
 

MarkAirs: Around-Device Interactions 
with Tablets Using Fiducial Markers – 
An Evaluation of Precision Tasks

Abstract 

This paper evaluates MarkAirs, an interaction technique 

that uses fiducial markers to perform mid-air 

interactions. MarkAirs offers several advantages: the 

proposed technique does not require any tracking 

external hardware other than the front camera of a 

mobile device; it is robust even when the markers are 

partially occluded; and it enables precise 2D 

manipulations (translation, rotation and scaling). An 

evaluation study points to the feasibility and precision 

of the proposed technique and the perceived usability 

and subjective workload impressions of the 

participants. 
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Introduction 

Handheld devices are becoming widespread and offer 

several advantages with respect to tabletops in terms 

of cost, scalability, and mobility to build collaboration 

spaces [5,13]. In these scenarios, mid-air or Around- 
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Device Interactions (ADIs) could be used to enable 

manipulations in the available 3D space above the 

surfaces. However, when ADIs have been implemented 

in the past they have required pre-installed specialized 

hardware that limited the choice of where these 

interactions could take place, have not been accurate 

enough to perform high precision manipulations of 

objects on the devices, or have relied on hand and 

finger gestures which do not allow the identification of 

the users. 

In this work, we present MarkAirs (see Figure 1), an 

interaction technique that makes use of the built-in 

front camera of handheld devices and fiducial markers 

to enable precise ADIs. We do not only show that 

interactions above handhelds are realizable without any 

external specialized hardware, but also evaluate the 

precision of basic 2D manipulations (translations, 

rotations, and scaling) on digital objects and the 

perceived subjective usability and workload of the 

proposed technique. 

Related Work 

Previous works have explored ADIs with tabletops. 

These exploit the space above the surface either to 

explore 3D virtual spaces (e.g., [16]) or to reach and 

manipulate distant elements (e.g., [1]). These high-

precision tasks, however, often rely on complex 

hardware settings composed of several external 

cameras, projectors, or gloves with reflective markers 

like the ones used in motion capture (e.g., [12]). 

Other approaches rely on embedded cameras that are 

installed within tabletops to recognize aerial 

interactions. Hilliges et al. [8], for example, use an 

“enhanced” tabletop and make use of hands to perform 

gestures in the air to manipulate 3D digital objects 

rendered on a tabletop. However, even though hands 

enable natural interactions, they do not allow the 

identification of the user who makes them. To solve this 

problem, Gallardo and Jordà [4] propose the use of 

fiducial markers for such interactions. However, their 

approach requires expensive specially designed 

hardware to control the degree of transparency of the 

surface, so that image projection and gesture detection 

are interleaved. Moreover, their markers cannot be 

occluded for the system to work properly. 

Several works have explored ADIs for handheld devices 

using external cameras or depth sensors with the 

purpose of performing 3D rotations using hand 

gestures around the handheld (e.g., [11]), reducing the 

occlusion produced by touch contacts on the screen 

(e.g., [9]), or mitigating the cluttering of the surface by 

storing/retrieving digital elements to/from the space 

around the device (e.g., [7]). These approaches allow 

performing manipulations with a certain precision but, 

again, require careful installation of external hardware. 

Others reduce the hardware complexity by making use 

of the built-in sensors in the tablets. Ketabdar et al. 

[10], for instance, exploit the magnetic (compass) 

sensor of the device and enable in-air interactions using 

magnets. Unlike optical approaches, this solution is 

more robust to occlusion, but it is less precise and the 

system is not capable of differentiating between 

different magnets since they do not have an encoded 

ID. In contrast, others rely on the built-in camera of 

the devices to detect hand gestures (e.g., [15]) or 

fiducial markers (e.g., [5]). Whereas the former avoids 

any additional equipment, the use of markers enables 

the identification of the user as well as detecting as 

many actions as markers available, which are 

considerably higher than the gestures that can be 

achieved with hands only.  However, the use of frame 

markers in [5] is not robust to the occlusion of the 

 

Figure 1. Interaction with MarkAirs to 

control the position of an element. On 

the left, the fiducial marker used. 
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marker and the precision of the technique to perform 

fine-grained manipulations is not evaluated. 

