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Abstract Human activities on street spaces are affected by both physical and non-physical
settings on streets. These two aspects are primarily impacted by land use which results in
the uneven distribution of different activities on streets. This research investigates land use
patterns and their characteristics in association to user’s behaviors. By using mixed qualitative
and quantitative research methods, e.g., place-centered behavioral map, observation, visual
encounter surveys, machine learning, the relationship between user’s behavior and land use
characteristics along the street is unveiled. All user behaviors along both types of streets were
classified into six main categories, with 26 subcategories. The observation results show that
the residential use of land along the street was transformed into the commercial use for
various types of shophouses based on the resident’s ideas. There is a great correlation between
land use and user’s activities. These findings give support to authorities to manage urban
streets and develop a sustainable policy for improving street spaces. Further, this research
contributes useful information to urban designers and planners in creating a successful street
space that is appropriate for the Vietnam Community.
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1. Introduction

1.1. Background

A place was considered successful if it met multiple user
demands and led to the occurrence of many activities
(Donald et al., 1981; Laurence, 2006; Lynch and Rodwin,
1958; Whyte, 2009).

In Vietnam, not only do streets function as a traffic
space, but they are also a public space which is an impor-
tant place in a city or even considered an open space for
the private activities of residents. Research shows that
physical and non-physical settings on the street affects
activities in this space and leads to inequity in using public/
street spaces (Do and Mori, 2021). Some evidence demon-
strated that the residential displacement of different in-
come groups in areas adjacent to street spaces changed
land use patterns. The informal change in land use patterns
adversely impacted the sustainable development of urban
communities, which was reflected in the decrease of types
and density of activities in street spaces (Do and Mori,
2021).

Physical and non-physical settings that affect activities
in street spaces can be classified into two separate cate-
gories: (1) settings provided inside street spaces, and (2)
settings in the vicinity of street spaces. These physical and
non-physical settings in street spaces could include side-
walks, amenities, street attachments, e.g., street vendors,
street furniture, greenery, street events, transportation
hubs, events and so on (Cohen et al., 2016; Ewing et al.,
2016; Jung et al., 2017; Shamsuddin and Ujang, 2008;
Suminski et al., 2006; Thompson et al., 2014). Meanwhile,
the settings in the vicinity/exposure of street spaces
include land use, demographics characteristics.

The relationship between human activities and percep-
tion of physical and non-physical settings in street spaces
derives from the land use structure (Do et al., 2018a; Lee
et al., 2021). In Do’s (2021) research, the focus was on
analyzing the influence of Vietnam’s street spaces’ physical
environments. The study aimed to identify the points at
which user perceptions were affected during street up-
grades. Additionally, the research investigated the thresh-
olds related to the level of street improvement and human
activities within these streets (Do and Mori, 2021). This
implies that physical settings only have an impact on users
to some extent, but not entirely proportional to the level of
environmental improvement. However, such studies
neglected to examine how land use patterns affect types
and density of human activities in street spaces.

When researching land use on streets, the studies of
Koohsari et al. (2015), Handy (2005), and Handy et al.
(2002) mainly focused on understanding which land use
patterns impact directly on the connectivity of streets,
thereby affecting people’s physical activities. Such studies
offered a perspective of urban environmental planning and
have not yet explored the direct impacts of land use pat-
terns on the types of activities and people’s attention to
streets. Meanwhile, the research of Rui and Ban (2014) and
Ozbil et al. (2019) explored the relationship between land
use, street centrality and pedestrian flows. Nevertheless,
such research only considered general factors on streets
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that affect a specific type of activity. There is still no
research that specifically examines the relationship be-
tween land use characteristics and human activities on
streets. Other some studies attempted to develop a
pedestrian flow prediction model based on urban amenities
and land use data. But such studies have not yet looked
further into activity distribution and types of activities in
street spaces (Lee et al., 2021; López Baeza et al., 2021).
The research also suggests that the urban amenities factor
is more prominent than other variables in the process of
forming a pedestrian flow network. Following the above
research, Liu et al. (2020) studied urban land use influences
on pedestrian flows, but this research investigated four
formally planned land uses on a larger scale, including in-
dustrial, commercial, residential and educational lands.
There is still no research that examines mixed land use
patterns on streets at a human scale.

The research of Zhang et al. (2021) examined the rela-
tionship between mixed urban land uses at the scale of a
street block and people’s movements. The research finding
indicated that the level of mixed land use reduces people’s
travel distance and energy consumption, thereby making
cities more compact. This implies that the diversity of
mixed urban land uses meets different user demands.
Moreover, the research of Lee et al. (2021) showed that
different types of urban amenities/urban settings fulfill the
demands of pedestrians for corresponding land use types.
This research laid a theoretical foundation that land use
patterns impact on the diversity and distribution of activ-
ities in street spaces.

1.2. Overview of land use on streets in Vietnam

In the research, street land use is mentioned as a type of
informal mixed land use. In land use planning in Vietnam’s
urban centers, residential and mixed lands account for the
majority of the total land, followed by parkland and sports
land. But in the process of actual use, landowners infor-
mally convert their lands, especially sections along the
streets, to other purposes by themselves to serve their own
commercial purpose. Therefore, this research focuses on
investigating land use patterns along streets, including
business land use for shophouses in Vietnam.

1.3. Objective and significance of research

Human activity is an important indicator to measure the
success of a particular place (Donald et al., 1981; Laurence,
2006; Lynch and Rodwin, 1958; Whyte, 2009). Therefore,
researchers and designers attempt to build a place that
attracts human activity. And the common approach to
attracting human activity is focusing on developing the
quality of the physical environment and urban amenities in
public spaces. Some studies supposed that urban amenities
help create activities in street spaces better than other
factors (Lee et al., 2021; López Baeza et al., 2021). How-
ever, the relationship between urban amenity improvement
and human activity on streets turned out to be a non-linear
function (Do and Mori, 2021).

In urban design, investigating the role of land use in
street space design receives little attention as this task is
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considered a part of urban planning, not urban design.
Although researchers have recently raised their interests in
the role of land use in street space design, no research has
been conducted in areas (e.g., Vietnam) with the informal
mixed land use structure.

This research clarifies the mentioned interests by
examining results between two types of streets through the
following questions:

(1) Does informal mixed land use affect the diversity and
distribution of people’s activities along the street?

(2) Which land use patterns/structures most significantly
attract people’s activities?

This research aims at testing the above hypothesis that
informal land use patterns affect the diversity and distri-
bution of people’s activities on streets. This lays a critical
foundation for land use planning, and urban management
and design to develop sustainable street spaces and road-
side communities for urban areas in Vietnam and other
countries with similar characteristics.

By understanding the relationship between roadside
land use patterns and human activities on streets, the
Fig. 1 Research framework and research contribution to susta
Source: The Authors.

Fig. 2 Brief illustration of research framework and research co
research objects. Source: The Authors.
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research helps discover land use patterns in Vietnam’s
street space in correspondence with human activities.

The research also helps propose solutions for appro-
priate urban design, planning, and management instead of
the mass improvement of street spaces as at present,
thereby partly eliminating inequetity in street space usage
between different user groups (Do and Mori, 2021). The
framework below better clarifies the research contribution
and research objects, along with its relationships (Fig. 1).

