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Abstract. Operational errors were collected and analyzed with regard to the use 
of different tablet UIs. The effects of previous operational knowledge upon the 
use of new devices were clarified through user experiments in which forty sub-
jects participated. A comparison was made of three different types of tablet UIs 
that were equipped with three different operating systems: iOS 5, Windows 8 
(release preview), and Windows 7. The results showed the user’s dependence 
upon previous operational knowledge when using a new tablet PC. This depen-
dency was demonstrated both in the ratio of the users’ accurate operation, and 
in their process of exploring an unknown operation. 
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1 Introduction 

In recent years tablet PCs have rapidly achieved widespread use, providing a variety 
of applications, such as music players, email, maps, and camera. To maximize the 
utility of these applications, users must know how to select a desired application and 
execute the related tasks, as well as know how to switch to other applications. One of 
the problems of tablet PCs is that they have different touch or gesture operations be-
cause each one is equipped with its own operating system (OS), whose operations are 
designed based on their different policies. To take one example, iOS features the me-
taphor of real world interaction in the elements of its gesture design, such as flipping 
a sheet of paper [1]. Windows 8, on the other hand, focuses on the redesign of optimal 
touch operation, as shown in features such as its dynamic menu bar, which is based on 
the idea that simple physical interactions alone are not sufficient to realize flexible 
operations [2]. 

Users often make mistakes with new tablet PCs because they tend to operate them 
based on their previous experience of similar devices [3]. Therefore, from the pers-
pective of Human–Computer Interaction (HCI) it is important to analyze such com-
mon operational errors [4], identify the effects of previous experience, and apply the 
results to the operations of new tablet PCs. 
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A number of experimental research efforts on tablet PCs have focused upon the 
domain of HCI. Li et al. [4] reported that the adoption of buttons that can be pressed 
by the non-writing hand offers the fastest performance with a pen tablet interface. 
Bragdon et al. [5] presented bezel-initiated gestures, which offered the fastest perfor-
mance with smart phones, and mark-based gestures, which were the most accurate. 
These studies provide a framework of general knowledge for the design of touch op-
eration, but they do not consider the differences in knowledge or experience among 
users. As regards the effects of previous knowledge upon the operation of a new de-
vice, we have conducted several previous user tests that involved switching to a new 
DVD recorder. Our results showed that there are specific operational error patterns 
that depend upon the user’s previous experience using DVD recorders of individual 
manufacturers [6][7]. The results also indicated that operational errors can be used for 
estimating user intention and for generating adaptive help.  

A similar phenomenon of a prior-knowledge effect is common in the operational 
errors users make when using a new tablet PC, because the touch operations are de-
signed with variations in the origin, direction, and number of fingers used. In our 
DVD recorder experiments, we observed that this led to users making multiple 
guesses as to how they would operate a new device. The aim of this study is to clarify 
the effects of previous knowledge during the use of a new tablet PC, and analyze the 
resulting error patterns in order to provide improved usability via adaptive operational 
support. The experimental results showed that dependency upon previous knowledge 
could be observed both in the users’ ratios of accurate operation, and in their process 
of exploring unknown operations. 

2 Operation Model for Tablet PCs 

2.1 Definition of Operation Model 

We differentiate a tablet PC’s model of operation in terms of two perspectives: the 
operation model of the user, and the operation model of the device. The operation 
model of the user is a set of rules that the user knows about how the device works, in 
terms of its internal structure and processes [9]. The operation model of the device is 
a set of rules about the device-side functions, and how they are programmed to per-
form in response to the user’s operation. In this paper, we refer to the operation model 
of the user as the “operation model,” and the operation model of the device as the 
“device model.” The influence of the operation model upon a user using a new device 
is shown in Figure 1. 

