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Abstract	  
This master thesis project studies behavior and actions of older users in 
China, with emphasis on the influence of vision decrease on older peopleʼs 
using experience. Related data was collected through the action research 
process and user behavior was studied.  
 
The project can be divided into two parts: user study and action research. In 
the user study section, user problems were posed and studied thoroughly with 
three user investigation methods: questionnaire, interview and ethnographic 
observation. Analysis was then carried out according to the study outcomes. 
Based on the user study results, action research direction was elicited to 
mainly focus on three aspects: font and icon study, as well as touch-screen 
interaction pattern research. Contextual inquiry was adopted as the primary 
research method; “Text-in-screen” prototype; “Look and feel” prototype and 
the platform iOS were used as tools to complete the research. At the end, 
explicit criteria of fonts and icons that better suits older users with poor vision 
was established and usersʼ adaptability for touch-screen smart phone system 
was explored.   
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Sammanfattning	  
 
Detta examensarbete studerar beteenden och handlingar hos äldre 
mobiltelefonanvändare i Kina, med tonvikt på påverkan av försämrad 
synskärpa på äldre människors användarupplevelse. Data samlades in med 
hjälp av en aktionsforskningsprocess och användarnas beteende studerades. 
 
Projektet kan delas upp i två delar: användarstudie och aktionsforskning. I 
användarstudien sattes problem upp som studerades noggrant med tre 
metoder: enkät, intervju och etnografisk observation. Analys utfördes därefter 
enligt metodernas resultat. Baserat på användarstudiernas resultat, 
tillämpades aktionsforskning på huvudsakligen tre aspekter: teckensnitt- och 
symbolstudier, och mönster vid interaktion med pekskärm. Contextual Inquiry 
antogs som den primära forskningsmetoden; prototyper för "Text-in-screen", 
"look and feel" och plattformen iOS användes som verktyg för att slutföra 
forskningen. Till sist författades kriterier för teckensnitt och ikoner som bättre 
passar äldre användare med dålig syn, och användarnas 
anpassningsförmåga för pekskärmstelefoner undersöktes.  
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1	  Introduction	  
 
In this chapter, the background of older people in China is described first, 
followed by the social and practical problems, and then concrete goals are 
derived at the end of the chapter.   

1.1	  Background	  
 
With the rapid development of the economy and technology including medical 
conditions, the living standard and quality of peopleʼs life are in continuous 
positive change, and people now have longer lifetimes than ever before. 
During the past decade, a clear trend of the aging population is evident 
around the world. The proportion of aging population (people over age 65) 
among the global context was 8% in 1950,10% in 2000 and is expected to 
reach 21% in 2050. In China, currently there are 88 million people over 65, 
which have reached 7% of the total Chinese population; the percentage will 
continue to rise to 11.8% around 2020. This could be expected to increase to 
around 400 million by 2030, which is equivalent to the current 15 EU 
countriesʼ combined population. [1] The latest data shows that the total 
number of people over 60 years old has reached 159 million, accounting for 
12% of the total Chinese population. [2] The world is getting older and older 
due to the low birth rates as well as the extension of average life span. Aging 
is a product of the improving living standards.  
 

Older people in China, however, are an even more unique group of users 
other than those in western countries like Sweden or US since most of 
Chinese elder people have a lower education grade compared to those in 
developed countries. On the other hand, older people are suffering from 
physical degradation in many respects. Among these, the most significant 
influence from the increasing age is eyesight deterioration. Eye chart is the 
main tool in examining vision ability; its measuring scope is ranging from 0.1 
that represent the lowest degree in the chart to 1.5 that represent the highest 
degree. People over age 60 were reported to experience approximately 0.2 
eyesight decreases with an average age growth of 10-year-old. In addition, 
older people are contending with numerous eye diseases as they become 
older, such as cataracts, macular degeneration, glaucoma, retinal disorders 
as well as optic atrophy from a variety of causes. [3] The decrease of visual 
ability may lead to many inconvenient experiences in older peopleʼs life: i.e., 
they find it difficult to recognize small characters and might need assistance 
like reading glasses or even eye surgery.  
 
Chinese is a unique language that differs from many other languages, as it 
does not use letters. The characteristics of Mandarin Chinese that uses 
symbol system to record information are significantly different from those of 
most alphabetic western languages. The composition of Chinese characters is 
much more complicated than other alphabetic languages as every Chinese 
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character is an integrated visual structure of lines or strokes that express a 
single image or concept. [4] These factors may have very significant influence 
in the nature of using mobile phones by older Chinese people.  
 
Mobile phones are everywhere, growing in both number and type. The smart 
phone is a next-generation, multifunctional mobile phone that provides voice 
communication and text-messaging capabilities and facilitates data 
processing as well as enhanced wireless connectivity. [5] The smart phone in 
the current market, however, can hardly satisfy older users with special 
demands. Today more than 1.3 billion mobile phone handsets are being sold 
annually, and in 2010 smart phones made up almost 20% of that total. Sales 
of smart phones are increasing almost 100% per year. [6] It is undeniable that 
the smart phone is the main trend of mobile phone development in the 
foreseeable future. As the number of older people living worldwide and 
average life expectancy increases, people may have different requirements of 
smart phones, which they might not have had earlier in life. When facing 
these demands, most of the smart phones in current market appears to be 
limited.   

1.2	  Problem	  Discussion	  
 
Mobile phones, as an essential item that provides people with convenience, 
play an important role in peopleʼs daily life. When choosing mobile phones, 
people may have different concerns according to their different needs.  
 
Young people may be concerned that good appearance and functionality have 
extremely high priority when choosing a mobile phone. Also, younger users 
could be great fans of specific brands like “Apple” or “Sony”. Therefore, young 
people may pay less attention to the basic functional design such as font size, 
volume or the size of keyboard in use, i.e. the ergonomic design. Users 
without any vision problem often have little need of a large font size of the 
text, but focus on obtaining more information within a given size of interface. 
For a typical young user without significant physical limitations, most of the 
existing smart phone interfaces in the market could meet their basic 
requirements.  
 
In contrast, as a special user group, older people (60+) often have special 
demands for using mobile phones due to their different physical condition or 
other factors that younger users might not have. As people grow older, their 
abilities change, including a decline over time in the cognitive, physical and 
sensory functions. Each individual may have different level of disability in 
each aspect and this variability increases as people get older. Compared to 
younger users, older users have significantly different and dynamically 
changing needs [7]. For instance, many older people have problems when 
using mobile phone by their aging hands; also some of them may wear a 
hearing aid; some might get failing eyesight and etc. Thus these fields need to 
be considered when designing the mobile phone for older people with 
disabilities according to their increasing age. Thus, designers should look 
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beyond the “normal” design for the typical young users and design accessible 
interfaces for older people with better usability: i.e. tailored ergonomic design. 
 
This project puts the main attention on the impact of vision decrease of older 
citizens in China regarding the use of mobile devices. Unlike younger users, 
older people with limited eyesight are concerned less about getting as much 
information as possible from a limited screen size, and mainly concentrate on 
if the text or icon is clear and recognizable, and whether the purpose can be 
achieved by simple operations.  
 

The global smart phone market has experienced a rapid development since 
2010. It has become a central thrust to lead the development of 
communications in 2010 and beyond. Statistics from consulting firm Gartner 
shows that total global sales of smart phone reached 2.97 million in 2010, 
representing an increase of 72.1% over 2009. Sales of smart phone 
accounted for 18.6% of the total sales of all mobile communication devices, 
which improved 4.4% compared to that in 2009. The global smart phone 
market has ushered in a period of fast development, with the increasing 
intensity of competition in the operating systems, Android and iOS becoming 
the major beneficiaries. [8]  
 
However, considering the special circumstances of older peopleʼs physical 
status, smart phones in the current market appears to be limited and 
insufficient. Smart phone achieve interaction through simple touch-screen 
manipulations, which is intuitive, and can thus become a satisfactory tool in 
assisting older people with independence and disability if they are properly 
and ergonomically designed. Compared to the Android system, iOS has a 
better performance in helping special user groups. Although the iOS system 
for iphone has added aid functions such as VoiceOver, larger text and read 
aloud options for people with poor eyesight, these are just auxiliary functions 
additional to the main system. For instance, a double click is needed instead 
of the original single click when the VoiceOver function is turned on, which 
made it even more difficult for “seniors” with large or less than perfectly nimble 
fingers. Also “large text” is only partially applicable in the system, such as 
SMS text messages, but neither in phone contacts nor in menus. Obviously it 
is not enough for elders with poor vision, and therefore, it is necessary to 
develop an older-friendly system in smart phones.  

1.3	  Goal	  
 
The goal of this project is to improve smart phones to be more suitable and 
satisfactory for older Chinese users with diminished vision.  
 

1.4	  Purpose	  and	  Methods	  
 
To fulfill the purpose, action research has been adopted as the main method. 
Correspondingly, appropriate font setting and simple icons used in the smart 
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phone is studied through action research in various ways with three different 
tools. In addition, the current smart phone platform iOS is used to test older 
usersʼ performance on touch-screen smart phone interaction. Also, the 
findings are summarized and a set of design guidelines is suggested in the 
result part. Such a study can be extremely useful in the future design of 
interactive mobile systems for older users with vision decreases in China. 
 

1.5	  Thesis	  Overview	  
 
The thesis is composed of eight chapters. Chapter 1 gives the introduction of 
the project, presents the background information and discusses the problem. 
Then the long-term goal of the project is derived and purpose and methods 
adopted was given in concise description.  
 
Chapter 2 discusses the common vision problem that Chinese older users 
encountered with thoroughly and illustrates the characteristics and complexity 
of Chinese characters, how it would influence people in using mobile phones. 
Previous works are then summarized that demonstrates the significance and 
necessity of the research.  
 
Chapter 3 mainly focuses on the research process of user investigation, 
explains and discusses the methods taken to complete user study. 
Procedures, subjects, materials and expectations are presented for each 
method. The three methods taken in this step are questionnaire, interview and 
ethnographic observation. Each of them serves different purpose and 
complement with each other.  
 
Chapter 4 presents the user study results both quantitatively and qualitatively. 
Questionnaire outcomes are summarized and illustrated in the form of charts 
and graphs. Interview and ethnographic observation results are also summed 
up and outlined in two separate tables. Interpretations are given to further 
analyze user requirements.  
 
Chapter 5 discusses the action research methods and tools adopted to use in 
examining users preferences and acceptance in fonts, icons and smart phone 
interaction patterns. Contextual inquiry is taken as the main research method 
and three different tools are employed in different test fields, including “Text-
in-Screen” prototype, “Look and Feel” prototype and a touch-screen smart 
phone with iOS platform. Research procedures and expectations are 
described and discussed.  
 
