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ABSTRACT 

This paper presents a process of developing personalized 

applications through user modelling. The process involves 

understanding users' requirements through survey, formulating 

those requirements into a user model , integrating the model with 

different applications and finally conducting user trials to validate 

the personalization system. We have developed the inclusive user 

model, which consists of a user interaction simulator and an  

interface personalization web service. The inclusive user 

modelling system has found applications in a wide variety of  

systems for EU and Indian population including a digital TV 

framework for elderly users,  an electronic agricultural advisory 

system, a weather monitoring system and an emergency warning 

system. Our user studies confirmed that users prefer and 

performed better with personalized systems than non-personalized 

versions. 

Categories and Subject Descriptors 

D.2.2 [Software Engineering]: Design Tools and Techniques – 

user interfaces; K.4.2 [Computers and Society]: Social Issues – 

assistive technologies for persons with disabilities  

General Terms 

Algorithms, Experimentation, Human Factors, Measurement 

Keywords 

User Model,  Interface Personalization, Inclusive Design 

1. Introduction 
User model can be defined as a machine-readable representation 

of user characteristics of a system.  We have developed a user 

model that considers users with physical, age-related or contextual 

impairment and can be used to personalize electronic interfaces to 

facilitate human machine interaction. We have identified a set of 

human factors that can affect human computer interaction and 

formulated models [6] to relate those factors to interface 

parameters. 

 

 

 We have developed inclusive user model, which can adjust font 

size, font colour, inter-element spacing (like line spacing, button 

spacing and so on) based on age, gender, visual acuity, type of 

colour blindness, presence of hand tremor and spasm of users. 

The model is more detailed than GOMS model  

[10], easier to use than Cognitive Architecture based models [1, 

12], and covers a wider range of users than existing user models 

for disabled users [8, 13, 15] and helps to conform to WAI 

guidelines [16].  The user model was calibrated with eye-gaze 

tracking data from people with visual impairment, audiogram data 

from people with hearing impairment and hand strength data from 

people with motor impairment. The user profile is created using a 

web form and the profile is stored in cloud.  Once created, this 

profile is accessible to the user irrespective of application and 

device.   

The user modelling process started with a survey on users with 

physical and age related impairment. The survey was not 

exhaustive but still found out requirements and problems of 

elderly users while using existing electronic systems. We 

formulated a user model to solve a few of these issues. The user 

model took help from our previous work on Inclusive User 

Modelling. We have implemented an application and device 

agnostic web service. We have worked with different development 

teams to integrate this web service into their applications. In 

parallel we conducted user trials to validate personalized systems.  

2. User Survey 
We conducted a survey [2] on people with age-related and 

physical impairments in India. The aim of this survey was to 

understand effect of age on capability and attitude towards 

technology, in particular electronic interactive devices like 

personal computers, TV, mobile phones and so on. The survey 

was conducted at Mandi, Himachal Pradesh, Kolkata, West 

Bengal and Bangalore, Karnataka. Data were collected at old-age 

homes and with participants who volunteered and gave consent 

for the study.  We also compared results with a similar survey 

conducted as part of the EU GUIDE project (http://www.guide-

project.eu/) at Spain, UK and Germany. Both surveys collected 

both self-report and objective measures. Main results include a 

significant effect of education level on cognitive abilities of 

Indian users; a significant effect of age on hand strength, which in 

turn can predict their ability to use standard electronic interfaces. 

Besides objective metrics, the survey also discusses the subjective 

preferences of elderly users towards mobile phone or TV’s instead 

of personal computers.  

3. User Modelling Framework 
The statistical results from the survey may need further validation 

with more data but the subjective trends lead to specific user 

requirements. All most all users preferred bigger font sizes in 

electronic interfaces and one-third of them had colour blindness. 
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It was also noted that elderly users found existing computing 

applications complicated but they will use a system if it is simple 

to learn and use. We also found a gradual decline of grip strength 

and active range of motion of wrist of elderly users as they tuned 

older resulting reduced control of precise wrist movements. 

We have tried to address these uses through the inclusive user 

modeling system. Existing challenges with user models are  

 Having an application-agnostic format 

 Compatibility to multiple applications 

 Integration to multiple applications 

 Relating human factor to interface parameters 

 Collecting representative human factors to personalize 

interface 

We have developed the Inclusive User Model and used it to 

develop a user modelling web service that can automatically 

adjust font size, colour contrast, line and button spacing of 

interfaces based on visual acuity, type of colour blindness, grip 

strength, active range of motion of wrist and static tremor of users. 

