
How Do Voice Characteristics Affect Perceived 

Communication Quality? Evidence from Online Health 

Communities 

Siyuan Xu1  and Donghui Yang*2 

1 Southeast University, NanJing 211189, China 
2 Southeast University, NanJing 211189, China 

230249143@seu.edu.cn 

dhyang@seu.edu.cn* 

Abstract. With the widespread adoption of the Internet and the continuous de-

velopment of digital technologies, online health communities (OHC) are increas-

ingly becoming an essential channel for patients seeking expert health consulta-

tions. In this context, effectively attracting consumers and improving online com-

munication quality are the top priorities for online health communities. Existing 

research has attempted to address this issue from many perspectives. However, 

the influence of the physicians’ voice characteristics on patients’ perceived com-

munication quality is unclear. Based on social support theory, our research ex-

amines the impact of three emotional dimensions of physicians' voice—valence, 

arousal, and dominance—on perceived communication quality. Our research col-

lected about 10,966 patient consultation records with voice messages from the 

well-known Chinese online health community Haodf. Empirical results show that 

the valence and dominance dimensions positively impact patients' perceived 

communication quality, while the arousal dimension has a negative impact. Ad-

ditionally, patient gender and offline visit experience moderate the relationship 

between the emotional dimensions of physicians' voices and perceived commu-

nication quality. 

Keywords: Social support theory, Emotional dimension model, Online 

healthcare community, Perceived communication quality, Offline visit experi-
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1 Introduction 

The development of online health communities has brought considerable conveniences 

to people's daily lives. Patients can conduct medical consultations, make online ap-

pointments, and learn healthcare knowledge in OHCs.[1]. Compared to traditional face-

to-face healthcare, online health communities offer a more private setting for commu-

nication, encouraging patients to share sensitive information. In addition to providing 

convenience to patients, OHCs also offer physicians an online communication plat-

form. They can earn more rewards and reputation by serving patients[2]. According to 

a recent survey in 2024, 33.2% of people in China are using online health communities.  
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Despite the rapid growth, OHCs also encounter problems such as low user stickiness.
In 2023, the retention rate of both physicians and patients in Chinese online health com-
munities was less than 60%. This may be related to insufficient social support and low
communication quality during online medical consultations. First, there is a severe in-
formation asymmetry between patients and physicians. Physicians may be unable to
provide sufficient professional information only by text, leading to a lack of informa-
tional support. Secondly, compared to offline communication, the online consultation
environment lacks sufficient linguistic and emotional expression, making it difficult for
patients to achieve emotional support[3]. As a health service, online consultation is a
value co-creation process between physicians and patients[4]. Scholars primarily fo-
cused on physicians' free knowledge contributions in the community, prosocial behav-
iour, and response speed as proxies, lacking direct exploration of how physicians pro-
vide social support in online medical consultation, especially the important effect of
physicians’ voice characteristics[5].

Existing research indicates that multimodal information, such as voice and image,
can provide more information than text[6]. Compared to text, voice can convey more
information and improve the efficiency of online communication. Moreover, voice of-
ten contains richer emotional expressions. Although voice has many advantages in
online consultations, previous research fails to show solicitude for voice.

Therefore, our research aims to address the following research questions:(1) How
does voice, as an essential component of online health consultation, help physicians
provide more informational and emotional support to patients? (2) How does the emo-
tional dimension of voice in online health consultation affect patients' perceived com-
munication quality? (3) The moderating role of patient gender and offline consultation
experiences on the relationship between the emotional dimension of physicians' voice
and perceived communication quality.

2 Theoretical Basis

2.1 Online Health Communities (OHCs) and Perceived Communication
Quality

OHCs refer to individuals interacting within health and health-related virtual commu-
nities to seek information, assistance, emotional support, and communication opportu-
nities[7]. Numerous benefits of participating in OHCs have been identified, including
increased social support, perceived empathy, helping patients maintain optimism, and
reducing stress, depression, and levels of psychological trauma[8]. Compared to other
online communities, OHCs aim to provide various types of social support. Existing
research on online health communities can be categorized into three streams, focusing
mainly on physicians, patients, and interactions between physicians and patients. phy-
sicians play an important role as providers of knowledge and information in OHCs.
Research on physicians includes topics such as their free knowledge-sharing behaviour,
the impact of online consultations on offline clinic visits[9], and the influence of pa-
tients’ online behaviour on physicians. Additionally, patients, as the largest group in
OHCs, are equally indispensable. Existing research primarily focuses on developing
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recommendation systems to provide better recommendations and Q&A services for pa-
tients, offering more social support to increase patient satisfaction, and the effect of
online interaction on patients’ mental health[10].

