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ABSTRACT
This paper reports on the development of a smart speaker for the
home setting of ‘emergent’ users – those whose technology experi-
ence and resource availability are low. Earlier research has shown
that AI (Artificial Intelligence) powered smart speakers struggled
in recognising many emergent users requests. On the other hand,
smart speakers powered by human responses were more accurate
but slower. In this study, we began by determining, given a choice,
emergent users prefer a smart speaker enabled by a human re-
sponse or an AI response, and what are their preference criteria.
We found that they were not completely inclined towards either of
those choices. Rather they preferred a smart speaker based on three
factors: first, the language of the request, second, the length and
complexity of the request, and third, the urgency of response. We
developed an integrated version of the smart speaker and evaluated
it with emergent user families. From our analysis, it was evident
that, when combined, AI and human responses complement each
other and provide an elaborate and richer response for emergent
users.
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•Human-centered computing→ Sound-based input / output;
Human computer interaction (HCI).
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1 INTRODUCTION
Speech offers several advantages over a typical GUI – for instance,
speed of input, natural and intuitive interaction, provision of per-
forming a task from a distance. Importantly, speech has no direct
correlation with literacy. Thus, it is beneficial not only for main-
stream English speaking users but also for ‘emergent’ users of
technology, who are less educated, economically disadvantaged,
and culturally heterogeneous [5]. Due to less education or educa-
tion in regional languages, emergent users struggle to use English-
dominated technological devices. Previously, many studies have
demonstrated speech as a valuable interface for emergent users
in various domains, such as healthcare [15], agriculture [4, 13],
education [7], and community engagement [6].

Smart speakers are increasingly popular in emerging markets
like India. In India, sales of smart speakers have increased from 14%
to 39% in 2018 [9]. There are several reasons for an increase in sales,
but one primary contributing factor is support for Indian languages.
English-dominated AI smart speakers, such as Amazon’s Alexa and
Google Home, are now supporting prominent Indian languages like
Hindi, Punjabi, and Marathi [8, 17], and are aiming to add support
for more Indian languages [16]. Although the reach of these smart
speakers is increasing in India, it remains unknown how well these
smart speakers perform in recognizing Indian languages and how
well they can be embedded in an Indian house-hold setting.

Few studies have investigated voice assistant usage among low-
income groups in India. Bhalla et al. [3] explored the usage of
voice assistants and voice search with middle income and low-
income groups in India. Authors reported that literacy, language,
and privacy played a vital role in the Indian context. Likewise, a
survey conducted in “Rise of the Chatbots” [18] claimed that a
chatbot that is distinctively communicating in a local language
made users more responsive towards it.

In the “StreetWise” study, Pearson et al. [12] compared human
and AI responses in a public setting (uncontrolled environment)
of Dharavi, Mumbai. They found a higher error rate as a signif-
icant issue with AI-enabled smart speakers. But, it is unknown
which factors led to higher error rates (noisy environment, voice
recognition, or request interpretation issues). Further, systems were
deployed 1 km away from each other. Thus, users did not have an
opportunity to compare, evaluate and understand the limitations of
the both systems. However, in our study we evaluated prototypes
that were inspired by previous work [12], but in the home setting
(a controlled environment) of emergent users. Evaluation in home
environments allowed us to identify the causes of errors, user’s
preferences, and factors that are influencing their preferences.
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In this work, we aim to address three main research questions:
(1) Given a choice, do emergent users prefer a human-powered
smart speaker or an AI-powered smart speaker response? (2) What
are the factors that influence the selection of a human-powered
smart speaker or an AI-powered smart speaker response? (3) Does
providing a combined human-plus-AI response prove beneficial to
emergent users?

In this paper, we started by performing a simultaneous deploy-
ment of human and AI-powered smart speakers in the home setting
of emergent user families. In this deployment over 14 days, we
intended to learn smart speaker usage by emergent users and their
preferences for a system. From post-deployment interviews, we
found that each smart speaker has its limitation and benefits. Hence,
the users did not have an overall inclination towards a single sys-
tem. Instead, the preference was based on type of request to be
directed. Additionally, from the data collected in this deployment,
we determined factors that played a crucial role in deciding the pref-
erence of emergent users towards AI and human-powered systems.
Subsequently, we built a smart speaker that provided a human and
an AI response for each question. After the evaluation of the smart
speaker for ten days. The evaluation showed that human and AI
responses were comprehensive and satisfactory for emergent users.