2. Materials and methods

To clarify the relationship between people’s activities and
roadside land use structures, a methodology has been
developed in accordance with environmental behavior
studies. To further describe research methods, outline,
processes and objective, Fig. 2 provides a brief illustration.

2.1. Research area

Based on a sampling strategy in previous studies, a semi-
structured questionnaire was developed to categorize the
street candidates within six districts of Da Nang City. A total
inable urban street development including research objects.

ntribution to sustainable urban street development including
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of 598 feedback forms were collected from residents aged
18e87. The responses found that 114 streets had positive
feedback whereas 89 streets had negative reviews. More-
over, by filtering samples through street definition and
extreme value analysis, 33 streets were selected and clas-
sified into two groups, including developed and undevel-
oped streets based on the information from the local
government (Do et al., 2019b; Do and Mori, 2021; Do et al.,
2018b). Two kinds of streets including undeveloped and
developed streets were randomly adopted for this research
(Fig. 3). Table 1 illustrates the characteristics of the two
streets and describes their comparable physical features.

2.2. User behavior identification and land use
investigation

Almost all people’s behaviors on street spaces, except
motorized traffic activities on streets, were recorded and
Fig. 3 Da Nang City location and street candidates: (a) Le D

Table 1 Street space samples overview.

Street Name
Ong Ich Khiem

Street Type Collector Streets
Street Classification Unimproved
Length 2.22 km
District Hai Chau
Width 10.5 m
Pavement Width 1e4 m
Landuse along the street Residences, Commercial Buildin

Greenspace, Markets, School, S
Administration Agency, Public b

Setback 1.2 m
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mapped using place-centered behavioral mapping (PcBM)
and visual encounter surveys (VES). To identify types of
informal mixed land use along streets, VES and detailed
planning map analysis were used to collect formal land use
data from the local government.

PcBM is a method to record users activity data and make
a graphical representation by different street segments.
The investigation was conducted with three different
timeframes in the day including morning (6 a.m.e9 a.m.),
noon (11 a.m.‒2 p.m.), and afternoon (4 p.m.e7 p.m.) on
two weekdays and two weekends. Acts or activities and
positions of people were recorded by using video cameras.
This type of method is considered effective for research on
space at human scale (Klein et al., 2018). A visual
encounter survey was used to document the individuals to
gain both quantitative and qualitative data (Campbell and
Christman, 1982). Observers walked along the street at
the prescribed time and performed a visual observation.
uan Street; (b) Ong Ich Khiem Street. Source: The Authors.

Le Duan
Collector Streets
Improved (launch in 1998)
2.17 km
Hai Chau
15 m
4e6 m

gs,
hop house,
uilding

Residences, Commercial Buildings,
Greenspace, Markets, School, Shop house,
Administration Agency, Public building
1.2 m



Fig. 4 Illustration of behavior definition. Source: Do et al. (2018a, 2019a, 2019b).
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Activities of street users were identified based on the-
ories of proxemics and behavior settings (Brown, 2001; Hall,
1962; Kelly and Schoggen, 2006) and then categorized by
their similarity and locations, as can be seen in the behavior
maps in Fig. 4. Behaviors have been denominated based on
the underlying purpose of acts/activities corresponding to
the surrounding environment.

Observation processes were conducted as follows:

(1) For OIK St, observations were conducted on May 4th
(Friday) and May 5th (Saturday) in 2018 using VES
method that requires observers to walk along the
street to collect all data regarding the land use sit-
uation of the street environment (Fig. 5). Land use
planning in this area is mainly for residence; however,
landowners informally converted sections of their
land adjacent to the streets for different commercial
purposes. Therefore, the research boundaries that
were used to investigate the land use situation are
limited to the street boundaries from one side to the
other where it meets private or other properties.
(Fig. 6). Furthermore, a review of the area’s current
Fig. 5 Illustration of investigation boundary of street: (a) Lan
investigation zone in both sides of street; (c) Different activities o
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land use drawings was conducted to double check the
formal land use situation as per the local government.

Behavior mapping was collected by PcBM on two week-
ends and two weekdays in 2018: May 12th (Saturday), May
19th (Saturday), May 15th (Tuesday), and May 17th
(Thursday) that recorded all user acts, activities and sur-
rounding environments for identifying behaviors after-
wards, and participants in one certain activity were
considered as an activity unit.

(2) For LD St, the aforementioned observations were
carried out on January 7th (Monday), January 8th
(Tuesday), January 10th (Thursday), January 13th
(Sunday), January 14th (Monday), and January 19th
(Saturday) in 2019. Although two observation batches
are different, the results of field surveys have less
influence due to characteristics of the tropical
monsoon climate. Indeed, May and January falls
within the dry season in Da Nang City where the
average precipitation (mm) is almost the same with
85 (Jan) and 84 (May), respectively.
d use characteristic of a street segment; (b) Illustration of
n street sidewalks were collected. Source: The Authors.



Fig. 6 Street segment division and survey path. Le Duan Street and Ong Ich Khiem Street were classified respectively by: B & D
sections (middle street segment)dunit front houses in both sides; and A & C sectionsdintersection spaces. Source: The Authors.
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The characteristics of using land adjacent to the two
streets were collected and have been mapped (Table 2 and
Fig. 7). Fig. 8 is provided to better visualize the street
space in the two studied streets. The characteristics of
street environments were coded and processed by Pattern
Identification Algorithm to reveal the land use environment
features along the streets.

2.3. Land use common pattern mining using FHM
(Fast High-Utility Miner)

2.3.1. Assumptions
In this paper, we assume that the width of each element
(house, building, or private space) is the same, so the dis-
tance between two elements is equal. We also ignored
small alleys between elements in a road, so we could view
the two adjacent houses (over an alley) as side-by-side
houses. And thus, the road is considered as a continuous
sequence of elements without disruption. The goal here is
to automatically find the frequent item sets (i.e., common
groups of nearby land use types) which spend lots of time to
manually count the frequencies.

2.3.2. Observations
There are some observable facts about this type of
problem:

a. A short segment of a road is not a strictly ordered
sequence (e.g., it is highly similar between a segment of
A: café-restaurant-leasing office and a segment of B:
café-leasing office-restaurant). Or in other words, for a
segment of a road, it is naturally being an unordered
sequence (e.g., A-B-C is equivalent to A-C-B, B-A-C,
BeC-A, CeB-A, C-A-B);

b. It also is not much different if there is an inserted
element within a combination (e.g., A-B-C and A-X-B-C
are still similar sequences);
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c. However, we could not consider a similar combo if the
membered elements are “too far” from each other (e.g.,
A-B-C cannot be similar to A-E1-E2-E3- . -E9-B-D1-D2-
. -D7-C)

2.3.3. Idea
From what was mentioned, we could view a road(s) as a
long sequence(s) which could be divided to N bags of un-
ordered elements. Each bag is the presentation of a
segment of a road which has locality characteristics. Our
original goal to find common (highly frequent) patterns that
could be reframed to the problem of Frequent Item-set
mining on N bags of unordered elements (broken from a
full-length road) (Agrawal and Srikant, 1994). However, our
road data also has the same elements in a segment such as
café-café-café-hotel. So we have to adopt the problem of
High-Utility Item-set mining where quantities are taken into
account (Fournier-Viger et al., 2014).

