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Abstract
Voice assistants (VA) are an emerging technology that have become an essential tool of the twenty-first century. The VA ease 
of access and use has resulted in high usability curiosity in voice assistants. Usability is an essential aspect of any emerging 
technology, with every technology having a standardized usability measure. Despite the high acceptance rate on the use of 
VA, to the best of our knowledge, not many studies were carried out on voice assistants’ usability. We reviewed studies that 
used voice assistants for various tasks in this context. Our study highlighted the usability measures currently used for voice 
assistants. Moreover, our study also highlighted the independent variables used and their context of use. We employed the 
ISO 9241-11 framework as the measuring tool in our study. We highlighted voice assistant’s usability measures currently 
used; both within the ISO 9241-11 framework, as well as outside of it to provide a comprehensive view. A range of diverse 
independent variables are identified that were used to measure usability. We also specified that the independent variables 
still not used to measure some usability experience. We currently concluded what was carried out on voice assistant usabil-
ity measurement and what research gaps were present. We also examined if the ISO 9241-11 framework can be used as a 
standard measurement tool for voice assistants.
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Introduction

Voice assistants (VAs) which are also called intelligent 
personal  assistants are computer programs capable of 
understanding and responding to users using synthetic 
voices. Voice assistants have been integrated into different 
technological devices, including smartphones and smart 
speakers [1]. The voice modality is the central mode of 

communication used by these devices, rendering the graphic 
user interface (GUI) inapplicable or less meaningful [2]. 
People use VA technology in different aspects of their lives, 
such as for simple tasks like getting the weather report [3] 
or managing emails [4]. In addition, the VA can perform 
complex tasks like client representative tasks [5] and con-
trollers in autonomous vehicles [6]. In other words, VA’s 
can revolutionize the way people interact with computing 
systems [7]. Currently, there is a massive global adoption 
of voice assistants. A report in [8] indicates that 4.2 billion 
VA’s were adopted and used in 2020 alone, with a projected 
increase to 8.4 billion by 2024. The popularity of VA’s has 
led to a greater research attention to its usability and user 
experience aspect.

Usability is a critical factor in the adoption of voice assis-
tants [9]. A study by Zwakman et al. [10] highlighted the 
importance of usability in voice assistants [9]. An additional 
study by Coronado et al. [11] reiterated the importance of 
usability in human–computer interaction tools. Numerous 
studies have been carried out on the usability heuristics used 
in a VA, each study adopting a unique approach. A study by 
Maguire [12] used the Nielsen and Molich versions of Voice 
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User Interface (VUI), and the heuristic Voice User Interface 
(VUI), to evaluate the ease of use of the VA’s. The study 
affirmed both the two heuristics were appropriate. However, 
the study noted that one was less problematic to use than the 
other [12]. A further study tested VUI heuristics to measure 
VA efficacy [13]. However, a critical factor that prevents 
the VA from adopting the heuristic currently available is the 
absence of a graphical user interface (GUI). Despite numer-
ous studies on heuristics, the level of satisfaction is still low 
[14]. Furthermore, heuristics cannot be used as a standard-
ized approach because they are approximate strategies or 
empirical rules for decision-making and problem-solving 
that do not ensure a correct solution. According to a study by 
Murad [16], the absence of standardized usability guidelines 
when developing VA interface presents a challenge in the 
development of an effective VA [15]. Another report from 
Budi & Leipheimer [17] also suggests that the usability of 
the VA’s requires improvements and standardization [16]. To 
create a standard tool a globally recognized and well-known 
organization is critical in the process because it eliminates 
bias and promotes neutrality [17]. The International Organi-
zation for Standardization (ISO) 9241-11 framework is one 
of the standard usability frameworks widely used for meas-
uring technology acceptance.

According to the ISO 9241–11 framework, usability is 
defined as “the degree to which a program may be utilized 
to achieve measurable objectives with effectiveness, effi-
ciency, and satisfaction in a specific context of usage” [18]. 
ISO 9241-11 provides a framework for understanding and 
applying the concept of usability in an interactive system 
and environment [19]. The main advantage of using the ISO 
standard is that industries and developers do not need to 
build different design measurement tools. This standard is 
intended to create compatibility with new and existing tech-
nologies, and also create trust [20]. Currently, the system 
developers do not have any standardized tool created spe-
cifically for the measurement of VA usability, consequently, 
the measures are decentralized, causing confusion among 
developers. The lack of in-depth assessment of the current 
heuristics used in the VA design affects the trust and adapt-
ability of their users [15]. Other emerging technologies such 
as virtual reality [21] and game design [22] have understood 
the importance of creating an acceptable standardized meas-
urement tool when designing new interfaces. Therefore, VA 
technology could also benefit significantly from the same 
concept. As evident from the above discussion, there is little 
to no focus on VA standardization.

Our study presents a systematic literature review compris-
ing works carried out on the usability of voice assistants. In 
addition, we use the ISO 9241-11 framework as a standard-
ized measurement tool to analyze the findings from the stud-
ies we collected. We chose the ACM and IEEE databases for 
the selection of our articles because both contain a variety of 

studies dealing with the usability aspects of VA’s. The fol-
lowing are the contributions of this literature review to the 
Human--Computer Interaction (HCI) community:

1.	 Our work highlights the studies currently carried out on 
VA usability. This includes the independent and depend-
ent variables currently used.