This paper has three major contributions; first, we performed a
comparative study to determine the emergent user’s preferences
for an AI-powered and human-powered smart speaker. Second, we
identified factors that influenced emergent user’s preferences while
directing a request. Third, we performed an investigation to identify
if the human and AI responses were relevant and satisfactory for
emergent users.

2 PILOT DEPLOYMENT
2.1 Prototypes
For comparison, we selected two open-source prototypes, Google
Voice Kit1 (GVK) and Human Power Delayed2 (HPD). GVK was
powered by AI for answering the questions, whereas HPD had
a human responding the questions. In the following sections we
explain the working of both the prototypes

2.2 GVK Interaction
GVK is an open-source voice assistant kit by Google (shown in
figure 1). GVK consist of a simple button-based interaction. First,
the user has to push the translucent button, then direct their request.
Next, GVK captures the request and instantly responds to the user.

2.3 HPD Interaction
The HPD prototype (shown in figure 2) is based on the Wizard-of-
Oz technique. To direct a question to HPD, users have to push a
blue button and then ask their question. Following this, the proto-
type will provide a unique reference number for each question. A
human moderator will receive the question and respond with an
appropriate answer in the span of 10 minutes. After 10 minutes the
user has to input a reference number to retrieve an answer that is
provided by the moderator.

1https://aiyprojects.withgoogle.com/voice/
2https://github.com/reshaping-the-future/streetwise

Figure 1: GVK prototype

Figure 2: HPD prototype

2.4 Participant Families
We recruited three families located in Phule Nagar – a slum-based
setting near Powai, Mumbai. The families represented typical emer-
gent user families located in a slum: multilingual, less educated, and
with a limited income source. They owned a 15×15 feet house. In
total the families consisted of 9 members (5M, 4F); three members
were children in the age-group of 5-13 years, 5 members were in
the age-group of 35-50, and one member was above 60 years old.
All members were fluent in the Marathi language and reasonably
competent in speaking the Hindi language. Children had a decent
command of the English language. To ensure the confidentiality
of participants, we assigned a participant identifier [P#] to each
participant.

2.5 Method
To determine emergent user preference towards AI and human-
powered smart speakers, we deployed the GVK andHPD prototypes
neighbouring each other for a period of 14 days. We trained the
participants on how to interact with both of the prototypes. We
demonstrated each prototype on different types of questions (Basic
fact, General informative, Contextual questions and Domain spe-
cific) stated in Robinson et al. [14]. Later, participants were given
a chance to try their own questions. Further, they were informed
about what data was collected by the prototypes. Each family was
compensated with an honorarium of $12/week.
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2.6 Data Collection
We audio-recorded each request and response with their respective
timestamps. We transcribed the audio recordings in text form for
the analysis. We also audio-recorded the interviews with families.
Later, the recording was transcribed into text for thematic analysis.

2.7 Results
2.7.1 Descriptive Analysis. Overall, there were 607 requests in to-
tal. Among these, 528 requests were directed to the GVK, and 79
requests were posed towards the HPD prototype. Table 1 shows
the comparison of GVK and HPD prototypes on various factors.
On comparing unanswered responses, the GVK failed miserably in
answering many questions. It delivered a sorry response to more
than half of the requests (57%) – out of 528 questions, 300 requests
were unanswered. The number of requests directed towards the
GVK prototype were 6.5 times the number of requests directed to
the HPD prototype.

The HPD prototype had 76% of requests in the Hindi language,
whereas GVK had only 51% requests in the Hindi language. Sim-
ilarly, GVK received 27% English requests while HPD had only
4%. The request’s word count on both systems had a significant
disparity. The mean word count for GVK requests was 2.9 words,
whereas, mean word count for HPD requests was 6.2 words. The
maximum length of requests in the HPD prototype was 18 words;
comparatively, GVK had a maximum length of only ten words.

Table 1: Comparison of GVK and HPD on various factors

Factors GVK HPD

Total request 528 79
Request in Hindi 51% 76%
Request in English 27% 4%

Unanswered requests 57% 0%
Average word count of requests 2.9 6.2
Average word count of responses 18.18 13.01

We categorised questions using the Robinson et al. [14] cate-
gorization criteria. According to the categorization criteria, the
questions related to the information about a particular person or
a place, belonged to the category of ‘Basic fact questions’. For ex-
ample, ‘Who is the father of our nation?’ or ‘How many districts
does India have?’. The questions specific to the place, time, or an
artifact were categorized as ‘Contextual questions’. For instance
‘Tomorrow’s weather’ or ‘Teachings of Mahabharata’. ‘Domain spe-
cific’ questions were linked to requests such as ‘Find a place’, ‘Play
me a song’, or asking for an update about the specific movie or a
movie character. For instance, ‘Motu Patlu jokes’ or ‘Play Bahubali
Cartoon’. Next, the ‘philosophical questions’ category had questions
like ‘Who is the father of Google Maharaj’ or ‘What is your name
(system)’. Also, there were many instances in which questions were
half captured or were meaningless. In this case they were labelled
as ‘Not-a-Question’.