Our user modelling system 

 follows a standardized user profile format specified by a 

EU cluster [11] and published by International 

Telecommunication Union [9]. 

 does not propose to change content of an interface 

rather specifies layout parameters, so it is easily 

integrated to different applications.  

 can automatically convert interface parameters (like font 

size or button spacing) for multiple devices (e.g. TV, 

computer, laptop, mobile phone and so on) by assuming 

a viewing distance for different devices and taking the 

screen resolution as input parameter [6]. 

 has investigated details of visual, auditory and motor 

functions of humans and is developed through extensive 

user trials to relate human factors to interface 

parameters [2-6]. 

Figure 1 below illustrates a diagram of the personalization 

framework. The framework takes input about users’ functional 

parameters (like visual acuity, colour blindness, short term 

memory capacity, first language and dexterity level) and 

subjective requirements. These requirements are fed into the 

Inclusive User Model that consists of perception, cognition and 

motor-behaviour models. The Inclusive User Model can predict 

how a person with visual acuity v and contrast sensitivity s will 

perceive an interface or a person with grip strength g and range of 

motion of wrist (ROMW) w will use a pointing device. The 

survey generated the range of visual acuity, grip strength and 

ROMW of users. This range of values is used in Monte Carlo 

simulation to predict a set of rules relating users’ range of abilities 

with interface parameters like font size, colour contrast, line 

spacing, default zooming level and so on. For example the 

following graph (figure 2) plots the grip strength in kilograms (kg) 

with movement time averaged over a large range of standard 

target widths and distances in an electronic screen for three 

different input devices.  The curve clearly shows an increase in 

movement time while grip strength falls below 10 kg and the 

movement time turns independent of grip strength while it is more 

than 25 kg. Similar analyses have been done on fontsize selection 

with respect to visual acuity and colour selection with respect to 

different types of dichromatic colour blindness. The rule based 

system along with the user, device and application profiles are 

stored in a cloud based server (figure 1). The client application 

can access the web service using a plug-in.  

3.1 Rules to Personalize Interfaces 
This subsection describes the rules used in the rule based system.  

These rules were developed using the simulator.  In this section, 

server means the cloud based server in figure 1 and client means 

the set of applications that has subscribed to the user modelling 

web service. 

 

Figure 1. Personalization framework 

 

Figure 2. Relating Movement Time with Grip Strength 

3.1.1 Fontsize 
At Server: 

visualAngle = (FontSize in pixel / ScreenY) * 
(ScreenLength / dist2Screen) 

At Client:  

FontSize in pixel == ScreenY * visualAngle * 

(dist2Screen /ScreenLength) 

3.1.2 Colour Contrast 
If the colour blindness is Protanopia or 

Deuteranopia (Red-Green) it recommends 

 White foreground colour in Blue 

background 

For any other type of colour blindness it 

recommends 

 White foreground in Black 

background or vice versa 



3.1.3 Line Spacing 
If tremor is positive 

 //Line spacing will be double to 

normal 

 lineSpacing=2.0 

Else 

//Calculate Grip Strength 

If sex = male then 

 GripStrength = 26.85 - 0.36 * 

age + 0.15 * height 

Else 

 GripStrength = 22.01 - 0.36 * 

age + 0.15 * height 

End if 

 

