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Highlights

There is an interaction effect of coherence and complexity on landscape preference.

Relations among informational variables and visual attributes varied significantly.

Possible pathways to build landscape environments with both high coherence and complexity.

Abstract. The theory of preference matrix proposes coherence and complexity as informational variables to explain land-
scape preferences. To understand the relationship between the perceived coherence/complexity and the visual attributes
of landscape scenes, we constructed multivariate generalized linear models based on a questionnaire study. A total of 488
respondents’ ratings of the preference, the perceived coherence and complexity, and four visual attributes, namely, the
openness of visual scale (openness), the richness of composing elements (richness), the orderliness of organization (order-
liness), and the depth of view (depth), of a set of digitally manipulated landscape scenes were analyzed. The results showed
that landscape preference needed to be explained with coherence and complexity together. Meanwhile, rather than showing
the one-one connection with a single visual attribute, the degree of perceived coherence/complexity should be explained
with multiple visual attributes. Ranked by explanatory power, the coherence was positively related to orderliness, negatively
related to richness, and positively related to openness. The complexity was positively influenced by the level of richness,
depth, and negatively influenced by orderliness and openness. Based on the results, feasible ways to build landscape envi-

ronments with both preferable coherence and complexity were proposed.

Keywords: preference matrix, coherence, complexity, visual attributes, explanatory model, landscape management.

Introduction

A deeper understanding of landscape preference could help
the practitioners to make environment diagnosis and pre-
dict if their design plans would be appreciated by the users
after construction. The literature indicates that extensive
factors influence the viewer’s preference for landscape en-
vironments, e.g., the multi-sensory experiences (Deng et
al.,, 2020), ecological values (Suppakittpaisarn et al., 2019),
and geo-located individual-specific parameters (Foelske &
van Riper, 2020). At present, many landscape preference
studies excessively concentrated on the fragmentary fac-
tors before a comprehensive picture of the general patterns
about landscape visual preference was drawn. The fashion
of landscape visual preference studies lied heavily on the

comparisons of certain types of environments (e.g. urban
built environments and nature environments) or certain
elements, like water or plants in landscape environments
(Chiang et al., 2017; Kotabe et al., 2017; Nasar & Li, 2004;
Nasar & Lin, 2003; Valtchanov & Ellard, 2015; Yang &
Brown, 1992). These findings showed that nature as a kind
of environment was overall preferred by people compared
to built environments. But how to make the landscape
environments more appreciated by the potential users
through design or management was less informed therein.
In recent years more and more researchers realized this
insufficiency and tried to explore people’s preference for
landscape environments based on visual or environmen-
tal features. Naturalness is the typical one which captures
considerable attention from researchers (Beute & de Kort,
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2013; Hoyle et al., 2017; Ibarra et al., 2017; Marselle et
al., 2015; Sowinska-Swierkosz & Soszynski, 2019). At the
same time, the complex relationships between the land-
scape preference and landscape attributes were explored
with different methods such as conjoint analysis (Schirpke
et al., 2019) and choice-modelling approach (Schiipbach
et al., 2021). However, discrepancies widely existed in the
available findings when explaining the relationships be-
tween landscape preference and different visual features
of the landscape environment (Stamps, 2004).

From the theoretical view, it was widely accepted that
people shared a common preference for landscape envi-
ronments with certain visual features. The psychologists
treated landscape visual preference as an outcome from the
assessment about the usefulness of the environment based
on the perceived information (Buss, 2015). The widely
accepted theory explained landscape preference with the
assumption that humans would prefer the landscape en-
vironments that could increase the chances of survival to
gain evolutionary and adaptive benefits. The “prospect-
refuge theory” pointed out that humans would subcon-
sciously make assessments of the environments based on
the visual properties (Appleton, 1996). Appleton claimed
that human ancestors had the need to hunt and hide from
the prey. So, humans were attracted to the environments
with both the recognizable properties of “prospect” and
“refuge”. In the psycho-evolutionary framework, Ulrich
(1983) summed up eight visual properties of landscape en-
vironments that influence the preference assessments. He
believed that these visual properties were associated with
better potentials for wellbeing. He suggested that humans
got initial statements about the environments through the
“affective state” before recognition. During this process,
the gross structural aspects (complexity, organizational
properties, focality), the gross depth properties (depth of
spatiality, deflected vista), and the general class of compo-
sitional elements (the existence of threats, ground surface
texture, and water) of the environments were assessed on
the potential to human wellbeing.