2.	 Our study highlights the factors that affect the voice 
assistants' acceptance and impact the user’s total expe-
rience.

3.	 We identify and explain some attributes unique to only 
voice assistants, such as machine voice.

4.	 We also highlight the evaluation techniques used in pre-
vious studies to measure usability.

5.	 Finally, our study tries to compare the existing usability 
studies with the ISO 9241-11 framework. The decentral-
ized approach of the VA usability measurement makes 
it vague to understand if the ISO 9241-11 framework is 
being adhered to whilst developing the usability metrics.

We hope that our input will highlight the integration of 
the current existing VA usability measures with the ISO 
9241-11 framework. This will also verify whether the ISO 
9241-11 framework can serve as a standard measure of usa-
bility in voice assistants. In conclusion, our study tries to 
answer the following four research questions:

•	 RQ1: Can the ISO 9241–11 framework be used to meas-
ure the usability of the VA’s?

•	 RQ2: What are the independent variables used when deal-
ing with the usability of VA’s?

•	 RQ3: What current measures serve as the dependent vari-
ables when evaluating the usability of VA’s?

•	 RQ4: What is the relationship between the independent 
and dependent variables?

The remaining work is structured as follows. The second 
section presents the related work. This highlights what previ-
ous literature review studies had been carried out on voice 
agents’ usability; furthermore, the section also highlights 
the emergent technology that employed the ISO 9241-11 
framework as a usability measuring tool. This is followed by 
the methodology section, which presents the inclusion and 
exclusion criteria used together with the review protocol. 
Furthermore, the query created for the database search is 
presented, and the database to be used is also selected. The 
fourth section presents the result and analysis. In this phase, 
the article used for this study is listed. Also, the research 
questions are answered. The fifth section contains discussion 
on the result analysis. This includes a more detailed explana-
tion of the relationships between independent and dependent 
variables. Our insights and observations are included in this 
section as well.



SN Computer Science (2022) 3:267	 Page 3 of 23  267

SN Computer Science

Literature Review

Previous Systematic Reviews

There have been a number of systematic literature reviews 
concerning VA’s over the years. Table 1 presents the infor-
mation for a few of the relevant works.

As highlighted in Table 1, multiple systematic literature 
reviews have been carried out on VA's usability over the 
years. However, each study has a specific limitation and 
gap for improvement. For instance, some studies focus 
on the usability of voice assistants used only in specified 
fields such as education [25] and health [36]. Other stud-
ies focus on the usability of voice assistants concerning 
only specific age groups, such as older adults [28]. Like-
wise, although an in-depth analysis of the usability of the 
VA’s is carried out involving every usability measure in 
[32], this study does not use the ISO 9241 framework as 
a measuring standard. On the other hand, another study 
in [33] although uses the ISO 9241 framework as a meas-
uring standard, however, the usage context was chatbots 
focusing primarily on text-based communication instead 
of voice. Overall, the available literature reviews on VA’s 
usability listed in Table 1 supports the view that very few 
of the current literature review studies on VA’s use the 
ISO 9241-11 framework as an in-depth tool for measur-
ing usability.

The ISO 9242‑11 Usability Framework

The ISO 9241-11 is a usability framework used to under-
stand usability in situations where interactive systems 
are used and employed, which includes framework envi-
ronments, products, and services [39]. Nigel et al. [40] 
conducted a study to revise the ISO 9241-11 framework 
standard, which reiterates the importance of the frame-
work within the concept of usability. A number of studies 
have been conducted on various technologies using the 
ISO 9241–11 framework as a tool to measure their usabil-
ity. This shows the diversified approach when using the 
framework. For instance, a study by Karima et al. (2016) 
proposed the use of ISO 9241-11 framework to measure 
the usability of mobile applications running on multi-
ple operating systems by developers, in which the study 
identified display resolution and memory capacity as fac-
tors that affect the usability of using mobile applications 
[41]. Another study used the ISO 9241-11 framework to 
identify usability factors when developing e-government 
systems [42]. This study focused on the general aspect 
of e-Government system development and concluded the 
framework could be used as a usability guideline when 

developing a government portal. In addition, the ISO 
9241-11 framework was also used to evaluate other avail-
able methods and tools. For instance, a study by Maria 
et al. [44] used the framework to evaluate existing tools 
used in the measurement of usability of software products 
and artifacts on the web. The study compared existing 
tools with the ISO 9241-11 measures for efficiency, effec-
tiveness and satisfaction [43]. ISO 9241–11 framework 
has also been employed as a method of standardization 
tool in the geographic field [44], game therapy in dementia 
[45], and logistics [46]. Despite the ISO 9241-11 usability 
framework being utilized in different aspects of old and 
emergent technologies, it has not been used with a VA in 
the past.