Note that we have to define what is considered “too far”
or, in other words, what is still considered “close” of a
neighboring cluster. Also, how to break the road into N bags
of elements is also defined carefully because we cannot
simply break the sequence down to multiple segments since
this would cause loss of combinations in between two
adjacent segments.

2.3.4. Algorithm
Input: Road (a sequence) has length L;

Output: all combinations (set of elements) the so-called
“patterns” have a high frequent occurrence through the
road.

Step 1: f (Road) where f is a sliding window operator with M
being the frame length andM/2 is the stride.M is the
parameter anddeterminedbyacertainpercentageof
L. We don’t use padding and we keep the last frame
even if it is a shorter frame (<M-length bag). The



Table 2 Characteristics of land use on two streets.

Type of Land Use Ong Ich Khiem St. Le Duan St. Code

A1 B1 . A14 B14 C1 D1 . D9 C10

Food/Beverage Food and Drinking 1 9 . 0 5 0 5 . 0 0 1
Coffee and Juice Beverage 1 0 . 0 0 0 0 . 0 0 2
Fresh Flower/Fruit 0 0 . 0 0 0 0 . 0 0 3
Grocery 0 4 . 0 0 0 0 . 0 0 4
Market/Supermarket 0 0 . 0 0 0 5 . 0 0 5

Fashion/Jewelry Clothing/Footwear Products 0 3 . 0 0 2 78 . 0 0 6
Jewelry Stores 0 0 . 0 0 0 1 . 0 0 7

Equipment Supplies/Appliance Aroma Chemicals and Supply 0 0 . 0 0 0 2 . 0 0 8
Garments, Textile Material & Accessories 0 0 . 0 0 1 5 . 0 0 9
Personal Protective Equipment Supply 0 0 . 0 0 0 1 . 0 0 10
Auto and Motorcycle Parts Supply 1 1 . 0 0 0 1 . 0 0 11
Industrial Electric Supply 0 2 . 0 0 0 0 . 0 0 12
Electrical, Plumbing & Lighting Supply 0 4 . 0 0 0 1 . 0 0 13
Electronic & Audio Devices and Services 0 0 . 0 0 0 2 . 0 0 14

Maintenance/Furniture Appliance Laundry 0 0 . 0 0 0 0 . 0 0 15
Service Repair Store 0 6 . 0 0 1 6 . 0 0 16
Sliding & Rolling Door Store 0 0 . 0 0 0 0 . 0 0 17
Curtains, Canopy Supply 0 0 . 0 0 0 0 . 0 0 18
Furniture, Home Appliances 0 3 . 0 0 2 5 . 0 0 19

Amusement Appliance Pet Store 0 0 . 0 0 0 0 . 0 0 20
Children Toys & Instruments 0 1 . 0 0 0 2 . 0 0 21

Office/Educational Appliance Printing & Photocopy Services 0 1 . 0 0 0 0 . 0 0 22
Stationery/Office Supplies 0 1 . 0 0 0 0 . 0 0 23

Spa/Health/Sport/Game Beauty Care/Spa 0 3 . 0 0 0 10 . 0 0 24
Health Care/Clinic 0 4 . 0 0 0 4 . 0 0 25
Fitness Center/Yoga/Game 0 1 . 0 0 0 0 . 0 0 26

Religion/Culture Museum/Communal House 0 0 . 0 0 0 0 . 0 0 27
Religious Buildings & Place 0 1 . 0 0 0 0 . 0 0 28
Feng Shu/Religious Products 0 1 . 0 0 0 0 . 0 0 29

Office Chain Office Building 0 0 . 0 0 0 1 . 0 0 30
Small Private Office 0 1 . 1 0 0 8 . 0 0 31

Others Residence 0 5 . 1 1 0 4 . 0 0 32
Education 0 0 . 0 0 0 0 . 0 0 33
Parking 0 1 . 0 0 0 0 . 1 0 34
Open Green Space 0 0 . 0 0 0 0 . 0 0 35
Vacant Lot 0 1 . 0 0 0 1 . 0 0 36

D.T. Do and D.T. Do
output of this step is S1 Z [ceiling (2L/M)-1] bags
(segments).

Step 2: Collect all overlappingcombinations causedby sliding
window operators in Step 1 so we can avoid counting
duplicated frequent combinations (such as O1, O2).
The output of this step is S2 Z [|S1|� 1]
combinations.

Step 3: In this step, function g () turns the segments to the
format of item & quantity (e.g., A-B-B-C / A (1), B
(2), C (1)).

S3 Z g (S1),

S2q Z g (S2).
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Step 4 Put S3 as input to the FHM algorithm (Fournier-Viger
et al., 2014) to do high-utility itemset mining with
the parameter unit profit is set 1 equally to all el-
ements and support threshold is T. The output of
this step is S4.

Step 5 Recalculate the frequency of item sets by reducing
the frequency of the item sets which are subsets of
S2q in Step 3 by 1 count (since overlapping segments
are duplicated); remove it out of S4 if it falls below
the threshold T. The output of this step is S5.

Step 6 Consider picking from S5 such combinations having 3
or more elements since length-2 bags are too com-
mon and not interesting when each frame (or M ) is
long.



Fig. 7 Land use characteristics coding and mapping: an illustration of Section D3 of Le Duan Street. Source: The Authors.

Fig. 8 Pictures of street space captured in a typical middle street section: (a) Le Duan Street; (b) Ong Ich Khiem Street. Source:
The Authors.

Fig. 9 Common pattern mining window sliding. Source: The
authors.
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To better explain the method developed for frequent
item-sets based on FHM algorithm, Fig. 9 is provided.

3. Results

3.1. Land use characteristics

3.1.1. Land use pattern
The results of the algorithm-based pattern analysis showed
that the characteristics of the main land use patterns in
both the streets are identified through 10 different patterns
(five patterns for OIK Street and five for LD Street) that
shown in Table 3.

In Le Duan Street, five noticeable land use patterns
included: (1) Pattern 10 with 11 land use functions that
serve daily activities including Clothing/Footwear Products;
Garments, Textile Material and Accessories; Electronic and
Audio Devices and Services; Children’s Toys & Instruments;
Health Care/Clinic; Service Repair Store; Printing and
Photocopy Services; Furniture, Home Appliances; Small
Private Offices; Market/Supermarket; Beauty Care/Spa. (2)
151
Pattern 20 with seven land use functions included Food and
Drink; Groceries; Fresh Flowers/Fruit; Electrical, Plumbing
and Lighting Supplies; Residences; and Coffee and Juice
Beverages. (3) Pattern 30 with two land use functions



Table 3 Land use patterns of Ong Ich Khiem and Le Duan Street.

