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The rapid advancement of generative AI has been swiftly integrated into our 
everyday systems and acted as our personal assistants, and marks a transition 
from traditional query-list examine to conversational question-answering in 
information searches. Such interaction is evolving towards multimodal capabilities 
in personal devices, exemplified by the partnership between GPT-4o and Apple. This 
offers broader accessibility through voice-based interaction, paving the way for 
Spoken Conversational Search (SCS). 

Delivering user-friendly yet relevant responses remains a challenge, especially due 
to limitations in cognition (in processing, analyzing, and interpreting information) 
and that of the voice channel itself. 

1. To collect reliable data, these factors should be considered when 
designing the experiment: 

(i) Data offers direct insights but involves noise and requires specialized 
designs and expertise, while with fewer channels is easier to analyze;

(ii) Longer activities (10+ minutes) provide more reliable data, but SCS 
often involves short tasks (~ 1 minutes); 

(iii) Confounding variables like fatigue, interest, health, and specific 
activities (e.g., speech) may significantly impact;

2.   Ensure optimal contact between sensors with specific body areas. 

3. Biases are abstract concepts, the related hypotheses should be 
deconstructed into specific constructs, like engagement or cognitive load, 
and further into direct indicators that are measurable, reliable, and 
objective, e.g., skin conductance or reaction time. 

4.  During analysis, the requirements of signal processing on frequency can 
make certain features unavailable or distorted, especially those 
associated with high frequency in PPG.

5. Analyzing SCS transcripts requires extensive effort and qualitative 
approaches.
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1  INTRODUCTION

5 LESSONS LEARNED

WoZ  Setup + Wearable Physiological Sensors

3  RESEARCH OPPORTUNITIES

• Informed consent and participant awareness of the exposure levels as 
physiological data could compromise privacy

• Cognitive Liberty

1. How to Characterize Cognitive Bias at the Different Stages of the SCS Process?

2. What Is the Role of Clarifying Questions in SCS? How Is It Related to Cognitive 
Bias?

3. Can Voice Modulation Be Used to Characterize Cognitive Bias?

4. How to Leverage Content Manipulation to Mitigate Harms of Cognitive Bias?

2  CASE STUDY: ARGUMENT SEARCH

4 PROSPECTIVE METHODOLOGIES

Preliminary EEG (left) and EDA (right) results (𝑁 = 7) of grand average on listening to 
search results (about 1 minute) on self-rated 𝑒𝑎𝑠𝑦 and ℎ𝑎𝑟𝑑 topics. In the left figure, 
deeper colors indicate greater neural activity. Cool colors (negative voltage) represent 
inhibitory, i.e., suppressing or restricting neural responses, while warm colors (positive) 
represent excitatory, i.e., promoting or enhancing responses. The dots represent the 
placement of 14 electrodes.

Preliminary Results

ETHICAL CONSIDERATIONS

Brain Signal
Heart Rate Skin Response

Voice Modulation
(e.g., volume, pronunciation)

Table 1: A breakdown of different experiment set-ups (i.e., Lab, Field, and Crowdsourced) 
in 𝑆𝐶𝑆. LLM: large language model

Table 2: A Breakdown of studied measures by data type (Behavioral vs. Physiological) and 
user interaction mode(screen-based vs. voice). Bold text highlights studies on cognitive 
biases, emphasizing the limited research on cognitivebiases in voice search (i.e., SCS).

SCAS systems respond to a user’s spoken query on controversial topics with 
multiple argument stances or view-points (i.e., PRO and CON). Users can rely 
on SCAS to provide them with balanced arguments on topics of interest. 
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