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Abstract
Landmarks are the clues which connect the cartographic space, the real-world space and the cognitive map space and
they play an important role in the spatial information expression and transmission. Landmarks can help users to
establish a structured understanding of the environment as "anchor point" which have a significant contrast to the
surroundings so that users do not need extra effort to recognize them because of its own salience. Landmark salience
evaluation is the basis for users to select landmarks. However, evaluation methods for outdoor landmark salience
cannot fully adapt to the indoor environment and these methods often rely on detailed data about every spatial object
which is difficult to obtain easily. Some research has developed a heuristic scoring system to make the evaluation
easier, but these methods are always category-based so the accuracy is limited due to the few categories of indoor
landmarks. The uniqueness and location of a single landmark are important, the traditional ﬁve point rating is obscure
for some specific indicators and the weight calculation method is needed to be clearer. In this paper, we introduce an
instance-based scoring system as an evaluation model for indoor landmark salience. The feasibility of this method is
demonstrated by a case study in the Dongchenghui shopping mall near Nanjing Normal University (Nanjing, China).
The result shows that the landmark salience evaluated by this method has a strong correlation with the subjects’
opinion. With landmark salience, landmark representation in indoor map can reflect the knowledge of indoor space at
different levels helping users to complete their wayfinding task more comfortable.
Keywords: Landmark, Indoor Landmark, Landmark salience, Scoring system, Indoor map

INTRODUCTION
People spend about 80% of their time in the indoor environment (Klepeis et al., 2001). Currently, due to the constraints
of technical and cost reasons, the issue of indoor positioning and navigation have not yet been popularized. In most
cases, people can easily obtain their own location and navigation path outdoors. However, in the indoor environment,
people are more dependent on maps and signs which require higher personal spatial cognitive ability so it will make
them lose direction much easier (Huang & Gartner, 2009).
Many studies have shown that landmarks play an important role in people‘s wayfinding tasks (Russo et al., 2014).
Landmarks can be noticed by users without extra effort making the wayfinding process easier(Spiers & Maguire, 2008).
Although most of the current studies on landmarks are aimed at the outdoor environment, it is also necessary to know
that the concept of the landmark is no longer limited to the outdoors. Researchers generally believe that any object that
is sufficiently significant can be considered as a landmark and the concept of both indoor and outdoor are unified.
Moreover, for the indoor environment, the denser landmarks could meet the need of users greater than outdoors
(Muralidharan et al., 2014). Landmarks can help users establish a structured understanding of the environment as
"anchor point" (Golledge, 1999; Richter, 2007) which have a significant contrast to the surroundings so that users do
not need extra effort to recognize them because of its own salience. This salience is the basis for users to select
landmarks.
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This paper attempts to propose a scoring system as the evaluation method for indoor landmark salience. The proposed
method is applied to the Dongchenghui shopping mall is selected as the study area used to verify the evaluation results.
The exist problems and possible solutions are pointed out in the last section.

EXISTING LANDMARK SALIENCE EVALUATION METHOD
As previously mentioned the most studies of landmark salience focus on the outdoor environment. There is a classical
landmark salience evaluation model which divides the landmark salience into three aspects: visual, semantic, and
structural (Raubal & Winter, 2002; Sorrows & Hirtle, 1999). Because indicators proposed by those studies above are
difficult to measure quickly, Duckham et al. (2010) developed a category-based scoring system to use POI category as
the object to simplify the process which makes the evaluation much easier.
Lyu, et al. (2015) proposed a computational method from the perspectives of spatial cognition, environmental
commitment and space syntax which also divide the landmark into visual, semantic and structural. Zhu et al. (2016)
analyzed the indoor environment of complex large shopping malls and proposed a model to calculate the salience of
indoor POI which is not the landmark exactly. Based on the method of Duckham, et al. (2010), Fellner et al. (2017)
construct an indoor landmark salience evaluation model to generate route guidance. Due to the current lack of detailed
classification standards for indoor landmarks or POIs, the intensive distribution of indoor landmarks and the categorybased assessments can be used. Since the total indoor area is small, the relatively small number of indoor landmarks can
be easily evaluated by instance so that measured landmark salience in the indoor environment by instance could be a
better choice than by category.
Also, most of the theories and methods of indoor landmark salience are simple transferred from the outside and there is
a lack of experimental verification in indoor environments. At the same time, there are some problems in the outdoor
landmark salience studies such as the collection of evaluation indicators data and the lack of in-depth studies of the
indicator weight. This paper aims to propose an instance-based indoor landmark salience evaluation method with user
experiment to address these challenges. Some indicators are come from previous studies (Duckham et al., 2010; Fellner
et al., 2017) and additions and modifications have been made to adapt to the instance-based evaluation.