In addition to the categories mentioned in Robinson et al. [14],
there were questions which did not belong to either of these cate-
gories. For example, some questions were not specific and had only

Table 2: Comparison of GVK and HPD on different categories
of questions

Categories GVK HPD

Basic Fact 31% 45%
General Informative 22% 22%
Contextual Questions 2% 2%

Domain-Specific 31% 17%
Philosophical Questions 2% 1%

Conversational 2% 0%
Not-a-Question 10% 1%

Table 3: Comparison of answered and unanswered questions
directed towards GVK

Unanswered Answered

Basic Fact 29.90% 32.89%
General Informative 23.59% 20.18%
Contextual Questions 2.99% 3.95%

Domain-Specific 29.24% 27.19%
Philosophical Questions 1.66% 2.19%

Conversational 0.66% 5.70%

one or two words. These questions were either the name of the
place, person or state, for example ‘Rangoli’, ‘Madhuri Dixit’. For
such questions, a new category was created called ‘General Informa-
tive’. Also, there were requests in the form of a conversation such
as ‘Will talk to you (system) tomorrow’, ‘Good morning’ and ‘Hello’.
Such instances were grouped in the category of ‘Conversational
Instances’. Table 2 illustrates the proportion of different categories
of questions in GVK and HPD

In category-wise comparison (as shown in table 2), GVK had an
equal number of domain-specific and basic fact questions (31%).
HPD mainly consisted of basic fact questions with a coverage of
45%. General information had the same number of questions on
both the prototypes. On the other hand, GVK received 10% of ‘Not-
a-Question’ requests.

GVK responded to 57% of the questions with a ‘Sorry’ response.
Similarly, in case of ‘Streetwise’ [12] it was 62% of the questions that
had a an irrelevant response. So it would be intriguing to investigate
answered and unanswered responses as per their category. Table 3
shows the comparison of answered and unanswered questions for
GVK. From the values in each category, it is evident that answered
and unanswered responses in each category are close to each other.
Furthermore, one way ANOVA showed no significant difference in
the values of either category (F(6,7) = 65.15, p = 8.69).

2.7.2 Qualitative Analysis. In the case of GVK prototype, users
criticized its consistent inability to recognize their requests. One of
the family members stated:

“It does not understand my questions; it understands 1 out of 100
requests. It is not accurate and sometimes gave random answers, which
discouraged me to use the prototype.” [P3]

Moreover, a second family member complained: “On directing a
same question, it didn’t reply me, but it replied to my brother.” [P4]
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In the HPD prototype, users did not like the concept of remem-
bering the reference number and inputting it later to retrieve their
response. One member commented “The prototype was boring, wait-
ing time is high for some questions.” [P6]

Another member added “It didn’t consider urgency for responding
questions, e.g.: What is the current time? Such requests should be
responded instantly.” [P8] A female adult member was also unhappy
with the size of HPD, “HPD is bigger and consumes more space, in
comparison to GVK. Due to the small housing area, the space occupied
by a particular object is important for us.” [P9]

Despite facing issues in GVK, participants were impressed with
the clear voice and its size. Since, they could place it anywhere
in their house. On the other hand, in the case of HPD, although
they found it bulky in size and were annoyed to remember request
numbers, the users were impressed with the informative and richer
response.

2.8 Discussion
2.8.1 Accent and dialect. The GVK system failed to detect the
accent and dialect of family members. When two family members
posed a same question, GVK replied to one of the member but
responded ‘sorry’ to other family members. GVK’s inability to
understand their accent discouraged some family members from
using it. The consistent failure of the speech recognition engine to
detect different accents was also noted in earlier studies [10–12].
On the other hand, HPD answered all questions irrespective of
accent and dialect.

2.8.2 Preference criteria. HPD had 76% of requests in the Hindi
language, whereas GVK had only 51% Hindi requests. Moreover,
considering the average length of the requests – GVK (2.9 words)
and HPD (6.2 words). It is evident that, HPD had long, complicated
and Hindi language requests. Whereas GVK was only preferred
for short, uniform and English language requests. Lastly, they also
preferred a smart speaker based on the urgency of a response.

