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Abstract
Google Glass is a new personal computing device that employs an over-eye 
transparent display together with voice-control in order to offer audiovisual in-
formation to the device's users. Glass is  also a new mediated-reality platform, 
fundamentally  different  from common  computers  and  smartphones,  and  the 
available Glass application (Glassware) design guides do not  fully  cover  hu-
man-computer interaction issues that are imposed by Glass' characteristics – is-
sues such as optimum information density, use of colourization and positioning 
to separate information, optimum amount of discrete entities on display, and the 
use of iconography. By combining existing guidelines for Glassware UI design 
with past research on human-computer interaction and psychology, those issues 
can be addressed and can lead to additional design principles. To evaluate the 
efficacy of such combinations within the  technical and design  limitations im-
posed by Google Glass, a set of UI mock-ups for fictional Glassware is created 
and used in multiple surveys to acquire data on human response to those com-
bined factors. During the study, it was determined that factors including colour-
ization, element positioning and use of icons have a definite effect on user per-
ception  and  preferences,  whilst  factors  related  to  information  density  and 
amount of discrete entities on screen are less relevant. Additionally, supporting 
evidence was found in relation to the assumption that utility is more important 
than functionless aesthetics. As a result, a  UI design guideline set was formu-
lated that can be used to supplement existing UI design guidelines for Google 
Glass and similar over-eye transparent-screen devices.

Keywords: Human-Computer interaction,  Google Glass,  Application  user  in-
terface, UI design, Wearable computing, HMD, Over-eye display, Head moun-
ted display, Glassware.
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1 Introduction
This thesis endeavours to create a visual user interface (UI) design for a concep-
tual consumer-level application that could be used on Google Glass or similar 
devices  with  head-mounted  transparent  displays  positioned across  the  user's 
field of view, and, in doing so, to determine the key guidelines of user interface 
design and development specifically for such devices.

The education of the author is 180 higher education credits, of which 120 cred-
its are in the field of computer engineering, related, among other things, to com-
puting application development and design.

1.1 Background and problem motivation

Ubiquitous  consumer-level  computing  is  widespread in  modern  culture,  and 
forms a backbone of informed, always-connected modern life. As such, a study 
of any and all aspects of interaction between humans and the ways  in which 
they interact with information is crucial for the future development of comput-
ing. Devices  such as tablets and smartphones have gained popularity and rep-
resent one of the most common  modern  ways of human-computer interaction 
(HCI), primarily making use of the 'interactive slab' interface – a rectangular 
device with a touchscreen on one side. In terms of wearable computing, optical 
see-through head-mounted display devices like Google Glass may soon (within 
the next decade or two, if the rate of smartphone evolution is indicative) be-
come the next “big thing”  that  is genuinely different, augmenting and poten-
tially replacing the current smartphone concepts as such and taking their place 
as the fundamental method of staying connected and interfacing with the Inter-
net in everyday life. As with modern smartphones, applications designed for the 
specific system (software designed explicitly for Google Glass is called 'Glass-
ware') can make or break the Google Glass – and by extension, influence the 
way consumers view wearable over-eye computing as such. Because of the reli-
ance on a transparent colour display placed in front of the user's field of vision 
as part of a head-worn device, Glass (and potential competitors) provides an ap-
plication  deployment  platform with  uniquely  different  necessities  and  chal-
lenges for user interface design; and because of the modernity of such a device 
as a consumer-grade gadget, little research has been conducted towards creating 
UIs purpose-built for efficiently presenting information via Google Glass. Ex-
isting application visual UI design guidelines are  suitable and optimized for 
non-transparent displays and do not consider the differences provided by this 
new platform. As an attempt to  both  contribute to  specifying the UI design 
guidelines appropriate for over-eye displays, and to increase the relevance of 
Glass-like wearable computing, this thesis explores the reception of various UI 
design factors implemented in Glass application UI mock-ups and identifies the 
aspects that positively benefit computer-to-human information conveyance.

1
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1.2 Overall aim

Whilst the field of user interface design is vast, the Google Glass  provides a 
specific  concept  of  a  modern/near-future wearable  computing  devices'  form 
factor and functionality. Therefore, the overall aim of this thesis is to determine 
the visual user interface guidelines applicable for developing consumer-grade 
applications which are targeted for such devices, so that developers may incor-
porate that knowledge in their applications and reduce the need/extent of ad-hoc 
usability studies. At a more abstract level, another aim of this thesis is to in-
crease the academic relevance and presence of over-eye consumer-grade HCI 
devices and provide academically obtained knowledge to a fledging, modern 
field of computing.

1.3 Scope

The scope of this thesis is limited by the availability and format of appropriate 
hardware, and by the extent of information  that  Google has chosen to unveil 
with regard to their device  at the time of writing. Due to a lack of publicly 
available device prototypes/alternatives, only the visual UI aspects will be con-
sidered, without recreating the full application functionality in code. In order to 
simplify testing and the process of determining viable solutions, the UI produc-
tion will be focused towards designing for a certain type of Glassware that ex-
emplifies a typical usage functionality of Google Glass, with user-testing con-
ducted via appropriate mock-ups and representations.

1.4 Detailed problem statement

To determine useful UI design guidelines via the creation of an example UI for 
a Glassware app, it is firstly required to discover, via a survey of potential Glass 
target demographic, the most requested types of Glassware. Then, a UI example 
oriented for Glass-like devices must be created (in accordance with existing in-
formation and consideration of the target platform) and evaluated in order to de-
termine guidelines and suggestions for  Glassware UI design.  In doing so, this 
thesis aims to solve the following questions:

1. - What type of application is expected to be present on devices like Google 
Glass?
2. - What guidelines/suggestions are appropriate for Glass-like device applica-
tion UI development?

To answer the latter, the following sub-queries are formulated as follows:

2.a – What unique problems for user interaction and information presentation 
exist in a system using an over-eye transparent display?
2.b – Can solutions be found to solve the problems determined in 2.a, and if so, 
what are they?
2.c – What (if any) general over-eye transparent display device UI design 
guidelines can be derived from 2.b?

2
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2.d – What (if any) UI design guidelines for creating Google Glass applications 
can be derived from 2.b?

1.5 Outline

Chapter 1 introduces the thesis' purpose and field of study, and outlines the 
relevant goals and problems and the procedure and method of research conduc-
ted to discover the required information and to produce solutions (and evalu-
ations thereof) are described in chapter 3. Chapter 2 presents the background 
theory that serves as both a basis of work conducted in this thesis and as an in-
formational update for readers in order to have a full understanding of the relev-
ant background. Chapter 4 contains a description of potential solutions towards 
creating a UI optimized for over-eye displays, and the results of the proposed 
solution evaluations are contained in chapter 5. The conclusions drawn from the 
evaluation results are noted in chapter 6, together with a discussion concerning 
the information obtained from this thesis work and a reflection on future applic-
ation/investigation of said information. In addendum, the thesis ends with a list 
of references used for this work, and an appendix of relevant data (surveys, in-
terview responses) too lengthy to include in regular chapters.

3
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2 Theory
2.1 Google Glass

Google Glass is a wearable human-computer interaction computing device with 
a see-through Head-Mounted Display (HMD) positioned over the user's right 
eye such that it displays generated imagery within the user's natural field of vis-
ion, seemingly overlaying the virtual imagery on top of the real-world view. 
User interaction is conducted through voice-control  and a small touchpad loc-
ated on the left side of the device outside of user's field of view; the touchpad is 
capable of tracking taps and gestures [1], [2]. The device is shaped as a frame of 
glasses that can be with or without (see Fig. 1)  optical lenses. The see-through 
display  has a 640 by 360 pixel resolution and is  the  “equivalent of a 25-inch 
high definition screen from 8 feet away”[3]. An on-board processor and 12GB 
of usable memory are included in the design to allow the device to act, in the-
ory, as a separate computing device  with a day's  worth of power instead of 
merely an Input/Output (I/O) terminal. 

The device further contains the following: location-awareness sensors (a Global 
Positioning System (GPS) receiver, accelerometers and a gyroscope) for geo-
spatial, motion and orientation determination, a camera sensor directed towards 
the device's front, providing “user's point-of-view” video and still-photo cap-
tures, a bone conduction transducer audio output device, and a microphone for 
capturing  verbalized  user  instructions  and environmental  audio.  The Google 
Glass has  a  Wireless Local Area Network (802.11b/g)  and Bluetooth capable 
transmitter/receiver  that  constitutes  the  main  connectivity  interface  for  the 
device  that is able to access the Internet either directly or via pairing to any 
Bluetooth-capable phone (with special synchronization app available for  An-
droid v4.0.3+ smartphones) [3].

4
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The device is still in  its development stages, with prototypes (“Explorer Edi-
tion”) being sold to a limited set of developers through an application-based 
process.  Consumer-grade editions  are  scheduled to  be launched in either late 
2013 “for less than $1,500” ([5],  [6]) or sometime in 2014 [7].  The developer 
editions are intended to provide third-party developers with a testing platform 
and  to also serve to finalize the 'Mirror API' – the intended Application Pro-
gramming Interface for all Glassware [8]. The 'Mirror API'-developed applica-
tions rely on a cloud-hosted platform, wherein resource-intensive computing is 
conducted on server systems and results are sent to the user's Glass device,  as 
illustrated in Figure 2 part a; all outgoing data from the Glass is sent to Google's 
synchronization/distribution servers and passed on towards the third-party ap-
plication servicing servers (Fig. 2b). All application data is sent to Google's dis-
tribution servers via the aforementioned systems in the form of “timeline cards” 
-  discrete data entities with  visual composition  containing text, images, Rich 
Hypertext Markup, and UI objects. These cards create the visual application 
that the user receives and interacts with on the Glass device. Each application 
(app) can consist of multiple 'bundled' cards, allowing an app to span multiple 
cards and to have a paged navigation system. Cards can also contain menu-style 
options, both pre-specified and custom [9].

Google Glass is a single manufacturer's platform, and Google itself has spe-
cified  a  few  general  application  design  suggestions.  According  to  Timothy 
Jordan (of Google) [9], applications for the Glass have to be focused on short, 
instant on-demand interactions with the device, taking the strengths and weak-
nesses of the Glass platform into consideration. The applications are expected 
to be designed specifically for Glass instead of being ported from smartphones, 
and to avoid interrupting the user from their every-day activities with “too fre-
quent and loud notifications”  [9]. The information contained/accessed by the 
applications should be recent and timely, and restricted to the expected, direct 
functions of the applications, avoiding “unexpected, unpleasant” [9] results. 

Because of the cloud-based application design model  and technology limita-
tions, the Glass is a Mediated Reality device (see explanation in paragraph 3, 
chapter 2.2). At the time of writing, Google Glass is the only confirmed Medi-
ated reality HMD device scheduled to be available to consumers in 2013, but 
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other similar over-eye HMD devices (such as Vuzix M-100 [10], Lumus DK-32 
[11], Kopin Golden-I 3.8  [12]) are being prototyped/developed and may enter 
the consumer market. Other types of consumer-grade HMD devices  used for 
different purposes – such as the Oculus Rift [13], a fully Virtual Reality HMD 
device – are also expected to become available in 2013.

2.2 Virtual, augmented, mediated reality

Because the Glass is a new platform with a significant amount of uncertainty 
about its features and expected usage patterns, it is vital to clarify exactly what 
kind of a device it intends to be, in order to correctly set Glassware expectations 
and tasks. To do so, an explanation of popular '??? Reality' terms and the defini-
tions used throughout this thesis is necessary to inform what Glass is and is not. 

Within the context of wearable computing, Virtual Reality (VR) is an artificially 
constructed three-dimensional environment which the user (player, avatar) can 
interact with.  According to Lacrama and Fera  [14], technologies enabling vir-
tual reality are structured in sub-types, among which are immersive VR and 
augmented reality VR systems. The main elements characterizing virtual envir-
onments are the graphical 3D component and the real-time feedback within the 
human-computer  interaction.  A “basic  equipment  of  a  virtual  reality  profes-
sional system” [14] is the Head-Mounted Display with an isolated, non-trans-
parent screen in front of each eye, designed to occupy the user's field of vision 
and isolate it from the physical world. The Oculus Rift  [13], for example, is a 
fully immersive VR system that offers a persistent and self-contained spatial en-
vironment representation (a necessity for Virtual World representation, accord-
ing to Hughes [15]). Per Costanza, Kunz and Fjeld [16], the immersion factor is 
achieved by using visual,  auditory and optionally-tactile displays  and output 
systems to isolate the physical world from the user's perception in such a way 
that  the  only  entities  perceived  by the  user  are  those  that  have  been  com-
puter-generated within the virtual world.