METHODOLOGY
Scoring System for Indoor Landmark Salience Indicators
Visual Salience
Landmarks have visual salience because of its more attractive attention that is relative to other surrounding objects.
Visual attributes include shapes, colors, and textures in general. In the indoor environment, the visualy attractive areas
are more important than correspond to its real physical size. Indoor objects can also have more text labels than outdoor
ones. These factors all highly influnce the visual salience of indoor landmarks. The evaluation indicators selected for
this study are shown in Table 1:
Table 1. Visual Salience Scoring System

Aspect
Visual

Indicator

Type

Score

Visual area(α)

Five-point scale

α ∈{1, 2, 3, 4, 5}

Prominence (β)

Five-point scale

β ∈{1, 2, 3, 4, 5}

Unique label(γ)

Ordinal scale

γ ∈{1, 2, 3}

1.

Visual area: Having a larger visual area is more advantageous for a candidate landmark. It requires a larger
physical area and is not shaded near the path. We can take the center of the path as the reference point to the
nearest landmark and compares its visible area. According to the distribution of the visible area of all selected
landmarks, the relative value was evaluated by a five-point scale. For example, a trash bin with a smaller visual
area can be assigned a score of 1, while a shop with a larger visual area can be set to 5. Other landmarks can be
assigned and based on their relative sizes to the above mentioned landmarks.

2.

Prominence: Prominence refers to a visually prominent spatial feature which makes the object significantly
different from the surroundings. It is often related to factors such as color, design features, lighting, etc. The
degree of prominence needs to be comprehensively considered regarding the cognitive processess of humans,
and also the five-pint scale was used for evaluation.
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3.

Unique label: There are some unique labels that will highly attract the user's visual attention. It was divided
into three levels of "no label", "labeled", "unique label", and assigned to 1, 2 and 3 by using an ordinal scale.

Semantic Salience
Semantic salience represents the functional,historical or cultural attraction of indoor landmarks, which can be evaluated
by using a predetermined range (Raubal & Winter, 2002). People are familiar with objects with universal functions and
also well-known objects. There are a large number of ubiquitous infrastructures, which have the potential to act as
landmarks in the indoor environment. In addition, it is easier for people to remember and recognize themwhen the text
description needed for a landmark is short. In particular, maintaining uniqueness within a certain range can ensure that
it is not confusing or ambiguous for individual landmarks (Burnett et al., 2001). The selected evaluation indicators are
shown in Table 2:
Table 2. Semantic Salience Scoring System

Aspect
Semantic

Indicator

Type

Score

Familiarity(δ)

Five-point scale

δ ∈{1, 2, 3, 4, 5}

Description length(ζ)

Ordinal scale

ζ ∈{1, 2, 3}

Uniqueness(η)

Boolean

η ∈{T:1, F:0}

1.

Familiarity: The ubiquitous objects (such as elevators) or well-known objects (such as KFC) is more familiar
and suitable as landmarks. The relative popularity is mainly considered for stores. Their relative frequency in
the general indoor environment is mainly considered for other objects.

2.

