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Abstract 
The Ericsson R380 is a so-called smartphone, combining an advanced mobile phone 
with a Personal Digital Assistant (PDA). To evaluate the usability of the Ericsson R380 
and benchmark it against the Nokia 9110 Communicator and the Motorola A6188 
Accompli, a repeated measurements experiment was performed. 18 subjects (10 men 
and 8 women) with no previous experience of any of the interfaces participated. Half of 
the subjects had extensive experience from using Ericsson mobile phones and half of 
the subjects had extensive experience from using Nokia mobile phones. A set of 9 tasks 
to be solved on each interface was presented to the subjects. The order in which the 
subjects used the interfaces was balanced with a Latin square design while the tasks 
were presented in consecutive order and were identical for all interfaces. Level of 
completeness, completion time and number of actions were assessed for each task and 
interface. Subjects also rated the perceived usability and aesthetics of the interfaces. 
Overall, subjects were most successful using the Motorola A6188 Accompli, using 
fewer keystrokes and less time as well as needing fewer hints compared to the Ericsson 
R380 and Nokia 9110 Communicator. However, the Ericsson R380 was rated 
significantly higher than the other interfaces on perceived usability. Previous 
experience with Ericsson or Nokia mobile phones did not have a major impact on how 
well subjects succeeded with using the interfaces in the test. Certain mistakes made by 
each group of subjects could be explained in terms of mental models, Einstellung 
effects and the use of so-called Function-Object interaction style where Object-
Function interaction was appropriate. Contrary to earlier findings, aesthetics and 
perceived usability did not correspond to a great extent. Finally, the results are 
discussed and some suggestions for improvements are put forward. 

Swedish Abstract 

Ericsson R380 är en s.k. smartphone som kombinerar en avancerad mobiltelefon med 
en elektronisk kalender (PDA). För att utvärdera användbarheten på Ericsson R380 och 
jämföra den med Nokia 9110 Communicator och Motorola A6188 Accompli 
genomfördes ett repeated measurements test. 18 försökspersoner (10 män och 8 
kvinnor) utan tidigare erfarenhet av gränssnitten deltog. Hälften av försökspersonerna 
hade tidigare erfarenhet av att använda Ericssons mobiltelefoner och hälften av 
försökspersonerna hade tidigare erfarenhet av att använda Nokias mobiltelefoner. 
Försökspersonerna fick 9 uppgifter att lösa på varje gränssnitt. Presentationsordningen 
av gränssnitten var balanserad enligt en latinsk kvadrat medan de 9 uppgifterna hade en 
konsekvent ordning och var identiska för alla gränssnitt. Grad av fullbordan, tid och 
antal actions registrerades för varje uppgift och gränssnitt. Försökspersonerna fick även 
bedöma gränssnittens utseende och hur lätta de var att använda. Generellt sett lyckades 
försökspersonerna bäst med att använda Motorola A6188 Accompli då de använde 
färre knapptryckningar och kortare tid samt behövde mindre hjälp jämfört med 
Ericsson R380 och Nokia 9110 Communicator. Däremot bedömdes Ericsson R380 som 
det gränssnitt som hade högst upplevd användbarhet. Tidigare erfarenhet av Ericsson- 
eller Nokiatelefoner påverkade inte resultaten i någon större utsträckning. Vissa 
problem som försökspersonerna upplevde kan förklaras i termer av mentala modeller, 
Einstellung effekter och användandet av s.k. funktion-objekt interaktion i fall där 
objekt-funktion interaktion var nödvändig. I kontrast till tidigare studier korrelerade 
inte gränssnittens utseende och upplevd användbarhet i någon högre grad. Slutligen 
diskuteras resultaten och förslag på förbättrad interaktionsdesign presenteras.  
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Introduction 

Assignment 
The assignment for this master thesis originates from an idea by Anna Göjeryd at 
System Design, Ericsson Communication Systems, Kista, Sweden. After a number of 
discussions between Anna Göjeryd and the author, the primary goals decided upon 
were:  
 
1. To examine whether certain groups of users differed in their performance and 

perceived performance on a choice of communication and planning interfaces. 
Subjects should be smartphone/communicator novices using the interfaces “out-of-
the-box”. 

2. To address possible reasons, should such group differences exist. 
3. To discuss solutions to discovered usability problems. 
  
The groups of interest were men and women, and users with extensive experience of 
Ericsson mobile phones and users with extensive experience of Nokia mobile phones. 
The Ericsson R380, Nokia 9110 Communicator and Motorola A6188 Accompli were 
selected to be benchmarked. The focus of analysis was decided to be on the Ericsson 
R380.  
 
In order to examine the raised questions a usability evaluation was carried out at the 
Usability and Interaction Laboratory at Ericsson Research, Kista, from March to May 
2001. Important parts of the assignment were planning the study, designing the tasks, 
finding subjects with the desired background and personality, to perform the actual 
experiment, analyse the video recordings made during the experiment, run statistical 
tests, and eventually analyse and discuss the results. An evaluation of a special user 
behaviour logging technique called the ActionMapper (Goldstein, Werdenhoff and 
Backström, 2000; Nyberg, 2000; Ericsson, 2001) was also made. In addition to the 
original assignment, the relationship between aesthetics, i.e. the appearance of the 
interfaces, and perceived usability was addressed. The work was mostly carried out at 
Ericsson Communication Systems in Kista, from December 2000 to July 2001.  

Thesis Outline 
The first chapter gives a brief introduction to the functionality and background of 
devices combining a mobile phone and Personal Digital Assistant. Some interface 
characteristics are explained along with a discussion of reasons for low usability. The 
ActionMapper, used for visualisation of the users’ actions, is described in the next 
chapter, followed by an introduction to aesthetics and perceived usability. A heuristic 
evaluation of the Ericsson R380 is then described. After that, a description of the 
experimental design, interfaces, and measured parameters is presented. In the following 
chapter an analysis of the results are put forward. Concluding the report, a discussion of 
the results is held and some design improvements are suggested. 
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Background 
Every day we interact with artefacts and they interact with us. It is a two-way street and 
as well as we shape and act upon artefacts, the artefacts will shape us and change our 
behaviour, expectations, habits and language. Artefacts are parts of different socio-
technical systems (Löwgren and Stolterman, 1998). This means that as well as humans 
form social systems, humans and artefacts form systems which share similar attributes 
such as defined ways of communicating and interacting, expectations on behaviour, 
habits and acceptable behaviour. As in social systems, socio-technical systems exclude 
and include certain people. A socio-technical system that excludes certain groups of 
people due to e.g. high demands on the novice user may have an impact on society at 
large. The standpoint that technology shapes society is called technical determinism 
and is supported by e.g. MacKenzie and Wajcman (1985). The other extreme 
standpoint is called technological somnambulism that argues that technology is neutral 
in terms of ethics (Pfaffenberger, 1989). It seems reasonable to think that technology at 
least in some way forms society and its citizens. Therefore, design is not just about 
producing artefacts but also to consider that it may affect the relationship between the 
haves and have-nots. Artefacts which can not be utilised by some people due to a 
design that does not support certain users’ ways of interaction may lead to excluding 
groups of people from the associated factors that the artefacts support. E.g., if some 
people find computers hard to learn and use, they will miss out on information which 
can only be found using computers. Making products easier to learn and use is thus of 
importance if one cares about how society may develop. 

What Is Usability? 
Usability can be thought of as quality of use, a quality of the interaction between user 
and system. Usability is generally speaking more difficult to reason about than some 
other qualities of software products. Usability depends upon the characteristics of the 
user as well as the hardware and software. A system can have excellent quality of use 
for some people and poor quality of use for others. For example, a graphical user 
interface may have simple, well-structured menus which novices can explore and use 
successfully and safely but can be very frustrating for experienced, frequent users 
because it lacks short cuts. Usability also depends on the specific tasks people want to 
perform. Usability is furthermore affected by environmental factors; from physical 
influences such as incident light and sounds to organisational factors such as 
interruptions in mid task. Usability can hence be described as the quality of use of an 
interactive system by its (intended) users for achieving specific work goals and tasks in 
particular work environments.  
 
A number of factors constitute what makes design good design. Löwgren and 
Stolterman (1998) argue that although some aspects of an interface are independent of 
context, they also describe factors that are context dependent. The artefact must fulfil 
its purpose in a certain, defined context and situation. This means that any artefact that 
is designed well must fulfil its purpose among real users solving real tasks. The artefact 
must also respond to the users’ expectations. However, Löwgren and Stolterman (1998) 
argue that there is no simple short cut that will ensure a design being perceived as good. 
Although numerous checklists exist in the field of HCI, any designer must develop his 
own judgement, opinion and feel for the act of designing. 
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Personal Digital Assistants 
Personal Digital Assistants, PDAs, have become very popular on the market. A PDA is 
a cognitive tool, which can be described as a merge between a computer and a paper 
calendar. It is used to keep track of upcoming events, telephone numbers, to do-tasks, 
notes, etc. PDAs come in different shapes and sizes but are all designed for use in a 
mobile environment. As the context of use is different for a PDA compared to an 
ordinary computer, PDAs are used differently and the interaction is likely to be very 
short in time span. On the other hand, PDAs are usually used very frequently during the 
day. This suggests that they should be designed to allow the user quick and easy access 
to the most commonly performed tasks such as looking up today’s appointments. Thus, 
a PDA is likely to be used for a short while, while the user is performing other ongoing 
activities, and then the PDA is tucked away. All in all, it seems like users’ expectations 
and attitudes towards small handheld devices like PDAs are different compared to 
stationary computers (Goldstein, Alsiö and Werdenhoff, 1999). The expectations on 
PDAs seem to be quite large when it comes to usability and people expect them to be 
easy to use from the very start (Goldstein et al., 1999; Nyberg, 2000). Factors such as 
size, computational power and number of buttons may affect the users’ expectations on 
the PDAs’ usability (Nyberg, 2000).   
 
A typical PDA has a touch sensitive black and white or colour screen. A pointing 
device called stylus is used for tapping and writing on the screen. Text is entered by 
either tapping on a virtual QWERTY keyboard or by using character recognition for 
handwriting. Most PDAs support both character recognition and a virtual QWERTY 
keyboard so the user can choose the preferred mode of text entering. Some features like 
looking at today’s schedule can be done using single hand interaction by pressing a 
hard key on most PDAs, while other features require two-handed interaction.  
 
Nyberg (2000) and Ericsson (2001) discuss the relevance of a theory called the media 
equation when addressing the relationship between users and small handheld devices. 
The media equation states that people in general behave positively towards large 
stationary computers, due to a wish not to be impolite towards them (Reeves and Ness, 
1996). In other words, Reeves and Ness (1996) claim that people basically behave 
towards computers as they do towards other people regarding e.g. politeness. However, 
the findings of Goldstein, Alsiö and Werdenhoff (1999) show that the media equation 
does not seem to be applicable when looking at users’ interaction with small handheld 
devices.  
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Picture 1. An example of what a PDA may look like. A stylus is used to tap on the 
virtual QWERTY keyboard.  
 
Five applications have been identified as existing in most PDAs on the market today 
(Nyberg, 2000): 
 
Calendar Functioning as a virtual paper calendar, meetings and appointments are 

entered and stored here. Alarm signals can be used as to remind the user 
of due dates and scheduled tasks.  

 
Contacts Sometimes referred to as Address book. Contacts is used to store names 

and telephone numbers, addresses, e-mail addresses, personal 
information, etc.   

 
Mailbox To enable the user to read and write e-mail on the go. If the PDA is not 

connected to a mobile transmitting device, e-mails have to be transferred 
to and from a PC in order to send and receive them. 

 
Notes Used to save notes about whatever the user finds important. 
 
Tasks Tasks that needs to be carried out are saved here. A reminder consisting 

of a sound or note appearing on the display can be used. 
 
Examples of other possible applications are calculator, web browser, image viewer, 
sound recorder, video clip viewer and games. With the exception of a few devices, 
communication directly through a PDA (e.g. by hooking a transmitting device onto the 
PDA) is not very common today, but is available and increasing in popularity. This will 
enable Internet browsing and services taking into consideration the physical position of 
the user. 
  

An example of what a PDA may look like 
is shown in Picture 1. A small QWERTY
keyboard displayed at the bottom of the 
screen is used for entering text. A 
character recognition area at the bottom 
of the screen may also be used for this 
purpose. Instead of using a mouse, a so-
called stylus is used for tapping on the 
keyboard and selecting objects on the 
screen. Hardware buttons are used to 
enable short-cuts to the most common 
features in a PDA and for supporting one-
handed interaction. 
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Mobile Phones 
From being expensive, big and available to a tiny minority people some decades ago, 
mobile phones of today are reasonably small and affordable to a large number of 
people. From being a product with focus on technology, mobile phones have become a 
consumer product for a mass market. Apart from being used for speaking, features like 
Short Message Service (SMS), games and address books are found in virtually all 
mobile phones on the market today. Many, especially young people, spend a lot of time 
on making their mobile phones more personal by downloading logotypes, screen 
savers, ring signals, changing front and back panels etc, should these options have been 
made possible by the manufacturer. Mobile phones are naturally often used in a mobile 
environment and have to support e.g. one-handed navigation in noisy and badly lit 
environments. The front panel of a mobile phone typically consists of number keys and 
keys used for calling, hanging up, scrolling and choosing or responding to options put 
forward on the screen. The latter keys may be labelled ‘Yes’, ‘No’ (i.e. on Ericsson 
mobile phones), or being so-called softkeys whose functions are context sensitive and 
correspond to the function displayed on the screen next to the key (e.g. on many Nokia, 
Philips and Siemens mobile phones).  

Integration of Mobile Phones and PDAs 
According to Nyberg (2000) at least two different device families exist that try to 
integrate voice and information into one device: communicators and smartphones. 
Communicators are mainly information centric devices with added voice features. 
Smartphones, on the other hand, are advanced mobile telephones, i.e. voice centric 
devices with information features. A Calendar, an advanced Address Book, Notes and 
access to Internet via WAP are common features on smartphones, except for the regular 
telephone applications. The display is typically larger than on an ordinary mobile phone 
as well as being touch sensitive. This enables an interaction style which is focused on 
direct manipulation, rather than being button-based.  
 
Regardless of if you prefer to look at a smartphone as being a PDA in a mobile phone 
or a mobile phone in a PDA, the interest in the convergence between the two devices is 
growing in the industry. The manufacturers of the devices in this paper are likely to 
believe that the “PDA in a mobile phone” perspective is the best way to go, as they all 
make mobile phones rather than PDAs. However, Nielsen (Useit.com 2001) believes 
that smartphones will not take off as long as they are designed from what he thinks is 
the wrong conceptual model. So far, all these devices have been designed as telephones 
with a data add-on (Useit.com 2001). Nielsen (Useit.com 2001) continues by saying 
that although computer interfaces aren’t perfect, the design of multiple features is better 
done based on computer thinking rather than telephone thinking. Smartphones would 
probably be more usable, and more successful, if they were designed as computers with 
voice communication capability added on (Useit.com 2001). Either way, it obviously is 
not appropriate to take a user interface that was optimised for large-screen, desktop 
devices and use it for small-screen, handheld devices. The smaller the device, the more 
strict the requirements for optimising the interface for its specific tasks.  
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Interface Characteristics 
In order to give an understanding of different interface characteristics and to facilitate a 
later description of the interfaces, an introduction and explanation of fundamental 
concepts are presented below. The different interface characteristics presented are also 
discussed in Nyberg (2000).  

Interface Paradigms 
Three interface paradigms are dominant in the design of interfaces, according to 
Cooper (1995). They are called the technology paradigm, the metaphor paradigm and 
the idiomatic paradigm. According to Cooper (1995), the technology paradigm is very 
widespread in the computer industry and is based on understanding how things work in 
order to successfully manage the interface. Considering the variety of users with 
different backgrounds, this design method is not very successful and “users would 
rather be successful than knowledgeable” (Cooper, 1995, p. 55). Many users probably 
do neither have the time nor the interest to actually learn the principles underlying the 
design of an interface simply to be able to use it.  
 
The metaphor paradigm is based on intuiting how things work by relating interface 
objects to existing knowledge. Microsoft Windows is an example of this paradigm. The 
user does not need to understand how the software works in detail in order to use it. 
This may be extra helpful to novices, but is not necessarily helpful to an experienced 
user trying to solve a task. Metaphors can be of different nature (visual, functional, etc.) 
and exist on many levels. E.g., pictures used for representations are visual metaphors. 
Imitating a paper based address book in a computer is an example of a functional 
metaphor. Using a virtual pen or erasing text with a virtual eraser is an example of an 
object/tool metaphor. Organisational metaphors can be actions like moving objects 
between different areas. According to Cooper (1995), metaphors are risky and rely on 
that both the designer and the user perceive the associations in a similar way. Real 
world metaphors are often used to minimise the initial training period for a novice user. 
This can be done by representing applications with icons that look like the 
corresponding real world counterpart. The benefit is that the user easily recognises the 
look and handling of the functions. The drawback is that a heavy use of metaphors can 
slow the user down by not letting the new medium perform as well and intelligently as 
it could (Cooper, 1995).  
 
The idiomatic paradigm is based on the way we learn and use idioms (Nyberg, 2000). 
As with the technological paradigm, the idiomatic paradigm also involves learning of 
some kind. However, while the technology paradigm requires the user to understand 
how some artefact actually works, idioms just have to be learned in order to benefit 
from them. Comparing the idiomatic paradigm with the metaphor paradigm, idioms 
cannot be understood intuitively, contrary to metaphors where the user can draw to 
familiar concepts. “All idioms must be learned. Good idioms only need to be learned 
once.” (Cooper, 1995, p. 59) The main key to producing good idioms lies in making 
them distinctive. Different paradigms need not exist in isolation in an artefact. E.g., 
idiomatic actions (double-click, right-click, close-buttons, etc.) can be found in a 
graphical user interface based on the metaphor paradigm, and vice versa.  
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Affordance 
The term affordance is used in a usability context by Norman (1990), who defines 
affordance as “the perceived and actual properties of the thing, primarily those 
fundamental properties that determine just how the thing could be properly used” 
(Norman, 1990, p. 9). It needs to be pointed out that this definition is rather broad, as it 
does not distinguish between what a user thinks a manipulation of an element will 
result in and what the manipulation actually results in. In this paper, a distinction is 
made between the term perceived affordance and affordance. Perceived affordance will 
be used to refer to what a user thinks about an element or action, and affordance will 
refer to the actual property of an element or action, i.e. what the designer had in mind. 
Cooper (1995) also makes a distinction between affordance and manual affordance. 
Affordance is not necessarily comprehended without previous experiences. Manual 
affordance, however, refers to the understanding of how things are elaborated with our 
hands. E.g., objects placed in a certain height, standing out from the background are 
likely to be perceived as “pushable”. Thus, someone elaborating an element in 
accordance with its manual affordance may only know how to manipulate it, without 
having a clue of what the elaboration eventually will result in. A user has to rely on 
previous experience and knowledge to understand what e.g. the pushing will 
correspond to. If the buttons and controls are not labelled, there are only two ways in 
which we can figure out what they do: experimentation or training (Cooper, 1995). We 
do not get any help from our intuition, but have to rely on our empirical experience. 
Therefore, proper labelling is of utmost importance. 