Land Use Type OIK Street LD Street

Pattern
#1

Pattern
#2

Pattern
#3

Pattern
#4

Pattern
#5

Pattern
#10

Pattern
#20

Pattern
#30

Pattern
#40

Pattern
#50

Food and Drinking X X
Grocery X X
Clothing/Footwear

Products
X X

Garments, Textile
Material and
Accessories

X X

Personal Protective
Equipment Supply

X X

Electronic and Audio
Devices and Services

X X

Laundry X
Pet Store X
Children Toys &

Instruments
X X

Stationery/Office
Supplies

X X

Health Care/Clinic X X
Fitness Center/Yoga/

Game
X X

Feng Shui/Religious
Products

X

Chain Office Building X X
Fresh Flower/Fruit X X
Jewelry Stores X
Service Repair Store X X
Curtains, Canopy Supply X
Printing and Photocopy

Services
X X

Religious Buildings &
Sacred Place

X X

Education/Educational
Service

X X

Electrical, Plumbing and
Lighting Supply

X X

Furniture, Home
Appliances

X X

Residence X X
Open Green Space X X
Auto and Motorcycle

Parts Supply
X X

Small Private Office X X
Market/Supermarket X X
Beauty Care/Spa X
Coffee and Juice

Beverage
X X

Vacant Lot X X
Parking X X
Museum/Communal

House
X

D.T. Do and D.T. Do
included Religious Buildings & Sacred Places; Vacant Lots.
(4) Pattern 40 with three land use functions including Edu-
cation/Educational Service; Open Green Spaces; Parking.
(5) Finally, Pattern 50 is a component with five land use
152
functions including Personal Protective Equipment Sup-
plies; Stationery/Office Supplies; Fitness Center/Yoga/
Game; Chain Office Building; Auto and Motorcycle Parts
Supplies; Museum/Communal House.
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Meanwhile, in Ong Ich Khiem Street, five noticeable land
use patterns included (1) Pattern 1 with land use functions
such as Food and Drink; Groceries; Clothing/Footwear
Products; Garments, Textile Material and Accessories;
Personal Protective Equipment Supplies; Electronic and
Audio Devices and Services; Laundry Services; Pet Stores;
Children’s Toys & Instruments; Stationery/Office Supplies;
Health Care/Clinics; Fitness Center/Yoga/Game; Feng
Shui/Religious Products; Chain Office Building. (2) Pattern 2
with land use functions such as Fresh Flowers/Fruit;
Jewelry Stores; Service Repair Stores; Curtains, Canopy
Supplies; Printing and Photocopy Services; Religious Build-
ings & Sacred Places; Education/Educational Service. (3)
Pattern 3 with four land use functions including Electrical,
Plumbing and Lighting Supplies; Furniture, Home Appli-
ances; Residences; Open Green Spaces. (4) Pattern 4 in-
cludes Auto and Motorcycle Parts Supplies, and Small
Private Offices. And (5) Pattern 5 had Market/Supermar-
kets; Coffee and Juice Beverages; Vacant Lots; Parking.

3.1.2. Distribution of land use pattern
In order to better comprehend land use distribution char-
acteristics on different sections of streets, the character-
istics of land use patterns on street segments were
collected and denoted by “1” and “0” for their presence
and absence, respectively (Table 4). The characteristics of
street environments were processed by Multi Corresponding
Analysis (MCA) and Cluster Analysis (CA) using Xlstat Soft-
ware (Excel data analysis add-on) to reveal the land use
features along the streets.

The analysis results indicate that both OIK St. and LD St.
can be classified into four groups (Fig. 10). The distribution
of patterns in each group is also shown through the Muti
Corresponding Analysis Score that is employed for the dis-
tribution level of land use patterns as shown in Tables 7e9.

3.2. Users’ activities

3.2.1. Activities category/classification
All behaviors exhibited by users on both types of streets
were identified and categorized into 6 main categories,
which encompassed a total of 26 subcategories (refer to
Fig. 11). No discernible distinction was observed in the
behavior categories between the two types of streets.
Table 4 Land use pattern distribution characteristics of Ong Ic

Land Use Pattern Ong Ich Khiem St.

A1 B1 A2 B2 A3 . A14

Pattern 1 0 1 1 0 0 . 0
Pattern 2 1 1 0 0 0 . 1
Pattern 3 0 1 0 0 0 . 0
Pattern 4 0 1 0 0 0 . 0
Pattern 5 0 0 0 0 0 . 0
Pattern 10 0 0 0 0 0 . 0
Pattern 20 0 0 0 0 0 . 0
Pattern 30 0 0 0 0 0 . 0
Pattern 40 0 0 0 0 0 . 0
Pattern 50 0 0 0 0 0 . 0

153
The accessibility category pertains to behaviors
involving physical movements to reach a specific destina-
tion, either by walking, using motorized vehicles, or non-
motorized vehicles. This category comprises three sub-
categories: (1) “crossing road” denotes the act of traversing
to the opposite side of the street, irrespective of whether it
is permitted or not; (2) “walking for destination” signifies
the act of moving along the street on either the sidewalk or
roadway by foot; and (3) “coming/leaving with motorcycle/
without motorcycle” represents the act of transitioning
between the sidewalk and traffic flow on the road, or vice
versa.

The trading behaviors group encompasses four sub-
categories: (1) “fixed food transaction” refers to the trade
of food at a specific location on the sidewalk; (2) “food
transaction mobility” pertains to mobile food trading along
the sidewalk or roadside; (3) “goods transaction fixed” in-
dicates the trade of consumer goods or unprocessed food at
a designated location on the sidewalk; and (4) “goods
transaction mobility” represents the trading of consumer
goods or unprocessed food along the sidewalk or roadside.

The idling category encompasses behaviors character-
ized by a state of inactivity or non-movement. This cate-
gory comprises four subcategories: (1) “waiting to cross the
road” refers to the act of patiently awaiting for a green
traffic light at a pedestrian crossing, or some other form of
preparation, before proceeding; (2) “waiting for others”
denotes the temporary cessation of movement to wait for
another person; (3) “waiting for the bus” signifies the act of
patiently waiting for a bus, typically at a designated bus
stop; and (4) “waiting for customers” represents the act of
remaining seated on the sidewalk for an extended period to
welcome customers.

The service/maintenance category encompasses be-
haviors defined as actions that support, serve, or maintain a
condition, situation, or state of preservation. This category
consists of five subcategories: (1) “cleaning” denotes the
act of ensuring cleanliness on the sidewalk, particularly in
front of users’ residences or shops; (2) “commercial prep-
aration” refers to the arrangement and display of goods for
sale; (3) “guarding” signifies the act of setting up chairs in
front of users’ houses or shops and observing customers to
prevent theft; (4) “public maintenance” represents the act
of environmental workers tending to plants along the
h Khiem and Le Duan Street.

Le Duan St.

B14 C1 D1 C2 D2 C3 . D9 C10

1 0 0 0 0 0 . 0 0
0 0 0 0 0 0 . 0 0
0 0 0 0 0 0 . 0 0
0 0 0 0 0 0 . 0 0
0 0 0 0 0 0 . 0 0
0 1 1 1 1 0 . 0 0
0 0 0 0 1 1 . 0 0
0 0 0 0 1 1 . 0 0
0 0 0 0 0 0 . 1 0
0 0 0 0 0 0 . 1 0



Fig. 10 Landuse-Section classification using cluster analysis. Source: The Authors.

Fig. 11 Behavior categories retrieved from author’s previous research based on behavior setting and proxemic theory. Source: Do
et al. (2019b).

D.T. Do and D.T. Do
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streets or collecting litter; and (5) “repairing” indicates the
provision of repair services.

