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Conversational agents (CAs) are becoming increasingly prevalent and permeating into our daily lives. We conducted a 
between-subjects design experiment to examine the effects of age and interaction types on the perceptions about social 
abilities of CAs among 25 older (aged 60 or more) and 26 younger adults. Bridging the Computers are Social Actors 
paradigm and theories in socioemotional development and technology acceptance, CAs' perceived sociability (i.e., to 
what extent the CA was perceived as a pleasant conversational partner) and social presence (i.e., to what extent the CA 
was perceived as a living entity) were gauged by two types of interactions: human-human interaction (wherein the human 
experimenter interviewed participants) and human-agent interaction (wherein the CA itself interviewed participants). We 
found that older adults perceived CAs to be more pleasant to interact with when the CA gauged the perceptions than 
human experimenters. For younger adults, their perceived sociability of CAs did not differ across the types of interactions. 
Furthermore, the perceived pleasant social experience was associated with technology acceptance of CAs for both 
younger and older adults. However, social presence of CAs was only critical in the development of technology acceptance 
for older adults. The age differences in the associations between technology acceptance and perceived social abilities of 
CAs might be partly because of the tendency to favor positive social experience in our memories with age. Based on 
these findings, we discussed implications on designing social interactions with CAs, especially for older adults. 
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Conversational agents (CAs) include personal digital assistants like 
Google Assistant, Siri, or Amazon Alexa, embedded in 
commercially available smart speakers like Google Nest, Apple 
HomePod, or Amazon Echo. The present-day smart speakers 
leverage the Natural Language Processing (NLP) abilities of CAs 
to talk almost naturally. Although not fully conversational (Clark 
et al., 2019; Fischer et al., 2019; Porcheron et al., 2018), smart 
speakers implement a request-response mechanism to fulfill the 
users' commands. Users can perform various tasks using smart 
speakers, including setting alarms, checking the weather, 
performing a voice search, and listening to music. These products 
are marketed to make life easier by allowing users to perform 
activities of daily living using the simplistic power of voice-based 
interaction. 

Aging, Technology Acceptance, and CAs 
A demographic that could potentially gain the most benefit from 
the ubiquity of voice-enabled technologies are older adults. 

	
	0000-0002-2878-8544;	 	0000-0001-6983-8838		

The	authors	acknowledge	the	following	people:	Husna	Hussaini,	Alisha	Mahkri,	and	Lauryn	Praet,	for	their	assistance	in	the	study.	
The	authors	have	no	conflict	of	interest	to	disclose.	
		
Correspondence	concerning	this	article	should	be	addressed	to	Jessie	Chin,	School	of	Information	Sciences,	University	of	Illinois	at	Urbana-Champaign,	Champaign,	IL,	
61820,	USA.	Email:	chin5@illinois.edu	

Traditional Graphics User Interfaces (GUI) like personal home 
computers (Czaja et al., 2006) and smartphones (Pew Research 
Center, 2021) are notoriously complicated to use and perceived to 
be complicated by older adults, resulting in low self-efficacy and 
anxiousness. Due to this, there is a common tendency to dismiss 
older adults and their use of technologies. However, there has been 
a marked change in older adults' attitudes toward technology. In 
2000, 14% of adults above the age of 60 were internet users; in 
2019, the number rose to 73%. Additionally, there is a significant 
increase in the number of older adults using smartphones (Wang et 
al., 2019), with 61% of older adults owning a smartphone in 2021 
(Pew Research Center, 2021). There are some known barriers 
towards technology adoption in older adults, including the lack of 
self-efficacy, requirement of support to learn new technologies, 
lack of instructional guides, and age-related decline in motor and 
visual abilities (Vaportzis et al., 2017). Due to these factors, older 
adults are slow to adopt new technologies but will do so if they 
believe it will increase their quality of life (Heinz et al., 2013). CAs 
have been shown to increase the confidence of older adults to use 
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technology and provide easy access to digital technology for older 
adults (Pradhan et al., 2020). The popularity of smart speakers 
among older adults is highlighted by the adoption of smart 
speakers—22% of adults over the age of 55 own a voice-based 
device, with 33% being first adopters (Koon et al., 2020). Studies 
have also demonstrated the technology acceptance of CAs by older 
adults (Chin et al., 2020; Koon et al., 2020). 