Functionality Structure 
Traditional computer user interfaces were function-oriented; the user accessed 
whatever the system could do by specifying functions first and their arguments second. 
For example, to delete a file called Map in a line-oriented system, the user would first 
issue the delete command in some way such as typing del, rm, etc. The user would then 
further specify that the item to be deleted was Map. The typical syntax for function-
oriented interfaces was a verb-noun syntax such as del Map; function first, object 
second. In contrast, modern graphical user interfaces are object-oriented both on the 
implementation and interface level; the user first accesses the object of interest and then 
modifies it by operating upon it: object first, function second. There are several reasons 
for going with an object-oriented interface approach for graphical user interfaces 
(Nielsen, 1993). One is the desire to continuously depict the objects of interest to the 
user to allow direct manipulation. Icons are good at depicting objects but often poor at 
depicting actions, leading objects to dominate the visual interface. Furthermore, the 
object-oriented approach implies the use of a noun-verb syntax, where the file Map is 
deleted by first selecting the file and then issuing the delete command (for example by 
dragging it into a virtual trash can). With this syntax, the computer has knowledge of 
the operand at the time the user selects the operator, and can therefore help the user 
select a function that is appropriate for the object by only showing valid commands in 
menus. This eliminates an entire category of syntax errors due to mismatches between 
operator and operand. 
 
In mobile phones, the object-oriented approach is naturally very widespread due to the 
phones’ size, small keyboard and the fact that they are intended for a mass market and 
thus must be as easy to use as possible. Users are provided with menus and scroll 
possibilities and highlight an object (in this case often a word in the menu) by scrolling 
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to it and select it by pushing a dedicated select button. All the functions are then listed 
and the user simply selects the one of interest. Using the definitions of Kunkel, Bannert 
and Fach (1995) this would be labelled explicit Object-Function: the first click on the 
object and the second on the function. Implicit Object-Function calls for a Drag & Drop 
operation of the object to the function, such as dropping a document into a wastebasket 
and is not common in today’s mobile phones or smartphones. Implicit Object-Function 
has also been shown to be somewhat more difficult to use while explicit selection has 
been shown to be superior when it comes to efficiency and low frequency of errors 
(Kunkel et al., 1995; Nyberg, 2000). Whether Function-Object or Object-Function is 
better is an open question, according to Kunkel et al. (1995) and depends on the 
context. Instead of using the labels Object and Function, Bergqvist and Edvardsson 
(2000) use the terms Person- and Channel-orientation when discussing interaction with 
communication devices. The labelling depends on the context and on what the user’s 
goal is. The key to enhance the usability regardless of functionality structure is to 
present the user only with relevant options and operations, regardless of whether object 
or function is to be chosen first.  

Canonical Vocabulary 
Restricting the vocabulary is one of the reasons that GUI’s are superior to text-based 
interfaces according to Cooper (1995). He discusses the restricted set of mouse actions 
compared to the infinite number of character combinations. He calls the basic mouse 
actions like Tap, Release, Key press and Drag for atomic elements. The fewer atomic 
elements, the easier an interface is to learn but fewer things can also be expressed in it. 
Cooper (1995) has created a canonical vocabulary were the atomic elements are the 
base for compounds, which are interface operations like Double-tap, Button click and 
Drag & Drop. The compounds in turn form the base for actions like Delete and Create. 
As handheld devices often are used in a mobile environment, guidelines developed for 
supporting the design of input devices, and compounds for operating stationary devices, 
need not apply. A single-click interaction model has been recommended in a common 
guideline when designing applications for handheld devices (Sun 1997).  
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Data Visualisation 

Introduction 
In order to efficiently log the users’ actions, an updated and slightly altered version of a 
data visualisation tool called the KeystrokeMapper was used. The new tool labelled 
ActionMapper is at present a paper-based tool, developed at Ericsson. The 
ActionMapper is used to trace a user’s navigation path when interacting with an 
interface (Goldstein, Werdenhoff and Backström, 2000; Nyberg, 2000; Ericsson, 2001). 
The user’s navigation path can then easily be compared to a so-called Optimum Path, 
which is also displayed on the same paper. The Optimum Path is equivalent to the 
designer’s conceptual model (Norman, 1990) and has been defined as the shortest 
navigation path through the interface in order to solve a task (Goldstein et al., 2000; 
Nyberg, 2000). It can thus be seen as a description of the way a skilled user would 
solve the task of interest. In the ActionMapper, the Optimum path would be represented 
as a straight diagonal string of circles representing actions. The same graph is then used 
to plot the user’s keystrokes or actions and the result will be simultaneous visualisation 
of the novice’s and expert’s keystrokes, allowing easy comparison for each successive 
keystroke. If the user’s mental model and the designer’s conceptual model coincide, 
this will result in the circles on the graph being filled. If the user performs deviating 
actions not leading towards the goal, ‘+’-signs are used in the plot. Many ‘+’-signs can 
thus be seen as the designer’s and user’s model not coinciding. In some cases, several 
virtually equally sound ways of solving a task may exist. If the user follows an 
alternative path, albeit not the optimal, these keystrokes are represented by ‘a’:s.  
 
The original KeystrokeMapper visualises user actions at keystroke level. However, any 
other level of action may in fact be used. The keystroke actions in Figure 1 are 
considered at a reasonable high level: the compound double tap is considered as one 
action, several consecutive scrolling taps are also considered as one action as is 
entering a string of letters. Possible reasons for not mapping every single keystroke 
may be problems of efficiently plotting the user’s path, avoiding producing a very large 
ActionMap, or simply that the evaluator is not interested in logging every single 
keystroke but rather to get a grasp of the overall behaviour of the user. It would be 
possible to “zoom in” on certain parts of the ActionMapper, if the evaluator would like 
to get a more detailed view of the user’s behaviour at a certain point. 
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Figure 1 (ab). An example of how the KeystrokeMapper can be used to log a novice 
user’s actions compared to the Optimum path for a predefined task. 
 
Figure 1 above shows an example of how the original KeystrokeMapper was used 
during an experiment. The left figure (Figure 1a) shows what the KeystrokeMapper 
looks like at the beginning of a logging session, the Optimum path showing as a 
straight diagonal line. The logging of the user’s actions could then be performed either 
in real time or by watching a video recording of the interaction, depending on what the 
evaluator preferred. Figure 1b shows what the KeystrokeMapper looked like after the 
evaluator had plotted the user’s actions.  
 
The annotation used for plotting is the following (Goldstein et al., 2000): 
 
(ooo)   Optimum path keystroke actions, unfilled at the beginning of the logging 

sessions.  
 
(•••)    If the user follows the Optimum path the circles will get filled. 
 
(aaa)    Alternative user keystroke actions. Though they may not be as effective as 

the Optimum path, they will eventually lead the user to accomplish the 
task. 

 
(+++)   Deviating user keystroke actions not necessary to bring the user closer to 

solving the task. 
 
(P)   Task successfully passed. 

Evaluation 
The ActionMapper has earlier been evaluated by Nyberg (2000) and Ericsson (2001) 
for logging users’ actions and keystrokes in a call handling and WAP usability study 
respectively. Their results are described below. Taking their modifications into account, 
the ActionMapper used in this experiment is further evaluated and developed. The 
name ActionMapper implies that any kind of action the experimenter would like to plot 
could be included in the map. It need not even be something the user performs on the 
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interface, but could include any kind of behaviour such as picking up the device or 
expressed mental states such as expressions of anger, surprise, etc.  

The Temporal Aspect and Annotation 
Nyberg (2000) altered the original annotation proposed by Goldstein, Werdenhoff and 
Backström (2000) in order to better represent the temporal aspect. In the original 
version each keystroke or action is only visualised once, thus not showing the number 
of keystrokes or actions needed to solve the task (see Figure 1b). If the user performs 
an action more than once, it is simply visualised by an arrow going back to that action. 
Nyberg (2000) suggests that by adding a temporal aspect and moving to the right all the 
time when the graph is plotted, the visualisation might be easier to understand as well 
as more descriptive. This also improves the use of the KeystrokeMapper in real time, 
Nyberg (2000) concludes, as the experimenter constantly moves to the right along the 
timeline. A drawback might be that repetitive behaviour, common among novices, will 
result in a plot that extends very far, causing problems when using the common A4 
paper format. The limit is approximately 40 actions for a plot in portrait mode and 60 
for a plot in landscape mode when using A4 paper. In a digital version of the 
ActionMapper, this constraint caused by a certain paper size would naturally be 
avoided with the use of scrollbars. 
 
This new version adds slightly to the annotation: if the user follows the Optimum path 
but with a time latency, it is annotated with filled circles in a grey shade as in Figure 2. 
Nyberg (2000) also suggests that alternative actions (aaa) leading towards the goal 
should be visualised as a straight line leading towards the Optimum path rather than 
away from it to indicate that the user is on the right track. This was also the version of 
the ActionMapper used in this evaluation. 
 

 
Figure 2. The KeystrokeMapper as suggested by Nyberg (2000) with the temporal 
aspect added. The task described is identical to that in Figure 1(ab). 
 
Drawing on research done by Urokohara, Tanaka, Furuta, Honda and Kurosu (2000), 
Nyberg (2000) also suggests that a temporal annotation could be added for each action, 
resulting both in a visualisation of the user’s path and an indication of the time spent on 
each action (Figure 3). 
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Figure 3. The KeystrokeMapper with a continuous temporal aspect added. 

Scalability 
Being constrained by paper size is a problem that occurs when plotting an action 
sequence in a complex task or when a user has big problems navigating the interface. If 
a complex task is to be solved, not only will the paper be too narrow as the number of 
performed actions get large, but there will also be an initial lack of space when the 
experimenter has to fit in the descriptions of all the necessary and possible actions. One 
way of solving this problem is to apply a variable resolution in the ActionMapper. If 
the user is clicking more or less randomly, the resolution can be decreased by simply 
classifying all those keystrokes as one action. When the user gets back on track, a 
higher resolution can again be applied. The user’s path may also first be plotted on a 
higher level in one chart, and interesting deviations from the Optimum path can be 
analysed in detail in a separate graph using a higher resolution. 
 
In this experiment two descriptions of actions were dedicated to handle a user that was 
more or less lost, perhaps performing several actions in the wrong application. These 
actions were located at the bottom of each ActionMap and were labelled “Other action, 
FO” and “Other action, FC” to register any kind of unforeseen action in Flap Open and 
Flap Closed mode respectively. If these actions pointed at some particular problem, an 
annotation about the nature of the problem was made in the chart next to the plotted 
action. Furthermore, if a user performed e.g. 8 actions that simply were classified as 
Other actions, these 8 actions were visualised using a bar with a corresponding height 
instead of putting down 8 ‘+’-signs in a row. This reduced the risk of getting to the end 
of the paper, but without losing any information compared to using the ‘+’-signs. 
 
Another scalability problem is that the number of charts increases fast as every user 
gets one chart for every task. It would be desirable to get an overview of all users’ 
behaviour in a new chart displaying all the users’ charts aggregated into one, to more 
easily identify problems common for the whole group of subjects. However, as found 
in this experiment and by Nyberg (2000), this method was not applicable when 
investigating actions in a usability experiment utilising the ActionMapper. The main 
reason is that in order to discover relationships a very large number of charts need to be 
used. Generally speaking, usability studies set out to have a detailed look at what users 
actually do typically work with a rather small number of subjects, usually less than 20. 
In usability experiments, the exact position of an action, its precedent as well as 
subsequent actions are also of importance if one is to gain understanding of users’ 
paths.  



Data Visualisation 
 

13 

 
A composite chart is also very likely to end up as a clutter since even though users 
often do the same deviating actions, these do not appear being plotted on top of each 
other since users are not likely to perform the deviating actions at the same time. 
Furthermore, the idea behind the different annotations used to classify actions in a chart 
is likely to lose validity as ‘a’:s and ‘+’-signs will appear on top of each other. As 
Nyberg (2000) also points out, removing the annotation letters is not a very good 
solution either, since “one user can perform a keystroke action, which in that context 
symbolises a deviating action and another user can at the same place in the plot perform 
an action that follows the Optimum path towards the goal”. Unless virtually all subjects 
make the same mistake at the same point in their charts it is difficult to find similarities 
by looking at an aggregated chart using the annotation described above. However, by 
using only lines to describe users’ behaviour as in Figure 4, relations can be searched 
for using a statistical program set for the task. 
 

 
Figure 4. An aggregated ActionMap.  
 
For charts more complicated than the one above, statistical chart analyses have to be 
developed further to be useful. At this point, it may be better to try to manually find a 
chart which is representative for the problems many subjects have experienced, instead 
of trying to fit them all into one composite chart. 

Discussion 
Making users’ actions clearly visible in a time efficient way is the intended purpose of 
the ActionMapper and by and large it is well suited for its task. Although the 
experimenter has to spend some time carefully performing the plotting, the resulting 
charts mean that every video recorded task need to be viewed only once. A lot of the 
analysing can then be done afterwards by referring to the charts. The level of analysis is 
dependent on the resolution chosen by the experimenter. If the number of actions or 
charts is high a more coarse resolution is advisable if the experimenter has limited time 
dedicated to plotting. ActionMaps, and interesting passages in them, may be more 
easily shared with others compared to video recordings. In addition to being used only 
to show performed actions, the charts can be supplemented with variables of interest 
such as completion times, number of actions, information about the subjects, etc. 
Although the plotting possibly may be influenced by experimenter bias, the 
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representation of users’ actual behaviour is likely to be easier to pass on to others, 
compared to writing a long story conveying the interactive session. By using 
ActionMaps in conjunction with short passages of the video recordings to illustrate a 
sequence, the charts become more alive than if used in isolation. Videos are still 
superior when it comes to convey feelings displayed by subjects during an experiment. 
Using a digital version of the ActionMapper along with a digital video recording, time 
stamps could be added to the chart. This would allow for simultaneous viewing of the 
chart and video recording and could also give the viewer easy access to interesting 
video passages by clicking on the corresponding digital ActionMapper annotation. By 
using bars of different heights to visualise where users are performing many ‘other 
actions’, i.e. actions not explicitly described in the chart, the plots need not become too 
large even if the number of actions is large for subjects performing many deviating 
actions.  
 
The strength of the ActionMapper lies in its use as a qualitative tool rather than being 
used for quantitative measures. Defining the Optimum path may be somewhat 
problematic and therefore one must be careful when comparing number of actions in 
one task with number of actions in another task. The resolution in the plotting of two 
different tasks may differ and this will naturally influence any comparison between 
tasks. In order to use the ActionMapper to compare numbers of actions on a certain 
task on different interfaces it is important that the resolution is held constant between 
interfaces. Fundamentally, the ActionMapper is a tool which should be used to give the 
experimenter quick access to users’ behaviour and to identify areas being of interest for 
further qualitative analysis and investigation. 
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Aesthetics and Perceived Usability 

Introduction 
It has been shown that in interpersonal relationships, people considered attractive are 
liked more than others, all other things being equal (Hatfield and Sprencher, 1986). 
One reason for this is the halo effect (Sears, Peplau and Taylor, 1991). The halo effect 
is the tendency to assume that a person that has one good quality will also have other 
good qualities. E.g., a person who is perceived as handsome may be assumed to have 
higher occupational status or better personality than a person who is less attractive. 
There has been a protracted debate on just how far this halo effect for physical 
attractiveness goes and which traits that are affected the most. However, the halo effect 
for physical attractiveness has been shown to generalise to a number of areas quite 
irrelevant to physical beauty. For example, adults reacted more leniently to bad 
behaviour performed by an attractive child than when performed by an unattractive 
child (Dion, 1972). Teachers evaluated cute children as being brighter than unattractive 
children with identical academic records (Clifford and Walster, 1973). Attractive 
defendants get lighter sentences than do unattractive defendants in mock jury studies, 
for exactly the same crime (Sears et al., 1991). It appears that not only do we judge 
attractive people in more desirable ways, but these opinions based on the first, 
attractive impression of a person tend to last even when we are presented with evidence 
that is in conflict with our positive judgements (Sears et al., 1991). 

Aesthetics of Information Appliances 
Traditionally, human-factors specialists have had a rather severe attitude toward human 
performance with IT artefacts: their goal was maximum throughput, often measured in 
transactions per minute. This attitude was justified for appliances that were mainly 
work-related and in some cases it still proves wise. For example, a usability 
improvement that shaves one second off the time it takes a directory-assistance 
operator to search a database for a telephone number may save lots of money each year. 
This performance-obsessed approach to usability led many early user interface experts 
to condemn the popular term “user friendly” with the argument that users didn’t need 
“friendly” computers; they needed efficient designs that let them complete their tasks 
faster.  
 
Today, IT artefacts are used for many purposes in which the main goal is to please the 
user rather than maximise transactions. The dual victories of home computing and the 
World Wide Web in the recent years have emphasised this lesson. However, even in 
business it is becoming common to cater to subjective whims and user satisfaction. 
Although a lot of systems design is still focused on traditional usability, frivolous 
elements, like wallpaper and customised colour schemes on computers, and logotypes 
and exchangeable covers on mobile phones, creep in to provide enhanced pleasure for 
users—even though excessive fiddling with customisation options is a time sink and 
does not enhance the usability of the artefact. Obviously, usability is not the only thing 
that matters to users. The term “seductive user interface” was coined by Tim Skelly (in 
Nielsen, 1996) to describe designs that aim at pleasing and attracting users. 
Unfortunately, not much is known about how to make software seductive; typical 
advice these days suggests learning from the design of computer games.   
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Correlation Between Aesthetics and Perceived Usability 
The relationship between form and function has long been subjected to debate in the 
field of Human Computer Interaction (HCI). Often, the aesthetic and social aspects of 
an artefact have been neglected in favour of functional aspects. The focus has been on 
the artefacts’ usability and usefulness and usability gurus such as Donald Norman has 
been expressing a dislike for design features that do not necessarily increase the 
usability of an artefact (Norman, 1990). The field of HCI has a historical goal 
associated with efficiency, which might be an explanation to this stand. There is 
however evidence that the aesthetic values, i.e. the appearance, can be of great 
importance to the way users perform as well as how they perceive the usability of an 
artefact (Kurosu and Kashimura, 1995; Tractinsky, 1997; Tractinsky, Katz and Ikar, 
2000). In other words, just measuring the effectiveness of a system in usability terms 
will not necessarily tell us anything about how usable a user found the same system. As 
perceived usability can be crucial to whether or not a user will use or buy an artefact, 
aesthetics cannot be neglected in HCI, albeit that aesthetic values are harder to measure 
than e.g. effectiveness. The attitude based on the aesthetics of an artefact may also 
affect the user’s motivation to learning and performing which in turn will affect the 
usability of the artefact. Measuring the user’s perception of aesthetic values is thus in 
terms with the HCI goal of ensuring user satisfaction. Objective measures such as time 
to learn, number of tasks completed on time, numbers of errors made, etc. are not 
enough if we are interested in the user’s experience of the artefact. Both usability and 
aesthetics are instrumental in creating pleasurable consumer products (Tractinsky et al., 
2000).  
 