The relaxation category encompasses behaviors defined
as a state of being free from tension and anxiety. This
category comprises six subcategories: (1) “playing” en-
compasses a variety of activities pursued for self-
amusement by both children and adults; (2) “reading” re-
fers to the act of engaging with newspapers, books, or
other electronic devices for reading purposes; (3) “strol-
ling” signifies the act of leisurely or casually walking; (4)
“looking at others” denotes the act of people-watching; (5)
“resting” represents the act of taking naps while seated on
chairs, motorbikes, or taxis; and (6) “chatting” refers to
informal conversations that occur when individuals gather
in groups.

The others category consists of three subcategories: (1)
“inquiring” signifies the act of asking or communicating
with others to obtain information; (2) “eating” and (3)
“drinking” refer to the acts of consuming food or beverages
at tables and chairs provided by food and beverage
vendors.

3.2.2. A difference of occurrence frequency of users’
behaviors
The cumulative number of behavioral instances exhibited
by users over a span of four observation days in OIK Street
and LD Street amounted to 2389 and 2177, respectively, as
Table 5 Quantizing occurrence frequency of users’ behavior u

Behavioral Category Specific Behaviors

Accessibility crossing road
leaving/coming with motorcycle
leaving/coming without motorcycle
Walking for destination

Trading food transaction fixed
goods transaction fixed
food transaction mobility
goods transaction mobility

Idling waiting for crossing road
waiting for others
waiting for the bus
waiting for customers

Service/Maintenance cleaning
commercial preparation
guarding
public maintenance
repairing

Relaxation playing
reading
strolling
looking others
resting
chatting

Others Eating
inquiring
drinking
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depicted in Table 5. Generally, the most prevalent and
dominant behavior on both streets was related to Accessi-
bility. However, when comparing the frequency of Acces-
sibility behavior between LD Street and OIK Street, it was
observed to be higher in LD Street. Similarly, the occur-
rence of Service/Maintenance behavior was slightly more
frequent in LD Street compared to OIK Street. Conversely,
the frequencies of Trading, Idling, and Other behaviors
were higher in OIK Street than in LD Street. Notably, the
frequency of Relaxation was relatively consistent between
both streets, as illustrated in Fig. 12.

More specifically, in the subdivision, the most occurrence
frequency is “leaving/coming without motorcycle” behavior
that accounts for 421 times in OIK Street and 549 times in LD
Street respectively (Table 5). In general, the difference in
behaviors statistics between two kinds of streets are as fol-
lows: (1) there are some behaviors that has not changed
significantly between two kinds of streets include “crossing
the road”, “walking for destination”, “playing”; (2) “Leav-
ing/coming with/without motorcycle”, “Guarding”, “Strol-
ling”, “resting”, “chatting”, “waiting for the bus” are
behaviors that its occurrence dominates on LD Street than
OIK Street; (3) The rest of behavior on OIK Street occurred
dominantly than LD Street, most notably, user’s behavior of
“trading group”, “Idling” excluding “waiting for the bus”,
“service/maintenance” but excluding “guarding”, “looking
other” and “other” (Fig. 13).
nits.

Behavior frequency in
Ong Ich Khiem St.

Behavior frequency
in Le Duan St.

Total

62 63 125
421 549 970
146 173 319
204 209 413
66 5 71
25 11 36
78 17 95
51 35 86
46 23 69
225 150 375
4 25 29
70 36 106
73 50 123
57 26 83
46 196 242
20 14 34
51 26 77
21 27 48
75 67 142
72 86 158
210 180 390
29 39 68
50 66 116
89 21 110
76 47 123
122 36 158



Fig. 13 A comparison of occurrence frequency of users’ behaviors between two streets. Source: The Authors.

Fig. 12 Occurrence frequency of users’ behavior units between two streets. Source: The Authors.

D.T. Do and D.T. Do
3.3. Distribution of users’ activities in response to
land-use patterns

The behaviors exhibited by individuals on two streets, OIK
Street (consisting of 29 sections) and LD Street (comprising
of 19 sections), are divided into six primary categories with
26 sub-categories. The average occurrence rate of each
behavior category in these sections is commonly observed to
be approximately 15% for OIK Street and 23% for LD Street.
Consequently, behaviors surpassing these occurrence fre-
quencies are regarded as “frequent”. In the context of a
particular street environment type, if a certain behavior
category’s occurrence rate exceeds 15% for OIK Street or 23%
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for LD Street in over half of the total sections, it is deemed
as “frequent”. Conversely, if the frequency of a specific
behavior category is below 15% for OIK Street or 23% for LD
Street across all sections, it is considered “infrequent” when
focusing on a particular type of street space.

As depicted in Fig. 12, OIK Street exhibits prevalent
activities such as Accessibility (e.g., ingress/egress with or
without motorcycles) and Service/Maintenance (e.g., sur-
veillance). Conversely, Trading, Idling, and Other activities
(e.g., dining, consuming beverages, and seeking informa-
tion) occur more frequently on LD Street.

In particular, in OIK Street, the group T4 attracts all
frequent activities, while the group T1 does not attract



Fig. 14 Distribution of users’ behaviors in different land use pattern typologies. Source: The Authors.
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frequent activities in this space, especially ones like eating,
drinking, or inquiring. The remaining groups T2 and T3 receive
an average result, which means only attracting some certain
activities and not discouraging users’ behaviors (Fig. 14).

InLDStreet, thegroupT04has thegreatestattraction for all
kinds of activities in streets. On the contrary, the group T01
recorded that activities take place infrequently in this street.
The two groups T03 and T02 are at neutral level (Fig. 14).

Briefly, the analysis results showed the uneven distri-
bution of activities in streets between different land use
types and that these activities can be classified into three
typical land use-behavior relationship patterns (Table 6).

4. Discussion

4.1. On the first land use-behavior relationship
patterndattracting the most frequent activities of
users (Pattern A)

The most frequent activities of users occupied on the
groups T4 and T04. There are differences in land use
structures between two kind of streets (Table 7).
Table 6 Three typical land use-behavior relationship
pattern on two streets.

Typical land use-behavior
relationship pattern

Space typology
group

OIK St. LD St.

Pattern A (Attracting the most
frequent activities of users)

T4 T’4

Pattern B (Disattracting the most
frequent activities of users)

T1 T’1

Pattern C (Neutral-Nether highly nor
lowly frequent activities of users)

T3& T2 T’3&T02

157
(1) In OIK Street, the group T4 records Pattern #1 and
Pattern #5 which represent the high level of land use
distribution for daily activities (Table 7). Specifically,
Pattern #1 consists of Food and Drink; Groceries;
Clothing/Footwear Products; Garments, Textile Ma-
terial and Accessories; Personal Protective Equip-
ment Supplies; Electronic and Audio Devices and
Services; Laundry; Pet Stores; Children’s Toys & In-
struments; Stationery/Office Supplies; Health Care/
Clinic; Fitness Center/Yoga/Gaming; Feng Shu/Reli-
gious Products; Chain Office Building. This pattern
contains the most diversity of land use which pro-
vides essential services for users. Indeed, people
tend to visit OIK Street to achieve a specific and
tangible goal, and street space functions as a circu-
lation space. For this reason, it is understandable
that activities in three groups Idling, Maintenance,
and Accessibility, especially leaving and coming
with/without a motorcycle, dominate this street.
This proves that private motor vehicles in Vietnam do
not prevent the formation of a vibrant commercial
street, but a different mechanism is required to
hinder this formation (Jamme, 2023).
Similarly, Pattern #5 with the high level of land use
concentration serves activities related to shopping
and refreshments, along with amenities for this type
of activity (e.g., parking lots), thereby including
Market/Supermarket; Coffee and Juice Beverages;
Vacant Lots; Parking. In this pattern, land use types
are interrelated. Because such service types as Mar-
ket/Supermarket or drink shops serve a large number
of guests, parking spaces are required. These land use
types often go together.
At the neutral level, Pattern #3 contains services such
as Electrical, Plumbing and Lighting Supplies; Furni-
ture, Home Appliances; Residences; Open Green
Space.