6
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Mixed Reality (MxR) is a type of VR (according to Fera, Lacrama [14]), or a 
parallel variation on reality systems (according to Costanza, Kunz, Fjeld [16]), 
that is characterized by the users perceiving a curated mix of both the physical 
and the simulated world in an overlaid fashion – commonly with the physical 
environment providing the background and the spatial space in which digital, 
non-physical elements are presented visually through semi-transparent displays 
or video-feedback simulated see-through capability (see Fig.  3 for example of 
reality systems and element correlations). Hughes [15] argues that the distinc-
tion between a purely-physical environment as 'real' and virtual environment as 
'not real' is false, as virtual worlds themselves are 'real'. With MxR, this argu-
ment gains further merit, because the digitally-created entities in an MxR envir-
onment can be used to influence the physical world (e.g. through code execu-
tion calls linked to physical servo-devices,  or through informing/inciting the 
user to act in a specific non-standard way), thus making MxR systems as imple-
mentations of mediated reality. MxR is further categorized by the overall rela-
tionship between physical and virtual elements; a system in which the physical 
environment is dominant and contains more physical than virtual elements is 
called Augmented Reality (AR).

Within AR systems, the illusion of coexistence is necessary and the real-time 
overlap of virtual and physical environments is a definitive characteristic [16]. 
AR devices are required to have sufficient computational capabilities to provide 
a  fully  real-time  responsiveness  for  virtual  element states in  relation  to  the 

7
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physical world.  These states include the spatial positioning (movement of vir-
tual elements has to be 1:1 correlated to movement of physical world), and the 
display systems have to be visualized at “high resolution and high contrast” 
[16]. Because the positioning, due to application of simulated perspective, is ul-
timately dependent on the focal points of the user's vision, either a precise user 
gaze-tracking or at least the full adjustment of display orientation/location in all 
three cardinal directionality axes is necessary to conjure a believable ('realistic') 
imposition  of  the  virtual  across  the  user's  field  of  vision.  From a  technical 
standpoint, the correlation of two environments is possible via the use of video 
sensors,  GPS,  visual  and  acoustic  markers,  inertial/magnetic  sensors  or  any 
combination thereof [16] - all of which requires a processing capacity sufficient 
to interpret readings from those sensors and to produce representations of up-to-
date virtual environment in real-time. The Google Glass device does not contain 
sufficient processing capability, nor adequately sized displays (at least as of the 
first released version), to act as a full AR device. Moreover, the cloud-based ap-
plication system ensures a  noticeable delay, which is guaranteed to disrupt the 
illusion of coexistence required for AR.

Mediated Reality (MdR), according to Barbatsis, Fegan and Hansen [17], is the 
principle of physical reality being affected by virtual entities. While this does 
not constitute a VR system (as VR, as per Fig. 3 is a self-contained virtual en-
vironment with no physical contents), it is a required aspect of any AR system, 
when seen from the context of user perception. Devices such as Google Glass, 
which are unable to provide a 'realistic' coexistence of multiple environments, 
nevertheless produce and influence the perceived reality that the user sees (and 
hears) and the way that the  users interact with the physical environment.  It is 
therefore the case that the Glass is at least an MdR device that provides a partial 
AR experience by compounding the physical environment with an overlay of an 
artificial environment (zone, field, display area) that is not 1:1 spatially correl-
ated, but which features both types of elements (virtual elements can be imple-
mented as UI icons imposed in/over user's physical field of view).

2.3 Split attention and visual focus 

According to Gardner and Shiffrin [18], human attention is a limited resource in 
a given time period, with an upper bound of visual processing/memorizing that 
human short-term memory is capable of handling without information loss. In-
ternally, attention is directed – on a conscious level – on a 'top-down' basis in 
accordance to the user's goals, assumed tasks and disposition towards both, but 
external environmental stimuli – visual or otherwise – can be cued in an im-
posed fashion to cause inadvertent attention shift [19]. The management of at-
tention is, fundamentally, a problem in any human-anything interfacing system 
(for example, drivers being forbidden to watch motion pictures while driving a 
car is a basic law to solve the attention-management resource conflict).

Whilst there have been claims both in favour of and against the human capacity 
to divide attention between two or more tasks, Cowan's  [20] survey on visual 
working memory studies concludes that an area in a human brain is directly re-

8
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sponsible for maintaining the focus of attention, with a capacity limit of an av-
erage of 3 to 4 primary items when considering visual arrays and verbal/visual 
lists. However, Sharp et al [21] and Smith-Atakan [22] refer to a more generous 
limit of 7 (+-2) items. With such impositions, the threat of information overload 
is an active issue  for modern, networked societal and computational systems 
[23]. According to Thomas and Roda  [23], attention awareness (or considera-
tion) is recommended in environments where a)  inappropriate diversion/focus 
of attention may result in damage or harm, or b) where user lack of experience 
complicates proper division/focus of attention, or c) where attentional switches 
are cued/issued with high frequency.

Interruptions are a noted cost/benefit  problem with regard to visual focus in 
HCI, with shifting evaluations of acceptable trade-off and information utility 
prediction [23], [24], [25]. As McCrickard et al. [25] point out, in HCI domain 
there are 'secondary displays' – visualized notifications regarding information 
that is time-critical and not the user's overall main attention priority. These sec-
ondary displays are meant to operate on a glance-by-glance basis rather than be 
fully focused upon and to thus minimize the irritation factor and intrusiveness. 
In physical terms, the secondary displays are either persistent displays outside 
of a user's field of view, or small zones of the existing field of view that are  
wholly requisitioned for notification purposes. Google Glass therefore breaks 
the secondary-display role due to its positioning in the user's field of vision. No-
tification systems are inherently disruptive impositions upon the user, meant to 
allow user participation and reaction towards  notification’s information at the 
expense of attention. As per [25], one aspect that any such notification system 
should be evaluated upon is comprehension (how fast/easy it is to consciously 
understand the notification's meaning).

This is important for considering  Glassware design because the link between 
short-term working memory, visual attention, cognitive attention and eye move-
ments is found as valid and subject to distraction-caused chain-reaction, accord-
ing to Theeuwes, Belopolsky and Olivers [26]. Sustained distraction of eye fo-
cus cued by an “outside world” factor can affect the mental memory state. Ocu-
lar  focus  is  a  direct  response  to  visual  attention  shift,  and  
inhibition of said attention is acquired over time as the same distraction cues are 
used repeatedly, thus indicating that an unfamiliar external trigger can and will, 
if unexpected, cause an attention shift.

2.4 User interface design 

According to Jung  [27], the User Interfaces of small-sized portable electronic 
devices are affected by two trends that  are manifested in technology advance-
ment, namely the miniaturization of physical aspects of a device and the expan-
sion of functionality and feature base. These trends serve to complicate the hu-
man-computer interactivity and user interfaces have to be developed to counter 
the  resulting  usability  problems.  To facilitate  user  interface  consistency and 
management of technology-induced issues, device manufacturers produce UI 
style guides ([28], [29], [30]) that contain general guidance with regards to user 
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interface  design.  Common elements  in  these  guides  are  the  focus  regarding 
primary information on per-need basis, simplification of presented information 
via iconography /  images /  symbols, device-specific UI element spacing and 
sizing hints, and an increased focus on useful presentation prioritized over ex-
cessive visual effects (“content over chrome” [30]). 

Apple's guidelines suggest that the prominence and number of visible controls 
should be minimized to “decrease their weight in the UI” [29], that the UI usage 
paradigms of third-party applications should be consistent with those of built-in 
apps and that “stunning graphics” and animations (also endorsed by Microsoft, 
[30]) can communicate status and improve the sense of immediate manipula-
tion.  Distinctive iconography should be simple and universally recognizable, 
and should serve as an idealized representation of the concept [29], making use 
of a distinctive silhouette and shadows/gradients to imply depth (caveat: “Real 
objects are more fun than buttons and menus” [28] suggests a recommendation 
of 'real-like' over 'stylized' icons). Bright, primary colours are recommended (by 
[28],  [30]) to specify emphasis and  to  serve a meaningful purpose instead of 
“[using] colour merely to make the icon more colourful” [29]. 

For transparent-screen HMD user interfaces, the added complications are based 
on the problems caused by two overlapping visual environments that occupy 
the user's field of vision, mandating a necessity to consider such factors as item 
positioning, background lighting, item colourization. A study by Tanuma et al. 
[31] on industrial-task-related information  visualization through such displays 
has provided the following suggestions for maximized comfort. (1) Visual item 
size recommended above 1°01'14'' x 0°30'37'' of field-of-vision,  which  was a 
suggested middle value of the evaluated item sizes (+- ~50%), and accuracy 
was not affected by changes in item size. (2) Item positioning prioritized in or-
der  of  'middle'>'lower-middle'>'nose-side'>'upper-middle'>'ear-side'  (see  Fig. 
4),  assuming a full-size display placed in front of the non-dominant eye. (3) 
Limiting on-screen item colour coding to three cardinal colours or less  with 
solid-tone  (dark/black)  real-sight  backgrounds,  and  being limited to  one/two 
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(humanoid/display relative scale not accurate). Source: [31] 
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colour  patterns  with  non-black  real-sight  backgrounds.  (4)  Usage  of  high-
brightness  and high-luminance  item  colours  (primary  colours  such  as 
red/green/blue, or others with a high amplitude), particularly in high luminance 
background situations, in addition to the admission that additional research for 
non-industrial information content is recommended. Their study also identified 
the area in which Google Glass projects information (outside top quadrant) as 
the worst location for displaying content.

The problem of UI overlapping the physical environment perceived by the user 
has also been encountered in videogames, especially with the rise of graphically 
complex  and  realistic  three-dimensional  game  worlds  [32],  where a  game's 
'world' + 'UI overlay' (Fig. 5) is acting in a relatively identical fashion to 'phys-
ical environment' + 'transparent display over field-of-view'.  It is thus the case 
that a parity can be drawn between UI elements in games (as studied by Fager-
holt & Lorentzon  [33]) and UI in a transparency-display HMD. The common 
areas  of  UI  element  placement  within  the  overlay  are  directed  towards  the 
centre of the screen for indicative (primary) elements (ones that 'target' a world 
entity / mark it  for further action) and towards the four edges of the virtual 
field-of-view for informative  (passive, secondary)  elements (ones that receive 
and display static information to the user).

According to Kieras' evaluation of videogame UI trends [34], the focus on ap-
pearance should have a lesser priority in contrast to efficient information deliv-
ery.  In addition, when requesting user decisions, full information for that de-
cision should have been presented to the user, optimally shown on-screen at de-
cision-making time. It is thus the case that a cluttered display is less inconveni-
encing  than  a  cluttered/exhaustive  procedure  for obtaining  all  information 
through multi-display (multi-window) flows.  The focus  on using  icons  over 
words is “fun, but misguided” [34], as icons can be arbitrary, hard to recognize, 
and present an additional level of memorization required  of the user  (caveat: 
with prolonged use, icons can become familiar and easier to identify).
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Figure  5: Conceptual view of visual UI conventions in 
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3 Methodology

3.1 Initial pre-study 

In order to arrive at  meaningful solutions to the thesis'  outlined problems, a 
study of  existing  relevant  knowledge  will  be  required.  The  knowledge-base 
study will be conducted on materials scientific, academic and non-academic, 
with relevance attributed to the date of publication and nature of the source. A 
significant part of this information will double as the background theory for this 
thesis and will serve to inform the solution approach. The key fields to investig-
ate are:

• Modern UI design (with focus on small-display, portable devices)

• Augmented reality (devices, terms, issues...)