Only a few studies have been made investigating the relation between users’ 
perceptions of aesthetics and usability. Kurosu and Kashimura (1995) investigated the 
relationship between a priori perception of usability and perceived beauty of an 
interface, i.e. its aesthetics. A correlation was found between the products apparent 
usability and aesthetics (r=.59) (Kurosu and Kashimura, 1995). Later, Tractinsky 
(1997) corroborated the findings by Kurosu and Kashimura in a similar study. 
Tractinsky et al. (2000) speculate that the strong correlation found between apparent 
usability and perceived beauty resemble the findings in social psychology on the 
relationship between physical attractiveness and socially desirable characteristics as 
described above. Because physical attractiveness is a very obvious characteristic that 
becomes apparent very early in the interaction, it tends to colour later perceptions and 
experiences of other characteristics of the artefact. Another explanation suggested in 
Tractinsky et al.’s paper is that “an affective response to the design’s aesthetics may 
improve users’ mood and their overall evaluations of the system” (Tractinsky et al., 
2000, p. 130).  
 
In the two mentioned studies by Kurosu and Kashimura (1995) and Tractinsky (1997) 
the relationship between user’s perception of aesthetics and usability was only 
examined before they have had the chance to use the system. In Tractinsky et al.’s 
(2000) study, not only the pre-experimental perceptions of the aesthetics-usability 
relationship were examined. It was also examined whether these perceptions held after 
a period of use and if any change in these perceptions could be attributed to the 
interfaces’ perceived aesthetics and/or by the actual usability of the system. By having 
three, statistically validated, different aesthetic categories of ATM screen interfaces 
(low, medium and high aesthetics) as well as two statistically validated different levels 
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of usability (low and high), Tractinsky et al. (2000) were able to examine whether 
usability or aesthetics affected the perceived usability and satisfaction of the different 
interfaces by combining the two variables in all possible combinations. Their results 
indicated a strong relationship between pre-experimental perceptions of aesthetics and 
perceived usability (r=.66). Usability literature (e.g., Preece, Rogers, Sharp, Benyon, 
Holland and Carey, 1994; Norman, 1990; Nielsen, 1993) suggests that the subjects’ 
satisfaction with the system rather would be correlated with the actual usability of the 
system. However, Tractinsky et al. (2000) found that a correlation existed between 
post-experimental perceptions of usability and the interfaces’ pre- and post-
experimental perceptions of aesthetics (r=.50 and r=.71 respectively) and that 
perceptions of usability were not affected by the actual usability of the system. Their 
conclusion is that these results suggest that interface aesthetics have a major impact on 
the perceived ease of use, before as well as after interacting with a system. 
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Mental Phenomena 
In order to better understand possible reasons for usability and perceived usability, a 
brief description of important mental phenomena is in order. When interacting with a 
handheld interactive device, several obstacles, possibilities and problems have to be 
dealt with by the user and a number of important mental phenomena come into play 
(Ericsson, 2001). Among the phenomena identified as being of importance when 
discussing the interaction with the devices being the object of study in this paper are 
mental models, Einstellung/Mechanisation effects and Functional fixedness. These 
concepts will help us understand why usability problems may occur and will also be 
used in the Discussion chapter.  

Mental Models 
Via the senses information about the world is gathered and via experiences and 
memories humans are organising their view of the world. Our notion of the world is an 
active process and our interpretation of it is dependent upon the mental models we 
create and possess. There exists no unbiased perception, according to Klarén and 
Nordström (1996). Gärdenfors (2000) suggests that mental models can be seen as being 
conceptual spaces, in which the sensory information can be represented structurally and 
build the foundation for patterns of ideas and conceptions. Man meets and deals with 
incoming information according to inner principles of information processing. Our 
notion about the world, actions and objects are contingent of the mental models in our 
minds (Klarén and Nordström, 1996). Mental models are thus models people have of 
themselves, others and objects they interact with. These models are formed by 
experience, training and education. Norman (1990) discusses three different mental 
models that he thinks are of importance in the field of HCI: 
 
1. The designer’s model; the idea the designer has in mind when designing in 

interface. 
2. The user’s model; the mental model the user takes advantage of when interacting 

with the interface. 
3. The system image; the physical structure of the interface. 
 
The ideal situation is when the designer’s and user’s models are correspondent with 
each other, with no discrepancy existing between the two and the system image is built 
on that common model. Johnson-Laird (1983) states that it is not relevant to talk about 
‘thinking’ as being logical when it succeeds and illogical when it fails but instead think 
of successful thoughts as being the result of using adequate mental models fit for the 
task and unsuccessful thoughts as being the result of applying unsound mental models. 
However, instead of blaming a user for not applying the right mental model, we might 
as well blame the designer for using the wrong mental model as the foundation for the 
system image and neglecting the prospective users’ mental models.  
 
A user of any system starts off with a certain goal in mind. However, the system 
presents its state in physical terms. The gap between the user and the system must be 
bridged if the user is to successfully interact with the system. The bridging can start 
from either side: the designer of the system can try to design the interface in a way that 
comes close to the user’s psychological needs. The user can also move towards the 
system, adapting to it by adjusting his or her goals and intentions. As Hutchins, Hollan 
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and Norman (1986) point out, even the analyses of relatively simple tasks reveal the 
complexities. Goals get interrupted by other events, or new goals get formed and 
executed before returning to the prior goal. In a novel situation or when handling a 
novel interface, resources to training and experience may be scarce. Bridging the gulf 
of execution starting with the user is thus not the most desirable way to reach a goal or 
solve a task from the user’s perspective. Novices can be successful in executing tasks 
on a new interface anyhow, if the interface’s design is close to the user’s conceptual 
model. A conceptual model can according to Hutchins et al. (1986) be explained 
metaphorically by thinking of the conceptual model of the new system as providing 
scaffolding on which to build the bridge reaching over the gulf of execution. The user’s 
conceptual model and the designer’s conceptual model can, and often do, differ. In 
other words, the design model differs from the user model. The greater the difference, 
the more likely that problems occur during the interaction (Hutchins et al., 1986). 

Einstellung/Mechanisation 
According to Ericsson (2001) the forming of new mental models is time consuming and 
mentally challenging. This process of abandoning an old mental model and acquiring a 
new mental model is called Einstellung or Mechanisation and was discussed as early as 
1968 (Luchins and Luchins, 1968). The phenomenon was investigated by a classic 
experiment were subjects had to use a number of water jars to solve some tasks. The 
first tasks were more complicated to solve than the last. However, subjects stuck to 
solving the last, easy task in a complex way and were not able to see that there was a 
much more simple solution to that problem. The Einstellung effect has also been shown 
to influence the way users solve tasks on hand held devices (Jacobsson, Goldstein, 
Anneroth, Werdenhoff and Chincholle, 2000). E.g., in Jacobsson et al.’s (2000) 
experiment subjects refused to use one-handed navigation on a device even if they had 
one hand already occupied. Subjects instead stuck to using a stylus to navigate the 
interface, which was an adequate way for interaction when they could use both hands 
solving earlier tasks.  
 



Evaluating the Ericsson-user and Nokia-user Concept 
 

20 

Evaluating the Ericsson-user and Nokia-user 
Concept 
Two main groups of subjects, namely users with extensive experience from using 
Ericsson mobile phones and users with extensive experience from using Nokia mobile 
phones, participated in this usability study. Therefore, an expert evaluation of a number 
of Nokia and Ericsson models was carried out in order to see if the concepts Ericsson-
user and Nokia-user were sound. The question to be answered was: Do Nokia and 
Ericsson mobile phones, respectively, share certain characteristics, paradigms, labels 
and interaction styles over models of the same brand? The consistency inspection was 
made on the Nokia 3210, 5110, 6150, 6210, 6250, 7110 and 8210, and the Ericsson 
T20, T28, R310 and R320 models. This was done to see if there was evidence 
supporting the foundation for the establishment of two homogenous groups of users in 
terms of mobile phone interaction. The tasks performed were simple call handling, 
information input and retrieval, sending and reading an SMS and changing a defined 
number of settings such as date and time, ring signal, etc. All the performed tasks were 
in the domain of tasks likely to be performed by both novice and experienced users 
(Andersson 2001, personal communication). The context for the evaluation was in an 
office environment with only small sources of noise, i.e. the evaluator being alone, not 
particularly stressed, in good lightning conditions and a quiet environment. Doing the 
same evaluation under different circumstances (for example walking on a dimly lit, 
busy street in the city) could have revealed more differences between some aspects of 
the interaction with the phones. For practical reasons, this was not done.  

Nokia Mobile Phones 
The Nokia interfaces were consistent with each other to a great extent and provided the 
same kind of feedback using the same interaction language. Shortcuts, ‘emergency 
exits’, access to functions and applications, choices of words labelling applications, 
organisation of the menus and navigation were generally speaking consistent over the 
evaluated models with a few exceptions.  
 
All Nokia phones take advantage of so-called softkeys, i.e. keys that change function 
according to what is said on the phone display next to the key. The functions of the 
keys can thus be adopted according to the task the user is engaged in. This follows the 
idiomatic paradigm, and the function of the softkeys thus has to be learned initially. 
The language, functional terms and interactive flow of these phones were similar. They 
do however differ in the number of softkeys (one or two), the number of features (some 
are WAP enabled, some are not, etc.) and ways of searching through the menus (arrow 
buttons or a so-called Navi roller).  

Ericsson Mobile Phones 
The most striking feature in the interactive language of the Ericsson phones is the use 
of the two hard keys ‘Yes’ and ‘No’. The ‘Yes’ key is used for initiating a call as well 
as for saving, selecting and responding positively to questions put forward on the 
screen, asking the user whether or not to perform or proceed with the suggested action. 
The ‘No’ key is used for hanging up, responding negatively to questions put forward on 
the screen and to move upwards in the menu structure. The Ericsson phones do not 
utilise softkeys as Nokia do. The icons, buttons, menu structure and language were 
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consistent to a great extent between the evaluated Ericsson phones. The tested models 
are furthermore basically identical in language, functionality and handling except for 
some features like games, WAP capabilities, etc.  

Conclusion 
The result of the evaluation is that each of the two mobile phone brands does in fact 
have interface characteristics shared by the tested models of Ericsson and Nokia 
respectively. The Nokia and Ericsson brands were also found to be different in their 
language, menus, ways of navigating the menus and selecting options and actions thus 
leading to the conclusion that the establishment of the two user group Ericsson-users 
and Nokia-users is sound. 
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Heuristic Evaluation of the Ericsson R380 

Introduction 
As the Ericsson R380 was the focus of this study, a heuristic evaluation of that 
interface was carried out and is described below.  
 
A heuristic is a guideline, general principle or rule of thumb that can guide design 
decisions or be used to criticise a decision that has already been made. Heuristic 
evaluation, developed by Jakob Nielsen and Rolf Molich, is a method for structuring the 
critique of a system using a set of relatively simple and general heuristics (Nielsen and 
Molich, 1990). There are many ways of doing expert reviews of interfaces, for example 
discount usability evaluation (Nielsen and Mack, 1994) and cognitive walkthroughs 
(Wharton, Rieman, Lewis and Polson, 1994). By doing one or more heuristic 
evaluations, many problems with usability can be avoided. A heuristic evaluation is 
usually done by one or more usability experts carrying out a defined number of tasks on 
an interface in a certain context. Hence, heuristic evaluations are also known as expert 
reviews or usage simulations (Preece et al., 1994). Although there is a risk involved 
that certain problems will not be detected by experts trying out an interface, heuristic 
evaluations are flexible, less expensive and less time consuming than conducting a test 
involving real users (Nielsen, 1993). Especially in the early phases of the design 
process informal evaluations can be of great help and guidance as they do not require 
fully developed products, but can be performed on prototypes. While users may try out 
prototypes as well, experts often have the possibility to not only spot the problems, but 
also suggest solutions. A common way to perform a heuristic evaluation is for an expert 
to choose and follow a few typical task scenarios and see if the interface breaks any 
predefined rules for interface design. Jakob Nielsen’s ten guidelines (Nielsen, 1993) 
and Ben Shneiderman’s eight golden rules (Shneiderman, 1998) have been shown to 
facilitate the user’s performance and understanding in a number of experiments.  
 
A few problems with heuristic evaluations need to be noted, though. Experts may be 
influenced by their professional views and preferences, i.e. biases. This may lead to 
concentrating on certain features while ignoring others, no matter how a user would 
perceive the interface in a certain context. Using more than one reviewer is therefore 
advisable when possible. Being close to, or having the ability to act as if being close to, 
the intended segment of users is of great importance. However, novice users can do 
some very unexpected things, which would never be thought of or experienced in a 
review. Guidelines and heuristics can be looked upon on different levels (Preece et al., 
1994). In a high level sense, principles such as these can offer good advice in a large 
number of contexts and for a large number of interfaces (Preece et al., 1994, p. 84): 
 
• Know the user population 
• Reduce cognitive load 
• Engineer for errors 
• Maintain consistency and clarity 
 
Simply applying guidelines is unfortunately not enough since every activity in which 
the interface is used takes place in a certain context of use. Guidelines will always have 
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to be interpreted by the designer and adjusted to fit the purpose and context at hand. 
Design rules, on the other hand, act on a lower level. They are rather instructions that 
can be obeyed by minimal interpretation by the designer, e.g. date fields in Sweden 
should either be in the form of YY-MM-DD or DD-MM-YY. 

Jakob Nielsen’s Ten Usability Heuristics 
These ten usability heuristics are taken from the Jakob Nielsen’s website (Useit.com 
2000) and are a refined version of the ten originally developed usability heuristics 
(Nielsen, 1993, p. 19-20). 
 
• Visibility. The system should always keep users informed about what is going on, 

through appropriate feedback within reasonable time.  
• Match between the system and the real world. The system should speak the users’ 

language, with words, phrases and concepts familiar to the users, rather than 
system-oriented terms. It should follow real-world conventions, making 
information appear in a natural order.  

• User control and freedom. Users often choose system functions by mistake and will 
need a clearly marked “emergency exit” to leave the unwanted state without having 
to go through an extended dialogue. Support undo and redo.  

• Consistency and standards. Users should not have to wonder what words, situations 
or actions mean. Follow platform conventions.  

• Error prevention. Even better than good error messages is a careful design that 
prevents a problem from occurring in the first place.  

• Recognition rather than recall. Make objects, actions, and options visible. The user 
should not have to remember information from one part of the dialogue to another. 
Instructions for use of the system should be visible or easily retrievable.  

• Flexibility and efficiency of use. Accelerators, unseen by the novice user, may often 
speed up the interaction for the expert user such that the system can cater to both 
inexperienced and experienced users. Allow users to tailor frequent actions.  

• Aesthetic and minimalist design. Dialogues should not contain information which is 
irrelevant or rarely needed. Every extra unit of information in a dialogue competes 
with the relevant units of information and diminishes their relative visibility.  

• Help users recognise, diagnose, and recover from errors. Error messages should be 
expressed in plain language, precisely indicate the problem and suggest a solution.  

• Help and documentation. Even though it is better if the system can be used without 
documentation, it may be necessary to provide help and documentation. Any such 
information should be easy to search, be focused on the user’s task, list concrete 
steps to be carried out and not be too large.  

Ben Shneiderman’s Eight Golden Rules 
Like Nielsen (1993), Shneiderman has also put together a collection of rules to help a 
designer avoid pitfalls (Shneiderman, 1998): 
 
• Consistency. For example, a consistent sequence of actions in similar situations and 

the use of an identical terminology in the interface.  
• Use of shortcuts. Shortcuts are needed to efficiently support the professional user 

performing frequent tasks. 
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• Informative feedback. The interface must respond to the user’s actions in a way that 
makes it clear if the desired goal has been reached. For major and infrequent actions 
the system response should be more substantial. 

• Closure of dialogs. A sequence of actions should be designed to give the users a 
feeling of accomplishment.  

• Error prevention and error handling. The system should be designed to prevent 
errors as far as possible. In the case of a user making an error, the system should 
help the user to get on the right track by supplying constructive instructions.  

• Permit easy reversal of actions. As often as possible, actions should be reversible. 
This relieves the user from a lot of anxiety, knowing that errors can be undone. It 
also encourages exploration of unfamiliar features. 

• Support internal locus of control. The users should initiate the actions and not just 
be respondents to them.  

• Reduce short-term memory load. The human information processing in short-term 
memory is limited and the system should be designed to having the user remember 
as little as possible. 

Task Scenarios 
Novice users of the Ericsson R380 have been shown to use the phone differently 
compared to experienced users. Although novice users differ regarding interaction and 
expectations when initially handling the phone, a number of actions, goals and tasks 
have been identified as likely (Andersson 2001, personal communication). The 
heuristic evaluation presented below was therefore made on a selected number of tasks 
in the applications Telephone, Calendar, Messages and Contacts. The tasks were to 
enter, change and retrieve information in the Calendar, Messages and Contacts 
applications, and change settings, make and receive a call in the Telephone application. 
All tasks were carried out in a quiet office environment with two-hand navigation thus 
made possible.  

Settings  
Adjusting the time and date, checking and changing ring signals and controls as well as 
exploring the interface in general in open-flap/closed-flap mode are among the first 
things usually done by novices (Andersson, 2000).  

Information Handling 
The applications Contacts, Messaging and Calendar are likely to be tried out during the 
first ten minutes using the phone (Åsa Andersson, 2000). More complex tasks such as 
using the e-mail and WAP facilities are not in priority to novices, possibly due to the 
somewhat tedious process associated with setting up an e-mail account, registering with 
a WAP portal on a site, etc. WAP and e-mail were thus not included in the task 
scenarios tried out. 

Simple Call Handling 
Making and receiving calls are the most common telephone tasks and the need to 
understand how to perform these actions is apparent from the second the user first turns 
the phone on.  

Results 
The main potential usability problems encountered in the evaluation are presented after 
the Nielsen (1993) guideline violated. 
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Help and Documentation 
The character recognition system does not follow the Graffiti convention, which due to 
its widespread use in PDAs could be argued is a standard for character recognition. A 
guide on how to enter text should be easily accessible when the user is writing in 
character recognition mode. 

Consistency and Standards 
In Calendar, Contacts and Messages, many words that need to be tapped on in order to 
carry out a task, send an SMS for instance, are in grey, not black. This is not in 
accordance with the Microsoft Window convention where grey words or fields are 
inactive and cannot be tapped/clicked on. Thus, a Window experienced user is lead to 
believe that grey fields are not accessible.  
 
In the SMS and Contacts applications it is not clear what OK means. Sometimes it 
means Send and sometimes it means Save. Preferably the words Send and Save should 
be presented to the user instead of OK.  

Flexibility and Efficiency of Use 
Every time text is entered, for example when adding a contact or writing an SMS, the 
user will have to specify that given names and sentences shall begin with capital letters. 
The keyboard should rather have as default value to be in capital letter mode when the 
first character is entered in text fields, at the beginning of a new message and after dots, 
question marks and exclamation marks. 
 