The Kaplans generalized a matrix to explain land-
scape preference in their informational theory of visual
preference (Kaplan et al., 1998). The preference matrix
stated that people share cross-cultural consensuses on the
preference for the nature environments that could satisty
their motivation to understand and explore. A good un-
derstanding of the environments would bring a sense of
safety. An understandable environment had the properties
to meet the desires of making sense of that environment
and to help viewers to comprehend the surroundings to
avoid getting into unsafe situations. Meanwhile, human
ancestors needed to explore what lied ahead of the site
to extend new habitats for living benefits. As a result, the
environments that promised more information to come
ahead would also be preferred. Based on these arguments,
the preference matrix stated that the environment people
preferred should have the properties to transmit informa-
tion of coherence and legibility for understanding. At the
same time, it needed to transmit complexity and mystery

to meet the need for exploration. The coherence and com-
plexity were based on the direct perception of the scenes
as 2D images, which meant these two informational vari-
ables were immediately perceptible. While the legibility
and mystery needed to be inferred from a 3D plane. They
separately referred to if the varying levels of visual view
and access could provide ease of orientation and more in-
formation for further exploration (Figure 1).

UNDERSTANDING EXPLORATION

Coherence

. isgbio s
Inferred

Figure 1. The preference matrix developed
by Kaplan et al. (1998)

Complexity

In long-lasting research traditions, this theory gained
rootedness to explain research findings of landscape pretf-
erence. But, different studies caught different sights of the
relationships between the informational variables and
landscape preference (Dronova, 2017). For example, re-
searchers did not establish a uniform evidence base about
the relationship between complexity and visual prefer-
ence. Contrary to the statements that the complexity was
a powerful variable to predict landscape visual preference
(Kaplan et al., 1998), the studies by Coeterier (1996) and
Sevenant and Antrop (2010) failed to establish a signifi-
cant relationship between them. Similar problems also
happened on the other informational variables, the meta-
analysis by Stamps (2004) revealed that the explanatory
power of a single informational variable did not show
enough stability. The correlations between each informa-
tional variable and preference ranged from negative to
considerably positive. These deficiencies were probably
due to that the confounding factors related to different
informational variables were not always comprehensively
analyzed when probing the relations between a certain
variable and preference. Another chief criticism about the
preference matrix was its limited ability to apply the re-
search results to actual landscape contexts (Stamps, 2004).
Though the framework was frequently used for landscape
preference explanation, its power for prediction was ques-
tionable (van der Jagt et al., 2014). Meanwhile, the pres-
ent knowledge does not provide enough information to
use the preference matrix to instruct design practice. The
available findings on preference matrix do not yet give out
systematic instructions about how to consciously alter the
informational variables with the designer’s approach, as
the foundational knowledge that how the informational
variables are determined by different visual attributes of
the landscape is inadequate.

The preference matrix tried to explain the landscape
preference by linking the landscape environments’ visual
characters with the cognitive assessment of them (Dan-
iel, 2001). However, Kaplan et al. (1998) did not provide
direct explanations about the relationship between the
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informational variables and different visual attributes. To
be coherent, the whole environment should visually pres-
ent a sense of unity. The organization of different elements
through clear grouping was emphasized but how coherent
an environment was perceived was also determined by the
components and spatial features of that environment. By
the same token, richness and diversity of elements might
be the most important determinants of the perceived com-
plexity, rather than the only one. Ode et al. (2010) pointed
out that informational qualities like complexity did not
have a one-to-one relationship with the visual features of
the environment. Using one single attributional variable to
represent an informational variable is easy to implement
in studies, but might increase the possibility to get incom-
plete or unilateral conclusions. Before a proposed theory
can be used to guide practice, the key concepts must be
thoroughly investigated to be better understood by the po-
tential users (Murphy, 2005). As a result, there are urgent
needs to probe the associations between the attributes that
have influences on preference and the informational quali-
ties from the preference matrix (Ode et al., 2008, 2010).
Yet such studies remained rare. More relevant evidence
was needed to better establish the preference matrix as a
framework for the landscape preference explanation, pre-
diction, and design instruction.

This study aimed to provide better understanding of
preference matrix by exploring the relationships between
preference, the informational qualities of coherence and
complexity, and visual attributes. The study was guided
by the following research questions: (1) How do the infor-
mational variables of complexity-coherence interactively
influence preference? (2) How are the perceived complex-
ity and coherence determined by the visual attributes of
the landscape? We conducted a questionnaire study to
rate landscape and completed the preference appraisal, the
evaluation of the informational variables, and the evalua-
tions of different visual attributes.

1. Methods

1.1. Variables selection

The 3D informational variables “legibility” and “mystery”
needed cognitive inference to be realized by the viewer.
While the 2D informational variables “coherence” and
“complexity” were realized immediately with the direct
perception of the visual features of the environment (Fig-
ure 1). As a result, the informational variables “coherence”
and “complexity” from the preference matrix were investi-
gated in our study. The exact definitions of coherence and
complexity differed slightly across studies (Foltéte et al.,
2020; Hunter & Askarinejad, 2015; Kuper, 2017, 2020;
Tveit et al., 2006). The definitions used in this study re-
ferred to the original statements by Kaplan and the previ-
ous studies on the preference matrix (van der Jagt et al.,
2014). In the questionnaire, we described coherence as,
how well the scene looked as a unity and the easiness to
visually organize and structure the visual elements in the

scene. The complexity referred to how intricate the scene
is presented to the viewers as an integral image constituted
by diverse elements and visual features.