Descriptive length: Being able to use shorter words or sentence to describe is more conducive to remembering
and passing information to others. It is divided into three grades that follows: "one word without modification",
"one word that needs modification," and "other" using 3, 2, 1 as an ordinal scale.

3.

Uniqueness: The only existing indoor object in particular environment is more suitable as a candidate
landmark. Multiple indoor objects appear to be more ambiguous. Contrary the presence of a landmark in the
same indoor environment more than once will reduce its semantic salience. Assigning the unique landmark in
the same indoor environment to 1 and a non-unique assignment to 0.

Structural Salience
Structural salience refers to the importance and differences of landmarks in spatial position. Polygon landmarks can be
generally abstracted to points in outdoor. However, the polygon nature of these landmarks should be considered in the
evaluation of indoor landmark salience. In addition, as permanence guarantee the landmark structure salience and the
location is more important for the evaluation of landmark instance than category. The used evaluation indicators are
shown in Table 3:
Table 3. Structural Salience Scoring System

Aspect
Structural

Indicator

Type

Score

Spatial extents(θ)

Boolean

θ ∈{T:1, F:0}

Permanent(ι)

Boolean

ι ∈{T:1, F:0}

Location importance(κ)

Ordinal scale

κ ∈{1, 2, 3}

1.

Spatial range: Some polygon objects (such as rest areas) can also become landmarks. However, point objects
are more suitable as landmarks. So the point-like landmark is assigned a value of 1 and a polygon-like
landmark is assigned a value of 0.

2.

Permanent: These objects that are rarely moved are more suitable as candidate landmarks. A permanent
landmark is assigned a value of 1 and the other cases are assigned a value of 0.

3.

Location importance: The indoor objects located on or close to the path, intersections (including stairs), have a
higher structural salience so they are assigned of 1, 2, and 3 depending on how much of the above
characteristics this landmark anticipate.
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Weight Calculation and Overall Evaluation
The analytic hierarchy process (AHP) was used to calculate the indicator weights to replace the traditional expert
scoring method. The AHP has a wide range of application and it is particularly suitable for cases where there are few
sample data and the evaluation target structure is relatively complex or the relative importance of the indicators is easy
to determine and the number of indicators is moderate.
Because the range of scores between landmark evaluation indicators is not uniform and cannot be directly calculated,
the scores need to be normalized. In this paper, we use the feature scaling method to map the score between [0,1] as
follows:

𝑆𝑆𝑓𝑓 =

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑚𝑚𝑚𝑚𝑚𝑚({𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑖𝑖)| 𝑖𝑖 ∈ 𝐼𝐼})
𝑚𝑚𝑚𝑚𝑚𝑚({𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑖𝑖)| 𝑖𝑖 ∈ 𝐼𝐼}) − 𝑚𝑚𝑚𝑚𝑚𝑚({𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑖𝑖)| 𝑖𝑖 ∈ 𝐼𝐼})

Landmark salience have three aspects of visual, semantic, and structural salience. With the weights of AHP result, it is
possible to calculate the overall salience of the landmark:

𝑆𝑆𝑣𝑣𝑣𝑣𝑣𝑣 = 𝑤𝑤𝛼𝛼 𝑆𝑆𝛼𝛼 + 𝑤𝑤𝛽𝛽 𝑆𝑆𝛽𝛽 + 𝑤𝑤𝛾𝛾 𝑆𝑆𝛾𝛾
�𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑤𝑤𝛿𝛿 𝑆𝑆𝛿𝛿 + 𝑤𝑤𝜁𝜁 𝑆𝑆𝜁𝜁 + 𝑤𝑤𝜂𝜂 𝑆𝑆𝜂𝜂
𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑤𝑤𝜃𝜃 𝑆𝑆𝜃𝜃 + 𝑤𝑤𝜄𝜄 𝑆𝑆𝜄𝜄 + 𝑤𝑤𝜅𝜅 𝑆𝑆𝜅𝜅

