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Abstract 

Emerging the power of collective intelligence through crowdsourcing could create a clear path for 
visualizing real estate as well. One of the Crowdsourcing applications is describing the indoor space 
of a real estate. This paper aims to describe real estate in the context of spatial crowdsourcing. 
Qualitative and quantitative criteria were used in this study to describe the real estate space, 
topological relationships, directional relations, color, location, dimensions, and height as qualitative 
criteria. Quantitative criteria were selected as the dimensions and height. The proposed model was 
evaluated by two groups: those who had never seen the real estate and others that had already seen 
the same real estate. We implemented a website called SAMA1 to evaluate the proposed model with 
crowdsourcing data using online collaborative tools. SAMA is using tools, such as a sketch plan, 
photo, text, virtual tour, and visual descriptions. To evaluate SAMA, we compared it with four 
representative commercial websites, and the impact of the tools was precisely examined. The obtained 
results demonstrate that the proposed model can be utilized to visually describe the indoor space of 
real estate in crowd-sourcing environments. 
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1. Introduction 

Real estate is among the needs of humans because it provides shelter and access to jobs, as well as 

                                                 
1 SAMA is the acronym of the Persian words of system, volunteered, and real estate. 
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impacting health (Kurraz & Ziara, 2015). According to United Nations (United Nations Centre for 
Human Settlements), in 1975, approximately 38% of the world’s population lived in urban areas, and 
they estimate that this figure will reach 60% by the year 2025 (Montoya, 2003). Due to the increasing 
urban population and the high prices of land, living in apartment buildings has become common 
nowadays (António et al., 2014; Ghuzlan & Al-Omari, 2016). The quality of apartments is a significant 
factor influencing overall residential satisfaction and satisfaction with the residential area (Boumová & 
Zdráhalová, 2016; Sahraoui et al., 2016). In 2010, the results of a survey in Korea showed that, among 
various residential properties, 59% of the population has apartments as their main place of residence. 
In Finland, 80% of people live in apartments (Pekkonen et al., 2015), especially the younger 
population; however, the poor design of the housing properties cannot meet the needs of different 
customers (Lee & Ha, 2013). It is moreover interesting to note that, in developed countries, people 
spend more than 90% of their time indoors (Fasolo, 2016; Frontczak & Wargocki, 2011).  
 Traditionally, the process of searching for and choosing real estate has been based on face-to-face 
meetings, physical visits to the real estate, and a careful survey of their properties. Typically, buyers 
have to spend much time and induce significant costs to acquire real estate information by arranging 
times and individual visits (Omidipoor et al., 2019). In 2002, up to 50% of prospective American 
homebuyers used the Internet through various real estate sites to search for new homes. Different 
users may have different requirements for system features and functionality. The abundance of 
publicly accessible real estate property data, data distribution, distribution for response time, and 
distribution for availability will attract more users and increase the reputation of a website 
(Lin et al., 2003). The advancement of Web 2.0 technologies provides the web infrastructure that 
empowers mapping citizens as voluntary sensors, producing large data sets known as crowdsourcing 
(Chow et al., 2016). This phenomenon has a significant effect on geographic data production and 
sharing, because individuals can act as both data producers and users (Mohammadi & Malek, 2015b). 
With the rapid growth of smartphones, more than 1.5 billion people worldwide have been covered 
(Zhao et al., 2016). Smartphones have become an essential part of everyday life in many countries, 
which means that there is more than one handset for each person (Gunnar & Mats, 2004). Many 
affordable sensing-based technologies are now available to support building modeling and indoor 
surveying that are used by professionals. Smartphones bring the opportunity to fill the indoor 
information gap that we are facing worldwide. Smartphones brought about crowdsourcing 
phenomena (Kalantari & Nechifor, 2016). One of the various types of data that can be collected by 
crowdsourcing is digital photos (captured by Geotagging). Geotagging is the process of adding 
geospatial data to different forms of media (such as texts, photos, or videos) with location data, 
latitude, and longitude (ZEINALI, 2013). Most of the textual data contains location information 
embedded within the feedback, i.e., the issues are related to certain geo-locations (Chen et al., 2017). In 
2006, the term crowdsourcing was introduced by Howe, which is the combination of the words 
“crowd” and “outsourcing”. Thus crowdsourcing refers to the outsourcing of micro-tasks to large 
volumes of people to perform a task that would not have been possible through more traditional 
means. The crowdsourcing approach is how a group of people may converge on the solution to a 
problem that an individual, even an expert, may be unable to solve. It also refers to the ability of the 
crowd to converge on the truth (Capineri et al., 2016). 

