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Abstract
Older adults (65+) increasingly use voice assistants for information-
seeking, but experience challenges and uncertainty in assessing
information quality due to limited visual cues. HCI researchers have
primarily used nudging, subtle approaches to guide users towards
better decision-making, in visual interfaces to mitigate online misin-
formation and facilitate critical thinking. Thus, we extend nudging
to voice-based systems to help older adults alleviate uncertainty in
voice-based searches. We evaluate four audio nudge prototypes (i.e.,
non-speech and speech-based) with older adults (n = 34). Findings
show that speech nudges more effectively prompt critical reflec-
tion than non-speech nudges because they are more disruptive. We
discuss the significance of these findings for designing accessible
audio nudges, highlighting the tension between disruption and
accessibility best practices. Further, we propose that effective audio
nudges should be explanatory and interactive to help older adults
mitigate information uncertainty and raise open questions for the
community about designing reflective nudges.
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1 Introduction
Voice assistants (VAs), such as smart speakers and voice-enabled
chatbots, are becoming more pervasive for supporting information-
seeking practices among older adults (65+) [18, 81]. Researchers
have highlighted their utility for older adults, especially those with
vision or motor disabilities, as voice-based interaction does not re-
quire a screen, keyboard input, or mouse navigation [76, 82]. How-
ever, older adults have raised concerns about using voice assistants
in sensitive contexts [12, 16, 102]. For example, when searching for
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subjective and complex health information, older adults describe
VA responses as lacking depth, comprehensiveness, and cues that
can help them assess information quality [16, 18, 32]. Missing in-
formation quality cues can contribute to information uncertainty,
where users are unsure of the information’s accuracy, completeness,
usefulness, and credibility [103]. Further, the risks associated with
information uncertainty can be exacerbated in sensitive or high-risk
contexts (e.g., health information seeking) where overtrusting or
misinterpreting information could lead to potential harm or death
[10, 76, 111]. Thus, there is a need to investigate ways to effectively
support older adults in mitigating uncertainty when searching for
high-risk information using voice assistants.

Prior HCI research has primarily relied on mis/disinformation
detection algorithms and fact-checking tools to mitigate online in-
formation uncertainty [23, 54, 70, 78]. At the same time, researchers
argue that such mechanisms often fail because users tend to rely
on intuitive processing when consuming information [30, 63], es-
pecially when meaningful cues are absent, such as in voice-based
systems [16]. However, there is limited to no research that ex-
amines how to facilitate reflective thinking and actively engage
older adults in assessing information quality, including critically
questioning the veracity of information sources [109]. Considering
the urgent need to support older adults’ decision-making process
[16, 76, 111, 123], we take inspiration from prior work that has
cited nudging as a potential approach to help users evaluate online
information [1, 55, 62].

Nudges, defined as "any aspect of the choice architecture that alters
people’s behavior in a predictable way without forbidding any option"
[107], have been designed by HCI researchers in many forms to en-
courage optimal decision-making [6, 22, 53]. While there are many
nudge types, nudges promoting reflective thinking have helped
individuals make informed decisions, and strengthened agency,
autonomy, and independence [40, 105], values important for older
adults [21, 74]. For example, presenting users with fact-checked ar-
ticles next to potentially unreliable posts disrupts mindless scrolling
and signals different perspectives [7, 22].

However, existing research has predominantly focused on de-
signing nudges to mitigate online information uncertainty in visual
interfaces, i.e., computers or smartphones [6]. Researchers and de-
signers have yet to explore the design and evaluation of non-visual
nudges, i.e., audio nudges, in voice-only interfaces for addressing
older adults’ information needs for voice-based technologies.

To address the gap, we investigate how older adults respond to
audio nudges when searching for health information using VAs.
Toward that goal, we designed four audio nudge prototypes (i.e.,
non-speech and speech-based) to address the following research
questions:

(1) How do older adults respond to audio nudges?
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(2) How do older adults envision audio nudges that can support
critical voice information-seeking practices?

We conducted a remote Wizard of Oz [34] prototype evaluation
study with 34 older adults (ages 65+), where participants listened
to the VA’s response for a specific health topic with and with-
out audio nudges and provided feedback. Our findings show that
older adults perceived speech nudges as more effective, even when
falsely suggesting credibility despite inaccuracies in VA responses.
However, older adults reasoned that speech nudges were more dis-
ruptive, prompting them to reflect critically on the credibility of the
responses. They also shared their expectations for audio nudges,
highlighting the need for a nudge that strikes a balance between
encouraging critical reflection and guiding them toward obtaining
credible information sources. Building on these findings, we reflect
on practices for designing accessible and disruptive audio nudges.
Additionally, we discuss the importance of designing reflective au-
dio nudges that are explanatory and interactive to help older adults
navigate and mitigate voice-based information uncertainty.

The work contributes to accessibility and aging research in the
HCI community in the following ways. First, we provide an em-
pirical understanding of older adults’ reactions to audio nudges for
voice-based information-seeking in high-risk contexts and present
preliminary designs of audio nudges. Second, we discuss how dis-
ruptiveness is an essential characteristic of effective audio nudges
while contrasting with accessibility research on ubiquitous audio
design. Third, we raise open questions for the HCI community
to advance audio-based nudging and discuss the potential of ex-
planations and interactivity for designing reflective audio nudges,
ultimately contributing to the discourse on helping older adults
navigate voice-based information uncertainty.

2 Background
In this section, we summarize the literature on voice-based infor-
mation uncertainty and the use of nudges for better information
decision-making.

2.1 Voice Assistants and Information
Uncertainty

Older adults commonly find voice-based systems, i.e., voice assis-
tants (VAs), convenient and valuable because they are easy to use,
seamlessly integrate into ongoing tasks, help overcome dexterity
challenges, and foster independence [4, 12, 52, 111]. These char-
acteristics have led older adults to use (or want to use) VAs for
searching information online [76, 81]. The affinity towards VAs as
information-seeking tools has called for increased scrutiny of trust
in online information quality and such AI systems. For example,
a systematic scoping review reports concerns about information
quality and highlights how older adults are likely to encounter mis-
information, conflicting information, and irrelevant information
during their searches [122]. As a result, trust in AI systems varies
among different older adults. For instance, in a three-week study
with older adults using Amazon’s Echo Dot, Pradhan et al. [81]
found that some older adult participants preferred to verify the
information from voice assistants using external sources, while
others readily trusted the information they received. Prior research
suggests that older adults’ trust in AI systems is related to factors

such as familiarity with the system, existing knowledge, and per-
ceived humanness [41]. Shandilya et al. [95] emphasize the negative
emotions (e.g., anxiety) and privacy concerns from unexplainable
outputs of AI systems, often leading to confusion and low trust
amongst older adults. Similarly, Weisz et al. [114] discuss the need
to educate users to be skeptical of information quality, system
inaccuracies, and biases/underrepresentation in training data. Re-
latedly, specific to VAs, prior research shows how older adults want
the system to understand and respond to their detailed subjective
queries but experience uncertainty, unreliability, and inconsistency
[2, 12, 18, 94, 117].