Despite the above two streams, another stream focuses on the communication be-
tween physicians and patients. The quality of communication is an important factor that
affects the service quality and a focus of attention for online service platform operators,
managers, and customers[11]. High-quality online communication can enhance the ser-
vice experience and increase consumers satisfaction. In the field of health care, per-
ceived communication quality significantly influences patient loyalty and satisfac-
tion[12].

2.2  Social Support Theory

The concept of social support was first introduced by Cobb S in 1976[13]. This theory
considers that when individuals feel cared for, loved, respected, understood, responded
to, and helped by others, they experience happiness and warmth, which enhances their
psychological fulfillment and influences their behaviour[14]. The social support theory
involves two aspects: emotional support and informational support. Informational sup-
port refers to useful information that can help individuals make decisions. Emotional
support, on the other hand, involves feelings of care, respect, concern, and understand-
ing, providing psychological support[15].

First, physicians gain social support from patients during online health communica-
tions[16]. Research has found that both material incentives(monetary gifts) and free
expressions of gratitude (thank-you letters, etc.) from patients can provide emotional
support for physicians, with free expressions of gratitude being more effective in en-
hancing physicians' happiness. Moreover, during online health communication, pa-
tients' enthusiasm and the complexity of their self-disclosure can also impact the quality
of services provided by physicians[17]. Second, patients receive social support from
both physicians and communities. In OHCs, as in traditional online communities, pa-
tients can communicate with others to better understand medical information and re-
ceive emotional support[18]. Active participation in the community helps improve de-
pressive symptoms. Research also found that patients in OHC receive more social sup-
port from community interactions than from family members[14]. However, current
research has not explored voice characteristics in online health communications, over-
looking the impact of social support provided by this crucial factor on the quality of
health communication.

2.3 Emotional Dimension Model

The emotional dimension model adopts a different classification method[19]. The Va-
lence-Arousal Emotion Model, proposed by Mehrabian in 1980, created a theoretical
dimensional space and suggested that human emotions are not discrete but can be
mapped onto a two-dimensional space[20]. This model includes two dimensions: va-
lence and arousal. Pleasure (also known as valence) represents the positive-negative
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aspect of an emotional experience. This dimension is mainly used to distinguish be-
tween positive states (such as calmness and joy) and negative states (such as fear). The
second dimension, arousal, is mainly used to distinguish the intensity of emotional sig-
nals. However, subsequent research found that the two-dimensional space could not
distinguish between certain emotions, such as anger and fear. Therefore, dominance
was introduced as the third dimension, forming the Valence-Arousal-Dominance
(VAD) model[21]. Dominance refers to an individual's sense of control or power in
emotional experiences.

Existing research about VAD primarily focuses on the innovation and application of
AI. Additionally, many studies use professional acoustic software such as QA5 and
LVA to analyze online voice, finding that managers' positive emotional states can sig-
nificantly impact analysts' forecasts and future performance. Existing research has also
discovered the correlation between the valence and arousal dimensions(Robinson, Stor-
beck, Meier, & Kirkeby, 2004). When emotions exhibit low valence and high arousal,
they are easily identified as negative, known as valence-arousal consistency. However,
Emotions with low valence and low arousal are difficult to evaluate as positive or neg-
ative due to the conflict between valence and arousal. Valence-arousal congruence the-
ory proceeds from the assumption that, in addition to the positivity or negativity de-
noted by valence, arousal influences the evaluation of a stimulus's positivity or nega-
tivity[22]. This is because high-arousal stimuli are associated with danger (negative),
whereas low-arousal stimuli are presumed safe (positive). Based on this, research has
found that the consistency between valence and arousal makes entrepreneurs appear
more prepared during presentations. However, no research has analyzed the impact of
physicians' voice emotions on perceived communication quality and satisfaction based
on VAD model.