• Human mental physiology (span of attention, issues of visual attention 
and distractors...)

12
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• Google Glass and similar devices (hardware, OS, application format re-
strictions...)

• Existing research in over-eye wearable computing devices

By conducting this background research, it will be possible to determine hu-
man-computer interaction factors that are relevant to Google Glass applications, 
and to reconcile them with the limitations and requirements posed by the Glass 
platform. It will also assist in identifying the areas where existing HCI know-
ledge has not yet been applied to Glassware design guidelines.

In addition, an initial survey will be required to determine the type of applica-
tion for which solution examples shall be created/investigated. This survey will 
be informative  in  purpose,  precede  the  solution investigation and will  serve 
only to focus upon the solution approach, thus not being a significant factor in 
the evaluation.

3.2 Solution approach 

After conducting the pre-study, the aggregated information will serve as a guide 
and reference in relation to determining adequate solutions to the outlined prob-
lems of this thesis. Additional information research may be necessary to further 
complement  the problem-solving process. 

The solution creation will primarily consist of designing an example (or set of 
examples) of a visual user interface for a type of application determined by the 
initial pre-survey. This interface design shall reflect the informational founda-
tion of the thesis, and will contain specific features that can be verifiable indi-
vidually or as a whole  and which can be subsequently translated into design 
guidelines and suggestions that complement those provided by Google itself.

The result Google Glass (or its emulators / alternative VR/AR devices with ad-
equate resolution and display characteristics) not being available at the time of 
writing, is that the visual UI example designs shall be created as visual mock-
ups, without providing a fully functional application  on which  to use the UI. 
The decisions that the  UI design will be based upon  will be informed by the 
pre-study.

3.3 Solution evaluation 

To evaluate the proposed designs and their applicability as solutions to the out-
lined problems, surveys of test participants shall be necessary to rate the effic-
acy of the UI proposals. Since a physical over-eye transparent display device 
will not be available in time for this thesis, other methods of testing shall be re-
quired.

13
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To gather quantitatively significant data, an online open-access survey will be 
created, consisting of images of UI mock-ups, set against a placeholder 'real-
istic' background (to clue participants into the nature of the transparent display) 
and the participants will be asked to indicate their preferences and evaluations 
of the presented designs. Within this survey, participants shall be presented with 
the mock-up design for a UI segment (card) and a context explanation will be 
given for each UI card to avoid issues of unfamiliarity/confusion. The estimated 
time of completion for this survey should be of the order of 15-25 minutes per 
respondent  in order to maintain a constant factor of interest.  The respondents 
should not be involved in any in-depth HCI studies, so that they may provide 
data  that  could  reflect  the  views  of  general  consumer  base  of  Glassware  / 
Google Glass.

In order to fine-tune the make-up of the online survey and to gather indications 
regarding the necessary changes to the designs before quantitative evaluations 
(to fix any grossly outlying issues that may skew the results with near-100% 
predictability), extensive qualitative surveys will be conducted on an individual 
basis  with  willing  participants,  gathering  their  feedback  and  responses  in  a 
semi-casual setting. The participants will be asked to  offer their opinions and 
thoughts on individually presented UI cards and to  provide their choices (and 
argumentation thereof) when given a comparison between two competitive ver-
sions of the same card. The superior form of evaluation ('individual cards' or 
'comparison images') shall form the basis of the aforementioned quantitative on-
line survey, with common responses given by participants forming selectable 
pre-written optional responses in the final survey. These surveys are expected to 
take between 60 and 80 minutes per person.

Because these tests are inherently dependent on the active luminosity of a dis-
play device, rather than passive reflected light of e.g. paper-printed UI cards, 
these  tests  will  be presented  on computer  monitors.  Printouts  on  paper  and 
transparency sheets have been attempted, and found to be poor substitutes for 
monitor-displayed images, and it is highly probably that these will mislead test 
subjects  and  produce  non-applicable  data.  Large  wall-projections  have  also 
been attempted, but low projection resolution and issues associated with lumin-
osity  have  likewise rendered the method  as being  unfit as  a  platform  for UI 
design evaluation, given that colour, visibility and brightness are key parts of 
said designs. As suggested by Nielsen [36] [37], the absolute minimum of qual-
itative test subjects shall be placed at five/six subjects (sufficient to find/report 
on ~75 to 80% of usability problems), with the optimum being closer to fifteen-
twenty subjects per test. The subjects shall be chosen from a common age group 
and interest range, which in this case is the university students, who represent 
the probable target market for a Glass-like device (and thus, the application 
design) and form a relatively homogeneous test group with similar inclinations 
towards technology and application use without an in-depth professional know-
ledge in relation to human-computer interaction.
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The resulting data of these tests would be aggregated and used to identify the 
specific factors of the proposed UI designs that have been shown to work and 
thus solved/aided the usability of the Glassware design. Those features, and the 
trends expressed in  the  test results, shall be used to formulate final solutions, 
given in the form of general guidelines, suggestions and/or remarks, regarding 
the thesis' outlined problems.
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4 Design
4.1 Application type choice based on pre-survey 

In order to design an example UI mock-up for an application, the type of ap-
plication  must firstly be determined.  To that effect,  a  survey (shown in Ap-
pendix A) has been conducted among a group of, mostly, 20-26 year-old univer-
sity students (likely target group for devices like Glass), in which participants 
were asked to indicate their interest in various application types.

Of three general application type offers, the largest interest was expressed with 
regard  to  navigational  applications (Glassware that  involve  object  location, 
tracking,  geo-location,  map  use,  direction  services).  Within  this  type,  the 
greatest interest was expressed in an application that would provide directions 
to an address or a target (as suggested by one participant, the target may also be 
another Google Glass user, or a person linked to the user with some social net-
work). The second most interesting application type was informational applica-
tions  (Glassware that  provides information about the environment,  or paired 
devices, or user's connectivity). Within this type, the largest interest was ex-
pressed in  a translator (dictionary) and notification hub applications. Least in-
terest was expressed in social/recreational  Glassware, with photography/video 
capture and social-network/chat applications indicated as  the  most interesting 
within this group-type.

Based on this preliminary data, the primary UI design should apparently be cre-
ated for a conceptual navigational/directional application that can direct users 
towards selected destinations. However, this type of application is likely to have 
minimal  output  at  any  given  time  (directions,  potentially  brief  information 
about the target, perhaps a distance meter, or just a plain map image), leading to 
minor visual complexity. A more complicated user interface is required for the 
translator/dictionary and notification hub applications, and both of which were 
deemed to be of interest, as both have potential to contain a larger amount of in-
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formation (or information in a more verbose form), leading to better opportunit-
ies for UI design differentiation.  Moreover, the dictionary/notification  Glass-
ware is likely to have static informational content instead of actively changing 
content for a direction indication app, making the former more accurately and 
easily evaluable with  the  test  methods outlined in chapter 3.  Therefore,  two 
kinds  of  UI  designs  shall  be  created,  one  being for  a  translator+dictionary 
Glassware (data sourcing method is irrelevant to the user interface, and it can be 
assumed that the application retrieves and filters information from an Internet 
resource), and the other for a notification hub indicating new emails, text mes-
sages, incoming/missed calls etc. These two designs will  enable an evaluation 
of the optimum information density and separation, the style, type, size, place-
ment, toning of iconography, the benefits of cosmetic visual effects  and usage 
of colour as categorization tool, and thus, hopefully, lead to viable solutions for 
the thesis' problems.

4.2 UI design space, delimitations & usability factors

The UI design has to reflect the limitations and constraints of Google Glass in 
order to produce more accurate results. There are two limitation sets that have 
to be considered, namely, hardware-based and software-based limitations. 

Glass'  display has a resolution of 640 by 360 pixels, with transparent 'unlit' 
pixel space and a non-adjustable mount placed below the outer half of the right 
eyebrow, thus occupying the upper right portion of a user's field of vision. The 
display projects a single image overlay, thus negating stereoscopic/3D images. 
Currently, there is no indication of a Google Glass device with different screen 
size/placement, which provides a fixed concept of UI sides (right side of the UI 
can be referred to as the 'outer' side and the left as the 'inner', allowing for the 
positioning of elements not merely relative to the display centre, but to the gen-
eral location of user's pupil). The user interface methods are mainly limited to 
two input  devices,  namely,  the microphone for  verbalized  commands and  a 
side-mounted touchpad designed to detect taps and swipes. The ability to use 
the front-facing camera sensor for application input/control is unverified as of 
the time of writing. Therefore, the UI cannot be constructed to require input via 
devices such as a keyboard or a mouse, or hand gestures in front of the user's 
face.

Despite the applications not being fully created as functional programs, the UI 
design has to be created for a supposed Glass app, and therefore must follow 
the software limitations of Glass apps. According to Google [9] [38] [39] [40], 
applications are bundled packages of html pages (timeline cards) and support a 
logistically hierarchical structure (per application) implemented in a single lin-
ear presentation of multiple-application pages. The card system also means that 
each card must act as, at most, a single interactive object with interactivity at-
tributed to  its whole of it  and not merely a part of it. In addition, there is no 
cursor nor any way of visually pinpointing a single fragment of the card's dis-
played UI (specific action can be triggered by calling it from a menu associated 
with the card itself, or by using voiced commands). Thus, UI elements and seg-
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ments have to be logically structured and laid out to be implementable as Glass-
ware. The design also must conform to the four key guidelines given by Google 
(listed in chapter 2.1 paragraph 4).

Additionally, Google specifies the following layout restrictions that are, whilst 
not enforced as mandatory, “strongly encouraged”[40]:

• Usage of Google's Roboto font at fixed sizes (Roboto Light for footer, 
Roboto Thin for content).

• Restricting content area size at 560 by 280 pixels (further divided in two 
parts, with a footer area of 560 by 40 (9.7%) and content area of 560 by 
240 pixels – or ~57.5% - out of a total screen space of 640 by 360, res-
ulting in a net waste of ~33% of available screen area, if a background 
picture is not used for informative purposes.

• Having  unused 40  pixel-thick borders  on  all  screen  sides,  with  four 
40x40 pixel corner spaces reserved for the single 'bundle' icon.

• Using 50 by 50 pixel icons.

• Removing any and all  UI elements when playing back video content 
(only played in full-screen mode).

As a result of  the  theoretical information aggregated in chapter  2,  the factors 
that may have an influence on usability (and therefore  require testing) are as 
follows:

• Density of information. Suggestion is to limit the amount of content en-
tities per page to about 7 or less (3-4 optimum) (2.3 paragraph 1)
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• Use of colours to separate and/or classify content. Suggestions; if using 
colours,  use  bright,  primary colours  with  high  contrast  and lumines-
cence and use no more than 3  to 4 colours at once to indicate content 
type (2.4 paragraph 3)

• Overall content positioning: positioning priorities with respect to centre 
of sight: Middle > bottom > nose side > top > ear side (2.4 paragraph 
3),  may be problematic  in order to reconcile with Glass' layout restric-
tions.

• Content positioning for information classification: Use centre of screen 
for  important  content,  periphery  for  informative/secondary  data  (2.4 
paragraph 4)

• Content  amount:  Present  short,  focused  information  without  excess, 
“viewing at a glance” (2.1 paragraph 4)

• Form/Function:  Prioritise  informativeness  over  appearance  (2.3 para-
graph 4, 2.4 paragraph 2 and 5)

These factors must be implemented in testable UIs, so that their actual effect on 
information perception can be measured. Based on the results of these measure-
ments, it will be determined whether or not any of these factors are suitable for 
formulating design guidelines.

4.3 Translator/Dictionary application UI

An interface for a translation/dictionary application has to contain significant 
textual information with various priority levels and must be able to convey that 
information to the user in an efficient manner. Thus, such a UI is useful for 
evaluating a representation of textual information on Glass-like devices.