In this paper, we focus on one of these challenges, information un-
certainty, which occurs when users are unsure of the information’s
quality and use constructs like accuracy, completeness, usefulness,
and credibility for decision-making [103] . The issue of information
uncertainty becomes further aggravated in voice technologies be-
cause of the limited cues in voice-only interfaces. Voice interfaces
have limited contextual elements that support users in judging infor-
mation quality, like webpage design elements or consistent source
information [65, 121]. Thus, prior work calls for better mechanisms
to mitigate voice-based information uncertainty for older adults
[16, 81]. In response to the call, we focus on health as a use case for
studying information-searching contexts as it is common amongst
older adults [111]. They often find VAs to be more cost-effective
and less time-consuming than visiting the doctor, especially those
with lower socioeconomic status [12, 76]. For instance, Zhang et al.
[119] report that most older adults described “waiting several hours
for just a few-minute consultation” as a reason for diverting to
searching for information. The risks associated with health-related
information uncertainty are high leading to potential harm or even
death [10, 111]. This makes addressing information uncertainty in
high-risk contexts like health an urgent problem.

Existingmethods and strategies of assessing voice-based searches
include judging response length and detail, repeating keywords,
listening for the source, and having multiple rounds of conversation
[16, 119]. Despite practicing these strategies, research also shows
that users tend to ascribe human characteristics to VAs because
of their human-like conversational abilities [80, 93]. For example,
Brewer et al. [18] found that older adults expected the health infor-
mation to mirror personalised advice from a medical professional,
detailed responses instead of narration from websites, and follow-
up questions. This expectation and uncertainty can often lead to
detrimental consequences for older adults when qualitatively dis-
cerning reliable and applicable information. For instance, Brewer
[16] investigated behaviors of voice-based information uncertainty
and found that older adults engage in risky behaviors, such as trust-
ing or using inaccurate information if it does not conflict with their
existing knowledge. Considering how older adults find VAs to be a
valuable, trustworthy, and convenient tool for information-seeking,
this paper explores how we can better design voice systems to
support older adults in mitigating information uncertainty.

2.2 Moving Towards Audio Nudges
Researchers have widely used nudging to facilitate positive behav-
ior change [6, 22, 53, 107]. The HCI community has used nudges to
facilitate, confront, deceive, influence, stop, encourage, or reinforce
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behaviors or users’ desires [6, 22]. While nudges affect people’s
choices, it is essential to note that nudges do not operate via manip-
ulation. We use Hansen and Jesperson’s [22, 40] conceptualization
of a nudging technique that "prompts reflective choice," where users
are engaged in a reflective mode of thinking and the intention of the
nudge is transparent to the user, to study how nudges can effectively
promote critical reflection. A reflective choice nudge engages users
in deeper cognitive processing, motivates searching for additional
information, and limits cursory decision-making [40].

Researchers have specifically called attention to the utility of
nudging in supporting credibility judgments, yet these nudges are
primarily designed for visual interfaces. For example, warning la-
bels, fact-check alerts, color-coded content, webpage cues (e.g.,
engagement rate, number of references), alternative sources, or
user-based accuracy classification are examples of visual nudges
[8, 9, 45, 72, 77, 116, 120]. Specific to health information, researchers
highlight the potential of nudging toward critical and reflective
thought to combat misinformation [14, 18, 37, 61, 87, 123]. However,
audio-based nudging remains largely unexplored [6, 53]. For exam-
ple, research suggests that quickly assessing information quality via
voice assistants is a critical challenge for older adults as there are no
information quality cues for mitigating the uncertainty described
in section 2.1 [12, 16]. As a result, older adults are left to create their
own strategies with no means of confirming or verifying whether
such strategies are effective [18]. Ineffective strategies can lead to
undesirable consequences, such as practicing potentially harmful
unconfirmed remedies or purchasing fraudulent health products
[10, 16, 123].

Consequently, there is limited guidance on specific characteris-
tics of effective audio nudges [6]. Our study utilizes and builds on
prior work in the nudging and accessibility communities that ex-
plore different forms of speech in nudging and how sounds can con-
vey complex visual information. Research related to verbal nudging
has mainly involved understanding cognitive biases in conversa-
tional systems [3, 50], stimulating conversation [38], and encourag-
ing healthy [20, 90] or pro-environmental behaviors [42, 73]. These
studies demonstrate how nudges engage with users’ biases, induce
reflective thinking, enable further conversations, and push users
towards healthy practices.

Relatedly, the accessibility community has researched innova-
tive and creative ways of using non-speech sounds to support
non-visual information access, mainly in the form of representative
sound (auditory icons and musicons) or structured and abstract
sound (earcons, spearcons, sonification) [35, 46, 49, 106]. Abstract
non-speech sounds have specifically supported accessibility in data
visualization [44, 96], image comprehension [108], programming
[79, 92], and wayfinding and spatial perception [60]. Researchers
argue that abstract non-speech sounds can efficiently present com-
plex information, enable quick understanding of data, and be less
obtrusive than synthetic speech [43, 69, 89]. For example, Siu et al.
[100] find that adding sonification techniques to speech-based de-
scriptions of data visualizations helped make non-visual data access
more comprehensive, quicker to understand, and easier to verify
the speech output. Similarly, Seo and Rogge [92] used earcons to
mirror scanning through marked changes like additions, deletions,
and modifications in code for blind programmers. Instead of listen-
ing to additional speech prefixes describing the change in every

line, blind programmers could now hear the associated earcon in
parallel with text-to-speech information from a screen reader and
quickly get the context of changes. Such applications inspired our
design of sound-based nudges to embody characteristics related to
doubt and uncertainty. Additionally, research suggests non-speech
alternatives for facilitating non-visual information access can be
useful due to the low cognitive effort required, as humans can listen
to and interpret complex signals involving different rhythms and
harmonies and use sound to relate changes in dimensions to asso-
ciated meanings [89, 101]. We refer to prior research that suggests
loud, descending melodies, valley-shaped sounds, and minor mode
patterns are significantly associated with low levels of trust [5, 88]
to design the sound-based nudges.

We complement this literature by designing non-speech and
speech-based nudges for signaling information uncertainty, gath-
ering older adults’ perceptions of doing so, and exploring nudges’
role in improving voice-only systems.

3 Methods
We designed four audio nudge prototypes to understand older
adults’ responses to audio nudges (RQ1) and how they envision
engaging with audio nudges in voice-only contexts (RQ2). We eval-
uated the nudges with older adult participants (n = 34). This section
describes our nudge prototype design, study design, participant
pool, and data analysis process.

3.1 Motivating Nudge Prototype Design
Prior work shows evidence of nudge’s usefulness and effective-
ness in visual contexts but not in audio contexts. As voice-based
information-seeking becomes more popular, particularly amongst
older and disabled communities, it will remain important to un-
derstand how to design audio nudges. For this exploratory study,
we designed audio nudge prototypes to promote reflective thought
and enable conscious choice based on prior work that shows that
engaging the reflective system is important to enable conscious
choice, motivate searching for additional information, and limit
cursory decision-making [22, 40, 107]. However, as audio nudges
have not yet been implemented in systems, it is unclear what
form (e.g., speech or non-speech) is most effective in facilitating a
user’s ability to make informed decisions [6]. While speech can be
more effective in directly signaling poor information quality, ac-
cessibility researchers show that non-speech sounds can also help
effectively communicate information and reduce cognitive load
[79, 97, 98, 100]. As such, we designed four audio nudge prototypes
- two speech and two non-speech nudges (Table 1).

