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Touch Interfaces from a Usability Perspective 

Abstract 

Decerno is a software consultancy company who designs and builds large software information 

systems. They are interested in more knowledge and insight in the benefits and limitations of 

touch-enabled interfaces as a means of incorporating these into their own products. The aim of 

this study is to find advice on how to design touch-enabled functionality that would work in a 

company’s main computer system to be used by staff on a daily basis in order to fulfill their 

work tasks.  

 

Comparing a touch interface to a conventional mouse interface exposes differences in use that 

need to be kept in mind when designing for touch interaction usability. With a simple flick of 

the mouse you are able to dart your mouse-pointer across the screen on your conventional 

mouse interface, but a touch interface requires you to both lift and extend your arm in order to 

point your finger at the far corner of the touch screen. Extensive use of large or monotonous 

movements might cause muscle fatigue, which requires you to adapt your interface design to 

allow for effective touch-interaction use.  

 

The main research question in this study has been to derive guidelines and advice on how to 

present a set of dynamic information making it possible for the user to effectively find and 

select a specific target by touch interaction. For this purpose a set of sub questions were 

identified and a test interface was produced in order to evaluate the users touch interaction and 

their feedback. The results from these user tests have formed the foundation of the concluding 

guidelines.  

 

This has been evaluated both quantitatively and qualitatively in a user study. Measurements was 

taken on how the users performed, such as number of errors and time to finish the user task. The 

users were also asked to perform a think-aloud evaluation which collected information on how 

they used the interface and their thoughts and reactions while doing it. The user tests were 

concluded with open-ended questions in which the users were asked to reflect on their actions, 

how user-effective the interface was and to compare different test setups.   

 

The results conclude that most users does not like horizontal scrolling. The horizontal 

movement make the text much harder to follow. Habit also seems to be an important factor as 

several users expressed the fact that they are much more used to scrolling vertically.     

 

Most users preferred the display with both images and text as it made the page more interesting 

and pleasant to look at, this is in contrast with the fact that most users stated that locating an 

item is faster and easier without images and only minimal text information, limited to only the 

search task answer. The aesthetical features of an interface seem to be equally important as the 

functionality.  

 

Another important conclusion is the difference in hand-position when the tablet is placed on the 

table compared to when it is hand-held. When designing a touch interface, some consideration 

should be taken to how the user might be working with the interface. The button placement 

might need to be different depending on if they are likely to be holding the tablet while using it 

(perhaps in a more informal setting, standing up or moving around) or will they be using it 

while it is placed on the table. 

 

  



 

 

Pekskärmsgränssnitt ur ett användarperspektiv 

Sammanfattning 

Decerno är ett konsultbolag som designar och bygger stora mjukvarusystem. De är intresserade 

av mer kunskap om fördelar och begränsningar av att använda pekskärmar som gränssnitt till 

deras produkter. Målet för denna studie har varit att ta fram råd för hur man ska designa 

gränssnitt för pekskärmar. Dessa gränssnitt ska kunna användas på en daglig basis av 

systemanvändare som en del av deras dagliga arbetsrutin i en av Decernos framtagna 

systemprodukter.  

 

Om man jämför ett gränssnitt anpassat för användning av mus med ett där man pekar med sitt 

finger på skärmen belyses ett antal skillnader som behöver beaktas vid design av ett användbart 

gränssnitt anpassat för touch-interaktion. Då man med en lätt liten rörelse av musen kan få 

muspekaren att snabbt röra sig över skärmen krävs det på en pekskärm att man både lyfter och 

sträcker ut armen för att kunna peka på en punkt på andra sidan pekskärmen. En överdriven 

användning av monotona och stora rörelsen kan medföra muskeltrötthet. För att effektivt kunna 

använda ett gränssnitt för pek-interaktion krävs det särskilda anpassningar, och syftet med 

denna studie har varit att studera förutsättningarna för en delmängd av dessa behov och 

specialanpassningar. 

 

Den huvudsakliga problemformuleringen i denna studie har varit att ta fram rekommendationer 

och riktlinjer för hur man presenterar en mängd dynamisk information på ett sätt som möjliggör 

för användare att effektivt hitta och välja ett särskilt objekt med hjälp av pekskärms-interaktion. 

För detta ändamål har ett antal delfrågor identifierats och test-gränssnitt tagits fram, med hjälp 

av vilka testanvändarnas respons samt interaktion har studerats. Resultatet från dessa 

användartester har legat till grund för de sammanfattande rekommendationerna och riktlinjerna.  

 

Undersökningen har tagit hjälp av både kvantitativa och kvalitativa metoder i en 

användarstudie. Data har insamlats om hur användarna presterade, så som antal användningsfel 

och tiden det tog att fullfölja en given uppgift. Användarna blev också ombedda att utföra en 

tänka-högt-evaluering vilket bidrar med data om hur användarna upplever gränssnittet och deras 

tankar och reaktioner under tiden de utför sina delgivna uppgifter.  Användartesterna avslutades 

med öppna frågor där användarna blev ombedda att reflektera över sitt utövande, samt hur de 

upplevde användar-effektiviteten av gränssnittet. De blev också ombedda att jämföra olika delar 

av testerna med varandra ur ett användningsperspektiv.   

 

Resultaten visar på att pekskärmsanvändare inte tycker om att scrolla horisontellt. Den 

horisontella rörelsen gör att texten blir svår att följa. Vana verkar vara en annan viktig faktor 

som påverkar preferensen för vertikal scrollning.  

 

De flesta användare föredrog ett interface med både bilder och text eftersom det gjorde sidan 

intressantare och trevligare att titta på, vilket står i kontrast mot de faktum att de flesta utryckte 

att det snabbaste och lättaste sättet att hitta ett sökresultat var utan bilder och med endast 

minimal textinformation, begränsad endast till svaret på sökuppgiften. Det estetiska 

egenskaperna av ett gränssnitt verkar vara lika viktiga som dess funktionella egenskaper.  

 

Studien pekar på skillnader i positioneringen av handen när man använder en pekskärm som är 

placerad på bordet jämfört med när den hålls i handen. När man ska designa ett touch-interface 

bör man ha i åtanke hur man tror att användarna skall arbeta med gränssnittet. Placeringen av 

knappar kan behöva anpassas till om användarna ska hålla i pekskärmen under användningen, 

eller om pekskärmen mestadels skall vara placerad på ett bord.  
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1 Introduction 

1.1 Background 
This thesis project has been done in collaboration with Decerno AB, a software consultancy 

company who designs and builds large software information systems. They are interested in 

some insight in benefits and limitations of touch-enabled interfaces as a pre-study to a possible 

incorporation into their own products. The aim of this study is to evaluate how to design touch-

enabled functionality that would work in a company’s main computer system to be used by 

adults (staff) on a daily basis in order to fulfill their work tasks.  

 

Touch interfaces offer great benefits: touch does not require batteries, you never forget your 

fingers at home and neither can you misplace them. Touch interfaces affords direct 

manipulation like point to what you want, and gestures like swiping to change page are so 

intuitive that even very young children can master them. 

 

Ever since 2007, when the Apple iPhone was released, touchscreen phones and tablet computers 

have raised the bar of human-computer interaction for mobile computing. What used to be 

pressing keys on small keyboards has turned into finger actions: swiping, pinching, flicking and 

tapping. 

 

Most current computer systems are designed for keyboard and mouse-based interaction, but 

touch screens are already widely used on tablets, mobile phones and Automated Teller 

Machines (ATM’s). An increasing amount of computers are touch enabled, and Microsoft 

Windows has offered touch screen-optimized functionality in their operating system since 

Windows 8 released in 2012. The possibility to detach your computer screen and use it as a 

standalone tablet makes it possible to easily bring it along while commuting, going to a meeting 

or when you need to discussing a burning topic with your colleague down the corridor.  

 

It seems likely to assume that in a not-so-distant future many users will be asking for the option 

to run most applications, including large information systems, on a touch-optimized interface.  

 

The naturalness of the point-touch gesture, as well as the fact that it does not require any 

pointing device (like mouse or touch pad), makes touch interaction much more intuitive 

compared to conventional interfaces and therefore sometimes also faster (Forlines et al. (2007); 

Sears et al. (1991)). In addition touch interfaces are easy and intuitive and offer an interaction 

with the system which affords direct manipulation with objects on the interface (Yang et al. 

(2010); Jacob et al. (2008)).  

 

On the other hand, as the size of your finger will cover an area of the screen and not a single 

point as the mouse pointer will, pointing at an item smaller than your finger is difficult and 

makes touch interactions more error prone compared to mouse or keyboard commands (Olwal 

et al. (2008); Potter et al. (1988)). The pointing acquisition is worsened by the fact that your 

finger will occlude exactly the item you are trying to select (Forlines et al. (2007); Olwal et al. 

(2008). These problems are the topic of numerous studies and are collectively called the fat 

finger issue (Moscovich (2009); Yang (2010)).  

 

One way to get around this fat finger problem is to make buttons and targets bigger, but as touch 

interfaces often (but not necessarily) are used on screens with limited sizes, and there is often a 

need for the targets to share the screen space with other information and/or images, special 

attention to interaction design and layout is important in order to avoid erroneous inputs. 
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Even on large screens special design and consideration is necessary when using touch 

interaction as the users pointing time and accuracy depends on limitations by ergonomics, like 

forcing the user to reach over large distances (Forlines et al. (2007); Yang et al. (2010)). Greater 

physical distance will also increase the time it takes to point at a target and if the target is small 

(compared to your finger size) it will increase the level of difficulty and time even more, this is 

referred to as Fitts’ law and was deduced by Paul Fitts (1954). 

 

Specialization of our eye-sight also plays a role in pointing speed and accuracy. The upper 

visual field is specialized to support perceptual tasks in the distance, while the lower visual field 

is specialized to support visually-guided motor tasks, such as pointing. In practice this makes it 

faster, easier and more accurate to physically point at something on the lower part of your 

screen compared to a target on the upper part of the screen (Po et al. (2004)).  

 

Touch commands demands a larger physical load on the user as the physical movement is larger 

to reach a target on the “other side of the screen” (if the button is located on the right side of the 

screen and you are left-handed) compared to the small physical flick of sending your mouse 

pointer across the screen, and this might cause muscle fatigue and discomfort. Kang, H. et al. 

(2014) has studied how handedness affects user discomfort on touch screen interfaces and 

proposes to center targets on the middle of the screen, which allows for users to be able to 

alternate between using the left and the right hand for target selection. Alternating between 

hands seems to reduce discomfort in neck and shoulders. The authors could also see a 

preference for users to use the scroll gesture on the lower part of the screen and drew the 

conclusion that it is because of a lower physical load not to have to lift your arm so high.  
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1.2 Purpose and Research Questions 
Many office computer systems today have big back end databases with a large amounts of 

information that needs to be searchable and presented to the users of the system. Generally 

today we use these computer systems at our desks with our mice and keyboards. However the 

flexibility of today’s hardware and increased network accessibility is more and more allowing 

us to work anywhere – from home, while commuting, waiting for your dentist appointment or in 

the corridor chatting with your colleague. This increased flexibility will likely boost the demand 

of running also large computer systems on easy-to-bring touch-enabled interfaces. 

 

Comparing a touch interface to a conventional mouse interface exposes differences in use that 

need to be kept in mind when designing for well-functioning touch interaction. One important 

example is user ergonomics, which is more important in touch interaction and will add specific 

constraints on the layout and presentation.  

 

The aim with this study has been, out of a usability perspective, study how users interact with 

and feel about touch interfaces. The goal has been to aggregate these results and preferences 

into guidelines and advice on how to present a set of dynamic information making it possible 

for the user to effectively find and select an object of certain interest by touch interaction. 