4.3.1 Application structure

A functional plan of a translation/dictionary application interface is shown in 
Figure 9. This utilizes the principle of timeline cards as self-contained, single-
piece objects tied into an application bundle (ref. 2.1 And 4.2 as to 'why'), and 
features voiced and touchpad swipe/tap controls for information access. The un-
derlying functionality (word lookup in online dictionaries, information encod-
ing en route) is not relevant to the purpose of this work and is therefore ignored, 
but it does accommodate the restrictions imposed by the Mirror API and Glass' 
hardware. It may, however, be the case that some vocal commands may have to 
be defined as card menu options that issue fetch requests to application server.
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1. Card A, The foremost window displayed to user, shows the spelling for 
the word enquiry (possibly native-language pronunciation), and primary 
definition. Leads into Cards B (by 6) and C (by 5). Potentially also in-
cludes audio playback of the word's pronunciation.

2. Card B, listing one or more secondary definitions of this word/term. 
Leads into different copies of itself when swiping sideways (4), or into 
translation card via 5. Appearance-wise, identical to card A, but with 
some indication of the secondary nature of the presented definition.

3. Card C, showing the translation of the term in a single, specified lan-
guage with literal and phonetic transcription, and an audio playback of 
pronunciation. Optionally, can be swiped between versions of itself (by 
4) if multiple translations exist.

4. Sideways swipe used to traverse between cards of similar purpose (same 
card type and style, different information content). Approximates a ca-
rousel-style traversal of list items (idea taken from Pivot Point function-
ality of Windows Phone 7/8 OS [30]).

5. Transition from a definition of a term (1, 2) to a translation of a term (3) 
card. Activated by voiced command (allows a user to specify a target 
language) or by a menu selection (target language has to be somehow 
pre-configured, possibly via user preference settings). Potential modific-
ation: Allow an adjusted form, “OK Glass, Translate [TERM] into 
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[LANGUAGE]”, to launch directly into 3 from standby/outside applica-
tion to bypass 1,2.

6. Transition from primary definition card to secondary definition cards by 
means of a downward swipe. Depending on Glass' API, this could be 
conducted as a true hierarchical step, or as transition (request) to a spe-
cifically ID'd card on the general timeline. If implications of [40] (a 
single flat timeline without true nesting) hold, then this may have to be a 
side-swipe instead.

7. Entry method into the application from standby mode / general Glass 
OS which is conducted via voice-control or selecting a menu item 
(voice controls allow for the specification of the target word or term to 
define/translate; Menu selection does not have that and possibly enters a 
“listening” mode and Glass then accepts the first thing it hears as the 
term to define/translate – functionality depending on the range and res-
olution of the microphones on the device). Depending on the hardware 
capabilities, this step could also contain a visual recognition of 
written/printed words instead of a vocalized form.

8. The Error message card – Card D – can be shown to the user from any 
of the other cards, depending on process of application execution. This 
card may be proprietary, or it may be tied into Glass' operating system's 
interface.

4.3.2 Visual interface version 1

This version of the interface strictly adheres to the Glass UI template shown in 
fig. 10,with section 2 used for content, section 3 (footer) used for informative 
purposes, section 1 reserved for app-bundle icon and unused otherwise. Usage 
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of iconography is minimized, content is plain-text with emphasis on simplicity, 
sparseness, and differentiation via positioning. For purposes of display, back-
ground is toned gre which, in reality, would be transparent. Green numerals 
used to indicate descriptors (not part of design). 

1: If used as card A, primary definition in plain-text, un-augmented form. Posi-
tion anchor point at top, nose-side of content area. If used as card B, secondary 
definition indicated by “def 2”/”def 3”/”def #” at start and alternate text in 4. 
Text limited to up to 5 lines at font size 26.
2: Pronunciation guide. Distinguished from 1 only by positioning. Anchored at 
user's ear-side of vision provide lesser priority compared to 1.
3: Native spelling of the word. Useful for verifying that voice-recognition has 
produced intended result.
4: Indicator of definition weight - “main definition”/”alternate definition”. This 
and 3 are located closer to the user's regular centre of vision and in a thicker 
font so as to distinguish it from 1, occupying the 'footer' area of the card.
5: Bundling icon assigned to indicate more cards available to the application. 
Borders otherwise unused.
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1: Translated word spelling. Emphasis by larger font size, higher placement 
(written text priority sequencing).
2: Listed pronunciation, inflections, synonyms.
3: Reference of source word used for translation.
4: Translation language indicator. 3 and 4 occupy the template's 'footer' field 
and use a slightly thicker font.

1: Concise explanation of the nature of the error, and an indication of what the 
user should do about it (if anything).
2: Clarification of the purpose of this card.
3: Age indicator to emphasize that this is an ongoing, current error and not an 
old case.
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Figure 12: Card C, version 1

Figure 13: Card D: Error message display, version 1
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4.3.3 Visual interface version 2

This version of the interface uses an adjusted variation (Fig. 14) of Google's re-
commended template to increase the useful area size of the display. Section 1 
reserved for informative content about the application/UI, section 2 contains de-
scriptive indicators to categorize section 3's textual content. Section 2 overlaps 
section 3 by up to 40% screen width from nose-side. Depending on Mirror 
API's restrictions, parts of sections 1,2 may need to be implemented as parts of 
background imagery (the API allows full-screen image backgrounds overlaid 
under textual content). Information is categorized via colour-coding in addition 
to font size, weight, positioning adjustments. Section 3's size limited to 560 by 
280 pixels in case Glass does not permit text located on 40-pixel-wide borders 
of screen (while text content can be embedded in the background image, it may 
be computationally wasteful to do so for actively-generated content). Key dif-
ferences from version 1 are in the use of text colour-coding and greater font size 
variations, centring of primary information, and use of larger display area.

Figure 15 shows the appearance of card A/B, version 2 (neon-green numericals 
used for object identification purposes, not part of actual UI), and Fig.16 shows 
card C.
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1: Informative text indicating the overall application use/category/identity. Loc-
ated on periphery to avoid focus of attention. Colour-coded dark green to indic-
ate self-referential informativeness.
2: Word to be translated. Centred together with 3. Aligned to topside of content 
area, emphasis via font weight and size.
3: Pronunciation guide, placed next to word it describes. Colour-coded red to 
separate from normal written form.
4: Textual definition, limited to 6 lines of content. Spaced to coincide with re-
spective parts of field 5, aligned to bottom of content area to bring information 
closer to visual priority area (middle of vision).
5: Colour-coded content category descriptors. Indicates primary/secondary 
definition type.
6: Navigation cues suggesting that left/right/downward swipes can be used to 
obtain further information related to this app (each of the three visible in rela-
tion to actual presence of further related cards). Colour-coded dark green sim-
ilar to 1. Located at bottom of screen to reduce visual impact.
7: Glass's application-bundle icon (re-coloured green or omitted if the API al-
lows such manipulations).
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1: colour-coded informative text about current application/functionality and 
translation type
2: Translated word, emphasis via centring, font size.
3: Pronunciation (also played back via audio), colour-coded red to distinguish 
from written text.
4: Informative text, standard font settings.
5: Directional indicators in case of parallel-level cards belonging to this applic-
ation (different translations, for example).
6: Colour-coded content category descriptors.

1: Indicator of the nature of this card.
2: Explanation of the error and suggestion regarding how the user should pro-
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Figure 16: Card C, version 2

Figure 17: Card D, Error Message display, version 2
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ceed from here on. Yellow used to provide a sense of urgency and importance.
3: Age indicator, emphasizes that this card is recent and relevant.

4.4 Notification Hub application UI

An interface for a notification hub is likely to require a variety of icons, and it 
has to deal with the handling of incoming notifications (as opposed to explicitly 
requested information on user initiative) in an informative, non-intrusive man-
ner whilst presenting key information without delay. Therefore, a UI design for 
such application must allow for the exploration of issues of attention diversion, 
iconography design and intrusiveness/clarity balance.

4.4.1 Application structure

A functional plan for a notification application UI is shown in Fig. 18. Unlike 
the app in 4.3, this can be both initiated explicitly by the user, and pushed to the 
user on an implicit subscription basis to provide notifications. Functionality is 
presumed to be implementable in Google Glass API, assuming that the user 
provides sufficient access privileges for incoming item reception/viewing. Vo-
calized specific commands may be used to trigger custom-created menu options 
that issue a fetch request to the application's server.

1. Card A: primary page shown to the user upon explicit invocation, con-
tains an overview status of all pending (un-viewed) notifications.
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2. Card B: single-item-notification shown to user when new item has been 
received. Contains sender info, headline/summary/abstract of the item's 
content. Should fade by itself if not reacted to, attaching the referenced 
item to item list 3.

3. Card C: single “unseen” item fully shown (within capabilities of the 
device and timeline card content, special information content may re-
quire omission/transcription into text). Can be swiped between versions 
of itself (different unseen items). Viewing item considers as 'reading' it, 
said item is removed from the card list upon exit from this hierarchy 
level.

4. Card D: Response form for reacting to item – provides textual represent-
ation of user's voice-input.

5. Opens a 'list' of unread items (opens the application bundle), traversed 
via 7. Can be activated by voice-control and tap on Glass' touchpad. 
Possible variation could involve voice controls which could allow the 
filtering of the list by category (“OK Glass, Show E-mails”).

6. Opens a single item card (7 is omitted) referenced by 4. Physical and 
voice-activated control.

7. Sideways swipes allowing the user to circle between all (some) unread 
items. Possible adjustment involve an upwards swipe exits list, returns 
to Overview card or exits the application.

8. Voice/physical activation of 3, allowing the user to respond to the item.

9. Allows the user to send text created in 4 by vocalization, using the same 
communication channel that the related item (3) belongs to. Up-
wards-swipe or “OK Glass, Cancel/Abort/Don't Send” exits 4 without 
sending and returns to 3.

10. Card A can be accessed explicitly by the user from Glass' app menu / 
timeline or by calling an appropriate vocal command. Updated either in 
background or in timely intervals.

11. Card B is inserted (pushed) into user's Glass device's timeline automat-
ically in anticipation of user reaction. Potentially can be disabled, if 
Glass allows for overall privacy/isolation settings.
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4.4.2 Visual interface version 1

This UI version adheres to Google's recommended layout from Fig. 10, and fo-
cusses on simplicity of delivery, attention-drawing via positioning, and min-
imal, down-pared iconography and image use. Card A (fig. 19) contains a status 
overview of incoming/missed/otherwise 'new' connections of the user, present-
ing information in a minimal way, with icons used only to speed up recognition 
of categories. Can contain up to five single-line categories (icon, amount num-
ber, written name of category), with empty categories not shown at all (all cat-
egories empty leads to a simple “nothing new” message).

1: Bundle icon indicating further, more detailed information cards available. 
Depending on the user's choices, the bundle may represent a list of all unread 
item cards, or only those belonging to a category specified via vocal command.
2: Last-update time. This card is updated periodically, but not pushed to the 
user's display front. Instead, it is displayed upon request, and thus may be 
minutes out of date, depending on the rate of updating.
3: Content area, showing categories wherein new items exist. Icons placed next 
to a number of new items to allow recognition at a glance, positioned closer to-
wards the user's pupil on horizontal distribution. Icons are flat, dual-tone (for 
clarity purposes), without shading or visual effects.
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Card B (fig. 20) acts as a notification card and is pushed onto the user's display. 
To avoid interruption or information excess, content (1) is kept to a minimum, 
informing the user of key factors regarding what has been received, and from 
whom. The emphasis is on the information constructed via increased font size, 
usage of capital letters, and placement closer to the user's centre of sight.
Card C contains detailed information about any single received item, and in-
formation content varies between email (fig. 22), text/social-network messages 
(fig. 21), or missed phone call (fig. 23). All cards contain less than 5 discrete in-
formational objects (except e-mail card). All text-based communication can be 
played back to the user; phone calls can be listened to if any are left in storage.
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Figure 20: Card B, version 1

Figure 21: Card C, version 1, social network 
message

Figure 22: Card C, version 1, email message

Figure 23: Card C, version 1, phone call Figure 24: Card D, version 1, response form 
for written communications



Determining UI design principles for Google Glass 
and other over-eye interactive device applications
Elijs Dima 2013-06-30

Card D, shown in fig. 24, represents the response form that can be opened to 
any single text-based message (depending on the application and Glass-phone 
connectivity, a user might respond to a missed phone call with a text message). 
Mode and recipient of response is indicated in the footer area (2), whilst re-
sponse content is constructed by the user verbally dictating text, which is shown 
on the display during creation for reference-checking. The text is aligned to the 
bottom of the screen to place actively updating area on a single line (earlier text 
fades off when reaching top of content area).
Card E assumes the form and function shown in fig. 13.