3.1.1 Speech Nudges. Informed by prior work on visual nudges
that commonly consisted of a question or a statement [20, 90, 113],
we designed two speech nudge prototypes to include a question
(’Did you find this information believable?’) and a statement (’The
information I looked up online relates to a health topic’). The ques-
tion nudge mirrors a confrontational nudge, intended to tap into
a user’s regret aversion bias, or the tendency to become a more
careful decision-maker [86] and elicit critical thinking [6, 22, 53].
Similarly, by adding more information about the response, the state-
ment nudge mirrors a reinforcement nudge. These nudges tend to
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motivate certain behaviors (e.g., thinking about the source of the in-
formation) by increasing the behavior’s salience in mind [6, 22, 53].
Researchers have shown that these types of nudges are effective
in evoking a reflective response and facilitating critical thinking,
which informed our speech nudge prototype design.

3.1.2 Non-Speech Nudges. Accessibility and sonification literature
informed the sounds we chose for the two non-speech nudges. Be-
cause research describes how difficult it can be for users to connect
abstract sounds to a specific purpose [11, 36], we chose sound pat-
terns/wavelengths that previous work has shown to be distinct,
such as how descending melodies are perceived to be less trustwor-
thy [5, 88] . This can further elicit doubt or potential uncertainty
[103]. For example, the valley-shaped sinewave in Fig. 1(a) consists
of a decrease in frequency, forming a low point, followed by an in-
crease in frequency. These frequency shifts correspond to variations
in pitch, giving it a ’valley’ effect and producing a characteristic dip
in the auditory experience. The descending sinewave in 1(b) features
a continuous reduction in frequency, creating a downward trajec-
tory in pitch and giving the sound a ’falling’ effect. We used sounds
consisting of valley-shaped or descending sine waves as they are
most likely to signal urgency or attention, signaling users to be
more attentive to the information in the voice assistant’s response
[88]. Additionally, we mirrored the sound type on prior work evalu-
ating accessible sounds [19, 83]. We used open-source audio-editing
software 1 and created two sound nudges - a valley-shaped sine
soundwave and a descending sine soundwave (Fig. 1).

3.1.3 Prototype Design. We recognize that there are an infinite
amount of speech and non-speech nudge options, but we start with
these initial four ideas informed by prior work to broadly probe for
perceptions about audio nudges. We used the Voiceflow audio work-
flow platform to build and play each prototype across three health
information-seeking scenarios - kidney stones, sinus infections, and
migraines. We chose these scenarios as they are common health
topics for older adults [66, 67, 84]. Similar to prior work [16, 17], we
crafted responses to each scenario to mimic the structure, sound,
and gender of commercial voice assistant responses and to elicit
information uncertainty from participants. As such, the responses
were intentionally vague or included incorrect information. Table
2 demonstrates different health scenarios and their corresponding
VA responses. We pilot-tested these nudges and responses with a
small group of older adults before using them in the interviews.

3.2 Study Design
We conducted a remote Wizard of Oz [34] prototype evaluation
with participants using Zoom video conferencing, where partici-
pants reflected on the nudge’s effectiveness and utility. We used
pilot testing with a convenience sample of older and younger adults
to iterate on nudge sounds and interview questions. First, partic-
ipants were randomly assigned to a health topic (kidney stones,
sinus infections, migraines) and engaged in a baseline task. In this
baseline task, participants heard the VA’s response to their assigned
health topic without an audio nudge. In the next four tasks, par-
ticipants heard the same response with audio nudge prototypes
(presented in random order by the researcher). During each task,

1https://www.audacityteam.org

the researcher asked participants to rate each response’s credibility
after listening to the nudge (or no nudge in the baseline task) using
a Likert scale of 1-5 (where 5 was the most credible). We probed for
credibility as prior work has linked uncertainty, trust, and informa-
tion credibility, where lower perceived credibility is associated with
higher uncertainty [103]. We also asked participants about their
expectations for interacting with nudges and perceived usefulness.
After completing four tasks, we asked participants to rank the audio
nudge prototypes from least to most favorite, explain their ranking,
and describe how they envisioned future audio nudges (RQ2).

Finally, the researcher disclosed the purpose of the nudges after
nudge rankings and asked participants to describe the nudge’s
effectiveness at signaling information quality. We intentionally
disclosed this information at the end of the study to capture initial
nudge perceptions (RQ1) without researcher bias. The researcher
also read a statement at the end of the testing to caution participants
against using any of the information presented in the responses.

3.3 Recruitment and Participants
After IRB approval, we recruited participants via our university’s
health participant recruitment pool, a local participant research
pool for older adults (anonymized), and several retirement and
senior centers near a large Midwestern city in the United States.
First, we asked potential participants to complete a screener survey
about demographic information, aiming to recruit a diverse sample.
From this survey, we recruited 34 participants (from 73 responses).
Most participants were ages 65-74 years (n=23), with others aged
75-84 years (n=10), and 85+ (n=1). The rest of the details can be
found in Table 3. Each participant received $25 by check or gift
card after completing prototype testing.

3.4 Analysis
3.4.1 Qualitative analysis. After each prototype testing session, the
lead interviewer engaged in memoing, reflecting on the session and
participants’ attitudes towards audio nudges. All interviews were
audio-recorded. We auto-transcribed interview audio using Zoom,
and the research team manually reviewed and corrected transcripts.
We used a reflexive thematic analysis approach to analyze the col-
lected data [15]. To do so, the first author read a sample of the tran-
scripts (4-5 transcripts), conducted open coding, and generated an
initial codebook using an inductive coding approach and codes that
addressed proposed research questions. After discussing the initial
codebook with the research team, the first author continued by iter-
atively coding each transcript and revising the codebook to capture
emerging themes. Final themes included nudges as reflection, nudge
perceptions (e.g., feedback, credibility, ending response, disruption),
nudge behaviors (e.g., asking follow-up questions, searching else-
where), envisioning future nudges, and response expectations (e.g.,
aggregating multiple sources). Although there were some themes
related to evaluating voice assistant responses, we focused our
findings on themes specific to nudges.

3.4.2 Quantitative Analysis. In the interviews, we asked partici-
pants to rate the voice assistant’s credibility and to rank their pre-
ferred nudge, resulting in two forms of quantitative data.We use this
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(a) Valley-shaped sine wave. The line connected by black dots shows alternating
changes in frequency, with a dip followed by a rise. This creates a distinct ’valley’
effect, producing a distinct variation in pitch.

(b) Descending sine wave. The line connected by black dots shows a steady decrease in
frequency, creating a downward trajectory in pitch.

Figure 1: An illustration of two different non-speech nudges’ sine wave

Table 1: Examples of four different audio nudges

Nudge types Audio files Source URL

Statement nudge https://dx.doi.org/10.7302/25208

Question nudge https://dx.doi.org/10.7302/25208

Valley-shaped non-speech nudge https://dx.doi.org/10.7302/25208

Descending non-speech nudge https://dx.doi.org/10.7302/25208

Table 2: An overview of scenarios and VA responses (intentionally vague or incorrect [16]) used during the interviews

Health topic Scenario VA response

Sinus infection You wake up feeling so not very good. You have a sore throat, cough, and
pain in your sinuses. Thinking it might be a sinus infection, you want to take
medicine, but you’re not sure where to start. You ask your voice assistant
for help.

According to Healthline: Use a nasal spray for at least 7 days to clear your
sinuses. Taking over-the-counter antibiotics in combination will treat the
infection.

Kidney stone You recently started to eat more fruits and vegetables but begin to feel a
slight pain in the left side of your lower abdomen. You want to know if your
change in diet is impacting this discomfort and suspect that kidney stones
are forming, so you ask your voice assistant about it.