CASE STUDY

𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑤𝑤𝑣𝑣𝑣𝑣𝑣𝑣 𝑆𝑆𝑣𝑣𝑣𝑣𝑣𝑣 + 𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠 𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠 𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠

Study Area and Landmark Selection
The study area is the B1 of the Dongchenghui shopping mall near Nanjing Normal University (Nanjing, China). There
are mainly food and beverage shops and many decorative indoor objects that can be used as landmarks. This article
selects a path for the selection of the landmarks and the landmarks acquired through this path can basically cover the
entire study area. As shown in Figure 1:

Figure 1. Study Area and Path on the B1 of the Dongchenghui shopping mall
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6 postgraduate students were organized to complete landmark selection. First, they are required to independently record
the location and name of each indoor object that is considered more significant. Secondly, they need to summarize the
results and get the final result. The results consists of a total of 50 selected indoor objects. These indoor objects were
subsequently used as landmarks and their salience was evaluated. Some of the identified landmarks in the selection
process are shown in Figure 2. Example landmarks as "East Side Cross Station", "Orange Iron Box 2 (Super Chicken
Cart)", "Washroom", "Elevator 4", and "Indoor Map Guide Sign 2" are presented below.

Figure 2. Examples of indoor landmark in the study area

Indoor Landmark Salience Evaluation
The evaluation of landmark salience based on the method proposed above was performed by similar students. They
have a proper understanding of the concepts and indicators of the landmark salience. The scores of each indicator of
each example landmark are shown in Table 4:
Table 4. The scores of indoor landmark salience indicators

Landmark Name
α

𝑺𝑺𝒗𝒗𝒗𝒗𝒗𝒗
β

γ

δ

𝑺𝑺𝒔𝒔𝒔𝒔𝒔𝒔
ζ

η

θ

𝑺𝑺𝒔𝒔𝒔𝒔𝒔𝒔
ι

κ

East Side Cross Station

4

5

3

2

2

1

1

1

2

Orange Iron Box 2 (Super
Chicken Cart)

3

4

3

3

1

0

1

0

2

Washroom

3

3

3

5

3

0

1

1

3

Elevator 4

4

5

1

5

3

0

1

1

3

Indoor Map Guide Sign 2

4

3

2

2

2

0

1

1

2
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Results of score normalization using the feature scaling method are shown in Table 5:
Table 5. Normalized scores of indoor landmark salience indicators

Landmark Name
α

𝑺𝑺𝒗𝒗𝒗𝒗𝒗𝒗
β

γ

δ

𝑺𝑺𝒔𝒔𝒔𝒔𝒔𝒔
ζ

η

θ

𝑺𝑺𝒔𝒔𝒔𝒔𝒔𝒔
ι

κ

East Side Cross Station

0.6

0.8

0.66

0.2

0.33

1

1

1

0.33

Orange Iron Box 2 (Super
Chicken Cart)

0.4

0.6

0.66

0.4

0

0

1

0

0.33

Washroom

0.4

0.4

0.66

0.8

0.66

0

1

1

0.66

Elevator 4

0.6

0.8

0

0.8

0.66

0

1

1

0.66

Indoor Map Guide Sign 2

0.6

0.4

0.33

0.2

0.33

0

1

1

0.33

According to the method proposed in the previous section and based on the actual situation of the study area, the
postgraduates constructed the judgment matrix for the indoor landmark salience and get the weights of indicators by
using AHP. The results are shown in Table 6:
Table 6. Weights of indoor landmark salience indicators

w𝑖𝑖

α

β

γ

δ

ζ

η

θ

ι

κ

0.0565

0.3437

0.1394

0.1070

0.0156

0.0408

0.0261

0.0721

0.1988

After multiplying the normalized scores and the weight, the results of the evaluation can be obtained as shown in Table
7:
Table 7. Results of indoor landmark salience

