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ABSTRACT

1

With the popularity of online access in virtual reality (VR) devices, it will become important to investigate exclusive and interactive CAPTCHA (Completely Automated Public Turing test
to tell Computers and Humans Apart) designs for VR devices.
In this paper, we first present four traditional two-dimensional
(2D) CAPTCHAs (i.e., text-based, image-rotated, image-puzzled,
and image-selected CAPTCHAs) in VR. Then, based on the threedimensional (3D) interaction characteristics of VR devices, we propose two vrCAPTCHA design prototypes (i.e., task-driven and
bodily motion-based CAPTCHAs). We conducted a user study
with six participants for exploring the feasibility of our two vrCAPTCHAs and traditional CAPTCHAs in VR. We believe that our
two vrCAPTCHAs can be an inspiration for the further design of
CAPTCHAs in VR.

CAPTCHAs (Completely Automated Public Turing test to tell Computers and Humans Apart) are used to protect the security of data
[15]. These authentication protocols can allow users to access websites while preventing automatic bots. The most common type
of CAPTCHA is a series of graphical transformations on a twodimensional (2D) screen, which makes it is nearly unsolvable by
to an automatic bot. Recently, most mobile phones and computers
support various CAPTCHAs to ensure user’s access to websites.
However, with the development of three-dimensional (3D) computing technology such as Virtual Reality (VR) headsets, user’s pursuit
of 2D space has moved to 3D environments, where we use mid-air
[8] gestures [7] to interact in 3D space and explore more immersive
experiences.
In this paper, we present six CAPTCHA designs in VR, including
four traditional CAPTCHAs (i.e., text-based, image-rotated, imagepuzzled, and image-selected CAPTCHAs) and two interactive vrCAPTCHAs (i.e., task-driven and bodily motion-based CAPTCHAs).
The aim is to explore the future CAPTCHA designs in a VR environment through leveraging the user’s full physical interactions. We
argue that the use of CAPTCHAs with entertaining interactivity
features will allow users to immerse themselves in 3D. Besides, we
believe that research on new virtual reality CAPTCHAs will become
more important due to the proliferation of virtual reality devices,
and we propose that our work can serve as a useful springboard
for such future investigations.
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INTRODUCTION

2 RELATED WORK
2.1 Traditional CAPTCHAs
Constrained by the structure of 2D displays, traditional CAPTCHAs
are almost always based on a 2D planar design. According to Feng
et al. [5], traditional 2D CAPTCHAs can be divided into two types:
(1) text-based and (2) image-based CAPTCHAs.
2.1.1 Text-based CAPTCHAs. It is generally believed that the first
practical text-based CAPTCHA was invented by Lillibridge [10] in
1997. Then, von Ahn et al. [14] proposed reCAPTCHA, an authentication protocol that requires users to transcribe scanned text. As
this is increasingly easier for bots, more recent research has tried
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Figure 1: Four traditional CAPTCHAs: (1) Text-based CAPTCHA; (2) Image-rotated CAPTCHA; (3) Image-puzzled CAPTCHA;
and (4) Image-selected CAPTCHA.
to make OCR more difficult so that the bots cannot recognize the
texts. For example, Baird et al. [2] proposed ScatterType CAPTCHA,
which prevents the computer from splitting characters from a word.
However, the feasibility of text-input CAPTCHA in VR environments has not been fully discussed. Based on previous research on
inputting text in VR [19], it may be a misconception to still opt for
text-based CAPTCHAs in VR.
2.1.2 Image-based CAPTCHAs. Bongo [6] was one of the first visual pattern recognition problems for CAPTCHAs. Chew et al. [3]
were among the first to work on tagging image-based CAPTCHAs.
After that, many algorithms based on image recognition were proposed and developed. Asirra [4] challenged the user in selecting
images with cats among twelve images of cats and dogs. Matthews
et al. [11] presented the scene marker test, where users must recognize relationships between irregularly shaped objects embedded
in a background image. However, the flat image-based CAPTCHA
mainly considers devices with a 2D display plane as the carrier, and
the interactive nature of 3D virtual objects unique to VR has not
been fully investigated.

2.2

Mid-air Interaction

Koutsabasis and Vogiatzidakis [8] pointed out that mid-air interactions should have the following three characteristics: (1) touchless
interaction, (2) real-time sensors that can track some of the user’s
physical activity and movement, and (3) body movements, postures,
and gestures need to be recognized and matched to specific user intents, goals and commands [16]. However, traditional CAPTCHAs
are difficult to create such mid-air interactions environment in VR.
Since most traditional CAPTCHAs rely on horizontal and vertical
planes of interaction using mouse clicks and touch screen taps. We
conjecture that these types of interaction are not applicable to the
user experience of interacting with CAPTCHAs in VR. Therefore,
we selected four traditional text- and image-based CAPTCHAs and
implemented them in a virtual reality environment as prototypes
for a preliminary study to examine the associated user experience.

3 DESIGN AND DEMONSTRATION
3.1 Four Traditional CAPTCHAs in VR
To guide our design, we firstly considered four traditional CAPTCHAs
(i.e., text-based, image-rotated, image-puzzled, and image-selected
CAPTCHAs).