Chapter 6 gives the study results of action research. The research outcomes 
are reflected in three aspects: font design, icon design and smart phone 
interaction pattern. Several charts and tables are presented to demonstrate 
the results intuitively. Users preferences and acceptance are discussed.  
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Chapter 7 describes the evaluation process, including formative evaluation 
and summative evaluation. “Controlled experiment” and “cooperative 
evaluation” are two methods used to help refining the guideline in formative 
evaluation, while human-computer interaction designers are invited to validate 
usability of the design guideline and to verify if the goal has been meet in the 
summative evaluation. Limited by resources and time, the evaluation is not 
carried out when the project ended.  
 
Chapter 8 concludes the thesis work, summarizes findings and results into 
design guidelines. Future works are drawn at the end.  
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2	  Related	  Works	  
 
This chapter will focus on the previous works by other researchers, and also 
includes the vision status and problems of older people as well as an 
introduction of the complexity of the Chinese language to demonstrate that the 
problem is worthy of further research.  

2.1	  Vision	  Problems	  of	  Older	  People	  
 
In China, the prevalence of chronic diseases of the countrywide senior 
population is 23.96% in urban area and 12.06% in rural area. [9] The urban 
population is experiencing a distinct challenge from chronic diseases. Older 
patients with chronic diseases are mainly concentrated in the 60 to 79-year-
old, and the prevalence of chronic diseases of people with university or higher 
education level (68.0%) is observably higher than people with a lower 
educational level. Research that investigates the living situation of the age 
group 60+ from several aspects including living status, self-care ability, 
hearing, vision and language ability also indicate that the percentage of 
population with good living, self-care and language ability can reach to 90% or 
above. Regarding hearing and vision status, the well functioning accounted for 
only 78.9% and 74.6%. [10] Hearing and vision impairment can significantly 
influence people in using a smart phone.  
 
Visual impairment includes low vision and blindness. According to the 
definition from World Health Organization (WHO) (ICD-10), low vision refers to 
the best-corrected visual acuity of the better eye lower than 0.3 (6/18) and 
higher than or equal to 0.05 (3/60) (ICD-10 visual impairment classification 
1,2); blind refers to the best-corrected visual acuity of the better eye is lower 
than 0.05 (3/60), or the best-corrected central visual field of the better eye is 
lower than 10 degree (ICD-10 visual impairment classification 3,4,5). [11] 
Many eye disease studies have found that the prevalence of visual 
impairment increase with increasing age. The “Melbourne Eye Disease Study” 
[12] indicates that the possibility of visual impairment in people over age 60 is 
ten times than that of people under age 60. Michon, Lau and Chanʼs research 
[13] has found that the blind prevalence rate of people over 80 years old is 
10.1 times as much as those aged between 60-69. Also, they have found that 
visual impairment often occurred in people with lower education level. The 
occurrence of visual impairment is related to age, gender, race and socio-
economic factors. The burden of visual impairment in developing countries are 
much more severe than that in developed countries. [14] 
 
According to a study, over 262 older patients in China (with an average age of 
60) that have visual acuity less than 4.9, vision loss is mainly due to 
ametropia with a percentage of 67.2%, followed by 22.1% with cataracts, and 
other organic eye diseases accounted for 10.7% of the total, including 
macular degeneration, retinopathy, intracranial tumors and optic atrophy. [15] 
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2.2	  Characteristics	  of	  Chinese	  Character	  
 
Generally, there are two types of language systems in the world: phonetic 
system and ideographic system. Chinese characters are an associated 
system that is formed depending on shape, sound and meaning. There are 
distinct differences between the structural characteristics of Chinese 
characters and that of alphabetic and phonetic language systems. [16] 
 

One of the most important characteristics of Chinese character is that over 
80% of the characters in Chinese are phonograms. Generally speaking, one 
phonogram refers to a Chinese character composed of a meaning element 
and a sound element. The meaning element represents the meaning and 
sound element indicates the pronunciation.  For instance, “青” - “清”, “请”, “晴”, 
“睛”, “蜻”, “情”,  in this group of characters, the basic element “青” is the 
indication of phonetic, joining by the meaning element, and brings out the new 
compound characters. This specialty of Chinese character configuration made 
Chinese easy to learn and memorize. However, the structures of Chinese 
characters are complicated and lack a complete phonetic system. The 
number of letters in Indo-European language is only around 30, while the 
radicals of Chinese characters are no less than 500. The basic reading unit - 
letter of the Indo-European language is formed by unidirectional linear 
permutations. Nevertheless, the basic unit in Chinese language is composed 
by three basic permutations including up and down, left and right, inside and 
outside. Therefore, the shape differentia of Chinese characters is much higher 
than Latin-Cyrillic alphabet system. Although there are only four basic strokes 
in Chinese system (一，丨，丿，丶 ), each character can have various 
permutations and combinations of these strokes. Take 7000 generic Chinese 
characters for example, up to 5000 characters were composed by 7 to 15 
strokes, one character even have a maximum of 36 strokes. On the other 
hand, the strokes and components of Chinese units do not follow a unified 
direction of permutation and combination when combined into a word, but 
rather expand in multiple directions. Also, the combination patterns of the 
structural units are diverse; the strokes can be assembled by the form of 
separate, conterminous and intersectant; combination of components can 
have around structure, vertical structure, surrounding structure, frame 
structure etc. [16] 
 
In addition, a large number of the words are integrations of different patterns, 
which makes the structure even more complex. Since the Chinese character 
is a set of several strokes constituted in a given size square space, characters 
with many strokes can easily cause problems for recognition, such as “董”, “爨
”, “麝”, “齉”, “冀”. Thus, in a limited-size mobile screen, Chinese is more 
difficult to identify than alphabetic languages. Due to the great amount and 
complicated structure of Chinese characters, it is difficult to use Chinese in 
mechanization and information processing. The diversity can be reflected 
through comparison between Chinese and English, the storage space of 
Chinese character in computer is 284 times that of English letters. [16]  
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2.3	  Relevant	  Research	  
 
Mobile phone, thanks to its portability, brings convenience to older peopleʼs 
daily life. Compared to the traditional support for older people, the 
development of technology is able to provide more practical support in new 
and innovative ways. In the recent years, mobile phone for elder citizens have 
became a more and more popular topic and has getting more and more 
attentions from public. There are many researches regarding mobile phone for 
older users that already exist.  
 
In “Older people, mobile devices and navigation” [17], Goodman, Brewster 
and Gray described that mobile devices can be used to help older people 
finding their way with navigation function. However, the authors have also 
pointed out that there are various barriers limiting older people benefit from 
modern high-tech like mobile technology. Firstly, most of the mobile devices 
were designed without concerning older peopleʼs real need. They were always 
designed based on the study of younger users; little attention was paid to 
older users. Thus, they often have very small screen and small key button, 
which are hard to see and operate for older people. Also, most of them have 
great demand on memory to deal with deep menu structures, need the 
knowledge of metaphor and often borrow interaction techniques from desktop 
computer techniques, which are obviously not what older people are good at. 
Another restriction is because of social issues that older people are often lack 
confidence to manipulate new devices that they are unfamiliar with. It might 
take time for them to accept new technology as a practical tool. Once mobile 
devices were designed carefully with investigating what older users really 
need for a mobile application, older people may benefit from using a mobile 
phone effectively.  
 
According to the pre-study, most of the existing researches are focusing on 
healthcare support function. Lorenz, Mielke, Oppermann and Zahl have 
pointed out in “Personalized mobile health monitoring for elderly” [18] that 
people have already begin to concern how mobile phone could help older 
people monitor their health condition by adding the function to measure userʼs 
pulse and blood pressure as well as alarming the patient in case of critical 
values or communication to the doctor. Besides, people have also thought 
about adding treatment support function to remind its user of doctorsʼ 
appointment, medical tests, exercise routines and medicine intakes. In 
“Activity-oriented design of health pal: a smart phone for eldersʼ healthcare 
support” [19], the author also suggests that lifestyle management has been 
considered by helping health-conscious people to regulate their diet. Even 
though many researches have been carried out to support older users in 
healthcare functions, basic interface elements are often lack of attention.    
 
In “Designing for dynamic diversity – interfaces for older people” [7], Peter 
Gregor, Alan F Newell and Mary Zajicek have discussed the design of 
“BrookesTalk Web browser” which have take vision diversity, memory 
diversity as well as diversity of confidence levels into consideration. In 
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BrookesTalk, voice help was added to better assist older people who have 
difficulty in using the standard web browser, especially those that lack 
confidence. The author suggests that the designers should take dynamic 
diversity of older users into consideration, which enables the research work to 
look deep into older usersʼ initial needs of high-tech product.  
 
The current researches related to mobile devices and older users have paid 
most attention on the functionality of the product instead of the basic elements 
that a user interface is composed of. The research on Chinese older users 
and their relations with mobile technology is even more vacant.  
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3	  User	  Study	  –	  Methods	  and	  Procedure	  
 
Action research can essentially be described as the research into practice, 
undertaken by those involved in that practice, with an aim to change and 
improve it. Action research is a systematic and collaborative process in 
collecting evidence that emphasizes the practical and problem solving. 
However, it is not simply problem solving, but also involves problem posing. 
[20]  
 
This thesis is committed to study the behavior patterns of Chinese older users 
with vision decreases, how vision impairment affect them in mobile phone 
using and therefore to draw out relatively complete conclusions on usersʼ 
preference and actions about the smart phone using experience.  
 
This chapter describes methods and procedures taken in the user study 
stage. Discussion about questionnaire, interview and ethnographic 
observation are given, along with a detailed implementation procedure as well 
as subjects and materials included. Also, expectations of each method, its 
drawbacks and how it could be reinforced will be discussed.  

3.1	  Questionnaire	  

3.1.1	  Discussion	  
 
Questionnaire is a kind of quantitative data collection method. Investigators 
gather information or solicit advice from selected objects by using a unified 
questionnaire. It is a type of research method that collects data through 
questions and obtains answers directly from users. Researchers compile 
questions that need to be investigated into question form. These questions 
are then sent by mail, asking in person or track accessing that allows the 
researcher acquiring answers after a period of time instead of collecting 
feedbacks instantly to possibly gain the views and opinions of a phenomenon 
or problem from the target group. The key points of this method are organizing 
questions, selecting participants, and analyzing results. [21] 
 
The advantage of the questionnaire is that researchers can obtain a great 
amount of information in a relative short time, which could help researchers 
getting an essential understanding of the target user group, and what their 
real needs are. Additionally, most of the questions are closed so that the 
outcome of the questionnaire is easy to summarize thus help researchers to 
find patterns. Moreover, questionnaires are always well structured, either the 
sequence and expression of the survey questions, or the ways and means of 
the options are settled. Therefore, it is relatively easy for the researcher to 
summarize the findings. Since answers are critically depend on questions, it is 
important that researcher designs the question without bias and try to keep 
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fairness and impartiality. In general, the statistical results of the survey are 
easy to be quantified. 
 
