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Designing Walking Pathways  
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with the Theory of Six Value Aggregation Paths

Abstract:	 The study examines the possibility of applying the selected components of the 
theory of six value aggregation paths in designing walking pathways. Based 
on spatial data collected using a landscape assessment method on the aesthetic 
values of the landscape of the place under analysis, a model was developed of 
the network of links of the landscape aesthetic value using a minimum increase 
in this value. The authors designed scenarios for the optimal routes of walking 
pathways. The conducted study leads to the conclusion that the minimum val-
ue increase path may create a good basis for designing walking pathways. Not 
only is this manifested in the varied route of the pathway, but also in it being 
designed in such a way that the landscape’s aesthetic value increases beyond 
an assumed level of aesthetic value. In addition, the use of hexagonal basic 
fields enables the design of various route lengths and the optimization of time 
by adapting the model to a specific group of recipients.
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1.	 Introduction

The landscape, which is an aesthetic expression of the condition of the envi-
ronment, is the basic assessment criterion for a tourist, i.e. a person paying a visit 
as well as inhabitants of a particular locality. This assessment affects the assigned 
landscape’s aesthetic value and determines whether or not a particular place is more 
willingly visited, whether or not it meets the aesthetic expectations and whether or 
not it is disappointing.

The idea of establishing tourist trails  [1], including walking or nature‑educa-
tional pathways, not only results from the necessity to apply various forms of ed-
ucating the society that promote the development of pro‑environmental attitudes, 
but also from the needs resulting from the definition of sustainable development, 
including the need for the optimization of the use and development of environmen-
tal and aesthetic values of the place, based on scientific methods [2, 3].

Walking pathways should be designed to enable the development of the ability 
to observe one’s surroundings and nature, to stimulate the user’s aesthetic sensitiv-
ity and to make optimal use of (manage) the aesthetic value of the landscape of the 
area and protect  it. In addition, these pathways should also serve an educational 
function. The subject matter may oscillate around one or several problems and the 
presented topics may concern the history of a particular place, environmental and 
landscape protection, botany, local handicraft,  etc. Marked routes should be part 
of the transport system to allow tourism traffic to be directed [4]. The particularly 
important principles of designing walking pathways, including educational ones, 
are as follows [5]:

	– the route should be varied and, preferably, circular in nature; it should be 
diverse, and include interesting sites and natural peculiarities;

	– the topics representing selected issues in an illustrative manner should be 
attractive;

	– the pathway should be connected into a logical sequence using the gradual 
development of program assumptions and offering the opportunity to draw 
independent conclusions;

	– the selection and presentation of pathway components, as well as the 
length of the route, should enable the passage of the pathway, including 
stops, in approx. 2–3 hours (variants of longer and shorter routes can be 
developed);

	– demonstration points (presenting various themes, and serving an education-
al function) should be distributed at various distances (at least 100 m), de-
pending on local conditions;

	– the number of planned thematic waypoints should be adjusted to the average 
visitor’s perception capabilities;

	– the pathway marking should facilitate spatial awareness, and the equipment 
components should be selected according to the intended use of the pathway;
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	– the design and implementation of the project should provide the opportunity 
to prepare the optimum form of presentation of the pathway in the form of, 
an e.g. educational guide, or training materials including a list and descrip-
tion of demonstration points and a sketch of the route.

Moreover, Ptaszycka‑Jackowska and Baranowska‑Janota [6] point out that the 
route should be designed in such a matter that it makes use of the existing road and 
path network, the visiting route should be properly marked, and selected points 
should emphasize the landscape’s aesthetic and natural values (while not encourag-
ing tourists to stray from the trail) [5].

The study aimed to examine the possibility of applying the selected compo-
nents of the theory of six value aggregation paths in designing walking pathways, 
based on the specific example of a tourist resort. The study presented below focused 
on the optimization of designing walking pathways by making use of the aesthetic 
value of the landscape of the particular place intended for active recreation. The area 
under analysis was a selected part of the city of Mrągowo situated in north‑eastern 
Poland. The spatial development structure of this place is largely determined by the 
geographical location and the landscape and natural conditions. Favorable natu-
ral conditions that create the attractive environment and the interesting and varied 
landscape include numerous lakes located within the town and in its vicinity and 
hills of glacial origin, including the Wyszembork Elevation that has a direct effect 
on microclimate in the town and in the immediate vicinity (forests and water bodies 
occupy 1/3 of the town area). The area under analysis represents not only an urban 
cultural landscape but also the lacustrine landscape (including forest complexes). 
The part subjected to the analysis was the center of Mrągowo, which is most often 
visited by tourists. It was assumed that the proposed pathways would ultimately 
be rather short, as they are supposed to be travelled by an average tourist or town 
inhabitant in an optimal manner, and should not require them to spend too much 
time doing so. It should be stressed that the developed materials are intended to be 
the starting materials for designing walking pathways and should be consulted with 
the actors involved in designing and developing the particular locality and that they 
should be subject to public consultation.

