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Abstract
A number of mobile applications enable users to take
photos of physical objects to receive related information and services. Commercial implementations such as
Google Goggles use a Point & Shoot interaction technique that requires to explicitly taking a photo to trigger the object recognition. In this paper we investigate
alternative interaction techniques to receive information
about physical objects. For the study we try to rule out
all aspects but the basic interaction. We compare Point
& Shoot with two other techniques to access information about music CDs and show that using handheld Augmented Reality is preferred by users and leads to a lower
perceived task load. Our findings confirm that research
and development effort towards handheld Augmented Reality is well invested.
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Introduction
A number of commercial mobile applications enable to
access information by using physical objects as an anchor to the service. SnapTell and Google Goggles are examples of mobile applications that let users point their
smartphone’s camera at objects they want to know more
about. By taking a photo of a physical object that is
transmitted to a remote server the user receives related
content. Using SnapTell, for example, the user can take
a photo of CD to receive links to the band’s Wikipedia
article, YouTube videos, and online stores.
The Point & Shoot interaction technique used by current commercial applications requires to explicitly triggering the object recognition by taking a photo. This explicit trigger is required by current algorithms, devices’
abilities, and the limited network bandwidth. The photos
must be analysed on a remote server to recognize a large
number of objects. The usage of Point & Shoot is thus
merely caused by technical limitation. Other approaches
have been developed to create the link between physical
objects and digital content. Already in 1993 Fitzmaurice demonstrated the use of mobile devices for interaction with physical objects by simply pointing at them [1].
An especially promising interaction technique is handheld
Augmented Reality (AR). Physical objects are augmented
on the phone’s display by overlaying the phone’s camera image according to the visible objects. Recent technical development has made major progress towards augmenting diverse types and objects [6]. A number of studies showed encouraging results for handheld AR systems
compared to traditional approaches. Rohs et al., for example, compared users’ performance in a find-and-select
task using a joystick controlled static peephole, a dynamic
peephole and a handheld AR interface [4]. They showed
that the dynamic peephole and handheld AR clearly out-

perform joystick navigation. Wagner et al. reported about
their experience with a collaborative game [5]. From exhibitions they learned that the system was so easy to use
that visitors did not need any instructions and even explained the system to other visitors. In our own work we
designed interfaces for handheld AR in a user centred process [2]. We showed that aligning the augmentation with
the augmented object and not with the phone’s display
results in a higher satisfaction and a lower task load.
Studies that investigate Point & Shoot and handheld AR
revealed promising results. To determine the differences
between the interaction techniques we investigate Point
& Shoot, handheld AR, and a third technique called Continuous Pointing. We use physical music CDs as an exemplary type of physical media that is widely used and offers
a vast amount of related digital resources. After describing the three interaction techniques and our implementation we present a comparative study evaluation. The aim
of the study is to rule out all aspects besides the basic interaction. The results show that handheld AR is preferred
and might lead to a lower perceived task load.

Three camera-based interaction techniques
Different approaches have been proposed to interlink
physical objects with digital services using mobile phones.
Camera-based approaches that use image analysis to recognize physical objects are an especially promising direction because they do not depend on markers that must
be attached to the object. Image-based object recognition
is needed for these techniques but different variants require different amounts of memory and processing power.
In the following we describe the investigated interaction
techniques Point & Shoot, used by commercial applications, a similar technique that provides immediate feedback that we call Continuous Pointing, and handheld AR.

Figure 1: Point & Shoot (left) shows only the camera image on the screen. A crosshair suggests that the CD must be in the centre of
the screen. The screen must be tapped to trigger the ”recognition”. Using Continuous Pointing (centre) a CD’s title is shown at the
screen’s top if a CD is recognized. The screen must be tapped to access the detailed view. The handheld AR interface (right) greys
out the background. An image of the CD is displayed on top of the object. The user must tap the CD to get further information.

