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Abstract

Modeling Empathy and Human Conversation Dynamics

Run Chen

Empathetic communication is essential for supporting human well-being, improving social
connectedness, and enabling effective dialogue in emotionally charged situations. As
conversational Al systems become embedded in daily life, the ability to recognize, interpret, and
respond to human emotion responsibly has become a central goal for the field. Yet, existing
approaches often rely on text-only inputs and simplistic approximations of supportiveness, making
them insufficient for modeling the nuance and complexity of real human empathy. This dissertation
advances a holistic framework for empathetic conversational Al that integrates structural
conversational dynamics, multimodal signals from speech, scalable learning with large language
models, and proactive safeguards against coercive interaction.

The first component of this work strengthens the foundations of conversational understanding. We
address long-standing transcription and timing discrepancies in the widely used Switchboard
Dialog Act corpus by producing the Re-Aligned Switchboard Dialog Act (RASWDA) dataset,
improving alignment between lexical and acoustic-prosodic cues and enabling more accurate dialog
act classification. We also develop new quantitative analyses of prosodic and lexical entrainment in
task-oriented settings, revealing how behavioral coordination serves as a precursor to rapport and
mutual understanding.

Building on these foundations, the second component investigates empathy as a more specialized
and emotionally collaborative form of conversation. We present EMPSPEECH, a speech-based
empathy corpus annotated at the segment level to capture acoustic-prosodic markers of supportive
behavior—representing one of the first resources in computational empathy centered on spoken

communication in English. We further examine empathy’s inherent complexity through multimodal



learning and model disagreement analysis, demonstrating how conflicting cues across modalities
expose the ambiguity and interpretive demands present in real interactions.

To scale empathetic response generation in the age of large language models, we introduce
SYNTHEMPATHY, a psychotherapy-informed corpus of 106k empathetic dialogues produced
without crowdsourcing. Using Chain-of-Empathy prompting, we show improvements in emotional
alignment and contextual appropriateness while enabling customizable and domain-adaptable
empathetic behavior. Together, these contributions demonstrate that effective empathy modeling
requires recognition, interpretation, and expressive alignment across modalities and conversational
context.

The final component addresses a critical ethical challenge: ensuring that emotionally aware Al
remains trustworthy and protective of users. We develop speech-based detection of mental
manipulation using multi-speaker synthetic audio and few-shot learning, illustrating how systems
can identify harmful persuasive strategies and prevent coercive influence in vulnerable moments.
Overall, this dissertation presents a unified path toward empathetic and responsible conversational
Al from foundational interaction modeling, to scalable development of emotional intelligence, to
proactive safety measures that preserve user autonomy. By advancing empathetic and
conversational Al research resources, multimodal modeling, robust analysis techniques, and ethical
frameworks, this work contributes essential scientific and practical foundations for conversational
technologies that are not only more capable and adaptive, but genuinely supportive of human

emotional well-being.
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Chapter 1: Introduction and Background

Human communication is fundamentally interactive and social. In everyday conversation,
people coordinate meaning, build rapport, and provide emotional support through a combination of
words, tone, timing, and shared context. Empathy plays a central role in these processes: it shapes
how individuals perceive others’ emotions, establish trust, and respond supportively across social,
clinical, and professional settings [1, 2, 3, 4]. As conversational Al systems become increasingly
embedded in daily life — from mental health support and education to customer service and socially
aware agents [5, 6] — the ability to understand and respond to emotion safely and effectively has

become both a scientific challenge and a societal necessity.

1.1 Computational Empathy in NLP and Speech

Computational empathy aims to model the perception and expression of empathy from text,
speech, and multimodal inputs. Early work explored empathy in counseling and supportive dialogue
[1, 6], active listening [3], healthcare [4], and socially aware conversational agents [5, 2]. Shared
tasks such as the WASSA series on Empathy, Emotion, and Personality have further catalyzed
research by providing benchmark datasets and evaluation protocols for empathy prediction [7, 8,
9, 10]. These efforts helped establish empathy as a distinct target for modeling, beyond generic
sentiment or affect detection.

Several surveys have taken stock of this emerging area. Early work on artificial empathy focused
on how agents can simulate or elicit empathic responses in interaction with humans [11]. Later, [12]
provided a critical reflection on empathy in NLP, highlighting that many text-based studies either left
empathy undefined or conflated it with loosely related affective constructs, leading to low construct

validity and limited reproducibility. [13] surveyed techniques, datasets, and metrics up to 2022,



calling for clearer definitions, larger datasets, integration of non-verbal cues, and more principled
evaluation. More recently, [14] presented the first broader survey spanning textual, auditory, visual,
and physiological signals for empathy detection, arguing for multimodal approaches but also noting
the scarcity of labeled multimodal empathy data.

In parallel, the rapid transition toward large language models (LLMs) and large audio-language
models (LALMs) has reshaped the landscape of empathetic NLP. Recent work has introduced
large empathy datasets and scalable synthetic empathy generation using LLM prompting [15,
16], multimodal benchmarks leveraging speech and vision, and LLM-based empathetic response
generation and evaluation [17]. In speech and audio research, studies have expanded empathy
modeling using acoustic and prosodic features [18], expressive text-to-speech (TTS) [19], and
multimodal integration, reflecting a growing recognition that voice carries critical cues for emotional

attunement.

1.2 Limitations of Existing Approaches

Despite this progress, several limitations persist. First, much of the prior work on computational
empathy remains predominantly fext-focused. Many systems are trained and evaluated on datasets
such as EMPATHETICDIALOGUES [5] and related text-only corpora, which lack prosodic or paralin-
guistic cues and often treat empathy as a single umbrella label. As [12] argue, empathy is frequently
approximated through emotion labels or generic “appropriate response” judgments, rather than
grounded in psychological accounts of cognitive, emotional, and compassionate components. A
large portion of work effectively uses emotion as a proxy for empathy, focusing on matching or
transforming emotional labels [20, 21, 22], which can obscure the distinction between emotional
similarity and genuinely empathic concern.

Second, while surveys such as [14] highlight the importance of multimodal signals, available
multimodal and speech-based empathy datasets are still relatively scarce, domain-specific, and often
not publicly accessible. Many corpora in the spoken domain originate from therapeutic, educational,

or service-oriented settings and are constrained by privacy or licensing [23, 24, 25, 26, 27, 28, 29,



30, 31]. This has led to a field where empathy is largely studied in text, even though speech provides
rich acoustic and prosodic correlates that are central to human empathic communication [18, 32].
Cross-lingual and cross-cultural work also remains limited, with relatively few explicit comparisons
across languages or code-switched settings, despite evidence that empathy is shaped by cultural
norms and interaction styles.

Third, evaluation remains a major challenge. Existing benchmarks tend to rely on single-turn
ratings, emotion classification accuracy, or generic dialogue quality metrics. Recent analyses of
LLM-based empathetic dialogue [33, 34, 35] show that large models often rely on stock empathetic
phrases, can be highly sensitive to prompts, and may appear empathetic while failing to offer sub-
stantive or safe support. Sycophantic behavior — where models over-accommodate or uncritically
agree with users — is particularly concerning in mental health or high-stakes contexts [36, 37].

Finally, the ethical implications of emotionally capable Al have only recently begun to receive
systematic attention. While some work examines how empathetic responses influence user trust,
engagement, and perceived support [38, 39], relatively little research has focused on detecting and
mitigating manipulative or coercive behaviors in conversational systems, especially in speech-based
settings. This creates a gap between systems’ growing expressive power and the mechanisms needed

to ensure their responsible deployment.

1.3 Thesis Goals and Contributions

This dissertation addresses these limitations by advancing empathetic conversational Al along

three interconnected directions:

* Conversational Dynamics. We strengthen foundational interaction modeling by improving
how systems represent discourse structure and coordination. This includes creating the Re-
Aligned Switchboard Dialog Act corpus (RASWDA) [40], which corrects long-standing
alignment issues and enables accurate use of acoustic-prosodic cues for dialog act modeling,

and new analyses of lexical and prosodic entrainment in task-oriented speech [41].



* Empathetic Modeling and Generation in Speech and Multimodal Settings. We investigate
empathy as a specialized, emotionally collaborative form of conversation, focusing on speech
as a primary but underexplored modality. We introduce EMPSPEECH [18], a segment-level
speech-based empathy corpus, and study multimodal model disagreement to expose the inher-
ent ambiguity of empathy across modalities [42]. We further present SYNTHEMPATHY
[15], a psychotherapy-informed synthetic corpus of 106k empathetic dialogues generated
without crowdsourcing, demonstrating how empathetic capabilities can be scaled in the age

of LLMs.

* Ethical Safeguards and Mental Manipulation. We develop methods for detecting mental
manipulation in speech using multi-speaker synthetic audio and few-shot modeling, showing
how emotionally capable systems can identify harmful persuasive strategies and protect users

from coercive influence in vulnerable moments [43].

Across these three directions, this dissertation contributes new datasets, models, and analyses
that foreground speech and multimodality in a field historically dominated by text. It articulates
empathy as a composite of recognition, interpretive reasoning, and expressive alignment, rooted in
the same conversational mechanisms that govern everyday interaction. At the same time, it argues
that empathetic behavior must be matched with rigorous evaluation and safety mechanisms to avoid
sycophancy and manipulation.

Although modern large language and audio-language models support zero-shot and few-shot
inference, curated datasets remain essential. Rather than serving solely as training data, datasets
now play a critical role in evaluation, grounding, and safety assessment. Tasks such as empathy
detection, conversational entrainment, and mental manipulation rely on subtle prosodic, temporal,
and multimodal cues that are not reliably captured by web-scale pretraining alone. High-quality
annotated corpora therefore provide the structured supervision needed to define constructs, measure
progress, and identify failure modes. Throughout this dissertation, dataset construction is treated
not as auxiliary engineering, but as a foundational scientific contribution that enables reliable study

of conversational behavior.



By integrating insights from conversation analysis, computational empathy, and recent advances
in large language and audio-language models, this work proposes a unified trajectory for empathetic
and responsible conversational Al: from understanding how people communicate, to modeling

supportive behavior at scale, to safeguarding users as systems grow more emotionally capable.



Part 1

Understanding Human Conversations



Overview

Human conversation is structured, adaptive, and interactive. Long before speakers express
empathy, they must coordinate meaning — deciding when to speak, how to signal agreement
or disagreement, and how to collaborate on shared goals. These mechanisms are not optional
embellishments but the fundamental substrate on which all social behaviors — including empathy
— are built. In other words, empathy represents a special case of conversational collaboration,
one where alignment and understanding must extend not only to information exchange but also to
another person’s emotional state.

This first part of the dissertation investigates two fundamental components of conversational
dynamics: the dialog act structures that govern discourse progression and the behavioral entrainment
patterns that demonstrate mutual adaptation.

Chapter 2 presents a re-examination of the Switchboard Dialog Act corpus, identifying long-
standing alignment flaws between transcripts and speech. These inaccuracies have limited the field’s
ability to jointly model lexical and prosodic cues for dialog act understanding. We develop and
validate a new Re-Aligned Switchboard Dialog Act (RASwDA) corpus and show that leveraging
accurate timing and audio improves dialog act classification performance. This effort not only
enables more robust modeling of interaction structure, but also contributes a high-impact resource
for the broader research community.

Chapter 3 examines how speakers adapt to one another in task-oriented dialogues. Through
measurements of lexical and acoustic-prosodic entrainment, we reveal how alignment occurs even in
short, goal-directed interactions. Our findings show that speakers dynamically adjust pitch, energy,
lexical choices, and disfluencies based on their partner and role in the interaction — illustrating
how rapport and efficiency emerge through behavioral coordination.

Together, these studies demonstrate that successful human conversation relies on a pairing



of structure and adaptation: dialog acts provide a roadmap for how interaction unfolds, while
entrainment signals engagement, cooperation, and shared attention. These contributions underscore
a key thesis of this dissertation: empathy is not a standalone behavior, but an extension of the
same mechanisms that allow conversational partners to understand and align with each other. By
strengthening the foundations of dialog structure and interactional alignment, Part I provides the
necessary groundwork for modeling empathy in Part II and safeguarding emotionally intelligent

systems in Part I1I.



Chapter 2: Dialogue Acts in Human Conversations

Revisiting and Re-aligning the Switchboard Dialog Act Corpus'

2.1 Introduction

Dialog Act (DA) prediction and production is of seminal importance today in research, gov-
ernment and industry, as more and more dialog systems are being built to interact with people for
training, education, decreasing human workload in call centers, and providing problem-solving ad-
vice. While many corpora have been developed and annotated for building machine learning models
in DA prediction or generation tasks, only a few have been transcribed in speech. Many others
were annotated using domain-specific DAs or are limited in the number or length of conversations.
Among the annotated DA corpora, only the Switchboard Dialog Act (SWDA) Corpus [44] includes
domain-independent spoken conversations between two speakers, making it unique for modeling
the type of interactions that are primary in most systems used today, such as information services
and online chats.

Although the SWDA corpus is widely used for DA prediction and generation tasks, it suffers from
a critical limitation: inaccurate alignments. The corpus consists of transcripts and speech derived
from the larger Switchboard corpus [45], which were originally aligned using a GMM-HMM speech
recognition system. However, these alignment results are unreliable, making it extremely difficult
to use both speech and text data to accurately predict or generate DAs. There is very little evidence
that the use of speech features from the currently aligned corpus significantly improves their results
in any way and sometimes even leads to worse performance [46, 47, 48, 49].

Previous attempts to re-segment the Switchboard corpus, upon which SwWDA is built, have

!Portions of this chapter previously appeared as R. Chen, E. Lin, et al., “RASWDA: Re-Aligned Switchboard Dialog
Act Corpus for Dialog Act Prediction in Conversations, 14th International Workshop on Spoken Dialogue Systems
Technology (IWSDS 2024), 2024.



resulted in completely different transcriptions and utterance boundaries that do not coincide with
those in the SWDA [50]. While the NXT-format Switchboard Corpus links the transcriptions in
SwDA with the alignments from [50], it does so for only 642 of the 1,155 conversations in SwWDA
[51]. To date, no one has produced a full realignment of all 1,155 SwDA conversations.

Our project aims to create an improved, Re-Aligned Switchboard Dialog Act (RASwDA)
corpus for DA tasks by manual re-alignment and validation by experts on both sides of all SWDA
conversations to correct the errors introduced by the early automatic alignment. Our goal is to 1)
produce a more accurate RASwDA corpus for DA prediction and generation tasks and 2) set a
new benchmark for identifying DAs using machine learning models that incorporate both text and
speech features. We demonstrate that this new version of the SWDA corpus provides more useful
information in both text and speech for DA identification models by comparing the new results to
models built on the earlier version of the corpus. To encourage the wider community to make use
of the fully re-aligned corpus, we will make it publicly available, thereby facilitating the current

research efforts focused on modeling human-human and human-machine conversation. °

2.2 Related Work

2.2.1 Dialog Act Labeled Corpora

Many corpora, including SWDA, have been annotated for DAs. They vary in domains, languages,
types of interactions, and the number and type of annotated DAs. While some corpora were
annotated using small tag sets, such as the DCIEM Map Task [52], the AMI Meeting [53] (under
20), and the Columbia Games Corpus (only 7) [54], others were annotated using tag sets with
hundreds of tags, such as DIHANA [55] and NESPOLE [56]. Furthermore, some corpora, including
the DCIEM Map Task, SWDA, SCHISMA [57], ICSI-MRDA [58], and AMI Meeting, utilized
domain-independent tag sets suitable for annotating various corpora. On the other hand, corpora

such as VERBMOBIL [59], NESPOLE, DIHANA, LEGO [60], TourSG [61], Ubuntu IRC [62],

Data will be available through Linguistic Data Consortium (LDC), which currently provides many earlier versions
of this corpus.
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MultiWOz and its multiple updated versions [63, 64, 65], and Audio Visual Scene-Aware Dialog
(AVSD) [66] were annotated using domain-dependent tag sets. Notably, many corpora did not
include speech data, such as DSTC6 corpora (Twitter, WOCHAT) [67], Ubuntu IRC, and MultiWOz.

Among these DA corpora, SWDA is particularly valuable for investigating how speech and
transcripts synergize to facilitate DA modeling in conversations. The corpus contains a substantial
number of annotated segments and provides both speech and transcripts with domain-independent
data, distinguishing itself from others with a limited number of annotations, such as SCHISMA and
DCIEM Map Task. Although ICSI-MRDA and the AMI Meeting corpus also offer sizable annotated
speech data in multi-participant meetings, only SWDA exclusively comprises dialogs between two
individuals, making it particularly relevant for modeling the types of two-party interactions prevalent
in conversational systems today. However, the limitation of SwDA lies in its inaccurate alignment of
speech and transcripts, which cannot be used to identify or generate appropriate acoustic-prosodic

features, such as pitch, intensity, speaking rate, and voice quality.

2.2.2 The Switchboard Dialog Act Corpus

The original Switchboard Corpus is a corpus of 2,400 two-sided telephone conversations, each
between two native speakers of American English from different parts of the United States, and
was collected in 1990-91 by Texas Instruments. The initial goal for this corpus collection was
to develop speech processing algorithms, particularly speaker verification algorithms [45]. The
SwDA corpus [44] was created from a portion of the Switchboard corpus, specifically LDC’s
Switchboard-1 Release 2 (LDC97S62) [45]. It consists of 1,155 conversations out of the original
2400 conversations, ranging from 1.5 to 10 minutes, comprising a total of 205,000 utterances and
1.4 million words.

SwDA was labeled with an augmented version of the Discourse Annotation and Markup System
of Labeling (DAMSL) tag-set [68], the SWBD-DAMSL label set of 42 DA labels. The DA labels
include items such as Statement-non-opinion, Acknowledge, and Statement-opinion, which represent

over two thirds of the 42 DA items annotated; the full list is shown in Table 2.1.
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The SwDA conversations were initially force-aligned with the participants’ speech in the 1990s
using a GMM-HMM Switchboard recognition system to identify the start and end times of speech
segments [69, p. 454]. However, due to the limited reliability of ASR systems used during that
era and various challenges posed by the recordings and the transcripts, much of this alignment
contained major errors, so it is impossible to perform accurate prosodic analysis on the DAs from
their poor alignment with the audio.

Problems with this speech aligner included misalignment of reduced and low-energy speech.
Based on manual inspection of hundreds of audio files, we have also found that background noise
from sources such as static, telephones ringing, children crying, music, radios, and TV’s has also
reduced the original alignment quality. Problems with the conversations’ transcripts at the time
included mis-transcribed or simply missing words (some had been excised in a previous transcription
task as “not useful words”). Only a small subset of these alignments were corrected to create a

small DEV test set. The rest of the corpus was left in its original, poorly aligned state.

2.3 SwDA Alignment Diagnosis

While the SWDA corpus has been widely used to build models to detect different DAs, studies
have observed that incorporating the audio information from SWDA does not improve DA prediction
or generation scores, and can sometimes even worsen them. This is likely due to the poor alignment
of the audio with transcripts and dialog act labels. [46, 47] showed that integrating prosodic
information with transcripts improved DA prediction accuracy only for a couple of selected DAs,
while having negative or no effects on the rest. The DA recognition model that incorporates prosody
reported a lower F1 score, compared to the model trained solely on transcripts [48]. Similarly, [49]
found that removing pitch and energy features resulted in only a marginal decrease in accuracy (1%
and 0.6%, respectively) for their end-to-end DAC model on the SWDA corpus.