2.4 The VAD Dimension of Physicians’ Voices and Perceived Communication
Quality

Current research has indicated that the social support provided by physicians is highly
correlated with patient satisfaction and online communication quality. In physicians'
voice characteristics, many factors relate to emotional and informational support.

Firstly, according to the emotion regulation perspective, individuals should pay more
attention to regulating positive or negative emotional expressions in effective social
interactions[23]. Positive emotional expressions contribute to establishing good rela-
tionships with others, and good relationships can improve communication quality. The
valence dimension in the VAD model measures the positivity of emotions, so our re-
search considers that the valence dimension of physicians' voices positively impacts
patients' perceived communication quality. Secondly, physicians with poor emotional
control and prone to anger and anxiety may lead patients to doubt their professionalism
and result in more complaints. In the VAD model, the arousal dimension primarily
measures the energy and excitement levels in emotions, with higher arousal indicating
stronger emotions. Finally, a more dominant and authoritative tone makes people feel
more convinced. A dominant and authoritative tone conveys confidence and profes-
sionalism, enhancing persuasiveness[24]. The third dimension of the VAD model,
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dominance, emphasizes the feeling of control or power. A higher dominance score can
make physicians appear more authoritative, enhancing the credibility of information in
online health communication.

Based on the impact of VAD dimension of physicians’ voices on perceived commu-
nication quality, our research proposes the following hypothesis:

H1: The valence dimension of physicians' voices positively impacts patients' per-
ceived communication quality.

H2: The arousal dimension of physicians' voices negatively impacts patients' per-
ceived communication quality.

H3: The dominance dimension of physicians' voices positively impacts patients' per-
ceived communication quality.

2.5 The Moderating Effect of Patient Gender

Influenced by educational methods, social culture, and physiological characteristics
during growth, men and women develop different gender role orientations, leading to
distinct behavioural patterns and cognitive styles[25]. In daily life, females often ex-
hibit a more emotional nature. They are more sensitive to emotions, while males tend
to be more rational and approach problems more objectively. Based on the above re-
search, we suggest that women, who are more sensitive to emotion, can better detect
emotional changes in others' speech. Thus, women are more likely to be influenced by
the arousal and valence dimensions in physicians' voices than men. Additionally, psy-
chological research indicates that because men are often assigned more authoritative
roles in modern society, they show stronger reactions to authority and are more easily
influenced by authoritative figures[26]. Therefore, male patients are more likely influ-
enced by the dominance dimension in physicians' voices.

H4: The positive impact of the valence dimension in physicians' voices on perceived
communication quality is more significant for female patients compared to male pa-
tients.

H5: The negative impact of the arousal dimension in physicians' voices on perceived
communication quality is more significant for female patients compared to male pa-
tients.

H6: The positive impact of the dominance dimension in physicians' voices on per-
ceived communication quality is more significant for male patients compared to female
patients.

2.6 The Moderating Effect of Offline Visit Experience

The development of online health communities offers patients a wide range of medical
consultation channels. Compared to offline services, online consultations are more con-
venient[27]. However, existing research rarely focuses on the impact of offline behav-
ior on online activities, especially in healthcare. During offline interactions, physicians
have conducted basic examinations and provided information on relevant diseases and
treatments. Furthermore, face-to-face interactions can more effectively convey infor-
mation in an offline communication environment[28]. In offline communication, body
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language, facial expressions, and direct dialogue can provide patients additional emo-
tional support[29]. As a result, patients with offline visit experiences have already
gained enough emotional support. When patients subsequently choose online health
communities for medical consultations, the social support provided by physicians'
speech may be less prominent.

H7: Offline visits negatively moderate the positive impact of the valence dimension
in physicians' speech on patients' perceived communication quality.

H8: Offline visits negatively moderate the negative impact of the arousal dimension
in physicians' speech on patients' perceived communication quality.