However, questionnaires are often difficult to organize and most of the time 
researchers need to have a clear understanding of their subjectsʼ intentions, 
motives and thinking process. The options provided may somehow affect 
participantsʼ choice, and results of the open questions might not be satisfied 
since participants are sometimes not willing to spend time on answering them 
and often ignore them. To design good questions might require a great 
amount of related experience. Even for the same problem, different 
researchers may come out with entirely different question design, especially 
when the problem is subjective thinking-oriented. Another drawback of 
questionnaire is that findings are often not deep enough. Since the 
questionnaire is a kind of research method that employs text as a 
communication tool between researchers and participants, if too many 
questions are involved, respondents may easily get impatient and stressed. 
Hence, questionnaires that are relatively brief may not provide in-depth 
discussion of a specific problem and its cause. This method often asks users 
to fill in the questionnaire by themselves, thus the quality of the investigation 
outcomes could not be guaranteed. It is undeniable that questionnaires have 
advantages in getting a large number of sample statistics, but details can 
difficult to obtain through its use.  

3.1.2	  Subjects,	  Materials	  and	  Procedure	  
 
There are 58 people in total that participated in the questionnaire. 21 among 
which are from an activity center in Anyuan community in Chaoyang District, 
Beijing. Another 37 respondents are from social relations, including parents or 
grandparents of researcherʼs friends. Papers, notebooks and pen are used to 
take the record of the outcome for further analysis.   
 
The questionnaire is organized based on the general knowledge of public. 
Questions involved were designed to discover either the older userʼs 
understanding and experience of mobile telephones and smart phones or 
their health conditions. Through these questions, information was collected 
including basic information about older usersʼ education background, their 
former experience of using cell phones and smart phone, and how they feel 
about the common mobile phones in the current market. Another important 
part of the questionnaire regards usersʼ health condition, which mainly 
investigates vision conditions of older people.  

3.1.3	  Expectations	  
 
During the research process, I have encountered several problems. At the 
very beginning, as I tried to disperse the questionnaire on the street, (asking 
older peopleʼs opinion about mobile technology), people often refused to 
answer questions or appeared uncooperative. This problem was probably a 
result of social issues. Cases in point are: growing older, people are afraid to 
communicate with strangers, especially when the conversation was directed 
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toward modern technology. Older people are often technology resistant since 
they regarded high-tech as young peopleʼs concern. As soon as they heard 
that the topic was about technology, they expressed less interest and were 
reluctant to talk about it. Some of them believe that it made no difference to 
live without high-tech products in their life. This phenomenon is not surprising, 
as most of the high-tech devices were not initially designed to consider older 
peopleʼs using habits. In fact, most of the mobile phones in the market have 
not been designed with older people in mind, and were often made with small 
buttons and screens that are hard to see and operate. [17]  
 
Data can be expected from the outcome of questionnaires, which are 
particularly useful in defining the overall research direction. Such results can 
help researchers in gaining an initial understanding of Chinese older usersʼ 
vision problems and their usage experience regarding mobile phones. 
However, facing the situation that a quantitative method like questionnaires 
could not provide concrete and detailed information, its use may merely be 
used to collect general ideas from users yet fail to reflect their in-depth 
thought. Therefore, complementary methods are necessary to help look 
deeper into the problem.  

3.2	  Interview	  

3.2.1	  Discussion	  
 
The interview [21] is a kind of user investigation method that allows 
researchers to study the objects qualitatively. During this process, 
researchers interview users according to a list of questions prepared in 
advance, and record the userʼs answers and reaction. Such investigation 
method is more interactive and flexible. The interview is a good way to access 
peopleʼs thought patterns with open questions. Through asking questions and 
observing peopleʼs reaction, researchers may be able to adjust their following 
questions according to each intervieweeʼs different response. This data 
collection method offers a great deal of flexibility to researchers and makes 
the data collection process more effective.  
 
In this project, the interview is chosen as one of the most appropriate user 
investigation methods mostly because it is an excellent way to gather 
information directly from users. In the early stage of the design, methods other 
than one-to-one interview were considered but abandoned at the end due to 
various reasons. Compared to other user investigation methods, such as 
questionnaire [21], voting [22], focus group [23] or data mining method [24], 
the interview takes details and emphases into account, helps designers 
communicating with users while limiting the effect from outside environment.  
 
Unlike the questionnaire, which concentrates on the quantity of the outcome, 
information is conveyed to the designer through face-to-face interaction with 
end users in the interview process. Therefore, user problems can be 
discussed in-depth and meanwhile misunderstandings can be avoided 
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effectively. On the other hand, although the voting method [22] is very widely 
used in peopleʼs daily life, it is not a favorable one in this project. The outcome 
of a project often become mediocre after voting since people are always easy-
influenced by others, and therefore cannot reflect their subjective feelings. 
The focus group [23] is another popular user investigation method to get a 
deeper understanding of user problems through listening to the voice of the 
informant from the target market. The biggest difference between the focus 
group and the interview is that the discussion in focus group was held in a 
group of respondents in an unstructured form. Although researchers could 
sometimes get unexpected discoveries from the unrestricted group discussion 
in focus group, risks often comes along with benefit that some human factors 
may lead to a “tainting” of the experiment. Thus, focus groups are more useful 
at determining design flaws and customer complaints rather than ascertaining 
new user problems. The “Data Mining” method [24], also known as 
“Knowledge Discovery in Database, KDD”, “excavates” useful user 
information from large amount of data. It is ineffectual in this project because 
of lacking existing database that contains an adequate quantity of information 
that the researcher intends to explore about the target users.  
 
On the other hand, the shortcoming of the interview is that it takes more time 
in the process. The sample size is comparatively limited, which might not be 
typical enough to be statistically significant. Also, it requires more human 
resources; materials and time constraints that cause certain limitations. 
Furthermore, the outcomes are sometimes hard to summarize and ascertain 
patterns.  The outcomes from either one on one interviews or surveys or focus 
groups are basically summary data and abstractions. Another restriction of the 
interview is that it is limited by reliability of human memory, especially in this 
project that the target user group is older people with perhaps a significant 
proportion of memory loss; the results can be even less reliable and credible. 
The other important characteristic of interview is that the interviewees tend to 
express their subjective attitude during the whole process, which may possibly 
bring on a distraction from the actual situation and deflects the analyst from 
detecting real usability problems.  
 
On the whole, the interview is an effective method to get general outlook and 
subjective opinions from end users, but complementary methods are also 
necessary to quantify user studies and to keep a balance between objectivity 
and subjectivity.  

3.2.2	  Subjects,	  Materials	  and	  Procedure	  
 
10 people in total have taken part in the interview. 6 of them were selected 
from 21 participants of the questionnaire in the activity center in the Anyuan 
community, while another 4 were chosen from the other 37 questionnaire 
respondents. All 10 participants selected for interviews have typical eyesight 
problems that showed through on the questionnaire results. The researcher 
used the notebook to note down intervieweesʼ responses and reactions.   
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In the interview process, 10 interviewees were invited in one on one 
conversation with an average time length of approximately 30 minutes. During 
the interview, basic user information was inquired and noted, including userʼs 
gender, age and visual conditions, what kind of problems they have 
encountered in their daily life caused by decreased visual ability. Smart phone 
use is also covered by the interview, aiming at determining whether the user 
has ever used a mobile phone or smart phone, and what kind of functions or 
convenience they are expecting from a mobile phone. As the project 
concentrates on the influence of visual impairment caused by age increase, 
the primary attention of the interviews are paid to older peopleʼs vision loss, 
how it affect them in operating mobile devices and what kind of design could 
provide them with the maximum convenience.  

3.2.3	  Expectations	  
 
Qualitative results with sufficient depth were expected from interviews. The 
interviews were not only satisfied with basic information, but also focus more 
on the truth and essence of user problems. Details about intervieweesʼ vision 
ability, as well as their experience with mobile devices, and how do visual 
problems influence them in using mobile phones were enquired about during 
the interviews.  
 
Yet, a significant feature of interview is the subjectivity of its results, data 
collected through it can only represent intervieweesʼ personal opinions. One 
substantial issue for either questionnaire or interview method is that 
participants in both methods tend to express their subjective views during the 
process. Questionnaire participants may have a different understanding about 
option settings, which may cause deviation in the outcome. Interviewees who 
have severe eyesight problems or have little experience with high-tech 
products such as mobile phones may also tend to hide and conceal their true 
thoughts and feelings towards these topics that they are not proud of or 
familiar with. Thus, a more objective research method is required to reinforce 
the user investigation result. “Ethnographic observation” [25] presents itself as 
an appropriate complementary method to balance objectivity and subjectivity 
in the research outcomes.  

3.3	  Ethnographic	  Observation	  

3.3.1	  Discussion	  
 
“Ethnographic field research involves the study of cultures, organizations, and 
society, by observing groups and people as they go about their everyday 
lives.” Ethnographers do this by going out and “getting close” to the 
participants for prolonged periods of time in their natural setting. [25] 
Observing users in the field are often the best way to determine the usability 
problems.  
 
Methods that are commonly used in user investigation such as the 
questionnaire and the interview are beneficial but not adequate for information 
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seeking in this project. Data collected from interviews may not fully reflect the 
actual problems that Chinese older people encounter due to their vision 
decreases, as interview results can be subjective and it is possible the users 
are unwilling to admit their physical limitations and pretend to be more skilled 
than they actually are during the interview. Hence, to ensure the objectivity 
and impersonality of the finding and to avoid being affected by the 
participantsʼ subjective emotions, ethnographic observation is chosen as a 
complement to the subjective method of interview.  

3.3.2	  Subjects,	  Materials	  and	  Procedure	  
 
Permission from 4 people were obtained to do the ethnographic observation 
in their home or follow them to observe when they went outside. Since older 
people spend most of their time at home, I made arrangements with 4 people 
over 60 years old to let me stay in their home and observe their daily 
activities.  
 
The details of the ethnographic observation are these: the first step is to find 
participants that have volunteered to take part in the observation. Neither 
strangers nor relatives are appropriate participants; strangers are most likely 
to deny the request, especially when the activity needs to be held in their 
private home; while to avoid biases from the researcherʼs point of view, family 
members or familiar people are also not the best choice to take part in the 
observation. Hence, two of the participants in the observation were invited 
through my grandparents; they helped me to invite two of their friends in their 
community, which could effectively shield the outcome from biases and 
ensures both objectivity and credibility. Another two participants were 
grandparents of friends of mine.  
 
After getting entry to the volunteersʼ home and informing them about the 
observation topic, the observation starts formally. Field notes were taken in a 
regular and systematic way to accumulate a written record of the entire 
observation experience, which mainly emphasizes on concrete, detailed and 
textured descriptions that “show” rather than “tell” through opinion. It is 
important to avoid being affected by the participantsʼ emotions, but rather 
focus on their actions from an objective point of view to enhance reliability of 
the research. 
 
At the beginning, the time length of observation was set to 4 hours for each 
person. However, some of the result data turns out to be insufficient and not 
deep enough to discover all of the problems of mobile phone use. Thus, 
observation time length was then extended to 8 hours per person to obtain 
adequate and valid data. The inadequate data collected first was because of 
the low frequency of mobile phone use in older peopleʼs daily life. 