Methods

We performed a systematic literature review is this study 
using the guidelines established by Barbara [47]. These 
guidelines have been widely used in other systematic review 
studies as a result of their rigor and inclusiveness [48]. In 
addition, we have added a new quality assessment process 
to our guidelines. The quality assessment is a list of ques-
tions that we use to independently measure each study to 
ensure its relevance for our review. Our quality evaluation 
checklists are derived from existing studies [49, 50]. The 
complete guidelines used in this section comprises of four 
different stages:

1.	 Inclusion and exclusion criteria
2.	 Search query
3.	 Database and article selection.
4.	 Quality assessment.

Inclusion and Exclusion Criteria

The inclusion and exclusion criteria used in our study are 
developed for completeness and avoidance of bias. The cri-
teria we used for our study are:

a.	 Studies that focus on VA, with voice being the primary 
modality. In scenarios where the text or graphical user 
interfaces are involved, they should not be the primary 
focus.

b.	 Studies are only in the English language to avoid mis-
takes during translation from another language

c.	 The studies include at least one user and one voice assis-
tant to ensure that the focus is on usability, not system 
performance.

d.	 Study has a comprehensive conclusion.
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 c
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 C
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 m

us
t 

us
e 

go
od

 ju
dg

m
en

t w
he

n 
ob

ta
in

in
g 

CO
V

ID
-1

9 
in

fo
rm

at
io

n 
fro

m
 v

oi
ce

 a
ss

ist
an

ts

Th
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 c

ha
tb

ot

O
ve

r t
he

 la
st 

te
n 

ye
ar

s t
he

re
 h

as
 b

ee
n 

a 
gr

ow
in

g 
in

te
re

st 
ar

ou
nd

 te
xt

-b
as

ed
 c
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, d
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t p
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ra
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r c
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, d
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at
io

n 
an

d 
in

te
ra

ct
io

n 
be

tw
ee

n 
IT

 o
pe

ra
to

rs
 a

nd
 e

nd
 u

se
rs

. T
hi

s s
tu

dy
 p

re
se

nt
s 

a 
m

et
a-

sy
nt

he
si

s o
f t

he
 v

oi
ce

 o
f a

ge
nt

s i
n 

th
e 

co
nc

ep
tio

n 
an

d 
ex

pe
rie

nc
e 

of
 a

ge
nt

s f
ro

m
 a

 m
an

-
ce

nt
er

ed
 p

oi
nt

 o
f v

ie
w

: v
oi

ce
 a

ss
ist

an
t

Th
e 

stu
dy

 d
id

 n
ot

 u
se

 th
e 

IS
O

 9
24

1–
11

 fr
am

ew
or

k 
as

 a
 re

fe
re

nc
e 

in
 th

ei
r m

ea
su

re
m

en
t s

ca
le

G
en

er
al

 U
se

[3
3]

U
sa

bi
lit

y 
of

 C
ha

bo
t’s

: A
 S

ys
te

m
at

ic
 M

ap
pi

ng
 S

tu
dy

Th
e 

us
e 

of
 c

ha
tb

ot
 h

as
 in

cr
ea

se
d 

co
ns

id
er

ab
ly

 in
 

re
ce

nt
 y

ea
rs

. A
s a

 re
su

lt,
 it

 is
 e

ss
en

tia
l t

o 
in

te
gr

at
e 

co
nv

iv
ia

lit
y 

in
to

 th
ei

r d
ev

el
op

m
en

t. 
Fo

r t
hi

s r
ea

-
so

n,
 it

 is
 e

ss
en

tia
l t

o 
in

te
gr

at
e 

co
nv

iv
ia

lit
y 

in
 th

ei
r 

de
ve

lo
pm

en
t. 

Th
e 

stu
dy

 id
en

tifi
es

 th
e 

st
at

e 
of

 th
e 

ar
t i

n 
th

e 
co

nv
iv

ia
lit

y 
of

 c
ha

tb
ot

 a
nd

 th
e 

ap
pl

ie
d 

te
ch

ni
qu

es
 o

f h
um

an
–c

om
pu

te
r i

nt
er

ac
tio

n,
 to

 
an

al
yz

e 
ho

w
 to

 a
ss

es
s t

he
 c

on
vi

vi
al

ity
 o

f c
ha

tb
ot

Th
e 

stu
dy

 fo
cu

se
d 

on
ly

 o
n 

ch
at

bo
t w

ith
 te

xt
ua

l 
m

od
al

ity
. M
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e.	 Released between 2000 and 2021, because during this 
period the vocal assistants started to gain notable popularity

The exclusion criteria are:

a.	 Studies with poor research design, where the study's 
purpose is not clear are excluded.

b.	 White papers, posters, and academic thesis are excluded.

Search Query

We created the search query for our study using keywords 
arranged to search the relevant databases. We went through pre-
vious studies to find the most relevant search keyword to find what 
is commonly used in usability studies. After numerous debates 
among the researchers and seeking two HCI expert's opinion, we 
chose the following set of keywords: usability, user experience, 
voice assistants, personal assistants, conversational agents, Google 
Assistant, Alexa, and Siri. We connected the keywords with logi-
cal operators (AND and OR) to yield accurate results. The final 
search string used was (“usability” OR “user experience “) AND 
(“voice assistants” OR “personal assistants” OR “conversational 
Agents” OR “Google Assistant” OR” Alexa” OR “Siri”). The 
search was limited to the abstract and title of the study.