 

The main research question of this study is:   

 How to present a dynamic dataset to users on a touch screen interface, in order to 

provide an effective search and selection of objects by touch interaction? 

 

In order to be able to answer that question, the following sub questions have been identified:  

 Does the physical onscreen-position of targets impact the users’ touch interaction 

experience? 

 

 How to provide user feedback on touch interaction command in order to confirm that 

the command has been recorded? 

 

 How to inform the user that there are more targets to browse than what currently fits 

on the screen? 

 

 How to present the search result making target acquisition easy and successful for the 

user?  
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1.3 Delimitations 
The main focus of the study has not been to provide complete or exhaustive answers to the 

research question. Touch interaction on tablets offer multi touch features and possibilities to 

design and evaluate interesting and novel touch gestures, but that is been beyond the scope for 

this study. The goal has been to investigate, evaluate and implement some simple and effective 

features of touch interface design, and to be able to draw some conclusions based on the results 

from these tests. This study is meant to lay a foundation for future studies on touch interface 

design, by formulating some general guidelines to build upon.   

 

The users of this study are limited to adults in an office working situation, who would use these 

functions as a part included in a computer system used on a daily basis in their office in order to 

fulfill their work tasks. The results are aimed at being used in one of Decerno’s software 

applications displayed in a web browser.  

 

Due to time constraints this study will not be able to use the guidelines to create a final 

implementation, and to test this in a user study. The guidelines for the main research question 

will be aggregated from the results and user feedback from the user tests of the sub-research-

questions and their respective test-interfaces.  

 

The users are assumed to have normal hearing and vision (or corrected to normal with glasses, 

hearing aids or likewise). The users are also assumed to have normal physical upper body 

abilities, such as full finger, hand and arm functionalities.  
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2 Theory 

2.1 User Centered Design 
When designing a computer system it is important to think about the people who are going to 

use it – the users. The users will be interacting with the system through the user interface, and 

the design of that interaction need to be done keeping their situation, knowledge, background 

and working situation in mind. How, where, why and by whom will the system be used?  

User Centered Design is defined by Gulliksen and Göransson (2002) as a process that focuses 

on usability and the users throughout the entire development process and continuing through the 

systems entire life cycle. Saffer (2010) refers to the idea of user centered design as trying to fit 

products to people rather than the other way around. User centered design stems from industrial 

design and ergonomics and was introduced by Henry Dreyfuss in 1955 in his book titled 

“Designing for People”. The main purpose for User Centred Design is to create a 

product/system that fit the needs of the user.  

 

The international standard ISO 9241 states that “Usability is an important consideration in the 

design of products because it is concerned with the extent to which the users of products are 

able to work effectively, efficiently and with satisfaction.” In order to do that they made the 

following definitions:  

 

Usability Extent to which a product can be used by specified users to 

achieve specified goals with effectiveness, efficiency and 

satisfaction in a specified context of use. 

Effectiveness Accuracy and completeness with which users achieve specified 

goals. 

Efficiency Resources expended in relation to the accuracy and completeness 

with which users achieve goals. 

Satisfaction Freedom of discomfort, and positive attitudes towards the product. 

 

The definition of these keywords make it possible to determine the level of usability achieved, 

to assign goals, identify requirements and discuss different features of usability.  

 

The importance of user involvement in systems design should not be underestimated. According 

to the 2011 CHAOS Manifesto from the Standish Group “Lack of user involvement is the 

number one reason for project failure. Conversely, user involvement is the number one 

contributor to project success. Even when delivered on time and on budget, a project can fail if 

it does not meet the users’ needs or expectations, or if the user community does not embrace the 

finished product.” (The Standish Group International, Incorporated, 2011) 

 

Interaction Design is a young field of research, which has only been discussed around 20 years. 

It is a very multidisciplinary field, as can be seen in figure 1, and most of the disciplines fall at 

least partly under the umbrella of User Centered Design (or sometimes called User Experience 

Design). In order to design a successful touch interaction interface it is important to consider all 

or most of the input variables from the other disciplines (Saffer, 2010).  
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Figure 1: Interaction Design is a multidisciplinary field. Image available at: SAFFER, 2010, P.37. 

 

2.2 Ergonomics 
The use of a touch screen is highly dependent on the ergonomics of the user. It is regularly used 

when the user is not sitting at the desk, and often in a more casual situation or in a collaborative 

setting with more than one user. Touch interfaces often require the user to hold the device in 

one or two hands and using the thumbs to interact with. Karlson et al. (2006) found that a 

majority of personal digital assistants (PDA) on touch interface users would prefer to use it with 

one hand. Further their results show that larger devices have more areas that are out of reach, 

and thus inappropriate for one-handed access. Their study also concluded that regardless of 

device size, diagonal thumb movement in the northwest - southeast direction is the most 

difficult movement for right handed users to perform. (Karlson, 2006).   

 

Holding a tablet computer in two hands and interacting using the thumbs is an important and 

commonly observed method of tablet interaction (Odell, 2012).The physical screen space of the 

touch screen can be small, like on a smartphone, or larger like on a tablet or a computer screen. 

However when designing the layout aimed for a tablet or computer screen they should not be 

considered a large phone screen. Figure 2 shows the thumb reach across different iPhone model 

displays. It is evident that with a larger screen the comfortable thumb reach area decreases 

(green area on figure 2).  

 

You can see that the thumb reach stays roughly the same for iPhone models 4, 5 and 6, whereas 

the large decrease in model 6 Plus is due to the larger screen size which forces the user to a 

different grip, using the pinkie finger as a stabilizer. (Hurff, n.d.).  
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Figure 2: Thumb Reach Zone heat map applied to every iPhone display size since 2007.  

Image by HURFF (N.D) 

 

 

Comparing the heat maps in figure 2 to a tablet computer screen in figure 3 below, we can 

clearly see that there are large areas out-of-reach for the thumb. The tablet in figure 3 has been 

held with corner and side grip, and interaction has been done using the thumbs (Odell, 2012). 

 

 
Figure 3: Heat maps for tablet with corner and side grips, excluding large males. Note that the black 

area represents the tablet bezel. Uncolored areas are areas that were not reachable by any participants. 

Image by: ODELL (2012) 
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2.3 User Fatigue 
Due to the physical interaction while using a touch screen interface, prolonged use on desktop 

touchscreens can cause risks for musculoskeletal problems (Kang & Shin, 2014; Sesto et al., 

2012; Shin and Zhu, 2011; Xiong & Muraki, 2014). 

 

In order to touch and control what is displayed on a touchscreen display, users need to 

continuously look at the display, stretch their arms and hands towards the display, and then 

conduct various touch gestures on the touchscreen display. Having the display positioned 

upright at or near the user’s eye height for comfortable viewing, touchscreen users may 

experience physical discomfort and fatigue on the shoulder area due to frequent floating arm 

unsupported) postures. To the contrary, if the touchscreen is positioned more horizontally at or 

near elbow height for more comfortable data entry and touch gestures, users may experience 

neck discomfort due to a continuous look-down posture to look at what to touch and what is 

displayed (Shin and Zhu, 2011; Kang & Shin, 2014). 

 

Xiong & Muraki (2014) has shown that button size is a factor affecting thumb performance in 

the operation of smartphone touch screens. In order to be able to accurately click on a small 

target the user will use a more vertical posture of the finger in order to reduce its target area, 

which causes earlier finger fatigue. Xiong & Muraki suggests that, in the design of hand-held 

device interfaces, the use of small buttons should be minimized to reduce the effort-related 

demands on the muscles, which could cause the thumb to be less susceptible to fatigue (see 

figure 4). 

 

 

Figure 4: Tapping postures in tapping task (left: large button, right: small button), XIONG & MURAKI 

(2014) 

 

On the other hand Sesto et al. (2012) studied how the button size affects the touch interaction 

use. They found that peak button forces exerted increase as button size increases, whereas dwell 

times and impulses decrease as button size increases. Participants, on average, used 4.7 times 

more force than required to activate the touch screen buttons when clicking on large targets. As 

forces increase with button size it can have an impact on user fatigue as larger buttons are 

necessary to increase target acquisition in order to avoid the fat finger issue and to reduce 

acquisition time (Fitts law). 
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2.4 Fitts’ Law 
Fitt’s law (Fitts, 1954) states that the time to point at an object depends on the pointing task’s 

Index of Difficulty (ID) defined as the logarithm of the ratio between object distance and object 

size.  

𝐼𝐷 = 𝑙𝑜𝑔2 (
2𝐷

𝑊
) 

  

In practice this means that for the same distance, the greater the object is, the faster one can 

point at it. Since the 1970’s Fitts’ Law has been used to describe the process to pointing at 

graphical objects on the computer screen.  

 

The implications of Fitts’ law has been investigated and discussed in numerous studies, and it 

has been confirmed to affect a large variety of interaction styles. In some of the more recent 

studies Sallnäs et al. (2003) were able to confirm that Fitts’ law is true also when handing over a 

virtual object in a collaborative cyberspace setting. MacKenzie et al. (2012) evaluated tilt as an 

input primitive method for devices with built-in accelerometers could show that it also conforms 

to Fitts’ law. Anthony et al. (2014) refers to previous studies and claims that Fitts’ law works in 

the same way both when the users are children or adults.    

 

According to Saffer (2010) Fitt’s Law has three major implications for interaction design.  

 Since the size of the targets matter clickable objects must be of reasonable size. This is 

especially true for touch interaction as the finger size is much larger than the mouse 

pointer.  

 Edges and corners are excellent places to put clickable objects as the edge of the screen 

will act as a border.  

 Controls that appear next to what the user is working on will be faster to click on as 

they do not require the user to travel across the screen in order to find them. Again this 

is especially true for touch interaction on large screen where the physical movement 

could be large, and continuous such actions could cause user fatigue.  

 

There are however ways to improve target acquisition times. Pratt (2007) concluded that when 

aiming for a target in the first or last position of a structured visual array, movement times are 

shorter than predicted by Fitts' law. Another way, implied by the law itself, is to increase the 

target size, which is even more important when using a touch interface as the physical size of 

your finger makes it even harder to point on the target.  

 

2.5 Direct Manipulation 
One bonus of touch interaction is that it offers direct manipulation with the on-screen objects. 

Direct manipulation is a model introduced by Ben Schneiderman (1983) in an article about user 

interfaces and interactive systems design. This study dates back to the era before Macintosh 

released its first commercial desktop computer (1984), and before Windows offered its first 

GUI Windows 1.0 (1985). The computer-user had to write commands on the command line 

identifying the object of action and then telling the system what to do with it, like copying it or 

deleting it. This interaction style is now referred to as indirect manipulation. Indirect 

manipulation has a higher level of abstraction compared to direct manipulation. A commonly 

used example is when you select a word or character in your word processor and then use the 

key combination Ctrl+C to copy it.  
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A typical user quote from Schneiderman’s study of people who had used an interface based on 

direct manipulation was “Once you’ve used a display editor, you’ll never want to go back to a 

line editor. You’ll be spoiled.”  

 

The direct manipulation moved interfaces closer to real world interaction by allowing users to 

directly manipulate objects rather than instructing the computer to do so by typing commands. 

These interfaces were given the name WIMP-interfaces (Windows, Icons, Menus, Pointer),and 

as spoiled the world just like the users in Schneiderman’s study put it.  

 

New interaction styles, like touch interaction, push interfaces further in this direction as even 

the mouse or trackpad becomes redundant. Will users want to go back to using mediating 

pointing devices if touch interaction becomes effective enough also for office use? 