3.3.3	  Expectations	  
 
Results from ethnographic observations are expected to be objective and fair 
to reflect the real problems that older people encountered with in their life due 
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to limited eyesight. Participants in the observation did not express their views 
from a personal perspective, but rather acted in a natural way without any 
pretension or hiding.  The researcher observes and takes notes neutrally, 
trying to avoid prejudgments. With respect to the fact that older people have a 
quite low frequency of mobile phone use, data collection results may not be 
sufficient in a short time frame, thus observation time lengths may need to be 
extended to get more data. Although it is extremely beneficial in gathering 
objective information, it helps little in discerning the research problems but 
largely pays attention to the surface evidence. Therefore, the ethnographic 
observation method serves the purpose of complement to the questionnaire 
and the interview. These three methods are complementary with each other, 
and the results derived are interdependent and none of them is isolated and 
dispensable from the other two. 
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4	  User	  Study	  –	  Results	  
 
This chapter demonstrates the results of the user study, including the 
questionnaire, the interview and the ethnographic observation. It is divided 
into two parts: the questionnaire outcomes were summarized in the 
quantitative part; while the interview and the observation results were 
presented in the qualitative part. 

4.1	  Quantitative	  Results	  
 
Qualitative results of the research are basically drawn from questionnaire 
outcomes.  
 

Table 1. General information from questionnaires 
 
From table 1 it is not difficult to find that people aged between 50 and 60 are 
the most well educated age group. While for the 60-70 age group, the 
percentage of people that received education under the middle school level 
increases. When it comes to the 70-80 age group, the education level gets 
lower in that 7 out of 19 have terminated their study before middle school. 
Generally speaking, younger people usually have higher education level. 
Basically in China, children form the initial understanding of Chinese 
characters as well as learn to read and write in their primary school.  
 
Among the 58 respondents, 47 people have used mobile phone while 11 donʼt 
have any experience with high technology like a computer or mobile phone. 
And for the latter part, 8 out of 11 do not have a plan to buy a mobile phone in 
the future. For those experienced users, 63.8% (30 out of 47) have used a 
mobile phone for over 5 years; more than half of the attendees use a mobile 
phone almost every day.  
 
For those who have the experience of using a mobile phone as a 
communication tool, questions to determine their current mobile usage 
experience are also included in the questionnaire. The outcome shows that 
only 8.5% of the respondents are satisfied with the size of text fonts on mobile 
phones. Up to 59.6% of them comment that although the size of text fonts is 
acceptable, they do not feel complete comfort as the size is still not big 

Age Total 
Number 

Male Female Uneducated Primary 
School 

Middle 
School 

Undergraduate 
or above 

50-
60 

18 7 11 0 1 8 9 

60-
70 

21 11 10 1 5 9 6 

70-
80 

19 8 11 3 4 3 1 

Sum 58 26 32 4 10 20 16 
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enough. 31.9% of participant said that the text fonts are too small to be seen 
clearly.  
 

 
Figure 1. Questionnaire research result – Vision condition 

 
The outcome from the “health condition” part indicates that almost 60% 
respondents considered themselves to have a comparatively poor vision 
condition. While only 15% of all regard their visual ability to reach a “good” or 
“very good” level. Such results can be seen in figure 1.  
 
Broadly speaking, older users are now having a certain amount of contact and 
understanding of high-tech products, such as mobile phones and computers. 
Mobile devices have gradually integrated into older peopleʼs life, even though 
the functions they normally used and are familiar with are extremely limited, it 
still shows a good sign for future development. On the other hand, most 
respondents have admitted they have limited eyesight; the visual condition of 
older users has become a key factor in affecting their life as well as mobile 
usage. More than half of the participants think that text fonts in the current 
phones do not have satisfactory size and have expressed a desire to see 
larger fonts in the mobile phone. 

4.2	  Qualitative	  Results	  

4.2.1	  Interview	  Results	  
 
The interviewees are selected between 60 to 80 years old, with an average 
age of 67. They are now experiencing physical decreases in many respects, 
including vision loss, hearing problem, tactile impaired fingers and decreasing 
short-term memories. Interviewees were inquired about their physical 
condition in detail; their physical decreases were summarized and translated 
into the corresponding influence on mobile phone usage in table 2.  
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Table 2. Interview research results – Physical decreases 
 
All of the ten participants are suffering from vision loss either due to physical 
diseases or age increase. Although individual eyesight situations vary among 
different people, they all admit that reading newspapers or text with small size 
has become increasingly difficult for them and that they often need aid tools 
such as reading glasses or magnifier glasses for reading.  
 
Regarding the user experience of mobile phones and smart phones, all of the 
ten interviewees have used mobile phones but only two of them have 
practiced a smart phone before. They are not familiar with smart phones 

Abilities Physical decreases Transcript 
Visual Accommodations 
(Ability of peopleʼs eyes 
to focus on objects) 

Presbyopia (to maintain 
a near object in focus, 
older people must hold it 
nearly twice the 
distance away from their 
eyes); 
Cataract (Patientsʼ sight 
become fuzzy; can be 
cured by surgery); 
Glaucoma (Decreased 
vision, optic nerve 
damage and visual field 
defects). 

Larger font size; 
Bigger and higher 
resolution screens to 
maintain visual contrast.  

Hearing/Audition and 
Manipulation 

A progressive decline in 
hearing. 
Decreases in finger 
strength, flexibility and 
coordination; 
Losing finger sensitivity. 

Efficient audio or tactile 
feedback should not be 
overestimated, thus 
clear font is mandatory. 

Cognitive Memory loss and 
attention problems. 
 

Use simple and user-
familiar language that 
avoiding technical 
terms; 
Clear, simple and 
transparent user 
interfaces; 
Simple and easy-
understanding operating 
process; 
Avoid any kind of 
complex functions or 
distracting contents, 
information, images, 
and redundant drop 
down menus.  
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operating systems like android or iOS. One of the participants has used the 
Android system for about a half-year and another has used iPhone for a very 
short time. The functions that they commonly use are limited and can 
basically be sorted into the call function. While other intervieweesʼ responses 
also shows that their essential need is merely comfortable fonts to recognize 
and easy operations to make a voice call.  

4.2.2	  Ethnographic	  Observation	  Results	  
 
Ethnographic observation findings are summarized in table 3: 
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Action Interpretation 

Eight people wear reading glasses 
when reading newspapers or the 
description of drug labels. 

The fonts of newspaper text and drug 
descriptions are too small to be seen 
clearly by older people who have 
presbyopia. 

Two people wear myopia glasses 
when watching TV, but took the 
myopia glasses off when reading 
newspapers. 

People with myopia also suffer from 
presbyopia as they age, and the 
myopia glasses helps little in reading 
objects in a near distance. 

Cannot clearly recognize the 
instructional text of some products in 
the super market. 

The texts of product instructions are 
too small to read. Older people do not 
take reading glasses with them when 
they go outside. 

Turn up the volume to a very loud 
level when watching a TV program. 

The subtitle on television are not 
legible at a certain distance and older 
people may use voice as an 
assistance whenever possible. 

Sit very close to the computer screen 
when playing a traditional Chinese 
poker game on computer. 

Do not feel comfortable in recognizing 
texts, pictures or other contents in a 
regular computer interface. 

Often forget or make mistakes on the 
operation sequence and do not know 
how to correct the error. 

Older people have limited short-term 
memory storage and cognitive 
abilities. 

The ring volume of their mobile phone 
has been turned to its loudest setting. 

Need voice help as a complement for 
text. 

Relies on keeping a limited number of 
their most frequent used contactsʼ 
phone numbers in mind to make the 
phone call. 

Unwilling to find a stored contact in 
the phonebook because they are not 
familiar with the mobile phone 
interaction patterns. 

Eight people hold the mobile phone at 
a relatively far distance from their 
eyes or need reading glasses when 
using their mobile phone. 

Cannot clearly recognize or feel 
uncomfortable about the text fonts in 
the mobile phone. 

Press very hard on the phone buttons 
or remote control buttons. 

Older people do not have flexible 
fingers to operate some 
communication tools; especially those 
with small buttons that require 
accuracy of manipulation. 

Sometimes cannot sense the 
vibrations of the mobile phone when 
the phone was put into the pocket, 
especially when they are walking. But 
when they hold the phone in hand, 
they are able to feel the vibration. 

Vibration feedback is effective when it 
is passed directly to older usersʼ 
hands. While the effect will be greatly 
reduced if the feedback cannot be 
delivered straight to usersʼ hand. 

Table 3. Ethnographic observation results 
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The above observation results indicate that older users have encountered 
several problems due to vision decreases not only in regular daily life, but also 
in the use of high-tech items such as mobile phones or computers. Older 
people normally have very ordinary and simple activities in everyday life. Their 
limited eyesight makes them feel troubled especially when reading small 
texts, and they may need voice feedback or assistance when necessary.  
 
We should emphasize here that audio help in mobile phones can be 
extremely useful as a supplement to visual expression. When older people 
watch TV programs, they sometimes require a louder volume than the youth 
do. Additionally, seniors tend to set a louder volume of the bell in mobile 
phones. These phenomenon can possibly be interpreted in two ways: one 
explanation is that the hearing ability of older people has experienced a 
decline that makes them unable to hear clearly so they will have to rely on a 
louder voice or find another form of aid in the vision realm; and the other 
interpretation is because older users have diminished eyesight that they might 
have to seek for help from other sensory abilities such as audition. On the 
whole, these two sensory systems are interdependent, and when the seniors 
are not able to get adequate feedback from one modality, they will try to find 
an aid from another modality. Feedbacks from different sensory systems are 
complementary; hence, the aim of this project focuses on strengthening visual 
feedback to complement the deficiency of usersʼ auditory and optical 
limitations.  
 
Vibration plays an important role in various kinds of feedbacks. The reason 
that some users do not adopt vibration feedback is perhaps because the 
vibration is not intense enough or is muted by some other materials (clothing, 
etc.) that users can hardly sense it. Vibration feedback is extremely useful 
when older users hold the device in their hands. Thus, the effect of vibration 
feedback depends largely on the environment in which it was used. To 
provide older users with proper feedback from the phone, different kind of 
feedbacks shall be introduced to complement each other in different sensory 
systems.   
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5	  Action	  Research	  –	  Methods	  and	  Tools	  
	  
After completing the user study, practical actions are necessary to examine 
userʼs actual preference and look into their behavioral habits in detail. This 
chapter describes and discusses the action research methods and tools 
adopted to use in this project. 

5.1	  Contextual	  Inquiry	  
 
In the action research process, contextual inquiry is taken as the core 
research method in all the three research sections – “font research”, “simple 
icon research” and “smart phone interaction research”.  

5.1.1	  Discussion	  
 
Contextual inquiry is a kind of integrated user investigation method to get 
objective and credible data directly from target users. It is essentially a 
combination of a focused interview and observation, and combines aspects of 
other methods including interviewing, think-aloud protocols and 
participant/observer in the context of the work. Contextual inquiry is an 
evolving technique for examining and understanding users and their 
workplace, tasks, issues and preferences. It requires the analyst to go to the 
users and observe their real work, and, if possible, interview the subject while 
he/she is still in the workplace. [21] Four key concepts in contextual inquiry 
are context, partnership, interpretation and focus.  
 
