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Abstract 
The cellular telephone has become one of the most common consumer devices. Yet, there 
are very few published studies about their usability. We performed a small usability study 
involving nine people using their own telephones. While the study was too small to be sta-
tistically significant, we found no evidence that either of the tested brands, Nokia and Sie-
mens, were easier to use. Our study did find that it was difficult to find and use uncommon 
functions. This suggests that interface design could be improved on newer cellular tele-
phones. In particular, their large screens could be used to give a better overview of the 
menu structure, the structure itself could be improved, and the difference between SIM-
card memory and telephone memory could be hidden. 
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1 Introduction 
In the last few years, mobile phones have grown to be one of the most common consumer 
devices. The phones themselves have expanded in functionality from a device to dial num-
bers to a personal digital assistant. It is now common for a mobile phone to include a per-
sonal phone directory, an alarm clock, an appointment calendar, and several games. In con-
junction with the mobile phone’s popularity, a folklore about which brands are easiest to 
use has arisen. Therefore, we decided to test how hard it is to use different common and 
uncommon functions on mobile phones. 
 
In order to test usability, we recruited nine participants with various backgrounds to per-
form 26 different tasks. The tasks ranged from simple everyday functions, such as finding a 
number in the phone book, to more uncommon and complex tasks, such as adding an activ-
ity to the calendar. We videotaped the mobile phone during use and counted the number of 
keystrokes used for each task. These counts were then compared to the minimum number 
of keystrokes needed in order to get a measure of how well the owners knew their phone’s 
interface. 
 
While our study was too small for statistical significance, we could see no difference be-
tween the two brands tested, despite the folklore that indicates that Nokia phones are easier 
to use than Siemens phones. However, we discovered that there were functions in both 
brands that were difficult to find and difficult to use. Some functions were not found at all 
by the owner, who just assumed that they were not featured, although they actually were 
available on the phone. Sometimes, the owners searched through the same menu more than 
once, indicating a lack of overview and organization problems in the menu system. An-
other interesting observation was that users often made more than 50 keystrokes before 
giving up. 
 



In the next section we briefly describe related work followed by sections describing our 
experiment, its results, and a discussion of their meaning. 
 
2 Related work 
In one of the few reported tests of a cellular phone, Böcker and Suwita (1999) evaluated 
two possible interfaces for the Siemens C10. They used a computer simulation to compare 
both an icon-based, and a text-based, hierarchical menu system to find out which had better 
performance. With a test of 80 users, they found that users were more able to complete 
tasks with the text-based interface, but that they were more likely to buy a phone with the 
iconic interface. Böcker and Suwita also report that the study found many usability prob-
lems with the proposed C10 interface design – a result that was very valuable to Siemens. 
 
Silfverberg, MacKenzie, and Korhonen (2000) present a theoretical evaluation of different 
methods of entering text into any phone. They compared the T9 method (Grover, King, & 
Kuschler, 1998), the multi-press method (e.g., pressing the 2-key three times for a C), and 
the 2-key method (e.g., pressing 2-3 for a C). They constructed a keystroke-level model 
(Card, Moran and Newell, 1983), of the three entry methods. They then conducted two 
experiments to determine the prediction constants required for Fitt’s Law using a Nokia 
5110. From these results Silfverberg, et. al. predict that T9 will be about twice as fast as 
multi-press. James and Reischel (2001), performed a test to verify these theoretical predic-
tions. In their setup, they allowed the user to move the phone into a comfortable position 
and then clamped it into place. They then used a video camera to record the user’s opera-
tion of the phone. James and Reischel’s measurements showed that users did not match 
predicted times with the multi-press method. As a consequence, T9 was far superior for 
experienced users, even if they only achieved about 75% of the predicted efficiency. 
 
3 The Usability Test 
We began by performing an analysis of functions that were possible with cellular phones. 
From this analysis, we constructed a list of twenty-six tasks for the experiment participants 
to perform. (See the first column of Table 1). The tasks included both frequently used and 
infrequently used functions. Not all the functions were available on all phones, but frequent 
and infrequent functions were present on all phones. A frequent task would be to call a 
number in the phone book. An infrequent task would be to check the list of available 
operators, which is only meaningful when users are outside of their home country. For each 
of these tasks, we constructed a keystroke-level model for each of our test phones. The 
model was limited to the shortest path through the phone’s interface. This path might have 
been via a shortcut key sequence. In this case we also computed a sequence for the menu 
path as well. Comparison of the length of the paths gives an indication of the learning 
difficulty for an interface and the time to execute functions in it. For frequent tasks, all 
phones provided an interface that allowed them to be executed in 10 keystrokes or less. 
 
