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Abstract 
 

Websites play an important role as a communication tool between 

people around the world. This phenomenon introduces the 

medium of communication, the user interface (UI), between 

humans and machines as a key player. The existing web 

development process recognizes this importance but does not 

follow any precise guidelines for the construction of UI as an activity 

within the system development life cycle. This paper describes a 

method for constructing UI based on users’ Mental Model patterns 

(uMMp) from the localization of web objects. This method can be 

incorporated into the development process in order to better fulfill 

users’ expectations. The uMMp describe interface design solutions 

favouring the development of a UI.   

 

Keywords: Mental model, pattern, localization, user interface, web 
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1.0  INTRODUCTION 
 

There is a multitude of websites available for public 

access. According to the Internet’s live statistics 

(http://www.internetlivestats.com/) as at January 30, 

2015, there were over 1 billion websites (1,190,995,000 

websites) and over 3 billion Internet users 

(3,056,797,000 users). The number of users and 

websites is increasing each year. The increased 

number of users around the world urges developers 

to design websites that can meet all users’ 

expectations or meet the expectations of targeted 

groups of diverse users from different cultures and 

regions. However, developers do not have standard 

guidelines and may have only limited knowledge 

about the needs and expectations of this 

standardized multi-cultural online community. For this 

reason, there are many ‘dead’ websites that receive 

little or no traffic. Visitors to these websites become 

confused and leave the website after browsing for a 

short time. Typically, visitors to these sites find it 

difficult to access information and need to spend too 

much time navigating the interface to figure out the 

site’s orientation. This happens due to poor user 

interface (UI) on the website.  

The previous basic guidelines [1] are no longer 

suitable for the current technology, and there is a 

need to have new guidelines or tools to 

accommodate the diversity of Internet users across 

countries for the systematic development of UI 

design. This study explores the development of such 

guidelines and proposes a solution using the users’ 

mental model patterns (uMMp). The proposed 

solution offers the advantages of decreased 

development costs, better usability, and 

personalization of the UI design (UID). The mental 
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model theory is a cross-cultural adaption theory, 

which supports multiple community access. For this 

purpose, the localization of web objects makes use 

of the mental model for adaptive UI. The objective of 

this paper is to explore the application of the uMMp 

technique from mental model theory in practice and 

the way in which web objects are localized. The rest 

of the paper is as follows: Section II briefly presents 

the concept of the mental model in UID; Section III 

discusses the localization of web objects method; 

Section IV outlines the methodology adopted in the 

present study and the results of the experiments; and 

Section V presents the conclusions 

 

 

2.0 CONCEPT OF MENTAL MODEL IN UI 
DESIGN 
 

Lim and Klein [2] explain that the mental model 

concept was originally proposed by [3]; the mental 

model was developed from theory and research in 

cognitive psychology on individual mental models. 

Rouse and Morris [4] define mental models as the 

mechanism by which humans generate descriptions 

and design systems. Mental models provide a 

description of the functions of the system and the 

projected area of the system in the future [2]. Mental 

models are the framework of organized knowledge 

that enables individuals to describe, explain and 

predict behavior [5], [4]. Mental models determine 

the relevant content knowledge and also the 

relationship between knowledge components [6]. 

Individual mental models, for example, of cars, illness, 

or processes such as child development, reflect the 

individual’s perception of reality. Therefore, mental 

models vary in terms of their accuracy and 

coherence. Lim and Klein [2] add that the mental 

model illustrates the accuracy of prediction of 

individual performance. 

A mental model may be an image, script, set of 

related mental model, controlled vocabulary or 

some assumptions [7]. In most cases, the mental 

model contains one or more aspects of the model, 

such as the appearance of the image interface, 

scripting process to be followed when completing 

tasks, vocabulary knowledge and assumptions about 

the behavior of the system [7]. Smith [8] defines 

mental models as structural or organizational data, 

functions, tasks and roles such as those in group work 

or play. Mental model accuracy will affect how users 

interact with a website. A more accurate model is 

reflected in more successful user interactions [8]. 