As shown in the figure, user A has an operation model A, and user B has an opera-
tion model B, which is different from operation model A. When users A and B begin 
to use a new device C, each user operates it based upon the operation model  
they already know (in this case, as model A and model B, respectively). If their pre-
viously known operation model does not enable them to correctly operate device 
model C, the device interprets operation A and/or operation B as an error operation. 
In general, operation A is not always equivalent to operation B because they are based 
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upon  
different operation models.  

In addition, two processes take place before a function is executed. The first  
process is the user’s internal prediction of the procedure, based upon that individual’s 
operation model. The second is an action process, based upon looking at the device’s 
surface design. According to this model, an error operation occurs when the operation 
model and device model are not in agreement, or when the user cannot find the  
appropriate button after scrutinizing the surface design of the new device. 

 

Fig. 1. Interpretation of user’s operation according to the device model 

2.2 Operation Model of a Tablet PC 

A tablet PC is characterized by a flat menu structure and touch operation. Application 
icons are evenly arranged on the home screen, and the user touches the desired appli-
cation icon in order to execute the application. Figure 2 shows a conceptual diagram 
of the selection of an application on a tablet PC. The application icons are displayed 
on the home screen, and the selected application occupies the entire screen. This sim-
ple procedure of application selection dramatically improved the usability of the tablet 
as compared with the conventional mobile phone, PC, and DVD recorder, which had 
complicated menu structures. However, switching applications still presented a diffi-
culty, because one application occupies the entire screen, and all the buttons on the 
screen are intended for the current application.  

A conceptual diagram of the transition between applications is shown in Figure 3. 
As shown in the figure, the screen is used to display home, each application, and the 
settings of the OS. The transitions between screens are usually operated using a phys-
ical button that is outside the tablet screen. However, every OS provides a touch oper-
ation for switching between screens by bypassing the home screen without pressing 
the physical button. In summary, the operation of tablet PCs can be separated into 
four categories: (i) transitions between home and applications, (ii) transitions between 
applications, (iii) operations in a single application, and (iv) transitions between  
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be acquired through this learning step. Seven learning tasks (Q1–Q7) were prepared, 
as shown in Table 2, which covered the transitions (i–iv) shown in Figure 3. An  
example of a task sheet that was used for learning win8 is shown in Figure 5. The 
answer operation was designated by the drawing. 

Table 2. The learning tasks 

Task Statement Class Task Statement Class

Q1 Start Internet Explorer (IE). (ⅰ) Q8 Select music from the application list. (ⅰ)

Q2 Back to the home screen. (ⅰ) Q9 Play the music. (ⅲ)

Q3 Start music. (ⅰ) Q10 Stop the music. (ⅲ)

Q4 Change from music to IE. (ⅱ) Q11 Go back to the home screen (ⅰ)

Q5 Open a tab on IE. (ⅲ) Q12 Start map. (ⅰ)

Q6 Back to the home screen. (ⅰ) Q13 Change a display to an aerial photograph. (ⅲ)

Q7 Display an application list. (ⅳ) Q14 Change from map to music. (ⅱ)

Q15 Display an application list. (ⅳ)

Testing tasksLearning and testing tasks

 

Step2: Confirmation (5 min). A confirmation test was conducted to determine whether 
the operations in step 1 had been performed correctly. Error operations were learned 
again until all tasks were performed correctly. We assumed that the users acquired an 
understanding of the operation model during Steps 1 and 2. 

Step3: Testing (maximum 30 min). Each group performed an experiment using a dif-
ferent tablet (the column ‘Testing’ in Table 1). Fifteen operational tasks were pre-
pared, as shown in Table 2. The testing tasks Q8–Q15 shown in Table 2 were the 
same kind of tasks as tasks Q1–Q7. These tasks were added in order be able to ana-
lyze the user’s process of operation discovery via exploratory interaction. The maxi-
mum time for one task was set at 2 min, and the subject could give up the search at 
any time. During the testing step, the users’ operation sequences were recorded by a 
video camera, and the number and types of operations they performed were analyzed.  