According to Healthline: Eat plenty of foods that have low oxalate which
can contribute to kidney stones. Eat fruits like bananas, blackberries, and
blueberries and Vegetables like broccoli and cabbage.

Migraine You are conducting your day as normal, but begin to feel a pain in your
head. The pain increases to a pulsing sensation and you feel sensitive to
bright lights and loud sounds. You know this isn’t a typical headache and
determine it must be a migraine.

According to Healthline: Caffeine in large amounts will help get rid of a
migraine. Drink at least one cup every hour.

data to complement our qualitative data from the interview ques-
tions. We analyzed credibility ratings using non-parametric alterna-
tives of repeated-measures ANOVA tests. We used non-parametric
tests because (1) our data do not meet parametric test assumptions
of normality and equal variance of errors, and (2) non-parametric
tests are suitable for comparing more than two groups with small
sample sizes and when the dependent variables are ordinal [29]. We
used the Friedman test, which is appropriate for group responses in
a within-subjects study design. We performed a pairwise compari-
son as the post hoc test using the Wilcoxon Signed Rank test with
a Bonferroni correction. We used the Kruskal-Wallis test to assess

whether the order of prototypes influenced credibility ratings, and
the results showed no statistically detectable ordering effect. In
addition, we fit a mixed-effects linear regression model, controlling
for order while predicting the effect of the prototype on ratings.
The results were consistent with the findings from the Wilcoxon
Signed-Rank test (Table 4).

We analyzed nudge rank data using the rank-ordered probit
(ROP) choice model to determine the expected ranking probability
[110]. One participant did not complete ranking all four prototypes.
We removed their data from our analysis. Among the participants,

https://deepblue.lib.umich.edu/bitstream/handle/2027.42/196546/VerbalStatement.m4a?sequence=1&isAllowed=y
https://dx.doi.org/10.7302/25208
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/196546/VerbalQuestion.m4a?sequence=2&isAllowed=y
https://dx.doi.org/10.7302/25208
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/196546/sound_nudge_1.mp3?sequence=3&isAllowed=y
https://dx.doi.org/10.7302/25208
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/196546/sound_nudge_2.mp3?sequence=4&isAllowed=y
https://dx.doi.org/10.7302/25208
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Table 3: Demographics of the participants

Participants (N=34)
Age 65 - 74 23 (67.6)
(N/%) 75 - 84 10 (29.4)

85 - 94 1 (2.9)
Gender Male 16 (47.1)
(N/%) Female 18 (52.9)
Ethnicity White 14 (41.2)
(N/%) Black or African American 14 (41.2)

Native American or Alaska Native 4 (11.8)
Asian 2 (5.9)

Access to technology Laptop/Desktop computer 30 (88.2)
(N/%) Tablet computer 20 (58.8)
(yes responses) Smartphone 33 (97.1)

Voice assistant (Alexa, Siri, Google Assistant) 20 (58.8)

three participants provided two different rankings to a single proto-
type after remaining indifferent to it (e.g., ranking the prototype in
the lower half of the range from least favorite to most favorite with-
out distinguishing between ’second least favorite’ or ’least favorite’).
We chose to use the lower rank for those entries to model the rank-
ing data. Taking the lower rank aligns with a more conservative
modeling approach to mitigate overestimating user preference in
the model. Moreover, we re-ran the model with order as an addi-
tional predictor to assess whether the model output was influenced
by the prototype order. The results remained consistent (Table 5),
indicating that order did not have a significant effect on the model’s
outcomes.

4 Findings
In this section, we describe the results from the quantitative analysis
of participants’ credibility ratings and ranking data in combination
with the qualitative data from the prototype tests. In doing so, we
detail how participants perceived (RQ1) and envisioned (RQ2) the
audio nudges for conveying information uncertainty via voice-only
prototypes.

4.1 Perceptions of Speech Nudges (RQ1)
We employed two types of speech-based nudge prototypes: a state-
ment and a question nudge (Table 2). Participants described how
both speech nudges helped with critically reflecting on the advice
by reinforcing the VA’s responses, but to varying degrees. We ex-
plored participants’ perceptions of different nudges by asking them
to rate how credible they found the responses after hearing each
audio nudge prototype and a baseline response without an audio
nudge. Table 4 illustrates participants’ average credibility ratings
for each audio nudge.

Based on our qualitative analysis, participants perceived the
statement nudge to add more credibility to the VA response than
the question nudge. However, our quantitative analysis did not
uncover statistically significant differences in participants’ credi-
bility ratings between statement and question nudge (𝑝-values for
pairwise comparisons in Table 4).

After rating and listening to all the nudge prototypes, we asked
participants to rank the four nudges from most (4) to least favorite
(1) to capture their preferences. We employed the rank-ordered

probit choice model to model the rankings. Based on the model, the
expected probability of selecting the statement nudge prototype
as the most favorite was higher compared to other alternatives
and the difference is statistically significant (Table 5). Our analysis
estimates that 63.9% of individuals would rank the statement nudge
as their most preferred nudge.

4.1.1 Statement nudge falsely suggests credibility. Contrary to its
purpose, most participants (n = 25) interpreted the purpose of the
statement nudge (’The information I looked up online related to a
health topic’) to add credibility to the VA’s response. For example,
P29 said the statement, "clearly points out the source of the infor-
mation and tells you how credible the source is." They specifically
focused on the nudge phrases "searched online" and "health topic"
as giving more information about where the VA went to get the
response and how it formed the response. P6 also pointed out how
"I don’t remember if she [the VA] gave me the information about
Healthline" but that the statement suggested that “it is a site and,
apparently, the voice assistant went to the internet to look it up.” Simi-
larly, P21 explained how the statement nudge "clarifies, at least to a
certain amount, what the source was even though it mentions Health-
line." P33 added to such sentiments by inferring that “somebody has
done the research, condensed it, and put it into a little phrase.”

Consequently, participants seemed more trusting of the VA re-
sponse with the statement nudge and gave statement nudge high
credibility ratings (mean = 3.35 and median = 3.5) compared to the
other nudges (Table 4). For instance, P2 reasoned that "In saying
that you know this is where I got the information from, I will find
that to be a little more credible because they’re telling you where they
got the information at least and that they did look it up." Similarly,
P0 considered the nudge as "possibility that the advice may work"
because the VA “did a little more research this time. She [the VA] is
putting a little more into where she got the information from." P18
increased their credibility rating from a 3 to a 4 (on a scale of 1 to 5,
where 1 is the least credible and 5 is the most credible) because "it
backed it up. It gave credence to the fact that it wasn’t just random."
P4 also thought the statement nudge, "made it sound more credi-
ble by saying it looked it up." Participants who were cautious with
VA’s in general also echoed similar sentiments, such as, "I would be
comfortable with the nasal spray but still not comfortable with the
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Table 4: Analysis of participant-provided credibility ratings (mean, median, and 𝑝-values) of different VA responses. Underlined
𝑝-values denote pairwise credibility rating differences are statistically significant at 95% confidence level.

VA responses Without nudge Valley-shaped nudge Descending nudge Statement nudge Question nudge

Mean 3.56 3.16 3 3.35 3.15

Median 3.75 3 3 3.5 3

𝑝-values∗

Without nudge - 0.18310 0.00856 1.00000 0.65810

Valley-shaped nudge - - 1.00000 1.00000 1.00000

Descending nudge - - - 0.35340 1.00000

Statement nudge - - - - 1.00000

∗with Bonferroni correction

Table 5: Analysis of participants’ preferences for four different nudge prototypes. Underlined 𝑝-values∗ denote pairwise ranking
differences are statistically significant at 95% confidence level.