Database and Article Selection

Figure 1 highlights the graphic presentation of the selection 
and filtering process. The figure is adapted from the Prisma 
flow diagram [51]. As earlier stated, two databases are used 
as the sources for our article selection: the Association for 
Computing Machinery (ACM) and the Institute of Electri-
cal and Electronics Engineers (IEEE). Both databases we 
used in our study contain the most advanced studies on VA 
and are highly recognized among the HCI community. The 

search query returned 340 results from the ACM database 
and 280 results from the IEEE database. 720 items in both 
databases were checked for duplication and 165 documents 
(23%) were found to be duplicated and hence removed. 
Additionally, more items were filtered by title and abstract. 
We utilized keyword match to search the title; however, the 
abstract was read to identify the eligibility criteria. In addi-
tion, 399 documents (72%) were removed because they did 
not meet the eligibility criteria. Finally, 121 documents were 
removed that were not consistent with the research objec-
tives of our study. At the end of the screening process 29 
articles (19%) were finally included in this literature review.

Quality Assessment

The selected items presented in Table 2 are used for assess-
ing the quality of the selected articles. The process was 
deployed to ensure the reported contents fit into our research. 
The sections collected from articles such as the methodol-
ogy used, analysis done, and the context of use within each 
article were vital to our study. Each question is a three-point 
scale: “Yes” is scored as 1 point, which means the question 
is fully answerable. “Partial” is scored as 0.5, which means 
the question is vaguely answered, and “NO “is scored as 
0, which means it is not answered at all. All the 29 sets of 
finally included articles passed the quality assessment phase.

Result and Analysis

List of Articles

This section lists and discusses the articles collected in 
the previous stage. Table 3 presents the list of all the 

Fig. 1   Article selection process
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compiled articles. Moreover, we identified the usability 
focus of each study.

Voice Assistant Usability Timeline

We grouped the collected research into three categories, 
each representing a range of time frames (Fig. 2). The 
categorization is based on voice assistant period break-
throughs. The first category is from 2000 to 2006, which 
was the year of social media and camera phones, also 
known as the year of the Y2K bug in telecommunications. 
During these years, conversational agents started to get 
noticed with the introduction of the inventions such as the 
Honda’s Advanced Step in Innovative Mobility (ASIMO) 
humanoid robot [80]. The second category ranges from 
2007 to 2014. During these years technological advance-
ments got users more exposed to voice assistants through 
embedding them into smartphones and computers. For 
instance, Apple first introduced SIRI in 2011 [81], and 
Microsoft introduced Cortana in 2014. The last category 
ranges from 2015 to 2021. This was when the massive 
adoption of voice assistants took place, making it an all-
time high.

Based on the year of publication of our selected 
articles, Fig.  2 clearly shows that the study on VA’s 
has expanded significantly over the last six years 
(2014–2021). This can be attributed to the invention of a 
smart speaker and phone with built-in voice agents [82]. 
Another reason for VA popularity is the COVID -19 out-
break that has given a fresh impetus towards touchless 
interaction technologies like voice [83].

Different Embodiment Types of VA’s

Smart speakers are the mostly used embodiment of VA’s 
used in our selected articles. This is due to the current 
popularity of commercial smart speakers such as Alexa, 
HomePod, etc. A 2019 study showed that 35% of US 

households have an intelligent smart speaker, and pro-
jected to reach 75% by 2025 [84]. Use of humanoids is 
also popular because usability measures such as anthro-
pomorphism are essential for voice assistant usability 
[85]. Furthermore, Fig. 3 shows that only a few studies 
were done on car interface voice assistants. Car interfaces 
are vocal assistants that act as intermediaries between 
the driver and the car. The VA car interface allows driv-
ers to access car information and also be able to perform 
the task without losing focus on driving. The fourth type 
of software interface refers to a voice assistant software 
embedded inside smartphones or computers. The studies 
we have collected have used either the commercialized 
form of the software interface, such as Alexa and Siri, 
while others have developed new voice interfaces that are 
easily accessible to users due to the adoption of smart-
phones and computers assistants using programming codes 
and skills. Nevertheless, both are in the forms of different 
software agents.

Component of ISO 9241‑11 Framework

The ISO 9241-11 framework highlights two components, the 
context of use and usability measure [18]. We concentrate on 
both components to highlight any correlations between usa-
bility metrics and the context of use in the selected articles. 
The context of use consists of the different independent vari-
ables along with the techniques used for analyzing them. 
Likewise, the usability measure represents the dependent 
variables, i.e., the effect that the independent variables have 
on the overall experience of the users. Accordingly, the 
analysis is presented in a bi-dimensional manner in the fol-
lowing sections.