Transcripts and their aligned speech were often completely incorrect. We have found 27
conversations in which speakers were recorded on the wrong channel, resulting in incorrect speaker

identifications when we attempt to match speaker audio with transcripts. Overlapping speech
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DA Description Count (Full) | % (Full) | Count (RASWDA) | % (RASwWDA)
sd Statement-non-opinion 75145 34.26 32406 24.53
Acknowledge
b (Backchannel) 38298 17.46 16297 12.34
sV Statement-opinion 26428 12.05 11762 8.90
% Abandoned, Turn-Exit, or | = 555, 7.09 6729 5.00
Uninterpretable
aa Agree/Accept 11133 5.08 4973 3.76
X Non-verbal 3630 1.65 3591 2.6
qy Yes-No-Question 4727 2.15 2053 1.55
ba Appreciation 4765 2.17 1799 1.36
ny Yes answers 3034 1.38 1252 0.95
fc Conventional-closing 2582 1.18 1056 0.80
qw Wh-Question 1979 0.90 874 0.66
nn No answers 1377 0.63 595 0.45
Response
bk Acknowledgement 1306 0.60 555 0.42
h Hedge 1226 0.56 507 0.38
gy~ d Yef;ﬂf‘éﬁ:ion 1219 0.56 472 0.36
bh Backchannel in question 1053 0.48 445 034
form
bf Summarize/reformulate 952 0.43 444 0.34
“q Quotation 983 0.45 427 0.32
fo_o_fw_"_by_bc Other 883 0.40 408 0.31
na Affirmative non-yes 847 0.39 351 0.27
answers
qo Open-Question 656 0.30 310 0.23
"2 Collaborative Completion 723 0.33 308 0.23
b m Repeat-phrase 688 0.31 283 0.21
ad Action-directive 746 0.34 282 0.21
gh Rhetorical-Questions 575 0.26 265 0.20
*h Hold before 556 0.25 219 0.17
answer/agreement
ar Reject 346 0.16 141 0.11
ng Negative non-no answers 302 0.14 137 0.10
br Signal-non-understanding 298 0.14 137 0.10
no Other answers 286 0.13 121 0.09
fp Conventional-opening 225 0.10 117 0.09
qrr Or-Clause 209 0.10 98 0.07
arp_nd Dispreferred answers 207 0.09 91 0.07
“g Tag-Question 92 0.04 53 0.04
00_COo_ccC Offers, Options, Commits 110 0.05 52 0.04
tl Self-talk 103 0.05 44 0.03
bd Downplayer 103 0.05 43 0.03
aap_am Maybe/Accept-part 105 0.05 40 0.03
qw ~d Declarative Wh-Question 80 0.04 37 0.03
fa Apology 79 0.04 34 0.03
t3 3rd-party-talk 117 0.05 32 0.02
ft Thanking 78 0.04 28 0.02

Table 2.1: Comparison of the original SWDA DA counts (“Count (Full)”’) and our realigned corpus
RASwDA DA counts (“Count (RASwDA)”). Original counts from [70].
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segments also cause confusion in the automatic alignment process. In many cases, shorter DAs such
as backchannel or simple “yes” or “no” responses are missed entirely by the aligner. Furthermore,
the presence of numerous simple timing errors in earlier parts of the conversations can propagate
throughout the rest. These issues further highlight the challenges and limitations of DA modeling

based on the SWDA corpus, underscoring the urgent need for its correction and improvement.

2.4 Re-alignment Methods

To produce high-quality alignments between the audio and transcripts of SWDA, we employ
a two-step process. First, for conversations among the 642 conversations which are included
in the NXT-format Switchboard Corpus [51], we parse time-aligned SwDA transcripts from the
NXT-provided XML files into TextGrid format. For conversations not included in the NXT-format
Corpus, we parse each conversation’s transcript into separate transcripts for each speaker. We also
take advantage of the fact that speakers are recorded on separate channels to separate the audio for
each conversation into two WAV files, one with each speaker’s speech [71]. Then (for transcripts
not sourced from NXT-format Switchboard) we compute the forced alignment for each utterance in
each speaker transcript and conversation with the aeneas library [72], shown in Figure 2.1a. Based
on manual inspection, we find that further manual realignment is still necessary to correct forced
alignments generated with aeneas, as many of the issues that affected the original forced alignments
(e.g. background noise) also affect the accuracy of the aeneas alignment.

Second, we manually correct the TextGrids produced both from the NXT-format Switchboard
Corpus alignments and the aeneas forced alignments (Figure 2.1b). We use the Praat speech analysis
interface, which allows expert aligners to easily manipulate audio and transcripts simultaneously
[73]. Specifically, we convert each SWDA transcript into a TextGrid, a text file format commonly
used for annotating audio in Praat.

In addition to correcting the transcript alignment, aligners are also instructed to mark speaker
overlap and laughter with the special “SIL” and “(laughter)” tokens, and correct mis-transcriptions,

segmentation errors, and omissions in the transcript. We attempt to resolve mis-transcriptions and
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segmentation errors marked by the original SWDA annotators themselves for correction at a later
date [44]. Our aligners included 2 high school students, 15 undergraduates, and 8 graduate students
in computer science, linguistics, and mathematics, some compensated for their time in either course

credit or a stipend.

2.5 Results

Our Re-Aligned Switchboard Dialog Act (RASwDA) corpus currently consists of 537.5 manu-
ally realigned and validated conversations (1075 single speaker transcripts) from the 1155 SwDA
conversations. Our final goal is to create a new, correctly aligned version of the entire SWDA corpus
that is publicly available and to demonstrate the effect of adding correct acoustic-prosodic features
for DA prediction.

Table 2.1 presents the counts of different DA tags in the original SWDA corpus as compared to
our RASwDA. The original corpus consists of 203,801 dialog acts [70], while our realigned subset

of RASwWDA contains 98,274 dialog acts and 42,231 silence segments.

2.5.1 DA Classification

By training dialog act classification (DAC) models on 55,049 utterances from RASwWDA, we
have achieved 59.53% accuracy on a 13,762-utterance validation set constructed from RASwWDA, a
2.56% improvement over the 56.97% accuracy reported by [49] on a 4,088-utterance test set from
the original SWDA corpus using their state-of-the-art end-to-end neural model trained on 192,768

utterances from the original SWDA corpus (Table 2.2).

Model [49] Ours
Dataset SwDA | RASwDA
Accuracy | 56.97 59.53
Train 192,768 55,049
Validation | 3,196 13,762
Test 4,088 -

Table 2.2: Dialog act classification accuracy on speech from SwDA and RASwDA corpora, along
with sizes of training, validation, and test splits in numbers of utterances.
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Our model uses a convolutional neural network (CNN) and treats DAC as an image classification
task on spectrograms of the speech signal, as this has proven a successful approach for applications
such as emotion recognition [74]. The input to the CNN is a 256 X256 X 3 spectrogram of the speech
signal, computed with matplotlib.> The CNN consists of three convolutional layers using 3 x 3
kernels, each followed by a ReLLU layer, normalization, a max pooling layer with a 2 X 2 window,
and another normalization sequentially. The first convolutional layer consists of 32 kernels with a
stride of 2 pixels. The second convolutional layer consists of 64 kernels with a stride of 1. The third
convolutional layer consists of 128 kernels with a stride of 1. After applying the ReLU non-linearity,
normalization, and pooling, the output of the third convolutional layer is flattened into a 32768 X 1
vector. This vector is then passed through three fully connected layers with normalization. Finally,
the softmax function is applied to produce the prediction. We train on a 55,049-utterance subset
of RASwWDA and validate on a held-out 13,762-utterance subset. We believe that as we continue
to build RASwDA by realigning the rest of the SWDA conversations, the model performance will

further improve with a larger, more accurate dataset.

2.6 Conclusion

We have identified inaccuracies in the current automatic alignments of the Switchboard Dialog
Act (SwDA) corpus and have undertaken a manual realignment process for a subset of 537.5 out
of 1155 conversations. Our Re-Aligned Switchboard Dialog Act (RASwDA) subset has already
demonstrated improved performance of state-of-the-art models on the dialog act classification task.
We plan to continue the realignment process for the remainder of the SWDA corpus and make it

publicly available for the wider speech community.

3ht’cps ://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.specgram.html
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Figure 2.1: A section of a SWDA transcript in the Praat interface (a) before and (b) after manual
correction of the automatic alignment generated by aeneas. Praat allows aligners to view the
waveform and spectrogram of the speech signal (top two sections of display) and a TextGrid
transcript (bottom section of display) simultaneously.
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Chapter 3: Identifying Entrainment in Human Task-oriented Conversations*

3.1 Introduction

Human interlocutors often adapt their behavior to each other in conversations through entrain-
ment, also called accommodation or alignment. People adapt in syntax, word choice, pronunciation,
and prosody, as well as in facial expression, posture, and socio-cultural behavior. Studies have
found that people who entrain to others are perceived as more socially attractive, more competent
and intimate [75, 76]. Entrainment leads subjects to like their conversational partners more and to
perceive interactions as more successful [77, 78], and is a good predictor of task success [79]. So
producing entrainment in dialog systems is useful in producing more attractive, competent, and
intimate conversations that users will enjoy more and consider more successful. To move toward
developing entraining dialog systems, we analyze entrainment in human-human conversations
collected in a Wizard-of-Oz scenario where two speakers play the user and the agent roles in a
task-oriented setup.

Our data is from the DSTC10 Track 2 dataset [80] representing real conversations that a user is
expected to have with a task-oriented dialog system. In the context of task-oriented dialog systems,
entrainment behaviors can occur in both users and agents. Users may deviate from their typical
speech, in sync with what they perceive from the agent and agents may change how they talk to
accommodate users: if the user is speaking very slowly, the agent may slow their speech accordingly;
if the agent refers to the parking lot as the parking space, the user may also adopt such wording.

As speakers may entrain in both text and speech, we extract acoustic-prosodic features and

lexical frequencies to test for proximity, convergence and synchrony aspects of entrainment. We

“Portions of this chapter previously appeared as R. Chen, S. Kim, et al., “Identifying Entrainment in Task-Oriented
Conversations, "ICASSP 2023 - 2023 IEEE International Conference on Acoustics, Speech and Signal Processing
(ICASSP), 2023. DOI: 10.1109/ICASSP49357.2023.10095543
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conduct significance tests that reveal changes in speech pitch and frequent words as important
indicators of entrainment. We also note the effect of duration and speaker roles on entrainment. We

expect these findings will guide us in developing dialog systems to entrain the users.

3.2 Related Work

Much research on entrainment has been done in a variety of conversational settings, including
discussions of married couples about problems in their relationships [81], children adapting their
amplitudes to that of an animated character [82], as well as human-computer interactions. Several
studies have reported promising results when entrainment between the users’ and system’s voices
took place: [83] reported gains in ASR accuracy when entrainment of speech rate was induced; [84]
also found gains in learning when entrainment between humans and a tutoring system occurred in
pitch and intensity; and [85] showed that entrainment improved rapport and naturalness when a
system shifted the pitch contour of the synthesized speech by the mean pitch of the user. A positive
link was found between entrainment and trust for humans using conversational avatars [86] and
entraining the system’s lexical choices to those of user’s increased the dialog success rate [87]. Our
study reports evidence of entrainment in a more realistic setup for task-oriented dialog systems,
which are typically much shorter than previously studied entrainment datasets. This makes it much
more challenging to identify entrainment since the degree of entrainment correlates with the length

of conversations [88, 89].

3.3 Dataset

To study the entrainment behaviors in human-human conversations, we analyzed the DSTC10
Track 2 dataset [80], which includes about 45 hours of recordings of 917 spoken task-oriented
dialogues about touristic information for San Francisco. Each dialogue session was collected by
two participants, a user and an agent. While the user-side participant was given a set of specific
goals to be achieved in each session, the agent-side participant had access to a database to look up

relevant information to provide for particular user requests. Entrainment has been documented in
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longer conversations such as the Columbia Games corpus, in which sessions between two speakers
averaged 45 minutes long [88, 89]. However, our task-oriented conversations are much shorter, with
an average of 24.7 turns (min 5 and max 60), and 3 minutes (min 0.45 and max 7.33). Therefore,
identifying whether entrainment occurs in much shorter conversations is important to help us

incorporate entrainment capabilities into task-oriented human-computer dialogue systems.

3.4 Methods

3.4.1 Entrainment Measures

Following the methods proposed in [88], we evaluate three aspects of entrainment, 1) proximity
(do speakers in the same conversation sound more similar?), ii) convergence (do speakers entrain
more over time?), and iii) synchrony (do speakers’ behaviors vary in tandem?) For proximity, we
compare the feature differences between partners (participating in the same conversation) with
non-partners via a t-test. If a speaker does not entrain, they are expected to sound uniformly talking
to any random speaker, whereas when entrainment occurs, the partners within the same conversation
adopt each other’s text and speech, reducing the feature differences. The partner differences are
therefore smaller than the difference between a random non-partner speaker from the dataset.

The turn-level features are extracted and averaged over all turns within a dialog for both the
agent and the user as session-level features ¢;. A partner difference Agparmer 1s defined as the
absolute session-level feature difference between partners in the same conversation. Non-partner
differences A@nonparmer are calculated by feature differences between any two speakers that are not
in the same conversation.

n
¢, = % D, bt speaker = s (3.1

i=1

A¢parmer = |¢s — ¢| for s and s” in the same dialog

Anonpartmer = |5 — ¢| for s and 5" not in the same dialog
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For convergence, we split each conversation into two halves by the number of turns and compare
partner differences between the first and the second halves. If speakers entrain more over time, we
expect feature differences to decrease in the second half of the conversation. The half-session-level
features ¢ ¢ are averaged turn-level features in the k-th half session. We calculate half session
partner differences A¢y = |dks — ¢r.s| and juxtapose those from the same conversations in a
pair-wise t-test.

We calculate the Pearson’s correlation coefficient for the turn-level feature differences between
adjacent turns and the rest for levels of synchrony. If speakers entrain over time in synchrony,
speakers may adjust their speech and language in accordance with those of their conversational
partner. For example, if Speaker A’s pitch rises, Speaker B’s will too and follow similar patterns in

pitch and other features over the course of the conversation.

3.4.2 Speech-based Entrainment Analysis

The acoustic-prosodic features represent the pitch, energy, voice quality and speaking rate of
speakers through 12 features: pitch mean, minimum, maximum, and standard deviation, intensity
mean, minimum, maximum, and standard deviation, jitter, shimmer, harmonics-to-noise ratio (HNR),
and speaking rate [88, 90]. These features are extracted with praat [91] and parselmouth [92] tools
on default parameter settings. The pitch and intensity features are z-score normalized by speaker.

The speaking rate is measured by words per second from human transcripts.

3.4.3 Lexical Entrainment Analysis

Our lexical features include linguistic inquiry and word count (LIWC) [93] category frequencies
as well as the 25 most frequent word counts for the corpus (MFC), the agents (MFA) and the users
(MFU), accounting for the roles of the speakers. Only 25 frequent words are used here due to
the short length of the conversations and thus the sparsity of the text. We use LIWC2015 for the
lexical categories covering linguistic dimensions, psychological processes, personal concerns and

spoken categories [93]. These features are interpretable and shown to be useful representations
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Observation LIWC Categories

proximity Total function words, 1st person plural, 3rd person plural, Conjunctions, Com-
parisons, Quantifiers, Anger, Sadness, Social processes, Family, Friends, Fe-
male references, Male references, Cognitive processes, Causation, Tentative,
Differentiation, Perceptual processes, Hear, Biological processes, Body, Health,
Ingestion, Power, Relativity, Space, Time, Work, Leisure, Home, Money, Reli-
gion, Death, Swear words, Netspeak, Assent

no proximity  Total pronouns, Personal pronouns, 1st person singular, 2nd person, Impersonal
pronouns, Articles, Prepositions, Auxiliary verbs, Common Adverbs, Nega-
tions, Common verbs, Common adjectives, Interrogatives, Numbers, Affective
processes, Positive emotion, Negative emotion, Anxiety, Insight, Discrepancy,
Certainty, See, Feel, Drives, Affiliation, Achievement, Reward, Risk, Past
focus, Present focus, Future focus, Motion, Informal language, Nonfluencies

convergence  1st person singular, 1st person plural, Impersonal pronouns, Articles, Preposi-
tions, Auxiliary verbs, Interrogatives, Family, Friends, Causation, Tentative,
Certainty, Differentiation, Perceptual processes, See, Biological processes,
Health, Ingestion, Achievement, Power, Past focus, Future focus, Motion,
Space, Leisure, Home, Money, Nonfluencies

no convergence Total function words, Total pronouns, Personal pronouns, 2nd person, Common
Adverbs, Negations, Common verbs, Common adjectives, Quantifiers, Affec-
tive processes, Positive emotion, Negative emotion, Social processes, Male
references, Discrepancy, Feel, Drives, Reward, Risk, Present focus, Relativity,
Time, Work, Informal language, Assent

Table 3.1: #-test results for LIWC categories. The table shows the categories with p < 0.05. The
rows list the LIWC categories that show proximity, no proximty, convergence, and no convergence,
respectively.

for multi-party entrainment [94]. We calculate the percentage of total words in a conversation that
match each of the LIWC dictionary categories. Because of the sparsity of lexical features, we
only perform analysis of lexical entrainment using session-level proximity and convergence, not

turn-level synchrony.

3.5 Results

Entrainment is found in both the speech and the content of conversations. Despite the brevity of
the conversations, speakers assimilate in their pitches, intensity variations and HNR and converge

on their intensity variations. They also entrain on the frequency of words that are in many LIWC
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Feature Proximity | Convergence
min pitch —-0.03735 1.16309
max pitch —8.96402** —-1.32656

mean pitch -3.83764+* | —7.21694%%*

sd pitch -3.28754** | —2.60738**

min intensity 1.79504* —1.85953*
max intensity -0.9323 —4.47257%%*
mean intensity 0.45932 —7.96386**
sd intensity | —24.62165%* | 9.34142%**
jitter -0.31599 —7.99437%*%*
shimmer —-0.45399 —2.5374%*
HNR —26.02003** | —2.80482%%*
speaking rate —-1.00623 —4.47165%*

Table 3.2: t-test statistics for speech entrainment. * for p < 0.1, ** for p < 0.05 and bold for
entrainment. Negative for proximity and positive for convergence.

categories and the most frequent word list.

3.5.1 Entrainment in Speech and Text

Significant levels of entrainment are observed in the speech data (Table 3.2). The differences
between partners in the same conversation are smaller than those between non-partners across most
speech features (negative t-statistics for proximity). The t-test indicates significant proximity in
pitch max, mean, and standard deviation, intensity standard deviation, and HNR. The t-test on the
same speech features shows less entrainment observed in the convergence measure than proximity,
which may be due to the short length of the conversations in the dataset. The speakers do not have
enough time to produce similar significant levels of entrainment as do longer conversations, which
typically exhibit higher assimilation. In Table 3.2 convergence column, a positive t-statistic means
that the second half of these conversations has smaller differences, i.e. speakers converge, whereas
a negative t-statistic means that they diverge. We only observed convergence in intensity standard
deviation at the session level. Most of the other features significantly diverge.

For lexical entrainment, as shown in Table 3.1, among the LIWC categories, we find proximity
in linguistic dimensions (function words, conjunctions), psychological processes (anger, sadness),

personal concerns (work, home) and spoken categories (assent). The high level of proximity in
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Observation 25 Most Frequent Words

proximity MFC: that, the, for, ’s, okay, can, have, yeah, there
MFA: that, the, for, ’s, okay, yeah, have
MFU: the, that, for, can, ’s, okay, have, if, of, there

no proximity MEFC: you, i, and, me, is, a, it, so, one, uhhh, let, to, do, ummm, in, go
MFA: is, me, you, one, i, let, so, and, it, go, do, see, ahead, right, four, all,
sure, check
MFU: you, i, a, uhhh, and, ummm, to, in, do, place, me, 'm, is, great, it

convergence MFC: you, i, that, the, and, for, me, is, a, it, so, one, uhhh, ’s, let, to, do, can,
ummm, in, have, go, yeah, there
MFA: that, is, me, you, one, i, let, so, and, it, the, for, ’s, go, do, see, ahead,
right, yeah, all, sure, have
MFU: the, you, i, a, that, uhhh, for, and, ummm, to, in, can, ’s, do, place, me,
‘m, have, is, if, of, there, it
no convergence MFU: great

Table 3.3: t-test results for 25 most frequent words for the corpus (MFC), the agents (MFA), and the
users (MFU). The table shows the words with p < 0.05. No words found to significantly diverge
for MFC and MFA.

the “assent” category also confirms our speculation that cooperative expressions correlate with
entrainment. Similarly, we observe lexical convergence in a few LIWC categories such as linguis-
tic dimensions (pronouns, articles) and spoken categories (nonfluencies). The lesser degree of
convergence in lexical features aligns with our finding in speech: both are restricted by the short
duration of the conversations. The frequent words show high convergence and some proximity
(Table 3.3). Top words such as “that" and “you" appear in all three MFC, MFU and MFA groups,
also overlapping with the LIWC categories. Conversational partners assimilate frequencies for
assent words such as “okay" and “yeah" but dissimulate those of pronouns and disfluencies, and
speakers tend to converge on frequent words rather than diverge.

