimuli
require insignificant background knowledge of the subject since all the rel-
evant information is delivered to the respondent by the image itself (Jensen
and Koch, 1998).

The use of pictures, however, is not free from disadvantages that should be
kept in mind during the analysis. Jensen and Koch (1998) underlined some
important issues: first, pictures are a distillate of reality and the crucial pref-
erence determining factors (both visual and concerning other senses) might
be missing; furthermore, the selection of the pictures’ subjects is subjective;
finally, a single disturbing factor in the picture can strongly influence its
assessment.

It has been already discussed how this study and the analysis of Jensen and
Skovsgaard (2009) are deeply connected, with the first being a continuation
of the latter. For this reason, and in order to facilitate the result comparison,
the same methodology for picture assessment was used. As described by
Jensen and Skovsgaard (2009), this assessment method is an adaptation of
the “experimental method”, which was developed by Koch (Koch 1977a, b
in Jensen and Skovsgaard, 2009). Respondents were asked to rank the ten
photographs according to the criterion: “Which forest environment do you
prefer as a visitor?” The original “experimental method” presented only
seven stimuli for the interviewee, because it is thought that respondents
have trouble in ranking a greater number of topics on the same occasion.
Nevertheless, ten photographs were included in order to analyze all the five
thinning practices from at least two points of observation.

2.6 Statistical analysis

Data merging, error tracing and the factor analysis were carried out using
STATA statistical software (StataCorp., 2007), whereas the non-parametric
analysis of variance was done using the statistical software R (R Develop-
ment Core Team, 2011).

35



2.6.1 Scoring procedure and error tracing

A scoring procedure was run according to Jensen and Skovsgaard (2009):
10 points were awarded to the photograph that received the highest rank-
ing, nine points to the next highest, and so on, down to one point for the
photograph that received the lowest ranking by the respondents. Then, a
preliminary analysis for error tracing in the ranking was implemented. It
revealed two main types of anomalies in the data.

The first type refers to an incomplete ranking of pictures. In these cases, re-
spondents did not rank all the pictures and some positions were left blank.
The missing value was very often found in the last position; less frequently,
only the first positions were filled in with pictures’ numbers; in very few
cases, the ranking question was left completely blank. When only one posi-
tion was missing, it was completed by exclusion. For instance, if all pictures
besides number 210 were included in the ranking, then 210 was filled in the
white space. In this case, the intention of the respondent could be assumed
with confidence. However, when the choice was ambiguous (e.g. more than
one position in the ranking was missing) missing values were not modified.
Scores were awarded only to the pictures in the non-missing positions of
the ranking. The presence of a incomplete ranking, with eighth or less pic-
tures ordered, could still provide useful information for the analysis. This
solution was preferred to an arbitrary weighting of the excluded pictures
that awarded an average score (according to the missing positions) to each
of them: for example, if positions 1 and 10 were left blank, 5.5 points could
have been awarded to the two pictures excluded. To the author’s opinion,
this averaging mechanism may generate some bias in the analysis. That is,
the most and the least preferred scenes would in fact have received arbitrar-
ily a score of 5.5, which would not have been so different to the scores of the
two mid ranking scenes (position 5 and 6). Consequentially, given the low
number of anomalies founded, the relatively large number of data as well as
the possibility to run the analysis with unbalanced data (different number of
individual scores per pictures), the missing value option appeared the most
appropriate. When the ranking was not done at all, the entire observation
was deleted.

The second type of anomalies refers to inconsistent rankings of pictures. In
other words, the same picture was found in two positions of the ranking
and therefore one picture was missing. In these cases, a missing value was
substituted to the positions in the ranking where the same picture was found
more than once. Again, the principle of not introducing arbitrary changes
in the data was applied.

36



The analysis by treatments was made by averaging the scores of pictures
with analogous residual stand density (Figure 5–9). Five different treat-
ments were therefore analyzed: no thinning (7000 stems ha−1), traditional
thinning (5300 stems ha−1), heavy thinning (1000 stems ha−1), very heavy
thinning (300 stems ha−1), solitary trees (100 stems ha−1).

2.6.2 Analysis of variances

After the scoring procedures, the mean point value for each photograph and
treatment was then calculated. Afterwards, these means were compared
to each other by classical parametric analysis of variance. However, this
methodology is based on the assumption that the data were measured on
an interval scale, whereas ranking of the 10 photographs only gives a result
measured on an ordinal scale.

Therefore, a non-parametric analysis - the Kruskal-Wallis test - was also run.
Similarly to the parametric analysis of variances, this test was used to inves-
tigate if there were differences in the scorings amongst type of respondents
or nationalities. It was used to test the null hypothesis that all populations
have identical distribution functions against the alternative hypothesis that
at least two of the groups differed only with respect to location, in this
case the median (Zar, 1999). Overall, results from the parametric and non-
parametric analysis were analogous.

In the case in which significant differences were detected, the Nemenyi-
Damico-Wolfe-Dunn post-hoc test was run (Hollander and Wolfe, 1999).
This non-parametric post-hoc test performed a pair wise comparison of the
mean scores.

2.6.3 Factor analysis

Factor analysis represents a group of statistical techniques concerned with
the reduction of a set of observable variables in terms of a small number
of latent factors. The underlying assumption of factor analysis is that there
exist a number of unobserved latent variables, called factors, which are able
to explain a consistent part of the total variability in the data (Harman,
1976).

In this analysis, a particular type of factor analysis called “principal compo-
nent factor analysis” was used to identify possible latent variables explaining
the variability of scores. The scenes in the pictures were then the original
variables. This particular case of factor analysis is called “principal compo-
nent factor analysis”.
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To summarize, it can be implemented as follow:

• a principal component analysis is run;

• the relevant factors are selected;

• a rotation of the factor axes is implemented;

• results are interpreted.

Since this methodology is not often applied in the forestry research, a brief
explanation is presented in Appendix B.
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3 Results

3.1 Comparison between the Danish general public and Danish

experts

Recreational preferences of the Danish population were investigated in this
section. The analysis were implemented focusing firstly on the ten pictures,
then on the five different treatments and finally through a principal com-
ponent factor analysis. The dataset regarding the Danish population was
divided in two main groups: the general public - already investigated by
Jensen and Skovsgaard (2009) - and the forestry and natural resources ex-
perts. The latter group was further subdivided into three categories: the
forestry professionals, “green” professionals (landscape architects, environ-
mental managers, horticulturalists, and the like) and natural resource sci-
ences students (mostly forestry, but also landscape architecture and other
natural sciences).

3.1.1 Preferences for pictures

Significant differences in visual preferences for the ten pictures were found
among the four Danish population groups investigated (Kruskal-Wallis test,
α= 0.05). Results are presented in Table 5 and in Figure 11.

Although there were significant different mean score values between pic-
tures, a clear preference for one particular picture could not be found in
any of the population subgroups. Pictures 203 and 208 representing a resid-
ual stem density of 5300 and 1000 stems ha−1 generally received the highest
mean score by all groups with the exception of the green professionals. A
wider consensus emerged on the lowest positions of the ranking where, dis-
regarding which group is considered, pictures 205 and 217 are found.

The particular positions of the pictures in the rankings were not straight-
forward to be interpreted. The pictures’ mean scores were analyzed with a
pair wise comparisons (Nemenyi-Damico-Wolfe-Dunn test with α = 0.05).
The outcome showed that the boundaries between significant different po-
sitions were often nested and overlapping. For instance, in the general pub-
lic’s preferences, picture 203 is in the first place, but is mean score was not
significantly different from the mean scores of pictures 208 and 210. As a
consequence, it is not possible to reject the hypothesis that the three forest
scenes are equally preferred and all of them should be considered as the most
preferred forest environment for recreation in young oak stand. However,
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this would be only partially correct, since picture 210 has a mean score value
that is not significantly different from the ones of pictures 201, 215 and 207.

Nevertheless, it was still possible to extract some general tendencies about
the forest recreational preferences of the four groups of respondents. As
far as the general public is concerned, pictures 203, 208 and 210 represent-
ing rather high to low stem densities (5300–300 stems ha−1) seemed to be
preferred over pictures showing very dense (7000 stems ha−1) or extremely
open stands (100 stems ha−1). In Figure 11, the pictures were ordered in the
horizontal axis from the highest to the lowest residual stem density; there-
fore, a different residual stem density was presented each two pictures, with
the first photograph of the pair depicting a row-wise structure. It can be
noticed that, in most of the cases, a row-wise structure got a higher mean
score. The difference in scores between the two pictures within the same
stand density was lower in more open stands where the row effect fades.

With reference to forestry professionals, they favoured firstly pictures 208,
then picture 203 and thirdly picture 220, although there were not significant
differences between the three mean score values. In addition, in this case,
very dense stands (picture 215 and 205) and very open stands (picture 207
and 217) were in the lowest part of the ranking. Turning to the students’
preferences, stands with a medium to high residual stand density (picture
203, 211, 208) were singled out. Their preferences tended to increase sharply
by moving from very high (7000 stems ha−1) to high stand densities (5300
stems ha−1), and then monotonically decreasing with more open stands.
For both forestry professionals and students there appeared to be a score
premium for row structures within the same treatment, again with the ex-
ception of the pair of picture 211 and 203. In most cases, the general public,
forestry professionals and students exhibited a similar preference trends.

In contrast, green professionals presented quite a unique preference shape.
The differences between the ranking positions were not easy to be analyzed
since the data did not present a clear relationship between residual stand
density and recreational preferences. However, from a heuristic graphic
analysis it was possible to affirm that there was a substantial indifference
between high to medium stand densities (5300–1000 stems ha−1) and low
stand densities (100–300 stems ha−1), with a mild predilection for the latter.
Moreover, very dense stands had a negative impact on green professionals’
recreational preferences.

Table 6 shows the results of assessments of pictures between the four dif-
ferent segments of respondents. Statistical significant differences in visual
preferences were found for five pictures (Kruskal-Wallis test, α= 0.05): 211,
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Figure 11: Picture assessment of precommercial thinning practices in even-
aged stands of pedunculate oak in Denmark: preferences of experts and the
general public (highest score=10, lowest score=1).

Table 5: Ranking of pictures representing precommercial thinning practices
in even-aged stands of pedunculate oak in Denmark: comparison between
experts’ and general public’s preferences.

Forestry Green Students General
professionals professionals public
Photo NDWD Photo NDWD Photo NDWD Photo NDWD

# test∗ test∗ test∗ test∗

1 208 A 201 A 203 A 203 A
2 203 AB 207 A 211 AB 208 A
3 220 ABC 210 A 208 ABC 210 AB
4 210 BCD 203 A 220 BC 201 B
5 201 CDE 208 A 210 BC 215 BC
6 211 CDE 220 A 201 BCD 207 BC
7 215 DCEF 217 AB 215 BCD 211 CD
8 207 DEF 211 AB 205 BCD 220 CD
9 205 EF 215 AB 207 CD 217 CD
10 217 F 205 B 217 D 205 D
* Positions with the same letter are not significantly different (Nemenyi-Damico-Wolfe-

Dunn test, α= 0.05).
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208, 220, 207 and 217. In general, students likely favoured denser stands
more than green professionals did. Foresters had a tendency to score higher
managed stands with 1000 stem ha−1 (picture 208 and 220) compared to the
general public and green professionals. The latter scored higher the open
woodlands (picture 217 and 207) than the other three groups.

The scores given by the Danish general public and the Danish expert groups
to the pictures representing very dense stands (pictures 215 and 205, 7000
stems ha−1) and open stands (pictures 210 and 201, 300 stems ha−1) were
similar. Furthermore, all segments assigned similar scores for picture 203,
the most preferred by the general public and students.

3.1.2 Preferences for treatments

Significant differences among recreational preferences in young oak stand
treatments were found within the four segments investigated (Kruskal-Wallis,
α= 0.05). Results are presented in Table 7 and in Figure 12.

Correspondingly to the picture analysis, the general public exhibited pref-
erences for a stands with low to high stem numbers (from 300 to 5300 stems
ha−1) considering them the most suitable for forest recreation. Very heavy
thinning received a higher score than traditional thinning and heavy thin-
ning; however, the difference is not significant. The first two treatments
were clearly preferred over no thinning and extremely high thinning. Stu-
dents showed a preference for the traditional thinning practice which was
favoured over very heavy thinning, solitary trees as well as over no thin-
ning. The difference between heavy thinning and the traditional thinning
was not significant. Similar to the previous two groups, forestry profession-
als assigned low values to the no thinning and the solitary trees options.
As for the picture analysis, they still preferred the heavy thinning practice.
Green professionals were rather indifferent between treatments resulting in
low to very low stem density and they penalized dense stands.

Turning to the comparison of the group preferences presented in Table 8,
significant different scores were found for all the treatments with exception
of the very heavy thinning (Kruskal-Wallis test,α= 0.05). No thinning was
disliked by green professionals who assigned to it a significant lower aver-
age score compared to the other groups. Students showed a significantly
higher preference for the traditional thinning compared to the general pub-
lic and the green professionals. Preferences related to the heavy thinning
showed a three-level structure, with foresters showing the highest apprecia-
tion, students and green professionals in the middle and the general public
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Figure 12: Assessment of precommercial thinning practices in even-aged
stands of pedunculate oak in Denmark: comparison between experts’ and
general population’s preferences (highest score=10, lowest score=1).