Nudge prototypes Valley-shaped nudge Descending nudge Statement nudge Question nudge

Expected probability of ranking 0.0018572 0.1545506 0.6393643 0.2042386
as the most favorite

𝑝-values∗

Valley-shaped nudge - 0.062 <0.001 0.022

Descending nudge - - 0.001 1.000

Statement nudge - - - 0.011

∗with Bonferroni correction

antibiotics without contacting my physician. But I feel a little better
because they did say they looked it up." (P2)

Even though the statement nudge added no content about the
source or query topic, participants perceived the additional infor-
mation in the statement nudge as adding credibility. The additional
confidence in the VA’s response also made the statement nudge a
more preferred nudge. These quotes suggest that, even though the
purpose of building reflective nudges in voice-only contexts is to
motivate older adults to be critical of the information, nudges can
also encourage them to overtrust the response by nudging in the
wrong direction. We discuss the importance of including adequate
yet subtle explanations in section 5.2 as it points to the complexity
of determining information quality in voice-only contexts.

4.1.2 Question nudge amplifies doubt in VA. Several participants (n
= 21) reacted to the question nudge (‘Do you find this believable?’)
with strong skepticism. The nudge made them feel that the VA
posed this question because it lacked confidence in its ability to
answer their queries. This led participants to doubt the VA’s ability
to answer them and seek clarification elsewhere. For example, P3
felt that the VA was "not a hundred percent sure of the advice it
gave" and answered the question nudge with "Now that you say
that, no." When asked what they would do next, P3 claimed that
“the question would really make me Google!” Similarly, P9 reasoned
that the VA "calls its validity into question" because "rather than
saying ‘did I answer your question?’, it says more ‘do you believe me?’"
This suspicion led many participants to say that they would "quit

the health assistant" (P24) and “get more information independently”
(P8). For example, P19 said, "I would ask stuff that you know was fed
like historical facts. Medical advice is much more serious. I prefer to
look up like Mayo Clinic or WebMD or something like that, or check
on my doctor for stuff like that."

Consequently, participants critically reflected on their credibility
ratings for question nudge. For example, P21 decreased the cred-
ibility rating from 2 to 1, explaining that "in asking that question,
the VA becomes even less credible. I mean, now, maybe this is not
really great advice." Others echo similar sentiments, e.g., "I will be
frank; it loses credibility because the person is going to look up more
information. If she [the VA] is going to seek additional data, I am
questioning why she did not have all the data when she began to issue
the recommendations, you know?" (P28) and "I believe the responses
through Siri and Alexa are pretty much vetted to be correct, but this
makes me doubt a bit [...] The question could be a caveat that I should
not accept it for the face or voice value, maybe I need to dig deeper into
it" (P22). Participants also reflected on the applicability of the advice
after hearing the question. For instance, P29 pointed out, "I mean,
the response is believable, but it will make me doubt the credibility
of the voice assistant because I believe it is meant to give me factual
responses," and P12 changed their decision, "I would think that I
wouldn’t run and get that coffee for my migraine like she suggested
because if she’s not sure, I wouldn’t be sure either."

These quotes suggest that the question nudge successfully signals
participants to be cautious of the VA’s responses by reflecting on
whether the advice is believable. However, this also increases their
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doubt in the VA’s capability to answer their questions correctly and
leads them to search for answers themselves by either contacting a
medical professional or going to a trusted online source.

4.1.3 Question nudge as an interactive feedback mechanism. Sev-
eral participants (n = 18) also interpreted the question nudge as
a feedback mechanism for the VA. This led to speculations about
how voice assistants form or verify the responses they give to the
users. For example, P15 reflected how "somewhere in the system,
the devices program to check how accurately the recipient interprets
or receives the information. So it’s almost as if the system is trying
to see if the information was accurate." Similarly, P11 guessed that
"sometimes the VA listens to your responses to better inform it if people
believe what it’s saying" and so will improve the response based on
the feedback it receives.

Consequently, participants inferred the question nudge as an
invitation to continue the conversation. For example, P14 said,
"Asking if it was believable leaves room for a question because it’s
not asking if it’s helpful, it’s asking, was it believable? And that
leads to questions." Participants also described how this interactivity
affected their overall nudge ranking, with participants preferring
the question nudge to the sound nudge prototypes. For instance,
21% of our participants selected the question nudge as the most
favored, whereas only 3% of participants selected the non-speech
nudge with the shape of a peak and valley (i.e., valley-shaped non-
speech nudge). The difference in ranking is statistically significant
(Table 5). As a potential reason, P11 shared that "My favorite would
be number 2 [the question nudge] because they gave the advice and
then had a question for me to respond to," and P10 justified their
preference for the question nudge by saying, "Just the ability to get
some feedback. Interactivity." The participants further reacted to this
feedback process positively, saying how "it demonstrates a sense of
communicating to the recipient that his or her feelings matter" (P15).
P19 further added how they "like the fact that she didn’t just give
me information, just didn’t say goodbye, or didn’t say anything. The
fact that she turned around and asked me a question made me feel
better about the information that she gave me." This opportunity for
interaction also resulted in an increased credibility rating for these
participants. For example, P2 explained the question nudge made
the response "seem a little more credible as they asked for my opinion
on whether it was believable" because now the VA will "look into
what it is actually responding with and make sure it gets a clear or
more believable response."

Overall, the question nudge prompted participants to reflect
on the credibility and accuracy of VA’s response and encouraged
them to ask more questions from the VA. However, this happened
indirectly, leading some participants to misinterpret the goal of the
question nudge as a feedback mechanism for gathering accurate
responses instead of signifying a lack of credibility in the response.

4.2 Perceptions of Non-Speech Nudges (RQ1)
Participants’ reactions to the two non-speech nudge prototypes
(i.e., valley-shaped non-speech nudge and descending non-speech
nudge in table 1) were similar. As described below, participants
perceived the non-speech nudges as less credible, leading to lower
ratings for the VA responses in those prototypes. We also found
a statistically significant difference between credibility ratings for

baseline responses and responses of the descending non-speech
nudge (𝑍 = 3.26, 𝑝 < 0.05, 𝑟 = 0.396) (Table 4).

4.2.1 Ignoring Non-Speech Sounds. We found that most partici-
pants (n = 21) ignored the non-speech nudge played at the end
of VA’s response and disregarded the sound as an "end of message
sort of signal" (P9). After probing, participants mentioned how they
have learned to tune out sounds from technology because they
are too ubiquitous in their physical and digital environments. For
example, P28 laughed when adding to their interpretation, saying
"I mean, it makes no sense [laughs]. We’re so accustomed to sounds
nowadays that we begin to ignore them. So, I just ignore it, you know?"
Similarly, P5 pointed out how they "didn’t pay attention to it until
you [the researcher] drew my attention to it, so I don’t know if I would
have paid attention." P3 further compared it to their Alexa, saying
how "My Alexa often plays weird sounds at the end of a message, so
I would think that is just another weird sound she plays. It is kind
of an ‘I wonder what that was for,’ but then I don’t really pay much
attention to it and ignore it." They also added how "you get a lot of
beeps and buzzes even on the phones, and sometimes you just don’t
know what they mean."