The process can generally be divided into three parts: first is to select the 
appropriate participants who can represent the typical user group, reach an 
agreement with the participants before carrying out the test, and obtain the 
right to observe and record their behavior; record and communicate with the 
participants during the process and obtaining their feedback; then summarize 
and coordinate the record after the test, exchanging opinions with participants 
again and making a final summary.  
 
The details of the three research sections in this project are these: several 
groups of tasks are prepared for contextual inquiry and the results of task 
completion are summarized and used to define the standards of setting. 
Participants were asked to complete several tasks, and the analyst notes 
down their performances at the same time. In the meantime, task completion 
status and errors that participants made were recorded for further analysis. 
After accomplishing all the tasks, participants were asked to give opinions 
about their feelings in a follow-up interview. The details of implementing the 
procedure are illustrated in the subsections 5.2 – 5.4 respectively.  
 
The most significant advantage of contextual inquiry is that it recorded the 
participantsʼ real working state in their familiar environment; they will be more 
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relaxed during the test so that the result is more reliable and detailed. 
Additionally, no specialized laboratory for the user experience test is required, 
which makes the test field more flexible. It is relatively easy to discern the 
inherent knowledge in the participantsʼ minds or their accustomed operating 
habits, which are difficult to ascertain by other methods.  
 
One shortcoming of the contextual inquiry is that the participants cannot be 
gathered together, so the researcher needs to complete the observation and 
opinion exchange one by one so that the time period may be relatively long 
and the cost of the test is comparatively high. 

5.1.2	  Subjects	  
 
All of the 10 interview participants were invited to take the contextual inquiry 
and complete the pre-designed tasks. Differing from the interview in that it 
aims at investigating user problems from a subjective viewpoint, this process 
concentrates on the actual effect of task completion in an objective view.  

5.2	  Font	  Research	  
 
Through analyzing the outcome of user studies in the previous research step, 
font research present itself to be worth looking at in-depth. Text is one of the 
most important elements of the interface component, and font research is 
especially significant for older users in China who are faced with the dual 
problems of decreased visual acuity and the complexity of Chinese 
characters.  

5.2.1	  Material	  
 
In this project, in order to investigate how the decreased vision status and 
complex structure of Chinese characters have influenced older users in using 
smart phones, and which type and size of font is the most welcomed by older 
users, “Text-in-Screen” prototypes in an iPhone 4S platform is introduced as 
the tool to carry out the research.  
 
The definition of prototype can vary from different people depending on the 
different aspects of their view and expectations from a prototype. [26] In the 
font study part, the prototype serves the purpose of a research tool in the 
contextual inquiry process.  
 
Considering that neither paper prototype [21] nor prototype created by 
computer is adequate in the study of user experiences with a smart phone 
device, an improved method is required. As mobile applications are based on 
mobile devices, the interactive use of mobile devices is appropriate. Thus 
several sheets of paper in an evaluation do not give users the real experience 
of the smart phone and proper feedback in many respects is difficult to obtain 
through use of the test. Therefore, an improve method “Text-in-Screen”, which 
is inspired by the “Paper-in-Screen” method [27] presents itself to provide a 
more complete user experience and to obtain more valuable feedback data. 
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“Paper-in-Screen” prototype means moving paper prototype onto a mobile 
phone screen. The benefit of “Text-in-Screen” is similar to that of “Paper-in-
Screen” that it offers a more thorough experience for the test participants.  
 
Therefore, in the font research section, the “Text-in-Screen” prototype is 
created on a computer to present the text samples by Microsoft PowerPoint 
and transmitted into an iPhone 4S system with a 3.5-inch screen and 
resolution of 640 by 960 pixels via an application called “SlideShark”. The 
core purpose of this method is to adapt prototypes created in a computer 
environment to an authentic smart phone system. “SlideShark” is a business-
class solution built by BrainShark, Inc., and it is an appllication for viewing and 
sharing PowerPoint presentations on the iPad or iPhone the way they were 
meant to be seen – with animations, fonts, colors and graphics intact. 

5.2.2	  Procedure	  
 
In the font research process, 12 tasks were introduced to test older usersʼ 
preferences of font, size, and color of the text in the smart phone. From the 
one on one feedback, the researcher determines userʼs experiences on 
different font types, and therefore locates the most appropriate ones via 
successive tests.  
 
The tasks are based on the smart phone interface, which aimed at 
determining the older usersʼ preference of text fonts and size presented on an 
actual smart phone screen. Microsoft PowerPoint is used to create several 
text samples in three different font types and four different font sizes. The 
samples are then divided into 12 (3 by 4) groups and transmitted into an iOS 
system of an iPhone 4S. The 12 text samples with different font types and 
sizes can be classified into 3 groups: each has a uniform font type but 4 
different font sizes of 14, 16, 18 and 22 point. The three common Chinese font 
classes are “Times New Roman”, “Helvetica” and “Italics”. Example of the 
twelve - size/type font combinations are presented by table 4. During 
contextual inquiry, users are required to read the text in different groups and 
confirm which style is preferable and more comfortable to read.  

 
Table 4. Example of the twelve-size/type font combinations 

 
To complete the test, twelve paragraphs were extracted from the newspaper 
“China Daily” – social news section and recomposed in different fonts and 

 Times New Roman Italics Helvetica 
14 Point 宋体 楷体	 黑体 

16 Point 宋体 楷体	 黑体 

18 Point 宋体 楷体	 黑体 

22 Point 宋体 楷体	 黑体 
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sizes. Figure 2 shows a comparison of a group of text in “Times New Roman” 
with different font size for illustration. In the real test process, different articles 
were selected to best assure accuracy. The paragraphs are having similar 
length with approximately 150 – 180 Chinese characters. Due to the limited 
size of the smart phone screen, when the paragraph was set in size 14, it 
requires 2 sheets of interface to present. The number of sheets increases to 3 
-4 for size 16 and 18, and approaches to 4-5 sheets for size 22. In the given 
size of the 3.5-inch screen, the capacity of Chinese character number per 
interface is 88 in size 14, 70 in size 16, 63 in size 18 and 48 in size 22 
respectively. Since all Chinese characters are square in shape, it is simple to 
count the number of characters per page. The bigger the font size, the more 
pages it took to present the text. In order to maintain the fairness of the test 
result, the twelve text samples are offered to the interviewees in random 
order. 
 

 
Figure 2. Example of Text Sample in Different Font Sizes 

 
To make the result quantitative for analysis, average reading time and errors 
users made are recorded to quantify their performance. The findings will be 
summarized and presented with one series of the eldersʼ most preferable 
settings.  

5.2.3	  Expectation	  
 
Compared to the interview, contextual inquiry focuses on participantsʼ ongoing 
experience and data derived from this process is more concrete. The 
consequence of contextual inquiry is relatively objective in that data are 
collected spontaneously, thus become more helpful to identify what customers 
actually need. Unbiased data without personal judgments are expected from 
the inquiry process.  
 
However, it is tricky that the original purpose of introducing 12 text samples 
with different contents was to ensure fairness to avoid one participant being 
too familiar with the same content, but meanwhile an incidental risk comes up 
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that the composition characters in different articles may have varied degrees 
of complexity and difficulty. Therefore, the tests may need to be repeated on 
numerous people with various kind of content to ensure accuracy and 
relevance, so a lot more tests can be expected in the future.  

5.3	  Simple	  Icons	  Research	  
 
Other than texts, icons are another important UI elements of mobile phones. 
The initial concept of “Icon” refers to the image itself, when introduced into the 
computer system it is extended to represent the image or the symbol to 
express a concept. [28] In general, icons are computer graphics that have 
explicit representational implications. The main constituent elements of icons 
are the image symbol, the indicator symbol and the emblematical symbol. [29]  
 
The main advantages of using icons in the user interface is that icons offer 
quick identification and beautiful layout, also it is easy for users to remember 
and conducive to internationalization. Icons in the graphical interface of mobile 
phones represent some of the system functions and serve the purpose of 
function identification. A great amount of information needs to be expressed 
by icons within a limited space of the mobile interface, which requires the 
icons to be both highly abstract and representative. The learning and 
operation process could become more simple and convenient for either skilled 
users or inexperienced users through a proper use of the icons. [30] 
 
However the drawback is that the meaning of icon design is sometimes 
difficult to understand and identify. Kim and Leeʼs study [31] has shown a 
possibility of cultural impact on icon recognition according to the level of 
abstraction.   
 
Icon design is worth being investigated in this project because older people in 
China are facing a vision loss situation, which cause them problems in 
reading texts with complex stroke structures. Icons – different from texts, 
presents itself to be more intuitive and visually precise, and that could 
effectively help users in the interaction. Therefore, researches on icons are 
necessary to verify whether older users in China accept adopting icons to 
represent different functions or applications, and also to find out their most 
welcomed icon type through several tests.  

5.3.1	  Material	  	  
 
In the icon study process, several sets of “Look and Feel” prototypes are used 
as research tools in the inquiry process. The definition of prototype varies with 
different people and depends on their different points of view and 
expectations from a prototype. Houde and Hill have presented an innovative 
way of defining prototypes in terms of the artifact being designed. Their model 
of describing prototypes focuses more attention on fundamental questions 
about the interactive system: What role will the artifact play in a userʼs life? 
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How should it look and feel? How should it be implemented? The basic model 
of what prototypes prototype is illustrated by figure 3. [26]  
 

 
Figure 3. A model of what prototypes prototype [26] 

 
In the model in figure 3, the three dimension of the triangle represent “role”, 
“look and feel” and “implementation” respectively. “Role” prototype focuses on 
how the functions of the artifact could serve in the usersʼ life, “look and feel” 
prototype refers to questions about the direct and concrete sensory 
experience of using an artifact while an “implementation” prototype is primarily 
used to answer technical questions about how the artifact may actually be 
made to work. [26] 
 
As icon research mainly concentrates on the signification of each icon, 
prototypes created are basically “Look and Feel” prototype. Three sets of 
icons with different image but representing the same functions were arranged 
in three prototypes.  Figure 4, 5 and 6 shows the three groups of “Look and 
Feel” prototypes created by Axure RP Pro 6.5, and downloaded into iPhone 
4S system for the test. Icons in sample group 1 are relatively complicated and 
contain a great amount of detail and are more figurative; sample group 2 and 
3 are simple icons with same shape, but icons in group 2 are in the same 
color and those in group 3 have different colors.  
 
The test can be divided into two parts: the first one applies to identify a basic 
icon design trend that is most well accepted by older users in China, and the 
second part tries to generalize an easy-understood icon group for those found 
controversial in the first part.  
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Figure 4. “Look and feel” prototype – group 1 

 

                
Figure 5. “Look and feel” prototype – group 2 
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Figure 6. “Look and feel” prototype – group 3 

5.3.2	  Procedure	  
 
During the contextual inquiry process of icon research, the ten participants 
were asked to identify the icons they have seen on the screen, meanwhile, 
the researcher observes and notes down the results for further analysis. 33 
icons covering 11 functions in all (call, menu, keyboard, phonebook, SMS 
message, calendar, time, camera, radio, calculator and system setting) were 
tested, along with exploring the usersʼ reactions and feelings of using photos 
to represent contacts instead of names in text.  
 