Table 7 Distribution level of land use patterns on the first land use-behavior relationship pattern (Pattern A).

Group
Type

OIK St. LD St.

Pattern #1 Pattern #2 Pattern #3 Pattern #4 Pattern #5 Pattern #10 Pattern #20 Pattern #30 Pattern #40 Pattern#50

T4 High Low Medium Low High
T’4 High Low High Medium Low

(Assessment based on Muti Corresponding Analysis Score).

D.T. Do and D.T. Do
In contrast with what was mentioned, the level of
land use distribution of Pattern #2 and #4 is low in the
group T4, which serves people’s infrequent demands;
Pattern #2 involves land use groups such as Fresh
Flowers/Fruit; Jewelry Stores; Service Repair Store;
Curtains, Canopy Supplies; Printing and Photocopy
Services; Religious Buildings & Sacred Places; Educa-
tion/Educational Service; Pattern #4 consists of Auto
and Motorcycle Parts Supplies; and Small Private Of-
fices. These land use groups are specialized services
that people use irregularly or only serve a certain
group of people at a certain time (Gehl, 2011).

(2) In LD Street, the group T04 records Pattern #10 and
Pattern #30 which represent the high level of land use
distribution for daily activities. As can be seen on Table
7, Pattern #10 consists of Clothing/Footwear Products;
Garments, Textile Material and Accessories; Electronic
and Audio Devices and Services; Children’s Toys & In-
struments; Health Care/Clinics; Service Repair Stores;
Printing and Photocopy Services; Furniture, Home Ap-
pliances; Small Private Offices; Market/Supermarkets;
Beauty Care/Spas. Similar to OIK Street, this pattern
contains the most diversity of land use. However,
different from OIK Street, this pattern provides a wide
range of services for users. Indeed, it covers from
necessarygeneral services tospecific services.Ascanbe
seen from the above Figs. 11 and 12, the most frequent
activities include Accessibility, especially leaving and
coming with/without motorcycle, and Idling (e.g.,
waiting for), which dominate this street. The high dis-
tribution level of Pattern #10 provides a good environ-
ment for prompt and short stay activity potential.
Pattern #30 consists of Religious Buildings & Sacred
Places; Vacant Lots which occupy the majority in the
group T04. These construction works serve people’s
mental demands and have a reciprocal relationship.
For example, vacant lots are open spaces and can
become parking lots to serve spiritual activities when
needed. Therefore, this land use group contributes to
increase the frequency of such activities as Accessi-
bility, Idling, and Relaxation compared with other
activities in this street.
Table 8 Distribution level of land use patterns on the second l

Group
Type

OIK St.

Pattern #1 Pattern #2 Pattern #3 Pattern #4 Pattern #

T3 & T2 Low Medium High Medium Low
T’3 & T02

(Assessment based on Muti Corresponding Analysis Score).
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Staying in the neutral level, Pattern #4’ involves Edu-
cation/Educational Services; Open Green Spaces;
Parking.
The low level of occupation of Pattern #20 and #5’ are
respectively shown as follows: Food and Drink; Gro-
ceries; Fresh Flowers/Fruit; Electrical, Plumbing and
Lighting Supplies; Residences; and Coffee and Juice
Beverages; and Stationery/Office Supplies; Fitness
Center/Yoga/Gaming; Chain Office Buildings; Auto
and Motorcycle Parts Supplies; Personal Protective
Equipment Supplies; Museum/Communal Houses.
Those functional land uses are lowly distributed in
this group. As can be seen, most services promoting
trading and maintenance activities are limited. This
finding can further explain how the current street
improvement approach affects the way of land use
and users behaviors.

4.2. On second patternddistracting the most
frequent activities of users (Pattern B)

Almost all activities of users are discouraged in the groups
T1 and T01. There are differences in land use structures
between the two streets (Table 8).

(1) In OIK Street, the group T1 records Pattern #1 and
Pattern #5 which represent the low level of land use
distribution for daily activities. In particular, Pattern
#1 consists of Food and Drink; Groceries; Clothing/
Footwear Products; Garments, Textile Material and
Accessories; Personal Protective Equipment Supplies;
Electronic and Audio Devices and Services; Laundries;
Pet Stores; Children’s Toys & Instruments; Statio-
nery/Office Supplies; Health Care/Clinics; Fitness
Center/Yoga/Gaming; Feng Shu/Religious Products;
Chain Office Buildings. This pattern contains the most
diversity of land use which provides essential
services for users. However, due to its’ low level of
occupation, activities such as Accessibility, Service/
Maintenance, and others (e.g., drinking, eating and
inquiring) almost disappear.
and use-behavior relationship pattern (Pattern B).

LD St.

5 Pattern #10 Pattern #20 Pattern #30 Pattern #40 Pattern#50

Low Low Medium High Low
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Similarly, Pattern #5 with the low level of land use
concentration serves activities related to shopping
and refreshments, along with amenities for this type
of activity, thereby including Market/Supermarket;
Coffee and Juice Beverages; Vacant Lots; Parking.
This low distribution level is considered a reason for
limiting users’ activities.
Accompanied with the high distribution level, Pattern
#3 includes such services as Electrical, Plumbing and
Lighting Supplies; Furniture, Home Appliances; Resi-
dences; Open Green Spaces. However, these services
mainly serve a limited number of users. Meanwhile,
street sidewalks in front of residential areas do not
attract the community’s activities because of privat-
ization characteristic in users’ minds. This was
described in the research of Lisa Drummon
(Drummond, 2000). Interestingly, the appearance of
open green spaces is also a reason why street space
hinders the concentration of human activities in these
sections. In other words, residents no longer occupy
street sidewalks for their activities, but move these
activities to open green spaces instead.
At the neutral level, the land use distribution of
Pattern #2 and #4 serves people’s infrequent de-
mands; Pattern #2 involves such land use groups as
Fresh Flowers/Fruit; Jewelry Stores; Service Repair
Store; Curtains, Canopy Supplies; Printing and
Photocopy Services; Religious Buildings & Sacred
Places; Education/Educational Service; Pattern #4
includes Auto and Motorcycle Parts Supplies; and
Small Private Offices. These land use groups are
specialized services that people use irregularly or
only serve a certain group of people at a certain time.
Therefore, their impact on the frequency of people’s
activities in the group T1 is limited.