Consequently, when asked to rate credibility and rank nudge
prototypes from most to least favorite, these participants felt in-
different to the prototypes with non-speech nudges and ranked
them lower than speech nudges (i.e., statement and question nudge).
Based on our rank model, only 0.186% of individuals would select
valley-shaped non-speech nudge as the highest rank (Table 5). After
being told the purpose of non-speech nudges, participants pointed
out that the non-speech nudges were ineffective in communicating
that the information may not be credible. They echoed sentiments,
such as "it didn’t say that to me at all. It was just extraneous noise,
something for tech to edit on, and meaningless" (P10) and "they were
just sounds; how am I supposed to take that as an interpretation of
whatever she was trying to tell me? I just got nothing out of the sounds
except that she was finished with the last one" (P20).

For many of the participants, the sounds in the prototype were
just another sound in their environment. Because of this, partici-
pants interpreted them as the VA communicating the end of the
conversation and did not feel they helped in reflecting on the VA’s
response. This demonstrates how designing non-speech audio cues
can be tricky because of how users have internalized the presence
of sounds in their environment as not needing our attention. We
return to this in section 5.1, where we discuss the conflicting needs
between needing disruptive sounds as audio nudges and an acces-
sible experience for communicating information uncertainty.

4.2.2 Disruption in the system. Another common interpretation of
the non-speech nudges in the prototypes was that of a disruption
in the VA system. When asked for their reasoning, these partici-
pants (n = 16) responded with concern or confusion and expressed
dissatisfaction. Although we designed the non-speech nudges to
be distinctive and represent that users should be cautious, P22 de-
scribed the sounds as "ominous" and explained how "it gave me a
creepy feeling." Similarly, P15 expressed annoyance and elaborated
saying "It was almost as if the system shut down prematurely. I really
would question the information because of that sound. It was dis-
torted, and I feel like there was more to say." They then followed up
by searching on Google to find more information and verify it. P17
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related it to an alert and thought the VA took them someplace else,
thinking that "maybe it was a sound that directed me to some type
of disclaimer on the information." Participants even differentiated
between the two sounds, like P2, who explained that descending
non-speech nudge with a downscale sine wave "felt like the VA
got cut off as if there was something more to the information" and
that valley-shaped non-speech nudge with a peak and a valley sine
wave "felt more like an end." The difference between the two types
of non-speech nudges was reflected when participants ranked them.
The descending non-speech nudge has a higher probability of being
selected as the most favorite than the valley-shaped non-speech
nudge (Table 5).

This group of participants felt the non-speech sounds communi-
cated that the information might not be credible, suggesting an im-
plicit understanding of the untrustworthy characteristics designed
in the sound. For example, P22 added to their sound description
above saying that the sound also left them with "a feeling of a little
bit of doubt about whether it was valid." P26 reflected saying "when
they played that sound, I thought, oh, this sounds like second-rate
advice, you know? So, in a sense, it did accomplish what it set out to
do.". Similarly, P30 gave the feedback that "I think it did a very good
job because I was not interested in the information immediately after
I heard the sound. The sound makes it seem like the information is
not finished. It sounds untrustworthy and it sounds unnecessary. It
gives you that feeling."

Overall, the participants expressed feelings of unease or doubt
and conceptualized them as disruptions in the system. The quotes
suggest that some participants are able to roughly detect the traces
of low levels of trust in the sounds, but that this was infrequent.

4.3 Envisioning Nudges as Information Quality
Cues (RQ2)

To understand how older adults imagine audio nudges as reflec-
tive and critical information quality cues, we gathered feedback on
improving audio nudges. In reference to the speech nudges, partici-
pants spoke in-depth about the function and improvements to the
design. However, in reference to non-speech nudges, participants
expressed emotions elicited by the sounds and felt puzzled over the
right improvements. As such, we differentiate the findings below
accordingly and return to the implications in the discussion section.

4.3.1 Nudges Need to Guide. All participants stressed the impor-
tance of balancing the nudge’s function of prompting critical re-
flection with guiding toward confirming information. Participants
pointed to how the nudges caused them to overtrust the VA’s re-
sponse, question the VA’s ability, or reflect on the information with-
out encouraging or directing towards specific information about
its credibility. To create the space for confirming and critiquing
content, participants envisioned nudges to subtly highlight the cred-
ibility status of the current source and encourage the use of other
sources by offering the option of asking for them. For example, P6
recommended that the nudge says something like, "this might not be
credible, and you can go to other sources to look up information," and
asks the user, "Would you like me to go to another source for you?"
Similarly, P5 pointed out that the nudges "can be of a better service"
by "serving as a conduit for further information" and reminding users
to "not take any statement as a complete resolution or answer."

As shown in table 1, the speech nudges were designed to be
subtle and brief. While some participants understood the goal of
the speech nudges, many gave examples of how the nudges could
be further improved. For example, P28 stressed how the speech
nudges would have been more useful if they had encouraged them
"to continue to pursue and gain secure information." They suggested
that the nudge could ask them to "look further into what we [the
user] could do", guiding them toward obtaining credible information
instead of asking if the information was believable as it made them
question the VA’s ability instead of "communicating dissemination
of untrustworthy information." P7 explained the statement nudge as
their favorite compared to the other nudges because "it did tell you
at the end that it looked it up, but it finished after explaining where
it came from. Just right to the point." P23 focused on the length of
the statement to elaborate on simplicity and thought that "it hit
just about right" because "if it were to say more, it might have felt
like lecturing, and saying less might not have given the message." P14
suggested leveraging the interactiveness of the question nudge to
remind the user to continue asking further questions by proactively
offering choices like presenting "options one through four" for an-
swering the query. P3 imagined the nudge to guide as a reminder,
asking users to "please check the reference or resource." Finally, P8
suggested using "something very strong to let people know this advice
is not credible" in the nudges to signify how the information should
be treated, such as the word "caution."

4.3.2 Seamless nudges. Many participants (n = 23) gave feedback
on the sounds in the non-speech nudges to be non-disruptive and
drew a comparison between the serious nature of the conversa-
tion with the VA and the lack of urgency exhibited by the non-
speech sounds. For example, one of the non-speech nudge proto-
types sounded like a video game to P26, and they expressed their
confusion by saying, "It’s a sinus infection, man! I’m serious, you
know?" P28 was reminded of a song after listening to one of the
sounds and pointed out how "the other one sounds like a comedic or
humorous one for something that is very serious". Other participants
also echoed similar sentiments, such as how the non-speech nudges
sound "old-sounding, something like what technology would have
been 15 years ago" (P10) or "silly" (P7). Additionally, three partic-
ipants in the migraine scenario raised important concerns about
the sounds being unpleasant or "too loud and brass" (P12) and how
it could potentially make their health condition worse. For exam-
ple, P33 described how "playing the music doesn’t mean anything,
especially if my head is really hurting already." Interestingly, P14
also pointed to the unfamiliarity of the concept of using sounds to
communicate information uncertainty. They elaborated by saying,
"We like big beeps or the airy sound and all that, so we’re used to
danger. We’re not used to a sound being either credible or not credible."

After being told the purpose of the nudges, three participants
reflected on the utility of sounds to communicate information un-
certainty. For example, P3 thought that the nudges in the form of
non-speech sounds would be very helpful but that "there would
have to be some sort of notification from the company" relating the
tones in the sound to the fact that the information is "sketchy." And
P29 pointed out that "I think I prefer the sound better because the
nudge becomes very short and simple. And it just gives me the room
to proceed with my further inquiries". When asked how participants
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would improve the sounds, participants stressed the importance of
"something more soothing" (P28) and "rhythmic, like the sound that
went down the scale" (P12). This shows that participants appreciated
the use of non-speech sounds as long as there was sufficient clarity,
and felt that the sounds could be designed more appropriately. As
discussed in section 5.1, further research is needed to delineate
what such non-speech sounds should sound like.