2.	 Assessment of the Landscape’s Aesthetic Value

There are numerous methods of landscape assessment and valuation. Cymer-
man, Falkowski, and Hopper [7] distinguish three groups of landscape assessment 
methods. The first method comprises methods based on the assessment of the natu-
ral value of individual environmental components. The next method includes meth-
ods based on the assessment of the landscape’s aesthetic and visual values, while 
the third method is comprised of the methods assuming the landscape valuation for 
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a specific purpose [7]. Bajerowski, however, proposes a slightly different division 
of the method of landscape assessment and valuation and divides them into five 
groups [8]. This division is presented in Figure 1.

The methods of landscape assessment and valuation were described by Bog-
danowski  [9], Arthur et  al.  [10], Zube et  al.  [11], Hopfer et  al.  [12], Wojciechow-
ski [13], Cymerman et al. [7], Bajerowski [14–15], Kowalczyk [16], Senetra [17], Se-
netra and Cieślak [18], Aguilera et al. [19], Balon and Krąż [20], Kowalczyk [21] and 
Tveit et al. [22].

According to Krause  [23], there are some important criteria for evaluating 
a landscape: landscape image, identity and its natural or cultural variety. To retain 
these elements, scientists develop methods of analyzing and demonstrating a struc-
ture and image of landscapes, based on the ranking of landscape features and in-
dividual expression of partial image sectors, including testing the impairment of 
coherent features [23–25]. The development of IT and GIS tools has led to an increase 
in the choice of methods basing on landscape modeling [26–28] and on creating sim-
ulations of changes which can occur in the aesthetic quality of a given landscape 
after the introduction of changes [29–32].

Walkability is another interesting motif within the aspect of the research, as well 
as the usage of GIS tools. It conditions the accessibility to landscape observation in 
a given location. This issue is discussed by Telega et al. [33]. The researchers support 
the urban planning process by considering important quantitative and qualitative 
aspects of walkability in the cities [34].

Since the test area for conducting the study is a town, the data for developing 
models of the landscape’s aesthetic value network were acquired using the impres-
sion curve method modified by Bajerowski.

Fig. 1. The classification of methods of landscape assessment and valuation, and the path of 
determining (selecting) the method depending on its purpose

Source: [8]
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The method was originally developed by Wejchert for the assessment of visual 
attractiveness of a city center’s space‑time passageways. Landscape assessment by 
this method is rather accessible in technical terms, yet it requires the assessor to have 
a great deal of knowledge of the theory of aesthetics as well as a developed sense of 
perception [35]. The impression curve method involves the graphical representation 
of the tension of impressions and emotional sensations experienced by an observer 
when moving through the space‑time passageway. The assessment technique con-
sists in describing, using an appropriately selected scale, the intensity of impressions 
at specified intervals or after a certain distance has been covered when walking along 
the route. The impressions and sensations are to be indicated on a graph, where the 
horizontal axis is the temporal and linear scale on which subsequent scenic points are 
placed, as assessed by the observer when walking along the route [18]. On the vertical 
axis, the observer indicates the tensions of the impressions arising from the assess-
ment of landscapes of different values. The resulting curve of impressions should be 
read as an illustration of average impressions for which no measurement unit can 
be established, as it is only a means of comparing individual parts of the landscape.

Both the structuralisation and assessment of an urban space were largely con-
tributed to by a study conducted by Lynch [36], who introduced both the concept 
and the method of cognitive mapping. The cognitive map method is mostly based 
on perceiving a place in the environmental psychology aspect, and is mainly criti-
cized for the difficulties in mapping the space being assessed. Unlike Lynch, We-
jchert describes a sum of certain components that can be found within a particular 
area. They organize the space, and the relationships between them may be subject to 
an assessment [37]. Similarly, Böhm presents the opportunity to use an analysis of 
urban interiors to assess the urban environment [38].