Interaction Techniques
The interaction techniques differ by the feedback provided
to the user. Point & Shoot requires taking a photo of an
object that is analysed to provide information. The screen
design is typically simple as shown in Figure 1 (left). The
recognition process is explicitly triggered by pressing a
button or touching the touchscreen to take a photo. Current commercial applications offload the recognition to
a server. This allows comparing the photo with a large
database and uses only minimal resources on the phone.
Point & Shoot can be extended to Continuous Pointing
by analysing the stream of images from the camera and
not just a single photo. Assuming a perfect object recognition the information about an object is shown as soon
as it appears in front of the camera. The user receives direct feedback and does not have to explicitly trigger the
recognition. Continuous Pointing can be implemented by
transmitting the stream of camera images to a server or
by analysing the images on the phone (as in e.g. [3]).
If the camera image is continuously scanned for objects it
is only a small step to handheld AR. By determining an

object’s position it can be augmented. Figure 1 (right)
exemplarily shows a handheld AR interface that just highlights the object by greying out the background. The user
receives direct feedback about which objects inside the
camera image are recognized. Presenting information
aligned to the objects’ position enables to display information about multiple objects simultaneously.
The interaction techniques are not only different from the
users’ perspective but also require algorithms with different constraints. Evaluating the interaction from the users’
perspective is necessary to determine if the advantage for
the user justifies the higher requirements.
Implementation
We developed a handheld AR system and derived the implementation of the other interaction techniques. AR systems estimate the pose of the augmenting display in relation to the object that is augmented. Using this pose
the system transforms the augmenting overlay into the
reference system of the physical scene and renders the
augmentation. To realize handheld AR for a number of
CDs we used an approach proposed in [3]. In the pre-

processing phase, images of CD covers are analysed to
extract simplified SIFT features [7]. During runtime, simplified SIFT features are extracted from the phone’s camera images and compared to the features from the CD
cover. If an object is recognized a homography is computed to draw an overlay on top of the camera image. To
increase the speed, recognized CDs are tracked in subsequent camera images. Objects are recognized with 12
FPS and tracked with about 25 FPS on a Nexus One. [7]
provides a description of their algorithm. We do not use
the same implementation but the performance is similar. We use content-based object recognition and tracking and not a barcode-based (e.g. QR-codes) approach.
Content-based approaches are superior because they do
not require that the complete object is inside the camera
image, are currently getting adopted by commercial applications, and the speed of our implementation is on par
with commercial QR-code applications.
Based on the handheld AR algorithm we designed an application that highlights recognized CDs by greying out
the camera image and displaying a coloured image of
the CD’s cover at the position of the CD. When a user
touches the CD a separate view is displayed containing information about the CD and playback controls. Using this
system we derived the other interaction techniques. For
Point & Shoot the same algorithms continuously runs in
the background. As soon as the user touches the screen
to ”take a photo” the sound of a single-lens reflex camera
is played. If the system has recognized a CD the same
view as for handheld AR is displayed. For Continuous
Pointing the CD’s title is shown on the screen whenever a
CD is recognized. By tapping the screen the CD’s details
are shown using the separated view. All three techniques
use the same combination of recognition and tracking including frame-by-frame tracking whenever possible.

Evaluation Method
We conducted an experiment to assess participants’ preferences, the perceived workload, and to collect qualitative
feedback. Participants performed one task to compare the
techniques using a within-subject. Using the same algorithms for all interaction techniques we rule out the effect
of the algorithm. By showing no useful information before
the user explicitly interacts with the system by tapping
the screen we also try to rule out all other aspects besides
the interaction techniques. We assumed that handheld
AR is more usable than the other techniques because it
is always clear which CDs are currently available. We further assumed that Continuous Pointing and handheld AR
are both more usable than Point & Shoot because they
provide continuous feedback.
Design
We counterbalanced the order of the three conditions to
reduce sequence effects. Participants’ task was to answer
five questions using provided music CDs and one of the
interaction techniques. The sets of questions were always
asked in the same order. We measured the task completion time, asked participants to fill the ”overall reactions
to the software” part of the Questionnaire for User Interaction Satisfaction (QUIS) to estimate their satisfaction
and the NASA TLX to assess the perceived task load.
Participants and Apparatus
14 participants (6 female), aged 22-49 years (M=32.21,
SD=8.33) took part in the study. Five participants had
experience with Point & Shoot using a commercial application but none was familiar with the other techniques.
The prototype running on a Nexus One was used and the
investigator selected the interaction technique between
the tasks. We prepared three sets of CD covers printed
on cardboard and an additional set for the introduction.