In the second part of the test, five controversial icons that users got confused 
with were re-examined to sum up a group of favorable icons by the users, 
including “menu”, “phonebook”, “SMS message”, “radio” and “system setting”. 
Each icon was presented in several different forms that popular used in the 
current market for users to choose their most preferable ones. Table 5 
demonstrates the samples provided in the test: 
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Function Icon samples 

Menu 

      
Phonebook 

     
SMS message 

     
Radio 

    
System setting 

    
Table 5. Test icon samples 

 
After the icon recognition assignment, participants were required to give their 
personal opinions in a follow-up interview. One emphasis of the interview is 
the balance of complexity of icon design; another is whether color diversity is 
beneficial in icon identification. Participants were requested to identify their 
favorite icon group, i.e., which is the easiest to recognize. Information 
including their understanding about each icon, and how it can be improved 
were also collected.  

5.3.3	  Expectation	  
 
Usersʼ preference of icons might be influenced by many factors. People from 
different cultures, of different ages, and with different backgrounds may have 
different cognition and understanding of a given icon. Additionally, the icon 
design, especially its abstraction degree will also impact peopleʼs 
performance. However, the space of a smart phone screen is limited, and that 
does not allow a high degree of refinement. It is tricky in that details and 
conciseness cannot be satisfied at the same time. A balance between both 
sides is the essential demand for selecting appropriate icons for older users.  
 
One group of the most preferable icons is expected from the research. It is 
possible that the outcome is difficult to summarize to some extent since the 
sample amount is not sufficient with only 10 participants. However, the 
potential trend could be effectively detected through observation and 
interview. And to make the study result more convicing and credible, a lot 
more research is needed to test more icon samples on more users.  

5.4	  Touch-‐screen	  Smart	  Phone	  Interaction	  Research	  
 
Smart phone is the trend of mobile phone development either in currently and 
perhaps in the future. The popularization of smart phones in the future 
personal mobile communication market can be predicted. However under the 
circumstances that the current user group of smart phone is relatively 
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concentrated since the smart phone is a kind of high-tech product and its 
interactive patterns are more complex compared to ordinary mobile phones. 
Thus, restrictions on users are inevitable and even restrain its development to 
a certain extent.  
 
As a special user group that differs from users in at a younger age who are 
not troubled by vision loss, older users with decreased eyesight may have a 
completely different user experience on a smart phone with touch-screen 
interactions. Hence, analysis of user experiences with touch-screen 
interaction patterns for older users is necessary and worthy for study. 

5.4.1	  Material	  	  
 
The touch-screen smart phone was adopted as the tool to explore older userʼs 
experience of touch-screen interaction patterns. An iPhone 4S with “iOS 
6.1.2” system, equipped with a 3.5-inch touch-screen and 960 by 640 
resolution was used to test older usersʼ performance on touch-screen smart 
phone operations.   
 
The characteristics of touch-screen smart phones have a huge difference 
from the traditional touch-tone mobile phone: 
 

• Unified display area and control area; 
The display area and control area of a traditional touch-tone phone are 
separated: the screen is used to display the contents and the keyboard 
is used to manipulate; users need to watch the content on the screen, 
meanwhile manipulating the keyboard. In contrast, the display area and 
operation area of a touch-screen phone were unified in one touchable 
screen. Users can directly manipulate the contents on the touch screen 
that highly reduce the memory load required to spend on mapping 
display area with control area; it also improves the operation efficiency 
and cuts down disruptions in manipulation.  
 

• Display without focus; 
Due to the unified operation mode of touch-screen interaction, focus is 
not required in display. That means the system does not need to 
highlight to prompt the entry, but allows users to view and select the 
desired entry and click it directly.  
 

• Finger manipulation. 
As the display and operating area of touch-screen phones becomes 
larger and the development of manipulation gestures, fingers become 
the most suitable and natural operation mode. The parallelism of 
gesture semantics and operation mode frees the user from wasting 
time to search in their memory, and presents the gesture as the most 
natural way of expression.  
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Additionally, the interaction patterns of touch-screen smart phones are also 
different from traditional touch-tone mobile phone interaction: 
 

• A more direct and efficient interaction pattern; 
Information organization is the process of ordering information by using 
a variety of methods and means. It makes the information systematic 
and concentrated by revealing the internal logical relationship between 
information. It also serves to manage, coordinate and abstract. 
Functions in the traditional touch-tone phone are often divided into 
functional groups, while applications in the touch-screen smart phones 
often exist as separate application modules. Users can choose to enter 
directly when he needs to use a specific function. This provides a more 
direct path, thus could minimize userʼs thinking time by reducing their 
memory load, and improve the interaction efficiency at the same time.  
 

• An adaptive interaction pattern: 
The user scenario can be estimated and natural feedbacks can be 
provided accordingly. Usersʼ basic scenario can be obtained with the 
help of mobile location technology, sensor technology and computing 
technology to get the sound, temperature, humidity brightness and 
other information concerning the current environment, and then get the 
device to automatically adapt to meet the usersʼ needs. For instance, a 
gravity sensor system was built-in to adjust the screen and interface 
display according to the direction of the phone. When user receives a 
call, the phone can sense the current state and gives a response.  
 

• A “Transparent” interaction pattern: 
Transparent interaction means the user only gets a pleasant 
experience without consciously perceiving the presence of the interface 
during the process of completing a task. The interface is just a carrier 
to complete the task.  
 

In summary, the unity of display area and operating area of touch-screen 
phone changes the interaction patterns of touch-screen smart phones at a 
fundamental level. It makes the interaction more direct and efficient. 
Meanwhile, the development of science and technology also has a huge 
impact on the interaction patterns, which makes it more natural and 
transparent. Under the influence of the Internet technology and the gradual 
integration with PC, touch-screen smart phones will become the future mobile 
phone development trend. Changes in the interaction patterns may also be 
brought out.  

5.4.2	  Procedure	  
 
Older usersʼ performance and acceptance of the five most frequently used 
interaction gestures were studied in this project: “tap”, “flick”, “drag”, “pinch 
open and close” and “touch and hold”.  
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• “Tap” is similar to the single click on a personal computer, tapping is 
used most often to select objects, opening applications, following 
hyperlinks and selecting menu items. To tap, users make a quick up-
and-down motion with a finger, lightly striking the screen.  

• “Flicks” are quick swiping motions, most often used for scrolling 
through windows quickly. To flick, users place a finger on the screen 
and quickly swipe it in the desired direction.  

• “Dragging” occurs when users move their finger without lifting it from 
the screen. Dragging is most often used for scrolling and panning 
through content. To drag, users place a finger on the screen and move 
it in the desired direction without lifting it from the screen. 

• “Pinching” occurs when a user places two fingers on the screen and 
either drags them apart (pinch open) or drags them closer (pinch 
close). Pinching open is used most often to zoom in on content, 
whereas pinching closed usually zooms out.  

• A “Touch and hold” gesture is when the user holds his or her finger in 
place on the screen. Touching and holding usually brings up context-
sensitive interface items, similar to a right mouse click with personal 
computers. For example, when browsing the Web, touching and 
holding brings up a magnifying glass from which users can select and 
copy the website's text. [32] 

 
During the inquiry process, several tasks were prepared for the participants to 
accomplish: 
 

Task Gesture required 
1. Open a target application Tap  
2. Unlock the screen Flick 
3. Scroll the interface to next 

page 
Flick 

4. Zoom in and zoom out a 
picture 

Pinch open and close 

5. Search a contact in the 
phonebook 

Drag, tap 

6. Delete an application Touch and hold 
Table 6. Tasks in interaction research 

 
At the beginning of the inquiry, the researcher demonstrates the five gestures 
to the ten participants that help them to build up an initial and basic 
understanding of the smart phone interaction. In order to find out older usersʼ 
performance on this new interaction pattern, participants were asked to 
complete the six tasks in table 6 independently. Each participant was given 
three opportunities on each task. Their behaviors and performances were 
noted down for further analysis. Through the task completion condition, 
researcher could find out older usersʼ mastery of the touch-screen interaction, 
whether they accept this new interaction pattern and how they feel about it.  
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5.4.3	  Expectation	  
 
Older usersʼ performance and acceptance of touch-screen smart phone 
interaction patterns were expected through the research. For the typical 
touch-screen interaction gestures, some users may have a good 
understanding and fast-learning ability. Some others may difficulty in the 
coordination of their fingers to operate the device.  
 
Additionally, the degree of gesture difficulty varies among the users. For 
instance, “tap” and “drag” require only one finger operation while “pinch open 
and close” requires two fingers cooperation and coordination to achieve. 
Thus, for different gestures, users might have different level of acceptance. 
Older users can probably learn to complete the “tap” action after several times 
of practice, but may fail in complex gestures such as “pinch open and close” 
or gestures they are not familiar with even after several attempts.  
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6	  Action	  Research	  –	  Results	  
 
This chapter presents the results on three action research fields: “font” and 
“icon” study, as well as touch-screen interaction pattern research.  

6.1	  Font	  Study	  Result	  
 
Parameters include average reading time and errors made by the participants 
(accuracy), and are tabulated to identify the most suitable font type and size, 
which can be reflected in figure 7 and 8. 
 

 
Figure 7. Average Time Taken to Read the Text Sample in Different Font 

Types and Sizes 
 

 
Figure 8. Average Number of Errors in Reading Samples with Different Font 

Types and Sizes 
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From the above two graphs it is not difficult to discover that in all the three 
different font type groups, size 18 point appears to be the most welcomed. 
People have spent the shortest time on sample groups with size 18. This 
relative high value in 14-point and 16-point groups indicates that older users 
are taking more time to recognize the characters in the paragraphs. While the 
value rebound in 22-point groups can probably be interpreted that user is 
spending more time on operating the device to turn to next page since the 
larger the font, the fewer the number of words a single page can be display.  
 
Another outcome derives from figure 8 is that the larger the font size, the 
fewer mistakes the user made. And it is worth mentioning that errors 
interviewees made are mostly on complicated Chinese characters; especially 
with characters consist of over 12 strokes. Although users are making less 
mistakes when reading text on 22 point, it is unnecessary to sacrifice reading 
efficiency for accuracy. Therefore, over a comprehensive consideration of 
these factors, font type “Times New Roman” with size 18 point is adequate for 
older users in China.   
 
In the follow-up interview, participants agreed that the bigger the font size, the 
clearer and easier they could see, and only two people are satisfied with 16 pt 
fonts. But they also admit that the font size does not need to be inordinately 
large as the screen size is very limited. Seven out of ten participants choose 
18 pt as the most comfortable to read in a mobile screen. Participants did not 
show obvious preference on font types, but some of them did mention that 
“Times New Roman” has more simple and clear strokes, while the strokes of 
“Helvetica” are too thick to be seen legibly, especially for the smaller font 
sizes that the strokes looks even more “centralized”.  