By default, it takes three button presses to delete one single message in FO mode. A 
better option would be to delete a read message by pressing just one key and giving the 
user the possibility to recover deleted messages. 
 
When performing some tasks, the user will have to actively specify the first step to 
perform. For example, when making a new appointment, the user will have to click on 
Description to enter a description. However, if no description is entered, the user will 
get an error message. To avoid error messages, fields that have to be specified should 
automatically be presented to the user. Besides, in everyday use it is likely that a user 
do not need to know the description for an e.g. scheduled appointment, but only want to 
get a reminder. The user may very well know what the meeting is about and only wants 
to make sure that the 11 o’clock meeting is not missed. 

Error Prevention and Error Handling 
As new messages are indicated by a symbol in the display in FC, it seems natural to try 
to find the corresponding symbol in FO. Under the Messaging tab, a similar letter 
symbol can be found along with the text New e-mail. This can lead the user to expect to 
find the newly received message under this tab due to the similarity of symbols. When 
tapping the New e-mail symbol, the user gets the message: “Cannot create new e-mail. 
Go to messaging settings to set up an e-mail account.”. The message is confusing for 
both users who were expecting to find the received messages, as well as for the users 
who wanted to create a new e-mail as no information is given on where to find the 
messaging settings. New e-mail should rather be named Create or Write e-mail to avoid 
confusion. The error message presented when tapping on the New e-mail symbol 
should contain a direct link to where the message set-up can be done.  
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Visibility and Feedback 
The phone is switched on by pressing the NO-button for about two and a half second. 
This is considerably longer than on other mobile phones, which usually respond within 
one and a half second. 
 
The symbols used to call and hang up are very small and not highlighted. The user may 
therefore miss them. If leaving the telephone application by tapping on the desktop 
arrow, no feedback is given that an ongoing call is still active. 
 
When tapping the New SMS button the user is not getting feedback within one second. 
Preferably the New SMS application should be launched much faster or the button 
could be flashing while the application is launched in the background.  
 
The Voice memo key positioned on the right hand side of the phone gives no feedback 
to the user about its functionality. When pressed, a click sound can be heard but the 
function or the state of the phone when pressing the key is not shown in any way. In 
addition to mark the button with a voice memo symbol, e.g. a microphone, the display 
should be utilised to inform the user that a recording is played back when making a 
short press or initialised when making a long press. A status bar and counter could be 
used to indicate how long the recording can be. Now, a rather loud and aggressive 
sound is emitted when 5 seconds are left of the recording. This sound interferes with 
the recorded message and when played back, the loud beep is not only annoying but 
may possibly impair the listener’s hearing.  
 
Increasing or decreasing the volume should be indicated on the screen. Not only would 
the user know the current status of the speaker volume, but he/she could also be 
informed on how to put the phone in the not easily discovered speaker phone mode 
(where the phone’s speaker volume is so loud that the phone could be put on a table 
when making a call). 
 
When saving a new contact, there is no feedback on whether the contact information is 
stored on the SIM card or on the phone. It is not clearly indicated that it has been saved 
at all as the action is ended with OK instead of the more obvious Save. The action 
could be confirmed by a quick message that does not require the user to click anything.  
 
When deleting messages in FC mode using the C-key, the C-key has to be depressed 
for a long time. Users have been shown to have problems related to functional 
fixedness (Ericsson, 2001) regarding pressing and holding down a key and the 
compound Long press should thus be avoided. Deleting the message by using a short 
key press and giving the user a chance to recover messages deleted by mistake would 
be a better option.  
 
For SMS messages, no information is given on how many characters have been entered. 
Since only 160 characters are allowed in one message, this information is of crucial 
importance. If the SMS message contains 161 characters or more, the message will be 
sent as two messages at and will cost twice as much to send. 
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Consistency and Standards 
Entering the PIN code may confuse users as the numbers 1 and 9 are spelled out, but 
the other numbers are marked as stars on the display. This is due to the possibility to 
make emergency calls without entering the correct PIN code, but it can be solved in 
less confusing ways, for example, giving the possibility to make emergency calls 
without displaying the number or by using a softkey associated with ‘Emergency’. 
 
In the flap-closed menu names are sorted in Phone book, but in the flap-open mode, 
names are sorted under Contacts’ Content list. The same label should be used. 
 
The voice message button on the right hand side of the phone has no indicated 
functionality. Neither has the increase/decrease volume button on the left side.  
 
In the character recognition mode, it is not clear where to write lower-case letters, 
upper-case letters and numbers.  
 
How to access the menu without opening the flap is not obvious, as a certain arrow 
button on the front has to be pressed. Many other modern mobile phones use softkeys 
pointing to the word ‘Menu’.  
 
The difference between Personal details and Content list in the Contacts application is 
not clear. 

Match Between the System and the Real World 
According to the Windows metaphor, text written in grey cannot be operated upon, i.e. 
it is passive in the current mode or state. The Ericsson R380 uses grey text even when 
the options can be chosen. This is contradictory to the target group’s previous 
experience and adds no other advantages. Similarly, when creating a new SMS, both 
black and grey text is present, but the grey text fields must be tapped upon in order to 
send the SMS. The black text fields can also, but need not, be tapped upon. 
 
There are several useful short cuts in the Ericsson R380 but they are not indicated in 
any way. As the design of a short cut can be rather arbitrary, hints helping the user to 
discover them would be useful. These hints can be conveyed in several ways. The 
software could be designed to automatically display a hint on e.g. the fifth time a user 
performs an action without using the short cut. This would ensure that only functions 
that are actually used are made easier to perform, thus avoiding information overload. 
Hints could also be gathered in an application, where the interested user could learn 
more about various short cuts. Dedicating some space in the user’s manual containing 
the same information would not make it likely to be read. There is one main reason for 
this: users do not in general read manuals. The reason for that is that a user is not very 
likely to have the manual at hand when he/she wants or needs to learn more. Even 
though he/she would have the manual at hand, it increases the risk of looking stupid by 
reading a manual compared to clicking on a high-tech mobile phone if there are others 
nearby. Not all short cuts need to be put on the short cut page. To save memory space, 
only the most crucial ones in everyday use could be put in the phone, such as how to 
put the phone in silent mode, how to access the Phone book by using a long press on a 
number button, how to delete a message by using the c-key and accessing the most 
recently called phone numbers by pressing the Yes key.  
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The use of arrow symbols reflects the internal structure of the system. The use of, and 
possibility to use, these arrows may not always be in coherency with users’ mental 
models of how to proceed from one stage to another and to accomplish a goal. 

Heuristic Evaluation Is Not Enough 
Although a heuristic evaluation can be of great help given the usual constraints in time 
and budget in most IT projects, all heuristic evaluations should, if possible, be followed 
up with well-designed and professionally executed performance tests. The first reason 
for that is that evaluators tend to miss out on problems discovered by real users (Bailey, 
Allan and Raiello, 1992; Preece et al., 1994; Catani and Biers, 1998; Rooden, Green 
and Kanis, 1999; Stanton and Stevenage, 1998). It is too difficult to examine every 
possible aspect of an interface and to simulate the behaviour and thinking of real users 
carrying their own individual ‘cognitive backpacks’. The second reason is that many of 
the “problems” identified by heuristic evaluators may not be actual problems at all, as 
discussed in papers by Catani and Biers (1998), Rooden et al. (1999) and Stanton and 
Stevenage (1998). In all three of these papers it was possible to determine (a) what 
heuristic evaluators thought the usability problems would be, and (b) compare their 
responses with the problems that users actually had. The heuristic evaluators on 
average missed identifying about 20% of the problems that users had. Moreover, about 
40% of the “problems” that were identified by the heuristic evaluators were false 
alarms and turned out not to be problems at all.  
 
There is ample evidence from systems developed using one-shot or so called waterfall 
development methods, that even gifted designers following good human factors 
principles cannot anticipate how users will react to an implemented system. This is not 
to deny the value of early expert input from usability professionals who can draw on 
their knowledge and experience of how designs can meet user needs, or the use of 
checklists (e.g. Ravden and Johnson, 1989) and heuristic evaluations (Nielsen and 
Molich, 1990; Nielsen, 1993). Early and continuing use of mock-ups and prototypes to 
gain user feedback stimulates constructive criticism and suggestions for improvement 
directly related to user needs, which can be fed back into development iteratively. In 
effect, this introduces user-based evaluation into the development process. Essential for 
its success are the choice of representative users, and tasks that are representative of 
intended system use. This much said about the usefulness of conducting tests involving 
real users, the experiment will be described in the following chapter. 
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The Experiment 
To examine a number of factors related to initial handling of the Ericsson R380, it was 
evaluated by benchmarking it against two interfaces existing on the market. The other 
two interfaces, namely Nokia 9110 Communicator and Motorola A6188 Accompli, 
were chosen as they are aimed at the same customer target group as the Ericsson R380 
and share certain attributes such as functionality, size and price. 
 
18 subjects participated in the experiment and they were divided into four different 
groups. 9 subjects were daily users of an Ericsson mobile phone, while 9 subjects were 
daily users of a Nokia mobile phone. These two groups, labelled Ericsson-users and 
Nokia-users, were compared to each other. Of the 18 subjects were 10 men and 8 
women, equally distributed between the Ericsson-user and Nokia-user groups, forming 
two more groups labelled Men and Women. Every subject was thus part of two groups. 
 
Independent variables in this experiment were the experimental setting, the four groups 
of subjects, the interfaces and the tasks. The tests were video recorded using digital 
video equipment to support data collection. The dependent objective variables 
Effectiveness, Efficiency and Action deviation ratio were obtained from reviewing the 
video recordings. Questionnaires were used to record the dependent subjective 
variables Expected usability, Aesthetics of the interfaces and Subjective satisfaction. To 
collect qualitative data to help uncover the users’ mental processes, mental models and 
other information behind the quantitative data, users were encouraged to make 
comments about problems they experienced when solving a task before continuing with 
the next task. To visualise the users’ actions at critical points, the ActionMapper 
(Goldstein et al., 2000; Nyberg, 2000; Ericsson, 2001) was used. 
 
A pilot study was carried out to ensure that the tasks were easily understood. Two paid 
subjects, fulfilling the criteria specified in the ‘Subjects’ part below, participated in the 
pilot study. The analysis of the pilot study resulted in some modifications of the 
original test. Two tasks were cut out in order to ensure keeping the test time below 2 
hours in the sharp experiment situation.  

Hypotheses 
Four main goals were set for the experiment: to find out whether any interface was 
easier to use than the others, if men differed from women on any dependent variable, if 
Ericsson-users differed from Nokia-users on any dependent variable and if any 
correlation could be found between aesthetics and perceived usability.  
 
The null hypotheses set for the three interface conditions were: 
 
1. For the whole group of 18 subjects: 
• No differences for all 18 subjects on Effectiveness, Completion time, Number of 

Actions, Action deviation ratio or Text input time. 
• No difference for all 18 subjects on Subjective satisfaction for any interface. 
• No difference for all 18 subjects on expected usability or Aesthetics rating for any 

interface. 
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• No correlation between pre-experimental or post-experimental Aesthetics and 
Subjective satisfaction. 

• No correlation between usability as measured by Effectiveness or Completion time 
and Subjective satisfaction.  

 
2. Between Ericsson-users and Nokia-users: 
• No difference between Ericsson-users and Nokia-users on Effectiveness for any 

interface. 
• No difference between Ericsson-users and Nokia-users on Number of Actions on the 

Ericsson R380 or the Nokia 9110 Communicator.  
• No difference between Ericsson-users and Nokia-users on Subjective satisfaction 

for any interface. 
 
3. Between men and women: 
• No difference between men and women on Effectiveness for any interface. 
• No difference between men and women on Number of Actions for any interface. 
• No difference between men and women on Subjective satisfaction for any interface. 

Experimental Design 
A 3 x 9 (Interface (Ericsson R380, Nokia 9110 Communicator, Motorola)) x (Task (1-
9)) within subject repeated measurements design was used. This means that all subjects 
solved all tasks on all interfaces. This method minimises the effect of individual 
differences, as a person who performs well on one interface is likely to perform well on 
the other interfaces as well and vice versa (Egan, 1988). The order in which the 
subjects used the interfaces was balanced with a Latin square design. This was done to 
avoid that learning and tiredness effects affected the results. Three different groups 
were created were each interface was first, second and last in each group. The 18 
subjects were divided into the groups by the experimenter according to sex and 
background, in order to achieve the greatest balance possible for women, men and users 
with Nokia and Ericsson background respectively (Table 1). 
 
 
Group 

 
E-users 

 
N-users 

 
Men 

 
Women 

 
Interface 1 

 
Interface 2 

 
Interface 3 

A (N=6) 3 3 3 3 Ericsson  Motorola Nokia 
B (N=6) 3 3 3 3 Motorola  Nokia Ericsson 
C (N=6) 3 3 4 2 Nokia  Ericsson Motorola 
 
Table 1. The three experiment groups with their members and interface presentation 
order. Note: All users are counted as both Ericsson-user or Nokia-user and Man or 
Woman.  

Independent Variables 
Before looking at the dependent variables, we will get a description of the independent 
variables in the experiment. 

Usability and Interaction Laboratory 
For the purpose of conducting the usability tests, Ericsson Research admitted access to 
their Usability and Interaction Laboratory in Kista. The laboratory consists of two 
rooms with a one-way mirror separating them.  
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Picture 2(ab): The Usability and Interaction Laboratory. The experimenter (left 
picture) sits in the control room supervising and recording the subject’s actions in the 
test room (right picture) using digital video equipment. No camera was visible to the 
subjects in the real test situation. 
 
The mirror makes it possible for the experimenter to see the subject in the test room 
while the subject can’t see the experimenter in the control room. The laboratory is 
sound isolated and has dark curtains to shut the sunlight out.  
 
The control room is equipped with computers and control boards to operate cameras, 
video recording equipment and microphones. The test room has a few chairs, tables and 
bookshelves as well as cameras. During this experiment, one camera located in the 
ceiling above the subject was used to record the interaction with each telephone and 
one camera, hidden behind the one-way mirror, was used to record facial expressions. 
The picture of the subject’s face was digitally mixed into the picture of the interaction 
with the telephone to enhance the interpretation of the user’s actions when watching the 
resulting film.  
 
15 of the tests were carried out in the Usability and Interaction Laboratory. 3 tests were 
carried out outside the laboratory in rooms adjusted as much as possible to resemble the 
setting in the test room in the Usability and Interaction Laboratory. Measures were 
taken to ensure a quiet and comfortable environment with no distractions being 
transferred to the subjects. 

Subjects 
18 paid subjects participated in the experiment, 10 men and 8 women. 4 subjects were 
recruited from an internal database consisting of Ericsson employees who have 
registered as volunteers for usability experiments. These subjects were not engaged 
with the design, production or sales of mobile phones. 11 subjects were professionals in 
the fields of IT and economics at other companies. 3 subjects were university students. 
The subjects were divided into two groups, one consisting of Ericsson mobile phone 
users and one with Nokia mobile phone users. 9 subjects used an Ericsson mobile 
phone and 9 subjects used a Nokia mobile phone on a daily basis. In each group were 5 
men and 4 women. 1 subject was excluded from post-experimental statistical analysis, 
as she was not able to follow the directions given during the test. She was replaced with 
another subject. All users were interviewed beforehand via telephone or e-mail to 
ensure that they met the criteria set for this experiment.  
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The subject criteria were: 
 
• Between 22 and 50 years of age 
• Daily use of one of the following mobile phones: Nokia 3210, 3310, 5110, 6150, 

6110, 6210, 6250, 7110, 8210, 8850, 8890 or Ericsson T20, T28, R310, R320, 
A2618. 

• No previous experience of working with the Ericsson R380, Motorola A6188 
Accompli or Nokia 9110 Communicator 

• Daily use of a PDA or paper calendar, i.e. dependency on a time management tool 
• Use of computers several times a week, both professionally and privately 
• Use of the Internet several times a week, both professionally and privately 
• Fluency in Swedish and English  
• Interest in new high-tech products designed to enhance a busy life-style 
 
For customer segmentation purposes only, Ericsson has developed a personality test. 
All subjects filled out the personality test prior to the experiment to ensure that they 
corresponded to one of three Ericsson R380 customer segmentation groups as specified 
by Ericsson. All subjects who volunteered to participate scored as one of the desired 
personalities. The results from the personality tests are displayed in Table 2. 
 

Personality E-users N-users Females Males 
X 3 2 2 3 
Y 3 4 4 3 
Z 3 3 2 4 

 
Table 2. Results from the Ericsson customer segmentation personality test. Note: All 
users are counted as both Ericsson-user or Nokia-user and male or female.  
 
The mean age was 31 years for the whole group of subjects (31 years for women, 30 
years for men, 32 years for Ericsson-users and 29 years for Nokia-users).  

Interfaces 

The Ericsson R380 
The Ericsson R380 is a combination of an ordinary mobile phone with hard buttons and 
a PDA (Personal Digital Assistant) with a touch sensitive screen. With the flap closed, 
it functions as a mobile phone and with the flap open it functions as a PDA and 
information handling interface. The PDA part was designed to provide easy access to 
the four main applications: Calendar, Contacts, WAP and Messages (e-mail and SMS).  
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Picture 3. The Ericsson R380 in flap open mode. Display: grey scale, touch sensitive. 
Weight: 164 grams. Dimension: 130 x 50 x 26 mm. 
 
The Ericsson R380 interface is built on direct manipulation (Cooper, 1995; 
Shneiderman, 1982) and is an interface that is a mix between the metaphorical and 
idiomatic paradigm. An example of an idiomatic feature is the use of a long press on a 
number key to get direct access to a certain position in the Address Book in Flap 
Closed mode (FC). Metaphorical elements are mostly found when the phone is in Flap 
Open mode (FO). The Contents list in the Contacts application is one example of a 
metaphorical element based on an address book metaphor. The application is 
represented by an icon of an open address book and uses a tab for every three letters. 
When a tab is tapped, a page displaying all the names beginning with the selected 
letters is shown. The tap on a tab can be compared to how a letter in a paper calendar is 
selected and the turning to that page.  
 
The interaction with the Ericsson R380 in FO is, like many modern GUI’s, built on an 
Object-Function interaction style, as defined by Cooper (1995). The interaction with 
the Ericsson R380 in FO is built on the paradigm of direct manipulation. The canonical 
vocabulary is quite small. The atomic elements are tap, hold, move and release tap in 
FO, forming the compounds tap, long tap and move. In FC, the atomic elements are 
press, hold and release forming the compounds press and long press. The three tap 
compounds are used with the phone in FO, while the two press compounds are used in 
FC. However, the different compounds that are used in each mode cannot be applied to 
all objects. E.g., both press and long press can be used on the No-button or number 
buttons and will result in different responses but a long press on the Address Book 
button will give the same response as a short press. The user cannot anticipate which 
buttons that have dual functions, but that has to be learned. Thus, the difference 
between press contra long press is an idiomatic feature. Text input is done either by 
character recognition or by tapping on a small virtual keyboard. The default setting is 
set on using the keyboard. 
 
