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a b s t r a c t

Wearable technologies have become a reality already. Their impact in some fields has already been seen.
We explore the factors which are important and help the adoption of these technologies. Specifically we
study the adoption factors of smart glasses. Technology adoption process depends on preferences and
needs of people who use the systems under study. We explore these phenomenon through two
frameworks: Product Characteristics and User Intention Characteristics. The purpose of the first frame-
work is to examine the effects of smart glass design features; Stand-alone device, field of view, inter-
action, price, and display resolution on user preference through an experimental study and we use
conjoint analysis. The second framework explore many more factors such as self-efficacy, anxiety,
involvement, risk-task characteristics, enjoyment, usefulness, ease of use, attitude and intention. A web
survey supplemented by visual aids was used.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Information technology (IT) applies computer and telecommu-
nication technologies in order to process data effectively. Smart
devices enabled by information technology (IT) have become the
essential parts of our daily life. As the devices got smaller and in-
tegrated into other devices, the standards of life have improved.
The latest phase in the spectrum of these smart devices feature
wearable technologies [10]. While many of these devices are
currently used for fitness and health, many other applications seem
possible in the near future. Smart glasses have also enabled many
new applications. These wearable technologies advanced the
concept of glasses to the point that the glasses keep adjusting to
your changing vision [38]. They certainly surpassed the initial
google glass concept and become much smarter [39]. This study
explores product characteristics through design factors of smart
glasses and examine the user intention characteristics through
factors impaction user’ potential decision on the use of smart
glasses.

As today's technology companies and scientists in labs or uni-
versities invent and innovateways to use smart technology in order
aim).
to enhance our daily life, smart technology finds new applications
in the medical, education, entertainment, sports and commerce
sectors. It enables these sectors to develop higher quality, easy to
use products and services. For example smart cars consume less
fuel and have less carbon emissions. Smart phones enhance life and
bring people together. Today smart glasses have already demon-
strated potential to take a significant role in enhancing product and
services providing users easy and useful innovations.

We focused on smart glasses in this study and explored different
perspectives playing a role in consumers' adoption.
2. Literature review

Prior research on human-computer interaction (HCI) [1] indi-
cated that the existing interfaces may be a bottleneck for the
effective utilization of the available information flow with the
development of computing, communication and display technol-
ogies [43]. Fischer [23] indicated that the challenge is to find out
how to improve the way people use computers to work, think,
communicate, learn, critique, explain, argue, debate, observe,
decide, calculate, simulate, and design. HCI Scientists have studied
how human factors, ergonomics, cognitive psychology, behavioral
psychology and psychometrics, systems engineering, and computer
science interact [26]. One of the important factors which has been
studied is Usability. It is defined as the extent to which the user and
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the interface can communicate clearly, without misunderstanding
through the interface [13] or “the capability in human functional
terms to be used easily and effectively by the specified range of users,
given specified training and user support, to fulfill the specified range
of tasks within the specified range of environmental scenarios” [49].

Wearable technologies have entered our lives fast and have been
a focus of recent research. Prior research explored the use of
wearable technology inmany different sectors. Sultan [50] explores
new and potentially disruptive uses of wearable technology in
health care and medical education. Griggs [24]], Larson et al. [33]
and Ahmed et al. [2] also studied the use of wearable technolo-
gies in the health care sector. Bower and Sturman [12] explored
these technologies in the education sector.

Smart glasses have been the focus of recent research [37]. Wu
et al. [53] studied the impact of use of smart glasses service eval-
uations and differences between the genders. Hao and Helo [25]
studied wearable technologies and explored how they support
cloud manufacturing. Their focus was also smart glasses and their
impact on user experience in making them more productive (see
Fig. 1).

Several studies have explored technology adoption. Many have
been based in the seminal work by Davis [20], who studied tech-
nology acceptance and proposed the technology acceptance model
(TAM) which suggests user's motivation of technology can be
influenced by perceived ease of use and perceived usefulness. His
hypothesis was that the attitude of user is a main determinant to
decide using of technology. Davis described perceived usefulness as
“the degree to which a person believes that using a particular
system would enhance his/her job performance’’ and perceived
ease of use as ‘‘the degree to which a person believes that using a
particular system would be free of effort”.