4.4.3 Visual interface version 2

This UI version uses the modified layout of Fig. 14, and incorporates visually 
distinct iconography with shading effects, information separation via col-
our-coding, and fuller usage of the available display screen. Icon pictographs 
taken from [28] for their visual depth and are placed against visually bright 
backdrop for emphasis and separation.

Card A contains four over-sized icons with clear, detailed pictographs represent-
ing each of the four classes, namely, social-network-messages, e-mails, phone-
text-messages and phone calls. The number next to each icon represents the 
amount of missed/unopened items. The bundle icon in the top right corner is 
shown if any category contains at least one item. This card version can contain 
up to four categories of messages as shown, or up to 10 if the icon size is dy-
namically scaled.
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Figure 25: Card A, version 2
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Card B, which is the pushed-to-user instant notification card, contains indicat-
ors that this is a recent, fresh information card (1 and 4), the card bundle icon 
(5) shows that fuller details of this event are one swipe distant, indicators 2 and 
3 informs the user of the type of incoming event, and are placed on the nose-
side edge of the display content area, with the text description of the event loc-
ated closer to the user's field-of-vision centre. These indicators alter, depending 
on the category of the event ('new sms'/'new e-mail'/'new message'/'missed 
call'). Verbal content of information is minimal to reduce recognition time.

Card C contains descriptive information of a specific item, with each variation 
holding 6 segments. Segment 1 identifies the category of the content and is 
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Figure 26: Card B, version 2

Figure 27: Card C, version 2, e-Mail Figure 28: Card C, version 2, missed call

Figure 29: Card C, version 2, text message
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doubled by segment 4 to reinforce a recollection of the iconography from the 
overview card (fig. 25). Segment 2 contains colour-coded information about the 
sender's identity, whilst segment 3 holds the contact information of the sender. 
Segment 5 holds the identifying contextual information (in the case of an e-
mail, the subject line; in the case of a missed call – number of calls missed from 
that person and whether they left a voice recording; in the case of text/so-
cial-network message, the content (or start thereof) of the message itself). The 
text content of e-mails and messages can be instructed to be read aloud to the 
user, and voice-messages from a caller can be played back. Segment 6 indicates 
how recent the event is.

Card D is the response form (identified as such by 1) and contains the reply text 
(3), transcribed from the user's voice during dictation, and indicators of the in-
tended recipient (2) and medium (4). 
Card E functionally and visually assumes the form shown in fig. 17.
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Figure 30: Card D, version 2, social-network-message reply
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5 Results
The summaries and relevant responses of the two final surveys are presented in 
this section. For results of pre-survey, please see section  4.1. For analysis of 
these results, see section 6.1.

5.1 In-person survey

Conducted on an individual basis, in ~80minute sessions. 

For a more detailed response information, please see Appendix B. Key aspects 
of responses have been extracted and aggregated in the following tables.

Table 1: Common feedback from individual evaluations

Feedback statement Times 
stated for 
UI1, v1  

(max 12)

Times 
stated for  
UI1, v2 

(max 12)

Times 
stated for  
UI2, v1 

(max 30)

Times 
stated for  

UI2,v2 
(max 42)

“Too thin main text” 7 1 10 5

“Too many elements” 3 4 6 11

“Enough elements” 9 8 20 28

“Simple to read” 6 7 22 29

“Don't like dark green tone in 
v2 headers”

0 (n/a) 12 0 (n/a) 40
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Figure 31: Side-by-side comparison version preference, 1 point per card chosen (UI1|UI2)
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Table 2: Main selection factors in side-by-side evaluations

Reasons often given as main factors* 
for choosing vX over vY in side-by-side 

comparisons (6x8=48 comparisons)

V1 over V2 
(times stated)

(23 v1 selections)

V2 over V1 
(times stated)

(25 v2 selections)

Colours 
(lack or presence thereof)

5 18

Less busy 10 3

Readable 6 10

Alignment/positioning 5 3

“Less waste” (other version had too 
much extra/needless information)

4 7

Clear/Simple 9 4

*note: For each comparison, participants were free to offer any number of their  
own reasons at will per each comparison, without leading. This table lists only  
the most commonly stated reasons  and other, more individual ones have not  
been listed.

Common emphasised interview suggestions, questions & feedback (en-
countered multiple times in post-survey recap/discussion with three or more 
participants):

• “The background is very important for visibility”,

• Context of each image needed to be clarified/explained,

• Side-by-Side comparisons “were easier to talk about”,

• Font for main text ('RobotoTh') was “too thin”/“lacked vibrancy”/“hard 
to see”,

• Glass is “interesting”, but “would it be distracting?”,

• “Would the screen cause eye strain, so close to the eye?”
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5.2 Online survey

This was conducted online, as a 30-minute survey comparing the two UI mock-
up versions in 8 sets.  For  the full survey  questions and  result range, see Ap-
pendix C.

Eight  comparison cases were presented,  showing v1 and v2 versions  of the 
same cards, matched as follows: 11-15, 12-16, 19-25, 20-26, 21-29, 22-27, 23-
28, 24-30. Based on the results from the in-person survey, the headline elements 
were changed from dark green to default white to avoid a predictable skew in 
results.

To eliminate noise,  identify meaningful influences and account for respondent 
numbers, for each factor of each selection a 90% Confidence Proportion Inter-
val (CPI) was calculated with those intervals centred at higher than 0.4 and with 
a deviation range above 0.2 at lowest limit are considered significant (coloured 
pink in the charts below). These significant CPI measures will indicate that the 
factor has had a meaningful influence in the selection process of the specified 
UI card. See Appendix C for a full breakdown of factors, interval ranges and se-
lection data (excluded from tables C, D, E for presentation purposes).

Table 3: Proportion of respondents (in %) indicating these factors as key in choosing 
referenced UI (fig. Nr.) card. UI version 1.

Factor        \          UI card f.11 f.12 f.19 f.20 f.21 f.22 f.23 f.24

Use of positioning to separate 
information

29 50 37 31 33 0 0 7

Use of positioning for aesthetics 12 16 0 0 22 0 0 7
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Figure 32: Overall preference choices, comparing different UI version cards with same 
purpose. V1 versions = blue, V2 versions = red.

Fig. 10 vs. Fig. 14

Fig. 11 vs. Fig 15

Fig. 18 vs. Fig. 24

Fig. 19 vs. Fig. 25

Fig. 22 vs. Fig. 27

Fig. 21 vs. Fig. 26

Fig. 20 vs. Fig. 28

Fig. 23 vs. Fig. 29
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Alignment of primary 
information

52 58 44 38 33 0 43 43

Location of secondary 
information

23 25 19 23 22 0 14 14

Better readability 59 42 62 46 55 0 71 57

Better amount of information 
presented

6 8 44 61 67 75 57 50

Better density of information 
presented

12 8 50 31 11 0 29 29

Table 4: Proportion of respondents (in %) indicating these factors as key in choosing 
referenced (fig. Nr.) UI card. UI version 2.

Factor        \          UI card f.15 f.16 f.25 f.26 f.27 f.28 f.29 f.30

Use of colour to separate 
information

53 87 50 61 33 47 8 37

Use of colour for aesthetics 12 0 20 38 22 18 8 0

Alignment of primary 
information

47 80 20 23 50 35 54 25

Location of secondary 
information

47 60 20 15 22 35 31 37

Better readability 35 73 50 54 50 35 23 25

Better amount of information 
presented

18 7 30 23 44 53 38 25

Better density of information 
presented

18 13 30 15 17 18 23 0

Table 5: Proportion of respondents (in %) indicating these factors as key in choosing 
against the referenced (fig. Nr.) UI card. 

Factor        \          UI card f.11 f.12 f.19 f.20 f.21 f.22 f.23 f.24

Lack of colour in text 47 47 40 77 8 39 12 0

Alignment/Positioning of text 53 53 20 23 23 33 35 12

Lack of information shown 6 0 0 15 15 5 41 37

Excess of information shown 6 7 40 8 8 44 12 0

Wrong information priorities 47 20 10 8 46 44 23 0

Factor        \          UI card f.15 f.16 f.25 f.26 f.27 f.28 f.29 f.30

Presence of colour in text 47 58 62 61 25 57 33 14

Alignment/Positioning of text 41 50 37 15 25 14 33 28
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Lack of information shown 0 8 44 23 25 14 0 0

Excess of information shown 6 8 6 0 0 43 44 36

Wrong information priorities 35 17 19 15 25 29 0 14
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Figure  33: Sum  of all card votes/choices per UI version,  V2 UI  version = blue,  V1 UI 
version = red.

Preference
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6 Conclusions
To make sense of the survey results and to formulate written guidelines, this 
section of the report  will contain the relevant result analysis and data reinter-
pretation in written form. Remarks on the conducted work, possible future ap-
plications and commentary on Glassware/Glass are located thereafter. 

6.1 Result analysis

Chapter 5 (and appendices A-C) lists the data obtained from the various surveys 
conducted, howeer, it is necessary to place the data into structured, grammatical 
form in  order  to  fulfil  the  key aim of  the  study,  namely, the  generation  of 
guidelines for designing Glassware. The initial question of this study, which in-
volved questions relating to the type of applications  that  are expected to form 
Glassware,  has provided a clear answer,  as indicated  by both the pre-survey 
(Appendix A) and chapters  2.1 and  2.2.  The reason is that because of Glass' 
method of content delivery and the lack of true AR capabilities,  it is probable 
that Glassware be centred around static, 'served' information. 

Chapters 2.1, 2.3 and 2.4 also provide information with regards to the interac-
tion problems that Glass and Glass-like over-eye devices present, which involve 
visual distraction, occupation of short-term attention and memory, intrusiveness 
and enforced overlap of two visual overlays (real world and displayed content). 
These problems lead to a single issue, namely, the efficiency of information de-
livery. Factors that influence comprehension and retention will lead towards  a 
solution regarding these interaction problems. These factors have been enumer-
ated in chapter 4.2 and are, briefly, as follows:  information separation (via col-
our,  or  positioning),  information amount (number of  discrete  entities,  place-
ment,  effective separation between primary/secondary/tertiary data),  and  bal-
ance between utility and aesthetics.

The data gathered from the study process (chapter 3) can be used to determine 
whether or not these factors made a difference, however, it is firstly necessary 
to  answer the  unspecified  question:  Does  efficiency  of  information  delivery  
even matter? The answer to that  is definitely Yes. As evidenced by the online 
survey results (chapter  5.2 tables  3 and  4, and Appendix C), the “readability” 
(i.e. the ease of reading – parsing – the content) has been listed as an important 
factor in the survey respondents' choice-making process, with nearly all of their 
choices towards one UI card design over another being influenced by this to a 
significant degree  (as indicated by the presence of significantly large Confid-
ence Proportion Interval, or CPI,  measures in 'better readability' factor row).

The question of  aesthetics versus utility also has  an  answer, according to the 
data gathered; the utility of presentation and the use of elements for information 

39



Determining UI design principles for Google Glass 
and other over-eye interactive device applications
Elijs Dima 2013-06-30

delivery has been a significant factor in more selections than  merely an  aes-
thetic appearance.  In the in-person survey (5.1, Appendix B), 5 out of 6 parti-
cipants referred to how easy (or hard) the UI cards were to read whilst making 
their choices and descriptions, with only one participant using the visual attract-
iveness as a primary conscious factor for choice (as opposed to considering the 
ease of reading the cards). Likewise, in the online survey, the use of colour/pos-
itioning in elements just for appearance was far less important than the use of 
those same elements for improving information content clarity (as evidenced by 
relatively high number of significant CPI measures in top rows in chapter 5.2's 
tables 3 and 4, and the low number of significant CPI measures in second-rows 
of those tables. In addition, the card selection results shown in fig.32 Show that 
there is little to no relation between card choices and selection of aesthetics as a 
positive factor). However, this is not to say that aesthetics is not important: a re-
vealing aspect is that while aesthetic elements were not cited as causes for mak-
ing a selection (tables 3 and 4), they were listed as causes against selecting an 
option (table 5, rows 'lack of / presence of colour' feature relatively high counts 
of significant CPI measures). Moreover, the  significant 'against' picks for aes-
thetic  factors  did  not  correlate  with  'against'  picks  related  to  information 
amount/density. This suggests that 'bad' appearance can be an actively negative 
factor, whereas 'good' appearance is subsumed by (and therefore contributes to / 
is a part of) utility factors.