This study aims to describe and retrieve real estate by using visual components through 
crowdsourcing. Moreover, it describes the indoor information of the real estate by using various tools, 
such as sketch plan, photo, text, virtual tour, and visual descriptions.  

2. Literature review  

Several studies have already been conducted concerning how the users understand the interior 
environments and their conditions (Frontczak & Wargocki, 2011). Sonawane et al. (Sonawane & 
Mhaske, 2016) used GIS to analyze the amount of light in the indoor space of an apartment. Boumova 
et al. (Boumová & Zdráhalová, 2016) used the qualitative method to analyze the perception of 
topological relation in the indoor space of the estate between two groups of architects and the public. 
They found that the topological relation plays a vital role in distinguishing between these two groups. 
Vartanian et al. (Vartanian et al., 2015) researched the effect of ceiling height on mood and analyzed 
the perception of the appearance of the space. Meyers et al. (Meyers-Levy & Zhu, 2007) investigated 
the effect of colors on mood and the perception of the space. Falomir et al. (Falomir et al., 2013) created 
qualitative patterns for describing distance, shape, color, direction, and topology. Lee et al. (Lee & Ha, 
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2013) implemented a system called “Customer Interactive Building Information Modeling” (CIBIM) to 
improve the relationship between customers and designers of real estate. Gustafsen et al. (Gustafson 
et al., 2000) examined different aspects of human-computer interaction in a multi-dialog system 
during a project. This system provides users with features such as a virtual tour and graphical 
information on the map. Salleh et al. (Salleh et al., 2008) noted that Estate and Housing Developers’ 
Association Malaysia (REHDA) was the only database of real estate displaying information on and 
photos of some real estates. The user needs to go to the website to obtain more details about the real 
estate and its architectural information. The photos and virtual tour may facilitate the searching 
process and communication between the buyers and sellers of the real estate (Allen et al., 2015). 
According to research, when searching for listings online, users will examine the photos first. Most of 
the users’ time is spent browsing through the various photos. Users will then review the basic 
description of the house (Seiler et al., 2012). By using a virtual tour, viewing the indoor space of the 
real estate can be possible without physically going to the actual place (Ching, 2018). Most real estate 
websites allow the user to search by list price, location, age, number of bedrooms, and number of 
bathrooms, as well as interior and exterior photos. Some sites have a map-based search feature 
(Poursaeed et al., 2018). Information provided by websites or real estate consultants about a property 
can be vague and include misleading photos that have been photoshopped or use wide-angle lenses, 
and essential details can be left out (Fasolo, 2016). 

Uttal et al. (Uttal et al., 2006) pointed out that an excellent way to measure the precision and 
accuracy of people's perception of the observed space would be utilizing a virtual environment in an 
outline. Muhanna et al. (Muhanna & Wolf, 2002) examined the potential impact of the Internet on the 
residential estate industry. They predicted that the number of buyers and sellers would increase the 
discovery of estate information through the Internet. The National Association of Real Estate also 
confirmed the validity of this result. On the other hand, Ho et al. (Ho et al., 2015) stated that using the 
Internet might not reduce the search time. Much of today’s content on the web is now user generated, 
meaning anyone can go online and post photos, videos, blogs, and more. Many sites offer the ability 
for users to weigh in on topics by leaving comments, or review products or services. Several studies 
on measuring trust and a sense of community within crowdsourcing environments have been carried 
out. Users are willing and ready to write reviews on their experiences in their apartment buildings (Lu 
et al., 2016).  

Several sites allow for online user reviews, comments, and forums. Yelp's website (“Yelp.com”), is 
a crowdsourced local business review and social networking site. Users can rate and leave a review, 
share experiences, and check in to a location with their phones to upload photos of their experiences, 
including the real estate visited (Hosseinpour et al., 2019; Singh et al., 2019). Nevertheless, despite its 
numerous advantages, crowdsourcing also suffers from a general lack of quality assurance 
(Mohammadi & Malek, 2015a). Five approaches for controlling the quality of crowdsourcing have 
been distinguished (Antoniou & Skopeliti, 2015). 

3. Selection of visual criteria and their modeling 

The residential estate can be displayed using topologic and geometric descriptions defined in Iso 
19107 (Becker et al., 2009; Jamali et al., 2016). In geometric descriptions, the size and situation of each 
residential estate are defined by geometric descriptions. However, the limitation of the space of the 
geometric design is defined by topologic descriptions (Kaklauskas et al., 2007). Topological relations, 
such as proximity and connections, are directly obtained from 3D geometry. Both geometry and 
topology spaces have variables, stipulations, and targets. The geometry of the indoor space of a real 
estate aims to minimize heating and lighting costs, wasted space and access areas. 

