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What questions can you ask a voice assistant?
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What questions can you ask a voice assistant?
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What questions can you ask a voice assistant?

How about highlighting topics a question can be asked about?
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What questions can you ask a voice assistant?

How about highlighting topics a question can be asked about?

→ How can we do that in a voice assistant setting?
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Nudging Example
Nudge a user towards asking about “Bauhaus School”

“Walter Adolph Georg Gropius was a German-American archi-
tect and founder of the Bauhaus School, who is widely regarded
as one of the pioneering masters of modernist architecture.”
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Nudging Example
Nudge a user towards asking about “Bauhaus School”

“Walter Adolph Georg Gropius was a German-American archi-
tect and founder of the Bauhaus School, who is widely regarded
as one of the pioneering masters of modernist architecture.”

“What else do you want to know about the Bauhaus School?”
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Nudging Techniques
Nudge a user towards asking about “Bauhaus School”

Artificial Voice Emphasis

Natural Voice Emphasis

Linguistic Emphasis

Baseline

Last Repetition

Breaks

Reverb

Explicit

Ensemble

“Walter Adolph Georg Gropius was a
German-American architect and founder
of the Bauhaus School, who is widely
regarded as one of the pioneering masters
of modernist architecture. What else do you

want to know about the Bauhaus School?”
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Nudging Techniques
Nudge a user towards asking about “Bauhaus School”

Artificial Voice Emphasis

Natural Voice Emphasis

Linguistic Emphasis

Baseline

Last Repetition

Breaks

Reverb

Explicit

Ensemble

“Walter Adolph Georg Gropius was a
German-American architect and founder
of the Bauhaus School, who is widely
regarded as one of the pioneering masters
of modernist architecture and founder of the

Bauhaus School.”
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Nudging Techniques
Nudge a user towards asking about “Bauhaus School”

Artificial Voice Emphasis

Natural Voice Emphasis

Linguistic Emphasis

Baseline

Last Repetition

Breaks

Reverb

Explicit

Ensemble

“Walter Adolph Georg Gropius was a
German-American architect and founder
of the Bauhaus School who . The founder of

the Bauhaus School is widely regarded as
one of the pioneering masters of
modernist architecture.”
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Nudging Techniques
Nudge a user towards asking about “Bauhaus School”

Artificial Voice Emphasis

Natural Voice Emphasis

Linguistic Emphasis

Baseline

Last Repetition

Breaks

Reverb

Explicit

Ensemble

“Walter Adolph Georg Gropius was a
German-American architect and founder
of the <break time="0.5s"/> Bauhaus School
<break time="0.5s"/>, who is widely regarded
as one of the pioneering masters of
modernist architecture.”
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Nudging Techniques
Nudge a user towards asking about “Bauhaus School”

Artificial Voice Emphasis

Natural Voice Emphasis

Linguistic Emphasis

Baseline

Last Repetition

Breaks

Reverb

Explicit

Ensemble

“Walter Adolph Georg Gropius was a
German-American architect and founder
of the <emphasize> Bauhaus School
</emphasize>, who is widely regarded as
one of the pioneering masters of
modernist architecture.”
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Nudging Techniques
Nudge a user towards asking about “Bauhaus School”

Artificial Voice Emphasis

Natural Voice Emphasis

Linguistic Emphasis

Baseline

Last Repetition

Breaks

Reverb

Explicit

Ensemble

“Walter Adolph Georg Gropius was a
German-American architect and founder
of the <reverb> Bauhaus School </reverb>,
who is widely regarded as one of the
pioneering masters of modernist
architecture.”
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Research Questions

RQ1 How effective are these nudging techniques?

RQ2 Does nudging make it easier for the user to ask a question?

RQ3 Does nudging affect the perceived naturalness of the speech?

Artificial Voice Emphasis

Natural Voice Emphasis

Linguistic Emphasis

Baseline

Last Repetition

Breaks

Reverb

Explicit

Ensemble
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Research Questions

RQ1 How effective are these nudging techniques?

RQ2 Does nudging make it easier for the user to ask a question?

RQ3 Does nudging affect the perceived naturalness of the speech?