3.3 Results 

Accuracy Rates for All Tasks. The mean accuracy rates for all tasks for all subjects are 
shown in Figure 6. The arrows indicate the users’ movement from the learning tablet to 
the testing tablet, while the percentages indicate the accuracy rate. As can be seen in the 
figure, the accuracy rate of each group was more than 56%. This rate includes the tasks 
that were unknown to the subjects, and thus shows that the interface of each tablet was 
well designed for beginners. As regards the differences in accuracy, the rates for groups 
that tested Windows 8 (G1:85%, G3:86%) were approximately 20% higher than those 
for groups that tested iOS (G2:60%, G4:56%). These results show that Windows 8 
makes it easier to discover the correct operation via exploratory interaction. 

Accuracy Rates for Each Task. The mean accuracy rates for each task for all sub-
jects are shown in Figure 8. The tasks that received ratios of less than 30%, which are 
grayed out in Figure 8, were Q2, Q4, Q6, Q7, Q11, Q14, and Q15, all of which were 
related to application switching. The remaining tasks involved application selection or 
operation (classes (i) and (iii) in Tables 2 and 3). These results show that operation 
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error tends to occur most in the switching between applications. Moreover, the rates 
of these tasks differed, depending upon the tablet being used. For example, in Q4, 
even though G1 and G3, which operated win8, showed a rate of 80%, G2 and G4, 
which operated iOS, showed low rates of 20% and 0%, respectively. These results 
suggest that the design concept of each OS influenced its usability in a user’s initial 
use of a new tablet PC. 

 

 

Fig. 5. Example of a task sheet 
 

Fig. 6. Accuracy ratio for all tasks 
 

The Influence of Previous Knowledge. On all 15 tasks, all users made their first 
operational error on Q2. Detailed analysis was then performed on the operational 
records for Q2 (“Return to home screen”), in which we expected to observe the ef-
fects of learned knowledge. The task of returning to the home screen is difficult  
because the screen is occupied by the current application, and no information is  
displayed for application switching or returning to the home screen. 

Table 3. Accuracy ratio for each task 

G1:iOS→win8 G2:win8→iOS G3:win7→win8 G4:win7→iOS

Q1 100 100 100 100

Q2 60 0 50 10

Q3 100 100 100 100

Q4 80 20 80 0

Q5 100 100 90 100

Q6 70 20 90 10

Q7 10 20 30 0

Q8 100 100 100 100

Q9 100 100 100 100

Q10 100 100 90 100

Q11 100 20 90 10

Q12 100 100 100 100

Q13 100 80 100 90

Q14 100 20 100 20

Q15 50 20 70 0

Q1-15 85 60 86 56  

The frequencies and ratios in the operational records for Q2 are shown in Figure 
7(a). The operational records included the number of fingers used, the starting  
point gesture on the screen, and the type of action used (e.g., tap, swipe, pinch). The 
records were classified into three categories: (a) the bezel gesture, as a starting point 
gesture on the outer frame, which was peculiar to Windows 8 (bezel); (b) the use of 

Q.4 Change from music t o Internet  Explorer.

A.4 S wipe from t he left  frame.
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four fingers, which was peculiar to iOS (four-finger); and (c) other operations (other). 
The ratio for the bezel gesture was 45% in G2, who learned using Windows 8, a ratio 
that was more than 1.5 times those of the other groups (19–31%). The ratio for the  
four-finger gesture was 20% in G1, who learned using iOS, whereas the ratio was 0% 
in the other groups who did not learn using iOS. These results show that the user’s 
previous knowledge interferes with his initial operation of a new tablet PC.  

 

Fig. 5. Frequencies and ratios for operations 

The frequencies and ratios in the operational records for all tasks are shown in Fig-
ure 7(b). Compared with Q2, the ratio of bezel operation increased from 20% to 40% 
in G1 and G3. On the other hand, the four-finger operation hardly changed, showing a 
movement from 0% to 3% in G2 and G4. These results suggest that the exploratory 
operation as related to the number of fingers was more difficult than the search as 
related to the starting point or action. 