Technology Acceptance Model (TAM) provides several constructs 
to understand why users accept or reject information systems and 
how user acceptance is affected by system design features (Davis, 
1989). The two main features impacting the adoption of new 
technology are: perceived usefulness, which is to what extent the 
technology affects user's performance; and perceived ease of use, 
which is to what extent the technology would be free from effort. 
TAM was mainly used to assess the adoption of information 
technology in business organizations (Marchewka & Kostiwa, 
2007). Venkatesh et al. (2003) refined TAM and developed the 
Unified Theory of Acceptance and Use of Technology (UTAUT) 
to make technology acceptance models more general. UTAUT 
included constructs like performance expectancy (perceived 
usefulness), effort expectancy (perceived ease of use), social 
influence, and self-efficacy moderated by factors like gender, age, 
experience, and voluntariness of use to understand the adoption of 
new technology on an individual level. UTAUT has also been 
employed to study the acceptance of conversational robots (de 
Ruyter & Aarts, 2004) as well as CAs (Chin et al., 2020).  

Social Interactions in CAs 
Anthropomorphism is attributing human-like properties to real or 
imaginary objects and agents. These agents might include social 
agents that exhibit autonomy, including computers, robots, or 
conversational agents. Nass et al. (1994) proposed the concept of 
Computers are Social Actors (CASA) and explored the applications 
of anthropomorphism in user interface design by demonstrating 
that people adopt social rules during the interaction with 
technologies (e.g., computers) even though they might not perceive 
computers to be humans. For example, CASA suggested that 
people anthropomorphize technology by applying politeness and 
gender stereotypes to computers. According to Epley et al. (2007), 
three determinants affect people's likelihood to anthropomorphize 
agents: elicit agent knowledge, which is the applicability of 
applying anthropocentric knowledge to the agent; effectance 
motivation, which is the motivation to process the behavior of 
agents; and sociality motivation, which is the need for social 
connectedness. Nass and Moon (2000) argued that the 
anthropomorphism of social agents is inconsequential overlearned 
social behavior resulting from implicit social communication rules 
among humans.  Fussel et al. (2008) suggested that as people 
interacted more with social agents, the more they 
anthropomorphized them. Anthropomorphic agents led to higher 
enjoyment and intention to use (Qiu & Benbasat, 2009; 
MacDorman, 2019). 

The ability of conversational agents to interact with users using 
natural language encourages anthropomorphism (Eyssel et al., 
2012). The anthropomorphism of CAs began with the earliest 
chatbots, "ELIZA" (Weizenbaum, 1976), in the 1960s and 
continues till today. People who interacted with "ELIZA" assumed 
it to be emotionally involved in their conversations. CAs embedded 
in voice-activated smart speakers have also been identified to elicit 
anthropomorphism. Lopatovska et al. (2018) found that users 
attributed gender and applied politeness to Amazon Alexa in the 
form of saying "thank you" and "please" to the device. 
Furthermore, Pradhan et al. (2019) found similar evidence of 
politeness and argued that participants fluidly move between 
thinking of Alexa as "object-like" and "human-like". Nass and 
Reeves (1996) encouraged researchers to design agents that could 
elicit the desired social response from humans. For example, the 
computer agent's voice could be used to impact users' perceived 
emotion of the convened content (Nass et al., 2001). Google's 
conversational design guidelines for CAs also suggest designing 
agents that evoke a distinct tone and personality (Conversation 
Design, 2021). These findings support the incorporation of 
anthropomorphism in the design of CAs. 