Interacting with MarkAirs 

As explained in [6], MarkAirs is an ADI involving fiducial 

markers that are recognized by a tablet’s front camera 

(see Figure 1 and Figure 2). These markers can be 

attached to physical cards or objects or even displayed 

on other digital devices, and consist of arbitrary 

drawings that are tracked by VuforiaTM’s natural feature 

tracking algorithms. They present several advantages 

with respect to other more classical kind of markers 

(e.g., the ones used in [4,5]): a) they can be tracked 

even if they are partially occluded (see the bottom-left 

corner of the tablet in Figure 1, which shows the image 

captured by the device’s camera); b) one can have a 

virtually infinite number of markers; and c) a marker 

can be a meaningful photograph, which can be related 

to the digital information content that is associated with 

the card (e.g., if we want a card to contain a game 

character, the marker can be a picture of the character 

itself). 

In this work, the marker’s 3D position and orientation 

are mapped to 2D manipulations as follows: translation 

(marker’s position in the XY axes), scaling up/down 

(marker’s position in the Z axis), and rotation (marker’s 

yaw angle). 

Evaluation 

The following reports on an evaluation study of the use 

and usability of MarkAirs as a potential ADI technique. 

This study had three goals: First, to determine the level 

of precision that can be achieved both in the 

termination phase of the proposed 2D manipulations 

(when reaching a final desired 

position/orientation/size), and in the execution phase 

(when translating/rotating/scaling at a given pace or 

following a specific trajectory). Second, to assess 

whether there are differences in the precision achieved 

when these manipulations are performed in isolation 

(first translation, then rotation, and finally scaling) and 

when all three are performed conjointly in the same 

task. And, finally, to obtain insights into the perceived 

subjective usability and workload of the proposed 

interaction. 

Participants and Apparatus 

Twenty-four volunteers participated in this study, 

fifteen of whom were males, with ages ranging from 14 

to 60 (M = 34.54, SD = 12.30). The experiment was 

conducted with a 10.1” Android tablet having a 

resolution of 1280x800 pixels, and running VuforiaTM’s 

computer vision algorithms. A 5x5cm marker was 

attached to a 6x9cm piece of cardboard, as depicted in 

Figure 1 (left). 

Tasks 

Eight different tasks were performed (see 

supplementary video1), three to evaluate the precision 

of each 2D manipulation in the termination phase, 

three to evaluate the precision in the execution phase, 

and two to evaluate the precision of all three 

manipulations being performed conjointly in the 

termination and the execution phase, respectively. In 

all tasks there is a target 2D object (OT) to be 

manipulated by means of ADIs and a reference 2D 

object (OR) whose random position, orientation or size 

must be reached (see Figure 2). 

The termination-precision tasks are carried out in three 

steps. First is an acquisition step in which the 

                                                 
1 https://www.dropbox.com/s/0ewgy3xw8ri1u1f/MarkAirs.avi   

 

 

 

Figure 2. Manipulations evaluated: 

translation (top), rotation (center), and 

scaling (bottom). 
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participant must use the marker to control a small 

squared cursor on the screen and acquire OT. Once 

acquired, the task moves on to a manipulation step, 

when the corresponding manipulation must be 

performed to make OT reach OR’s position, orientation, 

and/or size (depending on each task). Once the system 

determines that OT and OR match within a certain error 

margin, i.e., at least 90% overlap (position/size) and/or 

their respective orientations differ less than 10º, the 

task moves on to a precision measuring step. In this 

step the participant must maintain OT as close as 

possible to OR (which remains static) for 5 seconds 

while the system measures precision (which will be 

described below). 

The execution-precision tasks are on the other hand 

conducted in two steps. First is an acquisition step, as 

described above. Second, once OT is acquired, there is 

a manipulation step in which OR continuously and 

dynamically changes its position, orientation, and/or 

size (depending on the task) for 40 seconds. The 

participant must continuously perform the manipulation 

to maintain OT as close as possible to OR while the 

system measures precision. 

Procedure and Experimental Design 

The participants stand in front of the tablet placed on a 

table. The first stage of the experiment is to explain the 

interactions to the users and give them some time to 

train in order to minimize learning effects. Once they 

feel familiar with the interaction, the experiment 

begins. Each user performs the three manipulations 

(translation, rotation, and scaling) with two different 

precision measurement situations or phases 

(termination and execution), first each manipulation 

separately, and then combined. In order to avoid order 

and carryover effects, the isolated manipulations are 

presented following a 3x3 balanced Latin Squares 

design. For each manipulation, the termination-

precision task is presented first, followed by the 

execution-precision one. 