Some categories, such as pronouns, function words, and auxiliary verbs, plausibly reflect stylistic
coordination between speakers and are consistent with prior work on linguistic alignment. These
features are less semantically tied to topic and therefore more likely to indicate conversational
entrainment. In contrast, several content-heavy categories (e.g., Leisure, Money, Work) likely reflect

topical coherence within a task-oriented dialogue rather than entrainment per se. For example, when
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Feature Agent User All Short Long
min pitch 0.09629** | 0.09344** | 0.06669** | 0.07204** | 0.06308%**
max pitch 0.21015%* | 0.1765** | 0.18478** | 0.22395** | 0.15574**

mean pitch 0.01656 | 0.04185** | 0.02708** | 0.04359** | 0.01674*

sd pitch 0.10931** | 0.10655** | 0.09609** | 0.12639** | 0.07436**

min intensity | 0.04438** | 0.04382** | -0.00024 | -0.01105 0.00202
max intensity | 0.05345%* | 0.04854** | 0.01153 | 0.02685** | 0.00759
mean intensity | 0.00818 0.00712 0.00088 0.00334 -0.00011
sd intensity | 0.55497** | 0.55977** | 0.45446** | 0.45526%* | 0.45096**
jitter 0.14807** | 0.13655** | 0.0574** | 0.0677** | 0.04929%*
shimmer 0.12693** | 0.12929** | 0.10921** | 0.09844** | 0.11501%*%*
HNR 0.41778** | 0.41613** | 0.38746** | 0.3763** | 0.39292**
speaking rate | 0.01459 | 0.02538** | (0.00933 0.00409 0.01204

Table 3.4: Pearson’s correlation test for turn-level speech synchrony entrainment. * for p < 0.1, **
for p < 0.05. The columns show correlation coefficient for agent entraining to user, user entraining
to agent, speaker-agnostic synchrony for all turns, short conversations (< 25 turns), and long
conversations (> 25 turns), respectively. |r| > 0.3 moderate or strong correlation are in bold.

both speakers discuss booking tickets or pricing, increased similarity in “Money” terms may arise

from shared task context rather than adaptive behavior.

3.5.2 Entrainment and Speaker Roles

As the speakers play different roles in the conversations, we explore whether and how their roles
affect the degree of entrainment. For agent entrainment, we compare an agent’s speech difference
from their user partner’s and a corpus averaged agent’s speech. We found that the agents entrain to
the users in intensity standard deviation. In a similar method, we found that the users entrain to the
agents in intensity max. In addition to proximity entrainment, we also tested whether an agent’s
speech varies with their user partner’s. We computed the Pearson’s correlation coefficient by pairing
an agent’s turn-level speech with a previous turn uttered by the user (the first column of Table
3.4). The agents’ speech is correlated with their respective users’ speech in most acoustic-prosodic
features, most notably intensity standard deviation and HNR. Meanwhile, the users also entrain to
their agents (the second column of Table 3.4) and the most correlated features are also intensity

standard deviation and HNR.
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3.5.3 Entrainment and Duration

Prior studies report association of entrainment levels with conversation length. To verify that
longer conversations indeed lead to stronger entrainment, we split the dataset into two bins based on
number of turns: the short conversation set, with 24 turns or fewer (511 conversations), and the long
conversation set, with 25 turns or more (406 conversations). Partner differences are significantly
smaller for long conversations in session level pitch max and mean, jitter and HNR, confirming
that longer conversations indeed show higher levels of speech entrainment. We also found weak
correlation between number of turns and partner similarity in features such as pitch, intensity
standard deviation, jitter and HNR. For convergence, short conversations converge in the same
speech features as all data in Table 3.2. Long ones converge on a slightly different set of features,
converging in min intensity but not on pitch standard deviation, shimmer and HNR; otherwise they
are the same as the short conversation set and all data. We compare synchrony entrainment between
short and long conversations, finding results comparable to global turn-level synchrony (Table
3.4). Speech features such as intensity standard deviation and shimmer show moderate positive

correlation.

3.6 Conclusion

Our analysis of entrainment in the DSTC10 dataset demonstrates that entrainment does occur
between speakers in task-oriented but shorter human-to-human conversations, which differ from
previously studied corpus in style, domain and length. Based on the features of speech and lexical
entrainment we have identified, we aim to improve the performance of state-of-the-art dialog system
models for similar conversations. For our next step, we will explore other potential factors that
may affect the degree of entrainment in dialogs. It has been shown that the purpose of the turn also
correlates with lexical entrainment levels, and that people tend to entrain more in certain dialog acts,
such as conventional-opening and closing [95]. We hope to identify similar results for dialog acts in

speech data in our future research.
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Part 11

Empathetic Conversations
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Overview

While all human conversation requires coordination and mutual understanding, empathetic
interaction represents a deeply collaborative case: one where alignment is not only structural and
behavioral but also emotional. To respond supportively, an interlocutor must recognize another
person’s affective state, comprehend its context, and provide responses that validate and help
regulate that state. Building such capabilities in conversational Al remains a core challenge in
socially aware language technologies.

This part explores computational empathy across multiple dimensions: perception, interpretation,
and response generation. In Chapter 4, we investigate how empathy manifests in speech through
acoustic-prosodic cues and lexical choices, and construct a segment-level multimodal model that
distinguishes empathetic from neutral responses. This work shows that the voice is a critical
channel for emotional attunement and provides insights into how empathy is communicated in real
interactions.

In Chapter 5, we introduce a deeper examination of the inherent complexity of empathy itself.
Empathy is not always expressed consistently across modalities: tone may convey warmth even
when wording is neutral, or facial expressions may contest what is said. Through a framework
based on multimodal model disagreement, we identify and analyze cases that are ambiguous or
contextually nuanced — the very situations where empathy is most needed. Rather than treating
disagreement as error, this work reframes it as a lens into subtle human emotional dynamics and a
driver for more robust empathetic modeling.

In Chapter 6, we shift from understanding empathy to enabling it at scale, addressing the
rapidly evolving landscape of large language models (LLMs) by developing scalable methods for
empathetic data generation. We introduce SYNTHEMPATHY, a psychotherapy-grounded corpus

of 106k first-person narratives and empathetic responses generated without crowdsourcing. Through
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Chain-of-Empathy prompting, we demonstrate improvements in fine-tuned models’ emotional
reaction capabilities and provide a generalizable framework for creating domain-specific synthetic
data in low-resource areas. This work reflects a broader shift in NLP toward leveraging synthetic
data and instruction-guided models to tackle social understanding tasks that were previously limited
by annotation cost.

Altogether, these contributions advance the view that empathy is not a monolithic signal but a
composite of recognition, interpretation, and expressive alignment. Part I1 shows how computational
models can learn to perceive and generate the emotionally collaborative aspects of conversation
— directly building on the structural and interactional foundations established in Part I. This sets
the stage for Part III, where we consider how these emotionally capable systems can be protected

against misuse and grounded in responsible deployment.
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Chapter 4: Detecting Empathy in Speech’

4.1 Introduction

Much research has been done in the past 15 years on creating empathetic responses in text, facial
expressions and gestures in conversational systems. However, little has been done to identify the
speech features that can create an empathetic sounding voice. Empathy is the ability to understand
another’s feelings as if we were having those ourselves [96]. It can take several forms: cognitive
empathy or “perspective-taking", being able to put yourself in another’s place — a particularly
useful skill for managers; emotional empathy, actually feeling another person’s emotion, also called
“emotional contagion", which can be overwhelming; and compassionate empathy — understanding
another’s pain as if we are having it ourselves and taking action to mitigate problems producing
it [97, 98]. This third category has been found especially useful in dialogue systems and robots,
since empathetic behavior can encourage users to like a speaker more, to believe the speaker
is more intelligent, to actually take the speaker’s advice, and to want to speak with the speaker
longer and more often. Compassionate empathy can also be used to improve success in health-care
advice-giving, as well as in negotiations and conflict resolution. Even when humans know that they
are dealing with a computer system, if that system behaves empathetically, users will still like and
trust it more [99].

Producing empathetic responses requires first identifying a user’s emotions to understand the
need for such responses as well as the type of emotion the user is expressing and the reason for
that emotion. Much research has been done to recognize the user’s emotion and its cause from the
user’s words and sometimes from their speech. Much has also been done to create the appropriate

emotional content of the system response — in some research projects also to provide appropriate

SPortions of this chapter previously appeared as R. Chen, H. Chen, et al., “Detecting Empathy in Speech, "Interspeech
2024, 2024. DOT: 10.21437/Interspeech.2024-347
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facial expressions and gestures. But very little work has been done to discover what vocal cues can
be used to create an empathetic-sounding voice. For empathy is more than simple agent emotional
responses: to encourage users to connect with a conversational agent, that agent must present itself
as empathetic even before the user expresses a need.

Our goal is to identify the acoustic-prosodic as well as lexical aspects of speech that convey
empathy — beyond merely producing appropriate emotion to address a user’s particular issue or
entraining to the user. We collect a new dataset of empathetic videos. We compare empathetic
speech segments with neutral ones for changes in pitch, intensity, voice quality and speaking rate.
We report empathetic lexical categories, specificity and readability levels. We also study how the

speech features interact with the lexical content through ML modeling.

4.2 Related work

Previous work focused on developing multimodal avatars to produce feelings of engagement
with the user, using different forms of listening behavior: backchannels, turn-ending identification,
gestures, eyebrow raising, and other facial expressions. These include [100]’s Rea, a conversational
agent; [101] and [102]’s Virtual Laboratory Exercise Agents, created to improve daily exercise
interactions; [103] and [104]’s Rapport Agents with human-like listening behavior including
backchannels, turn-ending identification, smiles and nods; [105]‘s Greta, used to evaluate different
methods of combining emotional facial expressions to produce empathy; [106]’s Jade Semantics
Agents which added more empathetic emotions beyond happy and sad in email messages to the
mix; [107]’s development of more rapport-building strategies using non-verbal behavior.

While text-based empathetic chatbots have been created to detect and address users’ negative
emotions [108] and generate empathetic responses [5], little work has been done focusing on
the speech aspect of empathy. Multimodal approaches incorporating text, audio, and speaker
information have proven effective in predicting session-level empathy ratings [27, 109]. For turn-
level empathy, [110] discovered that both pitch and intensity (loudness) were lower for both male and

female speakers in empathetic speech than in neutral speech on their collected corpus of empathy
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and emotion labels on Italian call center conversations. More recent studies have investigated
empathy in Cantonese [111], and Japanese [29], yet no publicly available speech dataset in English
has been released.

In this work, we aim to identify empathetic speech using both acoustic-prosodic and lexical
features of English YouTube video data. We have collected a large number of these and annotated
segments in them as empathetic, neutral, or anti-empathetic in what is said and how it is said, as
well as many other features of the videos to identify which are most watched and liked as well as
different stages of empathetic speech. In contrast to previous empathy studies where training data
were confidential, our dataset is sourced from publicly available video platform and will be made

accessible for future research.

4.3 Dataset

4.3.1 Data Collection

We have collected an empathetic dataset consisting of 346 English videos and about 53 hours in
total.’ The key dataset statistics are summarized in Table 4.1. These were manually collected from
Youtube through keyword searches, such as “empathy" and “empathetic training" from 2020 to
2022. They include empathy training videos, acted therapy sessions, TV shows, movies, interviews
and TED Talks. The videos comprise 38% spontaneous and 62% acted speech. We identify
metadata from video platform APIs, including video and channel information and viewer likes and
comments. We also annotate additional information such as video category, speaker number and
gender, language, intended audience, and emotions expressed. Each video is rated by at least three

"n <c

expert annotators as “empathetic”, “neutral” or "anti-empathetic" and taken the majority vote.

6Code and data are released at: https://github.com/run-chen-nlp/empathy
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Katy Perry Talks Growing Up Christian and Suicidal Thoughts | The Therapist

Figure 4.1: Example Video of an Interview Between a Therapist and Katy Perry

Language | English

Count 346

Length | 3sto 1.5h

79.2% Empathetic
Category | 17.0% Anti-empathetic

2.2% Neutral

38.0% Female
Speakers | 34 .49 Male

27.6% Both

Social Work, Relationship, Ther-
Topics | apy, Interview, Parenting, Work-

place

_ Anger, Stress, Confusion, Frustra-
Emotions

tion, Happy

Table 4.1: Empathetic Dataset Summary
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I've been trying ta think of what Denny would want me to say to you the kid was a hell of a dad one day wouldn't he

12.800000 8.944000 (0.112/ s) ‘21.744000

0.4168 ~ non-modifiable copy of sound ‘
R 3 " ' . ch1d ‘
0.4022
0.4168
0 y ik i i ' ch2d
0.4022
I = modifiable TextGrid
[’ve been trying to think of what he s ireme he he just he up and transcript
1 SIL ymng SIL SIL ST | sIL [P¢Justheup anc | gpy - franserp
[Denny would want me to say to ure mber th he aid that’s it the ti (4/54)
ke
2 na L na L |] na L na L] na L na ::f; 5l
. em unannot un categor
3 na empathetic na na na na unannotated na =)
pat ated an (54)
6.087279 8.944000 17.743280
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Total duration 180.166000 seconds

Figure 4.2: Manual Re-alignment And Annotation with Praat

4.3.2 Data Annotations

To gain better understanding of the empathetic speech, we select a subset of 65 videos for
diarization and annotation for further analysis. Using the audio we obtain from the Youtube API,
we first transcribe and diarize using pyannote’ diarization model. However, as the quality of the
transcripts and alignments require further manual correction, we re-align the transcripts using the
Praat® interface shown in Figure 4.2. These videos were annotated between 2023 and 2024 by 10
annotators and verified by least one different annotator.

The manual re-alignment and annotation resulted in 1718 segments with time stamps, transcripts,
speakers, empathetic labels (“empathetic" or‘neutral") and empathetic stages. We define a segment
as a natural sentence uttered by a speaker, potentially shorter than a speaker turn. Each segment was
sampled at 16k Hz, and we excluded any with music or noisy backgrounds to ensure audio quality.

We also annotate four stages of empathetic behavior, a simplification of empathy practices in

"https://github.com/pyannote/pyannote-audio
8https://www.fon.hum.uva.nl/praat/
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therapy such as therapeutic empathy system of empathetic attunement, attitude/stance, commu-
nication, and technical/conceptual knowledge [112, 113] The four stages are defined below with

examples shown in Table 4.2.

Stage 1: Make the other person feel comfortable. This stage intends to establish connections

between speakers and a sense of resonance.

Stage 2: Asking questions. This stage is intended to gain information about the other’s personal

situation, corresponding to the part of “feeling someone’s pain.”

Stage 3: Reframing and acknowledging the other person’s experience or situation. This stage often
entails repeating or paraphrasing what the other has said. This stage intends to make the

other feel heard (like stage 1 but more specific to personal situation).

Stage 4: Proposing solutions. This stage provides new information to the other: some problem

solution or new insights which can help the other.

Stage Examples

1 "Hey, we all do."

"When does Katherine come out in play?"

"Katherine who has a lot of hurt and unevolved feelings, I'm taking your words."

E-N BROS T B \O)

"There’s a kahuna principle, it’s all about where we get right energy to and our
attention to ...so Katie is bigger than life but Katherine gets a little bit of time, so she
can be just as evolved and happy and content."

Table 4.2: Examples of four stages of empathy at the segment-level annotations from an interview
between a therapist and Katy Perry.

Segment-level annotation yields 771 empathetic and 947 neutral segments. The average length
of a segment is 3.01 seconds (empathetic 3.74 sec and neutral 2.43 sec). We use these manually

annotated segments for developing empathy classification models.
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4.4 Empathy Analysis

To investigate the role of text and speech in conveying empathy, we employ significance tests on
interpretable lexical and speech features. Specifically, we conduct unpaired t-tests on these features
extracted from 771 empathetic segments and 947 neutral segments to identify the features that

exhibit significant differences in the empathy segments.

4.4.1 Speech Analysis

We extract a set of 12 acoustic-prosodic features representing the pitch, energy, voice quality and
speaking rate of speakers: pitch mean, minimum, maximum, and standard deviation, intensity mean,
minimum, maximum, and standard deviation, jitter, shimmer, harmonics-to-noise ratio (HNR), and
speaking rate. These features are extracted with praat [91] and parselmouth [92] tools on default
parameter settings. The speaking rate is measured in words per second from human-annotated
transcripts. Additionally, we obtain 384 low-level features identified using the Interspeech 2009
(IS09) ComParE Challenge OpenSMILE baseline feature set, a standard benchmark feature set for
many computational paralinguistic tasks [114, 115]. The OpenSMILE feature size is comparable to
RoBERTa textual embeddings dimensions, preventing the model from ignoring speech information
in the training.

We run independent t-tests for speech features extracted from the empathetic segments against
those from the neutral segments. We apply Bonferroni correction to the p-values to control for
errors in multiple testings. In Table 4.3, most acoustic-prosodic features are significantly different.

The empathetic speech is significantly lower in pitch minimum, mean and standard deviation,
consistent with our expectation of a typical lower, flatter “therapist tone". The empathetic speech
also has significantly lower minimum, mean and maximum intensities but higher standard deviations
in intensities. This corresponds to a quieter, softer but more varied speech. Higher jitter and shimmer
are usually associated with the breathiness of a calming voice. A lower speaking rate can also help

to convey the empathetic message that one hears and understands the other. These results all align
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Feature t statistics p-values

min pitch -7.476999 | 1.4562e-12%*
max pitch -2.222450 0.3166

mean pitch | -11.613545 | 5.6166e-29**
sd pitch -3.071652 | 2.5952e-02%**
min intensity | -4.868858 | 1.4707e-05**
max intensity | -5.087848 | 4.8222e-06**
mean intensity | -10.464473 | 8.3186e-24**
sd intensity 5.767524 | 1.1427e-07**

jitter 4.426121 | 1.2248e-04**
shimmer 3.379457 | 8.9135e-03%**
hnr 0.486188 1.0

speaking rate | -3.583394 | 4.1835e-03**

Table 4.3: T-test statistics on acoustic-prosodic features for empathetic and neutral speech. ** for
p < 0.05 after Bonferroni correction.

with our expectation that a comforting and soothing empathetic speaker typically features a lower,
softer and slower voice.

We train a random forest (RF) classifier” using the 12 acoustic-prosodic features, to distinguish
between empathetic and neutral speech segments. The empathetic segments are downsampled create
a balanced set. With an 80/20 train/test split, the RF model achieves 0.540 accuracy and 0.587 F1
score. After model fitting, the Gini importance for the classifier identifies pitch mean and intensity
standard deviation as the most crucial features (both about 0.11), although overall the normalized
importance scores distribute approximately uniformly. These findings are consistent with our earlier

t-test results, which highlighted pitch and intensity as the most significant indicator of empathy.

4.4.2 Lexical Analysis

We further investigate lexical features associated with empathy, including significant LIWC
dictionary categories [93], lexical diversity [116], concreteness scores [117], hedging frequencies
[118, 119] and readability scores [120, 121]. Although we are able to identify a few lexical features

that are characteristic of our empathetic dataset, the textual content itself alone may not be sufficient

“https://scikit-learn.org/stable/modules/generated/sklearn.ensemble
.RandomForestClassifier.html
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for us to understand or convey empathy, in contrast to the speech analysis in the previous section
4.4.1.

The LIWC dictionary categories [93] range from linguistic dimensions, psychological processes,
personal concerns to spoken categories. In our analysis, we pinpoint specific LIWC lexical categories
that exhibit notable frequency changes in empathetic speech, including assent, informal, anx,
feel, tentat, negemo, cause. This suggests that when expressing empathy, individuals tend to
express agreement, speak informally, emphasize the perceptual process of feeling, utilize vocabulary
associated with tentative and causation cognitive processes, and discuss negative emotions like
anxiety more frequently. These linguistic choices align with the empathetic goal of understanding
and connecting with the other person’s feelings.

The empathetic text has slightly lower lexical diversity. The averaged type to text ratio for
empathetic and neutral segments are 0.141 and 0.170, respectively. [116]’s Measure of Textual
Lexical Diversity (MTLD) for empathetic and neutral segments are 43.04 and 49.37, respectively.
This could be attributed to the fact that empathy is typically manifested through the process of
generalization and abstraction from the specific circumstances that give rise to the emotions of the
other speaker, a phenomenon often observed in Stage 3 of empathetic responses.

The hedge phrase frequencies are very similar between empathetic and neutral speech, though
empathetic segments have slightly lower frequencies. Relational hedges [118], which distance the
speaker’s relation to the propositional content, occur with a frequency of 0.00686 in empathetic
speech and 0.00701 in neutral speech. The most common relational hedges for empathy include
words in the LIWC cognitive processes category, such as “know", “feel" and “think". Propositional
hedges, which introduce uncertainty into the propositional content itself, appear at a rate of 0.00456
in empathetic speech and 0.00509 in neutral speech. The most common propositional hedges for
empathy are “like ", “about", “really" and “kind of". We speculate that empathetic speakers may
employ clearer and less ambiguous language when presenting their advice to their interlocutors, a
strategy we observe in Stage 4.