2.8.3 No overall inclination. GVK prototype was primarily used for
requests, which required an instant response. However, users were
unhappy with its failure rate and quality of response. On the other
hand, the HPD prototype better understood requests and delivered a
relevant responsewhich users found helpful. However, noting down
the request number and inputting it caused them inconvenience.
Also, they were disappointed with the delay in receiving a response,
which caused them inconvenience. Overall, from the analysis, it is
evident that users preferred both prototypes. Due to no complete
inclination, towards any prototype we decided to build a smart
speaker consisting of both human and AI responses.

3 DESIGN OF THE SMART SPEAKER
From the data analysis, we found that AI-powered and a human-
powered smart speaker had their limitations and benefits. We were
motivated to design a smart speaker which could deliver responses
instantly and also had a low error rate. Smart speakers should be
able to respond to every request of the user. Hence, we decided to
combine the human and AI responses.

Further in qualitative interviews, the emergent users highlighted
the issue of space occupied by the prototypes, particularly the HPD

device. Due to the small housing area, the space occupied by a
particular object is always given a priority while buying it. From
these interviews, it was clear that the users desired a smart speaker
which is appropriate to their house setting. Considering this, we
decided to design a smart speaker for emergent users.

Our smart speaker (Figure 3) consists of two buttons: a request
button (translucent) and response button (blue). Due to diverse age
groups in participant families, we used two separate buttons to keep
the interaction simple and intuitive. The request button was used
to pose a question, and the response button was meant to retrieve
a human response. Similar to the pilot prototype, an AI response
was delivered instantly after posing a question. To build a GVK and
HPD integrated smart speaker, we synchronized their process, such
that they function simultaneously. We created individual processes
for each system, known as GVK-P (Google Voice Kit - Process) and
HPD-P (Human Powered Delayed - Process). Both processes were
initiated on a request button push.

Figure 3: Design of the ‘Human plus AI’ smart speaker

3.1 Smart Speaker Interaction
The operation of the prototype is divided into three stages: posing
a request, downloading a response, and delivering a response.

3.1.1 Posing a Request. On a request button push, the button LED
lights up as a cue to the user to direct their request. Simultaneously
GVK-P and HPD-P will initiate capturing the user’s request. Subse-
quently, the smart speaker will acknowledge the request by playing
“Thank you for your request”.

3.1.2 Response Delivery. Like the pilot prototype, GVK-P provides
an answer instantly, whereas HPD-P forwards the question to a
moderator. After approximately ten minutes, when a participant
presses the blue button, the HPD process plays the latest down-
loaded ten responses in descending order of arrival. After hearing
a sought response, the user could again press the blue button to
break the responses loop.

3.1.3 Response Download. At an interval of every twominutes, the
smart speaker pings the HPD server to check for a new response. If
a new response is uploaded, it will download the response. To notify
the user of the downloaded response, the smart speaker will lighten
up the button LED and play “New answer has been downloaded"
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4 FINAL DEPLOYMENT
We performed a longitudinal evaluation with the same families for
a period for ten days. We trained the family members on our smart
speakers and informed them about the LED and audio cues. Further,
we developed a video tutorial.

Figure 4: ‘Human plus AI’ smart speaker pictured in-situ
during deployment

4.1 Findings
4.1.1 Primitive analysis. Overall there were 129 interactions with
the smart speaker. Out of 129 interactions, 53 (41%) requests, GVK-P
replied with the ‘sorry’ response. However, in the case of HPD-
P, only 4 (0.3%) requests had no response. The mean response
length for HPD-P and GVK-P was 6.9 and 8.6 words, respectively.
Therefore, GVK-P had a 20% lead in the response length comparison.
The total mean word length for each response was 15.5 words per
request.

4.1.2 Response Discrepancy. Users encountered response discrep-
ancy at multiple instances, GVK-P answered questions in English
but failed to answer the same question in the Hindi language. For
instance, “Which snake builds a nest?”, it responded accurately when
the question was posed in English but replied with a “Sorry” re-
sponse when asked in Hindi.

4.1.3 Multilingualism. HDP-P responded to the questions which
were in dual languages. Particularly, “Who built Taj Mahal?”. In this
question, the word “who” was in the Hindi language, whereas the
word “built” was in the Marathi language. The amalgamation of
two languages is frequent in a multilingual country like India and
specifically in metropolitan cities like Mumbai. HPD-P was efficient
in responding to multilingual, grammatically incorrect questions
and with diverse dialects and accents.