Aging, Social Interactions, and CAs 
There were different trajectories of cognitive development across 
the lifespan, while fluid ability (e.g., working memory) declines 
with age and crystallized ability (e.g., verbal ability) sustains with 
age (Baltes, 1997). From a socioemotional perspective, aging also 
tends to favor positive experiences in their memories (Charles & 
Carstensen, 2010). Hence, the social experience of technologies 
could be essential for older users. The social interactions between 
humans and computers have been examined in technology 
acceptance of CAs for older adults. Researchers proposed two 
constructs, perceived sociability, and social presence, to evaluate 
the perceived social abilities of CAs (Heerink et al., 2008; 2009; 
2010). Perceived sociability refers to whether users are conscious 
of treating the technology (e.g., CAs) as a social entity with positive 
experience. For example, users will be gauged whether they 
consider CAs amiable conversational partners or nice to them. 
Social presence means to what extent users perceive the technology 
(e.g., CAs) as a real-life company. For example, users will be asked 
whether they found the interactions with CA similar to the 
interactions with a person and whether CAs seem to have real 
feelings. Studies showed that a socially intelligent robot would be 
more efficient in communication, making the interaction more 
pleasant and adoption easier for older adults (Heerink et al., 2008; 
2009). To further advance our understandings of the perceptions of 
social abilities of CAs across the age groups, we modified the study 
paradigm in previous literature (Nass et al., 1994) to investigate 
how users across the two age groups anthropomorphized CAs when 
these perceptions were gauged by different types of interactions, a 
human experimenter or CAs themselves, and how these perceptions 
could affect the acceptance of CAs.   
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Method 
To understand the age differences in the perceptions of social 

abilities towards CAs, we conducted a 90-minute online study with 
51 participants (25 older and 26 young adults).  

 
Participants. 51 participants were recruited from the university 

and community in a middle-sized city in the Midwest of the U.S. 
25 older adults (17 females; >60 years old, mean age: 66.4 years 
old, SD=6.94), and 26 younger adults (21 females; mean age: 24.8 
years old, SD=5.34) were invited in the study. The majorities of the 
participants were Caucasians. Out of the 25 older adults, there were 
24 Caucasians and 1 Asian; out of the 26 younger adults, there were 
13 Caucasians, 8 Asians, 3 Black or African Americans, and 2 
multiple racial and ethnic categories (Asian and Caucasian). All 
participants either had a college degree or completed some years of 
education in a college. 

 
Development of the CA. In this study, we developed two 

Google Actions in a Google Nest Mini device (Google Nest Mini 
Gen. 2) to support two types of CA activities. The first CA activity 
helped participants become familiar with the interaction with the 
CA by walking participants through the study instructions and then 
asked participants to learn the information from six health topics 
delivered through natural conversations with the CA. The learning 
task was developed based on a previous study (Desai & Chin, 
2020). During the first CA activity, participants had the opportunity 
to listen and talk to the CA, answer questions, and receive feedback 
from the CA. The whole activity took about 30 to 40 minutes. The 
second CA activity supported the interview of questions about 
perceived sociability and social presence. The CA asked 
participants to give ratings on CA's perceived sociability and social 
presence based on their interaction that day. The CA would make 
no further comments or provide feedback on the ratings given by 
the participants.   

 
Design. The study paradigm was modified from the previous 

research (Nass, 1994).	We adopted a between-subjects design to 
assign participants into two groups, experimental and control, in a 
counterbalanced order. Participants answered questions with two 
types of interactions—in the experimental group, questions on 
social presence and perceived sociability were asked by the CA we 
developed, and in the control group, participants answered the same 
questions by the human experimenter. 

 
Measures.  
Perceived sociability, the degree to which users consider CAs 

can deliver preferred social interactions, is measured using four 
items on a 5-point Likert scale (Heerink et al., 2010). For example, 
"I find CA is pleasant to interact with," and "I think CA is nice." 