Context of Use

Independent Variable  We split the context of use into an 
independent variable and the techniques used. The inde-

Table 2   Quality assessment 
checklist

Checklist Definition

C1 Are the study aims and objectives clearly stated
C2 Is the article well designed to achieve these aims?
C3 Are the independent variable in the study clearly defined?
C4 Are the dependent variable in the study clearly defined?
C5 Is the study discipline stated clearly?
C6 Are the data collection methods clearly stated
C7 Does the study explain the reliability and validity of the measures?
C8 Are the analysis techniques described adequately?
C9 Are the users/participants’ numbers stated clearly?
C10 Do the results add to the literature?
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Table 3   List of compiled articles

# Article name Voice assistant type Usability measure Years

1 An Exploration of Speech-Based Productivity 
Support in the Car [52]

Car Interface Effectiveness 2019

Exploring Effects of Conversational Fillers on 
User Perception of Conversational Agents 
[53]

Smart Speaker Effectiveness, machine Voice(perceived intel-
ligence)

2019
2

3 I Almost Fell in Love with a Machine”: Speak-
ing with Computer Affects Self-disclosure 
[54]

Software Interface Trust 2019

4 Clarifying False Memories in Voice-based 
Search [55]

Smart Speaker Satisfaction, efficiency, cognitive load 2019

5 The Effects of Anthropomorphism and Non-
verbal Social Behavior in Virtual Assistants 
[56]

Smart Speaker Humanoid machine Voice(perceived humanness, social 
presence), cognitive load(attention)

2019

6 An End-to-End Conversational Style Matching 
Agent [57]

Smart Speaker Trust 2019

7 Tandem Track: Shaping Consistent Exercise 
Experience by Complementing a Mobile 
App with a Smart Speaker [58]

Smart Speaker Software Interface Efficiency, Effectiveness 2020

8 Mapping Perceptions of Humanness in Intel-
ligent Personal Assistant Interaction [59]

Smart speaker Software Interface Machine voice(perceived Humanness), Effec-
tiveness

2019

9 Pattern of Gaze in Speech Agent Interaction 
[60]

Humanoid Machine voice (Social presence), cognitive 
workload

2019

10 Conversational Interfaces for a Smart Campus: 
A Case Study [61]

Smart Speaker Software Interface Effectivity 2020

11 Mental Workload and Language Production in 
Non-Native Speaker IPA Interaction [62]

Smart Speaker Software Interface Cognitive Load, Satisfaction 2020

12 User Experience of Alexa when controlling 
music – comparison of face and construct 
validity of four questionnaires [63]

Smart speaker User satisfaction 2020

13 Machine Body Language: Expressing a Smart 
Speaker’s Activity with Intelligible Physical 
Motion [64]

Humanoid Machine Voice (Perceived humanness) 2020

14 Measuring the anthropomorphism, animacy, 
likeability perceived intelligence and per-
ceived safety of robots [65]

Humanoid Machine Voice (Perceived humanness, Anthro-
pomorphism)

2008

15 At Your Service: Designing Voice Assistant 
Personalities to Improve Automotive [66]

Car interface Attitude(Likeability, acceptance) 2019

16 Hey, Siri”, “Ok, Google”, “Alexa”. Accept-
ance- Relevant Factors of Virtual Voice-
Assistants [67]

Smart Speaker Software Interface Attitude (Trust acceptance) 2019

17 User experience with smart voice assistants: 
the accent perspective [68]

Smart Speaker Software Interface User satisfaction 2019

18 Empathy is all you need: How a conversational 
agent should respond to verbal abuse [69]

Software Interface Effective, User satisfaction,Machine voice 
(social presence)

2020

19 Gendered Voice and Robot Entities: Percep-
tions and Reactions of Male and Female 
Subjects [70]

Humanoid User satisfaction, attitude, effectiveness 2009

20 What If Conversational Agents Became Invis-
ible? Comparing Users’ Mental Models 
According to Physical Entity of AI Speaker 
[71]

Smart speaker Attitude(trust), machine 
Voice(Anthropomorphism)

2020

21 Similarity is more important than expertise: 
Accent effects in speech interfaces [72]

Smart Speaker Effectiveness, attitude(Trust), Efficiency, 
satisfaction

2007

22 Can Computer-Generated Speech Have 
Gender? An Experimental Test of Gender 
Stereotype [73]

Software Interface Attitude, User satisfaction 2020
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pendent variables presented in our study are the physical 
and mental attributes used to measure a given user inter-
action outcome. Furthermore, our study grouped the inde-
pendent variables into five main categories. The grouping is 
shown in Fig. 4 and is based on the similar themes identified 
from the collected studies. The five groups included peo-

ple (user attributes), voice (voice assistant attributes), task, 
conversational style, and anthropomorphic cues. The voice 
and people categories are the oldest independent variables 
used to measure usability. Their relevance is also seen in the 
recent studies, which indicate that researchers have a high 
interest in correlating users with the VA’s. On the other 
hand, anthropomorphic clues and conversational styles are 
relatively new to the measurement of usability. The task-
independent variable is the most used variable of late, per-
haps because users always test the VA’s ability to perform 
certain tasks. It also indicates that VA’s are widely used for 
various functional and utilitarian aspects. The anthropomor-
phic cues are seldom used in the second phase (2007–2014). 
However, it is most widely used in the last range (2015–
2021).