 

2.6 Target acquisition 
Multi-touch interfaces are more intuitive and easier than traditional input devices such as mouse 

and other pointing devices. The “naturalness” of touch interaction can lead you to believe that 

they are more efficient and accurate, as there is no need for intermediate technology to gesture 

your command, like grabbing for the mouse or positioning your finger on the track pad. (Yang, 

2010).  

 

Forlines et al. (2007) claims that “for targets 16 pixels or more in width, touchscreen selection 

was faster than mouse selection. Further, for targets 32 pixels in width, touch screen selection 

resulted in about 66% fewer errors. Yet, even with the apparent superior performance of direct-

touch input, participants still preferred mouse input.” 

 

However, the high precision target selection is difficult for the users in touch sensing device 

because of three limitations, i.e., the occlusion of screen raised by finger, low resolution of 

finger and arm fatigue, critically decrease the usability of touch sensing techniques (Yang 

2010). For smaller targets there is some evidence that in traditional desktop display settings 

indirect mouse input may equal or outperform direct-touch input when the task requires just a 

single point of contact (Forlines et al. 2007). 

 

While trying to point at a target your finger will occlude exactly the items you are interested in, 

and this is also complicated by the fact that your finger covers a large area while the mouse 

cursor converts to one single point. The finger pad size is not simple to measure, since the flesh 

and skin are soft. In a study Drury and Hoffmann (2012) referred to a their own previous study 

from 1992 where they discussed finger width and found it to be within the range of 8.4–11.7 

mm, with a mean value of 10.1 mm for their 10 participants. 

 

But since touchscreen widgets compete with other information for limited screen space, it is 

desirable to keep the dimensions of interaction targets as small as possible without degrading 

performance or user satisfaction (Parhi 2006). Here is a difficult trade-off where it is important 

to keep a user-centered focus in order to create an interface that takes the specific needs and 

requirements of the end-users in mind. There has been studies on recommended target sizes 

which can be used as guidelines.  

 

 

 

 

 

http://en.wikipedia.org/wiki/Window_(computing)
http://en.wikipedia.org/wiki/Computer_icon
http://en.wikipedia.org/wiki/Menu_(computing)
http://en.wikipedia.org/wiki/Pointer_(graphical_user_interfaces)
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Parhi (2006) recommends for one-handed thumb use on small touchscreen 

 for single-target tasks, minimum 9.2 mm target size 

 for multi-target tasks, minimum 9.6 mm target size 

Colle & Hiszem (2004) recommends for index finger use on a desktop-sized display: 

 key size no smaller than 20 mm with 1 mm edge-to-edge  

 or, if space is very limited, then a 17 mm key size might be acceptable  

 

2.7 Target selection techniques  
The mouse has been the preferred way of interaction on WIMP  

(Windows, Icons, Menus, Pointer) user interfaces, as it affords precise pointing-action. 

(Michalski, 2006). However with the rapidly increasing availability of natural interaction 

modalities this may be subject to change. Examples of these natural interaction modalities are 

touch, gesture, voice, and motion which all draws strengths by building on users’ pre-existing 

knowledge from the everyday, non-digital world. Jacob et al. (2008) calls these Reality Based 

Interfaces. Wigdor and Wixor (2011) calls them Natural User Interfaces. Wigdor and Wixor 

stresses the importance of the naturalness in which the user should be using such a system. Not 

a “Natural User Interface” but a “Natural User Interface”.  

 

The challenge for interaction designers in the near future is to design new interaction methods 

designed especially for these new natural input modalities. In order to give the touch interface 

true justice we cannot copy the WIMP-interface but to really design something intrinsically 

designed for natural touch based interaction on a flat surface.  

 

The visual occlusion and the users’ finger size will together make it difficult to select specific 

items, and the difficulty will increase when the items are small or if they are crowded. There has 

been several studies offering proposed solutions on different selection techniques to help 

overcome these issues.  

 

Potter et al. (1988) proposed the Take Off selection where the cursor is offset to the finger and 

placed right above the fingertip when you are pointing at the screen. This makes it possible to 

see the target that you are selecting. The Take Off strategy produced statistically significantly 

lower error rates than commonly applied strategies at that time, however the more intricate 

strategy came at a cost with significantly longer user selection times. 

 

Karlson and Bederson (2005) proposed the techniques, AppLens and LaunchTile, two different 

approaches that both employ variations of zooming interface techniques. Both designs utilize a 

gestural system for navigation within the application’s zoomspace, AppLens which is 

characterized by zoom+fisheye and LaunchTile which is characterized by zoom+pan. 

In figure 5, below, we can see the clever positioning of the gestures comparing with the thumb 

reachable area in figure 2.  

 

http://en.wikipedia.org/wiki/Window_(computing)
http://en.wikipedia.org/wiki/Computer_icon
http://en.wikipedia.org/wiki/Menu_(computing)
http://en.wikipedia.org/wiki/Pointer_(graphical_user_interfaces)
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Figure 5: On the right AppLens gesture set as designed by Karlson and Bederson (2005). Note the one-

hand accessible screen area (on the left) and compare with results from iPhone and on a tablet sized 

screen in figure 2 in section Ergonomics. Image from KARLSON AND BEDERSON (2005) 

 

 

As screen size is limited, especially on small screens like on mobile phones there is a need for 

target selection of targets smaller than the recommended 9.2mm wide (Parhi 2006).  

 

Vogel et al. (2006) proposed the selection technique Shift, which creates a callout showing a 

copy of the occluded screen area and places it in a non-occluded location, this way it preserves 

the speed and simplicity of direct touch interaction. The callout also shows a pointer 

representing the selection point of the finger. Using this visual feedback, users guide the pointer 

into the target by moving their finger on the screen surface and commit the target acquisition by 

lifting the finger. The callout would only be launched when needed, in a clustered area (see 

figure 6).  

 

 
Figure 6: The shift technique proposed by Vogel et al. (2006).  Shift determines if occlusion is a problem 

for targets under the finger, and if so it responds by displaying a callout containing a copy of the 

occluded area with a pointer showing the finger selection point. Image from VOGEL ET AL. (2006) 

 

Yatani et al. (2008) proposed Escape, an accurate and fast selection technique for small targets. 

Instead of selecting the target by the contact point alone, in Escape selection can be made as 

long as the contact point is close to the target. If only a single target is close to the contact point, 

then the target is selected when the user raises his finger. However, if multiple targets are near 

the contact point, the user can gesture in the direction suggested by the pointing cone included 

in the icon, thus disambiguating the selection (see figure 7). In a controlled study showed that 

Escape is significantly faster than Shift while roughly matching its accuracy. The authors also 

propose that Escape and Shift could be combined to make a target selection technique that 

would likely perform better than Escape for even smaller icons. 
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Figure 7: The Escape target selection technique. (a) The user presses her thumb near the desired target. 

(b) The user gestures in the right direction, which is indicated by the targets pointing cone. (c) The target 

is selected, despite several nearby distracters. Image by YATANI ET AL. (2008) 

 

 

 

Moscovich 2009) proposed a contact area interaction, where all objects under the finger 

responds to the touch. Users activate control widgets by sliding a movable element, as flipping a 

switch (see figure 8 and figure 9). This allows the designer to direct the sliding in different 

direction in near-by objects thus minimizing the risk of activating the wrong button.  

 

Figure 8: Interaction by sliding widgets. Image from MOSCOVICH (2009) 

 

 

Figure 9: Sliding Widgets offer the designer to arrange these toggle switches to facilitate single stroke 

selection (a), or individual selection (b). Diagonal orientations allow both group and individual selection. 

Image from MOSCOVICH (2009) 

 

Although sliding widgets offer seemingly easy interaction it can be hard to interpret for some 

users, and difficult to operate for young children, older citizens or users with fine motor skill 

disorders. Moscovitch also recommended for avoiding to require of users to slide up on the 

screen, as they found that users disliked this action.   
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2.8 Target presentation techniques 
Spence produced a video already in 1980 describing the first focus+context technique, the 

Bifocal Display (aka Fisheye lens). In this information vide Spence proposes a display 

technique which offers an overview of the available items by not only providing the view of one 

item at a time but by producing a fisheye view over the entire tray of targets. The current item is 

displayed in focus in the middle and the rest of the target tray towards the outer sides of the 

display (see figure 10).  

 

Figure 10: Bifocal Display offers a fisheye view of item tray, with the current item (target) in 

focus in the middle. The proposed colors offer a quick classification of targets, such as Telex in 

orange and red for urgent message. 

 

 

 

Spence (2002) describes a search technique called riffling. 

In real life this is like when you walk through a magazine 

display, find a cover that attracts you. You pick up the 

magazine and riffle through the pages to get a feeling of the 

contents. This can be done very quickly and is an important 

part of the selection process. In the same article Spence 

discusses several methods of Rapid Serial Visual 

Presentation (RSVP) which would allow riffling in the 

electronic information space, such as the carousel-mode, the 

collage-mode, among others. 

 

In the carousel-mode (see figure 11) the content is displayed 

as a carousel of images/content that appears from the left 

side of the folder, takes a circular trajectory over the folder 

before disappearing into the right side of the folder again. 

Each item only needs to be visible for a short while (200 to 

400 ms) for identification, making it possible to browse 

even a large content in a short while (see figure y).  

 

The collage-mode can be described as dropping pictures on 

a top of a table, offering a quick browse of the contents.  

 

 

Figure 11: Carousel mode presentation  

technique presented by Spence (2002).   
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2.9 Gesture commands 
Gesture commands are one of the intuitive ways for a natural user-interaction with a touch 

screen. Examples of successful gesture commands that are easily mastered by a wide variety of 

users are slide to change page, and pinching and spreading to zoom in and out, and tap to click. 

 

Interactions with a direct mapping to objects are called manipulations. For instance, scaling, 

rotation, and translation of objects are directly mapped from the position and movement of the 

user’s fingers to the geometric properties of the object. In contrast, gestures are higher level 

commands and comprise lexical symbols to execute functions like opening of documents, 

saving changes, or copying and deletion of objects. (Kammer et al. (2011)) 

 

Jetter et al. argue that in fact manipulations are the natural way of interacting with multi-touch 

surfaces instead of complex and ambivalent gestures. 

 

One of the problems with gestures are the lack of visibility. How can you know that they exist? 

The users somehow need to learn both the fact that they exist and how to use them.  

Norman and Nielsen acknowledge that gestural interfaces offer possibility of joyful new 

interaction methods, as well as a more simple visual language compared to traditional GUIs.  

However, not designed properly Norman and Nielsen also issue a word of warning that gestures 

are a step backward in usability, and urge designers to stick to standards and known 

expectations. They address various challenges for the interaction designers, such as: 

discoverability of gestures, scalability for different screen sizes, reliability, lack of undo and 

ease of mistakenly triggering actions from which it is difficult to recover. (Norman & Nielsen, 

2010). 

 

Several studies has even pointed out that more complicated gestures create frustration and are 

even avoided by the users even though they have been instructed on how to use them. This 

should be taken as a word of precaution when designing a touch interface interaction, and to 

make sure that the proposed gestures feel natural to the user, and therefore are easy to 

remember. (Yang et al. 2010; Karlson & Bederson, 2005; Jermann et al. 2010; Kammer et al. 

2011).  

 

“gestures are complex and cumbersome which are prone to make users have little preference 

for the technique, or even lose patience.” (Yang et al. 2010) 

 

“The first was the participants’ reluctance to use gestures. Results from the first study 

suggested that directional gestures can be learned quickly, yet for both interfaces, users favored 

tapping targets over issuing gestures.” (Karlson & Bederson, 2005) 

 

“However, the invisible nature of gestures can make them hard to remember, and recognition 

errors can negatively impact user satisfaction” (Karlson & Bederson, 2005) 

 

“Finally, our experiments showed that users might not be comfortable with fancy gestures. 