The visual attributes investigated in this study were
recognizable visual features about the landscape scenes
that taking the whole environment as an integral. It was
generally accepted that people do not perceive the whole
as the sum of the parts, but a different one (Kubovy & Co-
hen, 2001; Wolfe et al., 2008). As a result, it is reasonable
to probe the universal discipline of landscape visual per-
ception by focusing on a set of the attributional variables
depicting different visual features of the integral environ-
ment. Each of the visual attributes included in this study
was unidirectional. At the same time, they focused on
different aspects of the environment to depict the general
image of the scene together. These attributes were identi-
fied from theories and conceptual frameworks regarding
landscape visual perception (Hunter & Askarinejad, 2015;
Tveit et al., 2006; Ulrich, 1983). We comprehensively as-
sessed the related attributes based on the meaning, po-
tential overlaps between attributes, and relations with our
study design. At last, we included the openness of visual
scale (openness), the richness of composing elements
(richness), the orderliness of organization (orderliness),
and the depth of view (depth) as the visual attributes for
analysis. The explanations of the variables are listed in
Table 1.

Table 1. Explanations of the variables

Variable Explanation

Coherence is the measure of the easiness to
organize and structure the scene when viewing
it as a unity (Hunter & Askarinejad, 2015;
Kaplan et al., 1998; Stamps, 2004; Tveit et al.,
2006).

Coherence

Complexity | Complexity refers to how intricate the scene is
presented to the viewers as an integral image
constituted by diverse elements and visual
features (Hunter & Askarinejad, 2015; Kaplan

et al,, 1998; Stamps, 2004; Tveit et al., 2006).

Openness Openness refers to the perceived dimensional
spaciousness of the continuum of spaces visually
enclosed by the elementary composition of the
environment (Hunter & Askarinejad, 2015;

Tveit et al., 2006).

Richness Richness refers to the visually perceived level
of diversity of how the landscape environment
is composed of (Hunter & Askarinejad, 2015;

Tveit et al., 2006).

Orderliness | Orderliness is the general evaluation of how
orderly the elements in the scene are visually
organized through patterns or linkages of
components (Hunter & Askarinejad, 2015;

Tveit et al., 2006).

Depth Depth refers to the perceived proportional
relationships regarding the size of and distance
between the elements in different positions

(Hunter & Askarinejad, 2015; Tveit et al., 2006).
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1.2. The questionnaire

The questionnaire was designed to rate a set of landscape
pictures with different presentations on the selected visual
attributes. This set of pictures were manipulated based on
the same background image. Both the background and
the manipulated pictures were presented in a realistic
way to trigger the evaluation of the visual features close
to real-world scenes (Daniel & Meitner, 2001). The visual
perception of the landscape environment picked the “fit
together” of various landscape visual features. Factors
that could possibly impact evaluations such as the color
hues and brightness were controlled as much as possible
by using the same background picture. To use scenes of
vegetation only allowed for better focus on the variables
of interest by avoiding the influences of other factors that
can be easily raised by elements like buildings and envi-
ronment types. The image manipulation was conducted
with the software Photoshop (CC2016, Adobe). Through
the different placements of the vegetations groups in front
of the background, a set of scenes with different composi-
tions or/and organizations were manipulated. To gather
comments and suggestions to optimize the questionnaire,
we conducted a pilot study in a group of ten research-
ers whose research focuses are in relevant fields. Based on
their feedbacks, a set of six pictures were finally selected as
they were considered to reach a balance between variable
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variation and the working burdens for respondents. Im-
moderate burdens on participants were found to increase
the danger of irresponsible responses (Hunziker & Kie-
nast, 1999). The questionnaire was in Chinese. The exact
expressions of the questions were optimized t based on
suggestions from the pilot study to promote the reliabil-
ity of measurement and participants’ comprehension. The
operations on the selected scenes for rating were listed in
Figure 2. The scenes on the same column had the same
composition and different organizations, which were re-
flected in the way the plants were placed. The scenes on
the same row were organized in the same way but the di-
versities of the composing elements were different.
Before the rating sections, we first collected the back-
ground information of the participants. The rating sec-
tions contained rating for the level of preference, two
informational variables (coherence and complexity), and
four visual attributional variables (openness, richness, or-
derliness, and depth) as discussed in the earlier part of the
article, of each picture. In each section of the question-
naire, the respondents were asked to give a rating for one
variable on each of the six scenes. The rating used 5-point
scales where 1 stood for “not at all’, 5 stood for “very
much’, and 2,3 and 4 for degrees in between. The ratings
started with the training section where the respondents
were asked to rate “how relaxed they would feel in the
scenes”. The training section used the same format as the

The background image of the landscape

Six more trees
were added to the
fore and mid-
ground.