Procedure
After welcoming a participant we explained the procedure
of the study. Prior to starting the tasks we demonstrate
how to use the three interaction techniques. The participants’ task was to answer five questions related to the
provided CD covers (e.g. ”What is the price of the Amy
Winehouse album”). To answer a question they had to
read the description provided by the system after selecting a CD. After answering a question participants were
asked the next question. After completing all questions
with one condition they repeated the task with the next
condition, a new set of questions, and different CDs.

(M=35.86, SD=7.40) results in a lower score than Continuous Pointing (M=51.43, SD=14.60, p<.01). The difference between Point & Shoot (M=43.57, SD=16.44)
and handheld AR (p=.12) or Point & Shoot and Continuous Pointing (p=.19) are not significant. The NASA TLX
scores are shown in Figure 2.

Results
We found significant differences between all three interaction techniques for the subjective feedback. We used an
analysis of variance (ANOVA) and t-test with Bonferroni
correction for the analysis. Average task completion time
for the three conditions are, Point & Shoot: M=49.96s,
SD=20.61, Continuous Pointing: M=54.77s, SD=25.82,
and handheld AR M=49.80s, SD=32.09, but the differences are not significant (ANOVA: p=0.85).
Figure 2: NASA TLX scores
(error bars show standard error).

An ANOVA shows that the selection technique had
a significant effect on the average QUIS’s (p<.001)
shown in Figure 3. Handheld AR results in a higher score
(M=5.31, SD=0.82) than Point & Shoot (M=4.04,
SD=1.13, p<.01) or Continuous Pointing (M=3.10,
SD=1.01, p<.001). Point & Shoot’s score is significantly
higher than the score of Continuous Pointing (p<.01).
ANOVA shows that the interaction technique also had a
significant effect on the NASA TLX score (p<.05). As
an F-test showed that the three conditions’ measures
have an unequal variance we used the according t-test.
Comparing the conditions shows that using handheld AR

Figure 3: QUIS ”overall reactions to the software” scores (error bars show standard error).

Participants’ comments mainly addressed the performance
and the accuracy of the object recognition in particular
for Continuous Pointing. E.g. six participants criticized
the recognition after using Continuous Pointing and said
that ”the recognition is too slow” or that it ”should also
work if I hold it [the CD] in my hand”. About handheld
AR three participants criticized the inaccurate augmentation, e.g. by saying ”it’s a bit shaky”. Participants regularly mentioned that the handheld AR algorithm works
better than Continuous Pointing. Participants liked the
Point & Shoot recognition but disliked its speed. E.g.
one statement about Point & Shoot was that ”recognition is best but it’s slower” even though there was virtu-

ally no latency after triggering the recognition. Participants saw the largest potential in handheld AR. Six participants requested that information should be presented
using the augmentation. One participant stated, for example, that information should be visible ”instantly on
the CD”. Participants also stated about handheld AR
that ”this is cool” or ”I want that on my phone”.

Discussion
The study showed that handheld AR is preferred compared to Point & Shoot but especially compared to Continuous Pointing. The difference for the task load is small
but handheld AR results in a significantly lower task load
than Continuous Pointing. The advantage of handheld
AR compared to Continuous Pointing is consistent with
our previous work on handheld AR interfaces for printed
photos [2]. In general, Continuous Pointing does not justify the higher requirements compared to Point & Shoot.
The results confirm our assumption that handheld AR
outperforms the other interaction techniques and receive
better ratings. The results, however, disprove our assumption that Continuous Pointing would outperform Point &
Shoot. We assume that the provided feedback is counterproductive and that an explicit trigger results in a higher
conformity with user expectations. Participants focused
on one object at a time before triggering Point & Shoot,
almost similar to taking a photo with a camera. Unconsciously the participants created perfect conditions for
the algorithm. While handheld AR permanently communicates the system’s current status, Continuous Pointing
hides its limitations from the user. This might lead to incomprehension and rejection of Continuous Pointing.
A limitation of the study is that the same algorithm is
used for all conditions even though if implementing a

commercial product one would use algorithms optimized
for the particular interaction technique. We collected
mostly subjective results and did not found a significant
effect on the task completion time. We, however, assume
that users’ first impressions and subjective feedback is
more relevant for the intended use case. In particular,
considering mobile users’ fragmented attention as well as
the easiness to install and deinstall mobile applications
since the introduction of mobile application stores.
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