The functionality of the phone depends on if the phone is used with the flap open or 
flap closed. Starting with the phone in FC, it looks like an ordinary phone. The menu 
system is accessed by clicking on the left or right arrow. The functions available in the 
FC menu system are Contacts, Inbox, Calendar for today’s date and a Phone menu 
containing various functions for controlling e.g. keypad lock, silent mode, call forward, 
infrared port, etc. It is not possible to enter any information in the FC mode, except 
when dialling when the numbers are entered on the keypad. At each side of the phone 
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Technical specification 
 
Display Grey scale,  

not touch sensitive 
Built in Speaker,  

small keyboard 
Weight 253 grams 
Dimension 158 x 56 x 27 mm 
 

are two unlabelled buttons used for controlling the speaker volume and for recording 
and playing back voice notes. 
 
In FO, the true nature of the Ericsson R380 is revealed. Hidden under the keypad is a 
large touch sensitive screen used for viewing and entering information. Tabs with 
symbols and explaining labels display the different applications. The technique used for 
bringing perspective as well as details to the user is a Focus+Context visualisation 
technique. By opening the flap of the Ericsson R380 an overview of the applications is 
made visible to the user. By selecting the desired application, for instance Contacts, an 
overview of the content in Contacts is presented, namely Personal details, Contents list, 
New contact and Search. The system is designed in a rather hierarchical way, 
attempting to give the user an overview in the flap open mode. The drawback with the 
hierarchical organisation of applications is that it does not necessarily support a quick 
and easy interaction in the user’s context. E.g., the Phone menu is always displayed 
when the flap is opened even though a user may want immediate access to the Calendar 
every time the phone is in FO mode. 
 
Common GUI elements known from e.g. Microsoft Windows, like buttons, menus and 
scrollbars, are used to operate the phone in FO mode. The objects on the screen are 
selected and manipulated by tapping. The interaction with the phone is task oriented 
and most applications are designed to support a specific task such as schedule a 
meeting, searching Contacts for an address, sending an SMS, etc. Contrary to virtually 
all mobile phones on the market, the Ericsson R380 has to be in FO in order to write 
SMS messages, add a contact, etc., thus requiring two handed usage as the interaction in  
FO is typically performed holding the phone in one hand and the stylus in the other. 

Nokia 9110 Communicator  
The Nokia 9110 Communicator functions and looks like a mobile phone when it is in 
closed mode, though bigger and heavier than most mobile phones on the market. When 
the phone is in open mode, a large screen and a keyboard for text input appears. In open 
mode, the Communicator functions as a small computer, but it can also be used as a 
speakerphone. The screen is not touch sensitive. 
 

 
 
Picture 4. The Nokia 9110 Communicator in open mode. 
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Objects on the screen are selected by either using the softkeys next to the screen or the 
keyboard keys. Pressing the blue, labelled keys at the top of the keyboard gives access 
to the different applications.  
 
Using Kunkel et al.’s (1995) vocabulary, the interaction style is explicit Object-
Function. The arrow keys are used to scroll lists, highlighting one object at a time. The 
object is then operated upon by choosing a function by pressing one of the softkeys 
next to the screen or sometimes by pressing the Enter-key on the keyboard. For some 
tasks like call handling a Function-Object interaction style is used, but this did not 
apply to any task in this experiment.  

Motorola A6188 Accompli 
The first most striking feature about the Motorola is the small amount of hard keys. 
Four keys are located at the bottom of the front. These keys are used for turning the 
device on and off, scrolling up and down and getting direct access to the main menu. At 
the top of the left side is a joggle key, which is used for scrolling as well as for 
selecting highlighted objects. The hard buttons are intended for interacting with the 
phone without the stylus using only one hand. However, the screen is touch-sensitive 
and most of the interaction is usually done by using a stylus for tapping and writing on 
the screen. All interaction except turning the phone on and off can be done by tapping 
on the screen. Text input is done by either character recognition or by tapping on a 
small virtual keyboard. The default setting is character recognition. 
 
The canonical vocabulary is small. Objects on the screen are chosen by a single tap. 
When tapping on an object, a new screen is automatically displayed. When scrolling, it 
is possible to either tap on arrows at the top and bottom of the screen or by tapping, 
dragging and releasing a square situated on the scrollbar. 
  
 

 
 
Picture 5. The Motorola A6188 Accompli. 

Technical specification  
Display  Greyscale,  

touch sensitive 
Weight  155 grams 
Dimension   98 x 60 x 28 mm
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Tasks 
By discussing with usability experts at Ericsson System Design, a number of tasks for 
the subjects were selected. The criteria met by the selected tasks were that they 
corresponded to goals that novice user had been documented to have when starting to 
use a new smartphone (Andersson 2001, personal communication). The tasks also had 
to be possible to perform on all three interfaces “out-of-the-box”. 9 tasks of various 
nature and level of difficulty were decided upon. Brief scenarios were selected to give 
the subjects more meaningful contexts when solving the tasks. All the tasks were 
identical for all interfaces and were presented in the same order for all subjects and 
interfaces.  
 
It was assumed that most novice smartphone users have used a mobile phone 
extensively earlier and thus have contact information already stored on a personal SIM 
card. Therefore, a SIM card with contact information was given to the subjects at the 
beginning of the experiment. They were also informed that in order to solve some of 
the tasks, they would have to use the information on that particular SIM card. 
  
The tasks given to the subjects were: 
 
1. You have quite recently purchased an [Ericsson R380] / [Nokia 9110 

Communicator] / [Motorola A6188 Accompli] and would like to start using it as 
soon as possible. You are sitting by yourself in your own apartment. Insert the SIM 
card and switch on the phone. The PIN code for the SIM card is 1602. 

2. You notice that the time is shown on the phone display. Adjust the time and date if 
they are incorrect.  

3. You want to find out what it sounds like if someone calls you. Choose a ring signal 
that you like.  

4. You don’t want the phone to make any sound when you [tap on the screen] (for the 
Ericsson R380 and Motorola A6188 Accompli) / [press the keyboard keys] (for the 
Nokia 9110 Communicator). 

5. Later on, you are going to the library. Therefore, you want to adjust the phone so it 
only [vibrates] (for the Ericsson R380 and Motorola A6188 Accompli) / [flashes] 
(for the Nokia 9110 Communicator) when someone calls you or sends an SMS to 
you.  

6. To tell Petter you have bought a new phone, you want to call him. His phone 
number is stored on your SIM card. 

7. You have received a notification of change of address from your friend Anna 
Svensson. Check the information you’ve got saved on her on your SIM card. Is the 
saved information in accordance with her new address and phone number? If not, 
change her information and save it! 

 
 
 
 
 
 
 

 

Notification of change of address 
 
I have moved out! My new telephone number is 
12345 and my e-mail address is anna@se.com. 
 
Greetings /Anna Svensson 
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8. You want to send an SMS to Sven to notify him of the code to your street door. The 
message shall read: ”Hello! 1934”. 

9. Your boss has sent for you to attend a planning meeting in Husby tomorrow 
between 12 pm and 2 pm. Put the meeting down in the phone’s calendar. You want 
to be reminded of the meeting one hour in advance in order to get there on time. 

 
The subjects received the tasks in Swedish, as described in App. 3 – Tasks. 

Dependent Variables 
Below follows a description of the different dependent variables that were measured in 
the experiment. 

Effectiveness 
Effectiveness can be explained as level of completion (Nyberg, 2000). Effectiveness 
can be considered as one of the most important measures, as a zero on the Effectiveness 
scale equals failing to solve a task and thus indicates a major mismatch between the 
designer’s and user’s mental models.  
 
In this experiment the Effectiveness value was either 1 or 0 for each task: 
• 1 point was given if the subject successfully solved the task without receiving any 

hints. Minor faults such as spelling mistakes were accepted.  
• 0 points were given if the experimenter had to give a hint in order for the subject to 

solve the task. This was done after two minutes if the user were not on the right 
path, if the subject asked for help or if the subject considered the task solved when 
it in fact was still unsolved. 

Efficiency 
Efficiency was measured in terms of completion time, text entering time and number of 
actions. Completion time was measured from when the subject had understood the task 
and started to solve it, and until the task was solved or the subject indicated that he/she 
thought the task was solved. The number of actions is related to the completion time 
measurement. A large number of actions often correspond with a long completion time 
and vice versa. The number of actions was measured against the Optimum Path number 
of actions, which served as a usability criterion.  

Optimum Path and Action Deviation Ratio 
The Optimum path in this paper is defined as the fastest way a beginner could be 
expected to solve a task. A professional user could thus use a more efficient way than 
the Optimum Path as defined here, as he/she may use shortcuts, etc. For every task, the 
Optimum Path was discussed with Ericsson usability professionals with experience 
from novice users in order to validate its reasonableness as much as possible. The 
Optimum path for the tasks in this experiment is not based on keystrokes, as suggested 
by Mohageg (1992), but on the somewhat higher level of analysis called actions as 
described earlier in the Data visualisation chapter. An Action is very often the same as 
a keystroke but not always. E.g. pressing down a key 4 times when scrolling down a 
submenu will count as 1 Action (Scroll) and tapping 5 times to listen to 4 different ring 
signals will count as 1 Action (Listen to ring signals). This is done to avoid assigning a 
subject or interface a very large number of actions or keystrokes, when the subject 
chose a more playful or explorative strategy when solving a task. What constitutes an 
Action was used consequently between interfaces.  
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If a subject uses the Optimum path, or a faster path (i.e. a short cut not known to the 
ordinary novice) the score 1 is assigned. If the subject uses a different path, a deviation 
metric D is used to score the subject, as proposed by Mohageg (1992). In that case, the 
total number of Actions used by the subject to solve a task is divided with the number 
of relevant Actions as described by:  
 
 D = nr. of actions / nr. of relevant actions 
 
A large Action deviation ration D is a sign of uncertainty during performance according 
to Nyberg (2000). The Optimum paths for the Ericsson R380 were set from the 
assumption that the telephone was in open mode when starting to solve tasks 3 to 9 (the 
full touch sensitive screen revealed). The Optimum paths for the Motorola A6188 
Accompli were set from the assumption that the telephone was in open mode when 
starting to solve all tasks except task 1. The Optimum paths for the Nokia 9110 
Communicator were set from the assumption that the telephone was in open mode 
when starting to solve tasks 3 to 9 (the QWERTY keyboard and large screen revealed). 
This assumption is based on the fact that the two pilot study subjects continued to keep 
the telephone in open mode after solving a previous task. This is also in line with the 
scenario for the whole experiment where the subject is starting to use his newly 
acquired phone, sitting at home. A different scenario for the whole experiment, say, 
where the subject starts solving a task by picking up the phone from a pocket would 
constitute different Optimum paths.  
 
For tasks were the Optimum paths are dependent on the way a subject solved an earlier 
task, the Action deviation ratio D were calculated with respect to the way the earlier 
task was solved. E.g., if subject A did not import all telephone numbers to the Ericsson 
R380 from the SIM card on task 6, the number of relevant actions task 7 for subject A 
will be set with respect to that fact. This is necessary to account for the various ways a 
subject can solve certain tasks, without “punishing” the subject for that in terms of 
higher Action deviation ratio values, when solving a task in a, considering earlier 
choices, good way.  
 
One has to bear in mind that subjects may focus hard on just solving a particular task in 
the test situation, compared to if the subjects really were going to frequently use the 
telephone at hand for a long time ahead. E.g., in the latter case, trying to import all SIM 
information to the Ericsson R380 on task 6 would be rather natural, compared to import 
the telephone numbers one by one. However, since the subjects are well aware of that 
they are engaged in a test, the primary goal may be to solve the task at hand, rather than 
setting up the telephone for being used in a efficient way in the subjects’ ordinary 
environments. 

Aesthetics 
The aesthetics ratings concern the attractiveness of the phones as such (Phone 
aesthetics) and the phones’ displays (Display aesthetics). In addition, the Physical feel 
of the phones (buttons, flaps, etc) were assessed. Aesthetics and physical feel were 
measured both before and after the user had performed the tasks by having the subject 
tick a 1-5 scale (negative – positive).  
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Perceived Usability 
One of the simplest means of testing usability is to ask users to sample their subjective 
views. This can be achieved in a structured way by using a questionnaire. It is worth 
noting that user satisfaction is not necessarily closely correlated with performance: 
users may have positive perceptions of interfaces that are not objectively particularly 
efficient to use, and vice versa. As well as rating the interfaces’ attractiveness prior to 
using them, subjects were also asked to rate the interfaces Expected usability. After an 
interface was used, subjects rated the Perceived usability using two scales: one single 
item 1-5 scale (negative – positive) corresponding to the Expected usability scale, and 
one multiple item scale called the System Usability Scale. 

The System Usability Scale 
In this study a questionnaire based on the System Usability Scale, SUS (SUS 2001), 
was used to sample the subjects’ subjective views. SUS, developed in 1986 at Digital, 
provides an easy test for subjects to complete, is easy to score, and allows cross-
product comparisons. It has been used extensively in usability evaluations and has been 
found to be simple and reliable (SUS 2001). The choice of words in the SUS 
questionnaire was adapted to suit this test. It was also fitted with two extra questions at 
the end of the questionnaire to examine two more questions of interest (See App. 4 – 
The System Usability Scale). The ratings of the two extra questions were kept outside 
the mean value for the SUS test. 
  
The SUS scale was used immediately after a subject had used a mobile phone, before 
any debriefing or discussion took place. All items had to be checked. If a user felt that 
they could not respond to a particular item, they could mark the centre point of the 1 to 
5 scale. Users were asked to record their immediate response to each item, rather than 
thinking about items for a long time. 

Scoring the System Usability Scale 
The SUS is a scale that yields a single number representing a composite measure of the 
overall usability of the system being studied. Note that scores for individual items are 
not meaningful on their own. To calculate the SUS score, the score contributions from 
each item were summed up. Each item’s score contribution will range from 0 to 4. For 
items 1, 3, 5, 7, 8 and 10 the score contribution was the scale position minus 1 in this 
experiment. For items 2, 4, 6 and 9 the contribution was 5 minus the scale position. The 
sum of the scores is multiplied by 2.5 to obtain the overall value of system usability. 
SUS scores have a range of 0 to 100 were a higher value indicates greater satisfaction 
and a lower value indicates lower satisfaction with the evaluated interface. 

Procedure 
When arriving at the Usability and Interaction Laboratory each subject was briefed 
about the experiment and course of actions. When seated in the experiment room, a 
written description of the test procedure was given for the subject to read (see App. 1 – 
Instructions). The subject then signed a confidentiality form before filling out 
Ericsson’s customer segmentation personality questionnaire. It was stressed that it was 
the smartphones that were the main interest in the experiment, not the subject. Subjects 
who reported they felt at ease and confident about thinking aloud during the test were 
encouraged to do so, as long as they did not think it affected their performance. The 
experimenter then showed the subject the Ericsson, Nokia and Motorola phones and the 
subject was asked to fill out the pre-experimental Aesthetics questionnaire (App. 2 – 
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Pre-Experimental Aesthetics Questionnaire), to assess the following attributes: 
 
• The phones’ aesthetic value. The subject was shown each phone by the 

experimenter. 
• The displays’ aesthetic value. The experimenter showed a fixed set of screens on 

each phone to ensure consistency and to avoid learning effects. 
• The tactile experience of the phones and their buttons. The phones were turned off 

at this stage to ensure that only the physical attributes were assessed. 
• Perceived usability. Based on previous experiences and what the subject had seen 

so far, the subject was encouraged to estimate how easy he or she thought each 
phone would be to use in the experiment. 

 
As argued by Goldstein et al. (1999), the Media equation (Reeves and Ness, 1996) does 
not seem to apply for small handheld artefacts and all phones could thus be visible to 
the subjects at all times during the experiment.  
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Figure 5. The course of actions in the experiment.  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
After the introduction, the following procedure was then followed for each subject and 
interface: 
 
1. Solving the tasks. The nine tasks (App. 3 – Tasks) were given on paper to the 

subject with one task per page. When one task had been accomplished, the subject 
turned pages and continued with the next task. If the subject after two minutes was 
still not heading in the right direction trying to solve task 2-9, help was given by the 
experimenter to a pre-defined step where the subject would continue and eventually 
finish the task. For task 1, help was given after one minute if the subject had still 
not been able to insert the SIM card correctly. If a subject received a hint, they 
scored zero on the Effectiveness scale.  
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2. Filling out the SUS questionnaire. Before any debriefing took place, the 10+2 

questions on the SUS questionnaire were filled out by the subject.  
 
3. Filling out the Aesthetics and Usability questionnaire. The subject again answered 

the 4 questions answered at the beginning of the experiment.  
 
Concluding the test was a short interview regarding subjects’ experience of the 
interfaces and opinions on the merge of mobile phones and PDAs.  
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Results 
For the statistical purposes, the data was treated as being normally distributed. 
However, since the experiment took advantage of a repeated measurements design, the 
analysis works very well even if the data is only approximately, or even roughly, 
normally distributed (Nyberg, 2000; Hyperstat 2001). No test of sphericity has been 
performed. The results of the short interviews concluding the experiment will only be 
described in the Discussion chapter. While looking at the results presented below, it is 
advisable to keep an eye on App. 3 where the different tasks are described. 

Objective Measures 

Effectiveness 
The level of Effectiveness shows the percentage of subjects that passed any task 
successfully, i.e. without receiving any help from the experimenter. Each person was 
assigned either 1 (pass) or 0 (fail) for each task. The average Effectiveness scores, for 
all subjects on every interface on every task, are displayed in Figure 6 below. 
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Figure 6. The average Effectiveness score for each  interface and task (N=18). 
 
As can be seen in Figure 6, the results vary considerably between tasks as well as 
interfaces. Significant differences between the phones on certain tasks are described in 
Table 3 below. The general outcome was that the subjects in general were significantly 
most successful using the Motorola, which over all was superior to both the Nokia 9110 
Communicator and the Ericsson R380. Nevertheless, no subject passed task 7 on the 
Motorola A6188 Accompli (edit information of a contact), due to confusion regarding 
SIM card functionality. Using the Ericsson R380, subjects generally performed 
significantly better than on the Nokia 9110 Communicator. The tasks where the 
Ericsson R380 scored low on Effectiveness were task 2 (set time and date), 4 (get rid of 
screen click sound), 6 (call a number saved on the SIM card) and 7 (edit information of 
a contact). The Nokia 9110 Communicator on the other hand scored very low on task 2 
(set time and date), 3 (select ring signal), 4 (get rid of key sound) and 8 (send SMS).  
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 Average points Overall 
significance Superior interface 

Task Ericsson Nokia Motorola  E - N E - M M - N 

2 0.67 0.06 0.78  F(2.34)=23.80   
 p<.001 E - M 

3 0.94 0.06 0.94  F(2.34)=87.04  
 p<.001 E - M 

4 0.22 0.22 0.94  F(2.34)=20.97  
 p<.001 - M M 

5 0.94 0.83 1.00  F(2.34)=1.83   
 p=.176 - - - 

6 0.17 1.00 0.89  F(2.34)=47.65  
 p<.001 N M - 

7 0.56 0.94 0.00  F(2.34)=42.79  
 p<.001 N E N 

8 0.89 0.28 0.94  F(2.34)=22.39  
 p<.001 E - M 

9 0.94 0.78 1.00  F(2.34)=2.87  
 p=.071 - - - 

Total 0.67 0.52 0.81  F(2.28)=35.69  
 p<.001 E M M 

 
Table 3. Effectiveness for task 2-9 for all interfaces (N=18). Difference between pair of 
interfaces significant at p<.01, Bonferroni adjusted. 