In contrast, the purpose of the topological relation is to minimize the geometrical optimization 
result. Le Yaouancing et al. Early GIS models were deeply influenced by quantitative models and 
geometrical representations of space (Le Yaouanc et al., 2010). Qualitative and quantitative criteria 
were used in this study to describe the real estate space, topological relationships, directional 
relations, color, location, dimensions, and height as qualitative criteria. Quantitative criteria were 
selected as the dimensions and height. The following qualitative and quantitative criteria describing 
the space are explained. 
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3.1. Topological relationships 

The topology-based approach can even merge multiple models and thus, eliminate the complexity of 
aggregation models (Zhao et al., 2012). Topological relations in residential real estate play a key role in 
maintaining privacy (Boumová & Zdráhalová, 2016). A topological relation is an important subject in 
GIS. In traditional methods, such as Computer Aided Design, describing the relationship of the vicinal 
building space was complicated and often incomplete (Jamali et al., 2016). Proximity plays a vital role 
in the topological relation (Medjdoub & Yannou, 2000).  

3.2. Directional relation 

The sense of direction is a natural ability of humans. Generally, people can use different approaches, 
such as cardinal directions and relative orientation relations, for recognizing directions and the 
internal configuration of space. We consider O as the origin of the coordinate system in the space, 
before summarizing the six directions in three measurements of length, width and height, which are 
perpendicular to each other. Therefore, the living space has three dimensions and all phenomena 
visible to humans have three measurements of length, width and height. Soleymani developed a 
model based on the three × three matrix  (Soleimani, 2015). 

3.3. Color 

Color is an essential component that affects the space dimension and people’s state of mind (Oberfeld 
et al., 2010). One may even claim that color is the most used component in indoor space. Using colors 
makes a room appear bigger or smaller, a ceiling higher or lower, and a hallways broader or narrower. 
If the ceiling is brighter than the door and wall, the room looks higher. If the walls are brighter than 
the ceiling, the room seems shorter. Therefore, the color of a space has a significant effect on the 
height, depth, width and general perception of space (Oberfeld et al., 2010). 

In addition to the effectiveness of colors in modifying the brightness or darkness of space, color 
also affects people's health. Warm colors have a positive effect on people’s health as they affect 
sympathetic nerves (Meyers-Levy & Zhu, 2007). Since the yellow color reflects more light, it makes 
space look brighter (Sonawane & Mhaske, 2016). Cold colors, such as blue and purple, result in peace 
of mind and affect the parasympathetic nerves (Meyers-Levy & Zhu, 2007).  

3.4. Geographic location 

Geographic location is a significant and effective factor in choosing a real estate since it affects the 
incoming light of the indoor space. Generally, people are interested in the brightness of their real 
estate. Direct sunlight makes the indoor space more pleasant and larger. Although direct sunlight has 
a lot of positive effects, excess incoming light causes visual discomfort, especially in older people 
(Veitch et al., 2012). In another study, the amount of light in the indoor space of the estate was 
analyzed using GIS. This study showed that southern-facing estates receive more light and have the 
maximum light in the living room, while southwest-facing estates receive more light than southeast 
ones. Northern-facing flats receive less light than southern flats, while northwest ones receive more 
light than northeast ones (Sonawane & Mhaske, 2016).  

3.5. Dimensions 

The dimensions of interior space are based on the area of the property. Some people prefer to live in a 
bigger space, while others, especially young people, prefer to live in a smaller place (Pekkonen et al., 
2015). If people wishing to live in a bigger place have low incomes, the probability of choosing an 
estate in the suburbs will increase (Ho et al., 2015). The sizes of different spaces of residential estates 
(such as kitchen, bedroom, and bath) were classified into small, average and big, according to Islamic 
considerations. In this way, the cost of housing decreases up to 20% while ensuring an adequate 
environment and suitable conditions (Kurraz & Ziara, 2015). 

