














 
Figure 12. Picture board mean performance times for trials 

Observation from the video capture indicates that the main reason 
for the large upload times (Figure 12) with Touch & Interact is 
due to users pressing the upload key before the tag is read. This 
key is also responsible for selecting/de-selecting the thumbnail, as 
a consequence, when the phone was not in range, the thumbnail 
would de-select the thumbnail rather than upload. Simply moving 
the de-selection operation to another key would dramatically 
reduce the upload times and overall combined mean.  

7.3.2 User Feedback  
The 1-Way Friedman’s ANOVA shows that the survey results 
(Figure 13) were not significantly different (p > .05). 

 
Figure 13. User feedback for experiment picture board. 

An important addition to the survey is the ranking for a preferred 
interaction technique with supplementary reasons. Four 
participants were in favour of finger interaction and eight in 
favour of Touch & Interact. When participants were asked their 
reasons for their ranking choice, the following results were 
elicited:  

Most participants found pick and drop interactions in Touch & 
Interact easier then drag and drop using finger interaction. A 
contributing factor was occlusion of the target picture by the 
participants hand and arm. Using pick and drop, participants can 
move their hand or arm away from the display to avoid occlusion. 
It can be argued that pick and drop can also be implemented with 
a touch-screen, providing less feedback. However, it seemed more 
interesting to compare the two different styles as experiment 1 
already shows the difference in pointing times between the two 
interaction techniques. 

Intermediate help screens made actions more procedural, 
providing high visibility of interaction status and better error 
prevention. This is shown by the Touch & Interact results of the 

Overall Ease to Use and Easy to get the system to do what you 
want it to do questions (Figure 13). These questions are part of the 
Ease of Use model of Individual Acceptance [26]. 

Although unfamiliar with the technology, many participants found 
the touching interaction between the phone and public screen an 
intuitive way to drop (send) pictures. The same applies to picking 
(uploading) pictures using the phone. 

Many participants regarded Touch & Interact as fun to use. This is 
shown by the results for the Enjoyable question (Figure 13). 
Participants in favour of the touch-screen preferred the familiarity 
of touch-screen interaction. One participant also preferred not to 
have a phone as an intermediate during interactions.  
Video observations showed that most participants change hands 
between scrolling on the phone and interacting using finger 
interaction. This was not normally true for downloading pictures 
to the phone where no phone interaction was required. 
Participants, who did not change hands during phone interaction, 
used both hands on the phone when scrolling. In this case, the 
phone would drop to the user’s waist where they find using it 
more comfortable to use. This forces the user to look down when 
viewing the phone and creates large context switches between the 
phone display and the main screen. Context switches are smaller 
with Touch & Interact as all participants used one hand for 
scrolling and the phone felt comfortable using the phone higher 
and closer to the screen. Touch & Interact seemed to unify the 
scrolling and screen interactions as participants would keep a 
similar body posture and position for both phone and screen 
interactions.  

8. DISCUSSION  
The results for experiment 1 confirm all three hypotheses. Finger 
interaction performed best, followed by the Touch & Interact.  
Remote interaction performed worst, by a significant margin, in 
all trials. The ordering of respective interaction techniques in 
terms of performance was expected, but the primary aim is to 
analyse the extent of the difference and where Touch & Interact 
fits between the two alternatives. Results show that Touch & 
Interact is a great deal closer to finger interaction performance 
than remote interaction performance. 

Target size had a substantial effect on performance, particularly 
for Touch & Interact and distance had a substantial effect on 
remote interaction. Additionally, size is a crucial factor 
determining error rates, particularly for finger interaction and 
Touch & Interact. Further results for the effects of distance and 
size on the interaction technique show the impact of the 
intermediate action, required to select small targets using Touch & 
Interact. Although the overhead approximately doubled the 
interaction time, the impact is constant and proportionately low 
(considering the low pointing times with large targets). Despite 
this overhead, Touch & Interact is 135 % faster (overall) than 
remote interaction. The first experiment demonstrates the 
performance of Touch & Interact over remote interaction.  
Remote interaction was therefore not included in the second 
experiment, which focuses on usability aspects rather than 
outright performance.  

With regards to error rates, the ANOVA analysis resulted in non-
significant results for the type interaction technique largely due to 
variability of the data. However, the graphical representation for 
the sample data (Figure 8) showed a substantial increase with 
finger interaction and Touch & Interact - finger interaction with 



the highest error rates. When participants used Touch & Interact, 
observations revealed that several were inclined to point the 
phone specifically at the small target rather than the tag, which in 
cases, resulted in the phone reading an adjacent tag. With correct 
use of the phone for selection, error rates would be significantly 
reduced.  
The results of the second experiment conformed to the 
hypotheses. The results of the survey show better results for 
Touch & Interact, especially for overall ease of use, intuitiveness 
and enjoyment. However, the ranking results show an evident 
participant preference in favour of Touch & Interact. The number 
of participants who ranked Touch & Interact their preferred 
interaction technique was double the number for finger 
interaction. Observations from the video footage reinforce the 
ranking results, as nearly all participants have better posture and 
orientation when using Touch & Interact. This is not necessarily 
true for normal touch-screen interaction without a phone but is the 
case when the user has to mediate between both the phone and 
large screen. This is further impacted by large context switches 
between the phone and screen using the touch-screen. 