Efficiency 
Efficiency consists of two measures, Completion time and Number of Actions. As for 
Effectiveness, several significant differences existed on Efficiency between different 
tasks and phones. In general, a person using many actions also needed more time to 
solve a task.  
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Figure 7. The average Number of Actions for each interface and task (N=18). 
 
Pairwise comparisons are shown in Table 4 below. The general outcome was that 
subjects needed significantly fewer actions on the Motorola A6188 Accompli than on 
the Ericsson R380 and Nokia 9110 Communicator.  
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 Average points Overall 

significance Superior interface 

Task Ericsson Nokia Motorola  E - N E - M M - N 

2 26.94 41.56 22.39  F(2.34)=13.60 
 p<.001 E - M 

3 14.72 34.83 10.83  F(2.34)=48.09 
 p<.001 E - M 

4 29.44 30.22 7.50  F(2.34)=33.73 
 p<.001 - M M 

5 10.83 12.56 5.44  F(2.34)=5.81 
 p=.007 - M M 

6 37.44 4.44 12.33  F(2.34)=112.99 
 p<.001 N M N 

7 33.89 15.17 47.56  F(2.34)=64.79 
 p<.001 N E N 

8 22.72 19.28 20.72  F(2.34)=.54 
 p=.587 - - - 

9 28.00 20.94 22.39  F(2.34)=8.08 
 p=.001 N M - 

Total 25.50 22.38 18.65  F(2.28)=15.05 
 p<.001 - M M 

 
Table 4. Average Number of Actions for all interfaces (N=18). Difference between pair 
of interfaces significant at p<.01, Bonferroni adjusted. 
 
The average Completion time for all subjects and tasks are described in Figure 8 below. 
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Figure 8. The average Completion time (N=18) for all interfaces and tasks. 
 
The Motorola A6188 Accompli had significantly shorter completion times than the two 
other interfaces on several tasks and was also significantly superior on the overall 
measure. Completion time was set not to include text input time to more clearly show 
the difference in the time it took for subjects to navigate the menus. 
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 Average points Overall 

significance Superior interface 

Task Ericsson Nokia Motorola  E - N E - M M - N 

2 147.7 274.7 137.4  F(2.34)=40.79 
 p<.001 E - M 

3 62.2 170.7 68.1  F(2.34)=36.58 
 p<.001 E - M 

4 176.5 168.4 29.5  F(2.34)=41.75 
 p<.001 - M M 

5 42.2 56.4 24.5  F(2.34)=2.37 
 p=.11 - - - 

6 195.6 11.3 59.2  F(2.34)=95.03 
 p<.001 N M N 

7 165.2 95.5 247.9  F(2.34)=30.77 
 p<.001 - E N 

8 106.4 132.8 86.1  F(2.34)=3.78 
 p=.033 - - M 

9 100.9 151.2 91.1  F(2.34)=9.95 
 p<.001 E - M 

Total 124.6 132.6 93.0  F(2.28)=28.85 
 p<.001 - M M 

 
Table 5. Completion time for task 2-9 for all interfaces (N=18). Difference between 
pair of interfaces significant at p<.01, Bonferroni adjusted. 
 
If we have a look at how long time it took to enter text on tasks 7-9, the text input on 
the Motorola A6188 Accompli was significantly slower than the Ericsson R380 and 
Nokia 9110 Communicator as shown in Figure 9 below. 
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Figure 9. The average Text input time (N=18) on tasks 7-9 for all interfaces. 
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 Average points Overall 
significance Superior interface 

Task Ericsson Nokia Motorola  E - N E - M M - N 

7 28 27.61 97.72  F(2.34)=43.08 
 p>.001 - E N 

8 44.56 20.39 60.06  F(2.34)=13.66 
 p<.001 N - N 

9 22.78 22.94 46.56  F(2.34)=8.43 
 p=.001 - E N 

Total 31.9 23.72 68.57  F(2.28)=42.22 
 p<.001 - E N 

 
Table 6. Text input time for task 7-9 for all interfaces (N=18). Difference between pair 
of interfaces significant at p<.01, Bonferroni adjusted. 
 
As can be seen in Table 6 above, subjects needed the longest time entering text on the 
Motorola, using its handwriting character recognition which was the default setting for 
entering text. The difference was most obvious for the first of the tasks including 
writing, task 7, the difference decreasing on the two following tasks. On the Ericsson 
R380 and Nokia 9110 Communicator, text was entered using a virtual or real QWERTY 
keyboard.  

Optimum Path and Action Deviation Ratio 
As all users were novices on the three interfaces, the use of the Optimum path for each 
task was expected to be rather low. The definition of the Optimum path can be seen as 
a rather qualitative measure as there may be several ways of adequately solving a task 
as a novice. Therefore, no statistical analyses have been made for the Optimum path 
deviation measure. Nevertheless, the ratio of the average number of actions divided 
with the Optimum path number of actions (as defined previously in the Data 
visualisation chapter) can still reveal interesting information. As the interfaces differ in 
several ways, it is natural that the dependent variables are affected by the inherent 
constraints of each interface. Subjects may simply require using more actions solving a 
certain task on one phone than another, even if they use the Optimum path as described 
below.  
 

Task / Interface Ericsson R380 Motorola A688 
Accompli 

Nokia 9110 
Communicator 

1: Insert SIM card and start phone 6 11 6 
2: Set time and date 11 8 12 
3: Choose ring signal 7 7 10 
4: Get rid of key/screen sound 8 7 10 
5: Make phone silent/vibrate only 7 6 6 
6: Call Petter 11 6 5 
7: Edit information on Anna 15 or 20* 18 9 
8: Send SMS to Sven 9 or 13** 10 9 
9: Make new entry in calendar 20 10 13 
 
Table 7. Number of Actions, following the Optimum path for each task and interface. 
* Fictive person Anna already in Contacts or Anna not yet in Contacts 
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** Fictive person Sven already in Contacts or Sven not yet in Contacts 
 
Thus, as the Optimum path number of actions required to solve a task differ between 
tasks as well as interfaces, differences between a subject’s number of actions on 
different tasks and interfaces are not a good measure of the difference between the 
designer’s conceptual model and the subject’s mental model. The ratio between the 
Optimum path number of actions and subjects’ actual number of actions comes closer 
to illustrating this difference. A high ratio can be seen as an indication of a bad match 
between the designer’s conceptual model and the subject’s mental model. Similarly, a 
ratio at just above 1 means that the subjects made very few unnecessary actions solving 
the task. 

The Action deviation ratio
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Figure 10. The Action deviation ratio (subjects’ average number of actions divided by 
the Optimum path number of actions) for task 2-9 on all interfaces (N=18). 
 
As for other dependent variables, the ratios vary considerably between different 
interfaces depending on the task. A high Action deviation ratio often corresponds with 
unfavourable results on the other dependent variables such as Completion time and 
Effectiveness as shown earlier. Ratios around or below 2 can be seen as acceptable and 
are found for the Ericsson R380 (task 3, 5, 7, 8, 9), the Nokia 9110 Communicator (task 
5, 6, 7, 8, 9) as well as for the Motorola A6188 Accompli (task 3, 4, 5, 8, 9). For the 
Ericsson, setting time and date (task 2), getting rid of the screen click sound (task 4) 
and calling a number stored on the SIM card (task 6) rendered very unfavourable ratios. 
For the Nokia 9110 Communicator, setting the date and time, choosing a ring signal 
and getting rid of the key click sound proved very difficult. Finally, on the Motorola 
A6188 Accompli, setting the time and date, calling a number stored on the SIM card 
and edit contact information were found to indicate a severe mismatch between the 
designer’s and users’ mental models.  
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Subjective Measures 

Pre-Experimental Measures of Aesthetics and Expected Usability 
Below are presented the phones’ aesthetics and expected usability ratings made by the 
subjects, before any phone had been used in the experiment.  

Pre-experimental measures

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

5

Phone
Aesthetics

Display
Aesthetics

Physical Feel Expected
Usability

A
ve

ra
ge

 v
al

ue

Ericsson R380
Nokia 9110 Communicator
M otoro la A6188 Accompli 

 
Figure 11. Pre-experimental measures of anticipated usability and aesthetics (N=18). 
 
As can be seen in Figure 11 above, the Nokia 9110 Communicator was rated 
significantly lower on aesthetics than the other phones. The Motorola A6188 
Accompli’s display was perceived as the least aesthetic.  
 

 Average points Overall significance Superior interface 

 Ericsson Nokia Motorola  E - N E - M M – N 

Phone 
Aesthetics 3.56 1.50 3.67  F(2.34)=40.66 

 p<.001 E - M 

Display 
Aesthetics 3.78 3.61 2.67  F(2.34)=7.39 

 p=.002 - E - 

Physical Feel 3.33 2.61 3.22  F(2.34)=3.10 
 p=.058 - - - 

Expected 
Usability 3.78 3.17 2.78  F(2.34)=5.94  

 p=.006 - E - 

 
Table 8. Pre-experimental Aesthetics and Expected usability measures (N=18). 
Difference between pair of interfaces significant at p<.01, Bonferroni adjusted. 

Post-Experimental Measures of Aesthetics 
After the subjects had solved all tasks on an interface, they were asked to rate the 
aesthetics and usability again. The results are shown below. 
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Post-experimental measures
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Figure 12. Post-experimental Aesthetics and Perceived usability measures (N=18). 
The Nokia 9110 Communicator was rated significantly lower than the Ericsson R380 
on both aesthetics and usability.  

 

 Average points Overall significance Superior interface 

 Ericsson Nokia Motorola  E - N E - M M – N 

Aesthetics 3.39 1.61 3.28  F(2.34)=21.45 
 p<.001 E - M 

Aesthetics 
Display 4.00 3.44 3.06  F(2.34)=4.32 

 p=.021 - E - 

Feel 3.44 2.61 3.33  F(2.34)=2.77 
 p=.077 - - - 

Usability 3.56 2.22 2.94  F(2.34)=8.71 
 p=.001 E - - 

 
Table 9. Post-experimental Aesthetics and Perceived usability measures (N=18). 
Difference between pair of interfaces significant at p<.01, Bonferroni adjusted. 
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Aesthetics and Perceived Usability 
To examine the relationship between aesthetics and perceived usability, 
intercorrelations of interest between pre- and post-experimental measures were 
calculated and are presented in Table 10. 
  

 Pre-
Usability 

Post-
Aesthetics

Post-
Aesthetics 

Display 

Post-
Usability 

Pre-Aesthetics -.061 .833** .035 .404** 

Pre-Aesthetics 
display .413**  .648** .255 

Pre-Feel .080   .302* 

 
Table 10. Correlations between pre- and post-experimental Aesthetics measures as 
described by Spearman’s rho. 
** Correlation is significant at the .01 level (2-tailed) 
* Correlation is significant at the .05 level (2-tailed) 
 
Aesthetics measures of the phones’ display and expected usability were correlated 
(rho=.413, p<.01) which is in line with Kurosu and Kashimura (1995) and Tractinsky 
(2000). Pre-experimental measures of the phones’ aesthetics and expected usability, on 
the other hand, did not correlate (-.061, p>.05). Two Partial Correlations tests were run 
to examine the correlation between pre-experimental Aesthetics ratings and post-
experimental Usability ratings. A Partial Correlations procedure computes partial 
correlation coefficients that describe the linear relationship between two variables 
while controlling for the effects of one or more additional variables. In this experiment, 
number of actions was set as the controlling variable. By applying this technique, it is 
possible to tell whether Pre-experimental Aesthetics and Post-experimental Perceived 
Usability truly correlate or if the observed correlation is affected by the actual success 
when using the phones as measured by the number of actions. The results of the Partial 
Correlations tests indicate that the phones’ pre-experimental aesthetics and post-
experimental perceived usability in deed are related in this experiment (Partial 
correlation coefficient=.46, p<.001), controlling for number of actions. That means that 
no matter how easy a phone actually was to use, a highly rated design affected the 
perceived usability in a positive direction. However, no significant correlation was 
found between the phone displays’ aesthetics and post-experimental perceived usability 
(Partial correlation coefficient =.14, p=.322).  

SUS Rating 

The System Usability Scale (SUS) yields a single number representing a composite 
measure of the overall perceived usability of the phones. The individual SUS scores 
have a range of 0 to 10 were a high value represents a more favourable attitude towards 
the phone. By adding the individual scores together, the SUS score is obtained. 
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System Usability Score (SUS)
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Figure 13. The average subjective rating for all interfaces and statements (N=18). 
Statement 11 and 12 are excluded from the Total Average score. 
 
The Ericsson R380 got the most favourable ratings on all items and reached a SUS 
score of 63 out of 100. The Ericsson R380 was rated higher than the Motorola A6188 
Accompli on the SUS score and significantly higher than the Nokia 9110 
Communicator (F [2, 34] = 9.59, p<.001). Subjects also reported that they felt more 
motivated to learn more about interacting with the Ericsson R380 than the other phones 
(statement 11 in Figure 13). Note that in spite of scoring most favourably on 
Effectiveness, Completion time and Number of Actions in general, the Motorola A6188 
Accompli was not rated significantly higher on perceived usability than any other 
phone.  
 
The correlation between the single-item measure of post-experimental usability in the 
Aesthetics test and the SUS rating was very high, indicating that the two measures did 
in fact measure the same thing, i.e. perceived usability (Spearman’s rho=.93, p<.001).  
 
When comparing subjects’ actual performance with perceived usability it was found 
that these objective and subjective variables were only very weakly positively related 
as shown in Graph 1 and 2 below. That basically means that while one subject who had 
trouble using a certain phone would rate it as being difficult to use, another subject 
having trouble using the phone would rate it as being easy to use. The relations were 
not statistically significant.  
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Effectiveness
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Graph 1. The relation between Effectiveness and perceived usability as measured by 
System Usability Scale (rho=.228, p>.05).  
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Graph 2. The relation between Completion time and perceived usability as measured 
by the System Usability Scale (rho=-.240, p>.05).  

Differences Between Groups of Users 
To examine whether there were any differences in performance between men and 
women, and Ericsson-users and Nokia-users, a Repeated measures test was carried out 
with men/women and Ericsson-users/Nokia-users as between-subjects factors. The 
results are displayed in Figure 14 and 15 below. 
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System Usability Scale
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Figure 14. The average System Usability Scale score (N=18) for each  interface rated 
by men, women, subjects with Ericsson experience and subjects with Nokia experience. 
 
As can be seen, women differed from men in that they rated the Ericsson phone higher 
in the SUS test. However, no statistically significant differences could be found 
between any of the groups. As shown in the Effectiveness measures below, product 
background seemed to influence the results in that users with Ericsson experience 
seemed to perform slightly better on the Ericsson R380 than did users with Nokia 
experience and vice versa (p>.05). 
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Figure 15. The average Effectiveness score (N=18) for each interface for men, women, 
subjects with Ericsson experience and subjects with Nokia experience. 
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Men received higher average Effectiveness score on each phone than did women 
(p<.05, Bonferroni adjusted). It seems like users with Ericsson experience had an 
advantage compared to users with Nokia experience using the Ericsson R380. 
Similarly, subjects in the Nokia-user group performed slightly better on the Nokia 9110 
Communicator than did subjects from the Ericsson-user group. However, these 
differences were not statistically significant. For certain tasks, Ericsson-users and 
Nokia-users differed in performance (see App. 5 – Difficulties on the Ericsson R380, 
for details on the mistakes made by each group) and made different kinds of mistakes. 
These differences were generally speaking very small. 
 
Having a closer look at the difference in performance between Ericsson-users and 
Nokia-users on the Ericsson R380 and Nokia 9110 Communicator, Number of Actions 
were examined. Overall, Ericsson-users used significantly fewer actions than Nokia-
users on tasks 2-9 (p=.047) on the Ericsson R380. Ericsson-users needed 23 actions on 
average while Nokia-users needed 28 actions on average. Differences on particular 
tasks were examined by computing an independent groups t-test for each task. The 
differences on tasks 5 (make telephone silent) and task 6 (call Petter) on the Ericsson 
R380 were significant at the .05 level (2-tail), in favour of users with Ericsson 
background. For the Nokia 9110 Communicator, no significant differences were found 
between the average number of actions needed to solve task 2-9, Ericsson-users using 
24 actions and Nokia using 21 actions. No significant differences were found between 
men’s and women’s total average score on any interface. 
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Discussion 
The results show that significant differences in actual as well as perceived usability 
existed between interfaces as well as between tasks. The reasons for the results will be 
discussed along with some suggestions on how to improve the usability for the novice 
user. 

Group Specific Problems 

Difference Between Ericsson-Users and Nokia-Users 
By reviewing and analysing the Ericsson R380 ActionMaps made for every subject, a 
number of problems were identified. These problems, along with the number of Nokia-
users and Ericsson-users experiencing them, are presented in more detail in App. 5 – 
Difficulties on the Ericsson R380. The general conclusion is that Ericsson-users and 
Nokia-users did not differ a great deal regarding the mistakes made on the Ericsson 
R380. The reason is probably that the interaction with the Ericsson R380 in Flap Open 
mode is rather different in both vocabulary and organisation compared to earlier 
Ericsson mobile phones. Users with extensive experience of Ericsson mobile phones 
could thus not draw to previous experiences to a great extent when solving the tasks in 
the experiment. This was manifested in the Effectiveness score, as Ericsson-user and 
Nokia-users did not differ significantly. However, Ericsson-users scored significantly 
lower on Number of Actions than Nokia-users, suggesting that Ericsson-users had a 
slight advantage after all, needing on average 5 actions less than Nokia-users. Reasons 
for the significant differences found on task 5 and 6 were sought for in the ActionMaps. 
For task 5, the difference was at least partly due to the fact that some Ericsson-users 
could take advantage of a known short cut to activate the telephone’s silent mode. For 
task 6, calling a contact, no clear explanation could be found by examining the 
ActionMaps. Users from both groups all had great and similar problems. However, as 
only two Ericsson-users and one Nokia-user could solve the task without help, the 
number of actions scored was influenced by at what stage the subjects gave up, simply 
asking or waiting for help. Ericsson-users on average received help after 26 actions 
while Nokia-users on average received help after 29 actions. One can speculate if 
Ericsson-users gave up hope to solve the task earlier, due to the possibility that they felt 
that their “Ericsson mobile phone mental model” did not work. After searching for the 
number to dial in a manner in line with custom Ericsson mobile phone interaction with 
the flap closed, Einstellung effects came into play. In other words, instead of adjusting 
their mental models, which is mentally challenging, subjects seemingly started giving 
up hope, knowing they would eventually receive help.  
 