6.2	  Simple	  Icons	  Study	  Result	  
 
The response of replacing contact names by their photos as “speed dial” is 
almost as good as the expectation. Although some people were not 
accustomed to associate photos with the target contacts since the photos 
used in the test are from the library of Axure that may seem too abstract for 
them to imagine and to link with somebody they know, respondents generally 
accept that compared to texts, pictures are more likely to be recognized in a 
shorter time. Some participants have also suggested that names of the 
contacts are still necessary to serve the purpose of complement to the photos.   
 
Tests on icons of the 11 most frequently used functions (call, menu, keyboard, 
phonebook, SMS message, calendar, time, camera, radio, calculator and 
system setting) were covered in the inquiry process. Participants universally 
admit that adopting icons as the main representation and expression of 
different functions is a good idea. Problems found about the three sample 
groups through observation are summarized in table 7. 



 51 

 
Group Problems 

1 1. Four participants cannot recognize “menu” icon; 
2. Two participants do not understand the “phonebook” icon; 
3. Eight people do not know the meaning of the “camera” 

icon; 
4. All of the ten participants do not understand “radio” icon 

because it is too abstract and looks like a “disc”; 
5. One participant considers the icon style and color to be too 

dark to recognize. 
2 & 3 1. Seven people cannot accurately determine the meaning of 

“menu” icon because it is too abstract; 
2. Three people got confused about “menu” icon and 

“keyboard” icon that they could not tell the difference 
between them since these two icons “look too similar to 
each other”; 

3. Two people got confused on distinguishing “camera” and 
“radio” icon; 

4. One people misunderstanding “system setting” icon as a 
representation of “weather” since it looks like a sun. 
Table 7. Icons refinement study results 

 
From the above findings, we can tell that a balance between refinement and 
simplification is one of the most significant issues in the icon design. An over 
refinement of design can lead to too much detail, while an over-simplified icon 
may also lead to misunderstanding and confusion. From the outcome 
summarized in table 7, a potential trend can be discovered that for some 
icons that cover multiple features such as “layout”, the icon can be arranged 
to contain more details rather than be overly abstract, since older users have 
relatively poor imagination ability. Therefore, details can be useful in 
reminding them about the functionality that the icon represents. However for 
icons that represent single functions, a concise design should be designed in 
the first place. For instance, the “phone” icon in the group 1 is more welcomed 
by the users compared to that in the group 2 and 3. This conclusion can also 
be drawn from the follow-up interview results: participants generally have a 
clear preference for the simple icons rather than for complicated ones that the 
predigest design helps to reduce their memory load to a certain extent.  
 
Study results concluded in table 7 indicate that some icon recognition 
problems are worth looking into, since users have some confusion and 
different opinions on some icons. Further study was then carried out on five 
controversial icons: menu, phonebook, SMS message, radio and system 
setting. Test result on the controversial icons samples in table 5 can be 
summarized in the following table 8: 
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Function Preferable icon 

Menu 

 
Phonebook 

 
SMS message 

 
Radio 

 
System setting 

 
Table 8. Test result on controversial icons 

 
The result of comparing group 2 and 3 also shows that color differences of 
icons have a positive impact on remembering and recognizing icons. All of the 
ten older users show their favor for group 3 with color diversity without 
exception. Thus, colors can be used as another distinctive feature in the icon 
design.  
 
On the whole, icon group 3 appears to be the most popular among older 
users. It is able to sum up that a concise shape and diversiform and vibrant 
colors are the two significant characteristics in designing icons for older users.  

6.3	  Interaction	  Study	  Result	  
 
The problems that older users encountered with the five commonly used 
gestures are summarized in table 9.  
 

Gesture Problems 
Tap Press very hard on the screen when “tap” to open an 

application; 
Hold their finger on the screen for a longer time 
instead of a quick tap; 

Flick Often “forget” and leave their fingers from the screen 
when the “flick” action is done;  
Stop halfway or flick back fingertip; 
“Tap” to open an application by mistake; 

Drag Some users slide their fingers too fast and pass the 
target or tap a wrong contact;  

Pinch open and close Uncoordinated operation with two fingers; 
Flick to the other picture by mistake; 

Touch and hold No obvious error was found. 
Table 9. Interaction pattern study result 
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“Tap” action requires users to briefly touch surface with fingertip, but a lot of 
older users fail in this gesture in that they either press too hard or hold their 
finger on the screen, which may falsely become a “touch and hold” action. 
One possible reason that older users often push very hard on the target is 
because they are afraid of failure, another explanation is that some users are 
more accustomed to a resistive screen rather than a capacitive screen. The 
working principle of resistive screen determines that a pressure force is 
mandatory to contact different layers in the screen, while for the capacitive 
screen, only a subtle touch from the finger surface can activate the capacitive 
sensor system under the screen. Therefore, older users who are more familiar 
with resistive screen may put extra pressure on the capacitive screen.  
 
“Flick” refers to quickly brush surface with fingertip. However, in the “unlock 
the screen” mission, some users slide their finger but stop in halfway so that it 
fails to unlock the screen, and some others hold their finger on the screen for 
a moment after sliding the arrow to the right side or even slide it back to the 
left and fail the task. In the “scroll the interface to next page” task, a common 
mistake is the unexpected tap of the application icons on the screen. Even 
though some users did not succeed in their first time attempt, most of them 
managed to complete the task after three attempts. 
 
“Drag” action means moving fingertip over the screen surface without losing 
contact. In the “search contact in the phonebook” task, some usersʼ gesture 
turns into “flick” that scroll the contact list too fast so as to lose their target; 
mistakes also occur that they sometimes tap onto a wrong contact.  
 
“Pinch open and close” is a gesture to touch the screen surface with two 
fingers and bring them closer together or move them apart. In the task of 
zoom in and zoom out a picture, most participants cannot manage to 
coordinate their fingers to complete the action smoothly even after three 
attempts. Some users even “flick” to other photos by mistake. This gesture is 
more difficult than the others mostly because it requires two fingers to 
cooperate that inevitably increase the difficulty for older users. Users need to 
move two fingers synchronously to complete the action, which presents a 
higher requirement on older usersʼ coordination and flexibility.  
 
“Touch and hold” is one of the most simple gestures that only requires users 
to touch the screen surface for an extended period of time. Once the user has 
found the target, he just needs to put his finger on it and hold for a moment 
until the icon starts to “shake”. The action is very simple in that as long as the 
user finds the target, there is no difficulty left for the subsequent actions. 
Hence, most participants consider no difficulty in performing this gesture.  
 
Although older users made several mistakes on “tap”, “flick” and “drag” 
gestures, most of them could manage to succeed after several attempts. 
“Pinch open and close” was considered to be the most difficult and 
complicated one among all five gestures, and has the highest failure rate.  
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Participantsʼ usage experience from their personal view was inquired about 
the interview. A common phenomenon is that most users consider the smart 
phone touch-screen too sensitive; a sensitivity issue that easily makes 
operation errors. Some participants were confused that their slight finger 
movements on the screen could be captured by the device and received some 
unexpected responses immediately. Some users could get used to the simple 
gestures in this new interaction pattern after several practice attempts, but 
complex gestures such as “pinch” that required two or multiple fingers 
operation are still one of the most important issues that they confront.   
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7	  Evaluation	  
 
Guideline evaluation can generally be divided into two parts: formative 
evaluation and summative evaluation, both applied to influence the future 
design process. Formative evaluations are normally conducted during the 
design process to improve the design and fix usability problems. In this 
project, the main purpose of formative evaluation is to clarify problems in the 
design guidelines and making improvements, modify or adjust the guideline in 
order to get an ideal result. Formative evaluation focuses on the guideline 
refinement process and aiming at improving the guideline design. While 
summative evaluations are conducted at the completion of the project to 
determine outcomes, summarize findings and provide evidence on the 
success or achievements of the project. It focuses more on the research 
result, which is guideline in this project, to check if it has meet the initial goal 
brought forward at the beginning.  
 
Due to the limitation of time and resources, the evaluation works are not 
carried out but can be expected in the future. This chapter describes the 
formative and summative evaluation process and discusses different methods 
adopted to validate the work.  

7.1	  User-‐centered	  Formative	  Evaluation	  	  
 
Design guidelines carried out in this project need to be validated and refined 
to ensure their reliability and credibility. Hence, a more concrete prototype or 
simulation that follows the design guidelines in table 10 is required and “user-
participatory evaluation” [21] is used as the validation method. When comes 
to validate each item in the guideline table, different method is used. The 
guidelines are then reviewed and revised according to the validation result 
and the whole process iterated for several cycles therefore improving and 
refining the design guidelines. 
 
To improve the guideline, more tests and validations are needed in several 
different aspects: Slight adjustment might be necessary for font setting when 
the screen size and resolution changes. Current test results are based on the 
iPhone platform with a 3.5-inch screen with the resolution of 960 by 640, as 
when the screen size becomes larger, the appropriate font size can be 
different. Therefore, different sizes of screens with different resolutions need 
to be tested in the future to figure out the most suitable font sizes for each 
device. Relationships between font sizes and the screen sizes are concluded 
according to the test results.  
 

• Procedure:  
“Controlled experiments” [21] is considered as an appropriate 
validation method to compare between several systems. This method 
is appropriate when the designer is interested in particular features of a 
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design. In this case, the independent variables are the font type and 
size, while the dependent variables are reading time and error 
numbers. Meanwhile, confounding variables, such as learning effects 
and the effects of different background knowledge need to be avoided 
to make sure that nothing is interfering between independent and 
dependent variables. Thus, randomizing the reading sequence of text 
samples can effectively control the effect.  
 
In detail of the procedure, several text samples are given to the users 
to read. The samples are presented via several typical screen sizes in 
the market, for instance 3.7-inch, 4.0-inch and 4.3-inch. Quantitative 
data including reading time and error rate are taken into account to 
help define the optimal font setting for each screen type. The 
relationship between screen size and optimal font size are studied.  

 
Some more tests shall also be carried out about icon design.  Colors such as 
red or orange could possibly cause visual fatigue and might need to be 
avoided in icon color design. Green or blue might give users a more 
comfortable reading experience. Thus, future tests are necessary to get the 
prime set of colors: what color is more suitable for older users and how to 
arrange icon colors and background color to provide the most comfortable 
reading feelings. 
 

• Procedure:  
“Cooperative evaluation” [21] is adopted as the main method to 
evaluate the guideline regarding icon design. Participants play the role 
as co-evaluators rather than passive subjects during the process. More 
“look and feel” prototypes are created in various colors arrangement. 
Generally, the prototypes can be divided into two groups: warm colors 
oriented and cool colors oriented. Tasks are assigned to the 
participants to identify icons in different color arrangements, and a brief 
interview is carried out after the session to inquire the participants 
about their feelings and preferences. Adjustments of the guideline are 
made if necessary. 