Due to limited time, we were forced to test only two different phone brands. We found that 
it was easiest to recruit subjects who owned Nokia, Ericsson, and Siemens phones. Our 
perception was that Nokia and Ericsson interfaces were more similar than Nokia and Sie-
mens interfaces. So, we elected to recruit owners of only Nokia and Siemens because the 
folklore in our area is that Nokia phones are easiest to use and Siemens phones are the 
most difficult. However, our keystroke-level model showed that, while they differed from 



function to function, the models were of about the same size and complexity. Individual 
functions took fewer keystrokes with one or the other, but on the average, they were about 
equal. 
 
In order to test how well users had learned their phone interfaces, we conducted a usability 
test. In the test, each owner was asked to perform each of the 26 tasks once. Because we 
wanted users who were experienced, we selected participants who had owned their phone 
for at least two months. We originally wanted to have only one model from Siemens and 
one model from Nokia. However, difficulty in recruiting participants forced us to accept 
two models from each manufacturer. The phones used in the usability test were the Nokia 
3210, Nokia 3310, Siemens C35, and Siemens C45. The user interfaces for the Nokia and 
Siemens models are quite similar within manufacturers. All test participants brought their 
own phone. Gender and age of the participants were not taken into account, although the 
group consisted of both men and women between 20 and 50 years old. Some participants 
received a movie ticket for their participation, while others were unpaid volunteers. They 

Table 1 –Number of keystrokes over optimal path by participant for each task. 

Telephone model 3210 3210 3210 3310 3310 C35 C45 C45 C45 
1. # to phone book 5m 0m 0m 74m 0m 0 5m 3m 3m 
2. Add # of last call 13 9 18 10 24 4 1 10 1 
3. Find a number 2 0 14 0 6 3 0 10 3 
4. Erase a number 0 8 2 4 15 1 0 18 0 
5. Move, phone to SIM na na 37f,p 27 ea ea 7f ea 22f 
6. Memory status 9 41 ea 64f ea 50f 95f 21f ea 
7. Set the alarm 0 0 10 8 0 0 0 37 9 
8. Add meeting to calendar na na na na 18f 23i 35 45f 41f 
9. Add a reminder na na na 17 4P 2 19 15f 9 
10. Set the time 1 1 8 8 2 20 5 12 40f 
11. Configure alarm na na 23f 68f 20f 3f 50f 33f na 
12. Set timer na na 33f 11 17 5 na 23f na 
13. Stopwatch na na na 5 11 0i,P na na na 
14. Call someone 0 2 1 0 1 0 0 0 0 
15. Check missed calls 3 1 5 0 6 7 0 2 2 
16. Check last call 1 0p 0p 25 0 0 0 0 p 0 
17. Hide your number 2 17 18f,p 4 52f 28f 2f 26f 45f 
18. Send SMS 4 1 4 0 20 0 0 0 0 
19. Read SMS 0 0 0 0 0 3 0 0 0 
20. Key lock, off + on 0+0 4+0 ea 0+0 0+0 0+0 0+0 0+0 5+1 
21. Calculate 1 12 9 13 3 6 60f na na 
22. Check networks 8 4 4 65f 36 7 35 12 7 
23. Change ring signal 2 2 21p 2 6 5 6p 11 4 
24. Draw pictures na na na na na na na na na 
25. Screensaver na na na ea 15 na 9 ea 17 
26. Compose ring signal 0p 4 3p 34 11p 10 40 f 65 f 29 f 
f Failed: total keystrokes reported 
i Incorrect solution – used another function to solve the problem: total keystrokes reported 
m User chose the menu system when a shortcut existed, deviation is from the shortest menu path. 
na: Not available on this phone and the user knew it. 
ea: Available on this phone, but the user said it was not 
p Did the task from the end of the previous task: keystrokes counted from there 



completed the experiment in 10 to 30 minutes. 
 
