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Abstract 
This paper describes a study of three-dimensional user 
interface components that visually provide spatial 
orientation information to the user. The components were 
independent interface elements, each added to, or used 
with, a range of possible underlying apps on mobile 
platforms. The primary purpose of these components was 
to provide the user with additional on-screen information 
regarding their spatial orientation in a 3D environment. A 
randomized control trial of 50 participants was carried out 
using these components to determine if visual aids on 
screen assisted in reducing disorientation and re-
orientation following a disorienting event. Overall the 
study found that the presence of specific on-screen 
orientation aids, as part of the user interface, did reduce 
disorientation, and that the on-screen aids assisted in 
participants being able to re-orient themselves following a 
disorienting event. . 
 
Keywords:  Human-Computer Interaction, Mobile 
Interfaces, 3D Orientation components. 

1 Introduction 
Interface components that function as orientation and 
navigation aids are fundamentally an attempt to provide 
the user with additional information (visual or audio) to 
help them understand their orientation and position in 3D 
space. The experience of disorientation often associated 
with interfaces (especially immersive 3D systems) can be 
caused by a range of factors, involving the interface itself, 
the users’ physiology and in particular the brains 
interpretation of the sensory inputs provided (St George 
& Fitzpatrick 2011, Milner & Goodale 1995). 

In the case of mobile apps, the users visual senses are 
immersed in the “on-screen” interface. Those visual 
senses provide the brain with inputs suggesting that the 
world the user is located in, is oriented according to the 
app, and the interface, that is being used. At the same 
time the users other sensory systems, including balance 
and somatosensory systems are telling the brain that the 
user is oriented according to the physical nature of the 
“real” world (for example upright defined by gravity). 
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For many instances this is not problematic. In the 
common example of the user sitting down, not moving, 
and using an app that does not involve 3D re-orientation, 
the two sensory systems inputs match very well and the 
users rarely become disoriented.  

However with mobile devices, either tablet or mobile 
phone based, the user is able to more easily be in motion, 
changing position and orientation. This motion can 
involve using mobile devices while walking or travelling 
in vehicles such as trains and cars. In these scenarios the 
orientation and directional sense of the user can easily 
become confused, leading to disorientation. Equally if the 
“on-screen” virtual interface involves movement, or re-
orientation in 3D space, the user can just as easily 
become disoriented (Shupak & Gordon 2006, Potel 
1998). 

As mobile systems are often used in motion and in 
public spaces, these “real-world” environments present 
new risks for the user. When disorientation occurs seated 
at a chair or desk, the impact is not significant, however if 
disorientation occurs while using a mobile device, 
walking on the roadside the impact can be much more 
significant (Stavrinos et al. 2011, Lamberg & Muratori 
2012). 

2 The Orientation Aid User Interface  
Mobile apps of many kinds exist, touching topics from 
communications to games, health, knowledge, news, 
information and business (Syer et al. 2013). Amongst 
these apps are many 2D interfaces and also a small 
number that utilize virtual 3D environments, where the 
users are able to re-orient themselves in the virtual 3D 
space (Van Krevelen & Poelman 2010, Patterson 2014, 
2007, 2003). It is these 3D interfaces, commonly in 3D 
games, where “on-screen” navigation and orientation aids 
are most commonly found.  

With disorientation being caused by both confusion 
within the app (for example 3D space not matching real 
senses) and factors outside the app (for example person 
moving or rotating in real space that is not matched in the 
on-screen interface), the orientation aid components are 
designed to exist in place and inform users (providing 
visual information and cues to assist users to avoid 
becoming disoriented). To achieve this several types of 
orientation component were designed and tested. Each of 
these components was then overlayed over the users view 

In an implementation sense the key information being 
presented by the components is the relationship between 
the users “world” coordinate system and the “in app 
coordinate” system.  
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From the viewers perspective (as this is the one of 
primary interest) they are interested in knowing what the 
worlds state is relative to their state. 

2.1 The Orientation Aid Components 
It is possible to convey all of the desired information by 
simply presenting a single visual device showing the user 
the state of the relevant coordinate system in the form of 
a 3D item overlaid over the user interface. Essentially this 
is exactly what the real world artificial horizon does. To 
achieve this the orientation aid components represent the 
state of the orientation using a range of possible physical 
3D shapes/items (essentially any item is possible but one 
that clearly identifies the differing 3D directions or axes 
is likely to be most relevant). The components that were 
designed and tested are listed in Table 1. 

 
Component Description 

 

No Aid (Control) - This gives the user no 
on-screen indication of orientation 
information. 