Indeed, many subjects did not use the Lasso selection even though the video tutorial explained 

how to use it.” (Jermann et al. 2010) 

 

Kammer et al. (2011) have investigated tools and paradigms to enrich multi-touch interaction. 

They conclude that it is advisable to avoid multiple meanings of a gesture. Especially within 

one and the same application, this gesture overloading can lead user frustration and erroneous 

commands. User studies will have to evaluate the level of computer support, which is 
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appropriate for a given application. Advanced users on the other hand might benefit very well 

from gestures as they act like a command short-cuts. (Kammer et al., 2011) 

 

2.10 Importance of Standards and Design 

Conventions 
In order to keep a user friendly website or user interface, Nielsen (2011) argue the importance 

of keeping to design conventions. If you want a scroll bar, make sure it looks like a scroll bar. 

Nielsen refer to Jakob's Law of the Web User Experience as "users spend most of their time 

on other websites", meaning that the users´ expectations on your website or interface are based 

on the behavior of other common websites or interfaces.  

 

Saffer (2010) agrees with Nielsen and Norman and refers to Alan Cooper’s axiom “Obey 

standards unless there is a truly superior alternative”. They suggest that standards should only 

be disregarded when the new way of doing something is markedly better than the standard way, 

because it subverts the way the users expect a product to work. Should Ctrl+C copy or should it 

do something else? Sticking to standards make people feel relaxed and in control.  

 

2.11 Feedback 
Feedback is a term commonly used in interaction design and serves as an indication that 

something has happened. It should occur early and often. Lack of feedback will create 

problems, as the user might hit a button twice thinking it didn’t work, which might lead to 

duplicate actions or corrupt data. If the system is slow or takes long to respond the user might 

even believe the system is broken and decide to take other action. Designing appropriate 

feedback is the designer’s task. (Saffer, 2010). 

 

One of the problems with gestural commands is the lack of feedback. When you swipe to 

change page and nothing happens does that mean that there are no more pages to view, or that 

the command is not active on this page in particular, or that you did not swipe properly? 

 

Touch interfaces lack of tactile feedback, which will force the users to need to constantly watch 

the screen until they successfully complete each operation, which will slow down the 

interaction. Some users may lack the confidence to press the touch buttons to execute their 

commands, but the most serious problem is that the lack of feedback makes the touch panel 

interface is totally useless for the users who have visual impairments. (Nishino et al, 2013) 

 

It is possible to provide some tactile feedback by presenting vibratory feedback to the users. 

When the user touches a button, or a highlighted section of the screen, the device can respond 

by a specific vibration pattern connected to the object. For older or visually impaired people, 

Nishino et al., could prove vibrations to be very helpful. However Steven Sinofsky (2012) and 

the Windows 8 team in the blog post “Designing the Windows 8 touch keyboard”  dismissed 

vibratory feedback options for the average users:  “most people find the current state-of-the-art 

haptics somewhat irritating when typing pieces of any length and a buzz can feel as much like a 

punishment as a reassurance.” (Steven Sinofsky, 2012) 
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The Windows 8 design team also concluded that feedback can be provided as in the keys 

lighting up when you click on them, but if you are writing a password that might not be ideal. 

They key-press can also trigger a subtle sound, which was found reassuring and confidence-

inspiring when typing on glass according to a user study (Steven Sinofsky, 2012). 

 

2.12 Benefits of a touch interface  
The user interface has evolved from a command line interface, which is still used for instance in 

operative systems such as Unix, Linux or the MS-DOS prompt, and they still exist in large scale 

routine jobs such as payroll,  to a more direct way of giving commands, the Graphical User 

Interface (GUI) in the early 1980’s.  

 

The GUI shifted the burden from learning the command line syntax to simply recognizing and 

selecting by clicking on an object. This direct manipulation turned out to be much more natural 

and efficient for the user. The GUI however did not completely take over the command line 

interface. They both still co-exist in their different niche, and the users use different interfaces 

for different work tasks.  

 

We are facing another shift which has the possibility to make the human-computer interaction 

even more natural. The Natural User Interfaces (NUI) uses touch, gestures, audio and visual 

inputs which can make the users use an even more natural way of communicating with the 

computer interface than the point-and click offered by the mouse-interaction. 

 

Wigdor & Wixon (2011) discusses the strengths of the GUI to be in a single setting, where one 

person sits at a desk, often in an office situation, and interacts with his computer. The NUI on 

the other hand has its strengths in either leisurely use (such as games) or in a collaborative 

setting. A collaborative setting could be where several users are interacting with one program or 

system simultaneously, either by shoulder-to-shoulder interaction on the same screen. A 

collaborative setting can also be through a mediated shared space, such as Google Docs where 

users at different physical locations can interact with the same program or system 

simultaneously.  

 

The Graphical User Interface and Natural User Interface will likely exist hand in hand next to 

each other, just like command line interface is still in use today in its own niche.   
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3 Method 
The theoretical study brought forward some theories and ideas that helped define a set of sub 

questions. For each of those questions a test interface was produced in help to evaluate 

different aspects of touch interaction. The evaluation was made both quantitatively and 

qualitatively in a user study by a test group of 20 people.  

3.1 User study 
A user study was performed on the test user group. A total number of 20 test subjects took part 

in the user study. In order to reflect the target group the test subjects were restricted to normal 

office staff age, 20-65 years. The age distribution of the test subjects can be seen in figure 12. 

 

Special attention was given to make sure that there was a widespread variation of participants 

for the users tests, so users were recruited from both from KTH (Kungliga Tekniska Högskolan) 

campus (8 persons), staff from Decerno (4 persons), as well as from a social network for parents 

at a local school in Stockholm (8 persons), see figure 13. Consideration was also taken to create 

a fairly distributed gender mix: 12 of the test subjects were women and 8 were men.  

 

The majority of the test subjects (18) were right handed and two were left handed, whereas one 

of these left handed test subjects claimed that he always used his right hand to interact with 

touch interfaces, or steer the mouse etc.  

 

All of the users were familiar with touch interfaces and had used them previously on both smart 

phones and tablets.  

 

 
Figure 12: Age distribution of test subjects 

 

7

2

8

3 0
0

5

10

20-30 30-40 40-50 50-60 60-70

AGE DISTRIBUTION OF TEST SUBJECTS



 

19 

 

 
Figure 13: Test subjects occupation description 

 

The tests were performed during daytime office hours (9am to 5 pm). The test users were sitting 

on a chair and had a table in front of them and were urged to try to use the test interfaces both 

laying on the table and holding it. Due to practical reasons the tests were performed in various 

places, such as in an office, at a school or in a café. At some of these locations the background 

noise was rather high, which was not ideal for the audio feature of the feedback test.  

 

No instructions were given on how to hold the tablet or how to interact with the interface. 

 

In the user study both qualitative and quantitative data was collected.  

The quantitative data included measurements:  

 Time to finish task 

 Number of errors  

 Number of successfully performed tasks  

The qualitative data included:  

 Think-aloud evaluation where the test users where asked to describe their 

feelings and thoughts and reactions while interacting with the test interfaces 

 Open-ended questions in which the users were asked to reflect on their 

actions, how user-effective the interface was and to compare different test 

setups.   
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3.2 Technology 
The test interfaces were made in html, JavaScript and jQuery and made purposely in order to 

evaluate the research questions.  

 

All tests were performed on an iPad2 in landscape position. The iPad2 does not offer any 

vibration feature, which limited the possibility to test vibration feedback for button commands. 

 

3.3 Main research question  
The goal of this study has been to be able to formulate some general guidelines for the main 

research question:  

How to present a dynamic dataset to users on a touch screen interface, in order to provide an 

effective search and selection of objects by touch interaction? 

 

According to the literature study a set of ideas, requirements and preconditions were identified, 

which served as the framework behind identifying the research questions. For each research 

question a separate test interface was designed based on the literature study preconditions. 

These interfaces are simple prototypes in html and JavaScript whose purpose was to provide 

interaction feedback ad reflections from test users for each sub research question. 

 

The results from the sub research questions and their test interfaces then formed the foundation 

to the definition of the guidelines for the main research question, which are presented in the 

conclusions section of this report.  

 

3.4 Sub question one  
Does physical onscreen-position of targets impact the users’ 
touch interaction experience? 

Ergonomics is important when it comes to touch interfaces as you are dependent on the user 

moving his/her arm across a screen to operate the interface. In order to investigate if the 

physical position of buttons and scrollable areas affect the users’ perception of the interaction 

experience a simple html test interface was made to evaluate the user ergonomic preferences.  

 

With the aim to investigate how the targets physical onscreen-position impact the users’ touch 

interaction experience the following was be tested: 

  

 Which button position does the users prefer? 

 Which scrollable area position does the users prefer? 

 How does a user operate the interface? 

 

In order to test the touch button position preference, a test interface was created, corresponding 

to nine different positions in a 3x3 grid. There was no difference in the response or action of the 

buttons (see figure 14). In order to make the test interface more fun it was presented in colors. 

The users were told that the colors had no other meaning than making the experience more 

enjoyable, and that the colors could be disregarded.   
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The test users were asked to try out all the individual buttons, both with the tablet placed on the 

table and when holding the tablet in any position the test user preferred, and then were asked to 

state one or a few button positions which felt more comfortable or better to use. 

 

 
Figure 14: Button position test interface. Buttons were placed in a three column by three row grid, and 

the users were asked to try them all out and state which position/few positions felt most comfortable and 

natural to use. 

 

In order to test the scrollable area position preference, the test users were presented with a test 

interface that had three different scrollable search results positions, see example in figure 15. 

The user could use the small “Back to start page” button on the upper right in order to return to 

the start page. There it was possible to change the scrollable area to top, middle or bottom 

position. The user were asked to try all three, as many times as they liked, and then choose the 

scrollable area position that felt more comfortable or better to use. 

 

 
Figure 15: Scrollable area position test, here with the scrollable area aligned on the bottom of the 

screen. Top and middle scrollable area position was also part of the test. 

 

The evaluation was made by a qualitative think-aloud evaluation which was performed while 

the users tried the test interfaces, followed by a short unstructured interview allowing for the 

test leader to get the users perspective and reactions on the different feedback options. 

 

During the two different tests above (figure 14 and 15), observations were made on how the 

user was operating the interfaces. Notes were taken on how the hands were positioned, how the 

tablet was held and which finger was used for interaction in order to be able to draw some 

conclusions on how the user tends to operate a touch interface.  
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3.5 Sub question two 
How to provide user feedback on touch interaction commands in 
order to confirm that the command has been recorded? 

 

Touch interfaces does not offer physical feedback when clicking on a button or a scrollable 

area, compared to the physical feedback offered when tapping on a key on the keyboard or 

clicking on the mouse. Therefore it is important for a touch interface to offer some kind of 

software feedback, telling the user that it has registered the command.  

 

With the aim to investigate how to provide user feedback on a touch interaction command so 

that the user know that the command has been recorded, the following was tested: 

 

 What type of feedback on a button click command does the users prefer? 

 

A simple html interface was prepared making it possible to evaluate the users’ reactions 

regarding visual, audio or lack of feedback when the users perform a button click interaction.    

 

Figure 16 shows the test setup. Three different types of feedback were provided.  

 

Green background:   No feedback.  

Blue background:   Visual feedback.  

The buttons changed color to black (see figure 17) when pressed.  

Purple background:   Audio feedback.  

A click sound was heard (similar to the sound of a keyboard 

button) when pressed.  