Table 7: Ranking of five different precommercial thinning practices in even-
aged stands of pedunculate oak in Denmark: comparison between experts’
and general public’s preferences.

Forestry Green Students General
professionals professionals public

St/ha NDWD St/ha NDWD St/ha NDWD St/ha NDWD
# test∗ test∗ test∗ test∗

1 1000 A 300 A 5300 A 300 A
2 5300 AB 1000 A 1000 AB 5300 A
3 300 BC 100 A 300 BC 1000 AB
4 7000 CD 5300 AB 7000 BC 100 B
5 100 D 7000 B 100 C 7000 B
* Positions with the same letter are not significantly different (Nemenyi-Damico-Wolfe-Dunn test,
α= 0.05).
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Table 8: Assessment of precommercial thinning practices in even-aged
stands of pedunculate oak in Denmark: comparison between experts’ and
general population’s preferences (highest score=10, lowest score=1).

n
No Traditional Heavy Very heavy Solitary

Population thinning thinning thinning thinning trees
segment (7000 st/ha) (5300 st/ha) (1000 st/ha) (300 st/ha) (100 st/ha)

Forestry prof. 59 4.39A 6.26AB 7.20A 5.58A 4.07B

Green prof. 23 3.63B 5.35B 6.07B 6.54A 5.91A

Students 53 4.89A 6.95A 6.01B 5.49A 4.16B

General public 242 4.95A 5.82B 5.67C 6.01A 5.09A

K-W p-value 0.048∗ 0.004∗ 0.000∗ 0.086 0.001∗

* Significant statistical differences between respondent groups (Kruskal-Wallis test,
α= 0.05).

conferring the lowest average score. The solitary trees option was ranked
significantly higher by the general public and green professionals (Nemenyi-
Damico-Wolfe-Dunn test, α= 0.05).

In summary, different thinning intensities were selected as the most pre-
ferred one by the three groups of expert. Students showed a preference for
the traditional thinning, foresters for the heavy thinning and green profes-
sionals for the very heavy thinning. In contrast, the general public pref-
erence structure changed towards a wider and more undefined set of treat-
ments with analogous scores (300, 1000 and 5300 stems ha−1).

3.1.3 Preferences for photo factors

A principal component factor analysis was run to investigate whether re-
spondents perceived treatments as different from each other and accord-
ingly scored pictures or, in contrast, they perceptually grouped pictures
conforming to other undergoing factors influencing recreational preferences.
The analysis was run separately for the general public and the experts (forestry
professionals, green professionals and students). The reason behind this sub-
division was that forestry or natural resources management education could
influence the perception of differences among pictures and treatments.

Three techniques were applied to select the number of relevant factors (scree
plot analysis, Kaiser’s rule and parallel analysis). They all leaded to the re-
tention of three factors in the general public dataset. These three factors all
together could explain about 67% of the total variance in the data. With
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reference to the experts’ dataset, only the Kaiser’s rule and scree plot analy-
sis indicated the presence of three factors. The parallel analysis tended to
favour a two-factor structure, but the third factor was on the borderline be-
tween inclusion and exclusion. As a consequence, a three factor structure
was preferred for the experts’ dataset. Overall, the tree factors accounted
for 69% of the total variation of the experts’ scores.

Table 22 in Appendix C presents the correlation coefficients (or factor load-
ings) between factors and pictures’ scores by the general public, resulting
from the principal component analysis. Once the relevant factors had been
selected a varimax rotation was run to facilitate interpretation of the rele-
vant factors. The correlation coefficients between the rotated factors and
the pictures’ scores are showed in the right part of the table. Table 23 in
Appendix C presents the correspondent results from the Danish experts’
data.

In order to facilitate the understanding of these factors and trying to isolate
some patterns between and within the results of the principal component
factor analysis, pictures were grouped together according to their larger cor-
relation coefficient with one of the three rotated factors, defining a sort of
scene types. In other words, each picture was assigned to the factor with
which the rotated loading was positive and larger than the other rotated fac-
tor loadings. For instance, in the professionals and student case, picture 215
has a rotated factor loading of 0.57 relative to factor 1, 0.23 relative to factor
2 and –0.51 relative to factor 3 (Table 23). As a consequence, it has to be
assigned to factor 1, with which it has the larger positive correlation.

Tables 9 and 10 show the results respectively for the general public and the
experts. In the tables, four main characteristics of each photograph are also
listed: the residual stem density, the presence or absence of slash, the pres-
ence or absence of a distinguishable row structure and the visibility of the
sky in the background. On the last column of each table, the average score
for each scene type is computed by averaging the scores of the pictures in-
cluded in that group. Significant differences among mean score values were
investigated (Nemenyi-Damico-Wolfe-Dunn post hoc-test, α= 0.05).

As far as the general population is concerned, pictures 201, 207, 217 and
210 were ascribed to factor 1 or scene type 1. These four pictures presented
similar low or very low densities. Slash was present in most of the pictures
with exception of picture 210 that had luxuriant ground vegetation. A dis-
tinguishable row structure was absent and a blue sky in the background
was strongly characterizing only half of pictures in the group. For these
characteristics and for a overall visual impression this factor was labelled
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Table 9: Preferences on scene types in even aged stands of penduculate oak
in Denmark resulting from the principal component factor analysis of the
general public data.

Picture characteristics Scene
Factor Scene Picture stems slash row sky mean
no. type ha−1 presence structure visibility score∗

1 Open woodland

207 100 Yes No Yes

5.55B217 100 Yes No No
210 300 No No No
201 300 Yes No Yes

2 Forest with 208 1000 Yes Yes No 6.06A
row structure 215 7000 No Yes No

3 Forest with 220 1000 Yes No No 4.81C
low accessibility

* Scores with the same letter are not significantly different (Nemenyi-Damico-Wolfe-
Dunn test, α= 0.05).

Table 10: Preferences on scene types in even aged stands of penduculate
oak in Denmark resulting from the principal component factor analysis of
forestry and green professionals and students data.

Picture characteristics Scene
Factor Scene Picture stems slash row sky mean
no. type ha−1 presence structure visibility score∗

1

215 7000 No Yes No

5.42BHigh density 205 7000 No No No
forest 211 5300 No No No

203 5300 No No No

2 Mid density 208 1000 Yes Yes No 6.54A
forest 220 1000 Yes No No

3 Open woodland
217 100 Yes No No

5.11B210 300 No No No
201 300 Yes No Yes

* Scores with the same letter are not significantly different (Nemenyi-Damico-Wolfe-
Dunn test, α= 0.05).

47



as “open woodland”. The second factor was composed by picture 208 and
215. These two photographs showed a clear and distinct row structure. The
residual stem density varied from the 1000 stems ha−1 of picture 208 to the
7000 stems ha−1 of picture 215. Due to the medium high density, the sky
is not characterizing the background, although it could be perceived in pic-
ture 208. Slash could be observed in picture 208, but in the middle of the
picture there was a free-from-slash row. Among the four characteristics, the
raw structure was the one joining these two pictures. Therefore, this scene
type was labelled “forest with a row structure”. The third factor coincided
with picture 220, which shows a medium density stand, without any raw
structure and a significant amount of slash in the ground. This last scene
type was called “forest with low accessibility”.

The general public preferences selected the “forest with a row structure” as
the most preferred scene type. The second best scene was the “open wood-
land” and “forest with low accessibility” appeared to be the least preferred.
The mean score values were found significantly different.

Turning the analysis to professionals and students, the first factor grouped
together all the pictures (215, 205, 211, 203) representing the very high and
high densities. Slash residuals were not present and ground vegetation was
present with different intensities. A distinct row structure was present in
one picture but could not be addressed as a characteristic of this group. Pic-
tures 208 and 220 defined the second factor or scene type. These two pic-
tures showed exactly the same treatment type with a residual stem density
of 1000 stems ha−1. Slash was found in both pictures. However, differ-
ently from picture 220, picture 208 presented a row structure and strip free
from residuals. Factor 3 included pictures 217, 210 and 201. As for the for-
mer two factors, the range of residuals stem density was similar among the
components. Moreover, the three photographs shared the absence of row
structure. In contrast, they showed different patterns regarding slash pres-
ence and the presence of the sky in the background. Given that there was
a sound homogeneity within the three factors regarding the range of resid-
ual stem density, this first factor was labelled as “high density forest”, the
second one as “mid density forest” and the third factor “open woodland”.

“Mid density forest” resulted as the most preferred scene type by the profes-
sionals and students. This scene received a significantly higher average score
than the “high density forest” and the “open woodland” scene types. Al-
though the “high density forest” had a higher average score than the “open
woodland”, the difference is not significant (Nemenyi-Damico-Wolfe-Dunn
post hoc-test, α= 0.05).
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3.2 Comparison between forestry professionals across Europe

The results from the analysis of the recreational preferences of forestry pro-
fessionals are presented in this section. As for the Danish population study,
the analysis is structured firstly by pictures, then on treatments and finally
by photo factors through a principal component factor analysis.

Given the low number of forestry professionals interviewed per country
and the consequential scattered geographical distribution of respondents,
the analysis was run by groups of countries. Each forest professionals were
assigned to one of the following country groups: Denmark, other Nordic
countries, non-continental Europe, Central Europe and Southern Europe.
Denmark was kept separate as a benchmark with other studies. Groups and
the relative countries were presented in Table 3 at p. 33.

The definition of grouping is not an easy task and some assumptions are re-
quires. In this case, the undergoing hypothesis was that within a geograph-
ical region there is a certain level of uniformity regarding preferences. In
particular, individuals are supposed to be used to the same landscape type,
to receive similar education and cultural influences. For example, according
to this assumption, a Finnish forester’s judgment of a forest environment
is based on his/her environmental, socio-cultural and professional back-
ground. This background is supposed to be closer to the background of
a forester coming from another Scandinavian country rather than the back-
ground of a Spanish or Portuguese forestry professional.

Figure 13 presents a comparison of the picture assessment among countries
within the same geographical region. To simplify the graphic analysis na-
tions with less than three respondents were put together. In sub-figure 13a,
the picture assessment of the other Nordic countries group is decomposed
by country. Overall, the pattern appeared to be similar among nations, in
particular for picture 203, 208, 220 and 210. Regarding the other pictures,
the larger difference was found between Finland and Sweden. The former
tended to favour denser stand and less open and very open stands, whereas
for the latter the opposite is true. Other countries’ assessments were mostly
between the Finnish and Swedish positions.

In sub-figure 13b, it is possible to observe the non-continental Europe group
composed by UK and Ireland. Compare to the British, Irish respondents
ranked higher dense stands and lower open stands. Picture 208 and 203 ap-
peared to be the most preferred ones, and similar preference patterns were
found among the very dense and very open pictures. The Irish line, how-
ever, is much more volatile. This is because in the data there are only three
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Figure 13: Picture assessment of precommercial thinning practices in even-
aged stands of pedunculate oak in Denmark: preferences of forestry pro-
fessionals by country within country groups (highest score=10, lowest
score=1). [Continue on next page].
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Figure 13: Picture assessment of precommercial thinning practices in even-
aged stands of pedunculate oak in Denmark: preferences of forestry pro-
fessionals by country within country groups (highest score=10, lowest
score=1). [Follow from previous page].
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Irish respondents. Actually, by increasing the number of respondent, the
mean score for each picture is likely to move towards central values of the
1-10 scale because of the averaging process. For example, consider three re-
spondents ranking a certain picture. Two of them ranked it as the best forest
environment, whereas the last one put it in the second place. The average
score of that picture would be 9.33. Afterwards, a new questionnaire was
collected. The new respondent ranked the picture in the eighth position,
meaning that only 3 points had to be assigned to the picture. This shifted
the average consistently down, to 7.75. Of course, this does not mean that
it is not possible to observe very high average score values. The example is
just a warning in interpreting results derived only on few observations.

Sub-figure 13c shows the picture preference for the Central European coun-
tries. Two contrasting patterns could be identified: on one hand, the French
and Belgian foresters preferred very dense and dense stands to very open
stands, whereas German and Austrian favoured low densities over high
densities. Italian foresters’ preferences lied on an intermediate position be-
tween the former two subgroups. Eastern European foresters showed pref-
erences similar to Italian forestry professionals concerning open and very
open stands as well as for picture 220 and 215, and to French and Belgian
foresters regarding picture 205, 211, 203 as well as 208.

The Southern European group is presented in sub-figure 13d. The average
preferences of this group are strongly influenced by Portuguese respondents
representing three quarters of the Southern European foresters interviewed.
The only Spanish respondent seemed to have an analogous preference pat-
tern than the Portuguese (except for picture 215 and 208). On the contrary,
forestry professionals from the South-eastern part of Europe presented a
different preferences. They promoted open stands over dense stands. As a
consequence, they tended to smooth Portuguese preferences by increasing
the average scores picture representing very and extremely heavy thinnings
and lowering the scores of pictures depicting denser stands.

As already discussed in Chapter 2, the most critical assumption in the group-
ing process was to which group Italian respondents should be assigned,
given that they all came from the Northern part of the country. Based on
landscape type and silvicultural tradition, it was chosen to group them to-
gether with Central European countries. Figure 14 compares Italian forestry
professionals’ preferences with Southern and Central European foresters’.
From a graphical analysis, this assumption seemed to be reasonable, since
the preference patterns of Italy and Central Europe appeared to be very
similar. Hence, including Italian respondents tended to magnify the differ-

52



3
3.