Basoglu et al. [3e5], Daim et al. [19]; Behkami and Daim [9] and
Topacan et al. [52] explored technology adoption in the health
sector. Basoglu et al. [6,8], Daim et al. [18] and Tanoglu et al. [51]
studied adoption of software in business settings. Seneler et al.
[47,48] explored the adoption of online services. Basoglu et al. [7],
Daim et al. [17], Kargin et al. [30] and Phan et al. [44] explored
adoption of mobile services. We reviewed factors explored in these
studies and developed a limited taxonomy for this exploratory
research:

Enjoyment e Refs. [29,36].
Self-Efficacy e Refs. [14,42].
Peer Influence e Refs. [22].
External influence e Ref. [16].
Risk e Ref. [40,53]
Attitude e Refs. [3e5,19].
Usefulness e Refs. [6,8,18,52] and [51].
Ease of use - Refs. [7,47,48].
Anxiety e Refs. [31,35].
Health Concern e Ref. [21,54].
Intention - Refs. [17,30].
Complexity e Refs. [15,34].
External 
Variables

Perceived 
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Fig. 1. Technology Acceptance Model [20].
The next section will explain the methods used to explore these
factors.

3. Methodology

Factors identified through the literature review have been
identified through two frameworks.

First framework evaluated alternative designs. Conjoint analysis
[27] was used for this framework. Conjoint analysis is used in
marketing research to examine customer preferences and the
users’ potential decisions on the use of products or services.
Conjoint analysis helps researchers to determine the relative
importance of each attribute of a product or a service and identify
market segments for which distinct products can be chosen such as
the case of a business traveler and a student traveler with different
preferences [28]. This framework helped us to evaluate what we
refer to as product characteristics.

The second framework explored user intention characteristics
identified through the literature review.

A survey was administered to collect data to accomplish the
objectives for both frameworks. There were 81 responses for
conjoint analysis and 122 for the user intention characteristics
analysis.

First part introduced the purpose of the experimental study. The
second part introduced the smart glasses through videos related to
smart glasses. The third part contained demographic questions to
gather data about age, gender and education. The fourth part
included user intention characteristics questions about smart
glasses addressing our first framework of study. These character-
istics included self-efficacy, anxiety, involvement, risk-task char-
acteristics, enjoyment, usefulness, ease of use, attitude and
intention for user smart glasses interaction. This part asked for
agreement and disagreement with various statements on a four-
point likert scale ranging from (1) disagree to (4) agree.

The final page includes conjoint analysis part of the experi-
mental study. The fifth and the final part contained the main
conjoint analysis question which helped us with the product
characteristics addressing the second framework of study. In this
part there were informative pictures and instructions for clarity.

Traditional full-profile conjoint analysis as used for this study.
Various product descriptions are developed and presented to the
participants for preference evaluations. Attributes and levels of the
product were specified in order to measure utility. Attribute is the
feature of the product and level is the values of each attributes.
Alternative is the set of attributes and its levels. All attributes that
characterize the alternatives were considered. If some alternatives
were not feasible to subjects, these profiles were removed. Partic-
ipants ranked alternatives according to their agreements or dis-
agreements. Table 1 presents the alternatives generated for the
conjoint analysis.

As presented we limited the attributes to five:

1. Standalone device has two levels: “Yes” and “No”.
2. Field of view has two levels: “12�” and “65�”
3. Interaction has two levels: “Voice recognition& Touchpad” and

“Hand gestures”
4. Price has three levels; “300$”, “600$” and “1000$”.
5. Display Resolution has two levels “1024� 768” and “640� 360”

A total of eight alternatives were generated. For instance Alter-
native 4 represents non standalone device, 65� field of view,
interaction with voice recognition& touchpad, 600$ price and
1024 � 768 pixel display resolution. Participants ranked these al-
ternatives with respect to their assessments about smart glasses
from the most (1) to the least (8) desirable.