H9: Offline visits negatively moderate the positive impact of the dominance dimen-
sion in physicians' speech on patients' perceived communication quality.

3 Research Design

3.1 Sample and Data Collection

Data were collected from “Haodf,” one of Chinese largest online health communities.
Data from Haodf is open to all users, we can access physicians' information and patient
consultation records within the platform's authorized limits. Many studies use this plat-
form as the data source[30]. Data collection began in July 2024 and lasted three months,
during which 622,10 consultation records were collected, including 10,966 records with
voice data.

Then, we use the FRCRN neural network to enhance and denoise the raw audio,
removing various noises and background sounds. Next, we extract features from the
denoised speech with the wav2vec 2.0 general speech processing model and analyze
the scores of each consultation speech across the three VAD dimensions. Wav2vec 2.0
is a general speech-processing model; it can handle different tasks and perform well
across multiple languages. Finally, we process the patient's response with the BERT
model, extracting positive emotional expressions in the patient's response and the com-
munication rounds between the doctor and patient. Additionally, we also count words
expressing gratitude and understanding in patients' responses.

3.2 Variable Measurement

Patients’ perceived communication quality is the dependent variable in this study,
measured by the interaction rounds between physicians and patients. We also use the
positive emotions expressed in patient responses and the number of words expressing
gratitude and understanding to measure patients’ perceived communication quality.
Additionally, words expressing gratitude and understanding in patients' responses can
also reflect the care they feel. The independent variables in our research are the three
dimensions of the doctor's voice in online medical communication. We select an emo-
tional dimension recognition model based on wav2vec 2.0 to score the emotional di-
mensions in the doctor's voice.  Based on existing research, this study constructed three
categories of control variables: physician characteristics, patient characteristics, and
voice characteristics. Table 1 presents the measurement methods for all variables.
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Table 1. Definition of research variables

Variables Measurement & Description

Dependent
variable

Communication qual-
ity(Com_qua)

(1) Interaction depth
(2) Positive emotion
(3) The number of words expressing
gratitude and understanding in patients'
responses

Independent
variable

Valence(V) Positive state or negative state
Arousal(A) Signal strength
Dominance(D) Sense of control

Moderating
variable

Patient gender(Pat_G) Coded as 1 for female, 0 for male

Offline visit experience(OVE) Coded as 1 for OVE, 0 for without OVE
Control variable

physician char-
acteristics

Physician title (D_Title)
Coded as 1=Physician, 2=Attending
Physician, 3=Associate Chief Physician,
4=Chief Physician

Hospital level (Hos_Level) Coded as 1 for tertiary hospital, 0 for
other

Physician gender(Phy_G) Coded as 1 for female, 0 for male

patient charac-
teristics

Disease description length
(D_length)

The total number of words in the pa-
tient’s disease description.

Online consultation vol-
ume(OCV)

The number of patients who select the
physician

Voice charac-
teristics

Speech rate (SpeechR) The average speech rate (words/second)
of the physician

Pitch range (Pit_Rag)
The distance between the maximum and
minimum pitch values in a physician’s
voice (semitones).

Number of speech(Num_spe) The quantity of speech used in one con-
sultation

4 Hypothesis Testing and Analysis

4.1 Model Construction

Given that the dependent variable in this study (perceived communication quality) is a
continuous variable, we used linear regression for hypothesis testing and constructed
this research model.

We investigated the impact of three emotional dimensions in physicians' voices on
perceived communication quality and the moderating effects of patient gender and of-
fline visit experience. In Formula, we primarily focus on β1 to β9, which capture the
three emotional dimensions of physicians' voices and the moderating effects of patient
gender and offline visit experience. Additionally, we controlled for eight factors at the
patient, doctor, and voice levels.
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4.2 Relationship Between Emotional Dimensions in Physicians' Voices and
Perceived Communication Quality

The results are presented in Table 2. Data analysis found that the standardized regres-
sion coefficients of valence dimension in physicians' voices and perceived communi-
cation quality were significantly positive(β= 0.080, p<0.01). So did arousal dimen-
sion(β= -0.057, p<0.01) and dominance dimension(β= 0.099, p<0.01). This indicates
that the valence dimension and dominance dimension in physicians' voices positively
relate to perceived communication quality, thus verifying H1 and H3. The arousal di-
mension in physicians' voices negatively relates to perceived communication quality,
thus verifying H2. When communicating with patients online, physicians can adjust
their mood and mental state to make their voice sound more optimistic and calm.