 

The users were instructed to first press on the buttons on the green field (no feedback), as many 

times as they liked, and then move on to press the buttons on the blue field (visual feedback), 

and lastly the buttons on the purple field (audio feedback). The feedback options always had the 

same position and were not randomized between users.  

 

The colors were chosen purely by making it easier to separate the fields, and to make the 

interface more fun. The test users were instructed that the color had no other meaning than for 

display purposes and could be disregarded.  
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Figure 16: Feedback test interface design. The two buttons on the green field gave no feedback on click. 

The two buttons on the blue field gave a visual feedback (see figure 17), and the two buttons on the purple 

field gave an audio feedback. 

 

 

 
Figure 17: Visual feedback when button was pressed. The button turned back while the user held the 

finger on the button. 

 

The evaluation was made by a qualitative think-aloud evaluation was performed while the users 

tried the test interfaces, followed by a short unstructured interview allowing for the test leader to 

get the users perspective and reactions on the different feedback options. 

 

3.6 Sub question three 
How to inform the user that there are more targets to browse 
than what currently fits on the screen? 

 

Often a search result is larger than what can be presented on a screen. If the user see a scroll 

bar, they realize that there is more information available and will scroll to find further 

information.  Does the search result presentation affect the users’ awareness and/or willingness 

to try to scroll for more information? 

 

With the aim to investigate how to inform the user that there are more targets to browse than 

what currently fits on the screen, the following was tested: 
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 Does search results physical on-screen presentation affect the users’ scroll-

behavior? 

 

For this evaluation the test subjects were presented with an html test interface with two different 

image alignments for the same search results.  

 

First test Perfect alignment of the first four items in the tablet window (see 

figure 18) 

Second test  Last item was only shown in half (see figure 19) 

 

The idea behind the second test was that it would indicate that there were more items available 

to the right of the last image (see figure 19). No scroll bar was visible during any of these trials. 

 

Test 1:  

Users were instructed that they should pretend to have made a search and upon clicking the first 

button they would see the search results. Their task was to see if they could find a dog, which 

was not available among the initially visible search results. For test one the users were provided 

with a search result where four images were perfectly aligned in the tablet window, see figure 

18.  

 

 

 

 
Figure 18: Perfect image alignment in tablet window 

 

 

Test 2:  

Again the users were told that when clicking on the second button they would be presented with 

a new search result, and that the task was the same, i.e. to see if they could find a dog. The dog 

was again not available amongst the initially visible search results.  
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Figure 19: Image alignment allowing a glimpse of the next image (back of a duckling) to be seen in tablet 

window 

 

 

The evaluation was made by a qualitative think-aloud evaluation was performed while the users 

tried the test interfaces, followed by a short unstructured interview allowing for the test leader to 

get the users perspective and reactions on the two different options. 

 

 

 

3.7 Sub question four 
How to present the search result making target acquisition easy 
and successful for the user?  

 

A search result can be presented in different ways, and scrolling can be done both vertically 

and horizontally. How can you affect the users’ success rate on identifying the target they are 

looking for? 

 

With the aim to investigate how to present the search result in order to make target acquisition 

easy and successful for the user the following was tested:  

 

 Impact of amount of available text information (less or more text) when 

identifying a target amongst a search result 

 Impact of amount of available image information (with or without image) 

when identifying a target amongst a search result 

 Impact of scrolling direction difference (horizontal vs. vertical scrolling) when 

identifying a target amongst a search result 

 

The following was measured:  

 

 How many tasks were performed successfully (%) 

 Time needed to fulfil task (seconds) 

 Number of errors  

 Evaluation of user satisfaction (interview with open ended questions) 
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For this evaluation the test subjects were presented with two test interfaces, both identical apart 

from the first one having a vertical scroll and the second one a horizontal scroll of the search 

results. The search items were scrambled so the position of each item (a mountain) was not the 

same between each of the tests. Both the vertical and the horizontal scroll tests had three 

different image information setups and two different text information setups, in total six sub-

tests each presenting a different amount of information (see figure 20). 

 

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 

Image Image  

 

Same image 

 

Same image 

 

No image 

 

No image 

 

Less text More text Less text More text Less text More text 

Figure 20: Information breakdown for tests, identical setup for the vertical and the horizontal scrolling 

test. The tests had three different image information setups and two different text information setups, 

making in total six different user tests. Each of these six tests were performed twice, first with vertical 

scrolling and then with horizontal scrolling. 

 

 

The search results presented to the test user was a set of 18 mountains. The test users were given 

a task to find a certain mountain among the 18 mountains included in the search results.  

 

Firstly the user tried six different tests for vertical scroll.  

 

Test one:  Individual images and less text (figure 21) 

Test two:  Individual images and more text (same text information as in 

figure 22) 

 

Test three:  Same identical mountain icons and less text 

Test four:  Same identical mountain icons and more text (see figure 23 

below)  

 

Test five:  No images and less text 

Test six:  No images and more text information  

 

 

These six tests, same setup as above, were repeated with horizontal scrolling (as in figure 23) 
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Figure 21: Vertical Scrolling of search result. First test with images and less text. The image information 

(individual image) was identical in test one and two. The text information (less text) was identical in test 

one, three and five. 

 

 
Figure 22: Vertical Scrolling of search result. Test four all with same images and more text. The image 

information (same image icon) was identical in test three and four. The text information (more text) was 

identical in test two, four and six. 
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Figure 23: Horizontal scrolling of search results. Test five with no images and less text. The image 

information (no image) was identical in test five and six. The text information (less text) was identical in 

test one and three and five. 

 

 

For each of the 12 tests (six vertical and six horizontal) as described above the test user was 

presented with a task such as “Find Mount Everest”.    

 

 

 

 

 

 

 

For each test case the following quantitative data was recorded:  

 

 Time needed to fulfill the task was recorded (see time comparison in figure 32) 

 Number of user errors* (see figure 36 below) 

 Number of successfully completed tasks, without errors (see figure 34 below).  

 

*A user error could be clicking on the wrong mountain, or not noting the correct mountain and 

passing it by which resulted in the user having to scroll backwards in order to find it.  

 

The evaluation was followed by a short unstructured interview allowing for the test leader to get 

the users perspective on their feelings about the different search result layouts, the scrolling 

differences and their search strategies in general. 

 

3.8 Method discussion 
The method chosen in this evaluation was a user study in which quantitative and qualitative data 

was collected. The quantitative data was used for comparisons regarding the interface’s 

effectiveness and the user performance. The qualitative data was used to get a feeling for the 
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users’ perception of the interface as well as their feelings, preferences and satisfaction, and was 

collected through an informal interview with open ended questions. 

 

The issue with an interview is that the test users might feel pressured to alter their answer in a 

way that they believe pleases the test leader and this might lead to invalid results. One way to 

make the results more anonymous is to have a questionnaire for the test users to fill in. The 

questionnaire can be answered confidentially and in privacy and might offer more honest 

answers. However it is difficult to motivate test users to give detailed and elaborated answers, or 

even to answer all the questions in a questionnaire. 

 

A larger user group would have offered statistically more valid results, but due to time limits the 

study had to be limited to 20 test subjects. Additionally a few users in the age group 60+ would 

have been beneficial for the study as their viewpoints might be different from younger users 

(perhaps less used to touch interfaces), but no less important.  
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4 Results 
This study was done on user tests by a test group of 20 individuals between the ages 20-65 

(normal office staff age). The results which are presented in this chapter made it possible to 

answer the research questions, and are the basis of the discussion and conclusion in the 

following chapters. 

4.1 Main research question  
Guidelines for how to present a dynamic dataset as selectable 
targets on a touch screen interface 

The goal of this study is to come up with guidelines and directions for best-practices on how to 

present a set of dynamic information making it possible for the user to effectively find and 

select the target of certain interest by touch interaction. 

 

Each sub-question investigates a separate touch interface target selection issue which together 

will form a baseline for the resulting guidelines. The results and test-user-feedback from each 

sub question are presented below.  

 

The main results and guidelines will be derived from the results of the sub questions and 

presented in the conclusions section of this report.   

 

4.1.1 Sub question one  

Does the targets physical position impact the users ’ touch 
interaction experience? 

4.1.2 Button position preference 

In this test the test subjects were presented with a test interface with nine different button 

positions, see figure 14, and were asked to state one or a few button placement positions which 

felt “more comfortable or better to use”. The test subjects were asked to try use the tablet both 

hand-held and placed on the table. As the test subjects were allowed to nominate more than one 

position, the number of votes is larger than the number of test users.  

 

4.1.2.1 Tablet placed on table 

When the tablet was placed on the table the users tended to use their right hand index finger (for 

right handed users) to interact with the buttons. The one left handed user instead used her left 

hand index finger. 

When the tablet was placed on the table the typical hand placement was with the palm facing 

downwards and the back of the hand facing upwards, see figure 24. The hand can remain in that 

horizontal-level-position during the entire interaction and does not need to be bent much in 

order to reach any buttons. The arm, elbow, and shoulder on the other hand needs to be 

extended to reach buttons further away.  
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Figure 24: Typical horizontal-level hand position for index finger interaction with the tablet placed on 

the table 

 

The users were asked to pick one or a few button positions that felt comfortable and easy to use. 

As the users could pick more than one favorite, the number of votes is larger than the number of 

test subjects. See the response map in figure 25, based on the user votes.  

 

When the tablet was placed on the table there was a clear preference for the middle and lower 

right button positions. A typical comment when choosing middle button was that it was 

“accessible”, “in an attractive position which is natural to focus on” and “easy to click”. Some 

users expressed the fact that the left-most column, as well as the top row felt far away to reach 

and therefore was more difficult to access. 

 

1 3 1 

2 14 9 

1 4 5 

Figure 25: User button position preference when tablet was placed on the table 

 

 

4.1.2.2 Holding the tablet 

When holding the tablet users tended to alternate between fingers when interacting with the 

buttons. It was common for the users to interact with the nearest thumbs for the right and left-

most columns and then switch to index-finger-interaction when using the middle column, other 

users extended their arms and continued using their thumbs also for the middle column 

interaction.  

 

When holding the tablet the hand-position is more varied compared to the on-table use. When 

interacting with the thumb the hand is tilted outwards in a more sideways-vertical position with 

the thumb facing upwards, see figure 26. Alternatively if the index finger is used, the user needs 

to raise the hand upwards, extending the wrist, in order to interact with the buttons, see figure 

27. 
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Other users only used the index finger to access all buttons regardless of position also when 

holding the tablet.  

 

In general the finger interaction was more dynamic when the user was holding the tablet 

compared to when the tablet was lying on the table, and the user is alternating between using 

different fingers depending on the position they are trying to reach. This is also reflected in the 

position preference, figure 28, with a much more evenly distributed result.  

 

 
Figure 26: Using the thumbs to interact. Generally the users switched between using the thumb on the left 

hand to interact with the left-most column, and then the index finger on the right hand to interact with the 

column in the middle, and the thumb on the right hand to interact with the right-most column. Note the 

more vertical positioning of the hands. 

 

 

 
Figure 27: Index finger interaction in the middle column when holding the tablet. Note that the wrist have 

to extend upwards in order for the finger to be able to click on the button. 
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The users commented on the different feeling in use, that the tablet felt closer, which changed 

the perception of the locations. It was easier to access the end-columns as they could easily be 

reached by the thumbs, and another comment was that the middle position felt less attractive in 

this position.  

 

5 3 5 

4 8 5 

4 2 5 

Figure 28: User button position preference when tablet is hand-held 

 

 

4.1.3 Preference of scrollable area position 

In this test the test subjects were presented with a html test interface with three different 

scrollable area positions, top, middle and bottom, see figure 15. The test users were asked to try 

to scroll all three positions and afterwards state which scrollable area position the felt most 

comfortable and attractive for them to use (see figure 29). 