 
Social presence, the degree to which users consider to be in the 

company of ‘someone’ when interacting with the CA, is measured 
using five items on a 5-point Likert scale (Heerink et al., 2010). For 

example, "when interacting with CA, I felt like talking to a real 
person" and "I can imagine CA to be a living creature." 

 
Technology Acceptance, is measured by the UTAUT 

questionnaire, which covers 8 constructs, including performance 
expectancy (PE; perceived usefulness), effort expectancy (EE; 
perceived ease of use), attitudes toward technology (ATT), social 
influence (SI, to what extent their social networks encourage them 
to use CAs), facilitating conditions (FC, whether they have 
resources or knowledge to support their use of CAs), self-efficacy 
(SE; their perceived confidence to use CAs with minimum help), 
anxiety (ANX, anxiety to use CAs), and behavioral intention (BI, 
the intention to use CAs in the next three months)  (Venkatesh, 
2003). We adapted the UTAUT questionnaire to the context of CAs 
on a 5-point Likert scale. 

 
Cognitive Measures. Working memory was measured using 

Letter Number Sequencing (Wechsler, 1997). Participants were 
needed to recall the letters and numbers in alphabetic and ascending 
order, respectively, from a list of letters and numbers they just 
heard.  Verbal ability was measured using the advanced vocabulary 
task (Ekstrom et al., 1976), in which participants were required to 
recognize the meanings of 18 words. 

 
Procedures.  
Upon the beginning of the study, participants completed the 

informed consent in a teleconference study meeting. Participants 
were introduced to the study and the conversational agent (CA) we 
developed on the Google Nest Mini device. They were first asked 
to interact with the CA in a short practice session to go through the 
study instructions point-by-point. After participants became 
familiar with the CA, they performed a self-paced learning task, in 
which participants were asked to talk with the CA to learn six 
health-related topics. During the learning task, participants had the 
opportunity to talk with the CA and answer questions from the CA 
for about 30 to 40 minutes. After the learning task, participants 
performed two cognitive tasks. Then, participants evaluated their 
acceptance toward the CA using an online UTAUT survey. After 
that, half of the participants answered the questions about the CA's 
social presence and perceived sociability by the CA itself, and the 
other half answered the same questions (CA’s social presence and 
perceived sociability) by the human experimenter. The study then 
ended with a debriefing session. Participants received an e-gift card 
to compensate for their participation.  
 
Results 
We first analyzed the effects of age and experimenter (CA or 
human) on perceived sociability and social presence of CAs, 
explored the relationships among technology acceptance, perceived 
sociability, and social presence of CAs, and then examined the age 
differences in the associations between perceived sociability/social 
presence with technology acceptance.  
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The Effects of Experimenter and Age on Perceived 
Sociability and Social Presence 
We conducted a 2 (Age: Younger vs. Older) x 2 (Experimenter: 
Human experimenters vs. Conversational agents) MANOVA on 
perceived sociability and social presence of CAs. There were no 
main effects of Age or Experimenter on perceived sociability 
(F(1,47)=0.01, p=0.94; F(1,47)=1.54. p=0.22, respectively). We 
found a significant interaction effect between Age and 
Experimenter on perceived sociability (F(1,47)=4.80, p<.05, η2 = 
0.09) (see Figure 1). Younger adults did not rate the perceived 
sociability of CAs differently across the human or CA 
experimenters (t(24)=0.70, p=0.49). Older adults perceived CAs 
with higher sociability if they were interviewed by CAs (M=15.17, 
SE=0.94) than by human experimenters (M=12.46, SE=0.69) 
(t(23)=-2.35, p<.05). After controlling the potential covariance of 
cognitive abilities, the interaction effect sustained (F(1, 44)=6.39, 
p<.05,  η2 = 0.23). Perceived sociability of CAs was varied across 
conditions for older adults and consistent for younger adults. 
Hence, older adults were likely to be affected by the existence of 
CAs when evaluating their social abilities.  