Table 2. Regression Analysis of emotional dimensions in physicians' voices and perceived
communication quality

variable
perceived communication quality
Model 1 Model 2 Model 3

control variable
D_Title -0.016 -0.020** -0.019**
OCV 0.043*** 0.044*** 0.043***
D_length -0.015 -0.016* -0.017**
Physician gender -0.009 -0.007 -0.019
Hos_Level -0.039*** -0.031*** -0.035***
Num_spe -0.046*** -0.056*** -0.038***
Pit_Rag -0.026** -0.009 -0.03***
SpeechR 0.03*** 0.052*** 0.006
Valence 0.080***
Arousal -0.057***
Dominance 0.099***
R2 0.016 0.012 0.018
F 19.362*** 15.022*** 22.591***
Standard errors in parentheses. *p < .1, **p < .05, ***p < .01.

4.3 Moderate Role of Patient Gender

According to the regulatory effect analysis method, multiple-level linear regression
analysis was conducted using SPSS 26.0. The results are presented in Table 3. Assump-
tion 4 was verified first. In model 5, the interaction item of valence dimension and
patient gender had a significant moderating effect(β= 0.023, p<0.05); thus, H4 was ver-
ified. However, according to Model 7 and Model 9, the moderating effects of patient
gender on the relation between arousal dimension, dominance dimension and perceived
communication quality were not statistically significant (β = -0.006, p = 0.531; β =
0.011, p = 0.256). Therefore, research hypotheses H5 and H6 were not supported.
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Table 3. Analysis on the moderate role of patient gender

variable
perceived communication quality

Model 4 Model 5 Model 6 Model 7 Model 8 Model 9

control variable

D_Title -0.016** -0.017* -0.021** -0.021** -0.019** -0.02**

OCV 0.042*** 0.042*** 0.043*** 0.043*** 0.042*** 0.042***

D_length -0.016** -0.016* -0.016* -0.016* -0.017* -0.017*

Physician gender -0.01 -0.011 -0.008 -0.008 -0.019 -0.019

Hos_Level -0.038*** -0.037*** -0.031** -0.031** -0.034** -0.034**

Num_spe -0.046*** -0.046*** -0.056*** -0.056*** -0.038*** -0.038***

Pit_Rag -0.026** -0.026** -0.009 -0.009 -0.029*** -0.030***

SpeechR 0.03*** 0.03*** 0.052*** 0.052*** 0.006 0.005

IV

Valence 0.080*** 0.078***

Arousal -0.056*** -0.056***

Dominance 0.099*** 0.099***

RV Patient gender 0.009 0.009 -0.009 -0.009 -0.009 -0.009

Interactive
items

V*PG 0.023**

A*PG -0.006

D*PG 0.011

R2 0.016 0.016 0.012 0.012 0.018 0.018

F 17.515*** 16.439*** 13.618*** 12.415*** 20.416*** 18.678***

Standard errors in parentheses. *p < .1, **p < .05, ***p < .01.

4.4 Moderate Role of Offline Visit Experience

The results are presented in Table 4. Assumption 7 was verified first. In model 11, the
interaction item of valence dimension and patient gender had a significant moderating
effect(β= -0.024, p<0.05); thus, H7 was verified. However, according to Model 13, the
moderating effect of offline visit experience on the relation between arousal dimension
and perceived communication quality was not statistically significant (β = 0.007, p =
0.456). Therefore, research hypothesis H8 was not supported. Finally, hypothesis 9 was
tested. Model 14 was the main effect model, and the dominance dimension significantly
affected perceived communication quality(β= 0.101, p<0.01). In model 15, the interac-
tion item of valence dimension and patient gender had a significant moderating ef-
fect(β= -0.021, p<0.01); thus, H9 was verified.
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Table 4. Analysis on the moderate role of offline visit experience