 

 

 

 

 

 

 

 

 

Figure 29: User preference of scrollable area position 

 

There was a clear preference for the top position when using a scrollable area on a tablet, 

followed by the middle position. No users preferred the bottom position of the scrollable area. 

Many test users commented on the fact that using the scrollable area on the bottom position felt 

awkward, that it forced you to move your shoulder and arm backwards in order to reach 

properly, and that it made your wrist take an uncomfortable position. One user elaborated on the 

use of a bottom scrollable area position to be a good position for supporting data, perhaps if you 

want to save and keep a presentation of recent search results etc. 

 

A typical comment from the users who preferred the top position was that “you start reading 

form the top you expect to find the most important information there”, i.e. the search result in 

this case. Users who preferred the center position usually gave the comment that this position 

offers a ”high focus on the search result”, and that a centered position is both attractive and 

easily accessible.  

 

Just like in the button position test the users were allowed to choose more than one position, so 

the number of votes are greater than the number of test subjects. 

15 

7 

0 
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4.1.4 How the user operate the interface 

The observations from the user study indicate that there is a difference in how the user operates 

the interfaced based on if the tablet is placed on the table or if it is hand-held. As can be seen in 

figure 24, the typical operation pattern when the tablet was placed on the table was interaction 

with the right hand index finger (for right-handed users), and a horizontal positioning of the 

hand. This caused the left side of the screen space, as well as the top row to be more difficult to 

reach. 

 

When the tablet was hand-held the users were more flexible when interacting with the buttons. 

They tended to use the finger that was closest to the button to interact, and this could be the 

index finger, the thumb or the middle finger. As can be seen in figure 25 and 26 the hand was 

held in a more vertical position, and the wrist had to be extended upwards in order to click on 

the buttons.  

 

For the scrolling action many users commented on the fact that horizontal scrolling at the 

bottom of the screen was uncomfortable for the hand and wrist.  

 

4.2 Sub question two 
How do you provide user feedback on a touch interaction 
command so that the user know that the command has been 
recorded? 

In this test the test subjects were presented with an html test interface with three different button 

feedback options (no feedback, audio feedback and visual feedback, see figure 16).  

 

Below is a chart with the users preferred feedback (figure 30). The test subjects were only 

allowed to choose one preferred feedback. 

 

 

 
Figure 30: Feedback preference according to test users 

 

Three test subjects preferred no feedback with comments like “it is simple, and I like that”. 
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Two test subjects preferred the audial feedback (button click sound) with comments like, “it is 

clear that the button click has worked, without feedback you are not sure”.  

 

The vast majority of the test subjects (15) preferred the visual feedback (button color change). 

They commented on the audio feedback (button click sound) to sound being “annoying”, and 

that they would normally turn off the sound on their mobile phones or tablets when using them. 

Several test users pointed out that if sound was the only feedback offered they would likely miss 

it as the sound might be turned off on their tablet phone, which it regularly is in order not to 

disturb others.   

 

A problem with the Javascript design in the test interface was that there was a slight delay 

between when the button had been clicked and when the sound emerged. This created 

frustration for the users who already didn’t like sound and was commented upon by several of 

the test subjects. Two of the users had difficulty hearing the click sound at all.  

 

A typical comment from a user who preferred the visual feedback (color change) is that “I like 

that something happens to let me know my click has worked” and “this feels like a button”. 

Visual feedback did offer a validation that the button click had been registered. Two of the test 

subjects requested a bigger color change/contrast which would make it even more obvious that 

the click had been registered.  

4.3 Sub question three 
How can you inform the user that there are more targets to 
browse than what currently fits on the screen? 

In this test the test subjects were presented with a test interface with two different image 

alignments for the same search results. They were asked to see if they could find a “dog”, which 

was not available among the initially visible search results. In the first try there was a perfect 

alignment of the first four items in the tablet window (see figure 18), and in the second try the 

last item was only shown in half (see figure 19), and the idea behind that was that it would 

indicate that there were more items available to the right of the last image (see figure 19). No 

scroll bar was visible during any of these trials. 

 

Only two of the test subjects found the dog in the initial test (perfect image alignment, as shown 

in figure 18). 18 of the test subjects claimed that “there is no dog”. One of the test subjects 

decided that he would definitely try to find the dog and clicked on each available image to see if 

there perhaps would appear a dog in the detailed search results that opened up when clicking on 

an item, which it did not. It still did not occur to him to try to scroll for more information.  

After being presented with the second search result (showing a glimpse of the next image, as 

shown in figure 19) all (19) but one of the test subjects realized that the images were scrollable, 

and could quickly locate the dog. One test subject still claimed that there was no dog available, 

and not until she received a gentle proposal by the test leader did she try to interact with the 

search result. Her comment was that she did not want to break anything, and therefore was 

afraid to touch anything.   

 

Figure 31, below, shows the breakdown of user discovery of scroll function.  
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Figure 31: User discovery of scroll function. Only two test users tried to scroll the first search result, with 

perfect alignment in the tablet window. All users but one quickly realized that the search result was 

scrollable when half of the last image was visible in the tablet window. 

 

As no scroll bar was visible in any of these user tests we can view this as a violation of the rule 

to keep to design conventions. The user did not know what to expect. However having the last 

image partly visible did offer a clue that there were more information to browse for.  

 

 

4.4 Sub question four 
How do you present the search result in order to make target 
acquisition easy and successful for the user?  

In this test the test subjects were presented with two test interfaces, both identical apart from the 

first having a vertical scroll and the second having a horizontal scroll of the search results. The 

search items were scrambled so the position of each item (a mountain) was not the same 

between the different tests. Both the vertical and the horizontal scroll tests had three different 

image information setups and two different text information setups, in total six sub-tests each 

presenting a different amount of information (see figure 20). 

 

For each of the 12 tests (six vertical and six horizontal) the following was recorded:  

 Time needed to fulfill the task (find a certain mountain),  

see time comparison in figure 32 

 

 Number of correctly performed tasks without errors,  

see figure 34 below 

 

 Number of user errors, see figure 36 below 

A user error could be clicking on the wrong mountain, or not noting the correct 

mountain and passing it by which resulted in the user having to scroll backwards in 

order to find it.  
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Time comparison 

From the time when the user was told which mountain to look for the timer was started. The 

timer was stopped when the mountain was located, either verbally or by clicking on the item. It 

was timed with a stop watch on an iPhone, and the time should only be taken as a reference as it 

is not completely accurate down to any decimal levels. The test users were informed that this 

was not a time competition, only for location reference, urging them to use a location/scroll 

speed that felt comfortable for them.  

 

 
Figure 32: Time needed to complete the task, grouped by test case. 

 

The fastest finish times were clearly no images with less text, regardless if the user was scrolling 

vertically or horizontally (see figure 33). This was also stated by most test users as the easiest 

way to locate the mountain, however many users still liked to have the image as it provided 

information and was visually appealing and made the page more interesting (see figure 40).   

Second fastest finish times were same images with less text. Many users commented on this 

saying that it was easier to ignore the image as they were all the same and then they could 

concentrate on reading the text. 
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Figure 33: Mean finish time (horizontal and vertical scrolling) by image and text information 

 

Grouping the finish time by information, again proves that less text provides faster identification 

compared to more text. Comparing by image information shows that same image slightly faster 

than no images.  

 

Comparison by number of successfully completed tasks  

The number of successfully completed tasks were counted by tasks that were completed without 

any user errors (figure 34). A user error could be clicking on the wrong mountain, or not noting 

the correct mountain and passing it by which resulted in the user having to scroll backwards in 

order to find it.  

 

 

 
Figure 34: Successfully completed tasks, i.e tasks completed without errors, grouped by test case. 

 

Horizontal scroll had a larger number of successfully completed tasks compared to the vertical 

scroll (figure 34). This in spite of the fact that many users commented on the fact that it was 

much harder to read during horizontal scrolling, and some users were even very frustrated by 

the reading difficulty when scrolling horizontally.  
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Figure 35: Mean value of successfully performed tasks by group (vertical and horizontal) 

 

 

 

By grouping (see figure 35) we find that less text offers the highest success rate compared to 

offering more text. When it comes to image information the same image has a slightly higher 

success rate over no images. Many users commented on the fact that having no images or the 

same image made it easier to read and locate the mountain in the task, however they still 

preferred having the image in the search result for additional information and the fact that they 

look nice. 

 

 

Comparison by number of errors  

The number of errors were counted when the user clicked on the wrong image, or if they missed 

the mountain while scrolling making the user have to scroll back again in order to locate the 

mountain named in the task. Some users missed the same mountain several times in the same 

task, and each time the mountain was passed added another error count, see figure 36.  
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Figure 36: Number of errors by scroll direction and test case 

 

Vertical scrolling resulted in the highest amount of user errors. Test cases “Same images with 

less text” and “No images with less text” came to a tie on having the least amount of user errors.   

 

 

 

 
Figure 37: Number of user errors grouped by test case 

 

Grouping by test case shows that more text results in more user errors than less text. No images 

has less user errors than the same images or with images, see figure 37. 
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Scrolling preference 

The total number of errors (all users) for the vertical scroll is larger (19) compared to the 

horizontal scroll (16). Regardless, the vast majority of the users (16) preferred vertical scroll 

(see figure 38). Normal comments to why they choose this were “I am so used to scrolling 

being upwards and downwards”. This could be Jakob's Law of the Web User Experience in 

action (see section 5.9).  

 

Many users also commented on the fact that it was much easier to keep reading focus when they 

were scrolling vertically. Some users were really troubled by trying to keep reading focus while 

scrolling horizontally, and expressed this verbally.  

 

The users who preferred horizontal scrolling commented that the scrolling movement felt better 

for the finger left and right vs up and down. Another comment was that it allowed to fit more 

search results which made for a better overview of the search results, as the screen was wider 

compared to higher in landscape orientation.   

 

 
Figure 38: Users Scrolling Preferences 

 

 

Layout preference 

Every user preferred less text compared to more text as it was easier to locate just the 

information they were looking for (see figure 39). More text slowed down the browsing of 

information and added to confusion as they felt it did not contribute to any more useful 

information.  

 

When it came to image preference the large majority preferred having individual images as they 

provided additional information, but also because they were nice and made the page more 

pleasant. Although several users testified that it was easier to locate the mountain without 

images or with the same image, they still voted for to keep images because it made the page 

more attractive (see figure 40). 
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Figure 39: Users text layout preferences 

 

 

 

 
Figure 40: Users image layout preferences 
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5 Discussion 
In this chapter the user-study test-results of each of the sub questions will be discussed and 

compared with references from the literature study. 

5.1 Sub question one  
Does the targets physical position impact the users ’ touch 
interaction experience? 

5.1.1 Button position preference  

The preferred button position was investigated both for when the tablet was placed on the table, 

as discussed in section 5.1.1.2, and when the user was holding the tablet in their hands as 

discussed in section 5.1.1.3. This will be compared to the reference from the literature study 

results in section 5.1.1.1. 

 

5.1.1.1 Reference from literature study 

Based on the results and recommendations from the literature study we can make a heat map for 

the fastest and easiest button placement positions on a tablet touch screen display as a reference 

and base for discussion.  

 

 Po et al. (2004) proposed, due of limitations to our 

eyesight, that the lower part of the screen would 

offer the fastest acquisition times.  

 

 

 Paul Fitts (1954 ) Fitts law: Around the edges allow 

for fast acquisition and easy positioning (Fitts law 

also state that large target close to where you were 

before is a preferred placement, but is not taken in  

consideration here).  