One species of
trees were added.

= Six more trees
were added to the
fore-ground.

8 One species of

B trees were added.

-- Constant in composition, different organizations --------------------

B N ——

scene was an expansive prairie with
dispersively distributed trees. Digital
manipulations were based on this image
and the same amount of trees were added

around the center of the image.

Constant in organization, different compositions >
Six more trees | Six more trees
were added to the were added to the
far-ground. far-ground.
One species of Three species of
trees were added. trees were added.

| Six more trees
M were added to the
fore and mid-
4 ground.

&4 Three species of
trees were added.

¥  Six more trees
were added to the
fore-ground.

A%  Three species of
#  trees were added.

Figure 2. The landscape scenes used in the questionnaire
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formal rating section as it aimed to help the participants to
get familiar with the questionnaire. The data of the train-
ing section would not be used for analysis. The section on
“preference” asked the respondents to rate how much they
like each scene. The rating sections for the informational
variables and visual attributional variables started with a
description of the meaning of the variable to be rated and
then asked the respondents to give a score to each scene
that agreed most to their direct visual perception about
that variable (see complementary for details of the struc-
ture of the questionnaire).

1.3. Data collection

The questionnaire study was carried out through the online
questionnaire platform Tencent Questionnaire. The question-
naire could be filled on devices like smart mobile phones,
tablets, or computers. The questionnaire was first distributed
after an online lecture about landscape and health whose
audience were people with different backgrounds across the
country. They were invited to fill this questionnaire after the
lecture and encouraged to share this questionnaire to snow-
ball the respondents. The questionnaire was also distributed
on different social media by the authors.

The respondents were first given a brief description of
the background of the investigation, as well as commit-
ments of no misuse of the data. Participants could start to
fill the questionnaire if they agreed with the statements.
They were told that there were no judgments about right
or wrong of the answers, and they should focus on the di-
rect perception rather than repeating comparisons to give
their ratings. The participants were first asked about their
background information after which the rating sections
follows. The questionnaire could be submitted only if all
the sections were finished. The questionnaire collection
started on 27 March 2020, and closed on 7 April 2020.
The seasons for the rating was considered as a factor that
could influence the preference rating for landscape (Ku-
per, 2020). Meanwhile, the outdoor scenes were changing
rapidly at that season, and the policies to go out altered
drastically based on the epidemic status of COVID-19. As
a result, to control the influences from the above factors,
the collecting period was not supposed to last long.

1.4. Data analysis

To analyze the relationships between the different vari-
ables, generalized linear model (GLM) regressions were

Others:1.2%
Unemployed:1.8% ‘\
Retired:0.6% |
Agricultural worker:0.1% —\ |
Freelancer:5.4%
Individually owned business:2.8%
Business service stuff:1.3%
Manual worker:3.4%
Professional stuff
(e.g. doctors, lawers, etc.):12.4%

Female
50.6%

a) Gender composition

N

Clerk:18.5% i Civil servant:6.7%

b) Ocupational composition

G. Zhang et al. Assessing relations among landscape preference, informational variables, and visual attributes

performed. The analysis was based on R (version x64
4.0.2). We first computed the variance inflation factor
(VIF) to examine the multi-collinearity between visual
attributes which were used as explanatory variables for
the informational variables (coherence and complexity).
The variables that passed the multi-collinearity test were
retained for regression. Since the data type for the re-
sponses were not continuous variables but ordinal vari-
ables of integers, we fitted generalized linear models with
Poisson regression with the R package of “glm”. Three re-
gressions were performed. First, the preference was put as
the response variable and coherence and complexity as the
explanatory variables to explore the relationship between
preference and the two informational variables. Then we
examined how the informational variables could be ex-
plained to a certain set of visual attributes by respectively
using coherence and complexity as the response variable
and the visual attributes as the explanatory variables. For
each model, we included the variables that passed the sig-
nificant test with p < 0.001. Based on this procedure, we
constructed three models with the remaining variables.

2. Results

2.1. Characteristics of the participants and
questionnaire

In total 670 respondents finished the questionnaire. The
respondents showed a balance in gender composition and
had diverse professional backgrounds (see Figure 3).