No significant difference on Effectiveness was found between the Ericsson R380, the 
Nokia 9110 Communicator or the Motorola A6188 Accompli for users with Ericsson 
experience compared to users with Nokia experience. In line with the results found on 
the Ericsson R380, the Nokia 9110 Communicator did not prove to be significantly 
easier to use for users with Nokia experience as measured by Effectiveness. No 
significant difference on overall performance was found by looking at the Number of 
Actions either. One reason is probably that the Nokia 9110 Communicator was 
different compared to all other Nokia mobile phones and Nokia-users’ mental models 
could not be utilised. The other reason is that the Nokia 9110 Communicator was 
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thought to be different, which prevented Nokia-users to apply their correct mental 
models. This phenomenon is discussed further below.  

Difference Between Men and Women 
If we look at how well men and women succeeded with solving the tasks, men 
performed significantly better than women on all phones on the Effectiveness score. 
This difference may reflect the possibility that the men participating in this study 
perhaps had greater experience using computers, PDAs and mobile phones than did the 
women. These factors were not controlled for in this study. It may also be the case that 
more men than women were engaged when the tested interfaces were designed, 
resulting in products that favour the average male user rather than the average female 
user. More research is needed to examine whether differences between men’s and 
women’s interacting with smartphones/communicators stem from factors solely related 
to sex or if they can be explained in terms of training, motivation and experience.  
 
The general conclusion is that previous brand specific experience did not affect the 
degree to which subjects succeeded with solving the tasks on their own without 
receiving any help. Thus, it seems more important to design the interface of a 
smartphone/communicator well, in a general sense, than to design it in consistency with 
earlier mobile phones of the same brand. It also seems safe to suggest that more women 
should be involved in the design process of new interfaces, either as test subjects or 
designers. 

On Applying Mental Models 
On the Ericsson R380, Ericsson-users could possibly suffer in performance due to the 
fact that their mental model of interacting with Ericsson mobile phones did not apply 
when interacting with the Ericsson R380. E.g., when attempting to end a call with the 
phone in Flap Open mode, the flap was simply closed by the subjects. That is the way a 
call is ended on the T28 (which 6 of the Ericsson-user used daily) but it does not end a 
call on the Ericsson R380. The same disadvantage was discovered for Nokia-users 
when solving tasks on the Nokia 9110 Communicator. E.g., when trying to set the time 
and date, they tried to do it the same way as on their own Nokia phone, which did not 
take them closer to solving the task. Similarly, of the subjects using a PDA (8 subjects), 
all tried to use the Graffiti-style way of entering text in character recognition mode on 
the Motorola A6188 Accompli. This slowed them down when entering text on the 
Motorola A6188 Accompli since they seemed to be stuck in a non-functional way of 
acting. Subjects with no experience from Graffiti did not have this problem and were 
less upset about the slow default text entering on the Motorola A6188 Accompli.  
 
The fact that users apply old, non-functional mental models, or elements thereof, when 
solving tasks on new interfaces that resemble old, well-known interfaces is perhaps not 
very surprising. If you are not sure what to do, it is only natural to try to solve a task in 
accordance with your old mental model before having to use a more trial-and-error 
based style. However, a surprising finding in this experiment was that users at 
occasions did not take advantage of their functional mental model from mobile phone 
interaction, even though that model would have worked superbly on the new interface! 
This phenomenon came into play for the Nokia-user group when solving two tasks on 
the Nokia 9110 Communicator. Only one of nine Nokia-users managed to solve task 3 
(Select a ring signal) and only two of the Nokia-users solved task 4 (Get rid of key 
click sound). As a matter of fact, both these tasks could be solved on the Nokia 9110 
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Communicator the same way as on the subjects’ own Nokia phones. When receiving a 
hint from the experimenter a common comment was: “I didn’t think I could do this the 
‘usual’ way. I thought it would be more complicated.”. To conclude, users did thus 
possess the right mental model, but the interface was signalling that their model was 
too simple, fooling subjects to try to come up with a new mental model. This shows 
that it is not sufficient for an interface to link up with users’ mental models. The 
interface must also communicate that to the user, conveying the message that the user’s 
mental model in deed is applicable.  

Subject Strategies 
It seems like the subjects’ strategy and perhaps also personality played a part in how 
they went about solving the tasks. Some subjects were rather careful while others were 
quite happy exploring the interfaces. This can also be seen if one considers the 
correlation between Completion time and Number of Actions, which existed but was 
rather weak. This has implications on how to interpret the objective measures in the 
study and shows that if one is to settle for only one objective variable measuring 
performance it is not clear-cut which one to choose. E.g., is it necessarily bad that a 
novice user uses many actions solving a task on a new interface? Maybe the subject just 
felt encouraged to explore that interface, while another interface was considered very 
boring and therefore only made the subject try to solve the task as quickly as possible. 
This happened during this experiment, even though all subjects were encouraged to 
solve the tasks as quickly as possible. Similarly, if subjects used few actions to solve a 
task on an interface, does that necessarily imply good usability? Usually, but not 
always. Two reasons for that were discovered in this study. Firstly, if a subject feels 
totally lost and has no idea of how to proceed on a task, he/she may simply quit trying 
as the task seems impossible to solve. Secondly, misleading feedback may fool a 
subject that he/she has accomplished a task after very few actions, when the task in fact 
is still unsolved. This leads the experimenter to give a hint that grants the subject a zero 
on Effectiveness. Thus, a task that is very difficult to solve on an interface may render 
favourable ratings on Number of Actions and Completion time but unfavourable ratings 
on Effectiveness. Again, this demonstrates the complexity of measuring objective 
usability. There is no simple solution to this problem, but the results of this study points 
towards the recommendation of making use of more than one objective usability 
measure. 

The Smartphone/Communicator Concept 

Combining a Mobile Phone and a PDA 
Whether or not a combination between a mobile phone and PDA is desirable or not 
seems to be an open question as expressed in the discussions concluding the experiment 
sessions. When asked whether or not this merge was appreciated, some subjects were 
positive while most were rather sceptical. Those who were positive referred to the 
natural advantage of having to bring only one device instead of one mobile phone and 
one PDA or calendar. However, those who were sceptical about the concept referred to 
the same reason: they wanted to be able to leave their PDA or calendar at home since 
the calendar were thought of as a work tool. Instead, the sceptics were fonder of 
increasing the possibilities and ease of connecting the mobile phone and PDA when 
needed, i.e. via Bluetooth. The smartphones and the communicator used in this 
experiment were considered as being rather big for bringing along all the time. And— 
many thought—they were too ugly and boring looking. They preferred to have a small 
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mobile phone mainly used for talk, which could easily be carried in a pocket while the 
PDA or calendar could be left behind when wanted.  

Flap Open Functionality 
Many users seemed to be a bit confused when it came to understanding the difference 
between the functionality of the Ericsson R380 and Nokia 9110 Communicator with 
the phone in flap closed and flap open mode. This seemed to negatively impact the 
objective usability variables especially when solving task 2 (set time and date); many 
subjects simply did not seem to think of the necessity to open up the flap/phone within 
the stipulated time (2 minutes). Once the flap was open, finding the time application 
and adjusting the values proved to be an easy task for most subjects on the Ericsson 
R380. Many users thought closing the flap was a way of leaving the telephone 
application and thus ending an ongoing call on the Ericsson R380. This problem did not 
appear when using the Nokia 9110 Communicator and Motorola A6188 Accompli, 
perhaps because of the similarity between the Ericsson R380 and other Ericsson models 
where closing the flap supports ending a call.  
 
Many subjects wanted to access more functions with both the Nokia 9110 
Communicator and Ericsson R380 in closed mode than they could. This can be 
explained in terms of Einstellung and holding on to an old mental model of mobile 
phones. Since both the Nokia 9110 Communicator and Ericsson R380 in closed mode 
looked similar to ordinary Ericsson and Nokia mobile phones, subjects falsely believed 
that some tasks could be solved in the same way as subjects were used to on their own 
mobile phone. For example, setting the time and date on the Nokia 9110 Communicator 
was thought by several Nokia-users to be an easy task: “I know how to do that; you just 
do like this…”. E.g., due to the similar looking menu system when the Nokia 9110 
Communicator was used in closed mode, many subjects failed to realise that they had 
to open the phone in order to set the time and date. The menu system in the closed 
mode looked all too familiar. 

Performance, Aesthetics and Perceived Usability 
The relationship between aesthetics and perceived usability is not clear-cut in this 
study. Earlier findings made in studies on aesthetics and perceived usability (Kurosu 
and Kashimura, 1995; Tractinsky, 1997; Tractinsky et al., 2000) cannot be fully 
corroborated. When examining the correlation between the pre-experimental measures, 
display aesthetics and anticipated usability correlated (rho=.413, p<.01). This result is 
in line with the findings by Kurosu and Kashimura (1995), Tractinsky (1997) and 
Tractinsky et al. (2000) who found significant positive relationships between display 
aesthetics on ATM screens and anticipated usability. An interesting question examined 
in this study was what determines post-experimental perceptions of usability: 
objectively measured usability or aesthetics? Only weak and non-significant 
correlations were found between post-experimental perceptions of usability as 
measured by the SUS test and the objective measures Effectiveness and Completion 
time. Neither can Pre-experimental perceptions of phone and display aesthetics explain 
why subjects rated the phones’ perceived usability as they did in this experiment. 
Possibly a combination of actual performance and aesthetics influenced subjects’ 
perceptions of usability. Interestingly, women rated the Ericsson R380 higher on 
usability than did men, despite the fact that the women scored significantly lower than 
men on Effectiveness. One can therefore speculate if women are more polite when 
judging hand held interfaces then are men, or if this phenomenon was an isolated case.  



Discussion 
 

60 

 
This study dealt with consumer products of well-known brands that possibly come with 
certain connotations. Rating the three interfaces for attractiveness was perhaps more 
complicated than in the Tractinsky et al.’s (2000) experiment. Tractinsky et al. (2000) 
dealt with interfaces that were ‘neutral’ to the subjects in the respect that none of the 
subjects had seen any of the interfaces before and no brand name reputation or brand 
specific interface characteristics could be affecting the subjects’ responses. Consumer 
products seldom or never exist in such a vacuum, but are introduced on a market were 
customers might have previous experience of earlier versions of a brand. In this 
experiment all of the interfaces were of familiar brands. Thus, the power and 
associations coming with the brand could affect the subjects’ judgement of aesthetics, 
rather than the actual look of the interface. This suggests that Tractinsky et al.’s (2000) 
results need to be treated with some scepticism when it comes to generalising their 
results to explain users’ perceptions of usability and aesthetics of products that exist in 
a richer context. Commercials, friends’ attitudes and subjects’ previous experience of a 
brand or product are among other things possibly influencing the ratings of perceived 
usability as well as aesthetics. This seemed to be the case in this study. The Nokia 9110 
Communicator was rated high on anticipated usability before conducting the test but 
rather unfavourable on pre-experimental aesthetics. This may be a result of subjects’ 
general perception of Nokia having a reputation for making easy-to-use products. 
Clearly, the high pre-experimental usability rating for the Nokia 9110 Communicator 
cannot be explained as an effect of high aesthetics judgements. Factors like system 
response time and character entering may also have influenced users’ perceived 
usability ratings but to examine these factors in detail is beyond the scope of this study. 
Perceptions of usability thus appear to be influenced by a number of factors and do not 
seem to be easily anticipated on consumer products like advanced mobile phones.  

Using the ActionMapper 
Logging the users’ actions in a post-experimental style proved to be a very time-
consuming and labour-intensive task. The number of ActionMaps required to visualise 
all users solving all tasks on every interface were not less than 486 (18 subjects * 3 
interfaces * 9 tasks). To analyse all of the ActionMaps was beyond the intention of this 
study. Instead, tasks, and parts of tasks, identified as being particularly troublesome 
through all tests were selected to be more closely investigated. Of course, analysing 
ActionMaps of each and every task done, as would be possible using computer 
software dedicated to the task, would be desirable as the selection of the tasks being of 
interest for a closer investigation would be less subjectively chosen. Another problem 
related to experimenter subjectivity was keeping the level of what constitutes an Action 
constant between tasks and interfaces. The experimenter decides what constitutes an 
Action and there are yet no hard guidelines on deciding the adequate level.  
 
Including the two actions “Other action FO” and “Other action FC” in the 
ActionMapper for surplus actions in open and closed mode was very useful and 
speeded up the logging considerably. The use of such action labels can be 
recommended when tasks are rather complex and involve many actions that are not of 
particular interest to the experimenter. The strategy of using vertical bars to indicate 
several consecutive “Other actions” can also be recommended if one is logging 
complex tasks on space limited ActionMaps. 
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Design Considerations 
Reasons for the observed differences between the interfaces on the objective measures 
Effectiveness, Number of Actions and Completion time are discussed below.  

Conflict Between Function-Object and Object-Function Interaction 
As discussed by Nyberg (2000) and Bergqvist and Edvardsson (2000), it is difficult to 
say when an Object-Function or Person-oriented design is to prefer to a Function-
Object or Channel-oriented design. This study suggests that personal preferences seem 
to play a part on choosing interaction approach, e.g. when calling a contact, sending an 
SMS and changing a sound setting (see App. 5 – Difficulties on the Ericsson R380). 
Making a call on the Ericsson R380, the designer’s conceptual model was that the user 
should first access the Contents list in Contacts and then select a name and number to 
operate on. In other words, the user was required to follow a Person-oriented or Object-
Function interaction style. However, many users used a Channel-oriented interaction 
style as they first accessed the Telephone application (i.e. the channel) and then 
searched for Petter (i.e. the person). SMS messages were possible to send applying 
either a Channel-oriented or Person-oriented approach on the Ericsson R380, thus 
providing a fit model for both Channel- and Person-oriented users. 
 
Another problem related to the Function-Object discussion was discovered on task 4 
(Get rid of screen click sound). On the Ericsson R380, the subject was required to start 
with finding the Object (the screen) and then find the function controlling the screen 
sound. 83% of all subjects instead applied a Function-Object interaction style, 
accessing the sound menu in the Telephone Settings and then search for the Screen (i.e. 
the object). As pointed out by Kunkel et al. (1995) and Nyberg (2000), it is important to 
consider each situation in an interface and not settle for an Object-Function interaction 
style once and for all. Selecting a ring signal, getting rid of screen click sound and 
make telephone vibrate only was all made in the same channel-oriented menu, namely 
Sounds and Alerts, on the Motorola A6188 Accompli and resulted in superior usability 
on task 3, 4 and 5.  

Consistency and Visibility 
Text or names that are supposed to be tapped upon need to clearly convey that they 
have the affordance ‘tapable’. The Ericsson R380 has six different objects in FO mode 
that can be operated upon: buttons, scroll bar boxes, headings, text strings, <Text 
strings> and <Grey text strings>. In the case of using the characters “<” and “>” to 
surround a word that has the affordance ‘tapable’, the perceived affordance was not all 
that clear to several subjects. A second problem to subjects was the use of words like 
<Grey text string> that the user had to tap on in order to solve the SMS and Calendar 
tasks. In Microsoft Windows programs, anything written in grey or any symbol 
depicted in grey colour means that it is not accessible. The user need not try to tap 
anything that is grey in colour since the function hidden behind that symbol or word is 
not accessible at the present stage. This idiomatic transfer from using Microsoft 
Windows should not be made an obstacle to subjects as it can be argued to be a 
convention. Words written in grey are also harder to read than words in black and 
should therefore be avoided to ensure high readability. Objects’ unclear tap affordances 
generally resulted in confusion and more actions, longer completion times and lower 
effectiveness on the Ericsson R380. 
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Ericsson R380 Labelling 
Words reflecting the way the phone is organised that are system oriented rather than 
user oriented should be avoided (Shneiderman, 1998). E.g., on the Ericsson R380, 
words like System and Global provided great difficulties on task 4 (get rid of screen 
click sound), a task that 78% of the subjects failed to solve without help. The difference 
between the Telephone application and System application did not seem to be clear to 
the subjects. Other terms that were difficult to understand were Voice calls and Data 
calls (in the Ring signal application). A voice call is simply an ordinary telephone call 
but the term Voice just seemed to make subjects suspicious about what it really meant. 
Data calls were by many thought to be related to SMS, but in reality it refers to when 
the phone receives a call from a phone hooked up to a computer. Confusion and 
excessive use of actions in the Contacts application were the result of subjects mixing 
up and misinterpreting Content list, where contacts are saved, and Personal Details, 
where you are suppose to save information of yourself only. In the Contacts 
application, the words SIM-kortspost (SIM card entry) and Importera från SIM-kort 
(Import from SIM card) also proved difficult to understand. The word Import also 
implies that a contact actually is moved from the SIM card to the phone, while the 
contact is only copied and still remains on the SIM card. Furthermore, the word 
Redigera (Edit) proved to be hard to understand for many users. It seems like these 
words were not part of the vocabulary subjects were accustomed to when constructing 
internal sub-goals used to solve the tasks at hand.  
 
Another problem that caused uncertainty was buttons labelled OK. Sometimes OK 
meant Save and sometimes it meant Send. Although subjects eventually used the OK 
button correctly, many spontaneously reported that they would have felt more at ease 
with buttons labelled Save and Send depending on the context. In the New SMS 
application, an OK button was sought for in the ‘Select recipient’ field when the Go 
back arrow was to be pressed. Most mobile phone users are accustomed to follow a 
straight course of actions when sending an SMS. The freedom users get in the Ericsson 
R380 where they can choose whether they want to enter recipient(s) first or write the 
message first proved to be cumbersome. Generally speaking, it seems like the word OK 
is suitable when the user wants to proceed in a sequence of actions, moving from one 
stage to the next. On the other hand, when closing a sequence of actions, a word 
corresponding to the users’ goals should be used, e.g. Delete when deleting selected 
messages, Save when saving a new contact, etc. 

Feedback 
Providing immediate feedback that clearly states if a task has been accomplished is 
necessary if the users are to feel confident. The Ericsson R380 and Motorola A6188 
Accompli provided a very clear and appreciated feedback when sending an SMS. On 
the contrary, task 4 (get rid of screen click sound) suffered from the lack of feedback on 
the Ericsson R380. If changes are not readily implemented immediately after the user 
has made a change, he/she seems to think that the desired change has not yet been 
made. In the case of getting rid of the key click or screen click sound this was very 
apparent. The Motorola A6188 Accompli turned silent the very moment the subject 
tapped on “Silent”, while the Ericsson R380 and Nokia 9110 Communicator did not 
turn silent until after the subject had closed the window where the changes were made. 
This was confusing to virtually all subjects, as they weren’t sure that the changes made 
brought them closer to their goal: to get rid of the click sound, as it was still there when 
they tapped on the screen/keyboard. The solution is to have the phone respond to the 
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users’ actions as they are made and not wait until the user closes the dialog window. No 
one wants to close the window until it is clear that the task at hand is successfully 
solved. 
 