9. APPLICATION 
In order to use the Touch & Interact interaction technique in a 
more practical context, we developed a tourist guide prototype 
(Figure 14) which could be installed in a tourist office, a train 
station or nearby a crossing. Example uses of the prototype are 
planning a day trip or searching for a nearby restaurant - taking 
advantage of the large screen. Through phone interactions, users 
are able to perform zooming and panning operation on a Google 
map of the area. For example, when the joystick button is pressed 
up and the display is touched at a given location, then the map 
zooms in (focused on the location). Pressing another key and 
touching the map, the user is able to move to map up, down, left 
and right. Using the application, the user is additionally able to 
view information about places of interest (represented by markers 
on the map) and build an itinerary of places they would like to 
visit. This information can be either displayed on the screen of the 
mobile phone itself or can be displayed by the public screen, 
whereby parts of the map are then overlaid with this information.  

The side menu, displayed by the dynamic screen (Figure 14) can 
be switched on or off by pressing a mobile phone button. Help 
information is displayed on the phone display when each menu 
option is hovered. The menu provides a map key (Figure 14a(i)) 
as the top menu option. When hovered, the map key is displayed 
on the phone, and indicates what each marker icon represents. 
Figure 14a(ii) changes the application mode to view mode. In this 
mode, the phone key assignments change for viewing and panning 
the map. In cases where they are zoomed in, a satellite display 
also appears on the phone to show the user’s position. Figure 
14a(iii) toggles the map satellite imagery on or off. Figure 14a(iv) 
provides itinerary functionality. When this option is hovered, the 
user can add markers to the itinerary which have previously been 
picked up by the phone. By pressing an alternate phone key, the 
itinerary can be viewed publicly or privately using the phone 
display. The final menu option (Figure 14a(v)) allows the markers 
to be filtered by category, for example, filtered to show only 
restaurants. 

 
Figure 14. Tourist guide prototype, a - information showed on 
the public display, b - mobile phone selecting point of interest  

When a tag containing a marker is hovered, the phone display 
shows additional information about the marker such as name and 
rating. Whilst hovering, the user can press a key on the phone to 
enter a corresponding context menu. The context menu options 
allow extra information to be retrieved from the marker, retrieval 
of a VCard from the marker and a distance calculation to another 
marker. If a tag is selected that contains any markers, they too are 
selected. When markers are selected, their names are displayed as 
a list on the phone display. The phone also vibrates to indicate 
that the user has picked up the markers onto the phone.  

In order to analyze the prototype’s usability and to elicit ideas for 
further development, we evaluated this prototype in a preliminary 
user study. The user study was predominantly qualitative, 
comprising mainly of observations and subject feedback 
comments.  

A group of ten participants (nine males, one female) were chosen 
to take part in a within-groups, cooperative evaluation. 
Participants had an average age of 25, each was asked to complete 
various trials. The first trial was to build an itinerary for the day. 
This trial involved various interactions and was used to 
understand the extent to which each subject can perform a 
relatively rich task using the prototype. The next trial requested 
the user selects a number of markers which could be executed 
using a number of selection methods. Each participant started 
hesitantly but quickly reached an autonomous and comfortable 
level. Many participants enjoyed tentative interactions such as 
hovering markers and the contextual help provided. Participants 
were pleased with the effect of the haptic and audio feedback to 
validate actions such as closing the application and selections. 
Participant responses to the effectiveness of the different types of 
feedback were positive. On an interval scale between one (very 
ineffective) and five (very effective) they answered with a mean 
of: 
• 4.1: How effective is the dynamic display as opposed to a 

static map? 
• 3.6: Does the phone display complement the large display? 
• 4.0: How effective is the tactile and audio feedback? 

The preliminary results show that the participants definitely see 
the advantage of combining the displays of the mobile phone and 
the dynamic screen. Furthermore, all of the participants said that 
they would use such a system outside the evaluation.  



10. CONCLUSION 
Touch & Interact is a new interaction technique that can be used 
to overcome the limited screen size of a mobile device (a 
disadvantage when using map, browsing or photo applications) 
with the usage of a dynamic screen. Through the interplay of the 
two screens, mobile device and dynamic screen, richer interaction 
techniques like select & drop or select & pick can be realized that 
offer an added value to the user. Moreover, using mobile phones 
in interactions increases interaction possibilities through phone 
input modalities, additional feedback, contextual potential and 
storage capabilities. Our experimental results show that the 
selection time of Touch & Interact is comparable to a touch screen 
alternative and is much faster than using the phone’s joystick to 
control a cursor on a remote screen. In addition, the second 
experiment shows the advantages of Touch & Interact regarding 
ease of use, intuitiveness and enjoyment. Moreover, most users 
preferred this interaction technique when comparing it with a 
solution based on a touch screen.  

We currently work on the further development of the 
implementation of this system using tags attached to the back of a 
screen rather than using a projection. Furthermore, we plan to 
deploy the application described in section 9 in a nearby village in 
order to test Touch & Interact and the tourist guide application in 
a more practical context. This will be a longitudinal study, thus 
reducing possible novelty effects of Touch & Interact and 
showing the effects of user-familiarity with the interaction 
technique over time. 
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