5
4

4.
5

5
5.

5
6

6.
5

7
7.

5
8

M
ea

n 
sc

or
e

215 205 211 203 208 220 210 201 207 217

Photographs

Northern Italy
Central European coutries (FR, DE, CZ, RO, PL, AT, BE)
Southern Europe

Figure 14: Picture assessment of precommercial thinning practices in even-
aged stands of pedunculate oak in Denmark: comparison between Italian,
Central European and Southern European forestry professionals

ence between the assessment of medium density pictures by increasing the
average score of picture 208 and decreasing the one of picture 220.

3.2.1 Preferences for pictures

Results from the pictures’ ranking and preference patterns are presented in
Table 11 and in Figure 15, respectively. Significant differences in visual pref-
erences for the ten pictures were found among all groups with the excep-
tion of Central Europe (Kruskal-Wallis test, α = 0.05). Central European
foresters’ ranking did not presented significant differences between posi-
tions. In other words, the average score of picture 201, in the first position,
is not significantly different from the average score of picture 220, found in
the last position (Nemenyi-Damico-Wolfe-Dunn test with α= 0.05). More-
over, a common preference for one particular picture could not be found
among European forestry professionals. Given that in some groups differ-
ences among positions were seldom significant (Nemenyi-Damico-Wolfe-
Dunn test with α = 0.05), the particular positions of the pictures in the
rankings were not straightforward to be interpreted.
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Figure 15: Picture assessment of precommercial thinning practices in even-
aged stands of pedunculate oak in Denmark: preferences of forestry profes-
sionals across Europe (highest score=10, lowest score=1).

Denmark, other Nordic countries and non-continental Europe presented
similar features in the ranking. In particular, Denmark selected pictures
208, 203 and 220 representing a residual stem density of 1000 and 5300 stems
ha−1, as the best forest environment. Similarly, non-continental Europe sin-
gled out picture 208 and 203 to be the most preferred ones. Picture 203 was
put in the first place by foresters from the Nordic countries and picture 208
in the third one. As far as the lowest positions of the ranking are concerned,
Danish forester and Nordic forester identified respectively a set of four and
three photographs: pictures 215, 205, 207, 217 (depicting very dense or ex-
tremely open stands) were selected by the Danes; similarly picture 205 and
207, with the addition of picture 220, were singled out by Nordic forestry
professionals. With regard to non-continental Europe, only picture 205 (de-
picting a very dense stand) showed a mean score value significantly lower
than other photographs, although pictures 207 and 217 (showing extremely
open stands) were found in the bottom positions of the ranking.

Southern European foresters preferred pictures illustrating very dense and
dense stands to photographs reproducing open or very open stands. In par-
ticular, pictures 215 and 203 received a significantly higher mean score than
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pictures 207, 201 and 217.

From a graphical analysis of Figure 15, a score premium for the presence of
a row structure was found only for the Danish, the Nordic and the South-
ern European groups. It must be underlined that this does not hold for
photographs related to a stem density of 1000 stems ha−1. Interestingly, in
the Central European group, the score premium was absent especially in
the very dense and dense stand pictures.

Table 12 shows the results of assessments of pictures between the five dif-
ferent segments of respondents. Statistical significant differences in visual
preferences were found for five pictures (Kruskal-Wallis test, α= 0.05): 215,
205, 208, 220, 201. Compared to other country groups, Southern European
foresters tended to score higher pictures depicting very dense stand (picture
215 and 205) and lower the picture representing an open stand (picture 201).
In contrast, Danish foresters had a tendency to score higher managed stands
with 1000 stems ha−1 compared to other country groups (with exception of
non-continental Europe in relation of picture 208).

The scores given by European foresters to the pictures representing dense
stand (pictures 211 and 203, 5300 stems ha−1) and extremely open stands
(pictures 207 and 217, 100 stems ha−1) were similar. Furthermore, all re-
spondents’ segments had similar scores for picture 210 showing a open stand
with 300 stems ha−1.

Results presented in Table 12 are confirmed by the graphical preference pat-
terns in Figure 15. The Southern Europe line is over other groups’ lines for
very dense and dense stands, whereas it tends to be below them for open
stands. In the denser part of the treatments’ spectrum, the preference pat-
tern of Danish foresters is very similar to the ones relative to other Nordic
countries and non-continental Europe. Then, for mid densities, Central Eu-
rope group moves closer to non-continental Europe, while Danish foresters’
preference pattern diverges. Moreover, non-continental and Central Europe
as well as Nordic countries have similar preference pattern also for open and
very open stands.

3.2.2 Preferences for treatments

Results from the assessment of treatments in young oak stands are presented
in Table 13 and in Figure 16. Significant differences among recreational
preferences were found within only three country groups (Kruskal-Wallis,
α = 0.05): Denmark, other Nordic countries and Southern Europe. As
for the picture analysis, Central Europe did not showed any significant
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Figure 16: Assessment of precommercial thinning practices in even-aged
stands of pedunculate oak in Denmark: preferences of forestry professionals
across Europe. (highest score=10, lowest score=1).

difference between different positions of the treatment ranking. For the
non-continental Europe, however, differences were found at the 10% signif-
icance level, with heavy thinning significantly preferred over no thinning
(7000 stems ha−1) and solitary trees (100 stems ha−1).

Denmark as well as non-continental Europe ranked treatments in the same
order, although the difference between positions could not always be con-
sidered significant (Nemenyi-Damico-Wolfe-Dunn test, α = 0.05). They se-
lected the heavy thinning, followed by the traditional thinning, as the most
suitable treatments for improving the recreational quality of the stand and
the solitary trees and no thinning as the least advisable. Likewise, foresters
from Central Europe and the Nordic countries exhibited the same treat-
ment ranking. They reserved the first position to the traditional thinning
and the last one to the no thinning option. Consistently, analogous patterns
of preferences between Denmark and non-continental Europe and between
Central Europe and Nordic countries appeared from Figure 16.

A different type of preferences are observed for Southern European forestry
professionals, who singled out the traditional thinning and the no thinning
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as the most preferred practices with similar average scores. It is interesting
to notice that, from the medium to the very low range of stem densities,
the treatments’ mean scores decreased monotonically with higher thinning
intensities. This pattern is distinctly represented in Figure 16.

Table 14 presents the comparison of the assessment of each treatment type
made by the five country groups. Significant differences were found for
the no thinning and the heavy thinning options. The average score for
the no thinning option ranged between the 6.89 of Southern Europe to the
4.39 if Denmark. These two values were significantly different (Nemenyi-
Damico-Wolfe-Dunn test, α = 0.05), whereas all other pair wise compar-
isons were not. Turning to the heavy thinning, it is possible categorized av-
erage scores in three significantly different levels of appreciation (Nemenyi-
Damico-Wolfe-Dunn test, α= 0.05). Danish forestry professionals are found
in the first place. They assigned to this treatment the highest average score,
which is significantly different from the average scores recorded for other
country groups. In the second place, there are the foresters from the non-
continental Europe. In the third place, the Central European and the Nordic
forestry professionals attributed to the heavy thinning the lowest average
scores. Southern European’s mean score could be collocated in between the
non-continental Europe and the Nordic countries.

3.2.3 Preferences for photo factors

As for the Danish population, a principal component factor analysis was
run to investigate how European foresters perceived the different treatments
and scored the pictures. In other words, the principal component factor
analysis was implemented to search for potential undergoing factors influ-
encing recreational preferences.

Three techniques were applied to select the number of relevant factors. The
scree plot and the Kaiser’s rule indicated the presence of three relevant fac-
tors. The parallel analysis suggested a two-factor structure, but the third
factor was on the borderline between inclusion and exclusion. Three rele-
vant factors were then selected, representing approximately 70% of the total
variation in the data.

Table 24 in Appendix C presents the factors and the respective factor load-
ings resulting from the principal component analysis. Once the relevant
factors had been selected a varimax rotation was run to facilitate the inter-
pretation. The rotated factor loadings are showed in the right part of the
table.
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Table 15: Preferences on scene types in even aged stands of penduculate
oak in Denmark resulting from the principal component factor analysis of
European forestry professionals.

Picture characteristics Scene
Factor Scene Picture stems slash row sky mean
no. type ha−1 presence structure visibility score∗

1

215 7000 No Yes No

5.55BHigh density 205 7000 No No No
forest 211 5300 No No No

203 5300 No No No

2 Mid density 208 1000 Yes Yes No 6.17A
forest 220 1000 Yes No No

3 Open woodland
217 100 Yes No No

5.18B210 300 No No No
201 300 Yes No Yes

* Scores with the same letter are not significantly different (Nemenyi-Damico-Wolfe-
Dunn test, α= 0.05).
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Figure 17: Preferences on scene types in even aged stands of penduculate
oak in Denmark derived from the principal component factor analysis of
the European forestry professionals’ data, average scores by country.
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After the varimax rotation, pictures were grouped together according to
their larger positive correlation coefficient (or factor loading) with one of
the three rotated factors. Then, their common characteristics were analyzed
in order to identify the scene types. Results are presented in Table 15. In
the table, the main characteristics of each photograph are listed: the resid-
ual stem density, the presence or absence of slash, the presence or absence
of a distinguishable row structure and the visibility of the sky in the back-
ground. On the last column, the average score for each scene type is pre-
sented.

As it can be noticed in Table 15, results of the principal component factor
analysis among European foresters are similar to the results obtained for the
Danish experts. The first factor grouped together the picture illustrating
dense and very dense stands (picture 215, 205, 211, 203). The second factor
was defined by two pictures (208 and 220) sharing the same stand density of
1000 stems ha−1. Factor 3 was related to pictures 217, 210 and 201 character-
ized by low and very low residual stem densities (300–100 stems ha−1). For
the same reasons discussed for the Danish experts’ factor analysis, the first
factor was labelled as “high density forest”, the second one as “mid density
forest” and the third factor “open woodland”.

Overall, the scene type “mid density forest” resulted as the most preferred
by European foresters considered as a whole (Nemenyi-Damico-Wolfe-Dunn
test, α = 0.05). However, when scene types were evaluated separately for
each country group different results emerged. Figure 17 illustrates that “mid
density forest” was preferred only by foresters from Denmark and from the
non-continental Europe. Southern European foresters favoured the “high
density forest” scene type, whereas Nordic and Central European forestry
professionals were rather indifferent between the three scene types with a
feeble preference for “open woodland”.
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3.3 Comparison between natural resources students across Eu-

rope

Results from the analysis of the recreational preferences of natural resources
(mostly forestry) students are presented in this section. As for the previous
investigations, results are presented firstly for the picture analysis, then for
the analysis by treatments and finally for the principal component analy-
sis. Natural resources students were grouped by their countries of origin:
Austria, Denmark, United Kingdom, Portugal, Romania and Sweden.

3.3.1 Preferences for pictures

Significant differences in recreational preferences for the ten pictures were
found among European natural resources students (Kruskal-Wallis test, α=
0.05). Results are presented in Table 16 and in Figure 18.

Form the rankings in Table 16, it emerged that none of the groups ex-
pressed a clear preference for a single picture. Although picture 203 (5300
stems ha−1) could be found in the first place of all rankings with the excep-
tion of Sweden, its mean score value was not statistically different from the
ones of other pictures in the following three to six positions, depending of
which country is examined (Nemenyi-Damico-Wolfe-Dunn test, α= 0.05).
Similar considerations could be made concerning the last positions of the
rankings. On average, students from Denmark, Austria and Romania sin-
gled out picture 217 (100 stems ha−1) as the least preferred forest environ-
ment, the Portuguese selected picture 207 (100 stems ha−1), the British pic-
tures 201 (300 stems ha−1), whereas the Swedes apparently disliked picture
205 (7000 stems ha−1). However, according to the results of the Nemenyi-
Damico-Wolfe-Dunn test (α= 0.05), the last position could not be assigned
uniquely because the mean score of the last picture was not statistically dif-
ferent from the mean score of the photographs in the positions immediately
above.

Consequently, results from picture rankings are not straightforward to be
interpreted. As for the Danish population and the European forester analy-
ses, the boundaries between significant different positions were overlapping.
Nonetheless, some general indications could be isolated from the picture
rankings.

Austrian students seemed to favour pictures with very high and high stem
densities (5300–7000 stems ha−1) over pictures showing low and very low
stem densities (300–100 stems ha−1). The former (pictures 211, 203, 215,
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Figure 18: Picture assessment of precommercial thinning practices in even-
aged stands of pedunculate oak in Denmark: preferences of natural re-
sources students from different European countries (highest score=10, low-
est score=1).

205) were found in the top five positions, whereas the latter (picture 210,
201, 207 217) were confined in the last five positions, although not all the
difference between ranking positions resulted to be statistically significant.
Mid density pictures received statistically different mean score values de-
pending on the presence or absence of a row structure: picture 208 (show-
ing the row structure) was ranked as the second most preferred photograph,
whereas picture 220 (across the direction of rows) was classified in the sec-
ond last position.

A score premium for a row structure was found also among Romanian stu-
dents and, to a lesser extent, among Danish students. Romanian assigned
higher average scores to all photographs taken along the direction of rows,
with the exception of the pair of pictures representing the 5300 stems ha−1

density. A preferred range of density did not emerged clearly from Ro-
manian respondents. Dense stands (5300 stems ha−1) were favoured over
extremely open stands (100 stems ha−1), since the former have both pic-
tures (203 and 211) in the top five positions while the latter have both pic-
tures (207 and 217) in the second half of the ranking. All other treatments
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have only one picture in the top five positions.