Similarly, the concreteness scores [117] are comparable for empathetic and neutral speech. The
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empathetic segments averaged unigram score 1s 1.81 (std 0.68) and bigram score 3.18 (std 0.79),
whereas the neutral segments averaged unigram score is 1.87 (std 0.72) and bigram score 3.11
(std 0.96). However, as the difference is minimal, such similarity in concreteness, as well as the
frequency of hedge words between empathetic and neutral speech highlights the crucial role of
acoustic-prosodic cues in conveying empathy.

Lower readability scores indicate the complexity of empathetic speech. The Flesch Reading
Ease scores [120] for empathetic and neutral transcripts are 29.97 and 63.06, respectively, indicating
that empathetic speech is significantly more challenging to read and comprehend. The Dale-Chall
Readability score [121] for empathetic and segments are 8.35, which corresponds to a text level
understandable by 11th or 12th-grade students. In contrast, neutral segments have a higher score of
6.98, matching a 7th or 8th-grade student level. This suggests that empathy utterances are more
difficult to understand, as empathetic speakers often demonstrate their understanding by deepening

or adding complexity to their interlocutors’ experience, a strategy we observe in Stage 3.

4.5 Empathy Classification and Results

To assess the impact of speech cues, we conduct an ablation study by comparing model perfor-
mance with and without textual and speech information. We fine-tune a pretrained roberta-base
model on our dataset [122]. Addressing the class imbalance between empathetic and neutral, we
downsample empathetic data, resulting in a balanced dataset of equal number of empathetic and
neutral segments. We then divide the data into training and validation sets with a 80/20 split ratio

with StratifiedGroupKFold (n_splits=5) '°.

Baseline “RoBERTa": The baseline textual model is a pre-trained roberta-base RobertaForSe-
quenceClassification model, with tokenized transcripts as input, finetuned for binary classification

with Ir= 2e-5, batch_size=16, for 20 epochs.

“RoBERTa+openSMILE": The multimodal model combines signals from both text and speech

(Figure 4.3). Each segment transcript is encoded with a pretrained roberta-base encoder and

IOhttps://scikit-learn.org/stable/modules/generated/sklearn.model_selection.StratifiedGroupKFold.html
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Figure 4.3: RoOBERTa+openSMILE multimodal model architecture. Each fully connected layer is
followed by a ReLLU activation and 0.1 dropout, except the last fully connected layer 8.

passed through a pretrained roberta-base model with frozen parameters. The 384 dimensional
IS09 openSMILE feature vector representing the speech signal goes through 6 fully connected
layers, each followed by a ReLU activation and 0.1 dropout. Then outputs from both text and speech
are concatenated and fed into 8 fully connected layers, each followed by a ReL.U activation and 0.1
dropout, except the last output layer. The model is trained with AdamW optimizer (Ir=2e-5, eps =
le-8), batch size = 8, epochs = 10.

All models are trained on Tesla T4 GPU.
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Model Val. Acc | F1 score

RoBERTa 0.528 0.603

RoBERTa + openSMILE | 0.781 0.840

RandomForest 0.540 0.587

Table 4.4: Model performance on the empathetic/neutral binary classification task. Accuracy and
F1 score on the held-out validation set.

The classification results are summarized in Table 4.4. The RoBERTa text-only model achieves
0.528 accuracy and 0.603 F1 score, with empathy class accuracy of 0.545 and neutral class accuracy
of 0.496. The RoBERTa + openSMILE model performance peaked at epoch 3 with accuracy
0.781 and 0.840 F1 score, among with the empathy class accuracy 0.881 and neutral 0.591. The
RandomForest results are copied from Section 4.4.1 for comparison.

We observe a huge performance improvement in a model utlizing both text and speech. This
experiment demonstrates that speech features play a valuable role in enhancing the model’s ability to
predict empathy. It underscores that text alone may not be sufficient to convey empathy, emphasizing
the need of integrating acoustic-prosodic information into conversational agents, as misalignment

between text and speech expression often leads to ineffective or even sarcastic responses.

4.6 Conclusion

We have collected a new empathy corpus of English empathetic videos. Our analysis on this
dataset reveals distinctive characteristics of empathetic voices and texts. Empathetic voices tend to
be lower, softer and slower, compared to neutral speech; and empathetic texts are emotion-based,
less diverse and slightly more complex. These results are useful in guiding the development of
empathetic conversational agents. We benchmark the empathy classification task with the RoOBERTa
model. The classification results underlines the importance of speech in conveying empathy beyond
the text. As we are releasing the dataset to the public, the research community can use our collected
data to train their own models for tasks such as empathy detection and empathetic text-to-speech

synthesis.
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In the future, we plan to identify acoustic-prosodic and lexical features associated with different
stages of empathy for more fine-grained analysis that could enhance training empathetic chatbots as
well as therapists in their practice. We also plan to incorporate other modalities which are currently
not utilized in our models to investigate how facial expressions and gestures in the videos cooperate
with speech to convey empathy.

Furthermore, we have been collecting and annotating additional empathy data in Mandarin, with
the aim of conducting similar analyses as we have with our English dataset. As one may speculate
that empathy expression may vary with different language and cultures, this expansion will enable

us to explore cross-linguistic and cross-cultural dimensions of empathy expression.

4.7 Limitations

While several acoustic-prosodic features were identified as predictive of empathetic behavior,
such as lower speaking rate and reduced intensity, these patterns should be interpreted with caution.
The EMPSPEECH corpus is derived primarily from therapist—client style interactions, where speakers
adopt a calm, measured, and supportive speaking style. As a result, some features may reflect the
conventions of therapeutic discourse rather than universally applicable markers of empathy.

For example, slower speech and reduced intensity may correspond to what might be described
as a “therapist tone,” which is common in clinical or counseling settings but may not generalize
to other empathetic contexts such as peer support, casual conversations, or emotionally expressive
interactions where empathy may instead be conveyed differently.

We therefore distinguish between features that plausibly reflect general interpersonal adaptation
(e.g., prosodic alignment, reduced interruptions, and smoother turn-taking) and those that may be
domain-specific artifacts of the therapeutic context. The latter should not be interpreted as universal
correlates of empathy without validation across additional domains and speaking styles.

Future work should evaluate these features on more diverse corpora, including informal con-
versations, cross-cultural settings, and non-clinical support dialogues, to determine which acoustic

markers generalize robustly.
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Chapter 5: Multimodal Empathy: Understanding Complexity Through

Model Disagreement''

5.1 Introduction

Empathy recognition in human communication is a nuanced and multifaceted task and a core
component of socially intelligent systems [123]. Commonly defined as the capacity to understand
others and share their emotional experiences, empathy encompasses both cognitive perspective-
taking and affective resonance [124]. In human interactions, language, speech, and visual cues
jointly convey emotional intent [125]. For example, a speaker’s verbal message may appear neutral,
yet their vocal prosody or facial expressions may signal warmth or concern. It is then the listener’s
responsibility to draw inferences about meaning based on a combination of these signals.

For Al systems, effectively interpreting these multimodal signals requires not only accurate
unimodal representations but also robust integration of potentially conflicting information across
modalities. Despite recent advances in multimodal emotion recognition [126], empathy recognition
remains particularly complex, as unlike discrete emotions such as anger or joy, empathy often arises
from subtle contextual cues that may not align across modalities [127]. For example, a neutral
utterance might be perceived as warm or concerned when accompanied by a sympathetic tone or
expression.

Our work investigates some of the complexities of multimodal empathy detection by examining
instances of disagreement between multimodal models and their unimodal counterparts. In parallel,

humans annotate unimodal and multimodal examples in our dataset for the presence of empathy. Our

Hportions of this chapter previously appeared as M. Srikanth, R. Chen, et al., “Mixed Signals: Understanding
Model Disagreement in Multimodal Empathy Detection, ”Proceedings of the 14th International Joint Conference on
Natural Language Processing and the 4th Conference of the Asia-Pacific Chapter of the Association for Computational
Linguistics, 2025. [Online]. Available: https://aclanthology.org/2025.findings-ijcnlp. 124/
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Modality Disagreement in Empathy Detection
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Figure 5.1: Given classifications provided by a single modality, we identify cases where integrating
additional modalities leads to a different prediction. We analyze these differences to understand
when and why they occur.

analyses reveal that instances of multimodal and unimodal model disagreement often correspond to
examples that are difficult for human annotators as well, highlighting examples that are particularly
challenging, ambiguous, or nuanced. By linking multimodal and unimodal model disagreement to
human disagreement, we offer new insight into the limitations of current empathy modeling and

highlight the value of disagreement-based analysis in socially grounded language tasks.

5.2 Related Work

Empathy Modeling. Early computational work on empathy has focused on generating emotion-
ally relevant textual responses [128, 129], but these approaches are inherently limited by the absence
of non-verbal cues, which are critical to empathic understanding. Recent datasets such as EM-
PATHICSTORIES++ [130], MEDIC [131], EMMI [132] and EMPSPEECH [18] address this limitation
by incorporating context, speech, and facial expressions, enabling more comprehensive modeling of

empathy. These resources have motivated frameworks such as PEGS [133], EMOKNOB [19] and
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SYNTHEMPATHY [15], which further extend multimodal empathetic generation by leveraging large
language models (LLMs) and large audio-language models. Despite these advances, empathy still
remains difficult to model due to its reliance on subtle, often conflicting signals across modalities.
Prior work has largely focused on improving multimodal fusion strategies under the assumption
that modalities are complementary [134, 135], but has paid less attention to when fusion may fail or
introduce noise.

To the best of our knowledge, our work is the first to evaluate multimodal disagreement on
speaker-centric empathy detection datasets. Most publicly available empathy datasets (such as
EMPATHICSTORIES++ [130] and OMG-EMPATHY [136]) are fundamentally structured around
listener response, not speaker expression. In these datasets, the task is to predict how empathetic a
listener feels after hearing a story, rather than to assess whether the speaker themselves is expressing
empathy. For instance, in EMPATHICSTORIES++, participants record personal stories and then rate
their own emotional responses, framing empathy as a reaction to the content rather than as a property
of the speaker’s delivery. Similarly, OMG-EMPATHY evaluates listener self-reported affective states
following brief monologues, again focusing on perceived empathy rather than expressed empathy.
This distinction matters because listener-focused tasks inherently entangle speaker behavior with
listener subjectivity, making it difficult to isolate which cues (textual, audial, or visual) are directly
responsible for empathy expression. In contrast, the dataset EMPSPEECHwWe use in this study [18]
is one of the only accessible resources that explicitly asks annotators to evaluate the speaker’s
empathy, based solely on the speech segment itself, across modalities. This framing allows us to
analyze how empathy is expressed in real time by the speaker, independent of listener interpretation,
and enables direct comparisons between modalities on their ability to convey empathetic intent.
Our current dataset offers a uniquely valuable lens into the structure of empathy as a speaker-side
communicative behavior: something that remains underexplored in the literature. In future work,
our modality-disagreement diagnostic could be used to flag nuanced, high-ambiguity segments that
challenge listener empathy models. They could serve as an effective proxy for identifying segments

that elicit high listener variance in empathy judgments, enabling targeted annotation and model
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refinement on exactly those ambiguous utterances where listener-centric prediction systems struggle

most.

Dataset Difficulty. Complementary lines of work have investigated data difficulty and model
disagreement as tools for understanding model behavior. [137] propose dataset cartography, a
method to identify hard or ambiguous training samples, showing how difficulty-aware instance
selection improves benchmarking and reveals mislabeled or trivial examples. [138] demonstrate
that difficult instances are also harder for both humans and models to explain, and [139]’s Learning-
From-Disagreement (LFD) framework underscores the importance of examining disagreements
between models to gain deeper, actionable insights into their behaviors. Although ambiguity is
intrinsic to empathy modeling, disagreement-based diagnostics do remain underexplored. As such,
we leverage modality disagreement to flag difficult examples that both mislead fusion models and

elicit annotator uncertainty.

5.3 Methods

Data was split into train, test and validation sets using random sampling, with an 80-10-10 split.
We run fine-tuning and inference for all open-source models on an A100 GPU in Google Colab.
5.3.1 Unimodal Model Training Details

Each model is trained on a binary empathy classification task using precomputed 768-dimensional
embeddings. We freeze all but the final two transformer layers and train for fifteen epochs with a

learning rate of 5e-6 and batch size of eight.

5.3.2 Fusion Model Details

Each unimodal model representation is independently gated and passed through an additive
attention mechanism that computes modality-specific weights. The weighted embeddings are

aggregated and classified using a three-layer feedforward network with max pooling. The fusion
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model is trained for ten epochs using a learning rate of 1e-4 and includes modality dropout during
training. To characterize how the model balances each of the three modalities at inference time,
we computed the per-modality gate-weight distributions over the full test set (Table 5.1). The
mean gate weights indicate that our model allocates substantial importance to each modality, with
only a slight preference toward audio and video. The high variance also shows that the model
dynamically adapts its reliance on each modality on a per-sample basis. Thus, our fusion model

draws substantially on all three streams; no single modality is systematically favored.

Modality Mean Standard Deviation

Text 0.430 0.297
Audio 0.502 0.227
Video 0.476 0.315

Table 5.1: Per-modality gate-weight distributions over the full test set.

5.3.3 Annotation Instructions

We employed two annotators, oone internal researchef and one external annotator, both fluent
English speakers based in the United States. No additional demographic information was collected,
as the annotation was conducted internally for research purposes.

Annotators were asked to provide two judgments per example, labeling each as either empathetic
or neutral (Figure 5.2). A excerpt describing empathy (drawn from the Encyclopedia of Social
Psychology, Volume 1, [124]) was provided to ensure a consistent conceptual foundation for

annotation:

Empathy is often defined as understanding another person’s experience by imagining oneself
in that other person’s situation: One understands the other person’s experience as if it were
being experienced by the self, but without the self actually experiencing it. There are three
commonly studied components of emotional empathy. The first is feeling the same emotion as
another person (sometimes attributed to emotional contagion, e.g., unconsciously “catching”

someone else’s tears and feeling sad oneself). The second component, personal distress, refers
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Figure 5.2: Annotation Interface

to one’s own feelings of distress in response to perceiving another’s plight. The third emotional
component, feeling compassion for another person, is the one most frequently associated with
the study of empathy. Cognitive empathy refers to the extent to which we perceive or have

evidence that we have successfully guessed someone else’s thoughts and feelings.

Annotators were given an annotation flag indicating which modality to use for the first pass;
for instance, if the flag was text, only the transcript was to be used to make the first prediction.
After submitting the first judgment, annotators were then given access to the full video, including
all available audio, visual, and textual information. They were then asked to provide a second

prediction.

5.4 Experiment 1: Identifying Complex Examples from Modality Disagreement

Disagreement between models trained on different modalities can reveal challenging, nuanced,
or ambiguous examples. Here, we identify and analyze such cases of disagreement in binary
empathy detection using the EMPSPEECH [ 18] dataset introduced in Chapter 4, consisting of 1,718
manually annotated English speech segments labeled as empathetic or neutral. Table 5.2 shows
example utterances below and above the median; examples below the median often include short

phrases and backchannels, while examples above the median are often complete sentences with
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richer lexical and syntactic structure.

< 6 Tokens > 6 Tokens

“there’s no way” (3 tokens) “No, no he’s a good guy go easy on him he’s
lost his son, Fabio” (15 tokens)

“You lost it?” (3 tokens) “You kids have the biggest hearts I've ever seen.”
(9 tokens)

“I can understand that.” (4 tokens) “congrats my dude, on everything man” (6 to-
kens)

Table 5.2: Example utterances with fewer than six tokens (left) versus at least six tokens (right).

Experimental Setup. Examples in EMPSPEECH include video segments spanning three modali-
ties: text (transcript), audio (speech), and video. The task is to predict whether the input contains
empathetic (1) or neutral (0) speech.

We finetune two models per modality on the training set from EMPSPEECH: ROBERTA [140]
and DEBERTA [141] for text, HUBERT [142] and WAV2VEC2 [143] for audio, and VIDEO-
MAE [144] and TIMESFORMER [145] for video'”>. Note that the video models process only
visual frames without audio, allowing us to isolate the contribution of facial expressions and vi-
sual cues from acoustic information. Then, we extract 768-dimensional embeddings from each
best-performing unimodal model (ROBERTA, HUBERT, and VIDEOMAE; Table 5.3) to train a
multimodal fusion model that projects all three modalities into a shared latent space . Each modality
embedding passes through an independent sigmoid gate that adaptively scales its contribution
before fusion. The gated embeddings are then passed through an additive attention layer: each is
projected into a shared attention space and scored against a learned attention vector. These scores

are normalized across modalities to compute a weighted sum that forms the fused representation.

Results. We evaluate all models (unimodal and multimodal) on the test split of EMPSPEECH to
identify disagreements, or examples where two models with varying input modalities assign different
labels, highlighting those cases where different modalities may carry ambiguous, conflicting, or

modality-specific signals.

12The hidden layer dimensions of all models we consider are similar.
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Modality Model Accuracy F1
Text RoBERTa  0.75+0.02 0.73 +0.02
X DeBERTa  0.69+0.02 0.68+0.02
Audio HuBERT  0.72+0.01 0.71+0.01
Wav2Vec2  0.68+0.01 0.63+0.02
. VideoMAE 0.77+£0.02 0.77+0.02
Video

TimesFormer 0.64+0.02 0.62+0.02
Fusion (All Modalities) 0.76+0.02 0.72%0.02

Table 5.3: Fine-tuned model performance by modality on empathy classification (mean + std over
five runs).

Modality Text Audio Video

Text - 0.338 0.318
Audio  0.338 - 0.253
Video  0.318 0.253 -

Full 0.214 0.383 0.331

Table 5.4: Pairwise disagreement rates among unimodal models and the fusion model, computed as
the fraction of test examples with differing predictions.

Text shows the highest disagreement with audio and video (Table 5.4), while audio and video
align more closely. This difference likely reflects shared nonverbal cues such as prosody and facial
expression. The fusion model’s minimal disagreement with text suggests a bias toward verbal
content, possibly mirroring the annotators’ own reliance on textual signals.

Figure 5.3 visualizes disagreement regions between each unimodal model and the fusion model.
We plot unimodal confidence (x-axis) against fusion confidence (y-axis) in the correct label; hence
confidence greater than 0.5 results in a correct prediction. This yields four quadrants: green
(multimodal correct, unimodal incorrect), red (multimodal incorrect, unimodal correct), 'blue
(both correct), and yellow (both incorrect). Red and green quadrants are disagreement regions
which we explore to identify complex examples.

Table 5.6 shows video frames, transcripts, annotator judgments, and the true labels for examples
from each confidence plot quadrant. These examples illustrate that disagreement quadrants often

contain more ambiguous instances for both humans and models where cues from different modalities
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Feature p (Red vs Blue) | Direction | p (Green vs Blue) Direction

valence 0.0047 Mblue > Hred 0.5166 Mgreen > Mblue
arousal 0.0065 Mblue > Hred 0.0136 Hblue > Mereen
Mean Pitch 0.0100 Mblue > Hred 0.0001 Hblue > Hgreen
dominance 0.0108 Holue > Hred 0.0667 Mblue > Mgreen
Min Pitch 0.0333 Hblue > Hred 0.0001 Hblue > Hgreen
Jitter 0.0347 Hred > Hblue 0.0667 Hgreen > Mblue
Max Intensity 0.1260 Ured > Mblue 0.0023 Hgreen > Hblue
Mean Intensity 0.1599 HUred > Ublue 0.5329 Hblue > Mereen
HNR 0.2217 Mblue = Mred 0.2055 Mblue > Mgreen
speaking_rate 0.2723 Ublue > Mred 0.9991 Mgreen > Mblue
Shimmer 0.4122 Ured > Mblue 0.1541 Hblue > HMereen
Max Pitch 0.6845 Mred > MUblue 0.2647 Hblue > Mgreen
Min Intensity 0.7999 Ublue > Mred 0.1571 Hblue > Hgreen

Table 5.5: T-test results comparing audio features between red vs. blue and green vs. blue examples.
Statistically significant p-values are bolded.

may conflict, while examples from agreement quadrants typically display alignment between

modalities.

5.4.1 Modality-Based Feature Analysis

To better understand examples in disagreement regions, we extract and analyze modality-based

human interpretable features.