In Table 4 we highlight more details with regards to 
the different groups of the independent variable collected, 
and also present examples of the independent variables for 
each category. We highlight how the independent vari-
ables have been applied by the previous studies and in 
which environment they have been used. We defined each 
independent variable category in Table 4, and explained 
their sub-categories as well. As evident from Table 4, dif-
ferent independent variables are used together in multiple 
studies. For example, independent voice variables and 
independent people variables are used simultaneously in 
various studies, such as personality, gender, and accent. 
Similarities between multiple independent variables aid 
to  understand the relationship between the variables 
themselves and their relationship with the usability meas-
ures. Furthermore, the table also highlights the kind of 
experiments carried out. Controlled experiments are effec-
tive methods for understanding the immediate cause and 
effect between variables. However, a noticeable drawback 

Table 3   (continued)

# Article name Voice assistant type Usability measure Years

23 Designing Social Presence of Social Actors in 
Human Computer Interaction [74]

Software Interface satisfaction 2003

24 Improving Automotive Safety by Pairing 
Driver Emotion and Car Voice Emotion [74]

Software Interface Effectiveness, Efficiency 2005

25 Designing Emotional Expressions of Conver-
sational States for Voice Assistants: Modality 
and Engagement [75]

Humanoid Cognitive load, Attitude 2018

26 The Use of Voice Input to Induce Human 
Communication with Banking Chabot’s [76]

Smart Speaker Attitude 2018

27 Face Value? Exploring the Effects of Embodi-
ment for a Group Facilitation Agent [77]

Smart Speaker Software Interface Attitude 2018

28 Trust in artificial voices: A “congruency 
effect” of first impressions and behavioral 
experience [78]

Humanoid Attitude 2018

29 Children Asking Questions: Speech Interface 
Reformulations [79]

Smart Speaker Cognitive load 2018

Fig. 2   Year of publication of selected articles

Fig. 3   Embodiment of Voice assistant used in selected studies
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of controlled experiments is the absence of external valid-
ity. The results might not be the same when applied in 
real-world settings. For instance, the simulation experi-
ment on cars is a controlled environment, a driver has no 
control over the domain in real life. The usability experi-
ence of the driver might be different in natural settings and 
that might sometimes prove fatal.

Techniques Used  We identified seven techniques that 
researchers have used as shown in Fig. 5. The quantitative 
experiments are the most used and the oldest technique 
used on voice assistants based on our data collected. The 
quantitative method is sometimes used as a standalone 
experiment and sometimes with other techniques [54]. It is 
worthy of notice that cars simulation experiments involv-
ing VA’s were first used in 2000. Other experiments on 
human communication with self-driving cars have been 
carried out since 1990’s. making it one of the oldest tech-
niques for usability measurement. More accurate tech-
nique was introduced later, such as the interaction design. 
The interaction design employed by studies such as [61] 
provides a real-time experiment scenario. This avoids the 
drawback such as bias when using quantitative methods. 
Factorial design studies are majorly used by studies that 
compare two or more entities in a case study [55]. They 
are utilized mainly by studies using two or more inde-
pendent variables together.

Usability Measure (Dependent Variable)

This subsection of our study focuses on the usability meas-
urement of our research. Moreover, the findings are used to 
answer RQ1 and RQ3. The ISO 9241-11 framework grouped 
usability measures into three categories; effectiveness, effi-
ciency, and satisfaction. According to the ISO 9241-11 
framework, “effectiveness is the accuracy and completeness 

with which users achieve specified goals.”, Whereas “Effi-
ciency is the resources expended concerning accuracy and 
completeness in which users achieve goals” and “satisfac-
tion is the freedom from discomfort and positive attitudes 
towards the use of the product” [18].

In numerous studies, the usability measures used were 
clearly outside the scope of the ISO 9241-11 framework. 
In total, we identified three additional usability categories 
attitude, machine voice (anthropomorphism), and cognitive 
load. The graphical representation of the different usabil-
ity measures identified in this study is presented in Figs. 6 
and 7. Futhermore, the figures also highlights the percent-
age of studies that used the mentioned usability measures 
in the ISO 9241-11 framework and those that are outside 
the framework. Based on our compiled result, the user sat-
isfaction and effectiveness are the earliest usability meas-
ures used when measuring VA’s usability. Some studies 
used performance and productivity as subthemes to meas-
ure effectiveness [62]. The measure of usability has been 
carried out both subjectively and objectively. For instance, 
studies have measured the VA effectiveness by subjective 
means by using quantitative methods such as questionnaire 
tools [72]. In contrast, other studies have used objective 
methods such as average completed interaction [69]. Mul-
tiple usability measures are sometimes applied in the same 
research; for instance some studies measured effectiveness 
alongside efficiency and satisfaction [66, 70]. Learnability, 
optimization, and ease of use have been used as subthemes 
to measure efficiency. Interactive design is the most effec-
tive experiment that provides real-time results employed [56, 
79]. The ISO 9241-11 framework works well with effec-
tiveness, efficiency, and satisfaction; however, the users 
have more expectations from the voice assistant with the 
recent advancement of VA capabilities. Our compiled result 
showed that more than half of the studies are not carried out 
in accordance with the standard ISO 9241-11 framework 

Fig. 4   Categories of independ-
ent variable use over the years
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(Fig. 7). The other usability measures we identified outside 
the ISO 9241-11 framework are attitude, machine voice, and 
cognitive load.