The above‑described impression curve method is simple and clear and assesses 
the landscape in terms of aesthetic aspects. It can be used to create a scenic point 
network through landscape design processes by means of removing and/or adding 
new components. It appears to be particularly appropriate in towns and cities which 
are predisposed and have natural conditions for the development of tourism and 
recreational functions.

The proposals to modify Wejchert’s impression curve method are described by 
Bajerowski [8, 15]. The modification involves:

	– marking out the route along the landscape boundaries determined in accor-
dance with the principles described in the method proposed by Wejchert;

	– a technical convenience i.e. the assessor marks the comparison of his/her im-
pressions and aesthetic sensations experienced when staying at a particular 
post with the sensations experienced at other posts; the recording is done 
using arrows, on a specially developed diagram which is in a matrix form 
(Tab.  1); such an approach eliminates difficulties in determining the land-
scape’s values on an arbitrarily adopted scale and enables the performance of 
this assessment by mathematical processing of the observation results.
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An example of the assessment method is provided in Tables 1 and 2.

Table 1. A diagram of landscape assessment  
by the method modified by Bajerowski – an example

x 1 2 3 4 5 ∑ points

1 x ← ← ↑ = 5

2 ↑ x = ← ← 5

3 ↑ = x ← = 4

4 ← ↑ ↑ x ↑ 2

5 = ↑ = ← x 4

Source: [8]

The numbers in the first column and the first line indicate the number of the post 
for the assessment of landscape’s aesthetic value and are the individual points of the 
designated route. The assessment should be carried out for both the left and right 
side of the route. The matrix is symmetrical, which enables convenient data entry, 
with the possibility for entering the data from the diagonal under in‑house condi-
tions. The comfort of application is also provided by the simple system of assessment 
recording using symbols (↑, =, ←), which minimizes the possibility of an error.

Table 2. An example of designation and the scale of landscape assessment values  
in a comparison matrix

Symbol Points Description of significance

← 2 landscape more valuable than... (e.g. at point 1 it is more valuable than at point 2)

= 1 landscape as valuable as... (e.g. at point 2 it is as valuable as at point 3)

↑ 0 landscape less valuable than... (e.g. at point 4 it is less valuable than at point 5)

Source: own study based on [8]

By summing up the points (in the example provided, in the lines), the data for 
plotting the impression curve and, thus, the statistics of scenic point assessment, are 
obtained.

3.	 Data for the Construction and Analysis of the Network Model

From a scientific point of view, the assessment of a landscape’s aesthetic value 
can be carried out by using basic assessment fields. The landscape’s aesthetic value 
assigned to a particular field is regarded as geospatial data, i.e. data with a precise-
ly specified geographic location. This means that the specific aesthetic value of the 
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landscape, assigned to a basic assessment field, represents this spatial unit. Balon 
and Krąż [36], Bajerowski et al. [8] and Kowalczyk [21] provide more information 
on basic assessment fields. This study collected the data on the landscape’s aesthetic 
value by the impression curve method modified by Bajerowski. The points for the 
assessment of landscape’s aesthetic value were determined based on geometric basic 
assessment points, i.e. hexagons. Basic assessment points in the shape of hexagons 
are used to develop the so‑called hexbin maps by the binning method [39].

A grid of 100 hexagons, each with an area of approx. 1.3 ha, was plotted onto 
the area under analysis (a part of the town of Mrągowo). Since a lakeside area was 
selected, the field grid was modelled in relation to the shoreline in order to exclude 
the water area when marking out the route, with the condition of a compact field ar-
rangement. When marking out the route, efforts were made to preserve the walking 
trail marked out by the passageways of the selected area. At particular waypoints, 
an assessment was conducted of the left and right side and the maximum value from 
these assessments was considered in the final model. To avoid a situation where only 
previously seen elements are compared with each other, the persons evaluating the 
aesthetic value should beforehand become acquainted with the terrain. The assess-
ment diagram yielded data on the landscape’s aesthetic value for further analysis, 
i.e. the construction of a network model and designing walking pathways. A hexbin 
map of the aesthetic value in the area under analysis is provided in Figure 2.

Fig. 2. A hexbin map of the landscape’s aesthetic value in the area under analysis.  
A part of the town of Mrągowo. An analysis made in QGis
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The diversity of the space and, consequently, assigning different values to the 
basic assessment fields, determines its components to establish connections, i.e. to 
create the network structure.