3.4 Analysis of the Error Factor 

We then analyzed the factors involved in error tasks whose accuracy rates were less 
than 30%. Error tasks were collected for Q2, Q4 and Q7 after the same task was 
summarized. The correct operation of these three tasks is shown in Table 5. The box-
es with bold lines show the operation of error tasks. In Q2 and Q4, the menu search 
tasks, such as the menu tapping of win8, had a high accuracy rate (50–80%), whereas 
gesture search tasks, such as the pinching and swiping of iOS had a low accuracy rate 
(0–20%). Similarly, on Q7, the gesture search tasks had a low rate (0–30%).  

These results show that operating errors occurred during tasks that required a ges-
ture search other than a menu search. Figure 9 shows the mean accuracy rate for tasks 
that required both menu search and gesture search. The accuracy rate of the menu 
search tasks was 95%, whereas that of the gesture search tasks was 18%. This sug-
gests that it is difficult for users to find a new gesture even if the design of the correct 
gesture is based on a real world action. Gesture search was one of the factors that 
reduced the immediate usability of tablet PCs. 
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Fig. 8. Correct answer operation for error tasks.

 

Fig. 9. Accuracy ratios for menu search tasks 
and gesture search tasks. 

4 Discussion 

Application to Operational Support. Our first main finding is that users’ previous 
knowledge of a tablet PC has a strong influence on their degree of operational error 
when first using new tablet PC, especially when switching applications. This means 
that it is necessary to provide optimum support according to the user’s experience, in 
addition to improving usability by standardizing the device’s interface design, to  
prevent operational errors. In order to realize such optimum support, estimation of a 
personal operation model for each user is needed. If a device has a database of the 
operational error pattern based on a user’s previous experience, a personalized opera-
tion model can be inferred when they make certain errors (e.g., the four-finger error is 
presumed to be an iOS model in Q2), and adaptive support can then be offered to each 
user. Our second main finding is that more participants completed menu search tasks 
than completed gesture search tasks. This suggests that menu manipulation is easier 
for an initial search than a gesture operation that imitates a real world operation. For a 
search using a gesture operation, feedback on different search strategies (e.g., alerting 
the user as to the number of fingers used in iOS) becomes an effective approach to 
improving usability. 

Scope of Observation. The observations acquired in this study are applicable to the 
switching of applications when users first use a new tablet, based upon our initial 
users test. In addition, we need to test a greater variety of users in order to verify the 
broader validity of our results, since we did not test users who have little experience 
using electronic devices, such as children or the elderly. 

Restrictions on Experiment Implementation. Most tasks given in this test can be 
done using the physical home button attached to the tablet body, which is what users 
generally tend to use. Although operation of the home button is easier, the switching 
task is faster when it is performed using a gesture on the screen. 

Future Work. Touch operation commands are made and impacted by the number of 
fingers used by the user, the starting point, the gesture on the screen, and the type of 
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action being performed. However, the results of our analysis of the operation log 
show that subjects did not try to change the number of fingers they used. Clarifying 
the gesture operations that are required during search processes is still necessary in 
order to facilitate optimal gesture design in tablet PCs. 

5 Conclusion 

In this paper, we analyzed the effects of previous knowledge in relation to the factors 
that cause user error when users first use a new tablet PC. According to the results 
obtained, we found that there are several operational error patterns that depend upon 
the users’ operation model, which is the product of their previous experience. It was 
found that these errors occurred most frequently in switching applications. Further-
more, an analysis of the operational records showed that the gesture search is one of 
the factors that reduced the initial usability of tablet PCs. It is necessary for us to gain 
further understanding of the user’s exploration of new gesture operations in order to 
produce better design of the operations of tablet PCs. 
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