Portuguese students showed to prefer pictures depicting dense and very
dense stands (pictures 203, 211, 215, 205) to photographs with extremely
open stands (pictures 207 and 217). Like Romanian students, the Portuguese
assigned a score premium for the presence of row structure, with the excep-
tion of the pair of pictures 211 and 203.

Students from Sweden presented quite a unique ranking. Differently from
all other students, they selected picture 210 (300 stems ha−1) as the most
preferred one. In the second position, there was picture 208 and picture
203 is found only in the third position. Moreover, Swedes considered pic-
ture 205, representing a very dense stand (7000 stems ha−1), as the least
preferred one. This is in contrast with all other groups, which relegated
to the last position pictures depicting a low or very low density stand. It
must be underlined, however, that the Swedish ranking did not offer a clear
image, since the average scores were quite close to each other and differ-
ences among the positions of the ranking were very often not significant
(Nemenyi-Damico-Wolfe-Dunn test, α = 0.05). For instance, the first six
position of the ranking did not have significantly different mean score val-
ues; likewise, no differences were found between the second and the eighth
position as well as between the third and the ninth position.

British students singled out picture 203 as the most preferred one. This pic-
ture received a significantly higher score than pictures 215 and 205, repre-
senting very dense stands, as well as picture 201, 217 and 207, showing open
and very open stands (Nemenyi-Damico-Wolfe-Dunn test, α= 0.05). How-
ever, British students seemed to be substantially indifferent between picture
203 and picture 211 (with the same stem density of 5300 stems ha−1), pic-
tures 208 and 220 (1000 stems ha−1) as well as picture 210 (300 stems ha−1).

From a graphical analysis of Figure 18, it can be noticed that some coun-
tries showed similar preference patterns. In particular, UK and Denmark
followed a similar path and they distinguish themselves from other coun-
tries by grading picture 220 almost as picture 208. Analogous preferences
were found between Austrian and Romanian students: their two lines fol-
lowed each other quite closely, more in the intermediate densities than in
the extremes. Conversely, Portugal and Sweden seemed to have symmetric
preferences. On one hand, Portuguese assigned the highest scores to very
dense stands (pictures 215-205), whereas Swedes attached to these the lowest
scores; on the other hand, Swedes preferred open as well as very open stands
(pictures 201, 207, 217) like no other country did, while Portuguese graded
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them poorly. As a focal point of this symmetry, mid density stand pictures
(208 and 220) received approximately the same average scores.

Results from the graphical analysis were confirmed by the picture assess-
ment presented in Table 17. In this case, the average scores assigned to a
specific photograph were compared, to check whether there were statistical
differences between nations (Nemenyi-Damico-Wolfe-Dunn test, α= 0.05).
Significant differences in the average score were found for picture 215, 205,
220, 210, 201, 207 and 217. In contrast, preferences converged on the as-
sessment of pictures 203 and 211 depicting high-density stands (5300 stems
ha−1), as well as picture 208 whose average scores ranged from 5.93 to 6.44.
As suggested by the graphical analysis, no statistical differences were found
between the picture average scores assigned by Austria and Romania, on
one side, and Denmark and UK, on the other.

3.3.2 Preferences for treatments

Table 18 and Figure 19 illustrate recreational preferences for young oak
stand treatments. Students from the six countries analyzed showed signif-
icantly different preferences for the proposed thinning practices (Kruskal-
Wallis test, α= 0.05). Consistently with the picture analysis, the traditional
thinning resulted as the most preferred treatment type for recreational por-
poises. On the other hand, the extremely heavy thinning was considered
as the least suitable. Swedish students represented an exception to this pat-
tern. They ranked the very heavy thinning as the best treatment and the no
thinning option as the least preferred one.

Although the traditional thinning obtained the highest average score, other
treatments seemed to be equally preferred to it. In other words, in all the na-
tions investigated, the differences between the first two or three positions of
the treatment ranking were not significant (Nemenyi-Damico-Wolfe-Dunn
test, α= 0.05).

Austrian and Romanian students favoured the traditional thinning (5300
stems ha−1) and the no thinning (7000 stems ha−1) over the extremely heavy,
very heavy and heavy thinning (100, 300 and 1000 stems ha−1). Similarly,
Portuguese students singled out traditional thinning and no thinning, pre-
ferring them to the very heavy and extremely heavy thinning.

Danish and British ordered the treatments in a similar way. These students
showed a preference for the traditional thinning practice, but the difference
between heavy thinning and the traditional thinning was not significant
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Figure 19: Assessment of precommercial thinning practices in even-aged
stands of pedunculate oak in Denmark: preferences of natural resources
students from different European countries. (highest score=10, lowest
score=1).

(Nemenyi-Damico-Wolfe-Dunn test, α = 0.05). In the Danish case, the tra-
ditional thinning was favoured over very heavy thinning, solitary trees and
no thinning. However, in the British case, the average score of the tradi-
tional thinning was strictly preferred only to extreme treatments (100 or
7000 stems ha−1).

Swedish ranked the very heavy thinning, traditional thinning and extremely
heavy thinning in the first three positions. The difference between the av-
erage scores was not significant (Nemenyi-Damico-Wolfe-Dunn test, α =
0.05). However, only the very heavy thinning was stringently favoured over
the heavy thinning and no thinning options.

In Figure 19 it is possible to compare the patterns of recreational preferences
for treatment across countries. The conclusions are similar to the ones de-
rived from the picture analysis. The no thinning treatment had the highest
average score from Portuguese students and the lowest from Swedish stu-
dents. Conversely, treatments resulting in a very open stands (300-100 stems
ha−1) were graded higher by the Swedes and lower by the Portuguese. Aus-
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Table 19: Assessment of precommercial thinning practices in even-aged
stands of pedunculate oak in Denmark: comparison between natural re-
sources students from different European countries (highest score=10, low-
est score=1).

n No thinning Traditional Heavy Very heavy Solitary
thinning thinning thinning trees

Country (7000 st/ha) (5300 st/ha) (1000 st/ha) (300 st/ha) (100 st/ha)

Denmark 53 5.79B 6.95A 6.01A 5.49AB 4.16AB

Austria 46 4.39AB 6.84A 5.31A 5.29B 4.33AB

Portugal 44 6.73A 6.88A 5.25A 5.01B 3.71B

Romania 53 6.04AB 6.82A 5.16A 5.30B 4.20AB

Sweden 36 4.50B 5.61A 5.34A 6.74A 5.40A

UK 38 4.86B 6.39A 6.13A 5.43AB 4.79AB

K-W p-value 0.000∗ 0.092 0.078 0.003∗ 0.020∗

* Significant statistical differences between respondent groups (Kruskal-Wallis test,
α= 0.05).

tria and Romania as well as Denmark and UK showed very close preference
patterns. The heavy thinning, corresponding to a residual stem density of
1000 stems ha−1, seemed to split the countries in two opinion groups: UK
and Denmark, which assigned to it an average score around 6, and the other
countries, which expressed average scores ranging between 5 and 5.5.

Formal results on the comparison between average scores could be found
in Table 19. In contrast with the graphical analysis, the difference between
the assessments of the traditional thinning and the heavy thinning resulted
not to be statistically different (Kruskal-Wallis test, α= 0.05). Portugal eval-
uated the no thinning option significantly higher than Denmark, UK and
Sweden. The latter showed a significantly higher mean score than Portu-
gal, Austria and Romania in relation to the very heavy thinning. Moreover,
Denmark, UK and Sweden presented a significantly higher mean score than
Portugal only in relation to extremely heavy thinning (Nemenyi-Damico-
Wolfe-Dunn test, α= 0.05).

3.3.3 Preferences for photo factors

A principal component factor analysis was run to investigate whether some
undergoing factors were influencing recreational preferences. The analy-
sis was run firstly for the students’ dataset as a whole, and then for each
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Table 20: Preferences on scene types in even aged stands of penduculate oak
in Denmark resulting from the principal component factor analysis of the
European natural resources students’ data.

Picture characteristics Scene
Factor Scene Picture stems slash row sky mean
no. type ha−1 presence structure visibility score∗

1 Open woodland

207 100 Yes No Yes

4.94B217 100 Yes No No
210 300 No No No
201 300 Yes No Yes

2 Forest with 220 1000 Yes No No 4.82B
low accessibility

3 Forest with 208 1000 Yes Yes No 6.14A
row structure 215 7000 No Yes No

* Scores with the same letter are not significantly different (Nemenyi-Damico-Wolfe-
Dunn test, α= 0.05).

country separately in order to search for some differences in the scene per-
ception.

Tree techniques were applied to select the number of relevant factors. The
Kaiser’s rule and the parallel analysis suggested the presence of three rele-
vant factors; instead, the scree plot analysis indicated the presence of nine
factors. In the end, three factors were retained. These factors all together
could explain more than 65% of the total variation in the data.

Table 25 in Appendix C presents the correlation coefficients (also called
factor loadings) between factors and pictures’ scores, resulting from the pre-
liminary principal component analysis. Once the relevant factors had been
selected, a varimax rotation was run to facilitate the interpretation. The
correlation coefficients between the rotated factors and the pictures’ scores
are showed in the right part of the table.

Similarly to what was done in the Danish population’s and European foresters’
investigations, pictures were grouped together according to their larger pos-
itive correlation coefficient with one of the three rotated factors. Then,
their common characteristics were analyzed in order to identify the scene
types. The results and picture’s main characteristics are presented in Ta-
ble 20. From this procedure, it emerged that the perception of the pictures
by the European students (considered as a single group) was similar to the
one found for the Danish general public.
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Figure 20: Preferences on scene types in even aged stands of penduculate
oak in Denmark derived from the principal component factor analysis of
the European natural resources students’ data, average scores by country.

Factor 1, or scene type 1, was characterized by pictures 201, 207, 217 and
210. These four pictures presented similar pattern in terms of low densities
and moderate presence of slash; this factor was then labelled as “open wood-
land”. The second factor was composed by picture 208 and 215. These two
photographs had in common a clear and distinct row structure. The resid-
ual stem density varied from the 1000 stems ha−1 of picture 208 to the 7000
stems ha−1 of picture 215. Slash could be observed in picture 208, but it did
not harm the accessibility. This scene type was labelled “forest with a row
structure”. The third factor coincided with picture 220, which showed a
medium density stand, without any raw structure and a significant amount
of slash on the ground. This last scene type was called “forest with low
accessibility”.

In the last column of Table 20 is present the mean score obtained by each
scene type, computed as the average of the scores of the related pictures.
Overall, European students selected the “forest with a row structure” as the
most preferred scene type which was favoured over the “open woodland”
and “forest with low accessibility” scenes (Nemenyi-Damico-Wolfe-Dunn
test, α= 0.05).
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Figure 20 illustrates the recreational preference for scene type for each coun-
try. Austrian, Romanian and Portuguese students favoured the “Forest with
row structure” scene type, Swedish students the “open woodland” and Dan-
ish and British students preferred the “Forest with low accessibility”. It is
interesting to notice how the preferences for the “Forest with low accessi-
bility” are polarized between the North-West European countries and the
remaining countries. As for the treatment and picture analysis, Romania
and Austria as well as UK and Denmark exhibited very close preference
patterns.

So far, the results presented on the recreational preference related to scene
types were referred to the overall European student dataset. In contrast,
Table 21 displays the results of the factor analysis applied to each single
country independently. For each nation, relevant factors were selected ac-
cording to the Kaiser’s rule. Pictures were grouped together according to
their larger positive correlation coefficient with one of the relevant factors.
Scene types’ average scores were compared in the third column (Nemenyi-
Damico-Wolfe-Dunn test, α = 0.05). Finally, an interpretation of the scene
type was made; when a clear path between pictures’ characteristics was not
found the scene type was labelled as “uncertain”. Given the relatively small
number of observations per country, the results should be considered with
caution and as a mere, although interesting, indication.

From principal component factor analysis run at the country level, several
considerations could be pointed out. Firstly, it emerged that not all the
countries perceived the differences between pictures according to three fac-
tors or scene types. Namely, Austria and Romania tended to perceptually
group photographs according to four factors, whose interpretation seemed
not to be straightforward. Secondly, Danish students clustered pictures con-
sistently with the grouping found for Danish experts. Thirdly, both Portu-
gal and Sweden grouped together picture 220 and 210, which from a visual
inspection seems to be distinguished from other pictures by the presence of
the tree crowns in the foreground (very close to the camera optic) and by
the same leaf colour. Finally, the “open woodland” scene type was perceived
both in the cross-country as well as in the country specific principal com-
ponent factor analysis by Sweden, Austria and Portugal. Similarly, “Forest
with low accessibility” (picture 220) was detected in the cross-country factor
analysis and in the Austrian one.
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Table 21: Scene types of even aged stands of penduculate oak in Denmark
resulting from the principal component factor analysis performed by coun-
try.