While the non-speech sounds were designed using character-
istics of untrustworthy sounds from the literature, the criticism
in these quotes points to the complexity of using sounds to com-
municate information uncertainty. It shows the need for a robust
framework catering to factors such as familiarity, sound character-
istics, and context for developing effective sound-based nudges. We
use these quotes to further reflect on the tension between the unfa-
miliarity and utility of using sounds for communicating information
uncertainty in the discussion section.

5 Discussion
Older adults and researchers emphasize the need for more criti-
cal and iterative search practices with voice technologies, as well
as quicker recovery mechanisms to address information uncer-
tainty [16, 18, 76, 122, 123]. However, current VA capabilities fail to
provide the necessary dialogue to resolve such uncertainties [64].
While HCI researchers have mainly used nudging techniques to
achieve mindful interactions [26] in visual experiences, nudging to
create such reflective experiences in voice-based systems remains
underexplored. Toward that goal, we designed four audio nudge
prototypes based on prior research to understand older adults’ per-
ceptions (RQ1) and expectations with audio nudges in supporting
critical voice information-seeking practices (RQ2).

Our findings show that speech nudges were more effective at
encouraging critical reflection than non-speech nudges because
they are more disruptive (RQ1), revealing competing needs between
audio as disruptive and as accessible. We then discuss how to design
better audio nudges (RQ2), i.e., explanatory and concise nudges, and
ensure that they actively promote further interaction and critical
dialogue. We contribute to ongoing discussions about addressing in-
formation uncertainty for older adults by reflecting on the tensions
and design implications for embedding audio-based information
quality cues in non-visual interfaces.

5.1 Reflecting on Accessibility and Disruption
in Non-visual Interfaces

Prior research on accessibility and audio-based interfaces empha-
sizes how disruption is detrimental to non-visual information access
[24, 39, 59, 75, 99, 115]. For instance, researchers emphasize voice
interface design that minimizes cognitive load [13, 68]. Relatedly,
researchers propose using non-speech sounds with speech to im-
prove information-seeking experiences. While speech-based inter-
actions facilitate cursory meaning-making (e.g., a natural command-
based conversation about hotel booking with a voice-based chatbot)
[24], non-speech sounds efficiently enable a quick visual content
overview without significant cognitive overload, especially for com-
plex data [25, 44, 96, 97, 100]. Further, research on accessible audio
interfaces focuses on intuitiveness, efficiency, and seamlessness
[58, 59, 91].

In contrast to this seamlessness, our findings identify disruptive-
ness as an important characteristic of audio nudges to facilitate
critical reflection with older adults. For example, when participants
were asked to interpret the purpose of non-speech nudges, they
either ignored non-speech sounds or associated them with errors
(section 4.2). Comparatively, we observed how participants often
paused to discuss information quality when engaging with the
question nudge (one of the speech nudges) as the question elicited
reflective and cautionary responses. Relatedly, prior research on
visual nudges concludes that nudges are effective at prompting crit-
ical reflection when they interrupt one’s thought process [51, 53].
For example, while warning boxes or labels (e.g., labels warning
about potential misinformation beside social posts) are a mild form
of disruption in the user’s experience, researchers show that they
are not sufficient for provoking reflection as they do not address the
underlying cognitive biases in the user’s decision-making process
[31, 53]. Researchers caution against this "magic bullet concept"
[56] and encourage designers to focus on mechanisms that elicit
critical thinking [22, 26, 53]. Thus, we argue that focusing on dis-
ruptiveness remains critical for accessible non-visual nudges.

Our findings show how effective audio nudges prompted older
adults to engage in reflective conversations and consider alternate
perspectives. While non-speech sounds can be less cognitively
demanding than speech sounds [35, 89, 100], our findings show that,
once explained, using them in audio nudges required older adults to
remember and assign new meanings to sounds. Additionally, recall
how some older adult participants reflected that certain sounds
could cause discomfort to users with sensory sensitivities or chronic
conditions (e.g., migraines) (4.3.2).

As motivated by HCI researchers [18, 79, 83, 100], we argue that
non-speech sound design is important beyondmeaning-making and
critical to accessibility, especially as we move toward a multi-modal
information society. In fact, including audio nudges in this multi-
modal technology landscape raises overarching questions regarding
the role of disruptiveness in daily and long-term usage. For instance,
while older adults mention the preference for sufficiently disruptive
nudges that guide users toward confirming content, the regularity
of these audio nudges (consistently repeated across every high-
risk query vs. periodic reminders) can affect the experience. This
consideration leads to an open question: What form of regularity is
a ’sufficient’ disruption? Similarly, what constitutes ’disruptive’ may
evolve with the accessibility needs of older adults and habituation
with audio nudges (e.g., sound patterns may need to change due
to being ignored). For example, Rogers et al. [85] discovered that
nudging the use of stairs (instead of the elevator) sustained long-
term impact despite its removal, because the reflective engagement
significantly disrupted users’ routines. Researchers and designers
need to consider the equivalent of such disruption for audio nudges
by questioning how ’disruptiveness’ relates to long-term attention
and usage?

Thus, considering older adults and people with disabilities are
rapidly adopting voice technologies [76, 82, 120], our paper calls for
heightened attention on balancing accessibility and encouraging
disruptiveness, specifically raising the open question of how to
design for disruptive conversation while balancing diverse accessi-
bility needs.
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5.2 Designing Reflective Audio Nudges for
Older Adults

Although there has been significant research on designing visual
cues to communicate information quality and mitigate information
uncertainty [53], there is limited to no research on designing accessi-
ble audio information quality cues for older adults [6, 19]. Therefore,
we also focused on how older adults envision audio nudges to sup-
port their information-seeking practices using voice technology.
Our findings revealed a consistent need for audio nudges to (1)
sufficiently guide older adults to ask critical questions about the
VA’s response and (2) encourage older adults to confirm informa-
tion from the VA. We categorize these needs into two distinct yet
complementary audio nudge characteristics, explanatory and inter-
active. We then expand on how they can make audio nudges more
effective in helping older adults mitigate information uncertainty.

Considered as a whole, our findings attempt to answer previous
calls from HCI researchers to facilitate critical reflection in voice-
based search [10, 16, 18, 76, 111, 123] and advance audio-based
nudging [6].

5.2.1 Explanatory Nudges. Researchers have previously shown
that older adults want to be active information seekers but find it
difficult to confirm or analyze responses without common visual
cues (e.g., structural and design elements [104, 121]) [18]. How-
ever, our findings illuminate how nudging can potentially lead to
undesirable consequences like when the statement nudge (‘The
information I looked up online related to a health topic’) led higher
perceived credibility in VA output that contained incorrect infor-
mation (e.g., suggesting coffee to treat migraine in Table 2). Older
adult participants misinterpreted the information source presence
as credibility. Prior work has also highlighted possible dangerous
outcomes of older adults overtrusting VA responses [10, 28, 111].

We argue that mitigating voice-based information uncertainty
through nudging needs to go beyond citing source presence and
help users quickly assess information quality. This suggestion is
a step towards answering calls in prior work regarding building
healthier information ecosystems that encourage and support users
in being more critical of information [10, 27, 53], especially older
adults [16, 28, 37].