3.6. Height 

Height is effective in creating volume, light processing, and sound. The height affects indoor space as 
well as middle space or corridors.  In this research, we define the height as the distance from the floor 
to the ceiling. The height can be very effective in influencing the mental health of the estate residents 
as estates with a height of more than 8 ft. can create a sense of freedom (Meyers-Levy & Zhu, 2007). In 
the USA, people tend to add 2 ft. or 0.61 m to the standard ceiling height of 2.24 m. Although greater 
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ceiling height comes at a higher cost, the people of the USA tend to pay more for properties with a 
greater ceiling height than the standard size (Vartanian et al., 2015). Psychologically, properties with 
more ceiling height look bright and cheerful since they create more volume and look bigger.  

4. Crowdsourcing Website 

The proposed system is an example of crowdsourcing in real estate, which has the potential to 
considerably contribute to solving the existing problems. The proposed crowdsourcing website is 
called SAMA. SAMA is an acronym of the Persian words of system, volunteered, and real estate. This 
website includes seven sections: homepage, website introduction, registration, login information, 
report, and evaluation. On the homepage, the user first determines price range, region and 
neighborhood, area, real estate type, the number of bedrooms, the building year, and transaction type, 
including purchase, pre-purchase, mortgage, or rent. Following this, according to the information in 
the database and the user's choice, the system displays the most suitable properties in two different 
ways. The first is in the form of a map that shows indoor, middle, and outdoor attribute information 
for the real estate, while the second shows the information of the real estate along with photos of the 
view and indoor space of that real estate. 

Some factors and limitations reduce the quality of the interior spaces, such as the shape and area of 
land, maximizing the number of building units for more profit, and lack of builders' knowledge on the 
effectiveness of quantitative and qualitative criteria. The real estate description is very visual. Most 
people use positive and negative visual concepts to describe the real estate that they have seen. 
Positive visual concepts include cheerful and bright, well-designed, and shapely. Negative visual 
concepts include shapeless, badly-designed and dim. Shapeless is connected with the restricted shape 
of the land. The shape of the land may be an irregular quadrilateral, such as a triangle or a trapezoid. 
This causes some of the interiors of residential real estate to be angular, which is often undesirable. 
Most people prefer to choose apartments with a quadrilateral interior, such as a square or a rectangle. 
Badly-design apartments are those which do not have the appropriate directional relations and 
topology. The area of these apartments looks smaller than its real area. For example, the door of a 
toilet should not be opened in the living room. In such a way, the topological relationships between 
indoor spaces create privacy. Dim apartments refer to apartments that are low in height, and in which 
the color of the ceiling, walls, and floor are dark. Some architects use quantitative and qualitative 
criteria because of their high level of knowledge and experience to enhance the quality of the indoor 
space and cover some of the drawbacks. Fig. 1 shows positive and negative visual descriptions of the 
indoor space of residential real estate, while Fig. 2 shows the relations between the visual components 
and qualitative and quantitative components and display tools. 

 
  

bright and cheerful well-designed shapely 

   
dim badly-designed shapeless 

Fig. 1. Positive and negative visual describing of the indoor space of real estate. Source: own study. 
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Fig. 2. The relations between visual components, qualitative and quantitative components and display 
tools. Source: own study. 

The proposed website can provide further services, as the system can ask for some extra 
information from the users, such as their age, gender, degree of education, motivation, and any 
disability. If the user is willing to supply this information, it will suggest some properties that match 
the user's needs.  

This study involved the comments of visitors on each real estate to ensure quality. The motivation 
of all users is considered as a means of improving results when receiving information. The considered 
disabilities in this research include backache, sore feet, heart disease, respiratory problems, and 
depression. For example, if the user is old, has a backache or sore feet, properties with an elevator or a 
location on the first floor will be suggested. For users who have depression, properties with bright 
colors are proposed. In the case of users suffering from heart disease or respiratory problems, 
properties near green spaces will be suggested. Therefore, without any cost, users can find properties 
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according to their conditions. The proposed crowdsourcing website works as a guide absentia and is 
free. Fig. 3 shows the SAMA website. 

 

Fig. 3.  SAMA implementation software. Source: own study. 

The proposed crowdsourcing website also asks for some information, such as demographics, state 
of health, and the user’s motive in selecting the real estate. By doing so, it can offer better 
recommendations. Users that do not like to register on the website can still access the information on 
the site. 

5. Practical evaluation 

In this paper, we divided the visual elements into several categories and each category was divided 
into several subsets. For example, height has been divided into three subsets: short, long, and average; 
color into two subsets: light and dark; and the shape of spaces according to indoor angle into two 
subsets: vertical and non-vertical. Geographic location has been divided into seven subsets of north, 
south, east, west, north-south, east-west and other. The topological relationships considered in this 
article are included, disjoint, meet/overlap, and include. Directional relations were also divided into 
four subsets: top, bottom, left, and right. 