Audio. We extract twelve prosodic and paralinguistic features from audio signals: nine low-level
acoustic features using PRAAT [146] and PARSELMOUTH [147], and three high-level affective
dimensions: valence, arousal, and dominance using a finetuned WAV2VEC2 [148] model. We
compare feature distributions using t-tests for examples in disagreement quadrants ( red and green )
compared to those in the 'blue quadrant, signifying non-ambiguous, easy examples. Table 5.7
provides an internal comparison between the disagreement quadrants. Blue examples have several
significantly elevated pitch-related values than red examples (Table 5.5), suggesting that stronger
prosodic fluctuations are frequently corroborated by other modalities. Examples in the green

quadrant show significantly higher Max Intensity than in blue, potentially reflecting the role of
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Audio Feature Distributions by Confidence Quadrant
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Figure 5.4: Distribution of audio features for red, green and blue examples across the confidence
quadrants. Red examples are those correctly classified by the unimodal audio model but misclassified
by the multimodal model; green examples represent the reverse. Blue examples represent those
correctly classified by both the unimodal audio model and the multimodal model. Significant
differences appear in pitch and intensity-based features.

volume-based emphasis in aiding unimodal predictions. Both red and green examples exhibit
significantly lower arousal than blue examples, suggesting that these less-aroused, subtler examples
lack sufficient affective intensity, which misleads both unimodal and multimodal models. Figure 5.4
presents the distribution of selected audio features (e.g., pitch, intensity) for red, green, and blue

examples, highlighting acoustic patterns associated with model disagreement.

Video. We examine facial action unit (AU) activations [149] from video. AU04 (Brow Lowerer),
AU12 (Lip Corner Puller), and AUOS (Upper Lid Raiser) show significant differences across example
types, revealing how specific facial expressions contribute to perceptual ambiguity (Table 5.8).

Figure 5.5 shows activation rates for facial Action Units (AUs) in red, green, and blue examples,
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AU Activation Rates by Confidence Quadrant
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Figure 5.5: AU activation rates for red, green, and blue examples. Red bars indicate examples where
the unimodal visual model predicted correctly but the multimodal model did not (Red: Unimodal >
0.5, Multimodal < 0.5). Green bars show the reverse. Blue bars indicate examples where both the
unimodal and multimodal models correctly predicted the label.

illustrating how specific facial expressions vary across agreement conditions. AUO4 is more active
in red examples than blue, indicating that, despite its visually strong presence, its signal conflicts
with other modalities. In contrast, AU12, which is associated with positive affect, and AUOS, which
is linked to attentiveness [150], both show greater activation in blue examples than in red and green,
respectively, suggesting that these expressions may serve as clearer cues that are more consistently
interpreted across modalities. Our findings indicate that fine-grained facial signals may contribute

to perceptual complexity in the visual stream.

Text. Visualizing UMAP [151] projections of text embeddings (Figure 5.6) reveals that examples in
disagreement regions (red and green) cluster along the boundary between consistently correct (blue)
and consistently incorrect (yellow) examples. Rather than forming isolated clusters, disagreement
examples occupy transition zones in the embedding space: areas where semantic cues are weak.
This underscores our finding that red and green examples are ambiguous and confirms modality

disagreement as a reliable marker of challenging examples in empathy detection.
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UMAP Projection — neutral UMAP Projection — empathetic

Figure 5.6: UMAP of text-only embeddings for empathetic (left) vs. neutral (right) examples,
colored by modality disagreement; red and green points cluster near the decision boundary, marking
ambiguous cases.

5.4.2  Uncertainty Analysis

To ensure that the patterns observed in the disagreement quadrants are not simply a byproduct
of model uncertainty, we compute the mean predictive entropy from the fusion model’s posterior
for examples of each quadrant (Table 5.9).

We observe a pronounced divergence in uncertainty: the disagreement quadrants (red and green)
have a substantially higher mean predictive entropy than those of the combined agreement quadrants
(blue and yellow). Independent-samples z-tests at @ = 0.05 confirm that the difference is statistically
significant, with disagreement quadrants showing a higher mean predictive entropy than agreement
quadrants (p = 0.001). This disparity indicates that model disagreement often co-occurs with
high uncertainty, suggesting that examples in the red and green quadrants are both challenging and

inherently ambiguous due to conflicting modality signals.

5.5 Experiment 2: Characterizing Complex Examples

We further assess whether model disagreements stem from data ambiguity using a human

annotation study that tests whether examples from the two disagreement regions (red and green
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quadrants) are equally challenging for annotators.

Annotation Setup. We sample 204 examples evenly split across the four quadrants of each
Figure 5.3 modality plot. For each example, annotators provide a binary judgment (empathetic or
neutral) from a unimodal signal, then a judgment from the full multimodal version (instructions in
Appendix 5.3.3), allowing us to track how human predictions shift with additional modality signals
and to understand the cognitive burden of multimodal integration. All examples were annotated by
one author and one external annotator. Table 5.6 in the Appendix showcases frames and transcripts

for four examples, along with annotator judgments.

Results. Annotator disagreement, measured with Cohen’s Kappa [152], can signal complex
phenomena in examples [153, 154] such as uncertainty in meaning leading to discrepancies in
reasoning. In disagreement regions (red and green), we see a decrease in annotator agreement
between unimodal and multimodal judgments (Table 5.10), indicating that humans diverge when
weighing signals across modalities. In contrast, annotator agreement improves upon examples
where unimodal and multimodal model predictions are in agreement, supporting our hypothesis that
these examples are relatively unambiguous and can be reliably interpreted once the full context is
available (Table 5.10).

We repeat the analysis on the subset of clips containing at least six tokens (the median utterance
length in EMPSPEECH). Examples below the median often include short phrases and backchannels,
while examples above the median are often complete sentences with richer lexical and syntactic
structure. As shown in Table 5.11, the red and green quadrant utterances continue to exhibit a
substantial drop in Cohen’s k compared to blue and yellow quadrant utterances, which exhibit
substantial gains with additional information. These results collectively corroborate our hypothesis
that modality disagreement can serve as a valuable signal for identifying ambiguous, challenging,

or complex instances that are also difficult for human annotators.
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5.6 Conclusion

We have demonstrated how disagreement, both between modalities and between humans and
models, can serve as a diagnostic lens to understand the complexity of multimodal empathy
detection, challenging the assumption that more signals from other modalities reliably yields better
performance. Our analysis reveals that disagreement between unimodal and multimodal models is
often not arbitrary, but instead marks the presence of subtle, ambiguous, or context-sensitive cues
that challenge fusion models and human annotators alike.

While our study focuses on speaker-centric empathy (evaluating speakers’ empathic expression),
our diagnostic can be generalized to listener-centric tasks, which dominate existing empathy
datasets and capture listeners’ emotional responses to each utterance. These findings emphasize
the necessity for high-quality annotation in socially complex tasks like empathy detection, where
model errors may reflect genuine human uncertainty or disagreement. This framework provides a
scalable method for identifying ambiguity and enhancing model reliability, especially in recognizing
complex emotional states.

Beyond diagnosis, disagreement offers a foundation for improving multimodal learning. Cross-
modal conflict can guide labeling efforts toward informative and ambiguous examples, making
annotation more efficient when resources are limited. Patterns of disagreement can also inform
curriculum design [155], where models first learn from consistent, low-disagreement examples
before tackling more ambiguous ones to build nuanced reasoning and robustness. Furthermore,
insights from disagreement can inspire more adaptive fusion approaches that dynamically re-weight
or downplay misleading modalities when they conflict [156], reducing over-reliance on a single
signal. High-disagreement examples can also serve as realistic adversarial test cases that expose
systematic vulnerabilities and strengthen fusion strategies under genuine multimodal conflict [157].
Finally, this diagnostic perspective extends beyond empathy detection to other socially complex
tasks such as persuasion [158], rapport [159], or sarcasm [160], where multimodal cues and

subjective judgments often diverge. In such settings, disagreement between unimodal and fusion
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models highlights genuinely ambiguous cases that can guide targeted annotation, evaluation, and
model refinement.

Ultimately, treating disagreement as a meaningful signal rather than an error reframes how
we evaluate and improve multimodal models. By revealing when and why models diverge, this
perspective lays the foundation for building systems that reason more like humans do. Beyond em-
pathy detection, this framework also opens broader pathways toward socially intelligent multimodal
systems that can recognize uncertainty, resolve conflicting evidence, and adapt their reasoning to

the inherent ambiguity of human affective communication.

5.7 Limitations

We acknowledge several limitations in our study. Our analyses are based on a limited dataset
and a small number of human annotators. Given that empathy is inherently subjective, annotations
may vary due to individual interpretations, potentially introducing biases rather than reflecting
universal properties of the data. Additionally, we rely upon a single dataset, and future work should
investigate whether the patterns we observe hold across other datasets and domains.

Our data is also derived from U.S.-based, English-language television and interview content. As
such, the generalizability of our findings to multilingual or culturally diverse settings may be limited.
Future research should investigate these patterns in varied cultural and linguistic environments to
better assess the broader applicability of our conclusions. We used a publicly available dataset and
strictly use open-source models for analysis.

All annotations were conducted by an author and an individual affiliated with the research
team. No participants were recruited via crowdsourcing or external platforms, and no monetary
compensation was provided, as the annotators were contributing in a research capacity. We provided
detailed information on what we asked the annotators to annotate and how we planned to use the
data. The annotators willingly agreed to participate with full knowledge of the task. No sensitive or
identifying information was collected from annotators.

We note that empathy expression may vary across cultures, and our findings may not generalize
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to non-English or non-Western contexts. We encourage future work to explore these questions in
more diverse settings.
We release all code and experimental resources at https://github.com/mayasrikm/multimo

dal-empathy-disagreement to support reproducibility.
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Transcript: "I assume you don’t know who
emailed me for the emergency sessions"

Quadrant: Red
True Label: Empathetic
Annotator 1: Neutral
Annotator 2: Empathetic

Transcript: "In fact research suggests we
spend about 55 percent of our day..."
Quadrant: Blue
True Label: Neutral
Annotator 1: Neutral
Annotator 2: Neutral

Transcript: "One of the reasons I wanted to
come here tonight was to discuss our future."
Quadrant: Yellow
True Label: Neutral
Annotator 1: Empathetic
Annotator 2: Empathetic

Transcript: "It’s good to have you here um
especially to talk about a topic that i think is
one of the more sensitive topics that we we’re
discussing in society today..."
Quadrant: Green
True Label: Empathetic
Annotator 1: Neutral
Annotator 2: Empathetic

Table 5.6: Example clips from each disagreement quadrant with transcript and labels.
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Feature t-stat | p-value | Mean Comparison
Mean Pitch 2.453 | 0.0159 Hred > Hgreen
Max Intensity | -2.124 | 0.0366 Hgreen > Hred
Max Pitch 2.016 | 0.0465 Hred > Hgreen
Min Pitch 2.007 | 0.0475 Hred > Hgreen
valence -1.908 | 0.0593 Mereen > HMred
arousal 1.827 | 0.0705 Hred > Mgreen
speaking_rate 1.773 | 0.0807 Mred > Mgreen
dominance 1.712 | 0.0899 Mred > Mgreen
Shimmer 0.773 | 0.4416 Hred > Hgreen
Jitter 0.622 | 0.5355 Hred > Hgreen
Mean Intensity | 0.544 | 0.5886 Mred > HMgreen
HNR 0.508 | 0.6129 Hred > Mgreen
Min Intensity -0.429 | 0.6685 Mgreen > Mred

Table 5.7: T-test results comparing audio features between red and green examples. Statistically
significant results are bolded.

AU p (Red vs Blue) | Direction | p (Green vs Blue) Direction

AU04: Brow Lowerer 0.0106 red > blue 0.3682 green > blue
AU12: Lip Corner Puller 0.0174 blue > red 0.8977 green > blue
AUOS: Upper Lid Raiser 0.1837 blue > red <0.0001 blue > green
AU17: Chin Raiser 0.2256 red > blue 0.9802 blue > green
AU10: Upper Lip Raiser 0.2275 blue > red 0.6700 green > blue
AU45: Blink 0.3200 blue > red 0.7462 green > blue
AUO7: Lid Tightener 0.3252 blue > red 0.9318 blue > green
AU14: Dimpler 0.4593 red > blue 0.0652 green > blue
AU20: Lip Stretcher 0.5701 blue > red 0.7907 blue > green
AUO09: Nose Wrinkler 0.6211 blue > red 0.7639 green > blue
AU2S5: Lips Part 0.6227 blue > red 0.7492 blue > green
AUO1: Inner Brow Raiser 0.6529 blue > red 0.4674 green > blue
AU23: Lip Tightener 0.6630 red > blue 0.3474 green > blue
AU28: Lip Suck 0.6735 red > blue 0.9846 green > blue
AU26: Jaw Drop 0.6851 red > blue 0.4596 blue > green
AUO6: Cheek Raiser 0.7097 blue > red 0.3201 green > blue
AU1S5: Lip Corner Depressor 0.9528 red > blue 0.4834 green > blue
AUO2: Outer Brow Raiser 0.9647 blue > red 0.6677 green > blue

Table 5.8: T-test results comparing AU activation rates between red vs. blue and green vs. blue.
Bolded p-values are statistically significant.
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Quadrant Mean Entropy St. Dev

Red 0.670 0.017
Blue 0.259 0.222
Yellow 0.347 0.196
Green 0.565 0.192

Table 5.9: Mean entropy of the fusion model grouped by quadrant

Quadrant Unimodal Judgment Multimodal Judgment A

Red 0.301 0.164 -0.137
Blue 0.379 0.646 0.267
Yellow 0.225 0.329 0.104
Green 0.482 0.218 -0.264

Table 5.10: Cohen’s Kappa between internal and external annotators, computed separately for each
quadrant and prediction round.

Quadrant Unimodal Judgment Multimodal Judgment A

Red 0.347 0.143 -0.204
Blue 0.364 0.533 0.169
Yellow 0.304 0.548 0.244
Green 0.573 0.329 -0.244

Table 5.11: Cohen’s Kappa between internal and external annotators for examples of at least six
tokens (the dataset median), computed separately for each quadrant and prediction round.
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Chapter 6: Scalable Empathy Generation'’

6.1 Introduction

Incorporating empathy into dialogue systems fosters trust and likability among users [99].
High-quality empathy corpora are crucial for training language models in empathy, as these models
typically do not focus on empathy during pre-training and must be fine-tuned to develop empathetic
capabilities. Despite their importance, high quality large scale empathy corpora are scarce due to
challenges such as 1) the scarcity of empathetic texts on the internet, in fact many hostile and anti-
empathetic; 11) difficulty in accurately identifying empathetic text within internet data, which poses
a ‘chicken or egg’ problem: training an effective model to perform this task requires substantial
amounts of empathetic data, which is itself scarce.

To create such an empathetic dataset, researchers have either employed expert annotations
[18] or crowdsourcing [5] for reliable labeling. However, crowdsourcing, while valuable, is not a
scalable solution for developing large corpora due to its resource intensity in terms of both time and
financial investment [ 161] Additionally, the implementation of crowdsourcing presents practical
challenges, as workers on popular platforms like Amazon Mechanical Turk (MTurk) often lack
domain expertise in the targeted area and may struggle to overcome language barriers necessary
for complicated tasks, such as responding empathetically to a distressed person. Recent studies
have even raised ethical concerns about the using crowdsouring in academic research settings [162].
To the best of our knowledge, all existing large empathy corpora has involved at least one step of
crowdsourcing, which has limited their size and range of topics covered by these corpora.

We propose a novel, self-sufficient framework for constructing an empathy corpus without

3Portions of this chapter previously appeared as R. Chen, J. Shin, et al., SYNTHEMPATHY: A Scalable Empathy
Corpus Generated Using LLMs Without Any Crowdsourcing, , 2025. [Online]. Available: https://arxiv.org/abs/2
502.17857

63


https://arxiv.org/abs/2502.17857
https://arxiv.org/abs/2502.17857

SAD Dataset

Sad Stories First Person Narratives

.

ot shi oced o work doute he }
i

'+ a grueling night shifi at the hospital, I'm
drained and aching from standing on my feet all

7 d racing with
nd my body

Brainstorming (20x)
+

Deduplication

- K L.".

Chain of Empathy (CoE) Responses
S

Deduplication

Empathetic Response Generation

|
¥ v

Figure 6.1: SYNTHEMPATHY Pipeline Overview. Stories are brainstormed from the SAD dataset
[163], rewritten into first-person narratives using chain-of-empathy prompting, and used to generate
psychotherapy-grounded empathetic responses. Each step includes deduplication, producing a
dataset for fine-tuning LLMs in empathy.
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relying on crowdsourcing. We establish a step-by-step pipeline using Large Language Models
(LLMs) to first brainstorm scenarios that warrant empathetic responses and eventually generating
such responses through a special prompting method grounded in psychotherapy theories. This
approach leverages the generative capabilities of LLMs, which have been shown to support idea
generation and creative tasks [164]. Interestingly, the hallucinatory nature of LLMs is actually
helpful here, since it enables the generation of a large repertoire of unique scenarios. A key
advantage of this method lies in its scalability, allowing for the creation of a substantially larger
corpus without the financial and logistical constraints associated with crowdsourcing. The resulting
SYNTHEMPATHY corpus consists of 105,578 empathetic single-turn dialogues generated using
this framework.

Our main contributions are: 1) a novel, step-by-step framework for generating a corpus of
empathetic dialogues without any crowdsourcing or web crawling, 2) a large SYNTHEMPATHY
corpus containing 105,578 empathetic narrative-response pairs, each grounded in a distinct real-life
scenario, and 3) a Mistral 7B model, fine-tuned on the SYNTHEMPATHY corpus to demonstrate

measurable enhancement in empathetic capabilities.
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Categories Counts

Work 15,398
School 10,419
Financial Problem 12,392
Emotional Turmoil 12,299
Social Relationships 9,078
Family Issues 9,618

Health/Fatigue/Physical Pain 13,193
Everyday Decision Making 10,018
Others 13,163

Total 105,578

Table 6.1: SYNTHEMPATHY Dataset Distribution by Stressor Categories.

6.2 Related Work

Small hand-annotated corpora [ 18] offer valuable insights into empathy expression and provide
high-quality, interpretable features. However, their limited size may be insufficient for fine-tuning
LLMs. In contrast, we focus on large-scale, textual corpora that are suitable for training and

fine-tuning most LMs in use today.

6.2.1 Empathy Corpora

Table 6.2 provides a comprehensive comparison of key metrics and characteristics of existing
empathy corpora as well as SYNTHEMPATHY.

Earlier efforts in empathetic dataset collection and annotation, such as the EmpatheticDialogues
(ED) [5] and EPITOME [1] have predominantly relied on crowdsourcing. Specifically, ED is a
multi-turn empathy corpus, assembled by engaging 810 Amazon MTurk workers to chat in pairs,
each conversation prompted by one of 32 assigned emotion labels.

The EPITOME empathy corpus [1] was created by web crawling from Reddit and the online
mental health forum TalkLife, and subsequently annotated through crowdsourcing, which required
fewer crowdsourced workers. Eight crowdsourced workers evaluated the post-response pairs by

scoring each each based on how well it expressed emotional reaction (ER), interpretation (IP),
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ED EPITOME OSED SoulChatCorpus SYNTHEMPATHY

Num. Examples 24k 10k M 200k 106k
Utterances per Example 431 2.00 3.49 11.50 2.00
Crowdsourced X
Topics Evenly Distributed X X

Table 6.2: Comparison of Key Metrics of Empathy Corpora. Our SYNTHEMPATHY dataset is the
first large-scale corpus that excludes crowdsourcing and balances the topic distributions.

and exploration (EX). ER is a crucial indicator of empathy as revealing one’s own emotions can
foster empathetic rapport with the original poster. IP signals understanding of the poster’s struggles,
paving the way for deeper empathetic connections. Lastly, EX suggests new perspectives on the
seeker’s experience, crucial for conveying empathy-driven interest. These three empathetic metrics
are similar to practices used in psychotherapy [112, 113, 165].

More recently, researchers have combined crowdsourcing with further extrapolation using
LLMs to expand dataset sizes. [166] developed the OpenSubtitles Emotional Dialogue (OSED) by
extracting 1M dialogues from movie subtitles. Each dialogue contains utterance-level labels for
emotion and empathetic intent, assigned by a BERT-based classifier fine-tuned on a development
set of 9k dialogues, which had been manually corrected by Amazon MTurk workers. Due to the
high cost of scaling crowdsourcing, only about 0.91% of the dialogues were manually checked,
underscoring the challenge of expanding manual checks in large datasets. The SoulChatCorpus [167]
was built by initially collecting 215,813 question-answer pairs through crowdsourcing, followed
by utilizing ChatGPT as a rewriting tool to transform each pair into a multi-turn dialogue. Each
dialogue ranges from 8 to 20 turns, resulting in approximately 2M utterances. Both SoulChatCorpus
and OSED are limited by their reliance on crowdsourced workers to create an initial high-quality

subset of the corpus.