4.	 Theory of Six Value Aggregation Paths

According to the theory of six value aggregation paths, the basis of the network 
organization of space is its diversity [40]. This theory assumes that it is the spatial 
diversity that generates six types of interactions, i.e. connections of geospatial data. 
The combination of values (spatial data) which represent the space may occur ac-
cording to the following paths: minimum or maximum value difference, minimum 
or maximum value decrease and minimum or maximum value increase. For the 
purposes of carrying out this study, a landscape’s aesthetic value network model 
was developed using the path of a minimum increase in this value. It was assumed 
that the path was optimal since the pathways should preferably be designed in such 
a manner that the aesthetic sensations experienced by a person walking along the 
pathway should be increasing and not decreasing. In addition, a minimum increase 
in the landscape’s aesthetic value guarantees that full use will be made of this val-
ue’s potential. The pathways can be designed in such a manner so that this value 
increases gradually with no considerable differences, as would be the case in the 
event of a maximum increase in the value.

In each of these paths, new regions emerge due to the generation of a con-
nection between each field and a field that has a common boundary (a neighbor-
ing one), if a particular relationship of value difference, increase or decrease, has 
occurred. The theory assumes that each field can establish a connection with only 
one neighboring field. The values that represent a phenomenon create new regions 
(areas) by combining with one another in accordance with the above‑mentioned 
rules. These, in turn, in the next steps of the network model development, search 
for new connections according to the same rules. In this way, subsequent levels of 
the aggregation of values representing specific phenomena occurring within the 
space emerge [40].

5.	 The Network Model Construction  
according to the Minimum Value Increase Path

The development of the network model and new regions according to this 
path involves the generation of a connection of each field, in turn, with a select-
ed neighboring field, according to the minimum value increase path. The newly 
emerged fields (regions) search for new connections according to the same princi-
ples [40].
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It was assumed that the space under analysis was represented by basic fields 
to which the values obtained from the assessment of the landscape’s aesthetic val-
ue have been assigned, and which differentiate the geographical space in the land-
scape’s value aspect. The construction of the model using the minimum value in-
crease path commenced with the search for relationships and connections between 
each field (Fig. 3a).

Fig. 3. The network model built with the use of the minimum value increase path (a–e).  
Key:  – the arrows show the direction of the connection according to the principle of 

minimum increase in value; the same color of the hexagons means new regions  
which were created in the follow stages of aggregation (b–e).  

An analysis made in QGis

a)	 b)	 c) 

	 d)	 e)

At the stage of revealing the relationships, 82 fields (nodes) found a connection 
according to the minimum value increase path (Fig. 3a). In the first stage of aggre-
gation, 15 new regions (fields) emerged (Fig. 3b). Characteristics of the developed 
network are provided in Table 3.

The second stage of value aggregation revealed three new regions (fields) 
(Fig. 3c, d). At this stage, one strong node with 76 connections emerged. The last, 
third stage of aggregation revealed two regions (fields) represented by two strong 
nodes with 15 and 83 connections  (Fig. 3e). This means that it is those particular 
nodes with numbers  90 and  100 that are the most valuable within the structure 
of a particular network and that the walking pathways should be designed to-
wards them.



32	 A.M. Kowalczyk

Table 3. Characteristics of the developed network model

Number of stage Number of 
regions 

Number of fields 
(nodes)

Number of 
connections

Stage 1 of aggregation
15 regions remerged
(15R)

1 1 0

2 2 1

1 3 2

1 4 3

1 5 4

2 6 5

2 7 6

1 9 8

1 10 9

1 12 11

2 13 12

Stage 2 of aggregation
(3R)

1 7 6

1 16 15

1 77 76

Stage 3 of aggregation
(2R)

1 16 15  
(node no. 90)

1 84 83  
(node no. 100)

Based on the network model developed in this manner, a number of scenarios 
of the route of walking pathways were developed (Fig. 4a–c). This network model 
offered the opportunity to design them in such a manner that the route runs through 
the most attractive fields (with a large number of connections), with increasing aes-
thetic sensations experienced by the person walking. Designing the pathways on 
such a network model excluded the possibility of omitting the most attractive places 
due to the landscape’s aesthetic value. Proposals for the route of walking pathways 
developed using the landscape’s aesthetic value network model are presented in 
Figures 4b and 4c. These cartographic models, based on the theory of model con-
struction using the minimum value increase path, can be the basic material for plan-
ning operations in the field of designing the recreational space as well as walking or 
educational pathways.
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6.	 Conclusions

The aim of the study was to examine the possibility of applying the selected 
components of the theory of six value aggregation paths in designing walking 
pathways, based on the specific example of a tourist resort. In order to construct 
a model for subsequent analyses and designing a walking pathway, data on the 
landscape’s aesthetic value were collected. Wejchert’s impression curve method 
modified by Bajerowski was employed in the study. 100 scenic points representing 
hexagonal basic assessment points were subjected to an assessment and a hexbin 
map of the landscape’s aesthetic value within the area under analysis was de-
veloped. Using the minimum value increase path, which is a component of the 
six value combination paths, a network of connections between the landscape’s 
aesthetic value was established. Based on the network model developed in this 
manner, two proposals for carrying walkway pathway routes within the area under 
analysis were developed.