 

Artificial Horizon - Sphere (rotates about 
its centre) with a blue (the sky) and a 
brown (the ground) hemisphere. 
Provides orientation cues in the one axis 
(i.e. up/down) but does not provide 
directional information. 

 

Plane & Normal - Using a green ground 
plane and a normal (i.e. red arrow). 
Provides a simple “up direction” only. 

 

Axis Device - spins on its central axis 
indicating positive directions in X, Y & Z. 
Provides orientation information in all 
three axes 

 

The Compass - The compass provides 
both a ground hemisphere and also a 
direction arrow/cone. This component 
provides both up/down and directional 
cues 

 

The Hand - This more complex device 
provides the user with a representation 
of the human hand. The fact that the 
hand is unique in differing 
axes/directions makes this component 
capable of providing visual cues in all 
axes 

 

The Man & World (world moves) - In this 
system the model of the man remains 
static and the world (or blue hemisphere) 
rotates around him to demonstrate the 
state of the world. Interestingly this 
component most accurately reflects the 
true state of items from the users 
perspective 

 

The Man & World (man moves) - Similar 
to the previous system however in this 
system the model of the man moves and 
the world remains static. This reflects the 
perspective that would be visible from an 
external viewpoint where it is clear that 
the user is re-orienting in the space 

Table 1: The Orientation Aid Components 

The components listed highlight a range of different 
forms that an orientation aid can take. Some are simpler 
and only provide information regarding orientation 

relative to a ground plane, others are more complex, also 
giving heading and directional information.  

2.2 Experimental Trials of Components 
The orientation aid components were tested as part of a 
randomized control trial involving 50 participants, with 
an age range from 18 to 82 and from a range of cultural 
backgrounds. Participants were randomly allocated into 
one of the trial groups. Each experiment was designed to 
isolate one feature of the interface (the orientation 
component being tested). To achieve this all other factors 
were kept consistent across the trials, including the 
actions undertaken, mobile hardware, device set-up and 
software systems used. Maintaining the consistent 
system, and having the trial orientation component as the 
only varying feature, allowed conclusions to be reached 
regarding the relative performances of the components. 
During the trials, 8 participants failed to complete the trial 
(all indicated that the disorientation action was too 
uncomfortable). 

The task undertaken by the users in this trial was to 
locate an item (hidden inside a box) following a 
reorientation of the virtual “on-screen” world in which 
that box is located. When the user starts the trial the 
system automatically reorients his/her orientation relative 
to the world (implemented as a mechanical animated 
spinning process which spins the world relative to the 
user for a random (but greater that 5 second period)). The 
intent of this reorientation was to confuse the user and 
hence disorient him/her. Due to this disorienting process 
the user (without any help) should not be able to 
determine the location of the box containing the ball. 
Hence when the user attempts to identify the box (this 
being the task) he/she will essentially be guessing at the 
location. By introducing an orientation aid (or the 
control) into this task it was possible to comparatively 
determine which aids were more or less effective in 
helping the user re-orient, gaining a sense of their spatial 
orientation, and thus locate the target box correctly. 

The position of the target item was randomly varied 
from trial to trial via a random placement of the target in 
the set. During the trial, quantitative and qualitative data 
was collected including both the speed of the users 
response and the number of errors he/she makes before 
reaching the correct target and completing the trial.  

3 Results & Analysis  
Users who were part of the control group (those with no 
orientation aid) completed the trial twice, both times 
without any visual orientation aids. In the first attempt at 
the task, members of the control group on average took 
60.8 seconds to complete (re-orient and then find the 
target) making on average 5.8 mistakes before correctly 
locating the target item. In the second run the control 
group members took on average only 32.0 seconds to 
complete but made on average 8.1 errors. Interestingly 
users took less time to complete in the second run, but in 
doing so made more mistakes. This indicates that the task 
was, if anything getting harder to complete correctly, but 
that the users were faster with the process of making 
mistakes and moving on. The comparative error rate 
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results for each of the orientation aid components are 
shown in Figure 4.  

The average error rates for the control group (no 
orientation aid on screen) were 6.95 errors and the best 
performed component (“Compass”) having a level of just 
1.6 errors. This indicates that some of the on-screen 
orientation aids reduced error rates in locating the target, 
although there was notable variation from component to 
component. As the task involved finding the target after a 
disorientation event this would indicate that the presence 
of specific orientation aids (from those demonstrating 
positive effect) assisted users in understanding their 
orientation and being able to re-orient and complete the 
task with fewer errors. 