When performing the test, participants were seated with the phone in their hands. We 
videotaped the phone from over the test participant’s shoulder (Figure 1) with the camera 
focused on the phone (Figure 2). This setup is similar to that used by James and Reischel 
(2001), but allows the participant more freedom. It does, however, require the camera op-
erator to be alert. In order to ease recording keystrokes, we required all participants to en-
able the audio “click” feedback on their phones. (In fact, all had disabled this feature.) 
 
Before the test began, participants were informed that all functions might not exist on their 
phone and that they could skip the task if they were sure that the function was unavailable. 
Once the participant was comfortable, they performed the 26 tasks sequentially without 
assistance from the experimenters. Before attempting it, the participant was allowed to 
state that the task was not possible and go on to the next task. They could also give up at 
any time. For all tasks, we counted the number of keystrokes as a measure of performance. 
Keystroke count was preferred over measuring time because even among experienced users 
there is a large difference in how fast they press the keys. We used the number of extra 
keystrokes as a measure of how imperfectly the participant had learned the phone interface. 
 
4 Results and Discussion 
Table 1 provides a summary of all participants for all tasks. In general, test participants 
were able to perform frequent functions, such as calling or sending an SMS message, in 
near optimal fashion. All our test participants used T9 when writing an SMS message. 
However, some thought that T9 worked when adding names to the phone book. This points 
out a flaw where the design does not follow the test participant’s mental model (van der 
Veer & del Carmen Puerta Melguizo 2002). Participants apparently did not differentiate 
between typing a name and typing a message. As T9 was present for SMS text entry, they 
felt it should be present when entering names. 
 
In general, we felt that the participants were not very familiar with how to perform the in-
frequently used functions. Indeed, after the test, one participant told us that he had gained 
new knowledge about the functions in his phone. They were often quite persistent when 
trying to locate functions that they did not know. One used nearly 100 keystrokes before 
giving up with about 30 being most common. Figure 3 presents a histogram of the number 
of keystrokes before giving up. When searching for functions, participants often had diffi-
culty remembering where they had searched. They frequently searched the same menu 

  

Figure 1: Test setup Figure 2: The view seen by the camcorder 



more than once and often looked at the 
same item more than once when they 
searched a menu panel. The primary 
problem is that a menu usually has 
many more items than can be displayed 
at once. This overloads the user’s 
short-term memory, and they lose track 
of what they have searched. 
 
For infrequently used functions, the 
participants had a much more difficult 
time. For example, when finding the 
menu for changing network provider 
(Table 1 task 22, “Check networks”), 
no participant was optimal, and one 
failed to complete the task. As this 
function is not important in their home 
country, participants could be expected 
to be less familiar with it. However, 
this function is currently important for obtaining the lowest price when abroad. Perhaps, 
phone software should be written to consider both price and signal strength when selecting 
a foreign operator. 
 
Checking the number of entries remaining in the phone book (Table 1, task 6, “Memory 
status”), was another problematic function for all phone brands. Indeed, there seems to be a 
fundamental flaw in the design of memory handling on both phones. The owner’s mental 
model is of one memory containing the phone book. However, the phone book on most 
phones can reside in both the SIM card and in the phone. This dual memory leads to confu-
sion. 
 
A final observation on common usage is that while both manufacturers had gone to consid-
erable effort to design shortcuts or “quick keys” this effort seems wasted. Participants 
rarely used a quick key for a function that was on the menu. Manufacturers should recon-
sider this practice. 
 
In addition to functions where there was a common problem, each phone brand has a sepa-
rate set of unique attributes. 
 
4.1 Siemens 
Siemens phones have several unique features designed to simplify use. They have config-
urable menu options on the first menu and a special button for the phone book. Particularly 
useful, is a marker indicating the end of the menu, which helps prevent going through the 
same menu several times. These features are balanced by several others that are particularly 
difficult. 
 
Moving phone numbers from the phone memory to the SIM card not only suffered from 
problems with the user’s mental model, the function was difficult to find as it was buried 
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Figure 3: Histogram over number of keystrokes 



deeply within the menu system. No Siemens owner succeeded in performing the move 
task. In addition, users were limited to moving one number at a time, which could be ex-
tremely tedious. Time and alarm functions were also buried deeply within the menu system 
and difficult to find. 
 