𝒘𝒘𝛂𝛂 𝑺𝑺𝛂𝛂
0.03

𝒘𝒘𝛃𝛃 𝑺𝑺𝛃𝛃
0.27

𝒘𝒘𝛄𝛄 𝑺𝑺𝛄𝛄
0.09

𝒘𝒘𝛅𝛅 𝑺𝑺𝛅𝛅
0.02

𝒘𝒘𝛇𝛇 𝑺𝑺𝛇𝛇
0.01

𝒘𝒘𝛈𝛈 𝑺𝑺𝛈𝛈
0.04

𝒘𝒘𝛉𝛉 𝑺𝑺𝛉𝛉
0.03

𝒘𝒘𝛊𝛊 𝑺𝑺𝛊𝛊
0.07

𝒘𝒘𝛋𝛋 𝑺𝑺𝛋𝛋
0.07

𝑺𝑺𝒔𝒔𝒔𝒔𝒔𝒔

Orange Iron Box 2
(Super Chicken Cart)

0.02

0.21

0.09

0.04

0.00

0.00

0.03

0.00

0.07

0.46

Washroom

0.02

0.14

0.09

0.09

0.01

0.00

0.03

0.07

0.13

0.58

Elevator 4

0.03

0.27

0.00

0.09

0.01

0.00

0.03

0.07

0.13

0.63

Indoor Map Guide Sign
2

0.03

0.14

0.05

0.02

0.01

0.00

0.03

0.07

0.07

0.41

Landmark Name
East Side Cross Station

0.63
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EXPERIMENT AND ANALYSIS
The landmarks were evaluated in the study area according to the indoor landmark salience evaluation method proposed
above. The consistency between the evaluation result and public perception needs to be verified. Therefore practical
pilot study was established. A total of 30 people participated in the pilot study. Most of them were students (including
undergraduates and postgraduates) of Nanjing Normal University. This experiment required the subjects to walk along
the path and score the landmark on the mobile phone screen according to the displayed landmark pictures. The options
are "very disagree", "disagreement", "not necessarily", " neutral" and "very agreeing" which can be recorded as 1, 2, 3,
4, 5 respectively.
Both Pearson's correlation coefficient and Spearman's correlation coefficient were used for calculation of the correlation
between the indoor landmark salience evaluation result and the subjects‘ scoring result to verify its reliability. The
Pearson correlation coefficient and the Spearman correlation coefficient of the landmark salience and the pilot study
scores mean are 0.771 and 0.773 which can be considered as a relatively strong correlation. P <0.01 indicates that the
correlation is extremely significant. This verifies that the results of the indoor landmark salience evaluation method
proposed above are consistent with the users‘ opinion.

CONCLUSION AND FUTURE WORK
This paper describe the novel indoor landmarks evaluation method. Proposed method was verified on simple pilot
study. The results enriches the theory of landmark salience and provides a theoretical basis that supports other related
studies which based on indoor landmark salience. However, the selection of indicators and the establishment of scoring
system aim to make the evaluation process as simple and convenient as possible so its reliability still needs further
research and improvement. Moreover, there are some indicators that involve people's cognitive differences and it is
necessary to study the differences between different users/user groups and different types of indoor environments. In
addition, the pilot study is relatively simple and the experimental sample is limited in this research. In the future, we
will try to verify the method in different ways.
The work about indoor landmark salience evaluation described above represents only the first step. Applying indoor
landmark salience to the design and representation of indoor maps will be the next step which will help to the designers
of indoor maps to understand the user's cognitive habits. Currently, there are many research studies focused on the
visualization of landmarks on the maps, but only few studies have focused on the indoor environment especially
combined with the salience of landmarks. Based on the fact, that human's spatial knowledge is multi-scale, represention
of landmarks in different scale based on its salience could be a interesting issue especially for the mobile device with a
small screen size. With landmark salience, landmark representation in indoor maps can improve the users knowledge
about an indoor space at different levels, thus helping the users to complete their wayfinding task more comfortable.
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