Attitude is a set of emotions, beliefs, and behavior 
towards the voice assistants. Attitude results from a person’s 
experience and can influence user behavior. Attitude is sub-
jected to change and is not constant. Understanding the user 
attitude towards the VA has become an active research area. 
Numerous studies have used different methods to measure 
subthemes of attitude such as trust, closeness, disclosure, 
smartness, and honesty [60, 78]. Likeability is also a sub-
theme of attitude, and it has been used to measure the com-
patibility, trust, and strength between the user and VA’s [56, 

Fig. 5   Technique used in our 
studies over the span period of 
time

Fig. 6   Usability measurement 
used over the years on our com-
piled articles

Fig. 7   Percentage of ISO 9241–11 framework usability measures and 
non ISO 9241–11
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57]. Moreover, embodiment type affects the user attitude as 
well, A study highlighted how gaze affects the user attitude 
toward VA [59], and it shows VA with gaze creates trust.

We defined machine voice (anthropomorphism) as the 
user attribution of human characteristics and human simi-
larity to the voice assistant. We considered machine voice 
an important usability measure that only applies to voice 
assistants due to their primary modality being the voice. 
Considering that fact, the measure of machine voice has also 
spiked currently it becomes obvious that it has been drawing 
a lot of interest. One of the direct purposes of the VA is to 
sound as humanly as possible. When the users will perceived 
the machines to be more human, it built more trust, which 
will result in a better usability experience.

The cognitive load might be mistaken for efficiency. Nev-
ertheless, they are different. We defined cognitive load as the 
amount of mental capacity a person applies to communicate 
successfully with the VA. When it comes to VA, actions 
such as giving out commands require cognitive thinking 
and approach. The cognitive load is measured by specific 
characteristics unique to the VA, such as attention time dur-
ing the use of the VA [76] and the user’s mental workload 
during use [77].

To answer RQ1 (can the ISO 9241–11 framework be used 
to measure the usability of the VA’s?), none of the existing 
works have used the ISO 9241-11 framework solely for the 
purpose of usability evaluation. It has been supplemented by 
other factors that we have presented above that are outside 
the scope of this framework.

Relationship Between the Independent variables 
and Usability Measures

After identifying the independent and dependent variables, 
in Tables 5 and 6 we show how they are inter-related for 
having a better understanding of the usability scenario of 
the VA’s. While Table 5 focuses on the ISO 9241-11 specific 
factors, Table 6 considers the non-ISO factors specifically.

The independent variables are grouped into categories 
and represented by table rows, with every category consist-
ing of multiple independent variables. Moreover, the usabil-
ity measures have been presented in the column of the table. 
Every usability measure is made up of different sub-themes, 
which are all presented on the table as well. The tables high-
light the relationship between the independent and usability 
measures. An “X” mark present in each cell represents a 
study present between that independent variable and usabil-
ity measure subtheme. Nonetheless, an empty cell indicates 
that there is no study carried out to link that relationship 
between the usability measure and independent variable.

Discussion

Independent Variable and Usability Measures

Our study revealed what has been previously carried out 
in VA usability and revealed the gaps that are yet to be 
addressed. We analyzed the usability measures and their 
relationship to the so-called independent variables. There is 
an easy accessibility to VA’s due to the development of dif-
ferent embodiment types such as speakers, humanoids, and 
robots. However, there is so much less focus on embodiment 
types and their relationship to effectiveness and anthropo-
morphism, which needs more attention. Some relationship 
gaps and associations are apparent, while some are vague. 
For instance, the independent variable “accent”, has often 
been connected with its effectiveness on users. However, 
what is left unanswered is if the VA accents impart the same 
efficacy on users of the same or different genders. Another 
notable gap is gender and efficiency, with very few studies 
on that. This will be an essential aspect to understand and 
apply with the recent massive adoption of voice assistants in 
different contexts. Another obvious gap is the query expres-
sion relationship with any ISO 9241-11 framework meas-
ures. The query expression is how a user expresses their 
query to the voice assistants. The query expression has been 
known to increase the trust and attitude of the user towards 
the VA. However, its relationship to usability measures such 
as efficiency, satisfaction, and effectiveness is still under-
researched. Knowing the right way to ask queries (ques-
tions) defines the type of response a user gets. An incorrect 
response will be received if the right question is expressed 
incorrectly. From a mental model, when a user has too much 
energy and thought to frame a question, it affects the VA effi-
ciency and satisfaction. However, this has not been proven 
by any current study.