(2) In LD Street, the group T10 records Pattern #10,
Pattern #20, and Pattern #5 which represent the low
level of land use distribution for daily activities. As
can be seen from Table 8, similar to OIK Street,
Pattern #10 in LD Street contains the most diversity of
land use and provides a wide range of services for
users. The low distribution level of Pattern #10 pre-
vents prompt and short stay activity potentials.
Same as OIK Street., the level of land use occupation
of Pattern #20 and #50 is low in group T1’ that leads to
preventing trading and maintenance activities.
At the neutral level, Pattern #30 consists of Religious
Buildings & Sacred Places Vacant Lots. These con-
struction works serve mental demands for residents,
thus aiming to a certain group of people. For this
reason, in this pattern, these construction works have
an insignificant impact on people’s activities.
Table 9 Distribution level of land use patterns on the third lan

Group
Type

OIK St.

Pattern #1 Pattern #2 Pattern #3 Pattern #4 Pattern #5

T1 High Low Low High Medium
T’1

(Assessment based on Muti Corresponding Analysis Score).
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Only Pattern #40 had a high level of land use distri-
bution. However, such functional groups as Educa-
tion/Educational Services; Open Green Spaces;
Parking only attracted a limited number of people’s
activities to this street. Therefore, the presence of
activities on sidewalks is limited and not diverse.

4.3. On third patterndneutral (Pattern C)

Those spatial groups have nether highly nor lowly frequent
activities of users. There are differences in land use
structures between the two streets (Table 9).

(1) In OIK Street, as can be seen on Table 9, the groups T3
and T2 record Pattern #2 and Pattern #3 which
represent the low level of land use distribution for
optional activities. Indeed, Pattern #2 involves land
use groups such as Fresh Flowers/Fruit; Jewelry
Stores; Service Repair Stores; Curtains, Canopy Sup-
plies; Printing and Photocopy Services; Religious
Buildings & Sacred Places; Education/Educational
Services. Meanwhile, Pattern #3 has service types
such as Electrical, Plumbing and Lighting Supplies;
Furniture, Home Appliances; Residences; Open Green
Spaces. As discussed on the second land use-behavior
relationship pattern, this land use type mainly serves
a limited number of users.
On the contrary, Pattern #1 with the high level of land
use distribution serves shopping demands and neces-
sary daily activities of residents. Pattern #4 has a high
level of land use distribution for such services as Auto
and Motorcycle Parts Supplies; and Small Private Of-
fices, but its high distribution level is a culprit that
hinders a high increase in human activities.
Themedium level of land use distribution of Pattern #5
serves all services related to shopping and re-
freshments, along with amenities for this type of
activity.

(2) In LD Street (Table 9), the groups T03 and T02 records,
the high level of land use distribution for daily ac-
tivities from Pattern #10 and Pattern #20 which imply
the land use types providing users with a wide range
of services. Pattern #40 and Pattern #50 with the low
level of land use distribution limit some activities
that encroach on street sidewalks and affect human
activities in public spaces. Pattern #30 with the me-
dium level of land use distribution is low level of
distribution helps diversify activities related to the
spiritual needs of residents. However, these activities
only aim at a certain group of people, thus not
increasing the frequency of activities of street sec-
tion groups.
d use-behavior relationship pattern (Pattern C).

LD St.

Pattern #10 Pattern #20 Pattern #30 Pattern #40 Pattern#50

High High Medium Low Low



Table 10 Distribution score of land use of Ong Ich Khiem
and Le Duan Street.

Elements Weight
Mean

Weighted
Coefficient

Pattern A (Attracting the
most frequent
activities of users)

Pattern #1 0,98 0,22
Pattern #2 1,75 0,40
Pattern #3 0,05 0,01
Pattern #4 1,13 0,26
Pattern #5 0,51 0,11
Total 4,43 1
Pattern #10 2,07 0,30
Pattern #20 3,46 0,50
Pattern #30 0,98 0,14
Pattern #40 0,04 0,01
Pattern #50 0,42 0,06
Total 6,97 1

Pattern B (Distracting the
most frequent
activities of users)

Pattern #1 0,66 0,41
Pattern #2 0,28 0,17
Pattern #3 0,22 0,13
Pattern #4 0,24 0,15
Pattern #5 0,24 0,14
Total 1,63 1
Pattern #10 0,73 0,60
Pattern #20 0,21 0,17
Pattern #30 0,01 0,01
Pattern #40 0,11 0,09
Pattern #50 0,17 0,14
Total 1,23 1

Pattern C (Neutral-Nether
highly nor lowly
frequent activities
of users)

Pattern #1 0,92 0,31
Pattern #2 0,13 0,04
Pattern #3 0,26 0,09
Pattern #4 1,58 0,54
Pattern #5 0,06 0,02
Total 2,95 1
Pattern #10 0,23 0,16
Pattern #20 0,49 0,35
Pattern #30 0,03 0,02
Pattern #40 0,42 0,31
Pattern #50 0,22 0,16
Total 1,39 1

D.T. Do and D.T. Do
In short, the research finding indicates the significant
relationship between land use and users’ activities in street
spaces in Vietnam. Three typical land use-behavior rela-
tionship patterns were formed to prove the core impact of
land use on users’ activities and the root to explain the
theory of productive frictions in detail (Jamme, 2023).

Moreover, the research finding also disproves the claim
that street amenities and means of transport (e.g.,
walking, biking, and transit) are the key factors to create
vibrant street commerce (Jamme, 2023; Lee et al., 2021;
López Baeza et al., 2021). This research also consolidates
the claim by the research of Jamme (2023) that the
crowding of street spaces does not depend on the modes of
transportation, but on the mode of interaction between
people and the built environment which has land use types.
Therefore, improvements in streets based on the Western
perspective are not appropriate for the context of Vietnam.

Land use types do not directly offer a potential for
trading activities in street spaces, but still offer a potential
for sidewalk activities such as coming/leaving with/without
vehicles. This helps diversify activities and opens a chance
for other secondary activities such as street vendors, which
contributes to street appeal in Vietnam. Therefore, this
finding consolidates the previous view of the authors that it
is essential to create the diversity of land use to preserve
street liveliness and create spatial equity for different user
groups in streets (Do et al., 2019b; Do and Mori, 2021).

4.4. Land use distribution suggestions

To answer how to diversify land use in streets, the “distri-
bution level” was calculated based on muti corresponding
analysis score through its weight coefficient. The muti
corresponding analysis score of each land use pattern (Li) in
each section is shown in Table 10. The weight coefficient
(L0i) for land use pattern within each section is calculated
using Eq. (1) below.

LiZ
Li

ðLi þ Li1 þ Li2 þ :::þ LinÞ ð1Þ

As can be seen on Table 10, the distribution score of
each land use pattern and three typical land use-behavior
relationship patterns was disclosed.

Fig. 15 shows similarities and differences in the diversity
of distributing five typical land use patterns in three typical
land use-behavior relationship patterns on Ong Ich Khiem
St. and Le Duan St.

(1) Le Duan St.

As can be seen in Fig. 15, the distribution level of
Pattern #20 accounts for the largest share (50%) of Pattern A
which attracts the most frequent activities of users, but
only occupies 35% and 17% in Pattern B and C, respectively.
Similarly, the level of land use distribution in Pattern #3’ is
14% in Pattern A, in comparison with 2% and 1% in Pattern B
and C, respectively.

On the contrary, the distribution level of Pattern #50 is
recorded at 6% in Pattern A, increasing to 16% in Pattern B
and 14% in Pattern C. Similarly, Pattern #1’ also observes 30%
in Pattern A, 59% in Pattern C, and only 16% in Pattern B.
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Finally, Pattern #4 records the lowest distribution level
of 1% in Pattern A, whereas Pattern B and C have the figure
of 9% and 31%, respectively.