6.2.2 Empathy Generation

Previous efforts to generate empathetic responses from LLMs have involved modifying the

underlying model architecture, fine-tuning on empathy corpora, or employing meticulous prompting
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to improve empathy levels of the outputs. Adding emotion tags or emotional embeddings [5, 168]
improves response generation. [169] attached a normal distribution random sampler right before the
decoder in order to inject more stochasticity into empathetic dialogue agents making its empathetic
responses sound personalized. Due to the lack of large empathy corpora, very few studies focus on
fine-tuning. [167] fine-tuned ChatGLM-6B on the SoulChatCorpus corpus to determine how much
the base model improves.

Prompt engineering, especially Chain of Thought prompting, is increasingly popular in en-
hancing LLMs for downstream tasks in zero-shot or few-shot settings [170]. LLMs generate more
empathetic responses when the prompts incorporate psychotherapy approaches used by professional
therapists, that is the Chain of Empathy (CoE) prompting [171]. This approach involves step-by-step
prompts that not only describe a client’s situation but also include reasoning for why empathy is
needed, modeled after various therapeutic styles including Cognitive Behavioral Therapy (CBT),
Dialectical Behavior Therapy (DBT), Person-Centered Therapy (PCT), and Reality Therapy (RT).

Our work builds on previous work that has established that utilizing therapeutic styles improves
empathetic responses in dialogue systems [171]. CBT is a therapy style where the therapist tries
to correct any misconceptions or catastrophic thoughts that the client has. Thus, CBT prompting
appends to the original narrative that the client is overestimating the severity of the situation. This
urges the LLMs to respond by defusing the cognitive blind spot by empathetically suggesting
alternative ways of thinking. DBT prompting appends to the original narrative that the client is
having difficulties controlling their emotions. This in turn makes the LLM gear its response towards
providing as much empathy as possible so that the client can become emotionally stable again. PCT
prompting adds that the client is confused and unable to understand themselves to the base prompt.
Finally, RT prompting adds that the client does not know where the root of their problems hides
which makes the LLM focus on giving potential solutions while still being empathetic. In short, all
four prompting methods are designed to maximize empathy by pinning down on a specific way in
which therapists show empathy. Our pipeline incorporates Lee et al.’s CoE prompting technique

as a crucial component as therapeutic prompting to increase empathy in each multiple generation
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and juggle patient care with administrative tasks. despite having no technical expertise.

Prombi “Use the following as reference to return a list containing 20 completely different specific
PY | stories about a fictional character struggling in the given scenario: ” + scenario

Figure 6.2: Story Brainstorming Step. Each sentence from the SAD dataset [163] is prompted into
Llama 2 13B Chat to generate 20 stories.

steps.

6.3 Data Augmentation Framework

Our framework alternates between generation and deduplication steps in sequence (Figure 6.1).
The SYNTHEMPATHY corpus is produced by a step-by-step process of story brainstorming, first
person narrative rewriting, and empathetic response generation. We refer to these three steps as
the generation steps. In this process, we run an assortment of LLMs, including Llama 2 13B Chat,
Llama 3 8B, and Gemma 7B, to enhance diversity and minimize repetition in the output texts used
in the subsequent step. We maintain the corpus quality by implementing routine deduplication
steps in between each generation step. Furthermore, the last deduplication step includes a manual

keyword search to remove any examples with offensive language.
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6.3.1 Story Brainstorming

The first step in our pipeline involves generating a cascade of stories based on various stress-
inducing scenarios. We use the English Stress Annotated Dataset (SAD) [163], which contains
6,476 scenarios across nine categories (Table 6.1) annotated with various features, including severity
ratings.

We prompt Llama 2 13B Chat to generate 20 unique stories per scenario, resulting in a total
of 129,520 stories. The hyperparameters temperature = 1.8 and fop_p = 0.3 are empirically
optimized via grid search with step size 0.05, with a high temperature setting to enhance diversity.
Other hyperparameters include max_seq_len = 4096 and max_batch_size = 1. The system
message is You are a creative brainstorming assistant and the rest of the full prompt is shown in
Figure 6.2. We experiment with various word limits (15, 20, 25, 30) and empirically find 25 words
to be optimal by providing enough diversity in the initial stories without adding excessive detail
that could make later generated outputs too similar. The 25-word limit only applies to the Story
Brainstorming Step, not to the subsequent rewriting and response generation steps. A word limit is
not suitable for the subsequent steps because first-person narratives and empathetic responses need

to be longer and more expressive to capture the required depth and nuance.

6.3.2 Story Deduplication

Deduplication is essential to ensure diversity and prevent redundancy in our dataset, as overlap-
ping content can introduce biases and reduce the effectiveness of subsequent generations. LLMs
frequently generate duplicate content across various tasks, even when explicitly prompted to avoid
repetition [172, 173]. Therefore, we employ the ExactSubstr algorithm [174], which uses a suffix ar-
ray to efficiently identify and remove all substring matches across the input data in mostly O (log N)
operations. We set the number of characters that must match before the algorithm removes it,
dup_length_threshold to 75. The algorithm trims our stories by 12%, removing 14,863 duplicate
stories and leaving us with 114,657 unique stories suitable for rewriting as first-person narratives in

the next generation step.
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Theory System Message

CBT You are in a bad situation and are overly catastrophizing your situation.

DBT You are in a bad situation and are having difficulties controlling your
emotions.

PCT You are in a bad situation and can’t even understand the situation or
how you should react.

RT You are in a bad situation and want to get to the root cause.

Table 6.3: System Messages for Four Therapeutic Styles in First Person Narrative Rewriting Step.
Chain of Empathy prompting includes Cognitive Behavioral Therapy (CBT), Dialectical Behavior
Therapy (DBT), Person-Centered Therapy (PCT), and Reality Therapy (RT).

6.3.3 First Person Narrative Rewriting

We leverage LLMs to rewrite each story into a first-person narrative aimed at eliciting empathetic
responses. Following the four Chain of Empathy (CoE) approaches [171], namely CBT, DBT, PCT,
and RT, we partition the stories into four equal bins, assigning each to a specific therapy type by
modifying the system message as shown in Table 6.3.

To ensure diverse yet controlled generations, we set the hyperparameters as follows: temperature
= 1.9, top_p = 0.3, max_seq_len = 4096, and max_batch_size = 1. Figure 6.3 illustrates an
example prompt and system message for CBT-based rewriting.

As the previous story deduplication, we run the ExactSubstr algorithm, which removes 165,365

duplicate characters across the first-person narratives.

6.3.4 Empathetic Response Generation

The final step in our pipeline involves feeding the deduplicated CoE-based narratives to an LLM
to generate empathetic responses (Figure 6.3). We use a balanced mix of Llama 2 13B Chat, Llama 3
8B, Gemma 7B and Mistral 7B for a variety of response styles. The prompt and system message are
detailed in Table 6.4. The hyperparameters are set as follows: temperature = 2.0, top_p = 0.2,
max_seq_len = 4096, and max_batch_size = 1. After generating all narrative-response pairs,
we perform one last deduplication step using ExactSubstr algorithm with a dup_length_threshold of

100 characters.
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Stories A teenager wakes up to find the water from the overflowing toilet
has flooded the entire first floor of their house.

Oh my gosh, you won't believe what just happened! I woke up to find

CBT . my entire first floor completely flooded! Like, seriously, the water from
(Catastroph?zmg) the overflowing toilet has ruined everything! My...how do you even
Explanation clean this up?! My life is a disaster!

Generate a 25 words maximum first-person explanation for the story, indicating the start with
Prompt | Explanation:. Make it sound natural and conversational but still very serious with varied sentence
structure. No need to introduce yourself. The story is: " + story

System Message [ "You are in a bad situation and are overly catastrophizing your situation." ]

Figure 6.3: First Person Narrative Rewriting Step. An example story is converted into a Cognitive
Behavioral Therapy (CBT) based first-person narrative.

To ensure the quality and safety of the final corpus, we seek to mitigate any LLM bias with
additional processes of automatically removing offensive content and human-in-the-loop reviewing

t!* that includes

sampled model outputs. We filter out any offensive content using an extensive lis
over 1,300 potentially offensive English terms, thereby increasing the likelihood of capturing
nuanced language. While some of these words may not be perceived as offensive by everyone,
the context of our empathetic response system requires a higher degree of caution. Therefore, we
err on the side of caution and choose to remove any potentially sensitive words, compensating by
generating a large amount of data from the start. Additionally, we manually inspected a development
set of 100 responses and confirmed the absence of potential biases in such a set.

Ultimately, we obtain the SYNTHEMPATHY corpus of 105,578 unique narrative-response pairs.
The narratives have a mean length of 95.5 words (SD = 80.8), while the responses have a mean

length of 153.7 words (SD = 69.8). Step-by-step examples of the generation framework for each

therapeutic style are included in Figures 6.4, 6.5, 6.6 and 6.7.

4https://www.cs.cmu.edu/ biglou/resources/bad-words.txt
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Theory Input Content

"Respond with empathy to the following person by reminding them

P t S .
romp that it is not all over:" + narrative
CBT Svstem "You are giving an empathetic response to someone who is
y displaying catastrophic cognitive error in a difficult
Message . .
situation.
Prompt "Respond with empathy to the following person by helping them
P control their emotions:" + narrative
DBT
System You are giving an empathetic response to someone who is
Message struggling to control their emotions in a difficult situation.
"Respond with empathy to the following person by raising their
Prompt Y .
self-awareness:" + narrative
PCT o i
System You are giving an empathetic response to someone who needs
Message better self-awareness in a difficult situation.
"Respond with empathy to the following person by identifying
Prompt . " .
the root cause of their problems:" + narrative
RT

System  You are giving empathetic response to someone who wants to get
Message to the underlying cause of a difficult situation.

Table 6.4: Prompts and System Messages for Four Therapeutic Styles. Chain of Empathy prompting
includes Cognitive Behavioral Therapy (CBT), Dialectical Behavior Therapy (DBT), Person-
Centered Therapy (PCT), and Reality Therapy (RT).

6.4 Results

6.4.1 Automatic Evaluation

To explore the potential of the SYNTHEMPATHY corpus in improving LLMs, we fine-tune
Mistral 7B using this corpus and compare the responses it produces with those generated by the

base Mistral 7B model and GPT 4o in zero-shot settings, as summarized in Table 6.5.

Models ER IP EX
0-shot Mistral 7B 1.16 0.03 0.11
0-shot GPT-40 1.10 0.00 0.10

Fine-tuned Mistral 7B 1.40 0.02 0.04

Table 6.5: Performance Comparison of Different Models on Automatic Empathy Scoring. Im-
provement in ER Empathy score of Mistral 7B after fine-tuning on the SYNTHEMPATHY corpus.
Empathy areas include emotional reaction (ER), interpretation (IP), and exploration (EX).
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We test both models on 4,666 sad tweets, crawled via hashtags [175] to elicit responses and
assess performance on unseen data. To evaluate the empathetic levels expressed by these responses,
we use a pretrained automatic empathy scoring model [1] that assigns a score between 0 and 2,
inclusive, to each of the three ways of expressing empathy: emotional reaction (ER), interpretation
(IP), and exploration (EX). Such metric is chosen based on the benchmarked accuracy and F1 scores
on the empathy identification task on various datasets, as well as explainable results identifying
empathy with underlying rationales.

Our findings are consistent with previous research [171], which demonstrates that the CoE
prompting technique is particularly effective in enhancing emotional reactions. While IP and EX
remain low for all models with and after fine-tuning, there is a notable 21% increase in mean ER
score accompanied by a 4% decrease in the standard deviation. This indicates that fine-tuning on
our corpus has enabled the Mistral 7B model to produce empathy more consistently in the form of
appropriate emotional reaction. Although the fine-tuned model have lower means for IP and EX,
these scores are already very low for the base model. Interestingly, similar trends were observed in
[171], which reports a decrease in EX F1-score for all four types of CoE prompting (CBT, DBT,
PCT, and RT), with an average drop of 12.53%. This pattern suggests that a slight reduction in EX
may be an inevitable trade-off for enhanced emotional reaction capabilities when employing our

CoE-based corpus.

6.4.2 Human Evaluation

To assess whether fine-tuning on SYNTHEMPATHY improves the perceived quality of generated
responses, we conducted a pairwise human evaluation comparing model outputs before and after
fine-tuning. We randomly sampled 50 dialogue contexts. For each context, we generated two
responses: one from the base model and one from the fine-tuned model. The two responses were
presented side-by-side in randomized order, and annotators were blind to model identity. No ties are
allowed. Three independent annotators with graduate-level research experience evaluated each pair.

For each example, annotators selected which response was better along three dimensions: 1)
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Model Empathy (%) Coherence (%) Fluency (%)

Finetuned Mistral 7B 72 61 57
0-shot Mistral 7B 28 39 43

Table 6.6: Pairwise human preference rates comparing 0-shot and fine-tuned Mistral 7B models.
Percentages indicate how often each system was preferred for each dimension.

Empathy (emotional understanding and support), ii) Coherence (relevance to the context), iii)
Fluency (naturalness of language).

We measured agreement using pairwise Cohen’s Kappa, observing moderate agreement across
dimensions (Empathy: 0.61, Coherence: 0.68, Fluency: 0.73), indicating consistent preferences.

Annotators preferred fine-tuned responses across all dimensions, with the largest gains in
empathy. Improvements were primarily driven by more context-specific acknowledgments and
reduced generic phrasing. Fluency differences were smaller, consistent with both models producing
grammatically well-formed text. Qualitatively, we note that fine-tuned responses are generally
longer and more elaborative, frequently including explicit reflections and supportive language.
This verbosity provides more opportunity to express empathy and may partially contribute to
higher human preference scores. Therefore, improvements should be interpreted as reflecting both

enhanced empathetic quality and increased response length.

6.5 Conclusion

We have created SYNTHEMPATHY, a novel, large-scale empathy corpus of 106k dialogues
based on psychotherapy theories. We demonstrate that this corpus can enhance the emotional
empathetic abilities of LLMs using an empathy scoring algorithm. A promising direction for next
step is to develop more realistic, multi-turn conversations that closely resemble real therapy sessions.
We observe that the CoE technique excels in enhancing emotional reactions, but may fall short
when it comes to interpretation and exploration. We are interested in refining the CoE technique
to better support tasks that involve deeper interpretation and exploration by integrating alternative

cognitive and psychological theories.

74



Beyond the corpus itself, we propose a step-by-step framework for constructing specialized
corpora, as it can be generalized to downstream tasks beyond empathy. While the specific application
of our pipeline presents a data augmentation task focused on empathy, the general framework we
provide for creating first-person synthetic data can be generalized to other domains. It offers
researchers an efficient way to generate synthetic data for their specific fields with minimal effort
without relying on any crowdsourcing.

Our approach is valuable for capturing domain specific knowledge that is only present in
small hand-annotated datasets. Given the availability of many domain-specific open datasets, CoE
prompting can be substituted with domain-specific prompting methods as needed. This scalability
and adaptability make our framework valuable for a wide range of applications beyond the initial
scope of empathy. For our future work, we plan to adapt our framework to low-resource areas, such
as social norms.

More broadly, this work contributes a scalable and reusable pipeline for generating high-quality,
first-person synthetic data. Its modularity supports transfer to diverse social reasoning tasks,
especially in low-resource behavioral domains such as social norms.

Recent extensions to the text-to-speech (TTS) synthesis domain [19] demonstrate the potential
of synthetic empathy not only in what models say, but in Zow they say it. Combining empathetic
language generation with expressive speech is a crucial step toward human-centered conversational

agents that are both emotionally supportive and ethically grounded.

6.6 Limitations

Although our automatic corpus construction pipeline enables the creation of an entire empathy
corpus internally, the trade-off involves replacing crowdsourcing with electricity consumption from
a large amount of LLM inference. Most of the scenario brainstorming process was done by running
inference with locally downloaded Llama 2 13B Chat on our machine with two NVIDIA L40 GPUs.
However, our Llama 2 13B Chat inference did not use the full 300W TDP avaiable on L40. The

other LLMs were smaller 7B models and required one GPU instead. During evaluation, we used
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one NVIDIA V100 GPU when fine-tuning Mistral 7B. The total GPU hours across all experiments
spanned five days, with an average electricity consumption of 371.6W during the first three days
and 152.4W for the remaining two days. This resulted in a total energy consumption of 34.1kWh,
which is around the average person’s daily electricity usage in the United States (29kW h). Since it
is a one-off cost for our pipeline, energy consumption does not pose a severe problem and presents
a more efficient alternative to eliminating the need for crowdsourcing.

We acknowledge that the initial SAD dataset significantly influences the generated SYN-
THEMPATHY corpus. The SAD dataset’s specific focus on stressors in daily life ensures that the
generated dialogues are highly relevant to common stressful scenarios. On the other hand, our
approach is particularly designed for capturing domain specific knowledge that is only present in
small hand-annotated datasets. As long as an initial starting small dataset is available—such as the
SAD dataset in our case—the subsequent steps, including deduplication and prompting, are entirely
automatic. This scalability and adaptability make our framework valuable for a wide range of appli-
cations beyond the initial scope of empathy. Our contribution is two-fold: the SYNTHEMPATHY
dataset and the framework for creating more datasets.

Although no unethical practices occurred during the construction of the SYNTHEMPATHY cor-
pus, addressing its ethical implications is crucial given its connection to psychotherapy approaches
and potential use in fine-tuning chatbots for individuals with mental health concerns. Since the
SYNTHEMPATHY corpus was built through an automated pipeline, there is a risk of inappropriate
or sensitive topics entering the dataset via LLM output. To mitigate this risk, we scan the entire
corpus to rigorously review and check for any presence from a dictionary of any sensitive words.
We removed 457 examples containing one or more of these sensitive words.

All supplementary datasets we used throughout this work are open-sourced and publicly avail-
able. The inference code we adapted from Meta’s Llama models are open source and our use aligns
with their responsible use guide. The Unsloth!> code we adapt to fine-tune Mistral 7B is open

sourced on their public GitHub'® repository and they state that their notebooks can be used to

Bhttps://unsloth.ai/
6https://github.com/unslothai/unsloth
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fine-tune at no cost. SYNTHEMPATHY is an open-sourced corpus created to advance research in

the empathy domain of LLMs ensuring full compliance with all terms of use.
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CBT (Catastrophizing) Example: All Steps

Original SAD Sentence ( oh not much. just miss my ex a lot more than i thought )

Story CThe character's ex's favorite song comes on the radio, making them feel sentimental and sad)

. Oh no, here we go again. My least favorite song is playing on the radio, and I can't help but feel a wave of sadness wash
First-Person \ \ . I h . . 5
Explanation (CBT) over me. It's my ex's favorite song...I feel like I'm stuck in a never-ending loop of heartache and longing, and I can't
seem to escape. This song is like a punch to the gut, bringing back all the feelings I thought I had moved on from. Ugh,

why does this have to be my theme song?

It sounds like you're feeling really overwhelmed and disappointed right now, and I can completely understand why. Taking a year-long
journey around the world is an incredible accomplishment that requires a lot of courage and spirit of adventure. It's understandable that
you may have prioritized experiences and personal growth over financial stability during your travels. It's important to remember that
you're not alone in feeling this way, and many people have found themselves in similar situations...I also want to acknowledge the
emotional impact of your situation. Returning from a life-changing journey to face financial difficulties can be incredibly challenging
and may bring up feelings of frustration, disappointment, and anxiety. It's important to take care of yourself during this time and seek
support from loved ones, friends, or a mental health professional if needed. R ber, taking care of your financial well-being is an
important aspect of self-care, and there are steps you can take to address your current situation. Let's work together to explore some
options and come up with a plan that feels manageable and empowering for you.

Empathetic
Response (CBT)

Figure 6.4: Random Sample for CBT

DBT (Controlling Emotions) Example: All Steps

Original S

Qent
)

AD CMy grandma went to see a doctor this week because she's been having a lot of pain and swelling in her lower legs lately.)

Story CA 60-year-old man is struggling to walk his dog due to pain and swelling in his legs, causing him
to feel dependent on his family for assistance.

. I'm a 60-year-old man struggling to walk my dog due to pain and swelling in my legs. It's like my body's
First-Person . M 3 B 9 3 p
. betraying me, making me feel dependent on my family for assistance. It's tough to accept this new reality
Explanation (DBT) o .
and maintain my independence.

I'm truly sorry to hear that you're going through such a challenging time. It's normal to feel angry, frustrated, and maybe
even sad about your changing circumstances. Dealing with pain and physical limitations can feel overwhelming, and it's
utterly understandable why you're struggling with your emotions. This new reality can be difficult to accept, and it's
okay to need support from your family during this period. Remember, that asking for help doesn't make you any less
independent; it just means that you're allowing your loved ones to care for and contribute to your well-being. Please
take some time to express your feelings and don't hesitate to reach out if you need someone to listen and understand.