The VA response types increase effectiveness and trust. 
However, its relationship to user acceptance is still unknown. 
Another exciting intersection is the anthropomorphic cues 
and attitude, which results from anthropomorphic emo-
tional response than a practical one. Attitude is an emotional 
response to a giving state, hence its strong connection with 
anthropomorphism. The attitude toward the VA is a highly 
researched area [86]. Trust, likeability, and acceptance are 
subthemes that focused on the attitude usability measure. 
This can be attributed to the importance of trust while using 
emergent technologies such as voice assistants. User trust 
in voice assistants is an essential aspect with the rise of IoT 
devices, and user mistrust affects the acceptance and effec-
tiveness of the VA’s [87]. Multiple studies measured user 
trust while using machine voice categories as an independ-
ent variable. That could be attributed to the lack of GUI 
in VA. Furthermore, the voice modality must be enough 
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to cultivate user trust. Noticeably subjective methods were 
widely employed when measuring the user attitudes; even 
though subjective measures often relate to the variables they 
are intended to capture; however, they are also affected by 
cognitive biases.

The ISO 9241-11 framework is an effective tool when 
measuring effectiveness, efficiency, and satisfaction. How-
ever, it is not applicable when measuring usability’s, such as 
attitude, machine voice, and mental load. These are all meas-
urements that are uniquely associated with voice assistants. 
Therefore, the ISO 9241-11 framework could be expanded 
to include such usability aspects.

Technique Employed

The factorial design adapts well when used in a matched 
subject design experiments [56]. Based on the studies col-
lected, machine learning is not well used as an analytic tool 
in usability. This could be attributed to the technical aspects 
of machine learning and it is still relatively a new field. How-
ever, with machine learning third-party tools more analysis 
will be carried out. Wizard of Oz, and interactive design 
started gaining popularity in 2015–2021. Moreover, the 
Wizard of Oz and interactive techniques are more effective 
when using independent variables such as anthropomorphic 
cues. The anthropomorphic cue independent variables is 
used with Wizard of Oz. techniques and interaction design 
more than any other techniques. This could be recognized to 
the importance of using objective methods to avoid biased 
human responses. Furthermore, “machine voice” is a fairly 
popular usability measure. This could be attributed to the 
VA developers trying to give the VA a more human and 
intelligent attributes. The more users perceive the machine 
voice as intelligent and humanlike, the more they trust and 
adopt it. More objective technique methods should be cre-
ated and used on the independent variables when measuring 
machine voice. Subjective techniques such as Quantitative 
methods are easy to use and straightforward. However, they 
can produce biased results.

Interactive design experiments are the most commonly 
used technique employed to measure the usability. How-
ever, the interaction depends on voice modality, making it 
different from the traditional interaction design that uses 
visual cues as part of its essential components. Moreover, 
interaction design also triggers an emotional response, 
which makes it effective when measuring user attitude. The 
absence of visual elements in interactive design used might 
debatably defeat the purpose of clear communication. A new 
standard of interaction design uniquely for voice modality 
should be done.

Future Works and Limitation

One limitation in our study was using a few databases as 
our articles source; in future studies, we intend to add more 
journal databases such as Scopus, and Taylor and Francis. 
The majority of the experiment studies we collected was 
conducted in a controlled environment; future studies will 
focus on usability measures and independent variables, that 
are used in natural settings; furthermore, the results can be 
compared together More studies should be carried out on 
objective techniques, also how they could cooperate with 
subjective techniques. This is vital because, with the rise of 
user expectations of voice assistants, it will be essential to 
understand how techniques complement each other in each 
usability measurement.

Conclusion

Our study aimed to understand what is currently employed 
for measuring voice assistant usability, and we identified the 
different independent variables, dependent variables, and the 
techniques used. Furthermore, we also focused on using the 
ISO 9241-11 framework to measure the usability of voices 
assistants. Our study classified five independent variable 
classes used for measuring the dependent variables. These 
separate classes were categorized based on the similarities 
between the member groups. Also, our study used the three 
usability measures in the ISO 9241-11 framework in con-
junction with the other three to serve as the dependable vari-
ables. We uncovered that voice assistants such as car inter-
face speakers were not studied enough, and currently, smart 
speakers have the most focus. Dependent variables such as 
machine voice (anthropomorphism) and attitude recently 
have more concentration than the old usability measures, 
such as effectiveness. We also uncovered that usability is 
dependent on the context of use, such as the same independ-
ent variables could be used in different usability measures. 
Our study highlights the relationship between the independ-
ent and dependent variables used by other studies. In conclu-
sion, our study used the ISO 9241-11 to analyse usability. 
We also highlight what has been carried out on VA’s usabil-
ity and what gaps are left. Moreover, we concluded even 
though there is a lot of usability measurement carried out, 
there are still many aspects that have not been researched. 
Furthermore, the current ISO 9241-11 framework is not suit-
able for measuring the recent advancement of VA because 
the user needs and expectation have changed with the rise 
of technology. Using the ISO 9241-11 framework will cre-
ate ambiguity in explaining some usability measures such 
as machine voice, attitude and cognitive load. However, it 
has the potential to be a foundation for future VA usability 
frameworks.
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