Country Factor Pictures Average Suggested scene type descriptionscore∗

Factor 1 215, 205, 203, 211 5.92A High density forest

Denmark Factor 2 208, 220 6.01A Mid density forest

Factor 3 210, 201, 217 4.93B Open woodland

Factor 1 201, 207, 217 3.74B Open woodland

Austria
Factor 2 215, 210 5.58A Uncertain

Factor 3 208 6.38A Mid density forest with row structure

Factor 4 220 4.24B Mid density forest low accessibility

Factor 1 208 5.93A Mid density forest with row structure

Portugal Factor 2 201, 207, 217 3.83B Open woodland

Factor 3 220, 210 5.26A Tree crowns in the foreground, low ac-
cessibility, similar leaf colour

Factor 1 215, 205, 203, 211 6.42A High density forest

Factor 2 210, 207 5.34B Open woodland (uncertain)
Romania

Factor 3 208, 220 5.16B Mid density forest

Factor 4 201, 217 4.20C Open woodland (uncertain)

Factor 1 201, 207, 217 5.70A Open woodland, slash lying on the
ground

Sweden Factor 2 220, 210 5.64A Tree crowns in the foreground, low ac-
cessibility, similar leaf colour

Factor 3 205, 203, 211 4.78A High density forest

Factor 1 208, 201, 207, 217 5.07B Mid to very low density forest, presence
of slash but still accessible

UK Factor 2 210 6.08AB Mid density forest, high understorey (un-
certain)

Factor 3 203, 220 6.58A Mid to high density forest, row structure
* Scores with the same letter are not significantly different (Nemenyi-Damico-Wolfe-Dunn test,
α= 0.05).
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4 Discussion

4.1 The Danish general population recreational preferences for

young oak stands treatments

Results from this study showed that the general public prefers young pendu-
cultate oak stands where precommercial thinning treatments are carried out
rather than unthinned stands. This is consistent with the results presented
by Jensen and Skovsgaard (2009) for Denmark and supported by other in-
vestigations. Swedish and Finnish studies pointed out that precommercial
thinning of boreal stands has a overall positive impact on scenic beauty.
The positive effect deriving from the increased visual accessibility, in fact,
more than compensates for the negative effect of thinning waste (Kardell
and Holmer, 1985; Silvennoinen et al., 2002). Likewise, Patey and Evans
(1979) investigated recreational preferences in the United States and con-
cluded that manipulated forest landscapes with high accessibility are aes-
thetically preferred over non-manipulated, dense understory landscapes.

Comparing the scores of pictures with the same stand density (Table 6, p.
42), it appeared that photographs with a row-wise structure received gener-
ally higher mean scores than pictures depicting the stand across the rows.
This seems to contrast with previous findings about the Danish popula-
tion, where the presence of a row structure in Norway spruce (Picea abies
(L.) Karst.) had a negative influence on the recreational appeal of the forest
scene (Jensen and Koch, 1997; Jensen, 1999). However, in this case, the pref-
erence for a row structure seems to be linked to higher stand accessibility.
Actually, it can be noticed that even in the unthinned stands the photograph
in the direction of rows (picture 215) has a significant higher score than the
picture across the direction of rows (picture 205). Another interesting ex-
ample can be observed in pictures 208 and 220. Although the same residual
stem density (1000 stems ha−1), the picture 220 has a significantly lower po-
sition in the ranking (Table 5, p. 41). This is most likely due to the fact that
picture 208 presents a row-structure with interspaces between the trees as
well as a cleaned row in the middle, looking almost like a path, increasing
the visitor accessibility; while picture 220 does not. Given that pictures 208
and 220 were taken in the same stand, the quantity of slash in the ground
is the same (although in the pictures it looks different). From a practical
forestry point of view, this may suggest that creating some free-from-slash
rows might increase the recreational appeal of stands. The only exception
to this trend that suggests a preference for visitor accessibility is found in
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the traditional thinning stand (pictures 211 and 203). According to the au-
thor opinion, the reason behind this is the lack of row structure in picture
211 resulting in low visitor accessibility, together with a particular aesthetic
quality of picture 203.

The range of preferred stand density (5300–300 stems ha−1) emerged from
the analysis of Jensen and Skovsgaard (2009), was confirmed by the picture
analysis in this study. This result, however, presented a rather wide range
of variation for the preferred residual stand density and offered a vague in-
dication for practical forestry and forest management. The outcome sug-
gests avoiding unthinned stands or extremely opened stands. Consequently,
there was a need for implementing further analysis in order to deepen the
understanding of the population’s preferences: an analysis by treatments
and a factor analysis were therefore conducted.

The study of preference for treatments (Section 3.1.2) was a first raw at-
tempt to reintroduce some sort of tridimensionality in the analysis, which
was somehow missing in the picture analysis. As an example, consider a
visitor in the forest. In his or her visit, it is quite unlikely that the visitor
always sees a tidy row structure as in picture 215 or 208. While he or she
is moving, the forest scene is probably going to change. This means that
the visitor may face both a distinct raw arrangement and a more irregular
tree structure, as depicted in photograph 208 and 220. From Section 3.1.1,
it became apparent that picture 208 and 220 are rated very differently by
the general public. Although the scene might change during the visit, the
residual stem number in the stand remains the same. Therefore, treatment
type could be considered as a constant characteristic of forest stands.

In general, it may be inferred that shifting the focus of the analysis from
pictures to treatments caused a higher level of indifference in the general
public preferences compared to the results from the picture analysis. This
in turn may suggest that residual stem density can vary substantially (from
5300 to 300 stems ha−1) without affecting the general visitor’s preferences
and that other factors included in the picture (such as amount of slash, stand
accessibility, canopy closure) are likely to shape preferences more in details.

Now, results from the principal component factor analysis seemed to con-
firm the hypothesis for which the general public apparently do not discrim-
inate among the scenes based on treatment type. Rather, according to the
result of this study, the general public respondents tended to perceptually
group scenes according to similar overall patterns of openings, presence or
absence of row structure, and stand accessibility. Similar results were found
by Bradley et al. (2004) for young Douglas-fir stand treatments in the United
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States. The authors concluded that respondents did not seem to discrimi-
nate among scenes based on treatment types; rather, scenes where grouped
according to analogous patterns of openings, tree size variation, and colour.

Overall, the factor analysis suggested that the general public favoured a for-
est environment with a certain degree to canopy closure with high accessi-
bility. As long as the stand is accessible, via a define row structure or the
presence of a path (as it may seem from picture 208), the density of the
stand can vary substantially without affecting preferences. The result from
the picture analysis that a medium to dense forest environment is preferred
over open woodland was also reinforced. Furthermore, picture 220 seems
to represent what Danes would avoid to visit during their leisure time: a
forest environment hard to access with a significant amount of slash on the
ground. Actually, previous studies showed that the Danish general pub-
lic preferred the forest floor to be cleared of logs and branches (Jensen and
Koch, 1997; Jensen, 1999).

In summary, from the factor analysis it seems possible to conclude that an
accessible forest environment with medium to high stem densities is the
most preferred young stand type by the Danish general public. This reflects
the findings from other studies focusing on Scandinavia. In his survey of the
Swedish general public, Hultman (1983) showed that freshly tended young
stands with visible debris received significant lower scores compared to sim-
ilar stands with a path through them or with completely decayed residuals.
Overall, preference studies in Fennoscandia showed that forest openness for
visual accessibility is among the most important structural factors for recre-
ation (Gundersen, 2006; Gundersen and Frivold, 2008).

A special remark must be made on picture 203. Although the accessibility
in the stand depicted in it is very low and it presents a high understory of
stinging nettle (Urtica dioica), picture 203 marked the highest mean score
value. This is apparently in contrast with the idea that accessibility is a cru-
cial property for creating young oak stands suitable for forest recreation.
The reason for this anomaly may be explained considering the particular
aesthetic appeal of the picture, with a ray of sun light penetrating into the
canopy precisely when the picture was taken, conferring to the scene a fairy
tale appearance. This delightful visual effect is not present in other pho-
tographs and it would not be surprising if this might have introduced some
bias into the results. Nevertheless, it must be underlined that such type
of light penetration in the stand and the consequent exquisite scene can be
found only in stands with a certain degree of canopy closure. That is, what
makes picture 203 admirable (i.e. light penetration in the stand) is a typ-
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ical characteristic of high density stands and is absent in open woodlands.
As a matter of fact, open and very open stands share similar characteris-
tics (among which canopy closure and type of light effects) and hence were
considered as a separate scene type by the general public.

Given that within a rage that varies from 5300 to 1000 or even 300 stems
ha−1 there is a substantial indifference in preferences, it is possible to draw
some implication for silviculture. According to this founding, forest man-
agers have a certain degree of flexibility in determining the residual stem
density in young stands in order to create a forest environment suitable for
recreation and, at the same time, fulfil other forest management objectives.
For instance, choosing a residual stem density of 5300 stems ha−1 seems
not to lead to significantly different recreational preferences compared to a
residual stem density of 1000 or 300 stems ha−1. However, in dense stands
the possibility of epicormic branches presence is extremely lower than in
open stands. Therefore, the production of high quality timber and recre-
ational services could be combined, given that accessibility is maintained
say by a total or partial slash removal or by the creation of paths or strip
roads.

Another possibility compatible with these results is suggested by Nielsen
and Jensen (2007). It consists in creating a forest environment with a gradi-
ent of different densities in order to overcome to low visual accessibility of
monoculture in the young stage. In other words, uniform stand of timber
oaks may be mixed with a contrasting diversity of picturesque open-grown
trees (Jensen and Skovsgaard, 2009). Which solution is better for a multiple
objective forest management has to be further investigated considering also
economical and ecological issues.

4.2 The Danish experts’ preferences and the comparison with

the general public’s

One of the most important findings in the analysis of the experts’ pref-
erences is that respondents seemed to group pictures according to similar
residual stem densities: high density forest (7000-5300 stems ha−1), medium
density forest (1000 stems ha−1) and low density forest (300-100 stems ha−1).
Experts perceived treatments as three categories, grouping together very
high and high density stands on one hand, and the low and very low stands
on the other hand. This is not surprising, given that from a visual analy-
sis of the ten pictures, it is not easy to distinguish between treatments with
7000 and 5300 stems ha−1 as well as between 300 and 100 stems ha−1.
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It is then possible to affirm that, differently from the general public, experts
discriminate among scene types according to treatments. This is apparently
in contrast with the findings by Bradley et al. (2004) who investigated recre-
ational preferences of the general public, forestry professionals, educators
and environmentalists. The authors concluded that the respondents, hence
also forestry professionals, were not able to discern among treatment types.
However, Bradley et al. (2004) run the principal component factor analysis
on the whole dataset and hence the scene types identified were referred to a
heterogeneous set of respondents. A segmentation of the dataset may have
led to different conclusions.

The results from the factor analysis may shadow a tendency of educated ex-
perts to analyze and evaluate stands accordingly to the paradigms normally
used in their professions, although in the questionnaire it was asked to rank
according to a visitor point of view. For instance, forestry professionals
and students show a preference for medium to high residual stand densities,
which are the ones typically found in monoculture stands for timber pro-
duction. This is reflected also in a study by Hultman (Hultman 1981, in
Gundersen and Frivold, 2008) who affirmed that trained foresters showed
a greater appreciation for scenes that have been formed in ways they had
been accustomed to in their education. Furthermore, a previous study iden-
tified different attitudes towards silvicultural practices of people with differ-
ent levels of knowledge and understanding about forestry (Edwards et al.,
2010b).

Compared to the general public, experts showed preferences with a higher
degree of consistency among the different types of analysis. In other words,
the pattern of experts’ preferences in relationship to treatments is somehow
similar to the picture assessment: in both cases, students showed a prefer-
ence for the traditional thinning (high residual stem densities), foresters for
the heavy thinning (medium residual stem densities) and green professionals
for the very heavy thinning (low residual stem densities). This does not hold
for the general public preferences: in switching from the pictures’ analy-
sis to the treatments’ analysis, the preference structure changed towards a
wider and more undefined set of treatments with analogous scores.

The analysis of the preferences for scene types (factor analysis) has been
conducted considering expert group as a whole. It has to be noticed that
these results are influenced by the size of the expert subgroups (forestry
professional, green professionals and students). Actually, foresters repre-
sented about 44% of the experts group, students 39% and green profession-
als only 17%. Not surprisingly, the outcome of the analysis showed that
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a mid density forest was the most preferred scene type. By decomposing
the scene type analysis by experts segments, the outcome would be simi-
lar to the treatment analysis, given that the scene types are a simplification
(averaging) of the treatments’ scores.

So far, the discussion has been focused on the recreational preferences of the
general public, forest professionals, green professional and students on the
ten young oak stands. Comparing recreational preferences of these groups
has a high interest from a silvicultural and forest management point of
view. Firstly, it is interesting by itself to know to which extent the ideas of
forestry professionals correspond to forest users’ recreational preferences.
Secondly, it can shed more light on how young oak stands would look like
if professionals would manage them according to forest recreation objec-
tives without any knowledge of the population preferences.

In this regard, from the analysis it became apparent that the general public
prefers accessible stands with a stem density ranging from 5300 to 1000/300
stems ha−1. An interesting question would be to test which expert subgroup
is able to better fulfil the recreational demand of the general public in young
oak stands. This can be done with a simple “game”. Consider a the pure
hypothetical case in which the management option for young oak stands is
decided by one of the expert subgroups and that the management option
is selected via the group picture ranking. Foresters would choose a stand
treatment similar to picture 208, green professional picture 201 and students
picture 203. Given the picture preferences of the general public according
to this analysis, only foresters and natural resource students would create
a forest environment suitable for forest recreation, at least from a scenic
beauty point of view (note that in Table 5 at p. 41, pictures 203 and 208 are
significantly preferred by the general public to picture 201).