 

 Kang et al. (2014) handedness and ergonomics – 

recommend the middle of the screen which allows 

for varied ergonomic use (both left and right hand)  

 

 

 Odell (2012) thumb use: Recommends lower left and 

right, which is within thumb reach distance while 

holding on the corners. 

 

 

It can be argued that the design Odell proposes (thumb use) is not compatible with the design 

that Kang proposes (which is designed to promote a variation between left and right hand). But 

we choose to disregard that in this example. 
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Adding up all the votes from the literature recommendations above (where the gray area is one 

vote, and the white area is no vote) would produce a heat map (see figure 41) of recommended 

positions to place targets which would allow for a fast acquisition time and would be 

ergonomically pleasant for the user.  

 

1 2 1 

3 2 3 

3 3 3 

Figure 41: Preferred button placement with respect to acquisition time and user ergonomics according to 

the literature study. 

 

 

5.1.1.2 Tablet placed on table 

According to the user tests, when the tablet was placed on the table the typical hand placement 

was with the palm facing downwards and the back of the hand facing upwards, as in figure 24 in 

section 4.1.2.1. The hand could remain in that horizontal-level-position during the entire 

interaction and did not need to be bent much in order to reach any buttons. However in order to 

reach the buttons further away (on the top tow and the left column) the arm, elbow, and 

shoulder needed to be extended.  

It is clear that it the user preference conforms to the ease-of-reach of the right hand (see figure 

42). Also if we compare this heat map to the right hand use from the tablet computer in figure 3 

(section 2.2 Ergonomics) and figure 41 above we can see a stronger resemblance to an 

extension to the right hand thumb use in figure 3 rather than the result in figure 41. These results 

are likely due to the fact that all users but one mainly used their right hand index finger when 

interacting (one user was left handed).  

It is also clear that the center position has a much higher preference by the test users compared 

to the literature study recommendations. This position is difficult to validate in terms of 

proximity or hand placement comfort, and my theory is that this is due to the aesthetical 

properties of the middle position that wins the vote. The aesthetical properties seem to have an 

importance equal to or greater than ergonomics in this case. One test user elaborated on the 

answer on why he chose the middle position like this: ”an attractive position which is natural to 

focus on”.  

 

1 3 1 

2 14 9 

1 4 5 

Figure 42: User button position preference when tablet is placed on the table 
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In figure 43 and 44 you can see the preference distribution per left and right handed users. Even though 

the statistical significance is low (two left-handed users), we can see the preference moving slightly more 

towards the left compared to the right-handed users  

 

0 0 0 

0 1 0 

0 1 1 

Figure 43: User button position preference for left-handed users 

 

Right handed:  

1 3 1 

2 13 9 

1 3 4 

Figure 44: User button preference for right-handed users 

 

5.1.1.3 Holding the tablet 

When the users were asked to hold the tablet there was a much larger variety of interaction 

styles compared to the on-table placement. Several users used the nearest thumb to click on the 

buttons on the left and right column, and then switched to their right hand index finger when 

interacting with the center column. Some users varied between several fingers when clicking on 

the buttons, and other users tended to only use their index finger even while holding the tablet.  

 

In the corresponding “heat map” for the hand-held tablet we can see that there is a much larger 

amount of positions that are in the user “comfort-zone” (figure 45). The standard deviation (SD) 

for the hand-held result is also much lower (SD 1.67) compared to when the tablet was placed 

on the table (SD 4.3) which proves a larger conformity of the results. 

  

 

5 3 5 

4 8 5 

4 2 5 

Figure 45: User button position preference when tablet is hand-held 
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In figure 46 and 47, below we can see the difference between the left-handed and the right-handed users. 

Also when the tablet is hand-held we can see that the handedness affects the button-placement preference.  

 

1 0 0 

1 0 0 

1 1 1 

Figure 46: User button position preference when tablet is hand-held for left-handed users 

 

 

 

4 3 5 

3 8 5 

3 1 4 

Figure 47: User button position preference when tablet is hand-held for right-handed users 

 

 

Also in these results is there a strong preference for the middle position. The right-most column 

is slightly more popular than the left-most column which seems to indicate that users are 

slightly more comfortable using their right hand, or perhaps used to the fact that important 

buttons being placed here. One test subject commented like this on her choice: “I would 

normally look for a search or new button in the top right corner, so I prefer this position”.  

 

 

5.1.2 Preference of scrollable area position 

The comments from the test users imply that when it comes to the scrollable area position 

preference the aesthetical aspects were equally important as the ergonomic aspects when 

choosing a preferred placement. The users preferred having the important information on top of 

the screen, or at the center of the screen.  

 

Only for the bottom position did the test users comment on an awkward hand/arm position when 

scrolling. The test setup was laid out so that only one scrollable area visible at a time, which 

meant that the top part of the screen was empty when the scrollable area was placed at the 

bottom of the screen. This can be seen in figure 15 (section 3.3), and this makes for a strange 

page layout. This was commented on by a couple of test users saying that “it looks strange to 

have the scrollable area alone at the bottom of the screen, I would prefer to have it higher up”. 

In a normal interface the scrollable area bar would compete for screen space along with other 

important information, buttons, options etc. Perhaps a different test layout, like all three 

scrollable areas visible at all times, would give a different result, and this would be interesting 

to investigate in another study.    
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Creating a “heat map” according to the user preferences (figure 48) for the scrollable area 

position shows that the two upper thirds of the tablet screen was the preferred position for the 

scrollable area, and according to comments this is not only due to the ergonomic factors but also 

due to the fact that the users expect to find their search results and important information to be 

placed higher up on the screen.  

 

 

15 

7 

0 

Figure 48: User scrollable area position preference 

 

Kang et al. (2014) studied how handedness affects user discomfort on touch screen interfaces 

and saw a preference for users to use the scroll gesture on the lower part of the screen. The 

authors drew the conclusion that it was due to lower physical load not to having to lift the arm 

too high. As can be seen in figure 48 does not offer support for this. In the test setup for sub test 

one the scroll movement were all horizontal, and we can see in figure 38, section 4.4 that the 

horizontal scroll was not very popular amongst the users. Kang et al. did not state whether their 

scroll movement was in vertical or horizontal direction. Where the vertical scrolling gesture is 

performed is an issue that could be investigated in a future study and compared with the results 

from Kang.  

 

5.2 Sub question two 
How do you provide user feedback on a touch interaction 
command so that the user know that the command has been 
recorded? 

As the touch screen lacks tactile feedback it is important to offer feedback of other modalities. 

The preference between no feedback, audio feedback or visual feedback was therefore tested. 
 

Most users (17 out of 20) preferred some kind of feedback on the button click command which 

made it evident that “it had worked” or that the system had understood their action. Many users 

initially really liked the audio feedback (click sound played upon button click) stating that this is 

really clear, but then quickly changed their mind saying it was “annoying” and “could be 

disturbing”. Two of the users had difficulty hearing the click sound at all. In a noisy area, like 

outdoors or on a bus/train, even people with normal hearing can completely miss the click 

sound. The sound can also be switched off on the device, and then the audio feedback is useless 

as was also noted by some of the test users in the discussion. 

 

Sound, as it can be heard by other people and not only the user, can become an issue of privacy 

alerting people that you are doing something or disturbing in an otherwise quiet area (during a 

meeting or lecture). Sound feedback can be helpful in one situation and disturbing in another. 

One way to get around this issue could be to offer different sounds in different environments. A 

more subtle sound in a quiet environment and a louder sound in noisy environments.  
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The sound chosen in this study resembled a click sound on a mechanical button on a keyboard. 

A well designed sound which is interesting or aesthetically pleasing to the listener could 

enhance the interaction experience. Both timing and aesthetics are important features of 

feedback and if not designed properly it might counterfeit the purpose. The design of sound for 

a button press experience is a research area in itself.  

 

The vast majority of the users preferred the visual feedback, as it offers privacy but still gives a 

confirmation. A few users said that they would prefer an even bigger change than the color 

change that was offered in these tests. Like when the button permanently changes color upon 

click.    

 

Vibration feedback would have been a both valid and interesting haptic feature to test in this sub 

question, but due to the technical limitations of the iPad2 which does not offer a vibration 

feature, those tests had to be excluded from the study.  

 

When it comes to multimodal feedback it can be of benefit to offer several types of feedback 

making them selectable and/or easily being able to turn them on/off depending on the current 

situation and user preference.  

 

 

5.3 Sub question three 
How can you inform the user that there are more targets to 
browse than what currently fits on the screen? 

There are several ways to inform the user that there are more search results than what are 

available on the screen. A scroll bar is a common option, which offers immediate recognition by 

the users thereby encouraging them to scroll for more information.   

Another option commonly used are an Image carousel with navigation controls, often visualized 

by a set of filled/no-filled circles or squares, which offers the user an immediate overview of the 

number of available pages or images (see figure 49).  

 

 
Figure 49: Image carousel with navigation controls here visualized by squares, allowing the user to 

immediately overview of their current location in the slider array. Image available at 

HTTP://BIZZTHEMES.COM/WP-CONTENT/UPLOADS/2011/09/THUMB-CAROUSEL-LARGE.PNG 
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The Bifocal Display with its fisheye view of the item tray proposed by Spence (1980) is another 

example of an immediate overview and a hint that there are more items available (see figure 

10).  

This user test focused on investigating if the search result presentation affect the users’ 

awareness and willingness to try to scroll for more information. Figure 18 (section 3.5) shows a 

perfect alignment of four images in the touch screen display and figure 19 (section 3.5) shows 

the test setup where half of the last image is shown, allowing a hint that there is more 

information available.  

 

Only two of the users tried to scroll the scrollable area during the first test with perfect image 

alignment. However even on a quick glance at the second search result presentation many of the 

users said “Ahaa. Is it possible to scroll the images!? Was that possible also with the previous 

test?”, upon which they returned to the first test to prove that those results were also scrollable. 

All but one user realized that the second search result was scrollable. It is evident that a simple 

non-perfect image alignment considerably improves the awareness of more available 

information for the users.  

 

5.4 Sub question four 
How do you present the search result in order to make target 
identification easy and successful for the user?  

5.4.1 Text information preference 

When looking at the completing times it is clear that less text is much faster than more text 

when it comes to identifying an object (figure 33, section 4.4). This is also coherent with the 

preference expressed by all users (see figure 39, section 4.4) that it is easier to identify correct 

object with less text. Worth noting is that the text provided in the test with “less text” was 

exactly the information the users needed, i.e. the name of the mountain. In the test for “more 

text”, additional information was provided. Most test users stated that they tried to ignore the 

other text information and focused on the name on the first line when trying to locate the 

mountain.  

 

If the task would have been designed differently, such as “find a mountain in South America” 

the test users would have had very little help from only the name of the mountain being 

provided, and would have been forced to choose the “more text” option and read amongst the 

information provided to find the continent further down in the text mass. During the open 

discussion which followed the twelve user tests the test leader asked a few of the test users to 

try to find a mountain in South America. The most common strategy response was to go to the 

test set up “images and less text” as they had been successful during the first task, however 

these users quickly realized that they could not name any mountain in South America and then 

had to resort to “images and more text” to be able to locate a mountain in South America.  

 

What appears to be the key to creating a simple and quick target identification out of a search 

result would be an interface providing exactly the information the user needs to know, and only 

that information. This was expressed like this by one of the test users in a discussion regarding 

the available text information: “I want exactly the information I am interested in… only the text 

that is relevant for the search question”. The challenge is to the exact keyword that holds the 

key information for each user. This would be an interesting and important future investigation.  