Table 1
SPSS conjoint alternatives.

Alternative Standalone device Field of view Interaction Price Display Resolution

1 No 12� Voice recognition & Touchpad 300$ 1024 � 768
2 Yes 65� Voice recognition & Touchpad 600$ 640 � 360
3 Yes 12� Hand gestures 600$ 1024 � 768
4 No 65� Voice recognition & Touchpad 600$ 1024 � 768
5 No 65� Hand gestures 600$ 1024 � 768
6 Yes 12� Voice recognition & Touchpad 600$ 1024 � 768
7 Yes 65� Hand gestures 1000$ 1024 � 768
8 No 12� Hand gestures 300$ 640 � 360

Table 2
The profile of the participants.

Variable Percentage Frequency

Gender
Male 49.2% 63
Female 50.8% 59
Age
24 and lower 25.8% 32
25e29 60.9% 73
30e34 7.8% 10
35e39 2.3% 3
40e44 1.6% 2
45 and higher 1.6% 2
Education
High school graduate 1.6% 2
University student 19.7% 24
University graduate 78.7% 96
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Standalone smart glass models [45] have their own mobile
operating system such as Android. They have also include a pro-
cessor, RAM and internal storage. Other smart glasses which do not
have own hardware and software connect to other devices like
mobile phones through universal series bus (USB) interface. These
phones leverage operating system of mobile phones or tablets.
Thus standalone phones have advantage over non-standalone
phones for being an independent device while non-standalone
phones are less expensive and light in weight.

Various smart glasses which are ready to be launched or those
launched already have different field of view (FOV) features [32].
FOV represents to the angle of viewers' perspective of display.
Humans have capability of 180� horizontal field of view. Large field
of view increases the satisfaction level of viewers. Companies work
to enhance field of view feature to gain competitive advantage. FOV
for smart glasses varies between 12� and 65�.

Interaction deals with the commands of the smart glasses.
Bertarini [11] groups interaction approaches into two: free form
and others. Free form interaction includes eye tracking, wink
detection, voice commands, and detection of gestures by fingers or
Table 3
Product utility table.

Standalone device Yes
No

Interaction Hand gesture
Voice rec. & Touchpad

Price 300$
600$
1000$

Display resolution 640 � 360
1024 � 768

Field of view 12
65

(Constant)
hands. Free form devices don't require and additional device to
perform or control but some are controlled by pointers. Gesture-
based interaction smart glasses may be more ideal than others
which require external pointers, keyboard or smart phones. Voice
recognition based devices were already launched for mobile de-
vices. It may also be useful for smart glasses. Touchpad technology
is generally preferred it requires less time than integrating gesture
technologies.

Price is an important factor for potential user. In the case of
smart glasses companies innovate to decrease production costs to
increase their share of the market [32].

Resolution is measured with the number of pixels the display
has and how these pixels are packed. The higher resolution has
better display quality and more satisfactory for the viewer. Display
resolution of smart glasses varies between 320 � 240 and
1920 � 1080 (HD) [32].

The next section will present the results of analyses for both
frameworks: product characteristics (conjoint analysis) and user
intention characteristics.

4. Results and discussion

The results of the study are presented in this section.

4.1. The profile of the participants

The profile of the participants who joined survey study can be
seen in Table 2.

The results show that the sample mostly aged between twenty-
five and twenty-nine. 59 participants are female and 63 partici-
pants are male.

4.2. Product characteristics

The relative importance of each attribute and levels of each
preferred attribute are explored through the conjoint analysis. The
output of conjoint analysis, which shows the importance of attri-
butes and its associated levels, is shown below (Table 3).
Utility Estimate Std. Error

1.735 0.349
�1.735 0.349
0.227 0.145
�0.227 0.145
2.000 0.888
�0.035 0.168
�1.965 0.839
�0.919 0.252
0.919 0.252
�1.346 0.349
1.346 0.349
3808 0.237



Table 4
Average importance values.