Therefore, in the improved street group, to diversify
activity types and increase the frequency of activities in
street spaces, the land use distribution between patterns
needs to be considered in accordance with the ratio/quota
of Pattern A and B.

(i) Pattern A (Pattern#1’: 30%; Pattern#2’: 50%;
Pattern#3’: 14%; Pattern #4’: 1%; Pattern#5’: 6%);

(ii) Pattern B (Pattern#1’: 16%; Pattern#2’: 35%;
Pattern#3’: 2%; Pattern #4’: 31%; Pattern#5’: 16%).

Among the five land use patterns mentioned above,
Pareto rule indicates that the distribution of three land use
patterns including Pattern #20, #40, and #1’ brings 80% of



Fig. 15 The land use pattern distribution of three typical land use-behavior relationship patterns: (a) Le Duan St.; (b) Ong Ich
Khiem St. Source: The Authors.
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efficiency to build a street space with diverse activities and
the highest frequency of activities (Fig. 16).

(2) Ong Ich Khiem St.

As can be seen in Fig. 15, the distribution level of
Pattern #2 occupies the largest share (40%) of Pattern A
which attracts the most frequent activities of users, in
comparison with 4% and 17% in Pattern B and C respectively.
By contrast, Pattern #3 has the lowest distribution level
with 1%, 9%, and 13% in Pattern A, B, and C, respectively.
Pattern #1 has the distribution level of 22% in Pattern A,
smaller than 31% and 41% in Pattern B and C, respectively.
Fig. 16 The critical land use patterns contributing user ac-
tivities potential on Le Duan Street. Source: The Authors.
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Other land use patterns such as Pattern #4 witness
different figures of 26%, 54%, and 15% in Pattern A, B, and
C, respectively. Similarly, Pattern #5 observes different
figures of 11%, 2%, and 14% in Pattern A, B, and C,
respectively.

Therefore, in the unimproved street group, to diversify
activities and increase the frequency of activities in street
spaces, it is essential to consider the land use distribution
betweenpatternsbasedonthe ratio/quotaofPatternAandB.

(i) Pattern A (Pattern#1: 22%; Pattern#2: 40%; Pattern#3:
1%; Pattern #4: 26%; Pattern#5: 11%);
Fig. 17 The critical land use patterns contributing user ac-
tivities potential on Ong Ich Khiem Street. Source: The Authors.
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(ii) Pattern B (Pattern#1: 31%; Pattern#2: 4%; Pattern#3:
9%; Pattern #4: 54%; Pattern#5: 2%).

Similar to LD Street, Pareto rule indicates that the dis-
tribution of three land use patterns including pattern #2,
#4, and #1 brings 80% of efficiency to build a street space
with diverse activities and the highest frequency of activity
(Fig. 17).

5. Conclusion

Street space plays an important role not only as a circula-
tion space for motorized and non-motorized vehicles, but
also as a place for people’s activities which helps create a
bustling street space. Street improvement activities,
especially providing urban amenities, change the appear-
ance of streets and people’s activities in this space.
Although many studies suppose that street liveliness are
mainly impacted by urban amenities, this research argues
that land use affects the diversity and distribution of users’
activities along the street.

The research finding shows that despite the difference
between urban amenities in LD Street (Improved Street)
and OIK Street (Unimproved Street), there is still an
intended correlation between land use and the types and
distribution of activities in streets.

The research identified the ten typical land use patterns
of two different street groups specified in Table 3 (five
patterns for LD Street and five patterns for OIK Street).
Having said that, there is still insignificant overlaps be-
tween the two street groups.

The research also showed that, to attract activities to
build a lively street spaces, it is essential to diversify land
use types along the street. Three land use-behavior rela-
tionship patterns determined in Table 6 include (1) Pattern
AdAttracting the most frequent activities of users; (2)
Pattern BdDistracting the most frequent activities of
users; (3) Pattern CdNeutral-Nether highly nor lowly
frequent activities of users.

Quotas for the distribution of land use patterns for each
street group were also proposed to urban managers, plan-
ners and to department of planning and investment.

(1) Improved street: (i) Pattern A consists of Pattern#1’:
30%; Pattern#2’: 50%; Pattern#3’: 14%; Pattern #4’:
1%; Pattern#5’: 6%; or (ii) Pattern B consists of
Pattern#1’: 16%; Pattern#2’: 35%; Pattern#3’: 2%;
Pattern #4’: 31%; Pattern#5’: 16%.

(2) Unimproved street: (i) Pattern A consists of
Pattern#1: 22%; Pattern#2: 40%; Pattern#3: 1%;
Pattern #4: 26%; Pattern#5: 11%); or (ii) Pattern B
consist of Pattern#1: 31%; Pattern#2: 4%; Pattern#3:
9%; Pattern #4: 54%; Pattern#5: 2%.

To facilitate land use management and business
licensing, and also to ease urban planners and designers in
building a bustling street space, three land use patterns of
each street group must prioritize the following factors.

(1) Improved Street: (i) Pattern #10 with 11 functional
groups of land use for daily activities including
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Clothing/Footwear Products; Garments, Textile Ma-
terial and Accessories; Electronic and Audio Devices
and Services; Children’s Toys & Instruments; Health
Care/Clinic; Service Repair Stores; Printing and
Photocopy Services; Furniture, Home Appliances;
Small Private Offices; Market/Supermarket; Beauty
Care/Spas; (ii) Pattern #20 with seven functional
groups of land use including Food and Drink; Gro-
ceries; Fresh Flower/Fruit; Electrical, Plumbing and
Lighting Supplies; Residence; and Coffee and Juice
Beverages; (iii) Pattern #40 with three functional
groups of land use including Education/Educational
Services; Open Green Spaces; Parking.

(2) Unimproved Street: (i) Pattern# 1 with functional
groups of land use such as Food and Drink; Groceries;
Clothing/Footwear Products; Garments, Textile Ma-
terial and Accessories; Personal Protective Equipment
Supplies; Electronic and Audio Devices and Services;
Laundries; Pet Stores; Children’s Toys & Instruments;
Stationery/Office Supplies; Health Care/Clinics;
Fitness Center/Yoga/Gaming; Feng Shui/Religious
Products; Chain Office Buildings; (ii) Pattern #2 with
functional groups of land use including Fresh Flowers/
Fruit; Jewelry Stores; Service Repair Stores; Curtains,
Canopy Supplies; Printing and Photocopy Services;
Religious Buildings & Sacred Places; Education/
Educational Services; (iii) Pattern #4 includes Auto
and Motorcycle Parts Supplies; and Small Private
Offices.

As mentioned in the discussion, street appeal is also
influenced by secondary physical settings such as street
vendors. This is also considered a type of service on side-
walks which attracts more human activities to this space.
However, this research is limited in terms of informal and
formal land use functions in direct exposure to sidewalks.
Future studies need to examine these functional groups
comprehensively to find out the interaction of land use,
street vendors, and people’s activities in a sidewalk space.
This helps explore the reciprocal interaction between these
three groups of variables. Such research helps improve the
knowledge of street space development in Vietnam and
other countries with similar characteristics.
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