Age was found to be a factor to influence landscape
preference evaluation (Sevenant & Antrop, 2010; Tempes-
ta, 2010). Compared to adults, juveniles do not yet devel-
op stable aesthetic sensibilities (Kalivoda et al., 2014). At
the same time, the proportion of respondents older than
40 years old is quite small, i.e., 1.9%. As a result, we ex-
cluded the questionnaires from respondents aged beyond
40 and below 18 to reduce the impacts from the factor
of age. The responses that gave the same rating for the
different scenes in any individual section would be taken
out from the data pool as it indicated unqualified par-
ticipation. The data from 488 respondents were used for
the eventual analysis. More than 99% of the respondents
used their mobile phones to fill out this questionnaire.
The questionnaire showed a Cronbach’s a of 0.88, which
meant this questionnaire had a high quality of reliability.
Across variables, the consistency of evaluation varied. The
coherence had a Cronbach’s a of 0.73, the complexity was

41-65:1.9% Under 18:9.3%

-~

4

¢) Age composition

Student: 38.2%
ot

" Management stuff:
7.5%

18-40:88.8%

Figure 3. The socio-demographic profile of respondents
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0.65. While for the visual attributes, the Cronbach’s a was:
openness (0.73), richness (0.79), order (0.65), and depth
(0.69).

2.2. Ratings of the scenes

The means for the rated variables for each scene were
shown in Table 2.

The distribution of rating for preference, coherence
and complexity could be seen from Figure 4.

We tested for the significant interactions between the
visual attributional variables. The VIFs for all the visual
attributes (Appendix) show that the collinearity concerns
were not proved to be important. As a result, the four vis-
ual attributes (openness, richness, orderliness, and depth)
could all be included for the GLM regression.

2.3. The model of the relationship between
landscape preference and coherence - complexity

The outputs of the Poisson GLM for preference and the
two informational variables were listed in Table 3. Both
the perceived coherence and complexity showed signifi-
cant influences on landscape preference. The influence
on preference by both coherence and complexity were
positive, with coherence showing stronger coefficient
value.

As a result, the model of “preference ~ coherence +
complexity” could be expressed as:

preference; ~ poisson(p; );

E ( preference; ) = var( preference; ) =L
log(k;)=";

n; =0.60+0.15x coherence; +0.03 x complexity;.
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Table 3. The output of the final GLM models for “preference ~
coherence + complexity”

Prec.iictor Estimate | Std. Error | Z Value Pr(>|z|)
variable
Intercept 0.60 0.05 11.42 <0.001***
Coherence 0.15 0.01 14.89 <0.001***
Complexity 0.03 0.01 3.43 <0.001***

Note: * p < 0.05; **’p < 0.01; ***p < 0.001.

2.4. The models of the relationship between
coherence/complexity and the different visual
attributes

In these regressions, the openness, richness, order, and
depth were first used as independent variables together.
The coherence and complexity were respectively used as
dependent variables. When the four visual attributes were
all put as independent variables to explain the coherence,
the depth did not pass the significance test (see Appen-
dix).

After removing the depth from the independent vari-
ables, all the coefficients passed the significance test at the
level of p < 0.001. The outputs of the Poisson GLM for
coherence and the three visual attributes were fitted as
below (Table 4). Openness and orderliness have positive
influence on the level of coherence, while richness influ-
ences the coherence from the opposite direction. Among
the three variables, orderliness has the largest coefficient
in the model.

The model “coherence ~ openness + richness + order-
liness” is thus expressed as:

coherencei ~ pOlSSOﬂ(Hi )

>

E(coherencei ) = Var(coherencei ) =p;,

Table 2. Means of rating for preference and the variables for the scenes

Scenes Preference Coherence Complexity Openness Richness Order Depth
a 3.97(0.83) 4.01(0.73) 2.62(0.89) 4.49(0.60) 2.91(0.77) 3.95(0.81) 2.77(0.85)
b 3.77(0.95) 3.29(0.89) 3.39(0.95) 4.40(0.62) 4.14(0.69) 3.47(0.84) 3.27(0.85)
c 3.97(0.79) 3.64(0.74) 3.12(0.85) 3.36(0.68) 3.09(0.72) 3.68(0.82) 4.09(0.69)
d 2.84(0.90) 2.17(0.87) 3.98(0.94) 3.34(0.67) 4.25(0.68) 2.24(0.86) 3.91(0.74)
e 2.57(0.80) 3.77(0.82) 2.36(0.99) 2.00(0.73) 1.97(0.74) 3.16(0.96) 2.07(0.81)
f 2.61(0.93) 2.26(0.82) 3.61(0.92) 1.93(0.73) 3.27(0.87) 2.65(0.83) 2.54(0.77)
Preference rating of each scene Coherence rating of each scene Complexity rating of each scene
scene a "E c d e f scene : a : c d e f scene  a ; ": d e ?