There were no main effects of Age or Experimenter on social 
presence (F(1,47)=0.15, p=0.7; F(1,47)=0.58, p=0.45, 
respectively), as well as no Age x Experimenter interaction effect 
on social presence (F(1,47)=1.29, p= 0.26). Regardless of the 
experimenter conditions, both younger and older adults perceived 
similar degrees of social presence of CAs. 

 
The Relationships among Perceived Sociability, Social 

Presence, and Technology Acceptance 
Pearson correlations were conducted among the 8 constructs in 
technology acceptance, social presence (SP), and perceived 
sociability (PS). We found that perceived sociability and social 
presence were associated with multiple constructs in technology 
acceptance (see Table 1).   

 
Age Differences in the Relations Between Perceived 

Sociability, Social Presence, and Technology Acceptance 
We summed up the Z-scores of 8 constructs in UTAUT to compute 
the composite score of technology acceptance. We then conducted 
regression analyses with technology acceptance as dependent 

variable and age (categorical variable; dummy coding), 
standardized scores of perceived sociability (PS)/social presence 
(SP), and the interaction terms of age and PS/SP as correlates, to 
examine age differences in the associations between PS/SP and 
technology acceptance.  

We first found that age, perceived sociability, and its interaction 
term could account for the variance in technology acceptance 
(Adjusted R2=0.32, F(3, 47)=8.79, p<.001). Both age and perceived 
sociability of CAs were associated with technology acceptance 
(age: B=-0.29, t=-2.45, p<.05; PS: B=0.47, t=3.96, p<.001), 
suggesting that people with younger ages and higher perceived 
sociability of CAs showed higher technology acceptance. There 
were no age differences in the associations between PS and 
technology acceptance (B=0.16, t=1.37, p=0.18). 

We also found that age, social presence, and its interaction term 
could account for the variance in technology acceptance (Adjusted 
R2=0.29, F(3, 47)=7.84, p<.001). Both age and social presence of 
CAs were associated with technology acceptance (age: B=-0.26, t=-
2.19, p<.05; SP: B=0.46, t=3.82, p<.001). There was also an 
interaction effect of age and SP on technology acceptance (B=0.26, 
t=2.19, p<0.05). Slope analysis was further used to decompose the 
interaction of age and SP on technology acceptance (Preacher, 
Curran & Bauer, 2006) (see Figure 2). While younger adults 
generally showed higher technology acceptance of CAs than older 
adults, the effects of social presence on technology acceptance were 
different. For younger adults, the technology acceptance of CAs did 
not vary with their perceived social presence of CAs. Older adults 

Figure 2. The interaction effect of age and social presence of CAs 
on the technology acceptance of CAs 
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Table 1. Correlations among technology acceptance, social 
presence (SP) and perceived sociability (PS) 

 PE EE ATT SI FC SE ANX BI SP 
EE 0.33*         

ATT 0.68* 0.36*        
SI 0.55* 0.20 0.53*       
FC 0.11 0.18 0.22 0.17      
SE 0.27 0.43* 0.23 0.32* 0.26     

ANX 0.10 0.18 0.14 0.004 0.08 -0.16    
BI 0.42* 0.22 0.67* 0.45* 0.31* 0.22 0.11   
SP 0.47* 0.27 0.29* 0.47* 0.04 0.25 0.13 0.22  
PS 0.64* 0.35* 0.41* 0.42* 0.03 0.25 0.09 0.21 0.64* 

Note. *p<.05 

Figure 1. The interaction effects of age and experimenter on 
perceived sociability of CAs 
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showed higher technology acceptance of CAs if they perceived a 
higher social presence of CAs.  