Empathetic
Response (DBT)

Figure 6.5: Random Sample for DBT
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PCT (Lack of Self-Awareness) Example: All Steps

Original SAD

Sentence (It is sad that I have allowed myself to get so upset over school, my parents, my friends, that I have become sick,)

Stor Charlie, a charismatic high school student, has always been the life of the party. But when he comes down with a mysterious
y illness, he finds himself struggling to connect with his friends and family, who seem to be disappearing one by one.

It's like, I was just living my best life, you know? Popular, outgoing, always the center of attention. But
then, BAM! I come down with this weird illness and suddenly, everyone around me is just...gone. Like,
literally vanished. It's like I'm the only one left in this desolate wasteland. What the heck is happening?!

First-Person
Explanation (PCT)

T can sense the shock and bewilderment that's taken over your life. It sounds like you went from being the life of the party to
feeling utterly isolated and abandoned overnight. I can only imagine how disorienting it must be to have your entire world
turned upside down like that. Your circle of friends, the people who surrounded and energized you, just disappeared when
you needed them most. That must feel like a huge abandonment, and it's no wonder you're feeling lost and abandoned in a
wasteland. It's like, who are you without that validation and attention? It's almost as if your identity was tied to being the
popular, outgoing one, and now that's been stripped away. You're probably wondering, ""Who am I now?"" and ""How do I
reconcile this new reality with the old me?

Empathetic
Response (PCT)

Figure 6.6: Random Sample for PCT

RT (Finding Root Cause of Issue) Example: All Steps

Original SAD

Sentence CI need to practice every day to make sure I'm ready. )

Story The performer who battles stage fright and must find ways to calm their nerves before each show.)

I'm a performer plagued by stage fright, and I'm desperate to find a way to calm my nerves before
each show. My heart races, my hands tremble, and my mind goes blank - it's a living nightmare. I've
tried everything from deep breathing to chanting, but nothing seems to work. I'm at my wit's end, and
I'm willing to try anything to overcome this debilitating fear.

First-Person
Explanation (RT)

I can only imagine how truly challenging and frustrating it must be for you to cope with stage fright. It's essential to be
patient with yourself, as conquering a fear like this can take time and determination. The fact that you are actively
seeking solutions and did not give up shows your resolve to improve. It might be helpful to explore other methods and
techniques, perhaps with the guidance of a professional, or to talk to others who have faced similar issues to find out
what worked for them. Remember, you are not alone in this, and overcoming this fear will require dedication and a
strong support system.

Empathetic
Response (RT)

Figure 6.7: Random Sample for RT
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Chapter 7: Detecting Mental Manipulation in Speech via Synthetic

Multi-Speaker Dialogue'’

7.1 Introduction

Mental manipulation refers to the covert use of tactics to steer another person’s thoughts or
emotions toward the manipulator’s goals [176]. Amplified by modern digital channels, its reach
and precision have expanded from one-to-one interactions to broad, rapid dissemination, making
targeted influence easier than ever [177]. The consequences are nontrivial: affected individuals
often experience substantial psychological strain and mental-health burden [178]. Detecting such
manipulation in dialogue remains a difficult challenge for computational social reasoning and
safety, even for modern language models [179, 180]. Beyond lexical content, real conversations
rely on prosody, timing, and voice quality, which can reshape perceived intent. Understanding
how these cues interact with linguistic strategies is essential for trustworthy multi-modal assistants.
In parallel to research on manipulation safety, recent work in multimodal affect and emotion
recognition has examined how emotion labels and modality cues interact in conversation [181] and
has identified methodological and evaluation challenges in text—speech—vision integration [182].
These insights motivate our modality-aware design for manipulation detection in speech and connect
to theory-of-mind style reasoning with LLMs in dialogue [183, 184, 185].

Existing benchmarks for mental manipulation, however, focus almost entirely on text dialogues,
leaving the role of prosody, tone, and delivery in manipulative speech largely unexplored. The
MENTALMANIP dataset formalizes manipulative presence and tactics in movie-style conversations,

yet even strong LLMs struggle with text-only detection and attribution, with only modest gains from

Portions of this chapter previously appeared as R. Chen, W. Liang, et al., “Detecting Mental Manipulation in
Speech via Synthetic Multi-Speaker Dialogue, ”Proceedings of the 16th International Workshop on Spoken Dialogue
Systems Technology (IWSDS 2026), 2026.
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Look... You made a very calculated move, and then made me feel
embarrassed for responding to you. That wasn't necessary.

Prompt: Determine 1f the TARGET audio contailns
any form of mental manipulation.

=l

Figure 7.1: An example dialogue from the SPEECHMENTALMANIP dataset. The Qwen2.5 model is
given the audio (transcript shown for clarity), but fails to detect manipulation.
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intent-aware prompting [180, 186]. However, audio-capable large multimodal models introduce
distinct safety risks: speech is a sensitive attack surface and current systems can be brittle under
adversarial or persuasive voice inputs [187, 188, 189]. These observations suggest that speech may
indeed alter both the expression and detectability of manipulation, particularly for subtle tactics that
require intent inference [190, 191].

To our knowledge, no existing benchmark connects manipulative content to spoken delivery,
preventing systematic study of modality effects. We address this gap by introducing SPEECHMEN-
TALMANIP, a synthetic multi-speaker speech benchmark for mental manipulation'® (Figure 7.1).
The dataset extends MENTALMANIP by rendering its textual dialogue transcripts into transcript-
aligned, voice-consistent audio via a two-phase Text-to-Speech (TTS) pipeline (Figure 7.2), thus
enabling direct one-to-one comparisons between text and speech while explicitly probing the ef-
fects of prosodic cues. To examine how speech affects manipulation detection, we evaluate large
pretrained audio-language models under few-shot learning [192] and Chain-of-Thought reasoning
setups [193], juxtaposed with prior text-only results. We find that models show higher precision but
markedly lower recall on audio, favoring conservative judgments that overlook subtle manipulative
cues.

Following the observed model performance shift, human re-annotation of a representative subset
further reveals notable disagreement with the original text-based labels, underscoring the subjective
and modality-dependent nature of manipulation perception. These findings motivate a modality-
specific re-curation that prioritizes the binary manipulation label before refining fine-grained tactics
or prompt strategies.

In summary, our contributions are threefold: (1) a new benchmark, SPEECHMENTALMANIP,
that extends manipulation detection into speech; (2) a comparative evaluation of large audio-
language models under few-shot and reasoning-based prompts; and (3) a human re-annotation study
revealing modality-driven ambiguity in manipulation perception. Together, these establish the first

systematic benchmark and analysis of mental manipulation in speech, emphasizing the need for

18We release the dataset and code: https://github.com/runjchen/speech_mentalmanip
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modality-aware evaluation and alignment in multimodal dialogue safety.

7.2 Related work

Mental Manipulation in Dialogue Prior work on mental manipulation has focused primarily on
the text modality. The MENTALMANIP dataset introduces 4k movie-dialogue snippets with fine-
grained labels for presence, technique, and targeted vulnerability, and shows that even strong LLMs
struggle on text-only detection and attribution [180]. Subsequent studies explore improvements
through speaker intent-aware prompting in the Theory-of-Mind (ToM) style [186], Chain-of-
Thought (CoT) reasoning [194], and a multi-task anti-curriculum distillation approach [195], aimed
at enhancing interpretability and reduce false negatives over standard zero/few-shot baselines.
Mental manipulation forms part of a broader class of social-reasoning and safety challenges in

multimodal dialogue.

Technique Count %

Persuasion or Seduction 607  25.87
Shaming or Belittlement 384  16.37

Accusation 361  15.39
Intimidation 321  13.68
Rationalization 213 9.08
Brandishing Anger 133 5.67
Denial 87 3.71
Evasion 83 3.54
Playing Victim Role 69 2.94
Feigning Innocence 58 2.47
Playing Servant Role 30 1.28

Table 7.1: Distribution of ground-truth manipulation tactics across labeled instances in MENTAL-
MANIP_CON.

LMMs safety Recent work on large multimodal models (LMMs) highlights unique safety failure
modes in the audio route. Red-teaming studies show that audio is a sensitive attack surface for
multimodal systems [187]. Concurrently, [188] analyze adversarial robustness of speech-instruction

language models and propose countermeasures, while [189] demonstrates persuasive, story-driven
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“voice jailbreaks” against GPT-40’s voice mode. These findings collectively motivate modality-
specific evaluation and curation for manipulation detection in speech.

Despite growing awareness of these multimodal safety risks, there remains no benchmark that
systematically links manipulative language to its spoken realization. In particular, the absence of
controlled, transcript-aligned speech data makes it difficult to isolate how prosody, voice quality,
and delivery influence the perception and detection of manipulation. Our work addresses this gap
by augmenting the MENTALMANIP dataset with high-fidelity, multi-speaker TTS renderings that
preserve conversational structure and speaker identity, enabling direct comparison between text and

audio.

Recent Advances in Synthetic Speech Recent advances in expressive TTS have enabled natural-
sounding, emotionally nuanced speech synthesis with controllable prosody and speaker identity.
Modern systems leverage large-scale neural architectures and prompt-based conditioning to capture
subtle affective and pragmatic cues such as tone, emphasis, and hesitation, extending beyond purely
text-driven synthesis [19]. Techniques such as prosody modeling and style transfer in Tacotron
and VITS-based frameworks [196, 197], zero-/few-shot voice cloning [198], and more recent
expressive multi-style models such as VALL-E [199], CosyVoice [200, 201], and GPT-SoVITS "’
enable fine-grained control over speaker characteristics and emotional delivery. Consequently,
expressive TTS has found growing applications in emotion-conditioned generation [202]. These
advances make it feasible to generate multi-speaker, context-consistent dialogues with realistic
prosody, which directly supports our study of manipulation detection in speech.

Most off-the-shelf TTS systems are optimized for single-speaker, single-utterance synthesis,
typically supporting zero- or few-shot voice cloning for one speaker at a time. However, they
lack key capabilities required for multi-turn dialogue synthesis: (i) robust multi-speaker dialogue
rendering with stable identities across dozens of turns, (ii) precise control over timing and pauses
needed to preserve conversational rhythm, or (iii) consistent prosodic coupling between adjacent

turns. In practice, these issues lead to speaker drift, uneven loudness and pacing, and loss of turn-

Yhttps://github.com/RVC-Boss/GPT-SoVITS
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taking cues, which can confound downstream analysis of manipulation in speech. In addition, the
streaming and batch modes of current TTS systems impose a quality-latency trade-off. To mitigate
these issues, our approach (Figure 7.2) uses a deterministic speaker-voice mapping, synthesizes

per-turn utterances, and composes them into a single continuous multi-speaker audio.

7.3 Method

7.3.1 Dataset and Voice Pool

Our study builds on the text-based dataset MENTALMANIP? [180], which contains movie
dialogue snippets derived from the Cornell Movie Dialogues corpus [203] with fine-grained labels
for manipulative presence and technique. Prior evaluation on such benchmark indicate that few-shot
GPT-4 Turbo reaches 0.724 accuracy and a finetuned LLaMA-2-13B achieves 0.768 accuracy on
the core detection task [180]. Incorporating intent-aware prompting in ToM style offers small but
consistent gains, raising GPT-4-1106-Preview to 0.726 accuracy.

Rather than using original movie audio, we synthesize speech from dialogue transcripts using
TTS. The Cornell Movie-Dialogs Corpus provides script-level text but does not provide timestamps
or turn-to-audio alignment; recovering aligned segments would require substantial manual or
error-prone automatic alignment across many films. In addition, many source movies are not
freely redistributable, which makes releasing aligned audio clips at scale infeasible under typical
licensing constraints. TTS offers a practical and reproducible alternative: it produces transcript-
aligned speech that can be shared, regenerated, and systematically controlled (e.g., speaker identity,
speaking rate, and recording conditions). This design choice prioritizes experimental control and
broad accessibility, enabling controlled comparisons between text and audio modalities and isolating
modality effects, at the cost of reduced ecological realism relative to natural movie audio.

For our experiments, we synthesize the new dataset SPEECHMENTALMANIP by adopting the
consensus split MENTALMANIP_CON, which comprises 2915 dialogue transcripts from the larger

4k dataset.

2Ohttps://github.com/audreycs/MentalManip/tree/main/mentalmanip_dataset
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Gender Age Language Accent Name Voice ID

F Young adult  English American Ivanna — Young & Casual yM93hbw8Qtvdma2wCnJG
M Young adult English American Mark — Natural Conversations UgBBYS2s0qTuMpoF 3BR@
F Mature adult  English American Amanda M6N61dXhi5YNZyZSDe7k
F Middle-aged English African American Sassy Aerisita @3vEurziQfq3v8wWzhQvn
M Old English American Grandpa Spuds Oxley NOpB1nG1n0O9m6vDVFKFC
F Oold English American Grandma Muffin vFLgXa8bgbofGarf6fzh

Table 7.2: ElevenLabs voice pool used for multi-speaker rendering. Each speaker is mapped
deterministically to one voice to preserve speaker identity across turns.

Each transcript is rendered into speech using a multi-speaker TTS pipeline (Figure 7.2), with
consistent voice assignments per speaker to preserve identity and conversational coherence across
turns. All results are reported on this audio-only evaluation set. To contextualize our experiments,
Table 7.1 summarizes the ground-truth distribution of manipulation tactics aggregated over the
MENTALMANIP_CON split.

To generate the audio, we assign consistent, realistic voices to each speaker. As prior multimodal
dialogue studies highlight that limited accent and demographic coverage can bias perception and
annotation quality [204], we vary speaker profiles and accents and later re-annotate labels in audio
to account for these factors. We curate a fixed pool of six ElevenLabs voices spanning genders,
ages, and accents (Table 7.2); each speaker in a conversation is deterministically mapped to one

voice to preserve speaker identity across turns.

7.3.2  Multi-Speaker TTS Audio Generation

To isolate modality effects on manipulation detection from multi-turn conversations with diverse
voice profiles, we require reproducible, voice-consistent, and transcript-aligned dialogue audio.
Since end-to-end multi-speaker TTS remains limited for long conversational synthesis, we adopt a
compose-from-turns strategy: (1) assign each speaker a fixed synthetic voice using ElevenlLabs API
2l deterministically and synthesize each utterance per turn; (2) concatenate these utterances into a
single conversation clip with normalized loudness and controlled inter-turn silences (0.2s). This

design preserves speaker identity, maintains alignment with the ground-truth (GT) transcripts from

2lhttps://elevenlabs.io/docs/api-reference/text-to-speech/convert
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‘ Raw Conversation Data ‘

Phase 1: Turn-level auTo generation

Extract Metadata
conversation_id/ speaker_id \turn_id

Assign Voices
to Speaker IDs

Predefined
voice pool
(Table 7.2)

Generate Turn-
Level Audio

Phase 2: Conversation reconstruction

Reconstruct

Conversations

Preserve Order by Group per
speaker order turn_id conversation_id

Concatenate ordered segments
into single conversation clip

Figure 7.2: Two-phase pipeline for TTS audio generation and conversational reconstruction.

the MENTALMANIP_CON dataset, and yields reproducible audio suitable for benchmarking and

human evaluation. The scalable text-to-speech (TTS) workflow has two detailed phases (Figure 7.2):

Phase 1: Turn-level audio generation.

1. Metadata extraction: For each raw conversation, we extract SPEAKER_ID, CONVERSA-

TION_ID, AND TURN_ID.

2. Voice assignment: Each SPEAKER_ID is deterministically assigned a distinct synthetic voice

from a predefined pool (Table 7.2) to ensure speaker consistency across all turns.

3. Audio synthesis: We synthesize one audio file per utterance (turn) and store segments in a

structured layout keyed by CONVERSATION_ID or TURN_ID for downstream composition.
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Phase 2: Conversation reconstruction.

1. Dialogue composition: For each CONVERSATION_ID, we gather the synthesized utterances

and order them by TURN_ID, preserving the original speaker sequence.

2. Output generation: We concatenate the ordered segments into a single composed clip per

conversation, yielding a coherent multi-speaker recording suitable for audio-only evaluation.

This two-phase process provides a flexible, efficient, and repeatable mechanism for convert-
ing text-based dialogues into lifelike, multi-voice synthetic conversations. It enables controlled
studies of how emotions and acoustic cues in speech affect listener perception, engagement, and

susceptibility to mental manipulation.

7.3.3 Model Selection

We use Qwen?2.5-Omni-7B (Thinker-only) >* as our evaluation model due to its stable audio
comprehension, balanced response behavior, and reliable adherence to constrained few-shot prompt-
ing. In preliminary trials, Qwen reliably ingests speech audio and follows constrained decoding
and few-shot instructions without a systematic bias toward positive (manipulative) predictions. In
contrast, out-of-the-box SALMONN [205] and Gemini-2.5-Pro [206], under their default system
prompts and unconstrained decoding, frequently over-flag generic ‘“violation/safety” cues (e.g.
agitated prosody), yielding a persistent bias toward the manipulative label even on negative ground-
truth clips. Because our goal is to measure recall and specificity under controlled prompting, Qwen

provides a more stable operating point for few-shot experiments.

7.4 Experiment Setup

7.4.1 Few-shot Mental Manipulation Detection Pipeline

We run an audio-only batch evaluation pipeline to assess detection of mental manipulation and

tactic attribution. Each query prompt is preceded by four labeled exemplars (two non-manipulative

22h’ctps ://huggingface.co/Qwen/Qwen2.5-0mni-7B
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and two manipulative) that define the expected output format: a binary decision, a single best tactic,
and one short supporting quote .

We formulate detection as a binary YES/NO task with A/B—constrained decoding. For each
of five runs, we first apply this constraint; if it fails, we fall back to a single-token logit decision
comparing the marginalized probabilities of the YES vs. NO verbalizers and predict YES iff
p(YES) > p(NO). This fallback captures the model’s immediate class preference while avoiding
exposure/length biases from multi-token decoding and aligns with prompt-likelihood scoring.
Moderate sampling is used only for the votes (temperature = 0.6, top-p = 0.95). The final clip
label is the majority over the five run-level labels, following self-consistency sampling to improve
robustness and accuracy [207].

Prompt (System + Few-shot + Tasks)

SYSTEM:
You are Qwen, a virtual human developed by the Qwen Team, Alibaba Group, capable

of perceiving auditory and visual inputs, as well as generating text and speech.

USER:
FEW-SHOT EXAMPLES (not the target).

Use labels only for calibration.

Example (NOT manipulative):
[audio: <EX1_NO_AUDIO>]
Label: No

Example (NOT manipulative):
[audio: <EX2_NO_AUDIO>]
Label: No

Example (manipulative):
[audio: <EX3_YES_AUDIO>]
Label: Yes

Example (manipulative):

Laudio: <EX4_YES_AUDIO>]
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Label: Yes
Now analyze the TARGET audio below. Do NOT relabel examples above.

TARGET audio:

Laudio: <TARGET_AUDIO>]

Binary (YES/NO)

Task: Determine if the TARGET audio contains any form of mental manipulation.
Choose exactly one option and output ONLY the letter on the first line.

(A) YES — clear evidence of manipulation

(B) NO — otherwise

Answer (A or B):

YES/NO Fallback (single token)
[If the A/B letter is not produced, answer this instead:]
You saw FEW-SHOT examples. For the TARGET only, answer YES or NO.

Answer:

Tactic (single label)

You saw FEW-SHOT examples above. Now classify the TARGET audio.

Task: Choose the single best manipulation tactic for the TARGET from the list
below.

If there is no clear manipulation, choose ‘none’.

Options: Accusation, Brandishing Anger, Denial, Evasion, Feigning Innocence,
Intimidation, Persuasion or Seduction, Playing Servant Role,

Playing Victim Role, Rationalization, Shaming or Belittlement, none

Rule: Answer with exactly one option word from the list, nothing else.

Answer:
Evidence
You saw FEW-SHOT examples above. For the TARGET audio only, output ONE short

quote

(or paraphrase) that supports the given tactic (<12 words is ideal but not

required).
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Tactic: {tactic}

CRITICAL RULES:

1) Output ONLY the quote/paraphrase wrapped in double quotes.

2) No prefixes like Reason:, Example:, Description:, Source:, Tactic:.

Answer:

Evidence Retry

[If the evidence answer is empty or malformed, use this:]

Output a quote from the TARGET in double quotes. Nothing else.

Tactic: {tactic}

Answer:

For clips predicted as manipulative (YES), we further infer the tactic label. The full tactic inven-
tory includes {Accusation, Brandishing Anger, Denial, Evasion, Feigning Innocence, Intimidation,
Persuasion or Seduction, Playing Servant Role, Playing Victim Role, Rationalization, Shaming
or Belittlement, none}. We run five passes with the same sampling as before (temperature = 0.6,
top-p= 0.95) and select by majority vote. In each pass, tactics are scored by first-token probabilities;
if the top option is none or its margin over the runner-up is < 0.03, we select the second-best. If the
vote top-count is tied and the tie includes none, we compute the mean first-token probability per
tied label across votes and select a non-none label only if it exceeds the mean probability of none
by > 0.02; otherwise we emit none. This balances precision and recall while avoiding arbitrary tie
resolution.