The quantity of information is a mixed-factor issue. On the one hand, very few 
responses  cited  lack  of  information  or  excess  of  information  as  significant 
factors for choosing against a UI card (table 5, rows 'lack of information' / 'ex-
cess of information').  The only exceptions are  in relation to fig.22, which has 
been designed to suffer from an overt lack of separation, rather than pure quant-
ity of information. “Better amount of information presented”, on the other hand, 
was a fairly common significant factor in selections (tables 3, 4), showing pref-
erences (as evidenced by selection results of fig.32) to either side of the 6 ele-
ments-per-card mark and being present for the selections of cards with as many 
as 10 informative content bits  (fig.  19). This, in conjunction with chapter 2.3s 
paragraph 2, indicates that there is no need to limit the amount of elements on 
display to merely 3-4.

Iconography has plenty of potential variations, but the data indicated by both 
surveys shows that icons, which serve a secondary/supplementary role (e.g. in 
fig.19, 27), lead to more selections than icons that are the focus and primary in-
formation relay systems (e.g. fig. 25). Larger icons were found to be more dis-
tracting, and the issue of having to become accustomed to what they mean was 
brought up several times in the course of  conducting 5.1s survey. Universally 
widespread existing symbols (such as the Google's GMail icon, and the social 
network icons)  were better-received than custom-created or less-known (mes-
saging and phone-call icons from Android library) icons, however in real-world 
usage,  this may become less important as the user becomes accustomed to the 
UI over time.
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Information separation is an interesting factor, as it combines the use of both 
positioning and colourization to make various parts of the UI content visually 
distinct. The need for separation in and of itself was made clear by the results of 
both surveys towards fig.22 (e.g. the low selection rates of that card as seen in 
fig.32, the listing of 'wrong information priorities'/'excess of information' as sig-
nificant CPI in table 5, and Appendix C, respondent D's remarks), and the over-
all commentary obtained from the in-person survey. The relative importance of 
positioning/colourization is  a more ambiguous issue,  however.  As a positive 
factor, the use of positioning to separate information was seemingly not all that 
important (lack of significant CPIs in table 3, first two data rows), however the 
'alignment of main information' was cited as an important factor in tables 3, 4 
for cards such as 11, 12, 19, 15, 16, 27 and 29, some of which do not factor col-
ourization at all.  Comparing the selection results (fig.  33 and Appendix C), it 
appears  that  there  is  a  preference  for  element  layouts  that  are  mostly  left-
aligned, with text reaching across the display-space as much as possible (further 
endorsed by the feedback from in-person survey, ref. Appendix B). Even spa-
cing and diagonal flow (top left → bottom right)  in card designs appeared to 
produce better selection chances (granted, it may be a compound factor). The 
use  of  mono-block  structure,  wherein  all  cardinal  display  areas  are  equally 
'present' and taken (e.g. fig. 22, 25), correlates to significantly less votes (as per 
fig.32) than structures with open spaces and diagonal flow (e.g. 20, 24, 26, 27).

The use of colourization is a divisive issue that demands consideration. Use of, 
and lack of, colour has been a constant significant factor in selections through-
out both surveys (high numbers of significant CPIs in tables 3, 4, 5 with colour-
related rows, and frequent allusion to colours in feedback from in-person sur-
vey). The use of muted colours was unanimously seen as a bad practice in both 
surveys  (e.g. table  1, last data row);  the selections cast  against 'coloured' UI 
cards were significantly present for the same cards that had many for selections 
(as seen with significant CPI measures in tables 4 and 5), indicating that use of 
colour can be a make-or-break deal for different users. The coloured cards that 
received less against votes (table 5, 'use of colour') were cards such as fig.29, 
30, 27, which were also the cards that received noticeably less for votes as well 
(table 4, 'use of colour'), and the cards that received more for votes because of 
colourization  as  a  factor,  also  received  more  significant  against votes. 
Moreover,  the  coloured  UI  versions  show slightly  less  selections  of  “better 
readability” and “better amount of information presented” (which may suggest 
visual business); however an excess of information and the wrong information 
priorities (which could have been a result of over-emphasized coloured separa-
tion) are rarely, if ever, indicated as significant reasons for choosing against any 
specific card (table E). While the in-person survey suggests that coloured ver-
sions produce more selections, the online survey reveals that non-coloured UI 
versions can be selected more specifically because of the absence of colours. 

6.2 Guideline formulations

Based on conclusions drawn in 6.1, the following guidelines can be formulated:
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• Consider and plan out how the application will present information. In-
formation presentation is very important  and strongly influences  audi-
ence response to the app/UI.

• Avoid creating visual content  merely for appearance's sake.  Make all 
visual elements serve a functional, beneficial purpose related to inform-
ation presentation.

• Use icons for supplementary information, not as a primary information 
delivery vector. Furthermore, use existing, well-known icons that users 
are bound to be familiar with.

• Avoid central alignment and avoid filling the entire screen in a uniform 
block. Instead, align content to the left edge, and implement a diagonal 
flow (more used pixels in top left and bottom right sections, less used 
pixels in top right and bottom left parts).

• If using colour, then do not use muted tones. Do not use colour merely 
for appearance, but have it act as information separator/categorizer. 

• Consider  implementing a coloured-to-monochrome toggle  for the UI. 
Otherwise, be aware that  the use of colour is a very divisive issue and 
may vary on a case-by-case basis, depending on design and audience.

• Do not overly limit the displayed content as people are able to handle 5-
6 discrete elements on display without issues. Reducing element amount 
to 2-3 brings no significant benefit.

6.3 Discussion

In terms of the initially stated problems, it can  be  safely said that  they have 
been answered by this study and that the factors that might have been relevant 
to Glassware UI design have been determined via research and confirmed/tested 
via multiple surveys.  As a result, a set of new UI design guidelines has been 
created by applying HCI theory to Glassware platform, thus complementing 
and enriching the existing Glassware design guidelines. These guidelines are, in 
general, optimised for Glass  as they have been tested with UI mockups de-
signed  in  accordance  with  existing  Glassware  UI  layout  recommendations, 
however, they can be used for other hardware platforms similar to Google's 
Glass, with the following caveats:

- These guidelines are designed with static data presentation in mind. They have 
not been tested with reactive UI principles, and may not be appropriate for in-
terfaces that are animation-based.

- These guidelines are optimised for the hardware and software limitations of 
Glass. Other devices may have different manufacturer-imposed UI layout re-
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strictions  or  overall  interface  themes  that  may  contravene  the  presented 
guidelines.

The resulting advice has a certain overlap with the results obtained by the study 
conducted by Tanuma et al  [31] (also used as information source for chapter 
2.4), as in both cases, it was found that bright, primary colours are better for in-
formation separation than muted tones, and that there is no explicitly significant 
difference between using 2-3 cardinal elements per display versus using 6-7 ele-
ments. Perhaps, due to the intended differences in screen placement (Tanuma's 
study was conducted on full-size over-eye displays, whereas this was focused 
on Glass-like displays that cover only a small segment of user's view) or be-
cause of differences in evaluation, this survey's findings could not support the 
suggestion that centre-of-display is  the first  priority location for informative 
elements. Tanuma's (et al) study also suggests a specific/preferred element size, 
which this study could neither confirm nor deny as it did not have access to ac-
tual over-eye transparent display devices  in relation to the testing of  the pro-
posed UI versions. Moreover, Tanuma's study is oriented towards work-place 
environments and UIs tailored to specific  information delivery,  whereas this 
study is  more concerned with  general-purpose applications in a  nondescript, 
casual environment.

In retrospect, the one downside of the methodology chosen for this study is the 
overly large reliance on surveys to obtain conclusive data. Whilst a research of 
existing material  has been conducted, the survey results are the ultimate de-
cision-determinants that directly influenced the created guidelines. In better cir-
cumstances, a larger respondent range would be preferable, to ensure data sta-
bility and to reduce the chance of random skews. Another downside of the sur-
veys is that they require a significant investment of time (80 minutes in-person 
or ~30 minutes online), which apparently was above the tolerances of several 
respondents (as indicated by the decreasing selection numbers in online survey 
from 34 total selections for first comparison case down to 22 selections for the 
final,  eighth,  comparison  case).  Another  potential  issue  associated with  this 
methodology is that this study was conducted while Google Glass was still un-
der development and the Glass' documentation was continuously being updated 
whilst the study was being conducted. This resulted in at least two cases of hav-
ing to redo the contents in chapter  2 and once to re-design the mock-up UIs 
from scratch (ch. 4). Likewise, as the API details were made public, some of the 
application suggestions expressed in pre-survey (Appendix A, used to inform 
the UI creation in chapter 4) turned out to be potentially not possible to imple-
ment (though none of those were ultimately chosen as basis for the UI mock-
ups used in this study). It may therefore be possible that Google will revise their 
device and application API in time between this study's writing and the Glass' 
consumer-market  release,  which  may  or  may  not  render  some  of  these 
guidelines irrelevant.

In terms of ethics, the survey process was explicitly non-committing, with parti-
cipants allowed to stop at their leisure. No privately identifying or classifying 

43



Determining UI design principles for Google Glass 
and other over-eye interactive device applications
Elijs Dima 2013-06-30

details were gathered or used for determining results. As for the results them-
selves, it is difficult to imagine their relation with ethical issues. While it is true 
that Augmented Reality devices, and Google Glass in particular, may be the fo-
cus of multiple ethics concerns, this study is focused on determining UI design 
principles, which is an area not inherently related to sensitive data storage or ac-
cess. The Glass itself has been at the focus of multiple ethics-based controver-
sies (such as the “Stop The Cyborgs” campaign  [41] and multiple establish-
ments choosing to pre-emptively ban the device  [42]), and some people with 
hands-on experiences have reported, among other things, the unease of convers-
ing with a (Glass-wearing) person. As D. Curtis explains, “it is extremely un-
nerving to be conversing with someone who has a camera and microphone on  
their face, pointed directly at you, with the ability to record”[43]. In light of 
such general unease, it  may well be that how the general public will accept 
devices like Glass will directly depend on  the functionality  being offered and 
how subtle the interaction methods will be. As D. Curtis admits, to fully solve 
the stigma around Glass, it may be necessary to make a better Glass from the 
very basics: “if anything ends up preventing the form factor from working, I  
think it will be from these kinds of social issues. Unfortunately, there are few  
practical design solutions to the problems short of changing fundamental as-
pects of how such devices work”[43].

As for future work, there are multiple avenues to explore. A downside of the 
surveys conducted is that they were based on static UI mock-ups presented to 
respondents via computer displays. A number of other potential methods were 
tested informally; a no-tech emulation with transparency sheets did not work 
well as there was a requirement for optical elements to allow up-close viewing 
without inducing excessive eye-strain, and a low-tech alternative to a Glass dis-
play experience, by using a common projector device, was deemed to be a poor 
substitute (and potentially misleading) on account of a resolution mismatch and 
the quality of the projected light. Because the Glass' display emits light instead 
of reflecting it, all print-out mock-up versions were also not considered. At the 
time of writing, a functional Google Glass (or a reasonable substitute) device 
was not available for use. This study should be continued, or re-created once 
such platforms become available,  so as to focus on the potential issues caused 
by real-world background illumination through a transparent display. Another 
potential future exploration would be to re-run the surveys, perhaps with modi-
fied UI mock-ups, on a far larger range of respondents to obtain statistically 
more stable data. And finally, a possible future application of this study's results  
would  be  to  create  actual  Google  Glass  applications  that  implement  the 
guidelines of 6.2.