If GripStrength < =10 then 

 //Line spacing will be double 

to normal 

 lineSpacing = 2.0 

Else If GripStrength < =20 then 

 //Line spacing will be 1.5times 

to normal 

 lineSpacing = 1.5 

Else 

 //Line Spacing will not change 

 lineSpacing = 1.0 

End If 

End If  

3.1.4 Button Spacing 
If users have tremor, less than 10 kg of 

Grip strength or 80º of ROM in wrist 

  Minimum button spacing = 0.2 

*distance of target from centre of screen 

If users have less than 25 kg of Grip 

strength  

  Minimum button spacing = 0.15 

*distance of target from centre of screen  

else 

  Minimum button spacing = 0.05 * 

length of diagonal of the screen  

3.2 Sensor Network 
The framework takes input from a sensor network [14] in runtime 

to detect the context of application. The Wisekar (Wireless Sensor 

Knowledge Archive) system is an Internet of Things (IoT) based 

repository for archival of sensor-derived information. While 

allowing both manual and automated contribution of information, 

Wisekar offers a flexible structure to represent this information in 

a variety of standards, for example in the OGC-defined 

SensorML. Furthermore, information based on multiple XML-

derived standards can co-exist in Wisekar which facilitates the 

integration of this information with the Semantic Web. Geo-

visualization of sensor node and event-related information in 

Wisekar is convenient due to its hierarchical structure. A RESTful 

API for event-contribution makes it possible for all kinds of 

sensor-enabled devices, from sensor nodes to mobile phones, to 

transfer their data to Wisekar over the HTTP protocol which is not 

restricted by firewalls. 

3.3 Integration to Third-Party Applications 
The framework is integrated to applications using a client 

application. We have developed a user profile creation page at 

http://www-edc.eng.cam.ac.uk/~pb400/CambUM/UMSignUp.htm  

Once the user signed up, their profile is stored in a cloud-based 

server and the user modelling web service predicts interface 

parameters based on the profile.   The client application reads data 

from the user model and sensor network and changes the font size, 

font colour, line spacing, default zooming level and so on by 

either selecting an appropriate pre-defined stylesheet or changing 

parameters for each individual webpage or standalone application.  

Figure 3 shows examples of such integration for  web-based, 

mobile-phone based, Android based and digital TV based 

systems.  A personalized Weather Monitoring system can be 

found at http://wisekar.iitd.ernet.in/wisekar_mm_ 

full/index.php/main while a personalized eAgri system can be 

found at http://e-vivasaya.rtbi.in/aas_cambridge/login.php. 

Renderings similar to figure 3 can be generated with usernames 

user-1, user-2, user-3, user-4 and so on. In each case the password 

is same as the username. 

4. User Trials 
We have conducted a series of user trials to validate the adaptive 

interfaces generated through the user modeling web service.  

 

a. Personalized Weather Monitorin System (Web based) 



 

b. Personalized agri-advisor system (mobile phone based) 

 

c. Personalized disaster warning system (Android based) 

 
d. Personalized digital TV Framework (Set-Top Box based) 

Figure 3. Examples of Personalized systems 

The user trials covered different applications and tasks involving 

people with age-related and physical impairment as well as their 

able-bodied counterparts. 

The first trial [3] conducted an icon searching task involving users 

with age-related and physical impairment. The study was 

conducted on a desktop PC and a Tablet computer using different 

organizations of icons in a screen and with and without 

integrating the user model. It was found that users could select 

icons quicker and with less error when the screen was adapted 

following the prediction of user model.  

The second user study [5] evaluated the prediction of the user 

model for situational impairment using a text searching task on a 

tablet computer while users were walking in a field. Again it was 

found that a screen adapted through the user model was quicker to 

use and produced fewer errors. 

The third trial [4] was conducted on an electronic agriculture 

advisory system. It reported farmers’ subjective feedback on the 

application. Farmers of different age groups found the screen 

legible to read though they pointed out issues with the application 

logic. The study also points out that the user model can not alone 

optimize interaction; rather a set of guidelines or recommendation 

about application logic is complementary to user model. 

The fourth user trial reports [7] a controlled experiment on a real 

life weather monitoring application. It compared users’ objective 

performance and subjective preference for an adaptive and a non-

adaptive version of the weather monitoring system. We 

purposefully used two different devices for signing up and using 

the application to highlight the notion of transporting user profile 

across multiple devices. We found that even for a simple text 

searching task users performed better and preferred an adaptive 

system that can automatically adjusts font size, line spacing and 

colour contrast.  The user modeling system successfully converted 

users’ preference across two different devices having different 

screen resolutions. 

5. Conclusions 
This paper presents an application of a user modeling system that 

is used to store a user profile online and uses it to adapt user 

interfaces across different applications running on different 

devices. The detail of the user model itself was published earlier. 

This paper describes the integration of the user modeling system 

with multiple applications.  The user model also follows 

standardized format to store the profile so that it can be easily 

integrated to multiple applications developed by different 

development teams. Our user studies confirm that systems adapted 

by the user modeling system are preferred by users and it also 

statistically significantly reduces task completion times. 
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