 Here, we consider the average ceiling height of the real estate to be about 2.8 meters. A value 
larger than 2.8 m is classed as high, while a smaller value is classed as low. In the category of colors, 
white or cream colors are deemed bright colors, while other colors, such as gray and brown, are 
classified as dark. We considered square and rectangular shapes as vertical shapes, while the other 
shapes, such as triangular and trapezoidal shapes, are non-vertical. 

Figure (4) shows the directional relation between indoor spaces of a real estate.  A sketch plan is a 
reasonable means that describes the  topological relation and directional relations of indoor space 
briefly.  

  

Fig. 4. Directional relation between indoor spaces of a real estate. Source: own study. 

In the context of Geographic Information Systems (GIS), the spatial relationships existing between 
geographic objects play a central role both at the spatial queries definition and processes 
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Table 1 
Topological relationships for demonstration problem 

Constraint Type Constraint 
Path In each apartment, there must be a path from the Kitchen to the Living Room 
Path In each apartment, there must be a path from each Bedroom to the Living Room 

Connectivity Public Entry must connect to the living room of each apartment 
Connectivity Public Entry must connect to an external wall 
Connectivity All bedrooms must connect to an external wall 

Corridor Corridor line connecting Units cannot intersect 
Meet In each apartment, the Living Room may meet with the toilet 

Disjoint In each apartment, there should be a disjoint kitchen from the Bedroom and 
Living Room 

Include by In each apartment, Bedroom may be Included by Bathroom 
Include Spaces that are connected to an external wall must lie on the boundary include 

of  spaces 

Source: own study. 

Table 1 show the topological relationships used when creating the visual model. In our model, we 
used a lower resolution level of eight topological relationships between the regions in the plane. The 
“Include” relation is a substitution for both cover and contains relationships. This research aims to 
define the indoor space of the residential estate and, for this reason, the spatial relations should first be 
determined relative to each other. After this, we can use these relations to determine the relative 
position of each location in the space. 

Table 2 
Topological relationships between indoor spaces of the real estate 

Indoor of 
space 

Kitchen 
Living 
room 

WC Bathroom 
Small 
room 

Master 
room 

Balcony 

Kitchen - Meet Disjoint Disjoint Disjoint Disjoint Disjoint 
Living room Meet - Meet Disjoint Meet Disjoint Disjoint 

WC Disjoint Meet - Meet Disjoint Disjoint Disjoint 
Bathroom Disjoint Disjoint Meet - Meet Disjoint Disjoint 

Small room Disjoint Disjoint Disjoint Meet - Disjoint Disjoint 
Master room Disjoint Meet Disjoint Disjoint Disjoint - Include 

Balcony Disjoint Disjoint Disjoint Disjoint Disjoint 
Include 

by 
- 

Source: own study. 

Topological relationships between the indoor objects illustrated in Fig. 3 are presented in Table 2. 

Table 3 
Directional relation between indoor spaces of a real estate 

Indoors of 
space 

Kitchen 
Living 
room 

WC Bathroom 
Small 
room 

Master 
room 

Balcony 

Kitchen - RFU RFU RFU RFU RFU RFU 
Living room RFU - RFU RFU RFU RFU RFU 

WC LBD LBD - LBD LBD LBD LBD 
Bathroom LBD LBD LBD - LBD LBD LBD 

Small room LBD LBD LBD LBD - LBD LBD 
Master room LFU LFU LFU LFU LFU - LFU 

Balcony LFU LFU LFU LFU LFU LFU - 

Source: own study. 
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The directional relationships between the indoor objects illustrated in Fig. 3 are presented in in 
Table 3. To express directional relationships, the qualitative terms front, up, back, down, left, and right 
are applied. These relationships are defined as the relations with the center of the living room. In this 
table, we use the first letter of the direction. For example, instead of “back-left-front”, we have 
recorded “BLF”.  

 Users should provide the attribute of the real estate and upload some photos and videos from the 
interior of the place. The system also asks a few alternative questions to find out about the indoor 
space of the real estate. In this study, the space of real estate is divided into three parts, which are 
namely indoor space, middle space, and outdoor space. The middle space includes the staircase and 
balcony. The interior spaces include Entrance, Kitchen, Living room, WC, Bathroom, Corridor, and 
Bedroom. Outdoor space is the location of the real estate property, and includes the Major Street, 
Local Street, dead end, and alley. 