Importance Values

Standalone device 28%
Interaction 4%
Price 32%
Display resolution 15%
Field of view 22%
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According to conjoint analysis results which are shown in utility
table, 300$ smart glass price has highest utility value which is
2.000. Therefore price attribute with 300$ level is the most
important and desired value among the other values. The second
important value is standalone device attribute which is 1735. The
third highest utility value is field of view with 65�. High display
resolution and hand gesture interaction followed these values.
Besides 1000$ smart glass price has the least desirable value which
is e 1.965. Non standalone devices, field of view with 12� and low
display resolutions have dissatisfactory values as shown in Table 3.

Table 4 shows the average importance values that influence the
user preference. The most important factor which influences a
participant's preference is price with 32%. The second is standalone
device (28%) which is close to the price. Field of view is the third
important factor with 22%. Display resolution scored 15% and
interaction received the lowest value (4%).

Conjoint analysis results show that the participants desire to use
low priced smart glasses. Price is the determinant factor for po-
tential users. This study shows that low price has positive influence
on design factor of smart glasses. Standalone device is the second
important and desired smart glass attribute according to the par-
ticipants. In that context standalone variable has positive influence
on participants because of not dealing with another device. Po-
tential smart glass users also intend to use smart glasses with large
field of view. This increases the satisfaction level of participants and
it has a positive influence on participants' decision. It is surprising
that interaction has the lowest level of importance. Moreover hand
Table 5
Product ranks.

Rank Alternative Standalone device Field of view

1 2 Yes 65�

2 3 Yes 12�

3 7 Yes 65�

4 4 No 65�

5 5 No 65�

6 1 No 12�

7 6 Yes 12�

8 8 No 12�

Table 6
Statistics for user intention characteristics.

Mean Standard deviation M

Enjoyment 3.311 0.796 3
Self-Efficacy 3.131 0.782 3
Peer Influence 3.008 0.766 3
External influence 2.922 0.713 3
Risk 2.677 0.968 3
Attitude 2.644 0.424 2
Usefulness 2.628 0.722 2
Ease of use 2.426 0.362 2
Anxiety 2.098 0.797 2
Health Concern 2.032 0.953 2
Intention 1.901 0.837 2
Complexity 1.803 0.664 2
gesture is more desired interaction than voice recognition &
touchpad. The least desirable smart glass attribute is high price
product which has a negative influence on participants.

Part-worth utilities (PWU) of alternative smart glasses which
helps to determine which product design characteristics are the
most or least desirable and at what levels are shown in Table 5.

Table 5 shows that participants mostly desired to use alternative
number 2 which is a standalone device with a large field of view,
voice recognition& touchpad interaction, medium price and
640 � 360 display resolution. Participants disliked 8th alternative
which is a non-standalone device with a small field of view, hand
gesture interaction, low price and 640 � 360 display resolution.
Non standalone device, small field of view and medium display
resolution all have negative influence.

4.3. User intention characteristics

Survey data related with user intention characteristics such as
self-efficacy, anxiety, involvement, risk-task characteristics, enjoy-
ment, usefulness, ease of use, attitude and intention were collected
in order to analyze their potential effects on the design of smart
glasses. Participants ranged each of characteristics according to
their agreement and disagreement degrees with various state-
ments on a four-point likert scale ranging from (1) disagree to (4)
agree. The results are shown in Table 6.

In this study the mean value of enjoyment received the highest
score with 3.3. Participants also prefer to have self-efficacy to use
smart glasses. They are primarily influenced by their friends, family
and neighborhood in their opinions to use one of the smart glasses
(peer influence). The participants are also influenced by news, ad-
vertisements and other external things (external influence). They
partially agree that using smart glass is a risky task (risk). Their
attitude towards using smart glass is positive (attitude). Partici-
pants agree that they are easy to use and useful (ease of use and
usefulness). They have a little bit anxiety and health concern while
using smart glasses (anxiety and health concern). It is also seen that
they are not exactly ready using smart glasses (intention). Finally
Interaction Price Display Resolution