Various theories have been introduced to help 

researchers figure out the concept model in the 

context of human behavior. Without realizing it, 

humans develop mental models in order to interact 

with the world in which they live. By studying the 

mental model-like arrangement of object [9], 

researchers are able to better understand how a 

person interacts with the environment. Johnson-Laird 

[9] introduced this idea and used it to compile such 

things as the order of objects. Norman and Payne (in 

[10]) developed this idea into the theory of human–

computer interaction (HCI). HCI can be used to 

create the interface and interaction methods that 

help developers create a more accurate model of 

the users’ mental system. In most studies, the mental 

model is interpreted based on the localization of web 

objects [11], [12], [13], [14], [15], [16], [17], [18], which 

is also referred to as the concept of translation.   

 

 

3.0 LOCALIZATION OF WEB OBJECTS 
METHOD 
 

Localization is the process of adapting a product or a 

service to a particular language or culture so that it 

reflects the ‘look-and-feel’ expected by local users 

(country-specific) [19]. According to [19], the main 

goal of the concept of localization in UI design is to 

improve the website by providing a natural platform 

in terms of culture, technology and linguistics, while 

at the same time creating a framework that 

combines content and functionality for users with 

various cultural targets. This enables developers to 

gain a better understanding of user preferences for 

the elements of the website experience. From this 

process, element-based guidelines can be 

developed for web designers. 

According to [12], the key requirement in the 

construction of website content is to understand the 

ordinary user’s mental model or schema for the 

localization of objects on the web interface. The 

layout of the interface used by various regional and 

international sites may influence users’ expectations 

[15]. In the layout of e-commerce websites, [15] 

found that the layout of the UI must be in 

accordance with the users’ expectations of where 

they will find common web objects. This finding is 

consistent with previous studies on the localization of 

web objects for typical websites (e.g. [13], [12], [11]). 

In a study by [13], 76% of the respondents had the 

same expectations regarding the localization of e-

commerce web objects. 

Adkisson [14] notes that research related to the 

localization of web objects often refers to e-

commerce websites (such as amazon.com) and 

argues that the research by [13] is not a systematic 

analysis through which to determine whether the 

actual practice is in line with users’ expectations. To 

determine these practices, Adkisson researched the 

localization of objects in a particular e-commerce 

website. The results supported the findings of [13]. A 

similar study was carried out in Portugal by [17]; the 

results were not significantly different from the results 

in the study by [15]. These shown that there is a 

significant pattern can be apply as a guideline for 

web-based UID.  

According to [19], few studies have systematically 

examined the users’ priorities in relation to the various 

web design features. With the increasing diversity of 

the multicultural online community, there is a need 

for future research in the field of design and object 

localization.  
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4.0  METHODOLOGY AND RESULTS 
 

The present study was conducted in three phases. 

The first phase took place from May 2012 until 

September 2012, and involved a total of 50 

participants [20], [21]. The second phase continued 

until the end of 2012, in which time the total number 

of participants increased to 94 [22], [23]. The next 

stage of the study was a period of additional data 

collection from August 2013 to September 2013, 

during which time the number of participants 

reached 110. The three stages of data collection 

were conducted due to the perceived needs of the 

population necessary for the study. In the first phase, 

the participants comprised case study 

representatives, the director of personnel 

management and sharing of data harmonization at 

the ASEAN Center for Biodiversity (ACB), and 

representatives from each ASEAN country including 

web designers, data managers and directors of the 

national biodiversity project. The second phase 

involved users of ASEAN countries from two different 

groups: the first group consisted of the users of the 

website or experts of the ACB region in the fields of 

biodiversity and databases, such as scientists, 

researchers, rangers, forestry workers and botanists, 

and the second group consisted of normal users of 

websites randomly selected in each country in 

various fields such as education, banking, tourism, 

business, mathematics, geography, engineering and 

telecommunications. The third phase involved 

additional ASEAN users from a training workshop of 

Southeast Asian countries held in Japan. This group 

consisted of experts and researchers in the 

biodiversity information systems field. Data collection 

was done in two ways, namely, an online survey via 

email and in person (offline) through workshop 

sessions, conferences and seminars.  