Older adults expected nudges to provide explanation and guid-
ance to help resolve informational uncertainties. So, we draw in-
spiration from researchers who have used a variety of explanatory
and informational nudging to add friction to the user’s experience
and mitigate the spread of misinformation in visual interfaces. For
example, Konstantinou et al. [53] used a statement nudge to indi-
cate that the post about to be shared may contain misinformation
and urges users to consider other viewpoints before sharing the
post. Similarly, Wang et al. [112] designed a web plugin that aims
at mitigating impulsive disclosures on social media by displaying
five random users’ friends to caution against the post’s audience.
Researchers argue that such explanatory cues help create a mo-
mentary interruption that prompts individuals to pause and switch
from intuitive, automatic decision-making to a more deliberative
and analytical one [26, 53]. However, designing such nudges in
audio-based interfaces remains challenging due to the lack of visual
affordances or access to screen-based audio interfaces (e.g., being
in a different room from the assistant or having low vision).

We believe that audio nudges should mention key credibil-
ity indicators (e.g., source reputation, ad presence, or fact-check
statuses) [48, 118]) researched by HCI scholars to serve as an expla-
nation that signals information quality and sparks interest in further
investigation. The audio nudge could compliment this information
by suggesting that, “It is always a good idea to double-check this in-
formation with other credible sites”, to guide users towards alternate
viewpoints. Additionally, we note that designers should ensure that
these nudges strengthen older adults’ agency (i.e., their capacity to
deliberately determine what to choose and how to behave) using
frameworks posed in prior research such as the "nudges as facili-
tators, sparks or signals" by Carabal et al [22]. Failing to respect
older adults’ ability to make rational decisions can hinder their
growth as accountable individuals and inhibit critical reflection
when searching through voice-based systems [57].

However, doing so brings forth critical open questions regarding
the design and implementation of audio nudges: How can explana-
tory audio nudges be designed such that they do not cause additional
cognitive load for older adults? And how can we ensure explanations
remain within the conceptual scope of nudges (i.e., differentiate from
responses from voice-based systems)?

5.2.2 Interactive Nudges. The question nudge (‘Do you find this
believable?’) brought forth split perspectives: some older adults
appreciated it as a feedback mechanism inviting them to continue
the conversation, while others reacted with strong distrust. Upon
probing during post-task interviews, this variance interestingly led
to a combined view of the question-based framing serving as an
effective "spark" (triggers that motivate behavior [33]) or "facili-
tator" (triggers that make behavior easier [33]) for having critical
conversations with the VA. For example, older adults highlighted
that the question nudge either encouraged them to look up more
information elsewhere or facilitated critical reflection in the form
of a follow-up question, ultimately motivating the pursuit of secure
information. Researchers argue that facilitator and spark nudges
are effective when a user lacks motivation or knowledge to execute
a particular behavior (e.g., resolving uncertainty) [22, 53]. Relat-
edly, prior research studying older adults’ information-searching
practices via voice-based systems also suggests similar behavior
wherein they are confused about the information received, resulting
in gaps in motivation (e.g., avoiding certain types of health queries
out of caution) or knowledge (e.g., lacking efficient mechanisms)
for mitigating information uncertainty [16, 18, 28].

Thus, given the lack of discoverability facilitated by current
voice-based systems despite their popularity amongst older adults
[64], we argue that audio nudges should be designed using a
question-based framing to make older adults more responsive
to critical reasoning during audio-based interactions. Researchers
focused on utilizing nudging techniques have used a variety of
interactive elements to spark or facilitate desired behavior, such as
providing links, using colors, or directing users to the chatbots part
of the platform [53]. When designed with intention and introduced
with care, such frictions can elicit reflective, informed, and safe
interactions. In our context, the explanatory nudge statement sug-
gesting to double-check the information could be combined with a
question asking, "Do you want to get a list of credible websites?", as an
interactive element that motivates and enables further investigation.
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The voice-based system could compliment such suggestions with
approaches and metrics in the literature to facilitate further con-
versation, such as tools that facilitate content assessments through
active selection of trusted resources[47]. Such "mindful interac-
tions" [26] can help people transition to mental states where they
experience deeper levels of involvement and can guide older adults
to have conversations about information quality in voice-based
interactions.

However, designing and building such interactive nudges, too,
brings forth essential open questions that invite further collabora-
tion between researchers in information retrieval, accessibility, and
voice interface design: Can older adults benefit from personalizing
(e.g., framing and length) question-based nudges? And how can such
nudges be framed to balance overtrust and distrust (a tension that
emerged from the disparate reactions to the speech nudges)?

6 Limitations and Future Work
We acknowledge that there are several limitations to the study. First,
we did not tell participants about the purpose of the audio nudges
before soliciting feedback to minimize researcher bias and avoid
priming. Future studies could consider evaluating prompts to intro-
duce nudges. Doing so can also help acquaint users with unfamiliar
nudges (e.g., non-speech audio nudges) and inform appropriate
on-boarding language for participants to use audio nudges in their
homes.

Second, we focused primarily on reflective nudges due to their
non-invasive nature but recognized other nudges may be effective
in non-visual forms. Future work could evaluate other forms of
sound nudges, such as earcons or hybrid non-speech and speech
nudges [46, 71]. Additionally, researchers can also experiment with
structured sound design by making characteristics associated with
uncertainty more salient to elicit strong reactions. Similarly, we
chose one query in a specific context (i.e., health-related informa-
tion seeking) for each participant to analyze 4 different types of
audio nudges. While choosing this high-risk context enabled us to
contribute towards one of the common ways older adults use VAs,
researchers could study more types of nudges (e.g., differ levels of
personalization for speech-based nudges) using multiple queries
in different contexts. In doing so, researchers can also vary VA
responses for every nudge type, maturing the design space of audio
nudges.

Third, while this was a formative study, our recruitment sam-
ple consisted of older adults without reported disabilities. Future
research can contribute richer design implications that inform ac-
cessible design by collecting perceptions from users with visual or
cognitive disabilities to collect diverse needs around audio nudging
in voice-based interfaces. Fourth, we used pre-recorded answers
to mimic a voice assistant and did not facilitate further interac-
tion with the VA prototype. This did not allow participants to ask
follow-up questions but did allow for a more controlled environ-
ment across participants for credibility assessments. Future work
can utilize back-and-forth VA interactions to investigate designing
audio nudges for daily (e.g., repetition with queries) and long-term
use (e.g., effect of continuous use on attention and disruptiveness).

Lastly, researchers can explore how prior experience with VAs
can affect user expectations and perceptions of audio nudges. Under-
standing these dynamics could help design personalized nudging
strategies tailored to users’ familiarity and interaction habits with
voice-based systems.

7 Conclusion
This paper presented four audio nudge designs and a formative
study to evaluate their effectiveness with older adults to help in mit-
igating information uncertainty via voice-based systems. While we
observed that speech-based nudges were more effective than sound-
based nudges in prompting critical reflection and encouraging en-
gagement, a deeper analysis of the differences reveals a tension
between the need for nudges to be disruptive and accessible. The
paper situates this tension in the context of accessibility research
on audio-based experiences and discusses design implications for
designing effective audio nudges. This work calls researchers in
accessibility, conversational design, and nudging to work together
to address open questions of mitigating voice-based information
uncertainty with VAs.
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