The character recognition on the Motorola A6188 Accompli was something that 
disappointed users familiar with Graffiti, a character recognition system found on e.g. 
Palm Pilot PDAs. The Motorola A6188 was experienced as responding much slower 
than their PDAs. This may also be a reason why the Motorola A6188 Accompli was 
rated lower than the Ericsson R380 on perceived usability, in spite of scoring 
significantly better on Effectiveness, Number of Actions and Completion time. 

Idioms, Metaphors and Symbols 
The direct manipulation utilised in the Ericsson R380 and Motorola A6188 Accompli 
seemed to be very appreciated by the subjects. The compound Tap provided no 
difficulties and was easily grasped as all subjects had extensive experience from mobile 
phone and computer interfaces based on the same compound. The other compound 
Long tap did not have to be used in order to solve the tasks.  
 
A Long tap is however needed to utilise the Ericsson R380 help function dedicated to 
explain the functionality of buttons in the Flap Open mode. These buttons are located 
on the right side of the screen in all applications and are used for navigating the menus 
and give access to context sensitive sub menus. Since many users were still confused 
about what many of these buttons did even after using the phone for half an hour, it is 
disheartening that only one of the 18 subjects discovered the help function that 
explained these buttons’ functionality. Functions dedicated to help novice users should 
be much more apparent and not be reliant on the user performing a Long tap. One 
subject suggested that text labels could be used instead of or in conjunction with 
symbols to start with. Once you felt confident about using the phone and where to tap, 
the text could be substituted for symbols in order to save space on the screen. 

Designing for the Novice or Expert? 
Many designers are trying to make the ultimate interface; one that suits everyone in the 
target group. The problem is that even in a well-specified target group, users may have 
very different cognitive backpacks, mental models, expectations and needs. The 
solution to this is not simple. One suggested way of solving this is by using personas 
(Cooper, 1999), one or more well-defined imaginary users, and design for these 
specific personas. However, it can be questioned whether a persona really could be 
considered as being one consistent user. Any person using a system will start off being 
a novice user, then change into an intermediary user and later perhaps develop into a 
professional user. Which of these users should you design for? The professional user 
wants to be able to do things fast, while the novice needs to be encouraged to discover 
and learn. Developing different interfaces for different users will quickly become time 
consuming and very expensive. A possible way may be to have one interface but equip 
it with guides or windows that are visible the first time a novice user starts using the 
phone. These guides can be removed by the users, when they feel that they can do 
without them. This has been applied in the computer software business for several 
years and seems to be a reasonably cost effective way of providing an interface that 
caters for both novice and professional users. A way of helping a novice discover short 
cuts is by giving a hint on a short cut after the user has performed the task the “hard 
way” a number of times. 
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Having too many options to choose from is another problem that confuses novice users. 
They do not yet have the knowledge to know which option is the right one, or more 
likely one, when solving a task. The overwhelming experience novice users may get 
when being confronted with too many menus, icons and buttons may be lessened by 
having the interface display only options that have been identified as important to 
novice users. Other, perhaps more complicated settings should not even be visible to 
the novice to start with. This way, a novice can acquire the feeling of mastering at least 
part of the interface before exploring more complicated areas. Having to learn too 
much too fast is discouraging. Taking advantage of an interface that is able to change 
into ”professional mode” at the user’s command may suit both novices and 
professionals.  

Conclusions 
The relationship between aesthetics and perceived usability has been discussed along 
with reasons for the observed differences, or lack thereof, between Ericsson-users and 
Nokia-users as well as between men and women. To summarize, the main findings 
were: 
 
• The correlation between perceived usability and actual usability was not 

significant. 
 
• A weak, but significant, positive correlation was found between pre-experimental 

impressions of the phones’ aesthetic values and post-experimental perceived 
usability, controlling for actual usability.  

 
• Previous experience of a mobile phone brand had little effect on how well a user 

succeeded in using a smartphone/communicator.  
 
• Men generally performed better than women on the objective performance measure 

Effectiveness on all interfaces. 
 
• The Motorola A6188 Accompli was generally the easiest interface to use. 
 
• The Ericsson R380 was generally perceived as the easiest interface to use. 
 
Although the subjects in this experiment were very familiar with computers and mobile 
phones, they were smartphone/communicator novices and had only received a very 
brief introduction to the three tested interfaces. It is therefore natural that some 
problems were experienced. Still, several problems could have been avoided if the 
conceptual models forming the foundations for the interfaces’ designs had been more in 
line with the subjects’ mental models. To sum up, the list below presents some lessons 
learned in this study: 
 
• Equip the interface with guides or windows that are visible the first time a novice 

user enters an application. To cater for both novices and professional users, help 
functions should be easily accessible and removable. 
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• Certain tasks, like sending an SMS and calling a person in the phone’s address 
book, should be possible to perform by both Channel- and Person-oriented 
interaction. 

 
• Provide clear feedback that leaves the user assured that goals have been reached 

successfully. Changes made in the phone’s settings should be implemented 
immediately. 

 
• Import the information on the SIM card automatically or prompt the user to import 

the information when starting to use the phone.  
 
• Except for scrolling, avoid functions that require the user to perform the compound 

Long tap on a touch sensitive screen.  
 
• If the user’s goal in a given context can be anticipated, make the options that most 

likely lead to the goal visible on the screen, instead of having the user look for 
them in a sub-menu.  

 

Further Explorations 
More research is needed to explore the relationship between perceived usability, 
effectiveness and aesthetics to examine the cognitive processes that lead users to 
perceive an interface as highly usable. Process-oriented data is needed to reveal why 
subjects perceive the phones’ aesthetics and usability as they do. Because we are at the 
early stage of discovering systematic methodologies for making user interfaces 
attractive, no hard guidelines are available. More empirical studies involving real users 
are needed in order to discover what users prefer. Experience from the software 
industry indicates that high-quality graphics are the basis for the seductive experience, 
but is not enough. For example, sound effects may enhance the experience of graphics, 
especially when they follow as a result of user actions.  
 
Regarding the first impression and the way users learn to operate a new interface, more 
research is needed to find adequate ways of guiding a novice user in a way that boosts 
performance and encourages further exploration of the interface. 
 
More research is needed to examine the factors determining the relevance of Channel- 
or Person-oriented interaction. 
 
The relationship between sex and usability needs to be explored in more detail. 

Experimental Shortcomings 
Putting users in a laboratory to examine the usability of information appliances does 
not capture all aspects of interaction, since the context is rather artificial and very 
controlled. The knowledge that their actions are evaluated and being recorded on video 
may also influence subjects’ behaviour. A usability evaluation taking place with 
subjects in their ordinary busy context would probably render different results and 
opinions.  
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The usability ratings were made after a very short, although intense, period of use. Had 
the subjects used the phones for a longer period of time, the perceptions of usability 
may well have been different. It is also possible that users felt obliged to rate the 
Ericsson R380 in favourable terms since the experiment was conducted by an 
experimenter hired by Ericsson, in Ericsson facilities. 
 
Since hints were given to the subjects if they got stuck solving a task, it can be argued 
that it is very difficult to use hints that give exactly the same advantage on all 
interfaces. A solution would be to give subjects unlimited time to solve the tasks, but 
this was not done for practical reasons.  
 
The subjects using a PDA daily were all male (4 users with Ericsson experience and 4 
users with Nokia experience). Two women had previously been using PDAs but had 
returned to using a paper calendar. It would have been desirable if the use of PDAs had 
been distributed equally between participating men and women.  
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Appendix 1 – Instructions 
Below are the instructions given to the subjects prior to the test. 
 
Instruktioner 
 
Du är inbjuden för att vara med och testa tre stycken olika telefoner: en Nokia, en 
Motorola och en Ericsson. Dessa telefoner är så kallade smartphones eller 
communicators. Med det menas att de förutom en vanlig mobiltelefon även kan 
användas som en elektronisk kalender/PDA, där man kan boka möten, skriva 
anteckningar, etc. Dessutom kan man läsa e-mail och titta på WAP-sidor med dem.  
 
Testet kommer att ta c:a 2 timmar totalt. 
 
 
 
 
Först kommer du att få titta på alla telefonerna och svara på lite frågor om deras 
utseende. 
 
Sedan kommer du att få ett antal uppgifter som du ska lösa genom att använda en 
telefon i taget. Efter att du har testat en telefon kommer vi att ha en kort paus och en 
diskussion om vad du tyckte om telefonen.  
 
Efter diskussionen får du en ny telefon att göra uppgifterna på.  
 
 
 
Testningen går till så här: 
 
Du kommer att få ett papper med 9 olika uppgifter på. Försök att lösa dem efter bästa 
förmåga. Om du skulle köra helt fast kan du alltid fråga mig om hjälp, men försök först 
själv.  
 
Du kommer även att få ett SIM-kort som ska sättas i telefonen. På det SIM-kortet finns 
det en lista med namn och telefonnummer lagrade. Dessa nummer kan du behöva för 
att lösa en del uppgifter. 
 
 
Kom ihåg – det är telefonerna som testas, inte du! 
 
 
Säg till mig när du har läst klart!
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Appendix 2 – Pre-Experimental Aesthetics 
Questionnaire 

 
Yttre design 

 
 
Vilket är ditt samlade estetiska intryck av Ericsson R380s yttre design? 
 
           Ful                                   Neutral                       Snygg  
             1                           2           3                        4     5               
     

 
 
  
 
 
 
 
 
Vilket är ditt samlade estetiska intryck av Nokia 9110 Communicators yttre design? 
 
           Ful                                 Neutral                                  Snygg  
             1                           2           3                        4     5               
     

 
 
 
 
 
 
 
 
Vilket är ditt samlade estetiska intryck av Motorola A6188 Accomplis yttre design? 
 
           Ful                                   Neutral              Snygg  
             1                           2           3                        4      5              
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Teckenfönster 
 
 
 
Vilket är ditt samlade estetiska intryck av Ericsson R380s teckenfönster? 
 
           Fult                                   Neutralt              Snyggt  
             1                           2           3                        4      5              
     

 
 
 
  
 
 
 
 
 
Vilket är ditt samlade estetiska intryck av Nokia 9110 Communicators teckenfönster? 
 
           Fult                                   Neutralt              Snyggt  
             1                           2           3                        4      5              
     

 
 
 
 
 
 
 
 
 
Vilket är ditt samlade estetiska intryck av Motorola A6188 Accomplis teckenfönster? 
 
           Fult                                  Neutralt              Snyggt  
             1                           2         3                        4      5              
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Känsla 
 
 
Vilket är ditt samlade intryck av Ericsson R380s knappar och hur den känns i 
handen? 
 
         Dåligt                                 Neutralt                 Bra  
             1                           2           3                        4     5               
     

 
 
 
 
  
 
 
 
Vilket är ditt samlade intryck av Nokia 9110 Communicators knappar och hur den 
känns i handen? 
 
         Dåligt                                 Neutralt                 Bra  
             1                           2           3                        4    5               
     

 
 
 
 
 
 
 
 
Vilket är ditt samlade intryck av Motorola A6188 Accomplis knappar och hur den 
känns i handen? 
 
         Dåligt                                  Neutralt                 Bra  
             1                           2           3                        4     5               
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Användbarhet 
 
 
 
 
Hur tror du det kommer att bli att använda Ericsson R380s? 
 
         Svårt                                  Neutralt                Lätt  
             1                           2           3                        4     5               
     

 
 
 
  
 
 
 
 
Hur tror du det kommer att bli att använda Nokia 9110 Communicator? 
 
         Svårt                                  Neutralt                Lätt  
             1                           2           3                        4     5               
     

 
 
 
 
 
 
 
 
 
Hur tror du det kommer att bli att använda Motorola A6188 Accompli? 
 
         Svårt                                  Neutralt                Lätt  
             1                           2           3                        4     5               
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Appendix 3 – Tasks  
 
Below are the tasks as presented to the subjects. XX was substituted for Ericsson R380, 
Nokia 9110 Communicator and Motorola A6188 Accompli depending on the interface 
used. An English version of the tasks is found in The Experiment chapter. Each task 
was presented on a separate sheet of paper.  
 
Uppgift 1 
Du har precis köpt en XX och vill börja använda den så snabbt som möjligt. Du 
befinner dig hemma i din bostad och är ensam hemma.  
 
Sätt i SIM kortet och starta sedan telefonen. 
 
PIN-koden till kortet är 1602. 
 
Uppgift 2 
Du ser att telefonen visar hur mycket klockan är. Ställ in klockan och datumet om dessa 
inte stämmer. 
 
Uppgift 3 
Du vill ha reda på vilken ringsignal som ljuder vid ett inkommande samtal. Välj en 
signal som du vill ha. 
 
Uppgift 4 
Du vill inte att telefonen ska låta när du trycker på skärmen (Ericsson R380 and 
Motorola A6188 Accompli) / tangentbordet (Nokia 9110 Communicator). 
 
Uppgift 5 
Imorgon ska du gå till biblioteket och läsa. Därför vill du ställa in att telefonen endast 
vibrerar om någon ringer eller skickar ett SMS till dig. (Note: For the Nokia 9110 
Communicator, the last sentence was substituted for Därför vill du att telefonen inte 
låter om någon ringer eller skickar ett SMS till dig, since the Nokia 9110 
Communicator does not have a vibrator but instead uses a flashing screen in silent 
mode.  
 
Uppgift 6 
För att tala om att du har köpt en ny telefon så vill du ringa upp Petter. Hans nummer 
finns lagrat på ditt SIM kort. 
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Uppgift 7 
Du har fått ett flyttkort från din kompis Anna Svensson. Kontrollera vilka uppgifter 
som finns lagrade om henne på ditt SIM-kort! 
 

 
 
Stämmer de lagrade uppgifterna med detaljerna på flyttkortet? Om de behöver ändras 
eller kompletteras, gör det och spara de nya uppgifterna på ett lämpligt ställe i 
telefonen! 
 
Uppgift 8 
Du vill skicka ett SMS till Sven och meddela din portkod som han frågat efter. 
 
Meddelandet ska innehålla: ”Hej! 1934”. 
 
Uppgift 9 
Din chef har kallat dig till ett planeringsmöte i Husby imorgon mellan 12 och 14. Boka 
in det i telefonens kalender.  
 
Du vill bli påmind om mötet 1 timme i förväg för att hinna köra dit. 

FLYTTKORT 
 
Jag har flyttat!  
 
Mitt nya nummer är 12345 och min  
e-mailadress är anna@se.com.  
 
Hälsningar Anna Svensson 
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Appendix 4 – The System Usability Scale 
 
 
 Håller EJ 

med alls 
 

   Håller 
med full-
ständigt 

1. Jag tror jag skulle tycka 
om att använda den här 
telefonen regelbundet. 

 

1 2 3 4 5 

2. Jag tyckte att telefonen 
var inkonsekvent. 

 

1 2 3 4 5 

3. Jag tyckte att det var lätt 
att hitta i menysystemet. 

 

1 2 3 4 5 

4. Jag kände mig osäker när 
jag använde telefonen. 

 

1 2 3 4 5 

5. Jag tror att de allra flesta 
skulle lära sig att använda 
telefonen snabbt. 

  

1 2 3 4 5 

6. Jag tyckte att telefonen 
var besvärlig att använda. 

  

1 2 3 4 5 

7. Jag tyckte att de olika 
funktionerna i telefonen 
var väl integrerade. 

 

1 2 3 4 5 

8. Jag lyckades bra med att 
utföra uppgifterna jag 
fick. 

  

1 2 3 4 5 

9. Knapparna och 
symbolerna i telefonen 
var svåra att förstå. 

 

1 2 3 4 5 

10. Jag fick bra feedback från 
telefonen.  

 

1 2 3 4 5 

11. Jag känner mig motiverad 
att fortsätta lära mig 
använda telefonen. 

1 2 3 4 5 

12. Om jag hade råd skulle 
jag köpa telefonen. 

 

1 2 3 4 5 
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Appendix 5 – Difficulties on the Ericsson R380 
The number of Ericsson-users and Nokia-users experiencing certain problems on the 
Ericsson R380 are displayed below. 
 
N-users = Subjects with extensive experience of using Nokia mobile phones (N=9) 
E-users = Subjects with extensive experience of using Ericsson mobile phones (N=9) 
 
 
   
Task 1 
Start using the phone      N-users E-users 
Presses the NO key too short time when switching on the phone 4  
Pulls battery securement the wrong way 3 1 
 
Task 2  
Set the time and date      N-users E-users 
Tries to set time and date in Flap Closed mode   8 8 
Taps on the Watch/Date instead of using the Task menu in the 
Clock application 

7 7 

 
Task 3  
Select ring signal       N-users E-users 
Does not understand that <Nordic theme> is to be tapped in the 
Ring signals menu 

3 2 

Does not understand the label ‘Voice call’ in the Ring signals 
menu 

1 2 

Tries to select ring signal in Flap Closed mode 1 1 
Taps on Cancel arrow instead of OK when wanting to save 1 1 
Selects Own melodies instead of Ring signals 1 1 
Selects Ring controls instead of Ring signals 4 4 
 

 

 
 

Task 4 
Get rid of screen click sound      N-users E-users 
Searches the Phone settings Sounds and Alerts menu instead 
of System Settings Global menu    

9 6 

Insecure if click sound really has been turned off when done 6 7 

Task 5  
Make the phone vibrate only when receiving an SMS or call N-users E-users 
Insecure whether the SMS alert will vibrate only when finished 1 2 
Taps on Ring signals instead of Ring controls 1 3 
Insecure if ‘Silent mode’ is activated by choosing On or Off in 
the Ring controls menu  

1 3 

Searches the System menu instead of Phone Settings menu 1 2 
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Task 6  
Call a number stored on the SIM card    N-users E-users 
Does not tap the crucial Task menu in Contacts Contents list 
without a hint 

7 6 

Uses the Search function before the necessary Import from the 
SIM card has been made 

4 4 

Explores Telephone Call Submenus 5 6 
Uses the Down arrow in Flap Closed mode to access the 
Phone Book (as done on Nokia mobile phones) 

1  

Explores Personal Details instead of Contents list in Contacts 6 7 
 

 

 

 

Task 7  
Edit the information on Anna Svensson    N-users E-users 
Taps on Anna Svensson’s phone number, thus involuntarily 
calling her 

7 5 

Believes tapping the Desktop arrow ends the call. (A hint would 
be needed for the user to realise that the call is still active.) 

6 5 

Looking for Anna Svensson in Personal Details 6 4 

Task 8  
Send an SMS to Sven       N-users E-users 
Not clear if Sven is selected when choosing recipient in the SMS 
application 

5 5 

Searches for Sven in Personal Details 2 1 
Sends SMS before writing the text message 1  
Attempts to access Sven’s number on the SIM card from the 
SMS application 

4 2 

Does not understand that OK means ‘Send’ in the SMS 
application 

3 3 

Taps on the Task menu after writing text, attempting to return to 
the ‘New message’ overview 

2 2 

Calls Sven involuntarily 1  
Attempts sending SMS in Flap Closed mode 2  

Task 9  
Schedule a meeting       N-users E-users 
Does not want to enter a ‘Description’ 5 6 
Scrolls to 59 minutes 6 7 
Does not use the Down arrow when proceeding from one field 
to another in the New meeting application 

8 7 
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