 

4.1  Participants 

 

A total of 110 participants with different backgrounds 

and professions were involved in this research on the 

expected location of web objects for informational 

websites. The participants represented the following 

ASEAN countries: Brunei, Myanmar, the Philippines, 

Indonesia, Cambodia, Lao People’s Democratic 

Republic (PDR), Malaysia, Singapore, Thailand and 

Vietnam. Figure 1 shows the distribution of the 

participants from different countries. In terms of age, 

71% of the participants were aged over 30 years with 

an average age of 33 years (ranging from 18 to 58 

years). In terms of gender, 70% of the participants 

were male and 40% of the participants were female. 

The vast majority of the participants (94%) reported 

that they used computers on a daily basis. Almost all 

the participants reported using English as a first or 

second language. This indicated that the majority of 

the skilled and semi-skilled users understood the 

English-language website. The participants were 

required to meet two criteria: first, the participants 

must be a permanent resident or citizen of an ASEAN 

country and use their native language; and second, 

the participants must have computer literacy with 

web experience of more than five years. 

 

 
 

Figure 1 Distribution of participants from different countries 

 

 

4.2  Design 

 

In order to study users’ expectations regarding the 

localization of web object information, a description 

of the web browser window that consists of 42 grids 

(7 x 6 grid squares vertically and horizontally, 

respectively) on a page with a white background 

and a geometric grid adapted from a modified 

method of the design by [14] was used (Figure 2). This 

experiment involved the localization of 10 selected 

web objects, namely, logo, title of webpage, internal 

links, external links, login, language selection, search 

engine, content (area), calendar, and advertisement 

(banner). In addition, each participant was asked to 

complete a questionnaire regarding their 

demographic background, profession, education, 

web experience, computer literacy and purpose of 

web surfing. 
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Figure 2 Geometric 42 grid method 

 

 

4.3  Procedure 

 

The participants completed the questionnaire either 

through email (online) or in person (offline). After 

answering the questions on demographics, the 

participants were required to put a number 

representing each object in the expected location 

on the web browser window illustrated with 42 grids 

describing the interface of an informational website. 
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The participants were free to arrange horizontally or 

vertically or overlap those numbers as appropriate 

and as they deemed relevant to their web 

experience. The operational definition of each web 

object was attached in order to facilitate the 

participants’ understanding of each web object 

(Table 1). 

 
Table 1 Operational definition of web objects 

 

Code 

number 

Web 

object 

Operational definition 

1 Logo Introduction of organization, 

company or brand. 

2 Title of 

webpage 

Banner title of the website. It is 

used to identify and provide 

information on this website. 

3 Internal 

links 

The main menu or the links that go 

from one page to another page 

on the same site (for example, 

“Home”). 

4 External 

links 

Useful links or links to another web 

page, that point to a page on a 

different site. 

5 Login It is used as part of the website 

(including user profile and others) 

to track users and security 

features, data and information. 

6 Language 

selection 

Feature to enable the user to 

choose another language. 

7 Search 

engine 

Helps users locate information 

within and/or outside the site. 

8 Content 

(area) 

Contains the information, 

products and/or content links. 

9 Calendar List of news/events in calendar 

form or links. 

10 Advertise

ment 

(banner) 

A graphic image used on 

websites to promote products or 

services. 

 

 

4.4  Measurement 

 

The frequency of the participants’ selections was 

obtained by adding the number of each selected 

object on a grid and representing the selection 

frequency in different colours as shown in Figure 3. 

The frequency represents the number of times each 

square was chosen as the expected location of a 

particular web object. Figure 4 shows the nine 

divisions of the 42 locations on the distributed grid to 

facilitate the location of each object in this study. 
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Figure 3 The darker the colour, the more frequent the 

selection 
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Figure 4 Overview browser window (showing 42 grids with 

nine parts) 

 

 

4.5  Results 

 

In the results obtained from the localization of web 

objects (Figures 5(a) to 5(j) and Table 2), leading to 

the uMMp, Layout 1 represented the layout 

expectations shared by the participants from six 

countries, namely, Lao PDR, Brunei, Singapore, the 

Philippines, Myanmar and Vietnam (see Figure 6(a)). 