Figure 4. The box-plots for the ratings of the preference, coherence and complexity
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Table 4. The output of the final GLM models for “coherence ~
openness + richness + orderliness”

Predictor Estimate | Std. Error | Z Value Pr(>|z|)
variable

Intercept 0.80 0.05 16.42 <0.001***

openness 0.07 0.01 6.89 <0.001***

richness -0.09 0.01 -8.86 <0.001***

orderliness 0.13 0.01 11.90 <0.001%**

Note: * p < 0.05; **p < 0.01; ***p < 0.001.
log(w; ) =m;;

n; =0.80+0.07 x openness; —

0.09 x richness; +0.13 x orderliness;.

When using complexity as the dependent variable,
all the four visual attributes passed the significance test
(p < 0.001) in the model. The outputs of the Poisson GLM
for complexity and the four visual attributes were listed in
Table 5. Richness had larger influence than other visual
attributes. The influence from richness and depth on com-
plexity were positive, while the influence from openness
and orderliness were negative.

Table 5. The output of the final GLM models for “complexity ~
openness + richness + orderliness + depth”

Ii{r:g;%tl(; " | Estimate | Std. Error | Z Value Pr(>|z|)
Intercept 0.80 0.05 15.82 <0.001***
openness -0.03 0.01 -3.01 0.003**
richness 0.13 0.01 11.38 <0.001***
orderliness -0.05 0.01 -4.22 <0.001***
depth 0.05 0.01 4.17 <0.001***

Note: ** p < 0.05; **’p < 0.01; ***’p < 0.001.

The model of “complexity ~ openness + richness + or-
derliness + depth” is expressed as:

complexity; ~ poisson(ui );
E(complexityi ) = Var(complexityi ) =L

log(Mi ) =MN;s
n; =0.80—0.03 x openness; +0.13 x richness; +
0.05x depth; —0.05 x orderliness;.

3. Discussion

3.1. The interactive influence of coherence and
complexity on landscape preference

The result shows that both the informational variables of
coherence and complexity could significantly and positive-
ly influence viewers’ landscape visual preference together.
In this model, the values of the variables for the models

range from 1 of bottom-end to 5 top-end. According to
the model, when either of the two informational variables
stays very low, even if the other informational variable
could reach high values, the landscape scene could hard-
ly get high preference value. This directly indicates that
neither informational variable (coherence or complexity)
should be individually used as a powerful predictor for
people’s preference for certain landscape environments.
In fact, this was directly supported by the preference rat-
ing of the scenes. Among the 6 landscape scenes in our
investigation, scene “d” showed high complexity while
low coherence, scene “€” showed high coherence but low
complexity, both had low preference ratings among the
six scenes. Based on the interactive influence of coher-
ence and complexity on landscape preference evaluation
revealed by the model, we can infer that the environments
that people prefer should transmit balanced and high de-
gree of coherence and complexity on visual perception,
as people are thought to prefer the environments with
enough to explore while not too difficult to understand
(Kaplan et al., 1998).

The perceived coherence and complexity together pro-
vide powerful explanations for landscape preference, but
the role for each individual informational variable differs.
The weight of coherence in the model is much stronger
than complexity, which means that high visually coher-
ent perception of an environment is fundamental to high
visual preference. The complexity could be a stronger
predictor of preference when the visual coherence of the
scene is not disrupted. In previous work, the Kaplan and
Kaplan (1989) distinguished complexity into two types:
complexity with order and complexity without order. The
former provided visual richness while the latter would
probably lead to perceived chaos. The results stand with
Kaplan’s early statements that without sacrifice coherence,
high complexity could contribute to preference (Kaplan &
Kaplan, 1989). The interacting pattern also corresponds to
the research findings that scenes with fractal geometry - a
complex structure that remained coherent — would get a
stable preference evaluation as indicated from perceptual
and physiological responses (Taylor et al., 2011). The pre-
vious studies probed the relationships between complex-
ity and preference reached different statements. Some of
the studies proved that complexity was positively related
to landscape preference (Kuper, 2017). While there were
also studies showing invert “U” shaped relations, which
meant that moderate levels of complexity were more pre-
ferred (Ulrich, 1983). Ulrich explained this divergence as
that the findings with unidirectional relation could prob-
ably reflect only one side of the inverted U relationship.
Based on the result, we would give another explanation
to reply to these concerns. It was possible that the level of
coherence across landscape scenes for evaluation was not
strictly controlled in some cases. Providing that the com-
plexity of the scenes used for evaluation increased while
being less coherent, the evaluation of preference would
be improbably to increase. It was a common practice to
investigate the relationship between preference and one
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informational variable (coherence or complexity) in isola-
tion (van der Jagt et al., 2014). Here our findings showed
the necessity to explore the interactive influence pattern
of these two variables. Van der Jagt et al. (2014) explored
their interactive patterns by showing the relationship be-
tween the estimated beauty and the complexity when the
coherence was either high or low. It was found that when
the coherence was very high, the hedonic value showed
a tendency of firstly rose then slightly dropped with the
increase of complexity. When the coherence was low and
mediate, the hedonic value rose with the complexity value.
It needs to point out that, that study did not show a dy-
namic interaction of these two variables but set a bound
on the coherence value to show the different relationships
between complexity and preference on each side. How-
ever, the coherence was not pledged to remain stable on
either side. As a result, our findings should not be con-
sidered as conflicting with the results of van der Jagt et al.
(2014). Instead, our findings corresponded with the state-
ment from van der Jagt et al. (2014) that the complexity
contributed more positively to the hedonic evaluation for
landscape when the coherence was high.