Artificial Voice Emphasis

Natural Voice Emphasis

Linguistic Emphasis

Baseline

Last Repetition

Breaks

Reverb

Explicit

Ensemble

Crowdsourcing Study
on Amazon’s Mechanical Turk

Task: While or after listening to an audio snippet,
ask the first question that comes to your mind.
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Study Design

Read Scenario
Description

Listen to
Audio Snippet

Ask a
Question

Fill out
Questionaire

Read
Instructions

10x

Instructions

❑ This HIT requires solid proficiency in American English.
❑ Use headphones and ensure a quiet environment: return the HIT if you can

not comprehend the audio snippets!
❑ When listening to the snippets, your focus should be on naming the first

question that comes to your mind.
❑ Directly start typing the question as soon as you have one. Imagine you would

interrupt the speaker to ask it.
❑ Avoid replaying a snippet. Only replay if you got distracted.
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Study Design

Read Scenario
Description

Listen to
Audio Snippet

Ask a
Question

Fill out
Questionaire

Read
Instructions

10x

Argumentation Museum Product Comparison

For a political decision inform
yourself about the pro and con
arguments on UBI

Learn about the history of the
Bauhaus in a museum exhibi-
tion.

Compare products within a gi-
ven category to make the best
possible buying decision.

Photos: pexels.com
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Study Design

Read Scenario
Description

Listen to
Audio Snippet

Ask a
Question

Fill out
Questionaire

Read
Instructions

10x

A study configuration for a participant consists of ten audio snippets. . .

❑ . . . in the context of one scenario

❑ . . . to which one random nudging technique is applied

❑ . . . with one of three random nudging targets per snippet

“Walter Adolph Georg Gropius was a German-American architect and founder of the

Bauhaus School, who is widely regarded as one of the pioneering masters of

modernist architecture.”
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Study Design

Read Scenario
Description

Listen to
Audio Snippet

Ask a
Question

Fill out
Questionaire

Read
Instructions

10x

Photo: freepik.com
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Study Design

Read Scenario
Description

Listen to
Audio Snippet

Ask a
Question

Fill out
Questionaire

Read
Instructions

10x

❑ Mental demand
❑ Temporal demand
❑ Performance
❑ Effort
❑ Frustration
❑ Physical demand

NASA Task Load Index
[Hart, 2006]

❑ Curiosity
❑ Snippet clarity
❑ Snippet naturalness

Additional questions
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Study Results

Statistics:

❑ 9,650 collected questions

❑ 965 participants

Questions Questions about targets
none one two three

8,376
4,340 3,657 301 78
52% 44% 3% 1%

Number of non-discarded questions and their
proportions asking about none, one, two or all
three defined targets.
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Study Results
RQ1: Effectiveness?

Relative frequency of questions about the nudged target (n = 8, 376)

Technique Class Scenario

Argumentation Museum Product Comparison Total

Explicit Baseline 0.503 0.481 0.517 0.500

Repetition Linguistic 0.328 0.200 0.155 0.228
Last Linguistic 0.278 0.227 0.127 0.211
Ensemble Natural 0.247 0.194 0.113 0.183
Breaks Natural 0.222 0.189 0.125 0.178
Reverb Artificial 0.218 0.151 0.088 0.151
Total 0.294 0.235 0.179 0.236

RQ1:
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Study Results
RQ1: Effectiveness?

Relative frequency of questions about the nudged target (n = 8, 376)

Technique Class Scenario

Argumentation Museum Product Comparison Total

Explicit Baseline 0.503 0.481 0.517 0.500

Repetition Linguistic 0.328 0.200 0.155 0.228
Last Linguistic 0.278 0.227 0.127 0.211
Ensemble Natural 0.247 0.194 0.113 0.183
Breaks Natural 0.222 0.189 0.125 0.178
Reverb Artificial 0.218 0.151 0.088 0.151
Total 0.294 0.235 0.179 0.236

RQ1: Explicit (~50%)
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Study Results
RQ1: Effectiveness?