 



 

50 

 

5.4.2 Image information preference 

The finish times for image comparison is very similar for same images and no images, which is 

coherent to comments by the users during testing. Most users stated that it is easier to locate an 

object without any image, simply by only focusing on the text. Having the same image 

everywhere made it easier to “ignore” the image, a comment made by several test users, which 

could indicate that the users regarded these images more like noise than information.  

 

The location time for the test case that included images was the longest (figure 33, section 4.4). 

The users stated that it was time consuming to browse the images, but that they were helpful 

when trying to verify that they had identified the correct mountain, and that they were pretty to 

look at. One user stated that he “cheated by looking at the images of the mountain”, indicating 

that the images did provide him information making identification easier.  

 

An interesting result is that even though most users stated that it was easier to fulfill the task 

(identify the mountain) without any image, the majority of the test users (12 out of 20) still 

preferred the layout with images. The reasoning behind this was that the images were both 

interesting and pretty to look at, made the page look more appealing and helped verify the 

correct choice. This seems to indicate that the aesthetical properties of the interface are equally 

important to the user as the functionality, and that it seems to be well worth investing time and 

money to make the interface both attractive and functional.  

 

Upon asking the test users to reflect on their search strategies comparing the test setup when 

presenting animals and this one presenting mountains, the users stated that when trying to find 

the dog they primarily looked at the images and only referred to the text as a final verification 

that they indeed had located the dog. When searching for a mountain the test users mainly 

looked at the text, and only referred to the image for final confirmation. The image in the 

mountain test case was not the main source of information as most people cannot identify the 

mountains by their appearance, whereas a picture of a dog held more information.  

 

The image might have different importance in different areas. If you were asked to find 

superstars George Clooney or Angelina Jolie your primary source of information would likely 

be the image over the text. Other things are more difficult to represent in meaningful and 

interesting images, like an errand registered at a local authority.  

 

It is likely to assume that if the task for test number four would have been set up to identify for 

example different kinds of fruit, there would have been a greater advantage to have the image 

information available, as most people would immediately recognize the apple or the banana in 

the image. The importance and advantage of images as information carrier as well as a means of 

increasing user satisfaction would be interesting to investigate further.  
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5.4.3 Scrolling preference 

 

When looking at the test results there was a tie (50% vs 50%) between the fastest finish-times 

between the vertical and horizontal scrolling (see figure 32).  

 

In figure 50 below the best performance of the six sub tests are listed.  

 

Vertical and Horizontal scroll had both 50% of the best finish times.  

Horizontal scroll had a clear advantage on the successfully completed tasks, where vertical 

scroll only had better results in one sub test. 

Horizontal scroll also showed the least number of errors on 3 compared to two for the Vertical 

scroll.  

 

 

 Horizontal Vertical Tie (same result) 

Fastest finish time 3 3 0 

Successfully completed 
tasks 

4 1 1 

Least number of errors 3 2 1 

Figure 50: Best performance out of the six sub tests 

 

In two out of three comparisons the horizontal scroll had better task-fulfillment-results 

compared to the vertical scroll, and in the last comparison there was a tie.   

 

These tests were all performed only once, and part of the advantage in results for the horizontal 

scrolling can likely be explained by a learning effect. The users all started with doing the 

vertical scroll tests and then moved on to do the horizontal scroll tests. Offering the users to first 

do a test run of all sub-tests, and then repeat it again while measuring the data would likely give 

a more even result. A few users voiced comments like “I am now getting used to searching for 

mountains” towards the end of the test run, meaning that they got a feeling of what the test was 

about and what was expected of them.      

 

Regardless of the performance results, the majority of the users (16 out of 20, see figure 38 from 

section 4.4) preferred the vertical scrolling. The argumentation behind this was mainly 

expressed with two different reasons “I am so used to scrolling up and down, so I prefer that” 

and “scrolling horizontally makes the text very difficult to read”. Many of the users were very 

clear on the fact that they not only preferred vertical scrolling but that they disliked the 

horizontal scrolling. Several of the users became really frustrated and verbally commented on 

the difficulty in reading when the text moved underneath their fingers. Vertical scrolling did not 

generate the same reading frustration. 

 

One test subject proposed to have a “page forward”-button that jumps one page ahead at a time 

instead of using horizontal scrolling. It would be very interesting to make a comparison between 

how the users experience a horizontal scroll and a “page-forward-action” with respect to 

following a text and identifying an item, and if this could compete with vertical scrolling.  
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All tests were made with the screen in horizontal (landscape) position. This offers a larger 

presentation-space for the horizontal scroll compared to the vertical scroll, as we can see if we 

compare the presentation space in picture 19 compared to picture 21. One of the test subjects 

indicated the fact that the horizontal position offers a better overview with more search items, as 

the space is larger. This could be regarded as an advantage for the search result presentation, but 

that did not seem to affect the test users’ preference as they clearly favored the vertical scroll.  

 

Mocovitch (2009) concluded that users strongly disliked the sliding up motion on the screen, 

and recommended to design to avoid this sliding direction. On another hand usability gurus 

Norman and Nielsen (2002) stated that “Users hate scrolling left to right. Vertical scrolling 

seems to be okay, maybe because it's much more common”. My results indicate that Norman 

and Nielsen are correct. Vertical scrolling was not only preferred by the majority of the users, 

but many of the users clearly expressed that they disliked the horizontal scrolling.  
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6 Conclusion 
The aim with this study has been, out of a usability perspective, study how users interact with 

and feel about touch interfaces. The goal has been to aggregate these results and preferences 

into guidelines and advice on how to present a set of dynamic information making it possible 

for the user to effectively find and select an object of certain interest by touch interaction. 

 

In order to be able to answer that question, the following sub questions have been identified:  

 

We found an impact of the physical onscreen-position of targets on the users’ touch interaction 

experience 

The placement of the touch screen, if the user was holding it, or if it was placed on the table had 

an impact on the users’ experience. The user tended to be more flexible and used a larger 

variety of hand position while holding the touch screen. When the touch screen was placed on 

the table the users tended to use the index finger of their right hand for interaction, which 

limited the button placement preferences. The results also indicate that the aesthetical factors 

seem to be of equal or greater importance to the button placement as compared to the ergonomic 

factors.  

 

The interaction experience from the scrollable area was also dependent on the physical position. 

Horizontal scrolling on the bottom of the screen was uncomfortable for most users. The top or 

middle position was preferred, and comments from the users indicate that the user preference 

was highly dependent on the aesthetical factors also when it came to the scrollable area.  

 

User feedback preference on touch interaction commands making sure that the user knows that 

the command was recorded 

The large majority of users preferred feedback on their button commands making it evident for 

the user that the system had registered that “it had worked”. Most of these users preferred the 

visual feedback as it offered evidence that the button-press had been registered but still provided 

some privacy. Many users were concerned by the fact that the sound was not only disturbing to 

others, but also annoying in the long run and therefore did not choose this feedback option. 

Some users voiced the desire for an even more evident visual change, such as a permanent state 

change of button color.  

 

Informing the user that there are more targets to browse than what currently fits on the screen 

Common techniques for displaying that there are more items to view than what fits on the 

screen are scroll bars, arrows or as an image carousel with navigation control visualized by 

circles or squares for immediate overview.  

The results from the tests indicate that a simple technique such as allowing the last image to be 

partly visible greatly improves the users’ recognition of the availability to scroll for more items. 

A perfect image line-up was not ideal as only two out of twenty tried to scroll for more items.   

 

Presenting search results in a way that makes target acquisition easy and successful for the user  

The fastest and most effective way for the user to find the target was to provide no images and 

only exactly the text information that was needed for the search task. Any more information 

could be regarded as noise and was disturbing for the user. Interestingly, regardless of this fact 

most users still wanted the image in the search result since it was nice to look at and made the 

page layout more attractive. This could be viewed as another example of how highly the users’ 

regard the importance of the user interface aesthetics.    
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Regarding the scrolling direction the test results indicate that users do not like horizontal 

scrolling as it makes the text difficult to read. They also seem much more accustomed to vertical 

scrolling and therefore greatly seem to prefer that.    

 

The main research question of this study is:   

How should you present a dynamic dataset on a touch screen interface, making it possible for 

the user to effectively find and select an object by touch interaction? 

 

According to the results from the user tests in this study some general conclusions can be drawn 

on how to present a dataset making it possible for the user to find and select the target they are 

interested in using touch interaction:  

 

Users seem to value the aesthetical appearance of a user interface and prefers to have images in 

their search results even though most users agree to the statement that to that finding their 

content is easier without images.  

 

1. Screen positioning 

 

The on-screen positioning is dependent on how the touch screen is being used. Users who use 

the tablet placed on the table seems to use the index finger as a pointer more frequently 

compared to when the tablet is being held (in one or both hands). With the touch screen placed 

on the table the most preferred button positions are from the middle to the lower right hand 

corner of the screen.  

With a hand-held position the user seems to vary which finger to point with and uses the one in 

close proximity to the target rather than reaching further away to point with the index finger. 

This allows for a larger variety of comfortable positions for the user, and most positions are 

acceptable for the user.  

 

The designer should keep the most frequent use-position in mind when designing a touch 

interface.  

 

Ergonomics is an important factor when designing a touch interface. User does not seem to like 

scrolling horizontally on the bottom of the page as it creates an awkward hand and wrist 

position. The horizontal scroll area is preferred at the top or the middle of the screen.  

 

The aesthetical appearance also affects the users preferred position of buttons and scrollable 

areas, and it seems well worth the time to make the interface appealing. 

 

 

2. User feedback 

The users want feedback on their actions, and most of them seem to prefer visual feedback as it 

offers confirmation as well as some privacy, as compared to audio feedback which can be 

disturbing both for others as well as the user himself.  
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3. Advertise additional information 

It is possible to help users be aware of that there is a larger amount of information that what fits 

on the screen by making sure that the last image is partly visible for the users, most users will 

then try to scroll for more items, even if no scroll bar is available.   

 

 

4. Scrolling preferences 

Avoid horizontal scrolling as users seem to largely prefer vertical scrolling, and because it 

seems to make reading more difficult.  

 

 

5. Optimal information for target identification 

For fastest target identification only the exact keyword that holds the key information should be 

provided. Regardless of this fact users prefer to have an image presented with the search results 

as they are interesting to look at and make the page layout more attractive.  
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7 Future work 
This study has been able to draw some conclusions on how to design and adapt an interface to 

touch interaction, but it has also left some unanswered questions that would be interesting to 

investigate:  

 

The results in this study indicate that vertical scrolling are preferred over horizontal scrolling. 

As screen space is a limited resource it would be of value to investigate how to make a space-

effective vertical scroll. Do you need to be able to scroll the entire page, or can you make the 

information use part of the screen for effective scrolling of search results? 

 

In this study the test case was to search for mountains. During the open ended questions some 

users reflected on the difference between when searching for a dog and when searching for a 

mountain. As the dog image has larger information value than the mountain image (for most 

users) it would be interesting to evaluate this test case further. Would the finish times for no 

image less text still be fastest if the test users were asked to locate animals instead of mountains, 

or would the information in the image speed up that search process? . How does a search result 

with a more varied image results affect the user response? 

Additionally in a business system it is sometimes difficult to illustrate a search result with image 

information. One of Decerno’s customers are the Swedish Chemical Agency. They have a large 

database with chemical products, rules and regulations, forms etc. Does images offer any 

additional benefits in these types of systems, or can they in this situation be regarded as space-

ineffective and disruptive for the information flow?      

 

These tests were performed on an iPad 2, which does not offer vibrations therefore the haptic 

vibration feedback had to be excluded from the user tests. Vibration is an important feedback 

type which would be interesting to evaluate further.  
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