The conducted study leads to the conclusion that the minimum value increase 
path used to set out the walking pathway route may create a good basis for design-
ing walking pathways. Not only is this manifested in the varied route of the pathway 
but also in the design of the pathway in such a way so that the landscape’s aesthet-
ic value increases, or slightly decreases, from a point to another point. Sometimes, 
the pathway route must be carried through a point where the value is, nonetheless, 
much lower, as it is illogical or simply problematic to avoid such a point. In such 
a case, the method shows in a tangible way where the landscape’s aesthetic value 
should be increased, or where the components of an educational pathway should 
be enriched. The placing (locating) of thematic materials or exposition in this less 
attractive point will enable focusing on these particular components and not on the 
aesthetic shortcomings of the landscape. Wejchert’s impression curve and the sub-
sequently constructed network model provide the entities managing the particu-
lar space with an excellent tool for planning operations, for example, establishing 
a ranking of places that need to be reinforced (which means that the aesthetic value 
of these particular places, or places seen from them, needs to be increased). The 
developed pathway variants are linked into a logical sequence resulting from the 
path of a minimum increased in the landscape’s aesthetic value. A walking person’s 
aesthetic sensations gradually increase, which brings about the effect of satisfaction 
and contentment leading to the proverbial situation where “the last impression is 
the most important”. Designing a walking trail, faithful to the principle of the in-
crease in aesthetic value, encourages walking visitors to not stray from the pathway. 
It would be illogical to show the most attractive places at the beginning of the route. 
In addition, the use of hexagonal basic fields enables the design of various route 
lengths and the optimization of time by adapting the model to a specific group of 
recipients. The network developed in this way offers the opportunity to carry the 
walking pathway route using the existing road and pavement network.
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The length of the route and points are designated on the basis of a network 
of basic evaluation fields. The adjustment of the network and the size of the basic 
evaluation fields is made at the beginning of the analytical process. Depending 
on needs, these fields may be larger or smaller, which leads to decreasing or in-
creasing the distance between the evaluation points. Fields of different size will 
be applied to a smaller area, like the one presented in the article, and for a par-
ticularly big area.

The method takes into consideration the occurrence of natural barriers, e.g. when 
the whole hexagon includes a lake. A part of the suggested pathway modeling meth-
od, which also suggests using one of the algorithms of the six ways theory, works for 
the given network of basic fields. Barriers should also be considered by excluding 
the area from the analyses.

An important asset of pathways designed in such a manner is the opportunity 
to prepare the optimum form of their presentation, e.g. in the form of a guide, in-
cluding an online guide. Additionally, the network structure and the digital vector 
model offer opportunities for:

	– carrying out additional analyses to determine the nature of the networks 
under development (random or scale‑free), and the identification of the 
main nodes and centers of this network i.e. the most important points that 
are of strategic importance in the context of the entire network structure 
functioning;

	– taking virtual walks, for example in the Covid‑19 era;
	– carrying out planning operations related to the development of the asset re-

garding the landscape’s aesthetic value, and taking remedial measures using 
cartographic models (maps) and network models in spatial terms;

	– the easy and convenient as well as scientifically justified development of var-
ious models and scenarios of the walking pathway routes, including educa-
tional ones;

	– the construction of the landscape’s aesthetic value network models using the 
other five paths of combining these values and their analysis; the comparison 
of network models, e.g.  the minimum increase in the landscape’s aesthetic 
value with a network constructed using the path of the minimum decrease in 
this value, can yield numerous conclusions.

This method assumes that at the stages of searching for relationships with the 
connections in constructing the network, a field can only connect to a single neigh-
boring field. This creates a certain problematic situation, where two or more neigh-
boring fields have the same value. The solution to this problem is a thorough anal-
ysis of the location, and an appropriate choice made by the person who models the 
network and, on its basis, the pathway.

The conducted case study leads to the conclusion that this methodology can be 
an appropriate and useful tool in designing walking pathways.
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