The proposed system can display the indoor information of the real estate by using various tools, 
such as a sketch plan, photo and virtual tour, and visual descriptions of the real estate. These 
descriptions are automatically displayed on the SAMA website by alternative responses of the users. 
The middle space information is automatically displayed using photo and system descriptions. 
Finally, the outdoor space information of the real estate is displayed in the proposed system by 
locating the real estate on Google map along with descriptions that the users saw while visiting the 
real estate. Thus, this system helps those who have not yet seen the real estate to visualize it. If people 
give demographic information, properties tailored to the users’ requirements will be suggested to 
them. Fig. 5 shows the typical residential real estate information and description of indoor space using 
visual components and display tools. Fig. 6 shows a flowchart of the SAMA website. 
 

 

Fig. 5. The typical residential real estate information and description of indoor space using visual 
components and display tools. Source: own study. 

The similarity assessment of real estate descriptions in two groups, including the first group that 
had not seen the real estate yet and the second group that had seen it beforehand, was examined. The 
research data were obtained from 110 men and women who agreed to fill out the questionnaire. The 
average age of those questioned was 38.47 years. The results of these surveys are presented in 
Figs. 5,6. In this research, it was assumed that all people have the same spatial perception ability, 
verbalization and visualization abilities, and people who visit the real estate have a smartphone. 
Furthermore, it was assumed that all people had been trained to describe residential properties with 
the minimum required information in their mother tongue or their native language. In other words, 
all people have visual literacy. For this reason, if the applied criterion is not particularly specialized, 
each user's data will be given equal importance to obtain optimal respect. 

The effectiveness provided by the website features was surveyed, with the results showing that the 
sketch plan, virtual tour, photo, location on the Google map and text have the most impact on the 
visualization of the real estate, respectively, as shown in Fig 7. 
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Fig.6. Flowchart of the SAMA website. Source: own study. 
 

 

Fig. 7. The Effect of the Visual data transfer tools. Source: own study. 
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We used the same statistical population (110 people) to evaluate the effectiveness of the 
proposed website and its ability to compare with popular and user-friendly commercial 
websites. These websites include Delta, Dodota, Divar, and Iranestate. Figure 8 shows the 
results of satisfaction assessment from selected sites compared to the proposed websites. 

 
Fig. 8. The comparison chart of SAMA with other reviewed estate sites. Source: own study. 

6. Conclusions 

This study proposed a framework to increase the use of crowdsourcing in the description of 
residential properties. We designed a model to describe and represent the indoor space of the real 
estate in such a way that it can be used in spatial crowdsourcing environments. A website called 
SAMA was implemented to evaluate the proposed model in which the information is produced by 
non-professional contributors using online collaborative tools. Although the description of residential 
properties by the use of voluntary information might not have enough accuracy, quality, and security, 
it can offer helpful information to people within the shortest possible time and at the lowest possible 
cost. Two of the main challenges in crowdsourcing are quality and motivation. The solution proposed 
by this study to ensure quality is to involve the comments of visitors on each real estate. Also, a 
solution to motivate people to gather information in this environment is considered, with anybody 
who enters demographic data, physical condition, and purpose of use from SAMA's website, being 
able to find the real estate for free. 

Finally, the topological relation criterion, color, directional relations, geographic situation, the 
height of the ceiling to the floor, and the space shape were selected. Despite presenting an almost 
perfect description of the real estate, these criteria have the lowest correlation among them. Finally, 
according to the survey, the proposed model was offered to two groups, with only one group having 
seen the real estate beforehand. The satisfaction of participants and the impact of the tools provided 
by the website were assessed. The results showed that the sketch plan is the most effective tool in 
visualizing and remembering the indoor space of the real estate in both groups. The effect of this tool 
was also higher in men than in women. The effectiveness of the provided tools showed that people 
who had never seen the property found the sketch, inflatable, photo and text  the most effective in 
visualizing the interior, respectively. In the other group that had previously seen the property, the 
sketch, photo, text, and virtual tour had the most impact, respectively. The results also showed that 
78.75% of SAMA users were satisfied.  

Based on these promising results, the proposed model can be applied to visually describe the 
indoor space of real estate in crowd-sourcing environments. However, it should be noted that the 
following aspects of the proposed model should be investigated in future studies: First, the automatic 
drawing of the sketches by the system; second, evaluating the impact of gender on drawing the sketch 
plan; third, assessing the accuracy of drawing the sketch plan;  fourth, investigating the strategies can 
be used to encourage greater participation of people in collecting information; finally, offering more 
services to the users in order to satisfy them. 
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