Discussion 
Our study followed a between-subjects design to examine the 
effects of age and experimenter on the perceived sociability and 
social presence of CAs. Our findings suggested that older adults 
perceived the CA as a more pleasant conversational partner or nicer 
to them (i.e., perceived sociability) if they were asked by CAs than 
the human experimenter. Younger adults did not differ in their 
perceptions of whether CAs were pleasant conversational partners 
or nice to them independent of who asked the questions. The 
findings suggested that older adults are likely to anthropomorphize 
CAs and provide a socially desirable response during the 
interaction with CAs by praising or giving positive evaluations on 
CAs' social ability. However, regardless of the types of interactions, 
younger and older adults did not differ in their response on whether 
the CA was like a real person/living creature, looking at them, or 
having real feelings (social presence). The lack of differences in 
social presence across the conditions of CA and human 
experimenters might be in part because of the limitations of the 
teleconference study settings. Given that participants did not 
interact with the physical form of the device, they were unlikely to 
provide a socially desirable response to recognizing the presence 
of CAs even when they answered the questions from the CA. 

Findings further showed that perceived sociability of CAs was a 
determinant of technology acceptance for both younger and older 
adults. However, social presence of CAs was only critical in 
developing technology acceptance of older adults. For younger 
adults, to what extent they perceived the social presence of CAs did 
not influence their technology acceptance. Similar to previous 
findings in human-robot interaction research (Heerink et al., 2008), 
both perceived sociability and social presence of CAs were 
important for older adults to adopt these technologies. Again, the 
lesser importance of social presence in technology acceptance of 
CAs for younger adults might be partly because the interaction was 
solely speech-based without seeing/interacting with a physical 
entity. The age differences in the associations between perceived 
social abilities of CAs and technology acceptance could be 
explained by the increasing focus on the positive socioemotional 
experience in our perceptions and memories as we age (e.g., 
Charles & Carstensen, 2010). Hence, social interaction design in 
CAs for older adults should support the lifespan trajectories in 
socioemotional development. 

These research findings have several implications for 
conversational interface design. First, both younger and older 
adults indicated acceptance of smart speakers in their daily lives. 
This finding not only suggests the potential impact of CAs on older 
users but also highlights the urgent need to improve its accessibility 
for older users. In the U.S., 27% of older adults live alone and are 
considered an at-risk group, reporting worse memory, lower 
physical activity, improper diet, social isolation, higher fall risk, 

and other health hazards (Kharicha et al., 2007). Resultantly, 
having CAs at home could open a multitude of opportunities to 
support isolated older adults to stay connected and independent. 
Second, following recent guidelines, Amazon expects developers 
to design conversational agents that are personal, relatable, 
available, and adaptable (Alexa Design Guide, n.d.). Concurrently, 
Google recommends creating "system personas" by designing 
personalities in CAs to make users feel more familiar with CAs 
(Conversation Design, 2021). Our study showed that perceived 
sociability is associated with technology acceptance regardless of 
age, supporting designing a pleasant social interaction experience 
between CAs and users would be critical for continuous adoption 
of CAs. Finally, designing social presence in CAs would still be 
important for older users (which may not be true for younger users). 
When designing CAs for older adults, generating the perceptions of 
social presence of CAs could increase its acceptance. For example, 
one recent study suggested that older adults had more positive 
feedback toward Amazon Echo Show (with a display) than 
Amazon Echo smart speakers (Blocker et al., 2020). For older 
adults, receiving visual feedback from CAs could increase social 
presence and result in positive attitudes. In the future, we aim to 
expand these findings further by conducting a mixed-method study 
on a larger group of adults with more diverse characteristics (e.g., 
more diverse educational backgrounds, including older old adults) 
to assess the efficacy of the design considerations discussed in this 
paper to improve perceived sociability and understand the effects 
of social presence more broadly for technology acceptance and user 
experience. Overall, CAs have the potential to ameliorate people's 
lives, and it is of increasing importance for researchers to make the 
experience more accessible and positive for people of all ages.	
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