In this simple “game”, however, the stand accessibility was not directly con-
sidered. From the factor analysis, it resulted that this valuable property was
not directly contemplated as an important factor by experts, although both
students and foresters assigned a score premium to picture with a row struc-
ture. In the light of these considerations, it is interesting to re-examine the
outcome of the “game”.

In the first case, it is true that picture 208, selected by foresters, fulfils the
accessibility requirement. From this study, however, it appeared that the
driving force behind this choice was more the stand density level rather
than the accessibility characteristics. It is important to note that picture
208 and picture 220 were considered as the same scene type by the experts,
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but not by the general public. What is more, in the foresters’ ranking, pic-
tures 208, 203 and 220 were respectively at the first, second and third place,
but the differences among their mean score values were not significant (Ta-
ble 5, p. 41). In the second case, picture 203 — whose peculiarity has been
discussed above — would have been selected by students. Again, accessibil-
ity was not considered as a compelling element. This idea is also supported
by the fact that picture 203 which was ranked in the first place by students
obtained a mean score value not significantly different from picture 208 and
211 (Table 5, p. 41) presenting very different degrees of accessibility.

In summary, the general findings of this comparison suggest that educated
experts’ recreational preferences are in part influenced by the forest manage-
ment knowledge. Furthermore, professional foresters and students present
similar characteristics in terms of preferred stand density for recreational
purposes. However, there is the risk that implementing the management
following exclusively the experts’ opinions may lead to stand that are not
accessible and therefore not suitable to meet the general population recre-
ational demand. As a consequence, stand accessibility must be assured via
a defined row structure, creation of strip roads or even path to enter the
stands.

4.3 Recreational preferences for young oak stands treatments of

forestry professionals across Europe

The ranking of pictures by each country group showed a higher degree of
indifference between picture compared to the Danish population analysis
and the students’ analysis. Fewer significant differences within the rankings
were recorded. Ranking positions were either highly overlapping (unclear
boundaries between positions) or not significantly different. Moreover, a
clear preference for one particular picture could not be found in any of the
groups. It is believed that this was partially due to the grouping effect.

The grouping of forestry professionals according to the geographical region
responded to the demand for generating a dataset able to cover the entire Eu-
ropean continent with limited resources. From the graphical analysis of the
preferences for picture within each country group (Figure 13, pp. 50–51),
it appeared that within some groups there were differences between prefer-
ence patterns of countries. This was particularly evident for the Southern
European region and non-continental Europe. Consequently, the variance
of the picture average scores is likely to have been affected by the grouping
process.
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Although not really pronounced, differences were found among all groups
with exception of Central Europe. This group did not present any sig-
nificantly different preference for a particular picture or treatment. The
Kruskal-Wallis test, the ANOVA test as well as the Nemenyi-Damico-Wolfe-
Dunn test were repeated excluding the Italian data, to check whether there
was a noise generated by a grouping effect. The results indicated the absence
of significant differences between picture preferences. Similar results were
found also for Italian data. Therefore, a substantial indifference emerged
also in the two main subgroups of Central European foresters’ data. This
means that little consensus emerged among respondents in ranked pictures.
Therefore, no strong tendency was detected, resulting in very similar distri-
bution of picture scores.

Nevertheless, some general tendency emerged from the picture analysis and,
largely, from the treatment analysis. Firstly, geographical differences were
found in the analysis of recreational preferences among forestry profession-
als in Europe. This is consistent with the findings of the student analysis
and confirmed by other studies (Edwards et al., 2010b,a). In particular, con-
trasts were found in the assessment of unthinned stands (7000 stems ha−1)
as well as for heavily thinned stands (1000 stems ha−1).

Southern European foresters distinguished themselves for a clear preference
for dense stands. This is confirmed by previous findings for the Iberian
Peninsula according to which scenic beauty is considered higher in denser
stands (Blasco et al., 2009; Carvalho-Ribeiro and Lovett, 2011). A possible
explanation for this type of preferences may be the climatic factor. As un-
derlined by Weinstein and Schiller (1982) in their study on microclimate
and forest recreation in Israel, optimum conditions for recreation prevail in
well ventilated and high density stands that provide a better cooling effect
for the heat load caused by radiation and air temperature.

Forestry professionals from Denmark and from non-continental Europe
presented very close preference for treatments. Compared to other coun-
try groups, Denmark and non-continental Europe showed a remarkably
higher predilection for heavy thinning. The same tendency is found be-
tween British and Danish natural resource students. A preference for vig-
orous thinning for both the general public and forestry experts was found
by (Jensen, 1993) for Norway spruce stands. This feature was not found
in beech (Fagus sylvatica L., aged 33) stands probably because of the signifi-
cant amount of slash on the forest floor (Jensen, 1999). However study by
(Jensen, 1999) was focused only on the Danish general public, and as dis-
cussed before, the general public considered less desirable logs and branches
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lying of the forest.

Analogous preferences for treatment type were found between Central Eu-
rope and Nordic countries. These two groups seemed to agree closely on
the assessment of thinning practices. Both the traditional thinning (5300
stems ha−1) and the very heavy thinning (300 stems ha−1) appears to be
favoured, although differences between average scores are not significant.
Overall, preferences that emerged for these two groups did not offer an in-
controvertible picture.

Interestingly, results from the factor analysis showed that the European
foresters discriminate among scene types according to treatments. This is
consistent with the results found for the Danish experts. As already dis-
cussed, forestry education is reflected in the scenic preferences in form of a
greater appreciation for scenes that have been formed in ways foresters had
been accustomed to in their education (Hultman 1981, in Gundersen and
Frivold, 2008).

Moreover, from the principal component factor analysis it emerged that
the presence of slash did not have a significant role in shaping forestry
professionals preferences, whereas stand treatment did. This suggests that
foresters are more willing to accept the negative and temporary effects of
silvicultural intervention such as slash and wood debris (Bliss, 2000).

4.4 Recreational preferences for young oak stands treatments of

natural resources students across Europe

As for the forestry professionals’ case, geographical differences were found
in the analysis of recreational preferences among natural resource students
in Europe. This seems to be confirmed by other studies, although the lit-
erature on the comparison of public preferences for silvicultural practices
in Europe is confined on few analyses. However, the presence of a spatial
factor influencing recreational preferences is suggested by comparing the
literature for case studies in different European countries (Edwards et al.,
2010b,a).

European natural resources students did not show to share similar recre-
ational preferences for stand treatment practices in young oak. Overall, the
picture analysis was not able to offer clear indications on the preferred for-
est environment. For most of the countries examined, picture 203 (5300
stems ha−1) was selected as the most preferred one and picture 217 (100
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stems ha−1) as the least preferred. However, regarding the intermediate po-
sitions a distinct image did not appeared. Moreover, the top and the bottom
positions often received average scores not statistically different from, re-
spectively, the following or preceding positions.

In the picture, treatment and factor analysis, it was possible to identify a
recurrent similar pattern between countries. In particular, Austrian and
Romania on one hand, and UK and Denmark on the other hand, exhib-
ited analogous preferences. The former inclined towards practices resulting
into dense or very dense stands; the latter promoting traditional or heavy
thinning.

This may be due to similar geographical, climatic and forest cover charac-
teristics of the countries of origin, comparable forestry traditions and prac-
tices as well as analogous landscape types (Edwards et al., 2010b; Schraml
and Volz, 2009). The fact that Portugal and Sweden, situated on the ex-
tremes of the European continent, have singular and contrasting preference
patterns reinforces this hypothesis. Under these circumstances, a similar
cultural and educational background may characterize the perception the
forest environment. This is consistent with the idea that information are
able to influence aesthetic perceptions of scenes containing evidence of that
information (Jensen, 2000; Hornsten, 2000).

For example, from the principal component factor analysis appeared that
European students could not discriminate pictures according to treatment
type. Actually, they tended to perceptually group pictures according to sim-
ilar overall patterns of openings, presence or absence of row structure, and
stand accessibility. However, Danish students were in fact able to perceived
pictures differences according to treatment type, although in a simplified
three-treatment version (Table 21, p. 76). This is not surprising since even-
age oak monoculture is not a typical forest type found in countries like Por-
tugal, Austria, Sweden (especially the northern part) or Romania. These
students were probably just not familiar with it, as underlined by many
comments found in the last question of the questionnaires.

Denmark and UK share the same tradition for heavy thinning in oak (Evans,
1984). In this respect, it is interesting to notice that picture 220 (1000 stems
ha−1) was graded significantly higher by the British and Danish students
than by any other country. Generally, this photograph is considered as one
of the least attractive for forest recreation due to the low accessibility (Ta-
ble 16, p. 65). In most cases, it received lower scores than picture 208, also
representing the heavy thinning treatment but with higher levels of accessi-
bility. However, this did not hold for UK and Denmark, indicating a strong
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preference for the heavy thinning treatment itself.

Another interesting example of the influence of the national background
in shaping preferences may be found in the Portuguese results. As it can
be observed in Table 18 at p. 70, Portuguese singled out the traditional
thinning or no thinning (5300–7000 stems ha−1) as the most preferred prac-
tices. This finding is supported also by the results on Portuguese population
recreational preferences presented by Carvalho-Ribeiro and Lovett (2011).
As discussed for the Southern European foresters, behind this preference
there might be some climatic reasons (Weinstein and Schiller, 1982). More-
over, the first five pictures in the ranking (Table 16, p. 65) are free from
slash and debris on the ground (which are in general related to thinning in-
tensity). This is significant when considered that Portugal has the highest
number of forest fires in Europe (Carvalho-Ribeiro and Lovett, 2011).

Besides the cultural and educational background, another factor influencing
preferences is the age of respondents (Kaplan and Kaplan, 1989; Gundersen
and Frivold, 2008; Edwards et al., 2010b). In this study, students’ mean age
was 24 years old, whereas it was 46 for the European forestry professionals
and 47 for the Danish general public. Compared to the Danish population
and forestry professionals’ results, very dense stands scenes generally ob-
tained higher scores. Interestingly, this preference of young respondents for
denser stands is confirmed by Jensen and Skovsgaard (2009).

Swedish students, however, diverge from this trend. They selected picture
210 (300 stems ha−1) as the most suitable forest environment for recre-
ational activities and picture 205 (7000 stems ha−1) as the least appropriate.
This is in contrast with previous researches (Grahn, 1991; Lindhagen and
Hörnsten, 2000) where it was concluded that young Swedes seem to appre-
ciate dense forest more than they do the cultivated and open forest. How-
ever, in these studies both mature and young stand were evaluated. Mature
stands with easy access are generally highest ranked by Swedes. The density
of these stands is generally much lower than the density in young stands.
Therefore, it is possible that in this survey Swedish students ranked in the
top positions young stands with a lower density and higher accessibility; or
in other words, young stands that offer the same possibilities of the mature
stands in terms of recreational activities. As a matter of fact, this seems to be
in line with the idea that the Swedish general population experienced young
stands to be undesirable for forest recreation (Hultman, 1983; Lindhagen,
1996).

Given the increasing integration of the European labour market, it is curi-
ous to check whether today students (the future foresters or natural resource
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managers) from Austria, UK, Romania, Portugal and Sweden will be able
to satisfy the general public recreational demand in the case they will be em-
ployed in Denmark. This is a hypothetical exercise, similar to the “game”
run in the previous section. According to the picture ranking and consis-
tently with the treatment ranking, the management option selected by all
countries would be picture 203 with a stem density of 5300 stems ha−1,
with the exception of Sweden, which would select picture 210 representing
a stem density of 300 stems ha−1. Given that the general public slightly
preferred picture 203 to 210 but not significantly, all groups would create a
suitable forest environment. However, turning to preference for scene types
and therefore accounting stand accessibility, only Romanian, Austrian and
Portuguese students would create a forest environment suitable for the Dan-
ish general public’s recreation.

4.5 Final remarks

Although the limitations derived from the low amount of resources in the
data collection and the lack of a structured statistical design, this study was
able to identified consistent results related to recreational preferences of the
Danish population. Moreover, it was able to shed more light on two is-
sues not frequently discussed in the literature: recreational preferences on
young stands practices as well as the pan-European comparison of recre-
ational preferences. In the two international analyses, similar patterns were
identified within and between countries.

Some methodological considerations emerged from this analysis should be
taken into account in future studies. Firstly, the use of one questionnaire
for both the general public and the experts was a sort of limitation for this
study and therefore it should be avoided.

Secondly, explicit questions about the professions, the background in silvi-
culture, the present landscape type, the postal code and the landscape type
of the childhood of the respondents would be very helpful in the analysis.

Thirdly, picture ranking has the advantage that it is a quick way to investi-
gate preferences, but it does not give indication on “by how much” a scene
is preferred to another. Ranking can be transformed into rating but results
must be interpreted with caution. Therefore, direct rating of picture on
say a 1–10 scale might be considered. Moreover, it would be interesting to
compare the opinion of the population on both the recreational, produc-
tion and conservation values of a set of forest scenes asking to rate or rank
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picture according to these different management objectives.