The manipulation error during the precision measuring 

step is measured for each task as follows: the distance 

in pixels between the centers of OT and OR for the 

translation tasks, the difference between their 

orientation angles in degrees for rotation tasks, and the 

difference between their scaling factors in percentage 

for scaling tasks. This error is calculated as the average 

of a number of samples obtained continuously during 

the precision measuring step. When all three 

manipulations are performed conjointly, all three errors 

are measured. In addition, the subjective workload of 

each task is measured via the NASA-RTLX 

questionnaire [3]. Finally, a SUS questionnaire is 

administered post-tasks to evaluate the overall 

usability of the technique. 

Results 

PRECISION ERRORS 

For each 2D manipulation executed separately, the 

users performed a total of 72 (24 users x 3 

manipulations) interactions in the termination-precision 

task and 72 in the execution-precision task, so that 

each 2D manipulation was performed 144 times. Table 

1 shows the average (and standard deviation) error 

measures for each type of manipulation and phase. 

Additionally, a repeated measures ANOVA (α = 0.05) 

showed a significant effect of the phase on the 

precision error for translation manipulations (F1,71 = 

51.029, p < 0.001), rotations (F1,71 = 23.055, p < 

0.001), and scaling (F1,70 = 37.453, p < 0.001), with 

the termination phase outperforming the execution one 

in terms of precision. 

 

 

 

 

 

 

 

 

 

 

 

 

 Trans-
lation 
error 
(px.) 

Rotat-
ion 

error 
(deg.) 

Scal-
ing 

error 
(%) 

Termination 
phase 

11.92 
(4.45) 

3.09  
(2.84) 

2.91 
(1.68) 

Execution 
phase 

15.89 
(5.82) 

6.11 
(4.49) 

5.44 
(3.32) 

Table 1. Average (and standard deviation) 

errors for each manipulation performed 

separately (in columns) and phase (in 

rows). 
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Table 2 shows the average (and standard deviation) 

errors for each manipulation in the task where all three 

are performed conjointly, also both in the termination 

and execution phases. A repeated measures ANOVA (α 

= 0.05) also showed a significant effect of the phase on 

the precision error for translation manipulations (F1,71 = 

155.358, p < 0.001), rotations (F1,71 = 83.857, p < 

0.001), and scaling (F1,71 = , p < 0.001), with the 

termination phase outperforming the execution one. 

Additionally, pairwise within-subject t-tests (α = 0.05) 

were conducted to assess whether the errors obtained 

performing each manipulation individually differed from 

when all three were combined in the same task, 

showing only significant differences for the translation 

in the execution phase (p < 0.001), the rotation in the 

termination phase (p = 0.036), and the scaling in the 

execution phase (p < 0.001). 

QUALITATIVE MEASURES 

NASA-RTLX scores for workload assessment were 

analyzed for the different manipulations both 

individually and all combined. In general, the users 

reported relatively low workload, rating all dimensions 

on average between 13.13 and 26.88 (0 being “very 

low” and 100 “very high”) when each manipulation was 

performed individually. When performed conjointly, the 

workload slightly increased across all dimensions on 

average (rating between 27.92 and 37.40). Besides, 

differences were found between some of the 

manipulations; pairwise comparisons using Wilcoxon 

signed-rank tests with a Bonferroni adjustment (α = 

0.05/C(4,2) = 0.05/6 = 0.008) revealed that scaling 

manipulations were considered significantly less time-

demanding than translations (p = 0.001), and also 

received significantly better performance scores (p = 

0.003), and lower values for effort (p = 0.001) and 

frustration (p = 0.003). Not surprisingly, performing all 

three manipulations at once received worse workload 

assessments overall, except in two cases: no significant 

differences were found between only translating and 

performing all three manipulations in terms of 

performance (p = 0.021) and frustration (p = 0.124). 

The phase in which the manipulation occurred 

(termination vs. execution) was also analyzed using 

Friedman’s χ2 tests for ranks (df = 1, α = 0.05), and 

the results showed the participants perceiving 

manipulating at the termination phase with a static 

object less demanding in terms of workload in all 

NASA-RTLX dimensions (p < 0.001). 