 
The response time of “tap” and “touch and hold” gestures need to be tested to 
figure out a suitable response time that best fits older users. Current response 
times of “tap” and “touch and hold” often led older users to misuse “tap” as 
“touch and hold”. However, an excessive long respond time can also misguide 
them to believe that the system is malfunctioning. Therefore, future tests can 
be expected to examine the proper response time of these two gestures and 
find out a balance.  
 

• Procedure:  
“Controlled experiments” is suitable in obtaining quantitative data to 
provide more convincing evidence to define the response time of “tap” 
and “touch and hold” gestures in the guideline. In this experiment, 
system response times for these two gestures are independent 
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variables, while participantsʼ manipulation times are dependent 
variables. Experiments focused on the comparison between the two 
gestures “tap” and “touch and hold” are introduced. Limited by the 
resources, other typical operating systems with different action 
response time are adopted in the test, for instance windows or Android 
system. Users are given several tasks that mainly adopt either “tap” or 
“touch and hold” to accomplish. Their performances and operation time 
as well as system response time are noted down to carry out a further 
analysis on the critical value of response time.  

 
New interaction patterns that use volume buttons “+” and “-“ to replace “pinch 
open and close” gestures should be tested to find out older users acceptance 
of this new pattern. Users could apply one finger on the target they want to 
zoom in or out and use another finger on another hand to press the “+” or “-“ 
button to complete the action. Users reaction towards this new interaction way 
will be tested and improved in the future. 
 

• Procedure:  
Limited by the hardware and software, the new interaction pattern of 
zoom in and out can hardly be implemented in a real smart phone 
environment for evaluation. Thus, currently we can only test older 
usersʼ performance on cooperating their left hand with “+” and “-“ 
button and right hand with touching the screen. The purpose of the test 
is to figure out usersʼ acceptance of the new interaction pattern. A 
simple “Cooperative evaluation” process can be carried out through 
assigning participants a task to complete this action, observe their 
performances and interview about their feelings and acceptance.  

 
Also, other features of the smart phone interface components need to be 
studied, for instance, the organization and arrangement of each function. Last 
but not least, a complete project of the smart phone that is specially designed 
for older Chinese users with vision decreases is expected in the future.  

7.2	  Summative	  Evaluation	  
 
After refining the design guidelines through a series of formative evaluation, a 
summative evaluation is in demand to develop best-practice models and to 
identify areas that require additional improvements in the future, as well as to 
validate whether the project goal has been achieve effectively. To accomplish 
this objective, the summative evaluation can be divided into two parts:  
 
PART 1 
 
The modified design guidelines are validated at first to evaluate the extent to 
which designers are able to use such guidelines to re-design the mobile 
interfaces for older users with vision decrease in China, and to suggest how 
the guidelines can be improved. [33]  
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An experiment is carried out to measure the effectiveness and sufficiency of 
the design guidelines. Three designers with a minimum of 1 year of 
experience in designing interactive systems are invited to take the 
experiment. Designers are assigned with a task to re-design a mobile 
interface by applying the design guidelines carried out in this project. During 
the experimental session, errors made by designers and difficulties they 
encountered with in using the guidelines are identified and observations are 
made by the experimenter. [33] 
 
The outcome can be analyzed in terms of the reduction of the “designer costs” 
in both cognitive and affective aspects when using the guidelines. “Cognitive 
costs” can be expressed in terms of errors (recognized and unrecognized) 
and difficulties in using the guidelines, and “affective costs” refer to the 
feelings of distress (irritation, annoyance, anger) experienced by the 
designers when using the guidelines. [33] 
 
The designers are interviewed after completing the design task to get 
complementary information to support the assessment; to discuss doubts, 
comments, criticisms and suggestions made by designers; and to discuss and 
clarify, if necessary, difficulties and errors observed by the experimenter 
during the process. [33] 
 
PART 2 
 
The improvement of the “quality of the product”, which means the quality of 
the re-designed interface in this case, is another factor in evaluating the 
project. In detail of implementation, the “product quality” can be assessed by 
comparing the initial and re-designed interfaces.  
 
The re-designed interfaces derived from the above process (PART 1) are 
used in participant-based evaluations to compare with the original interfaces. 
“Controlled experiments” and “cooperative evaluation” are adopted 
respectively depends on different aspects that has been assessed. For those 
aspects that require quantitative data in validating the outcome, such as font 
issues, “controlled experiments” is considered more suitable. While 
“cooperative evaluation” is used in other parts of validation that could help 
maximizing the data gathered from simple testing session through 
cooperation between designer and participants. [21] “Cooperative evaluation” 
can be carried out through a series of tasks assigned to the participants. 
Questions are asked during the process and interviews are given after the 
evaluation as complement.  
 
Finally, the comparison between the evaluation results of initial smart phone 
interfaces and re-designed smart phone interfaces are concluded to identify 
whether the quality of the re-designed interfaces has actually making 
improvement in benefiting older users in China with vision problems.  
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8	  Conclusion	  and	  Future	  Work	  
 
This chapter concludes the whole thesis project, summarizes the findings, 
derives a set of design guidelines and draws out future works.  

8.1	  Conclusion	  	  
 
This project was started under the initial intention of helping older people with 
vision decreases in China to live a more convenient and enjoyable life. The 
goal of the project was to study older users in China who have diminished 
eyesight in-depth and to carry out an action research in various respects with 
several tools in an attempt to determine their preferences and demands for a 
smart phone.  
 
Many research works were done at the beginning of the project, including 
background study, looking for references and study of the related work. Older 
Chinese citizensʼ vision conditions along with the characteristics and 
particularity of Chinese characters were studied thoroughly. The entire 
research work can be divided into two parts – user investigation and action 
research.  
 
In the user investigation stage, three methods were adopted to study the user 
group in depth, with an emphasis on their vision problems. Data was collected 
both from the quantitative side with the questionnaire method and from the 
qualitative aspect with the interview and ethnographic observation methods. 
The three methods were discussed and the related procedures, materials and 
expectations were described in chapter 3. The detailed investigation results 
were presented afterward to provide enough evidence that the vision problem 
is substantial for older people in China and needs more attention.  
 
User study results has validated that older users in China have vision 
decreases either in daily life or in mobile device usage, which also verifies the 
information derived from previous study of related work. Data from the 
questionnaire, interview and ethnographical observation has also reflected 
that older users have very little experience in high-tech products, especially 
the smart phone that has become popular in recent years. 
 
After posing the problem that older users have encountered due to their vision 
loss, action research was carried out to look into the essence of the problem 
and search for possible problem solving methods. One integrated research 
method with three different forms of tools was adopted to study the problem 
in-depth. The contextual inquiry method was introduced and discussed first, 
followed by the introduction of three action research aspects: font research, 
icon research and smart phone interaction pattern research. Materials (tools) 
used in each research process were explained, as well as the procedures and 
expectations.  
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The action research part focuses on the usersʼ preferences about different 
elements of the mobile phone interface, including font issues and icon styles. 
Another part of action research is about touch-screen interaction patterns: to 
find out whether older users accept this new interaction pattern, how they feel 
about it and their performances on commonly used touch-screen interaction 
gestures. The research results give a conclusion in font and icon design that 
“Times new roman” in 18 point is the most favorable font style and simplified 
icons with color diversity is most welcomed by older users. Even though older 
users in China have encountered several problems in the touch-screen 
interaction gestures, it is a good sign that elders have gradually accepted this 
new interaction pattern after practice, which indicates a positive trend of smart 
phoneʼs further development. There is huge potential that if it is designed and 
developed properly, smart phones could be better used to help older people 
with physical limitations.  
 
All findings and results of action research can be summarized and organized 
into a set of design guidelines in table 10: 
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“Times New Roman”, which has clear strokes to be 
easily identified is recommended; 
“Handwriting font”, “Italic” and other non-printed fonts 
are not recommended; 

Type 

It is better for the font strokes to have moderate 
thickness. Fonts with too thick strokes, such as 
“Helvetica” could possibly affect older users in complex 
Chinese character recognition. 
Font size 18 point with the width of 6.35 mm is 
recommended in a 3.5 inch screen with a resolution of 
960 by 640; 

Font 

Size 

Font size can be adjusted if the screen size changes 
or if necessary. 
Simple icons with concise shape are recommended to 
serve older users; 
Icons are better to be representative and 
understandable; 
Coherency in both shape and style is recommended; 
The “menu” icon is recommended to present more 
details to help remind older users of the function it 
represents; 
A concise “human being” shape is recommended to 
represent “phonebook”; 
The “envelope” shape is recommended to represent 
“SMS message”; 

Shape 

A vintage “radio” shape with an antenna is 
recommended to represent “radio” function; 
Diversiform and vibrant colors are recommended to 
display icons; 

Icon 

Color 

It is better to keep diversity between icon color and 
background color. 
Simple gestures are recommended to use, such as 
“tap”, “flick”, “drag” or “touch and hold” etc; 
The response time of “touch and hold” gesture is better 
to be appropriately extended to prevent misuse; 
It is better to avoid using complex gestures that 
requires multiple fingers cooperation, for example 
“pinch open and close”; 
It is better to adopt buttons in complex gestures such 
as “pinch open and close”. For instance, use volume 
buttons “+” and “-“ to zoom in and out; 

Touch-screen 
Interaction 

It is recommended to avoid defining new and novel 
gestures; 

Table 10. Design guidelines 
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On the whole, this project has reached the initial goal of research: posing and 
solving smart phone user problems caused by the diminished eyesight 
condition. The problem was discussed and validated in the first place. After 
that, the most appropriate and preferable criteria of font type and size were 
elicited, and icon design trend for older users with poor vision was discovered. 
Older usersʼ adaptability and acceptance of the smart phone interaction 
pattern was studied afterward and design guideline was brought forward 
accordingly. The goal proposed at the beginning of the project was generally 
achieved. 
 
The whole project was completed independently. There is no doubt that I got 
more familiar with the knowledge, methods and skills of human-computer 
interaction design and action research during the whole research process. 
Moreover, I have learned a lot about communication skills, especially with 
older people, to understand their psychology and their primary needs, and to 
abstract the information from large amount data. Older citizens need to be 
treated with more patience and understanding as their point of view is 
absolutely necessary and valuable.  

8.2	  Future	  Work	  
 
A lot more work can be expected in the future. First of all, plenty of research 
work needs to be done to complement the font and icon research data. More 
participants need to be invited in the contextual inquiry to collect more credible 
data. Secondly, more tests and inquiry regarding touch-screen gestures and 
interaction patterns need to be taken on various users. The cluster random 
sampling method will be adopted in the future to ensure reliability. The 
advantage of cluster random sampling is that it is more focused on a target 
group and could get large amounts of data in a relatively short time. While it 
also has drawbacks in that the sample choosing process can sometimes be 
subjective and easy to cause a deviation. [34] Other popular operation 
platforms can be used as tools to study smart phone interaction patterns, 
such as Android or Windows phone and etc. Last but not least, a complete 
high fidelity prototype is in demand to provide more realistic user experience 
and validations are expected in the foreseeable future.  
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