Voice recognition & Touchpad 600$ 640 � 360
Hand gestures 600$ 1024 � 768
Hand gestures 1000$ 1024 � 768
Voice recognition & Touchpad 600$ 1024 � 768
Hand gestures 600$ 1024 � 768
Voice recognition & Touchpad 300$ 1024 � 768
Voice recognition & Touchpad 600$ 1024 � 768
Hand gestures 300$ 640 � 360

edian Mode Min Max N

4 1 4 122
3 1 4 122
3 1 4 122
3 1 4 122
3 1 4 122

.7 2.7 1 4 122

.7 2.7 1 4 122

.5 2.5 1 4 122
2 1 4 122
2 1 4 122
2 1 4 122
2 1 4 122
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Fig. 2. Propositions for further research.
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participants found using smart glasses is not a complex task
(complexity).
5. Conclusions

While limited, the study identified interesting perceptions of
potential customers of smart glasses. As reported by Lamkin and
Charara [32] attributes and technologies embedded into smart
glasses advance at an increasing pace. However they have not
become a common household item as the smart phones or tablets
have. One of the important factors identified in this study is the cost
of the smart glasses. While that is not surprising, it is encouraging
that the smart glasses may be getting ready to be adopted by
masses as the prices go down. So a future study may explore the
following propositions:

P1: Price influences the adoption of smartglasses

The results also indicated that the users do notwant to deal with
the complexities of synching multiple devices such as their smart
phones and smart glasses to be able to use their smart glasses. For
this reason the users seem to prefer standalone devices. However
this perception might change if the same people bought and used
these devices. First of all the standalone devices would be more
expensive due to higher materials and manufacturing costs. Sec-
ond, the hardware or software on these devices may get obsolete as
those on smartphones have much longer life due to frequent soft-
ware updates. Therefore two related propositions may need to be
explored further:
Table 7
Regression analyses results.

Unstandardized Coefficients Sta

B Std

(Constant) 0.355 0.2
Enjoyment 0.317 0.0
External influence 0.419 0.0
a. Dependent Variable: Usefulness R2 ¼ 0.43
(Constant) 1.752 0.1
Usefulness 0.340 0.0
a. Dependent Variable: Attitude R2 ¼ 0.34
(Constant) -0.421 0.4
Attitude 0.878 0.1
a. Dependent Variable: Intention R2 ¼ 0.20
P2: Smart glass users prefer standalone devices
P3: Smart glass users avoid complexity

These three propositions were based on the conjoint analysis
results which explored product characteristics.

The analysis on user intention characteristics revealed some
insight as well. Other results while limited indicate more prefer-
ence of enjoyment and influence by others. This indicates that users
may still be seeing smart phones as expensive toys and to a degree
an item of status. This may also be due to the fact that this study
was conducted in Turkey. This may lead to another set of
propositions:

P4: Smart glass users prefer enjoyment
P5: Smart glass users seek self efficacy
P6: Smart glass users are influenced by others.

These propositions can be developed further into a model as
shown below (see Fig. 2).

Our analysis of this model through the data collected is pre-
sented in Table 7. The linkages found to have significance are listed
below (see Fig. 3).

The above figure reflects the resulting model with statistically
significant linkages. Above model could be hypothesized for a
second round of a survey study to verify the theoretical
contributions.

This study was a preliminary analysis of perceptions. Smart
glasses are being explored for many advanced uses in many
different sectors today. Medical applications ranging from educa-
tion, clinical applications to health care seem to be attracting a lot of
ndardized Coefficients t Sig.

. Error Beta

47 1.436 0.154
71 0.350 4.460 0.000
79 0.413 5.270 0.000

19 14.732 0.000
44 0.579 7.784 0.000

33 -0.972 0.333
62 0.444 5.433 0.000
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attention [24,33,50] and [2]. So further studies exploring the rela-
tionship of design attributes to actual results would help optimize
smart glass designs.

This study contributes to the research on adoption of wearable
technologies leveraging research on adoption of information
technologies in general.
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