Relative frequency of questions about the nudged target (n = 8, 376)

Technique Class Scenario

Argumentation Museum Product Comparison Total

Explicit Baseline 0.503 0.481 0.517 0.500

Repetition Linguistic 0.328 0.200 0.155 0.228
Last Linguistic 0.278 0.227 0.127 0.211
Ensemble Natural 0.247 0.194 0.113 0.183
Breaks Natural 0.222 0.189 0.125 0.178
Reverb Artificial 0.218 0.151 0.088 0.151
Total 0.294 0.235 0.179 0.236

RQ1: Explicit (~50%) > Lingusitic (~22%)

25 © marcel_gohsen 2023



Study Results
RQ1: Effectiveness?

Relative frequency of questions about the nudged target (n = 8, 376)

Technique Class Scenario

Argumentation Museum Product Comparison Total

Explicit Baseline 0.503 0.481 0.517 0.500

Repetition Linguistic 0.328 0.200 0.155 0.228
Last Linguistic 0.278 0.227 0.127 0.211
Ensemble Natural 0.247 0.194 0.113 0.183
Breaks Natural 0.222 0.189 0.125 0.178
Reverb Artificial 0.218 0.151 0.088 0.151
Total 0.294 0.235 0.179 0.236

RQ1: Explicit (~50%) > Lingusitic (~22%) > Natural (~18%)
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Study Results
RQ1: Effectiveness?

Relative frequency of questions about the nudged target (n = 8, 376)

Technique Class Scenario

Argumentation Museum Product Comparison Total

Explicit Baseline 0.503 0.481 0.517 0.500

Repetition Linguistic 0.328 0.200 0.155 0.228
Last Linguistic 0.278 0.227 0.127 0.211
Ensemble Natural 0.247 0.194 0.113 0.183
Breaks Natural 0.222 0.189 0.125 0.178
Reverb Artificial 0.218 0.151 0.088 0.151
Total 0.294 0.235 0.179 0.236

RQ1: Explicit (~50%) > Lingusitic (~22%) > Natural (~18%) > Artificial (~15%)
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Study Results
RQ1: Effectiveness?

Relative frequency of questions about the nudged target (n = 8, 376)

Technique Class Scenario

Argumentation Museum Product Comparison Total

Explicit Baseline 0.503 0.481 0.517 0.500

Repetition Linguistic 0.328 0.200 0.155 0.228
Last Linguistic 0.278 0.227 0.127 0.211
Ensemble Natural 0.247 0.194 0.113 0.183
Breaks Natural 0.222 0.189 0.125 0.178
Reverb Artificial 0.218 0.151 0.088 0.151
Total 0.294 0.235 0.179 0.236

RQ1: Explicit (~50%) > Lingusitic (~22%) > Natural (~18%) > Artificial (~15%)
The effectiveness of nudging depends on the scenario.
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Study Results
RQ2: Nudging makes asking questions easy?

Mental d. Temporal d. Performance Effort Frustration TLX
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Study Results
RQ3: Effect of nudging on naturalness of speech?

Naturalness Clarity
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Conclusion

We conducted a large-scale online study. . .

❑ . . . with 965 participants

❑ . . . which compares six nudging techniques

❑ . . . in three scenarios

Study findings:

❑ RQ1: All techniques have a certain nudging effect
explicit (50%) > linguistic (22%) > natural (18%) > artificial (15%)

❑ RQ2: No significant influence on task load
repetition raises frustration and lowers satisfaction with performance

❑ RQ3: Low impact of nudging on naturalness of speech
artificial emphasis affects the naturalness and clarity the most
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Conclusion

We conducted a large-scale online study. . .

❑ . . . with 965 participants

❑ . . . which compares six nudging techniques

❑ . . . in three scenarios

Study findings:

❑ RQ1: All techniques have a certain nudging effect
explicit (50%) > linguistic (22%) > natural (18%) > artificial (15%)

❑ RQ2: No significant influence on task load
repetition raises frustration and lowers satisfaction with performance

❑ RQ3: Low impact of nudging on naturalness of speech
artificial emphasis affects the naturalness and clarity the most

Code and Data:
https://webis.de/data/webis-nudged-questions-23.html Thank you!
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