A potential concern is inevitably revealed by this study with regard to Glass-
ware development: Google's design guidelines are relatively strict and limiting, 
as are the hardware and API restrictions. While it is possible to hack the Glass 
device, the common user is unlikely to do so, thus they are bound to merely the 
default  functionality.  Given  the  multitude  of  restrictions,  it  is  questionable 
whether there is sufficient creative space for third-party developers to make ap-
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plications that are actually unique/innovative. Google is bound to release a set 
of basic-functionality apps, and large-scale service providers (such as Twitter) 
will have already also created their apps, which will all use a very strict UI tem-
plate created by Google.  Finally, there is little room for third-party developers 
to implement their vision (consider – a study on UI design had to be restricted 
to such an extent that it ended up considering specialized factors such as text 
colourization  and  information  density...),  which  may  lead  to  a  stagnant, 
copycat-themed application ecosystem after the device's launch.
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Appendix A: Pre-survey
Survey form

The survey form, as shown below, was published on Obsurvey.com ( http://ob-
survey.com/S2.aspx?id=E16F6623-813B-4253-898F-BEF2263EB48F ) 
between 2013-04-05 and 2013-04-15.
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Responses

At the time of response collection, a total of 33 participants responded to the 
survey. A breakdown of their responses for each question is shown below.

Social/recreation application type; average interest: 2.1

Interest index: 3.1 out of 4

Interest index: 1.7 out of 4

Interest index: 3.0 out of 4

Interest index: 3.0 out of 4

Interest index: 3.2 out of 4

Navigation application type; average interest: 3.(3)

Interest index: 3.1 out of 4
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Interest index: 3.4 out of 4

Interest index: 3.5 out of 4

Informational application type; average interest: 2.9625

Interest index: 3.1 out of 4

Interest index: 3.2 out of 4

Interest index: 2.8 out of 4

Interest index: 3.2 out of 4

Interest index: 2.8 out of 4
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Interest index: 3.0 out of 4

Interest index: 2.8 out of 4

Interest index: 2.8 out of 4

Optional suggestions:

- apps like news feeds, couple of soft games for a start.
- Media apps. like home cinema, educational apps. such as 
monitors and projectors.
- calculator
- I would like it to be rugged 
(http://sonimtech.com/products/rps.php) and for it to be able 
to work with thick gloves and in cold climate. And of course 
I'd it to be fair (www.fairphone.com) and open source.
- News Feed and Reader, comparable to Google Currents more than 
Reader. And Google Drive and Dropbox and alike with short 
distance wireless file transfer between two peers.
- Smart home automation, friend finder, car tracking system, 
temperature (especially if you are living in Sweden)
- Real-time bus arrival time at fav. bus-stop (req public GPS 
or similar from buses). Direction+distance of friends 
phones/glass (good for meeting/crowded places). Home cinema 
voice control. Torrent download, µTorrent status/unpack voice 
control. Barcode scan - product info/alternatives when 
shopping. Google Now info (shippment tracking, flight info, 
comming weather etc.)
- Ingress!
- I'd much rather to have a barcode scanner that can both scan 
and show the details of products in a shop or even read QR 
codes and deliver the information/website related to such 
codes. A more dreaming app will be if an app can guide you to 
different sections of a shop, say you're looking for pasta and 
it can show you where they are! (but I guess that's too much) 
Connection to a dictionary will be nice since you might face a 
word that you don't know the meaning and in that case 
translators do not help but dictionary will!
- Scanning and OCR of text I look at, to quickly save it for 
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example in the todo list, the calendar or the contact database, 
or to search for it in my personal docments or on the web, or 
translate it. - Bar code reader for product information when 
shopping. - Face recognition. I often forget the names of 
people. - Night vision camera for people who are afraid of 
walking in the dark. - Reading at night time, if I cannot 
sleep, without disturbing my wife with a light source such as 
the smart phone screen. - Watching movies on trains and busses. 
(May require future version of the device.) 
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Appendix B: In-Person Survey
Structure

In-person survey was conducted in an unofficial manner, with respondents (here-
after referred to as persons A, B, C, D, E and F) interviewed individually, with 
free-form responses encouraged. A total of six respondents were surveyed in a 
two-stage process. Each interview took around 70 to 80 minutes to complete. In 
first stage, respondents were shown, one by one, images of UI interface cards 
(as seen in figures 11, 12, 13, 15, 16, 17, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
29, 30, without the light-green indicator numbers used in figures for explanat-
ory purposes) on a computer monitor, and asked to evaluate them according to 
the following themes: 
- What are the most obvious elements in the image?
- What informative element should be the most important?
- Is information easy or difficult to perceive?
- Are the elements too crowded, too sparse, too dense, too few, too many...?
- Feedback on quantity and use of coloured text/icons.
In the second stage, two versions of the same card were shown side-by-side for 
each UI card of both interfaces, and respondents were asked to indicate which 
one they felt was better, and why.
After the survey, respondents were asked to give optional feedback on the sur-
vey itself.

Results

Here are individual summaries of the interviews, with overview and feedback 
highlights.

Respondent A indicated an overall preference for 2nd versions of both UI's (with 
colour-coded text),  both  in  individual  evaluations  and comparison cases.  As 
feedback for  benefit  of  colour  use,  they said [the coloured version] “makes 
easier to grasp everything on the screen at a shorter time than I would for the 
texty one [sic]”. For v1 interfaces, they stated that “it satisfies the basic pur-
pose”, but suggested “maybe more color just to add more fun to it”.

Respondent B Showed an overall preference for the less-colourful versions, se-
lecting 5 out of 8 comparison cases in favour of non-coloured UI card, citing 
that “white text is easier to read”. However, they also stated that “richness of 
white” was an issue with the narrow font used for the majority of text. Accord-
ing to them, many of V2 cards had “same information shown in many places, 
like the icon and title saying the same thing twice”. A particular feedback on all  
V2 cards was that the dark green colour used for card headers was illegible. For 
V1 cards, they wanted to “make the main text whiter, or bolder”, but still pre-
ferred that over the “too busy” V2 versions. “Each single line should stick to us-
ing the same colour” was a common feedback. Also, they advised to “Show the 
caller/sender name or email/number, but not both”. They also generally con-
sidered textual content of items more important than identifiers/person informa-
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tion. With regard to the interview itself, they showed a need for clarifications of 
context for the initial pictures, and were more engaged in selecting the compar-
ison-cases.

Respondent C indicated an overall preference for v2 UI's in comparison cases 
(5  out  of  8  choices  for  V2)  stating  that  the  v2  versions  “look  prettier, 
appealing”, also remarking that “some need to be simpler”. The three V1 votes 
were on account of “placement of text, alignment”, with an overall feedback 
that item separation by placement and font weight was helpful in most UI cards. 
In individual evaluations, they said that the dark green colour on headers was 
“very bad colour”.  They also showed a preference for text content that was 
aligned to the display's left side, remarking that “placement of things helps me 
read this faster”. They also remarked that background imagery had a large influ-
ence on readability, that printed-out versions looked “nothing like” ones shown 
on display due to colour vibrancy differences, and that the main texts on all 
cards could stand to be brighter, more visible. They had a constant level of in-
terest in both the individual UI card evaluations and side-by-side comparisons, 
but asked for precise clarification on how a user would get to each card, and 
how it would appear on screen/function.

Participant D stated,  with consistency,  that the dark green colour was a bad 
choice for V2 headers, and that the red colour should not be used for notifica-
tions. On cards with 4 or more lines of text,  especially card shown in fig.22, 
they referred to the initial impressions as “just a block of text. I simply see the 
big block, as a one[sic] thing”. Both in individual and comparative evaluations 
they expressed a greater preference for v1 UI cards, citing “less repetition, less 
busy” as a reason, adding that “when I get a notification, I'd rather see (a) pic-
ture of who's sending it, not an icon of what it is”. They stated that “the white 
text does not go well with this background” and expressed concern about white 
text visibility in general, when walking around in real-world situations (“Main 
font  colour  should  be  changeable...  Maybe  that  yellow  tone,  or  something 
bright like that”). In post-interview discussion, they were interested in whether 
the Glass auto-adjusts fonts depending on how bright the outside world is.

Participant E described the v2 versions as having “too much info going on”, and 
overall preferred the v1 versions because they “are simpler, lighter on the eyes, 
arrangement of text makes them easier to read”. For those V2 UI image ver-
sions they chose over V1 versions, they cited attractiveness as the key reason. 
They did not like the dark green tone in v2 images, and indicated that all cards 
had either “just enough” or “too much” information, without expressing a lack 
of information in any card. They were a lot more engaged in the side-by-side 
comparisons, proffering more elaborate reasoning and feedback than in indi-
vidual card evaluations. 

Participant F indicated a strong preference for v1 versions of cards, stating that 
they generally “are easier to read, and there's less stuff”. They expressed a dis-
like for the use of dark green tone, and stated that “I like (the v2) incoming no-
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tification card, but that red is a bad choice. It's alarming (…) red like that is nor-
mally used for emergencies, if I see this, I will freak out, you know?”. They 
also expressed concern about both UI versions getting in the way of every-day 
work and being a distraction. The participant was far more engaged in the side-
by-side  comparisons,  expressing  more  suggestions  and  elaborate 
reasoning/feedback. A suggestion they had about the Glass in general was to 
have adjustable  display opacity,  “so that  when it  is  bright,  the screen back-
ground goes dark, and when I'm looking at dark stuff, the background is clear 
and the text shines itself”. 

Across the  respondents, most appeared to be more engaged with side-by-side 
comparisons. Nearly all respondents commented on the use (and misuse, in the 
case of dark green tone) of colours, some commended the use of element posi-
tioning to separate information. None seemed to like centred alignments or the 
narrowness of the Roboto Th font used for main text. No participants noticed, 
inquired, or expressed any feedback about directional-cue arrows at the bottom 
of Fig.  15,  16. Most of the participants required an explanation of the card's 
purpose in individual evaluations. 
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Appendix C: Online Survey
Questions and error intervals

The  survey  was  published  on  Obsurvey,  (  http://obsurvey.com/S2.aspx?
id=1E432948-1758-4B5A-BF83-1CB1ADD895F3 ), for a period of 23 days.

In the survey, eight comparison cases were presented, showing v1 and v2 ver-
sions  of  the same cards,  set  against  two backgrounds for variation in  back-
ground luminance. Based on results from in-person survey, the headline ele-
ments were changed from dark green to default white to avoid a predictable 
100%-skew in results. The cards were matched as follows: 11-15, 12-16, 19-25, 
20-26, 21-29, 22-27, 23-28, 24-30.

For each comparison case, the following question was asked:
- Which side's version do you prefer?
For the version they selected, they were then asked to select from these options 
those that made them choose that version:
- Use of colour/positioning for separating information,
- Use of colour/positioning for aesthetics,
- Alignment of main information,
- Placement of secondary information,
- Better readability,
- Better amount of information given,
- Better density of information given,
- Other (along with text entry field for user-formed answers).
For the versions they didn't select, they were asked to choose the reasons why 
they avoided that version:
- Presence/lack of colour in text,
- Alignment, positioning of elements,
- Lack of information,
- Excess of information,
- Wrong information priorities,
- Other (along with text entry field for user-formed answers).
Additionally, a text entry field was also given per comparison to allow parti-
cipants to express what they liked in versions they didn't chose, and what they 
disliked in versions they chose.

Of results, standard deviation/error interval is taken as 90% confidence interval 
for proportions (due to working with categorical data),  noted hereafter as  sp. 
Calculated by  p  +- z* times  sqrt((p(1-p) / n),  where p=SuccessCount/Parti-
cipantCount for each measurement against the respondent count (overall pref-
erence proportional interval taken against sum  respondent count, factor inter-
vals taken against number of  respondents that chose said version;  critical z* 
value taken as 1.645).  Factor entries with confidence interval centred higher 
than 0.4 and deviation range keeping above 0.2 at  lowest limit will  be con-
sidered as factors with high importance (highlighted in grey in tables hereafter), 
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entries with lowest limit at/below 0 will be highlighted  light green  and con-
sidered factors with no importance.

Results

Question 1: Fig. 11 (V1) Versus Fig. 15 (V2), 34 total responses. 