4.2 Nokia 
Nokia phones differ from Siemens in that their interaction style is designed to be uniform. 
Thus, the phone book appears only in the menu system. The menus themselves are navi-
gated with up and down arrows and items selected with a single button. This is a three-
button analog of an early Nokia design that used a wheel for navigation and a button for 
selecting menu functions. 
 
One problem with the Nokia phones is their handling of calls where the user explicitly de-
nies answering a call. These calls are moved to the received call list. However, the user’s 
mental model is that the call was missed. This makes finding the caller’s number a prob-
lem. 
 
As with the Siemens phones, setting the clock was difficult to find on Nokia phones, al-
though searches by participants who knew where it was were shorter. 
 
Finally, an interesting though perhaps not very significant problem was the location of the 
screen saver function in the “Tones” menu on the Nokia 3310. This location seems out-of-
place and was difficult to find. Indeed, the screen saver has been moved on the 3410, but it 
seems that this type of problem could be caught by any usability inspection method. 
 
4.3 Suggested Improvements in Interface Design 
The current trends in product design make it clear that mobile phones are becoming small 
computers with a built-in telephone. This trend requires much more careful user interface 
design. Already, users have trouble finding menu items. Menus must be designed for effi-
cient view traversal and navigability (Furnas, 1997). Word choice is particularly important 
as any menu item must include all items underneath it and simultaneously exclude all items 
found elsewhere in the menu (Paap, & Cooke 2002). Designers should consider having 
groups of potential users assist in the design by choosing the words and organizing the 
menus. This also applies to different languages. A colleague of ours has switched her 
phone from her native language to English because the translation into her native language 
does not use the proper colloquial expressions, and this makes locating infrequently used 
menu items difficult. 
 
Another possibility is the use of split menus (Sears & Schneiderman 1994). Split menus 
place the two-to-four most frequent selections first in the menu. As menu navigation time 
is linear in the distance from the top of the menu, having frequent items first greatly speeds 
selection. Note, Sears and Schneiderman recommend that menu reorganization be initiated 
by the user and not done automatically by the system. Finally, the new phones have larger 
displays. These should be used to display more menu items and help users get a better 
overview. 
 



Designers should pay more careful attention to the user’s mental model. We found three 
places where there was a divergence that caused problems. The first is with T9 being en-
abled only part of the time. Designers should consider similar functionality whenever the 
user is typing. We suggest that names are added to the T9 dictionary or that there be a sepa-
rate T9 dictionary with names for the phone book. 
 
The second place where the users’ mental models are violated is with respect to dual mem-
ory. Many do not see the phone memory and the SIM-card memory as separate. Problems 
could be avoided by having the phone software present a unified picture of the memory. 
 
Finally, the designers should take the users’ point-of-view with respect to missed calls. A 
missed call is an unanswered call, regardless of whether the user didn’t answer or explicitly 
cancelled the call while it was ringing. 
 
Perhaps most important of all is a recommendation to test the interfaces of new phones 
with potential users before releasing them on the market. 
 
5 Conclusions 
We have tested four different models of mobile phones with users. The users were asked to 
operate phones that they had owned for at least two months. We found that users could 
perform frequently used functions, such as making a call, without problems. However, we 
found that correct access for infrequently used functions was problematic. In particular, it 
was difficult to search the menu systems for an infrequently used function. We also found 
fundamental design problems where the user’s mental model of the device diverged from 
its actual operation. 
 
We feel that phone usability could be greatly increased by careful menu design and that 
careful attention should be paid to navigation. Manufacturers should reconsider designs 
that violate common mental models. Hiding the dual nature of phone and SIM-card mem-
ory, taking the users’ point-of-view with regard to missed calls, and having a unified text 
input model would all decrease problems in operating the phone. 
 
Our work is, of course, incomplete. We would like to test novice users to see how easy it is 
to learn to use a new phone. We would also like to test more brands and models in order to 
get a more complete picture of phone usability. It would also be interesting to develop bet-
ter models of the phone interfaces. These could possibly be used to predict usability and to 
generate the interfaces themselves. 
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