4.1.4 Power consumption concern. Power consumption is an essen-
tial factor for emergent users. The adult member of the family was
concerned about power consumption by the device. The member
expressed his concern by stating
“It works well, but I do not know how much power it consumes. Like
smartphone, it should work on the battery and should give clear indi-
cation of battery consumption.” [P8].

4.1.5 Performance balance and enhancement. Users admired the
idea of receiving diverse responses from a single source. They were
impressed by the variation and detailing they received from two

responses. GVK-P responded with multiple responses for a single
question. For the question “Which snake builds a nest?” the GVK-P
gave following three responses: (1) King Cobra (2) Here’s a summary
from the website livescience.com: (3) The king cobra, will build
a nest for its young. Out of 76 delivered responses by GVK-P, it
delivered multiple responses for 26 requests. One user commented,
“Human answers were short and precise whereas the Google answers
were long and elaborate.” [P2]
To this other user added “Smart speaker helped me to get detailed
information on the particular topic. This variation in response helped
me to understand a complicated topic.” [P1]

On several instances, participants observed that integration of
both techniques balanced the performance of smart speaker. When
GVK-P failed to deliver a response, HPD-P gave a delayed but
relevant answer. Similarly when user required an urgent response
GVK-P delivered it instantly.

5 DISCUSSION
In pilot deployment, overall emergent users did not incline to a
human-powered or AI-powered system. Rather, they preferred a
particular system based on three factors: first, the language of a
question to be addressed, second, the length of a question and third
urgency of the response. Request in the Hindi language were 25%
(shown in Table 1) higher in the HPD system than in the GVK
system. Therefore, it is evident that users preferred HPD for non-
English requests. Also, GVK consisted of 27% requests in the English
language, but HPD had only 4% requests in English. Hence, they
preferred a system based on the language of a request, i.e. GVK
for English, whereas HPD for Hindi requests. Further, the mean
word count of HPD requests was 6.2 words, whereas, for GVK, it
was 2.9 words. A difference of 3.3 words is a clear indication of
preference for HPD for long and complex requests and for GVK for
short requests. Moreover, the user’s preference was also based on
the urgency of the request. If they required a response instantly,
they would prefer the GVK system.

From the analysis, it is evident that a symbiosis of human and AI
responses added value to the overall strength of the smart speaker.
In total, users received an average response of 15.5 words per ques-
tion, which illustrates the comprehensiveness and richness of smart
speaker responses. We found that two factors magnified the effi-
ciency of the system: first, multiple responses delivered by Google,
due to its large corpus of data. Second the knowledge of multiple
languages and contextual settings by a human in HPD-P responses.
In a multilingual country like India, it is frequent to mix two lan-
guages in a sentence. It is difficult for an AI-powered smart speaker
to interpret a sentence containing phrases in two languages.

Although the speech interface has been proved beneficial for
emergent users, the current mainstream smart speaker’s are sub-
stantially incapable for addressing requests of emergent users. With
more than 50% error rate, AI-powered smart speaker has failed
to achieve the expectation of emergent users. With significantly
higher error rates it is likely that AI-powered smart speakers could
be abandoned by emergent users. Thus, it is essential to provide an
alternative mechanism for non-English, multilingual speakers. The
integration of human and AI responses exhibited as an efficient
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technique to reduce error rates and, provide richer and relevant
response to emergent users.

6 FUTUREWORK
Improving the privacy of the ‘Human plus AI’ smart speaker is a
potential area of future work. This could be achieved by implement-
ing distributed computing architecture consisting of ‘Human plus
AI’ smart speaker and emergent user’s smartphone. Emergent user
can use their personal device for directing and receiving personal
response from the smart speaker [2]. It is also important to identity
and minimize the cognitive load during an interaction with ‘Human
plus AI’ smart speaker [1]. Lastly, another area of future work is
the integration of human and AI answers, i.e. providing human
answers only for those questions which failed to be answered by
AI.

7 CONCLUSION
Our study helped in understanding the usage of smart speakers in
the domestic setting of emergent users . We started by performing
a study to recognize the limitations and advantages of human-
powered and AI-powered prototypes. Based on the pilot study
findings and inputs, we built a ‘Human plus AI’ integrated smart
speaker. The smart speaker was then tested with emergent users in
an field study. From the results of the final deployment, we conclude
that integrating the two concepts proved beneficial to emergent
users. ‘Human plus AI’ smart speaker was able to provide instant,
elaborate, and precise responses to emergent users.
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