For any YES prediction, we require a single concise supporting quote for evidence and apply
light post-processing (whitespace and quote normalization) without any semantic filtering or re-

ranking; empty outputs trigger one retry with a shortened prompt.

7.4.2 Evaluation Protocol and Metrics

We evaluate the speech manipulation detection at the clip level, treating YES (manipulative)
as the positive class and NO (non-manipulative) as the negative class. Each clip undergoes five

stochastic passes (temperature = 0.6, top-p= 0.95), and the final label is determined by majority
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vote.

To separate sensitivity from specificity, we compute confusion counts independently for the two
composed-audio sets: GT= YES and GT= NO and report per-set accuracies. This breakdown clari-
fies how often the model correctly identifies manipulation versus correctly rejects non-manipulative
cases. For a consolidated view, we pool both sets and report the precision, recall, and F1, with
YES as the positive label. Macro and weighted averages are included alongside supports (N) for
reflecting ground-truth clip counts (See Table 7.3).

Although neither tactic attribution nor evidence generation directly contribute to quantitative
scoring, we analyze them qualitatively to interpret model behavior. We summarize tactic distribu-
tions only among clips the model predicted YES within each ground-truth set. Percentages are
taken with respect to the number of clips predicted YES in that set (e.g., 87 for GT = YES and
16 for GT = NO), as shown in Tables 7.4 and 7.5. This conditional analysis highlights which
categories the model relies on when it asserts manipulation. Similarly, each YES prediction is also
paired with a short supporting quote (or brief paraphrase) after light normalization; these excerpts
serve as interpretive context for understanding the model’s rationale and error patterns.

Prosodic and accent variation may differentially affect recall, especially for under-represented
voices. We speculate that similar effects may carry over to manipulation cues in speech, motivating

our re-annotation and future audio-first curation (Section 7.5.2).

7.5 Results

7.5.1 Few-shot Results (Audio-only)

We evaluate a five-pass, majority-vote pipeline on two composed-audio corpora: a manipulative
set (GT=YES) and a non-manipulative set (GT=NO). The consolidated classification report and
per-set accuracies are shown in Table 7.3; the predicted tactic breakdowns within each set appear in
Table 7.4 (GT=YES) and Table 7.5 (GT=NO). In short, the model achieves 82.2% accuracy on
GT=NO and 34.8% accuracy on GT=YES; this indicates a sensitivity-specificity gap in which it

avoids false alarms but under-detects many manipulative clips.
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Turning to the tactic distributions, items the model labeled YES within the GT=YES set
(Table 7.4) focus on a few head classes: primarily Intimidation (49.4%) and Persuasion or Seduction
(29.9%), while mid/long-tail tactics present in the corpus (Table 7.1) are rarely predicted. A similar
tendency appears among false positives in GT=NO (Table 7.5), which largely fall into Persuasion
or Seduction (56.3%) and Intimidation (37.5%). Together, these observations suggest reliance on
prosodic warmth/pressure cues and a collapse toward acoustically salient categories.

Finally, the modality mismatch probably exacerbates these effects: ground-truth tactics are
transcript-based, while evaluation here is audio-only. Semantically defined tactics (e.g., Rational-
ization, Denial/Evasion) may be weakly marked in prosody, while TTS delivery can amplify cues
aligned with Intimidation or Persuasion. Combined with long-tailed class frequencies (e.g., Playing
Servant Role at 1.3%) and overlapping definitions (e.g., Accusation vs. Shaming), the result is
systematic under-detection of semantic tactics and over-reliance on a few dominant labels.

Notably, several clips labeled GT=NO nevertheless contain utterances that the model highlights
as manipulative, raising suspicion about ground-truth accuracy in places. For example, the model
surfaced evidence such as “Just as she starts feeling awful, you come up from behind and touch
her neck.” (flagged as Intimidation) and “I’m in love with you. How do you like that?” (flagged as
Persuasion or Seduction). We list representative GT=NO — Pred=YES cases with their predicted
tactics and quoted spans in Appendix 7.5.1. We emphasize that manipulation judgments are
inherently subjective and context-dependent; the model’s quotes are suggestive signals rather than
definitive proof, and apparent mismatches may reflect guideline interpretation, limited conversational
context, or artifacts of TTS delivery. Taken together, these instances suggest residual label noise

and motivate targeted re-annotation.

Case Studies We highlight the subjectivity and nuance of the mental manipulation task through
several misaligned case studies. In the absence of an explicit victim response, ground-truth labels
in the dataset often default to non-manipulative, whereas LLLMs tend to interpret the potential

manipulator’s utterance (typically the final turn) as evidence of manipulation.
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Classification report

Class Precision Recall F1 N
GT=YES 0.845 0.348 0.493 250
GT=NO 0.312 0.822 0.453 90
Macro avg 0.578 0.585 0.473 340
Weighted avg 0.704 0.474 0.482 340
Per-set accuracy

Pred YES Pred NO Acc N
GT=YES 87 163 0.348 250
GT=NO 16 74 0.822 90

Table 7.3: Consolidated results for the audio-only few-shot evaluation. Top: standard classification
report over both sets combined. Bottom: per-set accuracies computed from the confusion counts.

Supports (N) are GT counts (GT=YES: 250; GT=NO: 90).

Technique Count %0
Intimidation 43 49.43
Persuasion or Seduction 26 29.89
Shaming or Belittlement 12 13.79
Accusation 4 4.60
Playing Servant Role 2 230

Table 7.4: Predicted tactic distribution within clips predicted YES for the GT=YES set (N=250).

Predicted YES= 87, NO= 163.

Case 1
Conversation ID: 85514533

GT: NO Pred./Tactic: YES / Intimidation

Transcript:

Personl: Howdy Pouty.

Person2: I was pretty confident that I was going to blow it with Talia, but I

must say, I outdid myself.

Personl: She’s still pissed at me and took it out on you. We should have taken it

slower. It’s hard to operate in the woods. Much easier in, like a club. Tell the
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Technique Count %0

Persuasion or Seduction 9 56.25
Intimidation 6 37.50
Accusation 1 6.25

Table 7.5: Predicted tactic distribution within clips predicted YES for the GT=NO set (N=90).
Predicted YES= 16, NO= 74.

girl you’ve got to go do something, leave her view, take way too long until she
is worried that you’re not coming back. Just as she starts feeling awful, you
come up from behind and touch her neck...

Person2: You are the prince of the darkness.

Model evidence:

“Just as she starts feeling awful, you come up from behind and touch her neck.”

Case 2
Conversation ID: 85514499

GT: NO Pred./Tactic: YES / Persuasion or Seduction

Transcript:
Personl: You were quick enough to get Tom’s help when...

Person2: Yes, yes. I know. Right. And if it had gone well for me tonight, maybe
I’d be keeping quiet about all this... I grant you everything but give me this...
he does personify everything you’ve been fighting against... And I’'m in love
with you. How do you like that? — I buried the lead.

Model evidence:

“I’m in love with you. How do you like that?”

Case 3

Conversation ID: 85514451
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GT: NO Pred./Tactic: YES / Persuasion or Seduction

Transcript:
Personl: Yes, what?

Person2: Don’t answer me. Say what I say.

Model evidence:

“Yes, what? Don’t answer me, say what I say.”

Case 4

Conversation ID: 85514570

GT: NO Pred./Tactic: YES / Persuasion or Seduction
Transcript:

Personl: Oh no, not you again.

Person2: What an adorable hat.

Personl: They think I have a concussion.

Person2: And you think you’re in love.

Personl: I know it.

Person2: This “love” of yours will soon wear off. I gave you a temporary love
potion.

Personl: Why should I believe you?

Person2: It’s the truth. In twenty-four hours you’ll forget all about that girl.

Model evidence:

“In twenty-four hours you’ll forget all about that girl.”

7.5.2 Implications and Rationale for Dataset Re-Curation

The results reveal a conservative operating point: while many non-manipulative clips are
correctly rejected, a large fraction of manipulative clips are missed (Table 7.3). Among YES
predictions, tactics concentrate on a few acoustically salient classes (e.g., Intimidation, Persuasion

or Seduction), with long-tail categories rarely emitted (Tables 7.4-7.5). This pattern, together with
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evidence—label mismatches, suggests that transcript-based labels, class imbalance, and TTS prosody
artifacts are shaping the audio-only evaluation.

To restore modality-appropriate validity and more reliable attribution, we conduct a targeted
re-curation of an audio subset along three axes. First, we adopt modality-faithful labels by adding
an audio-first annotation pass while retaining a parallel text-first split. Second, we improve balance
and coverage by increasing representation of long-tail tactics and diversifying speakers and contexts
per tactic, which should reduce collapse onto head classes. Third, we tighten definitions and
controls: clarify tactic boundaries with operational criteria and paired counter-examples; introduce
non-manipulative audio clips that deliberately contain strong prosodic cues (e.g. high arousal, stern
tone) so the model can’t rely on prosody alone as a shortcut for predicting manipulation; diversify
and normalize the TTS voice pool and optionally include human recordings to audit artifacts. Also,
when citing evidence, we require it to come from human-marked time spans (with timestamps)
and permit only quotes taken from those spans; if the model cites text outside these regions, we
mark it out-of-span and award zero credit for evidence. In the interim, we report only the binary

manipulative decision and defer revised tactic attribution until after label cleanup.

7.5.3 Data Re-curation and Majority Voting

We prepared 100 source conversations, each rendered in two modality-specific items: text-
only (transcript) and audio-only (composed multi-speaker TTS). Each modality was annotated
independently to prevent cross-modal leakage.

Turning to annotators and batching, eight annotators participated in total. Items were organized
into ten batches per modality (IDs 0-9). Each annotator received one text batch set and one audio
batch set in random order. This assignment ensured multiple independent judgments per item in
each modality, with approximately 20-50% overlap across annotators to support cross-validation.

The labeling task in this re-curation phase was intentionally narrow: annotators provided only
the binary manipulative label {YES, NO} for the given modality. Tactic labels were intentionally

de-prioritized and not collected here.
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To maintain data quality, we checked each item for annotation completeness and consistency.
These checks included verification of valid class membership in { YES, NO}, batch integrity, and
annotator—item uniqueness. Evidence quotes were not required at this stage.

After collection, labels were aggregated by majority vote within each item—modality pair. Let

an item receive k votes y; € {0, 1} with 1 = YES. The final label y is

and items with Zf‘zl yi = % (a perfect tie) were marked UNRESOLVED and routed to adjudication.

For adjudication, tied or otherwise low-confidence items were reviewed by two rotating an-
notators who were not part of the original voting set for that item. They examined only the
modality under review and issued a consensus YES/NO. If consensus could not be reached, a third
adjudicator served as a tie-breaker.

Finally, for each item and modality we recorded the resulting binary label, the vote histogram
(#YES, #NO), the adjudication status, and annotator counts per item. After all batches closed,
inter-annotator agreement metrics, including Cohen’s Kappa [208], Fleiss’s Kappa [209] and

Krippendorff’s Alpha [210], were computed separately for each modality.

7.5.4 Human re-annotation results

Given the inherently subjective nature of mental manipulation, we compare model performance
with human annotations on the same tasks. We observe that human judgments occasionally diverge
from the original task labels, and such discrepancies are more pronounced in the speech modality.

We collect human judgments on the dialogues presented in either text or TTS audio modalities.
We calculate the inter-annotator agreement represented in pair-wise Cohen’s Kappa, Fleiss’s Kappa
and Krippendorff’s Alpha. As pairwise Cohen’s Kappa vary by a large degree (Figure 7.3), we

focus on the annotators with higher agreement. The high agreement group (annotators B, F, G, H)
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Figure 7.3: Pair-wise Cohen’s Kappa between Human Annotators for 7ext modality

for text has Krippendorff’s alpha of 0.526 and Fleiss’s Kappa of 0.513. These values are slightly
lower than the Fleiss’s Kappa of 0.596 reported in the original MENTALMANIP dataset [180].

For the audio modality, the high agreement group (annotators B, C, F, H) for text has Krippen-
dorff’s alpha of 0.422 and Fleiss’s Kappa of 0.514. We observe that some annotators achieve higher
agreement on the text modality but not necessarily on audio, suggesting that modality introduces
additional variability in how manipulation cues are perceived.

Using majority voting over 100 re-annotated samples, we find that our labels align with the
original MENTALMANIP annotations at 0.72 agreement for text and 0.56 for audio, suggesting
notably lower consistency in the speech modality. This discrepancy indicates that identifying

mental manipulation from speech cues is inherently more ambiguous, probably due to prosodic
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and contextual subtleties that were underrepresented or inconsistently interpreted in the original
dataset. The lower audio agreement also suggests that the original labels may not fully capture
the nuanced intentions conveyed through tone, hesitation, or emphasis —features that often alter

perceived manipulation.

7.6 Conclusion

We introduce the first benchmark SPEECHMENTALMANTIP for detecting mental manipulation
in speech by augmenting the text-based dataset with high-quality, voice-consistent TTS—rendered
dialogues. This synthetic multi-speaker extension enables direct comparison between text and audio

modalities while systematically examining how prosodic cues affect manipulative intent detection.
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Re-annotations Text Audio
MENTALMANIP | 1 O | 1 O
1 31 19|28 22
0 9 41|22 28

Table 7.6: Agreement between the original MENTALMANTIP labels and our re-annotations for 100
samples.

Our experiments show that audio representations make the task substantially more challenging:
both humans and models exhibit lower agreement and accuracy when manipulation must be inferred
from speech rather than text. These findings highlight that mental manipulation is not only a difficult
computational task but also an inherently subjective phenomenon, shaped by tone, delivery, and
context.

Future work will expand this benchmark toward more diverse voices and natural speech, refine
theoretical definitions of manipulation, and explore modeling strategies that explicitly account for
subjectivity and multimodal ambiguity. As perception of manipulation can vary widely across
individuals and contexts, clearer theoretical grounding is essential to ensure consistency in both
human judgments and machine predictions. We hope this work lays a foundation for developing
safer, more socially aware dialogue systems that can reason about manipulative intent across

modalities.

7.7 Limitations

Our task involves inherently subjective judgments, as perceptions of mental manipulation can
vary across annotators and contexts. While we curate samples from the consensus set, the re-
annotated samples may capture only a subset of manipulative strategies represented in the original
dataset, limiting generalizability.

In addition, our use of text-to-speech (TTS) synthesis for some audio stimuli may not fully
reflect the richness and variability of natural human speech, potentially affecting both human and
model interpretation. Our synthetic dialogues are generated on a turn-by-turn basis and therefore do

not capture overlapping speech, interruptions, or backchanneling commonly observed in natural
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conversation. This design choice prioritizes experimental control: overlapping speech remains
challenging for current audio-language models and can introduce confounds related to speech
separation, diarization, and acoustic comprehension. As our goal is to isolate how prosodic cues
and delivery affect manipulation reasoning, rather than to stress-test low-level audio robustness, we
intentionally evaluate models under clean, non-overlapping conditions. Despite these limitations,
we do not claim that synthetic speech faithfully represents natural manipulative behavior, but to
provide a controlled testbed for isolating modality effects. By rendering transcript-aligned speech
with consistent speaker identities and minimized acoustic confounds, we can probe how audio-
language models and humans interpret manipulative intent when lexical content is held fixed, an
analysis that would be difficult to conduct with in-the-wild recordings. Incorporating statistically
generated overlap (e.g., via Behavior-SD style simulation) represents an important direction for
future work, enabling evaluation under more ecologically realistic conversational dynamics once
baseline behaviors are established.

Finally, our evaluation relied on a single audio-language model (Qwen2.5-Omni) and a few-shot
prompting strategy that did not include explicit definitions of manipulation tactics. While this choice
established a stable baseline and tested the model’s inherent semantic understanding, it leaves open
the question of whether definition-augmented prompting or alternative architectures would yield
different sensitivity patterns. Expanding the benchmark to a broader suite of models and prompt

strategies remains a critical direction for future work.
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Chapter 8: Conclusion

This dissertation has advanced a unified perspective on socially meaningful conversational
Al. We first strengthened the foundations of interaction modeling by improving how systems
represent discourse structure and interpersonal coordination through dialog act alignment and
acoustic-prosodic entrainment. These contributions establish that successful conversation depends
on both organized communicative intent and dynamic behavioral adaptation.

Building on these insights, we examined empathy as a specialized form of conversational
collaboration in which emotional understanding becomes central. We modeled how empathy is
expressed and detected in speech, revealed the inherent complexity and ambiguity of multimodal
emotional signals, and introduced scalable methods for generating supportive responses grounded
in psychotherapy theory. This work demonstrates that empathy requires not just affect recognition
but interpretive reasoning and expressive alignment.

Finally, we addressed the ethical responsibility that accompanies emotionally capable systems.
By developing methods to detect mental manipulation from speech, we showed that conversational
Al must protect users from coercive influence, especially in high-vulnerability contexts.

Together, these contributions articulate a progression from understanding the mechanics of
human interaction, to enabling emotionally supportive behavior, and finally to safeguarding users
as systems grow more persuasive and expressive. This dissertation takes a step toward empathetic,

trustworthy conversational Al that respects human agency and promotes well-being.

The Role of Curated Data in the Era of Foundation Models

A recurring theme of this dissertation is the continued importance of carefully constructed

datasets, even in the era of zero-shot and foundation models. While large pretrained models reduce
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the need for task-specific training data, they do not eliminate the need for well-defined benchmarks,
aligned annotations, and controlled evaluation settings. In fact, as models become more capable and
opaque, high-quality datasets become increasingly important for interpreting behavior, diagnosing
failure modes, and ensuring safety.

The corpora introduced here—spanning authentic speech (telephone conversations), semi-acted
and therapeutic interactions, audiovisual media, and synthetic speech—reflect complementary
design goals. Authentic recordings preserve natural conversational dynamics; acted or interview-
style data emphasize emotionally salient behaviors that are easier to annotate reliably; and synthetic
or TTS-generated data provide scalability and experimental control. This combination enables both
ecological validity and reproducible experimentation.

Therefore, rather than assuming that large models obviate the need for data collection, this work
argues that curated datasets remain foundational scientific infrastructure. They define what we
measure, how we evaluate progress, and how we ensure that increasingly powerful conversational

systems behave safely and responsibly.

Future Directions

The work presented here opens several important avenues for continued research in empathetic
and socially responsible conversational Al. Advancing empathetic Al invites continued progress in
four interconnected areas.

First, ethical considerations must remain central. As emotionally capable systems grow more
persuasive, simply maximizing user-perceived empathy is not always beneficial. Highly sycophantic
behaviors — over-accommodation, exaggerated agreement, or reinforcement of unhealthy beliefs —
may feel supportive in the moment while undermining user well-being. Future systems will require
context-sensitive guardrails that distinguish care from appeasement and prioritize user autonomy
and safety.

Second, this ethical concern directly motivates the need for better evaluation frameworks.

To prevent sycophancy, models must be assessed not only on emotional attunement but also
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on whether their responses promote constructive outcomes and psychological safety over time.
Current single-turn or surface-level metrics do not capture these distinctions. Richer evaluation
paradigms — including longitudinal studies, contextual judgment criteria, and user-centered success
measures — are necessary to identify when empathy is genuinely helpful versus when it crosses
into manipulation or overreliance. Human-in-the-loop studies and multistage metrics that separate
emotional attunement from harmful influence, will be essential. A comprehensive survey that maps
existing empathy endeavors and highlights overlooked gaps would meaningfully support progress
in the field.

Third, scale and modality present important opportunities. While recent advances in large
language models have demonstrated impressive social reasoning capabilities, empathy grounded
in speech remains understudied. This dissertation contributes to closing that gap by focusing on
acoustic-prosodic and multimodal empathy, but future work should explore larger models that
integrate voice, prosody, and contextual cues more holistically. Beyond English, expanding to
cross-lingual and culturally adaptive modeling will be increasingly necessary to ensure inclusive
and equitable access to support.

Finally, conversational dynamics themselves are not static. As communication norms evolve
across cultures, platforms, and communities, foundational constructs such as entrainment, turn-
taking, and dialog acts may manifest differently over time. Revisiting these dynamics in emerging
communication settings — virtual interaction, voice assistants, multilingual social media spaces —
will help ensure that our models remain relevant to how people actually communicate.

Overall, the future of empathetic Al lies not only in building more powerful models, but in
developing systems that understand the diversity and complexity of human communication, support

users responsibly, and adapt as society and language evolve.
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