3.1.1 Text-based CAPTCHA. In Figure 1.1, the participants were
asked to use the trigger button of the right controller to click on
the blank input field for text input to bring up the virtual keyboard.
Participants then used the VR controller to click the corresponding
letters or numbers and finally clicked the verify button.
3.1.2 Image-rotated CAPTCHA. In Figure 1.2, the participants were
provided with a tilted image. Then, the participant was asked to
drag the slider on the progress bar by holding the trigger button
on the controller. The movement of this slider would change the
rotation of the image. Once the participant thought that the rotation
angle of the image had reached the correct position, they should
release the trigger button to verify it.
3.1.3 Image-puzzled CAPTCHA. In Figure 1.3, the participants
were asked to drag the slider by holding the trigger button on
the right controller. Unlike the previous technique, the movement
of the handle changed the horizontal position of the puzzle piece.
Once the participant believed that the puzzle piece had been stitched
to the original image, they should release the trigger button.
3.1.4 Image-selected CAPTCHA. In Figure 1.4, the participants
were asked to follow the text to select all of the nine images that
meet the requirements. Participants selected images by moving the
slider along the controllers and pressing the trigger button when
they finished their selections. When all images were selected, they
were asked to press the verify button.

3.2

Early Exploration of vrCAPTCHAs

Figure 2: Take-driven CAPTCHA.
3.2.1 Task-driven CAPTCHA. We first designed a CAPTCHA that
requires the user to perform a simple action to authenticate. This
CAPTCHA requires the user to lift a virtual object (e.g., apple, wine
bottle or silver knife and fork) by holding the trigger button and
moving it to a specified location (e.g., purple bowl (Fig. 2.1), trash
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previous CAPTCHAs are verified by computational processing
of images or text that cannot be recognized by computers. Our
CAPTCHA requires the user to follow the CAPTCHA to perform
the relevant physical actions to complete the submission of the
CAPTCHA. Besides, according to Mueller et al. [12], our subsequent
work in the future will focus on proposing fuzziness validation
tests based on the characteristics exhibited by the user as a human
interaction, thus distinguishing the concept of absolute accuracy
achieved by the computer.

Figure 3: Motion-based CAPTCHA.
can (Fig. 2.2), or dinner plate (Fig. 2.3)). This task-driven CAPTCHA
is based on the participant’s feedback. “I think you can design a
real-life scenario to enhance the interaction of CAPTCHA.” (P5).
3.2.2 Motion-based CAPTCHA. We also considered using bodily
motions to implement authentication interaction, and we named
it motion-based CAPTCHA. With this CAPTCHA, the users are
asked to follow the movements of a virtual character that appears
in front of them (e.g., body movement like front flat raise (Fig.
3.1), side flat raise (Fig. 3.2) and up raise (Fig. 3.3)). This motionbased CAPTCHA is inspired by previous exergame research studies
[1, 9, 13, 17, 18] which demonstrate the immersion that upper body
limb movements can bring in VR. It is engaging for users to follow
the virtual character and move their bodies.

4

CONCLUSION

In this paper, we propose two interactive vrCAPTCHAs (i.e., taskdriven and bodily motion-driven CAPTCHAs), inspired by the previous 2D traditional CAPTCHA designs (i.e., text-based, imagerotated, image-puzzled, and image-selected CAPTCHAs) and combined with the 3D interactivity of VR. We conducted a user study
with six participants to evaluate the feasibility of traditional CAPTCHAs and vrCAPTCHAs in VR. We believe that our two vrCAPTCHAs
can be an inspiration for the future design of CAPTCHAs in VR.
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PRE-STUDY AND FEEDBACK

We recruited six participants to finish the pre-user study for these
four traditional CAPTCHAs and our two new vrCAPTCHAs. According to our subjective ranking feedback from participants, all
participants ranked the task-driven CAPTCHA as their favourite.
“I think it is the most interesting CAPTCHA!” (P1). “It is very interesting; I enjoy using this CAPTCHA in VR.” (P6). Four participants
thought that the motion-based CAPTCHA is the second best. “I
like this (motion-based) CAPTCHA, it makes me feel that I am
playing a VR game.” (P2, P4). All participants thought that the two
vrCAPTCHAs could greatly improve their motivation to experience CAPTCHA in VR. Four participants ranked the text-based
CAPTCHA last in their preferences. For example, P1 complained
that the “text-based CAPTCHA was too time consuming and cumbersome in VR.”
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LIMITATIONS AND DISCUSSION

We acknowledge the limitations of our two vrCAPTCHAs. For
task-driven CAPTCHAs, we only considered simple movements of
objects. In fact, for virtual 3D spaces, we can design richer interactive environments, such as simulating daily activities like playing
basketball or pouring tea. For motion-based CAPTCHAs, we considered only the top half of the user’s body. This can be done by
introducing other sensors to enable full body interaction and thus
provide fuller immersion, for example, using a Kinect camera.
We also acknowledge that the security of our vrCAPTCHAs is
insufficiently validated. Given that, we here provide a discussion
about interactive vrCAPTCHAs. Unlike the traditional CAPTCHAs,
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