variable
perceived communication quality

Model 10 Model11 Model 12 Model 13 Model 14 Model 15

control variable

D_Title -0.017* -0.017* -0.022*** -0.022*** -0.021*** -0.022***

OCV 0.043*** 0.043*** 0.044*** 0.043*** 0.043*** 0.043***

D_length -0.017* -0.017* -0.018** -0.018** -0.02*** -0.02***

Physician gender -0.009 -0.007 -0.007 -0.007 -0.018 -0.017

Hos_Level -0.039*** -0.04*** -0.031*** -0.031*** -0.035*** -0.035***

Num_spe -0.047*** -0.047*** -0.057*** -0.057*** -0.039*** -0.04***

Pit_Rag -0.026*** -0.026*** -0.010 -0.010 -0.031*** -0.031***

SpeechR 0.030*** 0.031*** 0.052*** 0.052*** 0.005 0.005

IV
Valence 0.079*** 0.079***
Arousal -0.056*** -0.056***
Dominance 0.101*** 0.103***

RV OVE 0.014 0.013 0.012 0.012 0.022** 0.023**

Interactive
items

V*OVE -0.024**

A*OVE 0.007

D*OVE -0.021***

R2 0.016 0.016 0.012 0.012 0.019 0.019

F 17.622*** 16.589*** 13.686*** 12.491*** 20.877*** 19.440***

Standard errors in parentheses. *p < .1, **p < .05, ***p < .01.

4.5 Additional Analysis

According to valence-arousal consistency theory, the combination of valence and
arousal may cause different effects on perceived communication quality. So we try to
investigate the interaction effect between valence and arousal on perceived communi-
cation quality to enrich our findings. The results shown in Table 5 reveal that the coef-
ficient of valence*arousal is negative. Therefore, as the valence dimension increases,
the negative impact of the arousal dimension on patients' perceived communication
quality decreases. From another perspective, as the arousal dimension increases, the
positive effect of the valence dimension decreases. These findings are consistent with
the valence-arousal consistency theory. When emotions exhibit low valence and high
arousal or high valence and low arousal, they are easily identified. Existing research
indicates that less cognitive effort is required for integration when the evaluation of
valence matches that of arousal. Therefore, when physicians send voice messages to
patients, they should maintain consistency between the valence and arousal dimensions,
which can reduce patients' cognitive load and help them better understand the content
of the voice messages.
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Table 5. The Interaction of valence and arousal

variable
perceived communication quality

Model 16 Model17

control variable
D_Title -0.015 -0.014
OCV 0.042*** 0.043***

D_length -0.015 -0.015
Physician gender -0.003 -0.002

Hos_Level -0.038*** -0.038***
Num_spe -0.052*** -0.052***
Pit_Rag -0.013 -0.013
SpeechR 0.054*** 0.053***

IV Valence 0.095*** 0.097***
RV Arousal -0.077*** -0.081***

Interactive
items

V*A -0.023**

R2 0.021 0.021
F 23.045*** 21.489***

Standard errors in parentheses. *p < .1, **p < .05, ***p < .01.

5 Conclusions

In this study, we propose a research model based on social support theory. Several crit-
ical findings can be drawn from this study based on our research questions. Firstly, we
found that the valence dimension of physicians' voices positively influences patients'
perceived communication quality. Secondly, our research indicates that the arousal di-
mension has a negative impact on patients 'perceived communication quality. Finally,
the dominance dimension positively affects patients' communication quality.

Furthermore, patient responses to physician's voices vary based on gender. From the
perspective of the voice signal receiver, we investigate how patient gender affects the
relationship between the emotional dimensions of physicians' voices and perceived
communication quality. It is found that female patients are more sensitive to the valence
dimension in physicians' voices.

Moreover, the offline visit experience also affects the relationship between the emo-
tional dimensions of physicians' voices and perceived communication quality. Com-
pared to online consultations, patients receive richer service experiences and more so-
cial support during offline consultations. Therefore, patients with offline visit experi-
ences receive less social support from physicians' voices and are less sensitive to
changes in emotional dimensions of physicians' voices.
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