Meanwhile, the layout preferences of the 

participants from Malaysia and Indonesia were 

represented in Layout 2 (see Figure 6(b)), and the 

preferences of the participants from Thailand and 

Cambodia were represented in Layout 3 (see Figure 

6(c)). 

 
       

       

       

       

       

       
 

       

       

       

       

       

       
 

Figure 5(a) Users’ expectation of 

the object ‘Logo’ 

Figure 5(b) Users’ expectation of 

the object ‘Title of webpage’ 

       

       

       

       

       

       
 

       

       

       

       

       

       
 

Figure 5(c) Users’ expectation of 

the object ‘Internal links’ 

Figure 5(d) Users’ expectation of 

the object ‘External links’ 

       

       

       

       

       

       
 

       

       

       

       

       

       
 

Figure 5(e) Users’ expectation of 

the object ‘Login’ 

Figure 5(f) Users’ expectation of 

the object ‘Language selection’ 
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Figure 5(g) Users’ expectation of 

the object ‘Search engine’ 

Figure 5(h) Users’ expectation of 

the object ‘Content (area)’ 

       

       

       

       

       

       
 

       

       

       

       

       

       
 

Figure 5(i) Users’ expectation of 

the object ‘Calendar’ 

Figure 5(j) Users’ expectation of 

the object ‘Advertisement 

(banner)’ 

 
Table 2 Conclusions from the results of users’ expectations 

regarding the location of web objects 
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Layout 1, shown in Figure 6(a), was the most 

preferred layout for the ASEAN countries. This layout 

was preferred by the participants from six out of 10 

countries, namely, Lao PDR, Brunei, Singapore, the 

Philippines, Myanmar and Vietnam. 

 

 
Figure 6(a) Results for Layout 1 

 

 

Malaysia and Indonesia shared the preferences 

for a similar layout. This may reflect that these 

countries have bilateral relations, and are 

neighboring countries that share similarities in many 

aspects. Both have many traits and common 

features, including history, culture and religion. 

Although both countries are separate and 

independent states, there are similarities in their 

national language as the Indonesian and Malay 

languages are closely related. The majority of the 

population in both countries is Malay, with a 

significant Malay culture shared among them. Both 

countries have a Muslim majority, so they have their 

own Islamic culture. The populations of both 

countries also include followers of the Hindu and 

Buddhist religions. In addition, there is a large number 

of Indonesian migrants in Malaysia. Thus, patterns of 

thought and mental models also influence the 

cultural characteristics of these countries and 

produced the same pattern in the present study, that 

is, Layout 2 as shown in Figure 6(b). 

 

 
Figure 6(b) Results for Layout 2 

 

 

Thailand and Cambodia have some cultural 

similarities regarding beliefs and traditions. In 

particular, Buddhism is a major shared tradition. 

Among the neighboring countries of ASEAN, Thailand 

and Cambodia are the most similar [24]. Both 
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countries share the same customs, traditions, beliefs 

and way of life. This is true for royal ceremonies, 

languages, writing systems, vocabulary, literature 

and the dramatic arts. In the present study, the 

participants from Thailand and Cambodia shared an 

almost identical pattern or mental model, that is, 

Layout 3 as shown in Figure 6(c). 

 

 
Figure 6(c) Results for Layout 3 

 
 
5.0  CONCLUSION 
 

uMMp with national cultural adaptation can serve as 

useful guidelines for the standard development and 

web UID proposed for the new interface of ACB 

websites. This is to ensure that UID meets the 

recommendations of previous researchers regarding 

good UID [25], [26], [16]. UID is necessary to ensure a 

good user interface is developed that is applicable 

to a variety of users with different demographics, 

rather than a mono-cultural interface [16]. 

These uMMp can be integrated into website 

development through the planning process of web 

UID. Based on the results of the case studies, an 

interface can be developed and applied to the front 

page of websites such as the ACB and national 

biodiversity websites. The interface can incorporate 

UID ideas to enhance process visualization and 

facilitate communication with the target users 

generally and ASEAN users in particular. 

Further research will carry out a study of the 

usability test by implementing the uMMp into the 

development of an interface prototype. In addition, 

the results are expected to generate a data 

collection and analysis methods that are more 

specific to the research and development of 

effective UID evaluation [27]. 
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