The general usability of MarkAirs, assessed via a SUS 

questionnaire, shows a total average score (calculated 

as in [2]) of  83.44 (SD = 13.31), which, according to 

Sauro [14] is above average (68). In his letter-grade 

system (from A+ to F), the overall usability of MarkAirs 

would receive an A. 

Discussion 

In terms of the precision of the proposed aerial 

interactions in the termination phase, the implemented 

technique offers acceptable levels for all three 

manipulations (translation, rotation and scaling) and it 

allows users to perform fine-grained interactions with 

average errors of 11.92 pixels, 3.09º, and 2.91%, 

respectively when only one manipulation is being 

carried out at a time. When users have to perform all 

three manipulations conjointly to move, rotate, and 

resize an element, the translation and scaling average 

errors increase slightly but insignificantly, and the 

rotation error in this case even decreases significantly 

to 2.05º (probably due to a learning effect since the 

task combining all three manipulations was performed 

last). 

 Trans-
lation 
error 
(px.) 

Rotat-
ion 

error 
(deg.) 

Scal-
ing 

error 
(%) 

Termination 
phase 

11.93 
(5.53) 

2.05  
(2.92) 

3.51 
(2.24) 

Execution 
phase 

31.11 
(12.75) 

6.94  
(3.71) 

9.94 
(5.12) 

Table 2. Average (and standard deviation) 

errors for each manipulation performed 

conjointly with the other two in the same 

task (in columns) and phase (in rows). 
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It is also interesting to note that the precision of the 

proposed interactions worsens in the execution phase, 

when the users are forced to adapt their behavior to a 

given dynamic trajectory, rotation, or size of the 

reference object. Moreover, when all manipulations are 

performed together, the translation and scaling 

operations are significantly less precise than when they 

are performed individually (average errors in the worst 

case of 31.11 pixels, 6.94º, and 9.94%). This means 

that the proposed technique, although supporting these 

additional dynamic execution requirements, would not 

be adequate for very high-precision 2D manipulations. 

In terms of subjective perception, MarkAirs showed a 

very good SUS usability score (an A grade) and low 

workload levels, in general. Moreover, the scaling tasks 

received better subjective impressions with respect to 

time demands, performance, effort, and frustration, in 

comparison with the other two manipulations. This 

could be explained because scaling by means of a 

vertical arm movement is perceived as requiring little 

ergonomic effort. In addition, as it was expected, the 

users clearly expressed better subjective workload 

impressions of the tasks where the reference object 

was static. They found the precision requirement less 

demanding in the termination phase than in the 

execution phase. 

Finally, it is also worth mentioning that, during the 

course of the experimental sessions, the users 

expressed very positive comments on the interaction 

technique. Specifically, they referred to it as being 

“very fluid”, “relaxing”, “fun”, “entertaining” and 

“astonishing”. Indeed, it was found to cause 

amusement, and even in the more challenging 

execution-precision tasks, the subjects expressed 

positive reactions when the reference object changed 

its position/rotation/size dynamically. 

Conclusions and Future Work 

This paper presented MarkAirs, an interaction technique 

that uses the built-in front camera of a 

tablet/smartphone and fiducial markers to perform 

translation, rotation and scaling ADIs. The precision of 

the proposed technique was evaluated in both the 

execution and termination phases. The results show 

that good precision levels can be achieved in all 

situations. The analysis of the participants’ responses to 

SUS and NASA-RTLX questionnaires reveals that they 

consider it highly usable and undemanding in terms of 

workload. Observational data also revealed that 

MarkAirs was an engaging and entertaining experience 

for first-time users. In future work, we will use the 6-

DOF information obtained by the tracking algorithms to 

explore new ways of making translations by performing 

roll and pitch rotations on the marker and “project” the 

cursor onto the screen, thus eliminating the need for 

arm movements in these tasks. We consider this 

interaction useful for multi-user environments since it 

could enable richer interactions using the 3D space 

above the surface as well as provide identification for 

the users’ actions and also help reduce the clutter on 

screen by using the cards as containers of digital 

elements. Another future line of research will be to 

study MarkAirs in a collaborative context in a multi-

display environment. 
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