Version chosen: V1 sp V2 sp

Overall Preference: 17 0.5 +-0.14 17 0.5 +-0.14

Positive aspects in chosen side:

Use of positioning/colour to separate 
information

5 0.29 +- 0.18 9 0.529 +- 0.199

Use  of  positioning/colour  for 
aesthetics

2 0.117 +- 0.128 2 0.117 +- 0.128

Alignment of main information 9 0.52 +- 0.199 8 0.47 +- 0.199

Placement of secondary information 4 0.234 +- 0.169 8 0.47 +- 0.199

Better readability 10 0.588 +- 0.196 6 0.352 +- 0.190

Better amount of information given 1 0.057 +- 0.093 3 0.176 +- 0.152

Better density of information given 2 0.117 +- 0.128 3 0.176 +- 0.152

Negative aspects in non-chosen side:

Presence/Lack of colour in text 8 0.47 +- 0.199 8 0.47 +- 0.199

Alignment, positioning of text 7 0.411 +- 0.196 9 0.529 +- 0.199

Lack of information 0 0 +- 0 1 0.057 +- 0.093

Too much information 1 0.057 +- 0.093 1 0.057 +- 0.093

Wrong information priorities 6 0.352 +- 0.19 8 0.47 +- 0.199
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Question 2: Fig. 12(V1) Versus Fig. 16 (V2), 27 total responses.

Version chosen: V1 sp V2 sp

Overall Preference: 12 0.44 +- 0.157 15 0.55 +- 0.157

Positive aspects in chosen side:

Use of positioning/colour to separate 
information

6 0.5 +- 0.237 13 0.867 +- 0.14

Use  of  positioning/colour  for 
aesthetics

2 0.166 +- 0.177 0 0 +- 0

Alignment of main information 7 0.583 +- 0.234 12  0.8 +- 0.169

Placement of secondary information 3 0.25 +- 0.205 9 0.6 +- 0.208

Better readability 5 0.416 +- 0.234 11 0.733 +- 0.19

Better amount of information given 1 0.083 +- 0.131 1 0.066 +- 0.11

Better density of information given 1 0.083 +- 0.131 2 0.13 +- 0.144

Negative aspects in non-chosen side:

Lack/Presence of colour in text 7 0.583 +- 0.234 7 0.466 +-0.211

Alignment, positioning of text 6 0.5 +- 0.237 8 0.533 +-0.212

Lack of information 1 0.083 +- 0.131 0 0 +- 0

Too much information 1 0.083 +- 0.131 1 0.066 +-0.11

Wrong information priorities 2 0.166 +- 0.176 3 0.2 +- 0.169
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Question 3: Fig. 19 (V1) Versus Fig. 25 (V2), 26 total responses.

Version chosen: V1 sp V2 sp

Overall Preference: 16 0.615 +-0.157 10 0.385 +-0.156

Positive aspects in chosen side:

Use of positioning/colour to separate 
information

6 0.375 +-0.199 5 0.5 +-0.26

Use  of  positioning/colour  for 
aesthetics

0 0 +- 0 2 0.2 +- 0.208

Alignment of main information 7 0.437 +-0.204 2 0.2 +- 0.208

Placement of secondary information 3 0.187 +-0.160 2 0.2 +- 0.208

Better readability 10 0.625 +-0.199 5 0.5 +-0.26

Better amount of information given 7 0.437 +- 0.204 3 0.3 +- 0.238

Better density of information given 8 0.5 +- 0.205 3 0.3 +- 0.238

Negative aspects in non-chosen side:

Lack/Presence of colour in text 10 0.625 +- 0.199 4 0.4 +- 2548

Alignment, positioning of text 6 0.375 +-0.199 2 0.2 +- 0.208

Lack of information 7 0.437 +- 0.204 0 0 +- 0

Too much information 1 0.0625 +- 0.1 4 0.4 +- 0.2548

Wrong information priorities 3 0.187 +-0.16 1 0.1 +-0.156
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Question 4: Fig. 20 (V1) Versus Fig. 26 (V2), 26 total responses.

Version chosen: V1 sp V2 sp

Overall Preference: 13 0.5 +- 0.161 13 0.5 +- 0.161

Positive aspects in chosen side:

Use of positioning/colour to separate 
information

4 0.307 +- 0.21 8 0.615 +- 0.22

Use  of  positioning/colour  for 
aesthetics

0 0 +- 0 5 0.385 +- 0.22

Alignment of main information 5 0.385 +- 0.22 3 0.23 +- 0.192

Placement of secondary information 3 0.23 +- 0.192 2 0.15 +- 0.165

Better readability 6 0.461 +-0.227 7 0.538 +- 0.22

Better amount of information given 8 0.615 +- 0.22 3 0.23 +- 0.192

Better density of information given 4 0.307 +- 0.21 1 0.15 +- 0.165

Negative aspects in non-chosen side:

Lack/Presence of colour in text 8 0.615 +- 0.22 10 0.769 +- 0.19

Alignment, positioning of text 2 0.15 +- 0.165 3 0.23 +- 0.192

Lack of information 3 0.23 +- 0.192 2 0.15 +- 0.165

Too much information 0 0 +- 0 1 0.077 +- 0.12

Wrong information priorities 2 0.15 +- 0.165 1 0.077 +- 0.12
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Question 5: Fig. 23 (V1) Versus Fig. 28 (V2), 24 total responses.

Version chosen: V1 sp V2 sp

Overall Preference: 7 0.291 +- 0.15 17 0.708 +- 0.15

Positive aspects in chosen side:

Use of positioning/colour to separate 
information

0 0 +- 0 8 0.47 +- 0.199

Use  of  positioning/colour  for 
aesthetics

0 0 +- 0 3 0.176 +- 0.15

Alignment of main information 3 0.428 +- 0.3 6 0.353 +- 0.19

Placement of secondary information 1 0.142 +- 0.22 6 0.353 +- 0.19

Better readability 5 0.714 +-0.28 6 0.353 +- 0.19

Better amount of information given 4 0.57 +- 0.307 9 0.53 +- 0.199

Better density of information given 2 0.286 +- 0.28 3 0.176 +- 0.15

Negative aspects in non-chosen side:

Lack/Presence of colour in text 4 0.57 +- 0.307 2 0.117 +- 0.128

Alignment, positioning of text 1 0.142 +- 0.22 6 0.353 +- 0.19

Lack of information 1 0.142 +- 0.22 7 0.411 +- 0.196

Too much information 3 0.428 +- 0.3 2 0.117 +- 0.128

Wrong information priorities 2 0.286 +- 0.28 4 0.235 +- 0.169
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Question 6: Fig. 22 (V1) Versus Fig. 27 (V2), 22 total responses.

Version chosen: V1 sp V2 sp

Overall Preference: 4 0.181 +- 0.135 18 0.818 +- 0.135

Positive aspects in chosen side:

Use of positioning/colour to separate 
information

0 0 +- 0 6 0.33 +- 0.183

Use  of  positioning/colour  for 
aesthetics

0 0 +- 0 4 0.222 +- 0.16

Alignment of main information 0 0 +- 0 9 0.5 +- 0.193

Placement of secondary information 0 0 +- 0 4 0.222 +- 0.16

Better readability 0 0 +- 0 9 0.5 +- 0.193

Better amount of information given 3 0.75 +- 0.356 8 0.44 +- 0.192

Better density of information given 0 0 +- 0 3 0.167 +- 0.144

Negative aspects in non-chosen side:

Lack/Presence of colour in text 1 0.25 +- 0.356 7 0.388 +- 0.189

Alignment, positioning of text 1 0.25 +- 0.356 6 0.33 +- 0.183

Lack of information 1 0.25 +- 0.356 1 0.055 +- 0.088

Too much information 0 0 +- 0 8 0.44 +- 0.192

Wrong information priorities 1 0.25 +- 0.356 8 0.44 +- 0.192
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Question 7: Fig. 21 (V1) Versus Fig. 29 (V2), 22 total responses.

Version chosen: V1 sp V2 sp

Overall Preference: 9 0.41 +- 0.172 13 0.59 +- 0.172

Positive aspects in chosen side:

Use of positioning/colour to separate 
information

3 0.333 +- 0.258 1 0.077 +- 0.122

Use  of  positioning/colour  for 
aesthetics

2 0.222 +- 0.227 1 0.077 +- 0.122

Alignment of main information 3 0.333 +- 0.258 7 0.538 +- 0.227

Placement of secondary information 2 0.222 +- 0.227 4 0.307 +- 0.21

Better readability 5 0.555 +- 0.272 3 0.23 +- 0.199

Better amount of information given 6 0.667 +- 0.258 5 0.38 +- 0.222

Better density of information given 1 0.111 +- 0.172 3 0.23 +- 0.199

Negative aspects in non-chosen side:

Lack/Presence of colour in text 3 0.333 +- 0.258 1 0.077 +- 0.122

Alignment, positioning of text 3 0.333 +- 0.258 3 0.23 +- 0.199

Lack of information 0 0 +- 0 2 0.154 +- 0.165

Too much information 4 0.444 +- 0.272 1 0.077 +- 0.122

Wrong information priorities 0 0 +- 0 6 0.461 +- 0.227
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Question 8: Fig. 24 (V1) Versus Fig. 30 (V2), 22 total responses.

Version chosen: V1 sp V2 sp

Overall Preference: 14 0.636 +-0.168 8 0.363 +- 0.169

Positive aspects in chosen side:

Use of positioning/colour to separate 
information

1 0.07 +- 0.113 3 0.375 +- 0.281

Use  of  positioning/colour  for 
aesthetics

1 0.07 +- 0.113 0 0 +- 0

Alignment of main information 6 0.428 +-0.217 2 0.25 +- 0.252

Placement of secondary information 2 0.142 +- 0.15 3 0.375 +- 0.281

Better readability 8 0.571 +-0.217 2 0.25 +- 0.252

Better amount of information given 7 0.5 +- 0.2198 2 0.25 +- 0.252

Better density of information given 4 0.286 +-0.198 0 0 +- 0

Negative aspects in non-chosen side:

Lack/Presence of colour in text 2 0.142 +- 0.15 0 0 +- 0

Alignment, positioning of text 4 0.286 +-0.198 1 0.125 +- 0.192

Lack of information 0 0 +- 0 3 0.375 +- 0.281

Too much information 5 0.357 +- 0.21 0 0 +- 0

Wrong information priorities 2 0.142 +- 0.15 0 0 +- 0

67

Preference

Use of colour(v2)/positioning(v1) to separate information
Use of colour(v2)/positioning(v1) for aesthetics

Alignment of main information
Placement of secondary information

Better readability
Better amount of information given
Better density of information given

Lack/Presence of colour in text
Alignment, positioning in text

Lack of information
Too much information

Wrong information priorities

0 2 4 6 8 10 12 14 16



Determining UI design principles for Google Glass 
and other over-eye interactive device applications
Elijs Dima 2013-06-30

Summation: V1 Versus V2, 203 total votes.

Version chosen: V1 sp V2 sp

Overall Preference: 92 0.45 +- 0.057 111 0.547 +- 0.057

Positive aspects in chosen side:

Use of positioning/colour to separate 
information

25 0.27 +- 0.076 53 0.477 +- 0.078

Use  of  positioning/colour  for 
aesthetics

7 0.076 +- 0.04 17 0.153 +- 0.056

Alignment of main information 40 0.435 +- 0.08 49 0.441 +-0.0775

Placement of secondary information 18 0.195 +- 0.07 38

Better readability 49 0.53 +- 0.085 49 0.441 +-0.0775

Better amount of information given 37 0.402 +- 0.08 34 0.306 +- 0.72

Better density of information given 22 0.24 +- 0.073 18 0.162 +- 0.057

Negative aspects in non-chosen side:

Lack/Presence of colour in text 43 0.47 +- 0.085 39 0.351 +- 0.075

Alignment, positioning of text 30 0.326 +- 0.08 38 0.342 +- 0.074

Lack of information 13 0.14 +- 0.059 16 0.144 +- 0.54

Too much information 15 0.16 +- 0.063 18 0.162 +- 0.575

Wrong information priorities 18 0.195+-0.068 31 0.279 +- 0.07
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	Abstract
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