Fourthly, with the modern technique investigating preferences through vi-
sual stimuli is becoming more flexible. Especially for international surveys,
the questionnaire could be submitted on-line and the visual stimuli pre-
sented on a computer screen. Furthermore, picture could be easily mod-
ified in order to control for the presence or absence of slash and ground
vegetation as well as for the colour of the sky. In this way, the control over
the pictures’ characteristics is higher and the experimental design more ac-
curate.

Fifthly, as it was done in this study, the places where picture are taken
should be permanently marked in order to facilitate the investigation of
changing in preferences according to the stands’ development. On this re-
gard, it would be interesting to present to the respondent the pictures de-
picting the mature stage of each forest scene in the analysis, in order to an-
alyze whether information on the future development of the stands could
affect preferences.

Finally, in the author’s opinion, the analysis of international preferences
should be done at the country level, but preferably at sub-country level and
according to landscape type. As a matter of fact, recreational preferences are
thought to change significantly even over short distances (Jensen and Koch,
1998).
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5 Conclusions

This study was aimed to analyze recreational preferences for different thin-
ning practices in young penduculate oak stand. The analysis was developed
on three different datasets. In the first dataset, the general public’s pref-
erences and the experts’ preferences were compared for Denmark. In the
second and the third dataset, recreational preferences of forestry profession-
als and natural resources students were investigated across Europe. For each
dataset, preferences were investigated for pictures, treatments, and photo
factors or scene types.

As far as the Danish population is concerned, significant differences were
observed among groups of respondents. Natural resources students showed
a preference for the traditional thinning (7000 stems ha−1), foresters for
the heavy thinning (1000 stems ha−1), and green professionals for the very
heavy thinning (300 stems ha−1). The general public showed a wider range
of preferred stand density (5300–300 stems ha−1). Interestingly, picture
with a row-wise structure received generally higher mean scores than pic-
tures depicting the stand across the rows.

Danish experts showed preferences with a higher degree of consistency among
the different types of analysis (by picture and by treatment) when compared
to the general public. The preference structure, in fact, changed towards a
wider and more undefined set of treatments with analogous score in switch-
ing from the pictures analysis to the treatments analysis.

Results from the principal component factor analysis showed that the gen-
eral public seemed not to discriminate among the pictures based on treat-
ment type. Rather, the general public respondents tended to perceptually
group scenes according to similar overall patterns of openings, presence or
absence of row structure, and stand accessibility. On the contrary, Danish
experts seemed to perceptually group pictures according to treatment type.
In summary, from the factor analysis it seems possible to conclude that an
accessible forest environment with medium to high stem densities is the
most preferred young stand type by the Danish general public.

According to these findings, it is possible to draw some implication for sil-
viculture for tending young penduculate oak stand in Denmark. Given the
wide range of preferred stand density (5300–300 stems ha−1), forest man-
agers have a certain degree of flexibility in determining the residual stem
density in young stands in order to create a forest environment suitable for
recreation and, at the same time, fulfil other forest management objectives.
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However, the impression is that Danish experts did not perceive stand acces-
sibility as importantly as the general public does. Results from this works
suggests that following exclusively the experts’ opinions in implementing
the management of young stands may lead to stands that are not accessible
and therefore not suitable to meet the general public’s recreational demand.
Consequently, stand accessibility should be assured, for example, via a de-
fined row structure, partial or total removal of slash or the creation of strip
roads or small path.

Turning to the analysis of forestry professionals across Europe, geographi-
cal differences have been found in the analysis of recreational preferences. In
particular, contrasts were found in the assessment of unthinned stands (7000
stems ha−1) as well as for heavily thinned stands (1000 stems ha−1). South-
ern European foresters distinguished themselves for ranking dense stands
higher, whereas Danish and non-continental European forestry profession-
als showed a remarkably higher predilection for heavy thinning compared.
Similar results emerged also in the comparison of natural resources students
across Europe, for Portugal, Denmark and UK, respectively.

Consistently with the results found for the Danish experts, the principal
component factor analysis showed that the European foresters discriminate
pictures according to treatment types. The presence of slash did not have a
significant role in shaping forestry professionals preferences, whereas stand
treatment did. This suggests that foresters are more willing to accept the
negative and temporary effects of thinning intervention such as slash and
wood debris.

Regarding the analysis of preferences of natural resource students for young
oak stand treatments, significant differences were found between country
groups. Generally, it was possible to identify a recurrent preference pattern
between countries. In particular, Austrian and Romania on one hand, and
UK and Denmark on the other hand, exhibited analogous preferences. The
former inclined towards practices resulting into dense or very dense stands;
the latter promoting traditional or heavy thinning. Conversely, Portugal
and Sweden seems to present symmetric preferences. On one hand, Por-
tuguese assigned the highest scores to very dense stands (7000 stems ha−1)
and the graded poorly open as well as very open stands (300–100 stems
ha−1), whereas Swedes did exactly the opposite.

From the principal component factor analysis across European students,
it emerged that respondents could not discriminate pictures according to
treatment type. Similarly to the Danish general public, they tended to per-
ceptually group pictures according to overall patterns of openings, presence
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or absence of row structure, and stand accessibility. This may have been due
to the fact students from Portugal, Austria, Sweden (especially the northern
part) or Romania were not familiar with even-age oak monoculture. This
idea seemed reinforced by the fact that Danish forestry students, who are
accustomed with this type stands, perceived pictures differences according
to treatment type.
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Forest and Landscape Denmark Response no. SLU2011 
Hørsholm Kongevej 11 
DK-2970 Hørsholm 
 
 

 Questionaire 
 
 
 
 1. WHEN DID YOU LAST VISIT A FOREST? 
  (even short drives or walks count as a visit to a forest, if the purpose, fully or partially, 

was to get to or be in the forest) 
  
  (only one tick, please) 
    
    Today 
          Less than one week ago 
          1 to 2 weeks ago 
      2 to 4 weeks ago 
         1 to 2 months ago 
          2 to 4 months ago 
          4 to 12 months ago 
          More than 1 year ago 
 
 
 
             2. HOW MANY TIMES DID YOU VISIT A FOREST DURING THE PAST YEAR? 
  (even short drives or walks count as a visit to a forest, if the purpose, fully or partially, 

was to get to or be in the forest) 
 
  .............................................. 
  please indicate the number of visits within the past year 
 
 
 
 3. WHICH FOREST ENVIRONMENT DO YOU PREFER AS A VISITOR? 
  In the red envelope you will find 10 photographs of different forest environments. 

Please write the number of the forest environment that you best prefer next to "1st 
preference", the environment that you second best prefer next to "2nd preference", 
and so on, until the one you least prefer. 

  Please rank all 10 photographs using the 3-digit number in the upper right corner of 
the photograph. 

 
       The forest environment that I prefer the most   1st preference: __ __ __  (Photo no.) 

                2nd preference: __ __ __ 

          3rd preference: __ __ __ 

          4th preference: __ __ __ 

          5th preference: __ __ __ 

          6th preference: __ __ __ 

          7th preference: __ __ __ 

          8th preference: __ __ __ 

          9th preference: __ __ __ 

       The forest environment that I prefer the least 10th preference: __ __ __ 

 
P.S.: The photographs can be difficult to rank. It is important for the investigation that 
you rank all 10 photographs. 
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 4. WHERE DID YOU SPEND MOST OF YOUR CHILDHOOD (0-14 YEARS)? 
  (only one tick, please) 
 
    In the countryside or in a village 

         In a minor town (population less than 10,000) 

         In a larger town (population more than 10,000) 

         In a major city (population more than 1,000,000) 

 
 
 
 
 5. ARE YOU, OR HAVE YOU PREVIOUSLY BEEN EMPLOYED, WITHIN FORESTRY, 

AGRICULTURE, HORTICULTURE, NATURE ADMINISTRATION OR SIMILAR? 
 
     YES presently YES previously   No 
 
   Forestry                                   (only one tick, please) 

   Other 'green' job              (only one tick, please) 

 
 
 
 
 6. PLEASE INDICATE YOUR SEX: 
  (only one tick, please) 
 
    Male 

    Female 

 

 
 
 
 7. PLEASE INDICATE YOUR AGE: 
 
    years 
 
 
 
 
 8. IF YOU HAVE COMMENTS OR SUGGESTIONS, PLEASE WRITE HERE: 
 
  ...................................................................................................... 
 
  ...................................................................................................... 
 
 
 
 
  THANKS FOR HELPING US 
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B Appendix: the principal component factor analysis

According to Jolliffe (2002), factor analysis is based on the idea that p ob-
served random variables can be expressed, except for an error term, as linear
functions of m (lower than p) latent factors. Formally, it can be written that:

x=Λf+ e, (1)

where x is the vector of p variables, Λ is the (p × m) matrix of constants
called “factor loadings”, f is the vector of factors and e is the vector of error
terms. The factor model described in equation (1) apparently looks like a
regression model. However, there is a substantial difference from the regres-
sion analysis, namely that f in (1) is unknown and the solution is not unique
(indeterminacy). Therefore, the estimation of the model is usually done in
two steps. In the first, some restrictions are placed on Λ in order to find
a unique initial solution. In the second, other solutions can be found by
rotation of the matrix of factor loadings (Λ) in the multidimensional space.
The “best” of these rotated solutions is finally chosen according to some
particular criterion (Jolliffe, 2002).

Often, the results from the principal component analysis are used as the
initial solution. This particular case of factor analysis is called “principal
component factor analysis”. To summarize, it can be implemented as fol-
low:

• a principal component analysis is run;

• the relevant factors are selected;

• a rotation of the factor axes is implemented;

• results are interpreted.

A principal component analysis is a mathematical procedure used to reduce
the dimensionality of the dataset consisting of correlated variables by con-
verting it into a set of uncorrelated variables called principal components or
factors. This transformation is done in such a way that the variation present
in the original dataset is retained as much as possible. To put it more sim-
ply, the first few components retain most of the variation present in all of
the original variables. In particular, the first principal component has the
highest possible variance (that is, accounts for as much of the variability in
the data as possible); the second principal component, in turn, has the high-
est variance as possible under the constraint that it has to be orthogonal to
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the first component; similarly for each succeeding principal components.
The total number of principal component can be as maximum equal to the
number of the original variables (Jolliffe, 2002).

For example, consider a vector x of p random variables. Following Jolliffe
(2002), the first step of a principal component analysis is to look for a linear
function α′1x of elements of x with the highest possible variance:

α′1x= α11x1+α12x2+ · · ·+α1 p xp =
p
∑

j=1

α1 j x j (2)

where α1 is a vector of constants α11, α12, . . ., α1 p . The following step is
to look look for a second linear function α′2x uncorrelated with α′1x having
maximum variance. This procedure is going to be repeated up to p times.
In general, at the kth step the objective is to find a linear function α′kx un-
correlated to all the previous k − 1 linear functions. The linear functions
α′1x, α′2x, . . ., α′kx, are respectively the first, second and kth principal com-
ponents.

Formally, the first principal component, f1, is derived by finding the vector
α1 that maximizes the variance of the linear transformation α′1x under some
normalization constraint (otherwise the maximum would not be achieved
for finite α1). The maximization problem can be written as:

max
α1

var(α′1x) (3)

s .t .α′1α1 = 1.

In matrix notation the variance of α′1x can be written as:

var(α′1x) = α′1Σα1, (4)

whereΣ is the covariance matrix of the vector of variables x. The constraint
used in the derivation states that the sum of squares element of α1 must be
equal to 1. To solve the maximization problem the following expression
must be differentiated by α1:

α′1Σα1−λ
�

α′1α1− 1
�

, (5)

which gives the following optimal condition:
�

Σ−λ Ip

�

α1 = 0, (6)

107



x1

x2

f1

f2

Figure 21: Graphical representation of the principal components, f1 and f2,
in a two-dimension dataset consisting of two variables, x1 and x2.

where Ip is the (p × p) identity matrix. From (6) it emerges that λ is an
eigenvalue of Σ and α1 is the corresponding eigenvector. Now, it remains to
select which one of the p eigenvectors maximize the variance of α′1x. Note
that the quantity to be maximize is:

α′1Σα1 = α
′
1λα1 = λ, (7)

therefore, λmust be as large as possible. Consequently, α1 is the eigenvector
corresponding to the largest eigenvalue of Σ; it follows that var(α′1x)=λ1.

The derivation of the second, third up to the pth component is analogous
to the one just presented, with the inclusion of an additional constraint
assuring that the principal components are orthogonal. In general, it can be
showed that the kth principal component of x is α′kx with variance equal to
(Jolliffe, 2002):

var(α′kx) = λk , for k = 1,2, . . . , p, (8)

where λk is the kth largest eigenvalue of Σ and αk is the corresponding
eigenvector. The elements of the vector αk are the unrotated factor loadings
correspondent to the kth principal component.

Figure 21 shows a graphical example adapted from Jolliffe (2002). In this
simple case, the dataset contains two variables x1 and x2. Observations
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are presented in a scatter plot with x1 in the horizontal axis and x2 in the
vertical axis. It can be noticed that there is considerable variation in both
variables, though rather more in the direction of x1 than x2. If a principal
component analysis is run, two principal components are identified, f1 and
f2. From the graph, it appears clearly that there is greater variation in the
direction of f1 than in either of the original variables but very little varia-
tion in the direction of f2. More generally, in datasets with more than two
dimensions and correlated variables, few principal components account for
most of the variation in the original variables; whereas the last few principal
components represent directions in which there is very little variation.