 

Figure 4: Chart of Error Rates (Y axis) for Orientation 
Components 

The large ranges (representing 95% confidence 
intervals) in many of the error rate values indicate that 
although some users performed well with a given 
component, others found it to be less effective, and across 
the trial group the range of variability was high for some 
components. 

Interestingly, it is two of the simpler devices that stand 
out as the best performers in terms of low error rates. The 
“compass” device, with its simple ground hemisphere and 
direction arrow, proved to be statistically significantly 
more effective than the control groups as did the very 
simple “plane and normal” device, which is similar in 
style, consisting of a ground plane and an up arrow.  

The more complex devices (including the hand, axis 
device and artificial horizon) proved to be less effective 
with regard to error rates. Thus identifying the fact that 
for the task of supplying simple orientation cues, users 
function more effectively, and with fewer errors, using 
the simpler more obvious components.  

Of course the users perception of the interface and 
their sense of spatial orientation is just as important as the 
functional accuracy with which they complete the 

orientation task. To measure the more human factors, 
participants were asked a series of questions following 
their use of the orientation aid in the task.  

 
Figure 5: Chart showing participant level of 

confidence in their orientation 
 
Responses to the question asking how they rated their 

level of confidence in their spatial orientation during the 
trial are shown in Figure 5 for each of the component 
types. The most obvious feature of this chart is the fact 
that the average ratings given for all of the orientation 
aids are a step higher than those given to the control 
group, who had no on-screen aids. In fact four (including 
“Plane & Normal”, “Compass”, “Hand” and “Man & 
World (man moves)”) of the seven orientation aids were 
statistically significantly better in terms of participant 
responses regarding their sense of confidence in their 
orientation. This indicates than an orientation aid does 
benefit the users sense of spatial orientation.  

There was variability between the differing 
components. In terms of user confidence in their 
orientation the “Man & World (man moves)” component 
was the most effective (average level of 11.3 on a scale 
from 0-20), followed by the “Plane & Normal” (10.8 
average), “Compass” (9.9 average) and “Hand” (9.9 
average). 

Looking at Figures 4 & 5 together highlights the fact 
that the three components with the lowest error rates 
(“Compass”, “Plane & Normal” and “Man & World (man 
moves)”) are also the same as the three components with 
the highest ratings in terms of user confidence in 
orientation. This shows that the tools that gave the 
greatest confidence in orientation also generated the 
lowest errors (and hence the best return from 
disorientation). 

These results closely match the qualitative data 
collected in terms of the users perception of “how 
suitable the interface was for the task given”, as shown in 
Figure 6. As Figure 6 highlights the components that gave 
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users the highest levels of confidence in their orientation 
(shown in Figure 5) were also rated as the most suitable 
interfaces.  

 

Figure 6: Chart showing participant rating of interfaces 
suitability to task. 

4 Discussion & Applications  
The results from the experimental study clearly identify 
that the user can perform better (in terms of 
understanding their orientation in space) when an on-
screen orientation aid is present. However the particular 
details of that aid made a significant difference in how 
effective the tool was to the user in these tasks.  

The on screen components whose 3D devices showed 
a flat ground plane (this included the “Compass”, “Plane 
& Normal”, “Man & World“ were consistently the 
highest achievers in each measure that was recorded. This 
observation indicates that a flat ground plane object 
(these varied in shape from square to circular) plays a key 
role in providing users with a sense of spatial orientation.  

The other interesting common feature in the most 
successful components was the presence of a second 
object (the normal arrow in the “Plane & Normal”, the 
directional cone in the “Compass” and the man object in 
each of the “Man & World” options). In essence the most 
successful components all featured a reference ground 
plane object and a single second item relative to that 
ground plane.  

The way participants described their process, after 
becoming disoriented, was to first get a sense for up and 
down, and then move to understand the spatial 
relationships. When this is considered relative to the 
successful components, it would appear that by providing 
a key component feature that indicates the ground this 
would provide the first and most important step in 
assisting orientation. The components that also then 
provided information to place things in a relative sense 
provided the best overall form for this task.   

5 Conclusions  
Much like the real world application of orientation aids, 
including the artificial horizon in aircraft, the results from 
this research indicate that “on-screen” orientation aids, in 
the form of 3D user interface components overlaid over 
existing apps, can assist users in gaining a greater sense 
of their spatial orientation and be of assistance in helping 
them to re-orient themselves following a disorienting 
event. The key use of a ground plane object and a second 
reference object (note that just the two items generate the 
best outcomes, with fewer or more being less effective) 
showed significantly better outcomes in terms of recovery 
from disorientation and provision of a sense of orientation 
for the user.  
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