In summary, the explaining power of the preference
matrix would be better realized if the relationships be-
tween preference and the informational variables were
explored from an interactive perspective. In landscape
design and management, it needs to avoid the piecewise
augment in one informational quality whereas neglect-
ing the other. It is widely considered that the augment of
complexity would increase the challenges to maintain high
coherence. But our findings suggest that coherence should
not be simply considered as an opposite side of complexity.
This supports the statement that a landscape setting show-
ing a high level of coherence could simultaneously present
a high level of complexity (Kaplan & Kaplan, 1989). But
both coherence and complexity are variables related to the
perceived information from the environments, rather than
attributes about the physical environment itself. Better
linkage between the landscape visual attributes and the
theoretical concepts would provide chances for practition-
ers to predict the advantages and disadvantages of their
proposed design actions.

3.2. The relationships between coherence,
complexity, and visual attributes

The Cronbachs Alphas for different variables indicated that
there were fundamental agreements for what the concepts
referred to on landscape visual perception, even though the
participants hold more discrepant understandings or crite-
ria of assessment for the complexity, order, and depth than
the other three. At the same time, the four visual attributes
showed a low level of collinearity which partly indicated that
they reflected the different visual features of landscape envi-
ronments and could corporately be used to portray the gen-
eral visual perception of landscape environments.

The modeling result reveals the relations between co-
herence and complexity and the four visual attributes.

The informational variable of coherence was mainly as-
sociated with the level of the orderliness of the organiza-
tion, openness in spatiality, and negatively related to the
richness of the composing elements of the environment.
Complexity was positively related to the richness of the
composing elements and depth of view, and negatively
related to the openness of visual scale and orderliness of
organization. For either of the informational variable, no
one-to-one correspondences with any single visual attri-
bute were detected. This result should raise the attention
on using single visual attribute to represent an informa-
tional variable (e.g. use the diversity of elements to pres-
ent complexity), which were widely adopted in previous
study designs (Ode et al., 2010). Here we can see that both
coherence and complexity were closely related to different
compositional and organizational features. The complex-
ity is most related to the richness of elements composing
the environment, while the coherence is largely affected by
the orderliness of how the elements are organized. For the
other related visual attributes, the openness and depth re-
spectively reflect the continuity and hierarchy of the space
and elements. Greater depth of view could provide richer
experiential possibilities and cues for exploration (Hunter
& Askarinejad, 2015; Ulrich, 1983). This feature supple-
mented the perceived complexity from the environments
by transferring information of chances for exploration to
the viewers, but it provided no significant explanation for
coherence. Openness had a positive influence on coher-
ence and a negative influence on complexity. This could
be explained as that openness assured visibility, environ-
ments with greater openness could be more understand-
able, while would reduce the chances for exploration.
But the small weights indicated that openness was not a
strong determinant for both coherence and complexity.
The results of this study provided important information
to make a more comprehensive linkage between the in-
formational variables and different visual attributes which
would help to make evidence-based strategies to realize
the scenario of landscape environments with high com-
plexity and coherence together.

In the explanatory models, coherence and complex-
ity shared three common visual attributes as predicting
variables. The common variables provided inverse and
different-weighted influences on coherence and complex-
ity. At the same time, the depth of view only showed a
significant influence on the complexity and the explana-
tory power was strong (higher than order and openness).
This confirmed that coherence and complexity cannot be
regarded as the opposite directions of the same features
of the environments. Ulrich (1983) pointed out that it
was common that the theories about landscape only pro-
vided general statements without clear definitions of the
key concepts. He referred to this fact as the main short-
age for preference prediction on a theoretical base. As for
the preference matrix, the previous research findings did
not yet provide enough conclusive evidence to consum-
mate the theoretical foundation (van der Jagt et al., 2014).
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These deficiencies signified that the key concepts of the
preference matrix should make better elucidations of the
relations between the informational variables and the at-
tributes related to the visual perception of landscape en-
vironments. The findings here provide some insights: it is
not proper to use any single visual attribute as a substitu-
tion for the informational variable; rather, coherence and
complexity should be understood as qualities of the inte-
gral environment based on the visually perceived informa-
tion from the combination of the distribution of landscape
elements, spatial organization and the disparities of the
apparent features of elements.