The terms factor and principal component are often erroneously used as
synonyms, although they are not. “Principal component” can be used within
the principal component analysis, whereas “factor” is related to the factor
analysis. Generally, they are different (because of the differences in their
derivation); however, in the principal component factor analysis, the unro-
tated factors and the principal components are exactly the same.

Once all the factors (or principal components) have been identify, the fol-
lowing step is to retain the relevant ones. There are several methods to
choose how many factors should be retained (Jolliffe, 2002). In this work,
three methods are used to select the number of factors: the Kaiser’s rule
(Kaiser, 1960), the scree plot (Cattell, 1966) and the parallel analysis (Franklin
et al., 1995). The first method is the most commonly used. It selects all the
factor with a corresponding eigenvalue greater than or equal to one2. Ac-
cording to Jolliffe (2002), the idea behind the Kaiser’s rule is that if all the
original variables are independent, then the factors are the same as the orig-
inal variables. In this case, all the factors are going to have unit variances
and, under some conditions, an eigenvalue equal to 1. Thus, any factor
with variance less than 1 contains less information than one of the original
variables.

The scree plot method is a subjective graphic analysis of the plot of the
eigenvalues against their correspondent factor. According to Cattell (1966),
it is important to identify in the curve a more-or-less straight line, not neces-
sarily horizontal. The first point on the straight line is then taken to be the
last factor to be retained. If there are two or more straight lines formed by
the lower eigenvalues, then the first line from the left is considered. In the
example presented in Figure 22 the first straight line from the left seems to

2The eigenvalue related to a specific factor derives from the principal components analy-
sis (see equations (6)–(8) and is a common outcome in all statistical software.
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Figure 22: An example of scree plot.

pass through the points corresponding to the fourth, fifth and sixth factors.
Therefore, the fourth factors should be kept.

In the parallel analysis, a random dataset with the same numbers of obser-
vations and variables as the original data is created. A correlation matrix
is estimated from the randomly generated dataset and then eigenvalues of
the correlation matrix are computed. When the eigenvalue of a certain fac-
tor derived from the random data is larger than the eigenvalue of the factor
found from the principal component factor analysis, it is likely that the
latter factor represents mostly random noise. Therefore, it should not be
retained.

Once the number of relevant factors is found, the following step is to rotate
the factor axis with the objective of making easier the interpretation of the
results (Harman, 1976). The most popular option is the varimax rotation
(Jolliffe, 2002). It is is an orthogonal rotation of the factor axes to maximize
the variance of the squared loadings of a factor on all the variables. The cri-
terion tends to drive factor loadings towards -1, 0 or 1 and away from inter-
mediate values making as easy as possible the identification of each variable
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with a single factor. Under some assumptions3, the resulting factor loadings
after a varimax rotation have the property of representing the correlation
between variables and factors (Jolliffe, 2002).

Finally, in this thesis, the factors are identified and interpreted by assigning
each original variable to the factor with which it has the higher positive
rotated factor loadings. A similar methodology is found in Bradley et al.
(2004).

3See Jolliffe (2002, p. 25) for more details.
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C Appendix: principal component analysis results

C.1 Principal component analysis for the Danish population’s data:

rotate and unrotated results

Table 22 presents the correlation coefficients (also called factor loadings)
between factors and pictures’ scores by the general public. In the right part
of Table 22, cross correlation coefficients between the rotated factors and
the pictures’ scores are showed after the varimax rotation was run.

In the interpretation of the table exclusively loadings higher than 0.3 are
considered. Factor 1, which represents 43% of the total variation, is pos-
itively related to pictures 201, 207, 217 (and 210, to a smaller extent) and
negatively related to pictures 203, 205, 211 and 215. It is worth to notice,
that the two groups of photographs identify respectively the low to very
low (100–300 stems ha−1) and the high to very high (5300–7000 stems ha−1)
residual stem density. Factor 2 accounts for about 12% of the total variation.
It is strongly positively correlated with pictures 208 and in a lower degree
with picture 215. These two pictures are the only two scenes depicting a dis-
tinct row structure, although they show stands with different residual stem
density. Factor 2 shows a feeble negative correlation with photographs rep-
resenting open or very open stands (picture 207 in the unrotated results and
picture 211 in the rotated results) or very dense stands (picture 205 in the
rotated results) without any apparent row structure. After the variation in
the scores has been accounted by factor 1 and 2, the third source of variation
(factor 3) has a high positive correlation with picture 220 in contrast with a
minor negative correlation with pictures 215 and 210.

Results from the principal component analysis relative to the professionals
and students are presented in Table 23. The same procedure used for the
general public was applied. A varimax rotation was run after the selection
of the factors. Individual scenes with a loading on a particular factor lower
than 0.3 were non considered relevant for that factor. Factor 1 accounts
for almost 40% of the scores’ variability in the experts dataset. In both
the unrotated and rotated results, it has a strong positive correlation with
pictures depicting very dense to dense stands (7000–5300 stems ha−1) and a
sound negative correlation with pictures showing low to very low densities
(300-100 stems ha−1). However, after the rotation, low densities stand pho-
tographs (pictures 201 and 210) present a lower degree of influence on the
factor (i.e. picture 210 is has a loading of –0.18), whereas the importance of
very low density pictures is reinforced. Factor 2 contrasts mid range stands
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Table 22: Unrotated and rotated (varimax) correlation coefficients between
factors and pictures’ scores based on principal component factor analysis of
the Danish general public data.

Unrotated Rotated
Picture Factor1 Factor2 Factor3 Factor1 Factor2 Factor3

215 –0.66 0.36 –0.33 –0.71 0.08 –0.32
205 –0.76 –0.27 0.14 –0.66 –0.48 –0.05
211 –0.81 –0.2 0.14 –0.73 –0.44 –0.04
203 –0.79 –0.11 –0.06 –0.71 –0.29 –0.21
208 0.27 0.84 –0.23 0.03 0.91 0.04
220 0.24 0.27 0.87 0.09 0.05 0.94
210 0.35 –0.24 –0.31 0.43 –0.04 –0.3
201 0.83 –0.12 0.05 0.82 0.09 0.14
207 0.74 –0.34 –0.25 0.82 –0.04 –0.22
217 0.75 –0.10 0.07 0.74 0.08 0.16

Eigenvalue 4.36 1.23 1.15
Percentage of 43.6 12.3 11.5variance explained

Table 23: Unrotated and rotated (varimax) correlation coefficients between
factors and pictures’ scores based on principal component factor analysis of
the Danish forestry professionals, green professionals and natural resources
students.

Unrotated Rotated
Picture Factor1 Factor2 Factor3 Factor1 Factor2 Factor3

215 0.68 0.28 –0.3 0.57 0.23 –0.51
205 0.68 –0.53 –0.05 0.41 –0.6 –0.45
211 0.72 –0.43 0.24 0.59 –0.61 –0.2
203 0.81 0.02 0.07 0.74 –0.16 –0.29
208 0.02 0.83 –0.39 0.13 0.88 –0.18
220 –0.09 0.68 0.39 0.27 0.52 0.52
210 –0.52 0.08 0.66 –0.18 –0.03 0.82
201 –0.74 –0.19 –0.08 –0.74 –0.01 0.22
207 –0.69 –0.29 –0.42 –0.85 0 –0.12
217 –0.74 –0.28 –0.07 –0.77 –0.09 0.21

Eigenvalue 3.96 1.88 1.07
Percentage of 39.6 18.8 10.7variance explained
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(pictures 208 and 220) with high and very high density stands (205 and 210)
and represents approximately 19% of the total scores’ variation. Loadings
for factor 2 are similar in both the unrotated and rotated results. The last fac-
tor exhibits a sound positive correlation with picture 210 (300 stems ha−1)
and, to a smaller extent, with picture 220 (1000 stems ha−1). This is valid
both for both types of loadings. Turning to the negative significant load-
ings, the results tend to change from the unrotated to the rotated case. As
a matter of fact, in the first case factor 3 contrasts picture 210 and 220 with
picture 208 (1000 stems ha−1) and 207 (100 stems ha−1); while in the second
case, relevant negative loadings are found for picture 205 and 215 showing
stands with a very high density (7000 stems ha−1). In summary, from the
principal component factor analysis it emerged that the scores variability
in both subgroups (the general public and experts) is mostly explained by
three latent variables or factors. However, the factors in the two datasets are
different due to different correlations with the pictures.

C.2 Principal component analysis for the European forestry pro-

fessionals’ data: rotate and unrotated results

Table 24: Unrotated and rotated (varimax) correlation coefficients between
factors and pictures’ scores based on principal component factor analysis of
the European forestry professionals’ data.

Unrotated Rotated
Picture Factor1 Factor2 Factor3 Factor1 Factor2 Factor3

215 0.62 0.19 –0.09 0.59 0.06 –0.30
205 0.73 –0.40 –0.16 0.53 –0.55 –0.38
211 0.80 –0.28 0.05 0.69 –0.45 –0.21
203 0.81 –0.01 0.07 0.77 –0.19 –0.20
208 –0.12 0.83 –0.32 –0.04 0.85 –0.28
220 –0.08 0.72 0.25 0.17 0.71 0.25
210 –0.42 –0.10 0.83 –0.14 –0.05 0.93
201 –0.79 –0.21 –0.09 –0.80 –0.03 0.18
207 –0.76 –0.28 –0.37 –0.88 –0.09 –0.10
217 –0.79 –0.19 –0.06 –0.79 –0.01 0.21

Eigenvalue 4.26 1.66 1.05
Percentage of 42.6 16.6 10.5variance explained

Table 24 presents the correlation coefficients (also called factor loadings)
between factors and pictures’ scores for the European forester dataset. In
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the right part of the table, cross correlation coefficients between the rotated
factors and the pictures’ scores are presented.

In the interpretation of the factors, individual scenes with a loading on a
particular factor lower than 0.3 are not considered relevant for that factor.
Factor 1 accounts for 42.6% of the scores’ variability. In both the unrotated
and rotated results, it has a strong positive correlation with pictures depict-
ing very dense to dense stands (7000Ű5300 stems ha−1) and a sound negative
correlation with pictures showing low to very low densities (300-100 stems
ha−1). After the rotation, picture 210 is present a very low factor loading.
Factor 2 contrasts pictures 208 and 220 (1000 stems ha−1) with picture 205
(7000 stems ha−1). After the rotation, the factor presents similar positive
correlations with picture 208 and 220 and negative correlation with picture
205 and 211. The third factor exhibits a sound positive correlation with pic-
ture 210 (300 stems ha−1). Negative relevant loadings tend to change from
the unrotated to the rotated results. In the first case, picture 207 (100 stems
ha−1) and 208 (1000 stems ha−1 are considered as relevant; in the second case
only picture 205 (7000 stems ha−1) has a significant negative correlation.

C.3 Principal component analysis for the European students’ data:

rotate and unrotated results

Table 25: Unrotated and rotated (varimax) correlation coefficients between
factors and pictures’ scores based on principal component factor analysis of
the European natural resources students’ data.

Unrotated Rotated
Picture Factor1 Factor2 Factor3 Factor1 Factor2 Factor3

215 –0.57 0.16 –0.47 –0.50 –0.37 0.43
205 –0.79 –0.24 –0.09 –0.72 –0.39 –0.12
211 –0.74 –0.29 0.16 –0.71 –0.23 –0.32
203 –0.75 –0.05 0.25 –0.76 –0.02 –0.19
208 0.17 0.75 –0.43 0.14 0.19 0.85
220 0.14 0.68 0.57 –0.06 0.89 0.15
210 0.49 –0.12 0.45 0.42 0.36 –0.38
201 0.78 –0.12 –0.17 0.81 –0.04 0.01
207 0.72 –0.38 –0.25 0.80 –0.27 –0.13
217 0.71 –0F.20 0.07 0.70 0.08 –0.21

Eigenvalue 3.98 1.43 1.13
Percentage of 39.8 14.3 11.3variance explained
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Table 25 presents the factor loadings between factors and pictures’ scores,
reulting from the principal component analysis. The cross correlation co-
efficients between the rotated factors (varimax rotation) and the pictures’
scores are showed in the right part of Table 25. Exclusively loadings higher
than 0.3 are considered in the interpretation of the table.

Factor 1 represents around 40% of the total variation and it contrasts pho-
tographs identifying respectively the low to very low (100–300 stems ha−1)
and the high to very high (5300–7000 stems ha−1) residual stem density. Fac-
tor 1 remained unchanged before and after the rotation. This was not the
case for Factor 2 and Factor 3. Factor 2, accounting for about 14% of the
total variation, has a high positive correlation with picture 220 and 208 in
contrast with a minor negative correlation with pictures 207. Then, it seems
to contrast mid density stands’ photographs with low density stand’s. The
rotated Factor 2 is positively correlated with picture 220 and, to a smaller
extent, picture 210, but not with picture 208. It is negatively correlated
with pictures 215 and 205 depicting very dense stand. Hence, the rotated
Factor 2 focus more on the contrasts between medium to open stands and
very dense stands. Factor 3 is focussed on the contrast between the picture
208 and 215 with picture 210. The rotation changes the sign of the correla-
tion coefficients. The unrotated Factor 3 is positively related with picture
210 and 220 and negatively related to picture 208 and 215. In contrast, the
rotated Factor 3 is positively related to picture 208 and 215 and negatively
related with picture 210 and 211.
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