At last, our results point to some possible pathways to
help the practitioners to make environments with both
a good level of coherence and complexity in reality. The
openness would be suggested to categorize the environ-
ment units as openness shows the significant but limited
influence on coherence and complexity. Design interven-
tions could consciously alter other visual attributional
qualities of the environments with different degrees of
openness to shape the aimed combination of coher-
ence and complexity. To maintain complexity without
harming the coherence, the diverse elements could be
organized into clear and hierarchical patterns for a bet-
ter sense of order. Meanwhile, the perceived complex-
ity could be further promoted by organizing the space
with richer proportional relationships to build a better
depth of view. It needs to avoid the over-promotion of
certain visual attributes without rational management of
others as some visual attributes had opposite power on
the determination of the coherence and complexity. For
example, the augment of the richness of plant species
without clear spatial planning may lead to a significant
decrease of preference as this action would cause a se-
rious reduction in coherence than the improvement of
complexity. There is long-lasting criticism for landscape
architects’ lack of knowledge base to refer to when pro-
posing landscape changes (Murphy, 2005). This concern
could be responded to with powerful theoretical frame-
works that could instruct the practitioners to make deci-
sions with predictable assessments of the advantages or
disadvantages of a proposed course of action (Murphy,
2005). From this perspective, more studies should be
carried out to make better identification of the relation-
ships between the concepts from the preference matrix
and the attributional qualities that could be consciously
altered with the designer’s approaches.

3.3. Limitations

In this study, we selected four visual attributes as variables
to capture basic images of the landscape visual perception.
Possibilities of overlooking some other drivers about land-
scape visual preference exist. This study used artificially cre-
ated scenes primarily composed of lawns and trees which
allowed us to control confounding factors. In scenes that
are more discordant, more complex interpretations might
be needed. However, the visual attributes were reported to

be more fundamental for landscape preferences than land-
scape types. Kalivoda et al. (2014) found that the differences
in the preferences for different landscape types were not
significant after controlling the factors of visual aesthetic
quality. Nevertheless, the coupling between visual attributes
and factors such as culture deserves more evaluation. Young
and old people were found to assess scenes with remarkable
differences, and the landscape preference of people aged in
between tended to be more homogenous (Kalivoda et al.,
2014). Because of the small proportion of the respondents
older than 40, we didn’t include this group of adults for
analysis. A more balanced representation of different age
groups may be desirable. Here, limited by the application of
2D pictures, we could not explore the informational vari-
ables of legibility and mystery from the preference matrix.
Future studies could make further explorations about them
with the use of media like virtual reality.

Conclusions

This study attempted to bridge the theory of preference
matrix with the visual attributes that influence the visual
perception of landscape environments. Based on the data
from a questionnaire study, we constructed three log-lin-
ear regression models to explain: (1) the interactive influ-
ence of coherence and complexity on landscape preference
and (2) the relationship between the perceived coherence/
complexity and four visual attributes (openness, richness,
orderliness, and depth). The results showed that the land-
scape preference should be explained with the perceived
coherence and complexity together rather than either in-
dividual one. When keeping the environments to be co-
herent, the increasing complexity would promote people’s
preferential evaluation. The perceived coherence and com-
plexity of the environments were both influenced by the
openness of spatiality, the orderliness of organization, and
the richness of the composing elements of the landscape
environments. These three visual attributes showed differ-
ent degrees of explanatory power with opposite directions
on the explanation of the two informational variables. The
complexity had an additional explanatory variable than
coherence, namely depth of view. Our findings could pro-
vide guidance for the landscape practitioners to make en-
vironments that people prefer. For instance, with the pat-
terns revealed from the models, the landscape architects
could orderly group and organize the diverse elements
and improve the depth of view to make a landscape en-
vironment with both preferable coherence and complex-
ity. More studies were needed to probe how to achieve
the ideal combination of coherence and complexity with
landscape design approaches to strengthen the potential
to guide practice with preference matrix.
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2. VIF for the four visual attributes

openness 1.390115; richness 1.449762; orderliness 1.207807; depth 1.355025.

3. The outputs of the model when using all the visual attributes as independent variables and coherence as dependent

variable.
Estimate Std. Error z value Pr(>|z|) Sig
Intercept 0.80 0.05 15.94 <2e-16 e
openness 0.07 0.01 6.82 8.84e-12 el
richness -0.09 0.01 -8.12 4.4%-16 bl
order 0.13 0.01 11.82 2e-16 bl
depth 0.00 0.01 0.17 0.866

Note: ¥ p < 0.05; **p < 0.01; ***’p < 0.001.
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