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Abstract

Introduction. Teachers have a high risk of  developing voice disorders and high-stress 
levels due to their working conditions. Moreover, stress causes changes at a physiologi-
cal level in different systems such as the cardiac, gastrointestinal, and respiratory sys-
tems. In the latter, the rate of  airflow is increased producing significant changes in the 
acoustic parameters of  the voice. 

Methods. An exploratory, correlational, longitudinal study was conducted to in-
vestigate the association between perceived stress and three acoustic parameters 
related to voice perturbation and harmonicity (jitter, shimmer, and harmonics-to-
noise ratio) among college professors. The study also aimed to explore potential 
changes in this association over the follow-up period. Twenty-four college profes-
sors participated in the study. Participants completed a questionnaire that gathered 
information on socio-demographic characteristics, working conditions, and stress 
perception. Voice samples were collected from each participant and subjected to 
acoustic analysis using Praat software. To examine the associations between stress 
levels and the acoustic parameters, generalized linear models (GLM) with a gamma 
distribution were employed.

Results. We found that professors with low stress levels had increased jitter and 
shimmer values; whereas participants with moderate and high stress levels had in-
creased harmonics-to-noise ratio values compared to those with a lower stress level. 
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Conclusions. Stress has an important effect on voice perturbation and harmonicity 
parameters. These results justify the design of  interdisciplinary workplace interven-
tions for voice disorders among teachers that include activities on stress management.

Keywords
Jitter; Shimmer; harmonics-to-noise ratio; stress; college professors.

Resumen

Introducción. Los docentes tienen un alto riesgo de desarrollar trastornos de la 
voz y niveles elevados de estrés debido a sus condiciones laborales. Además, el estrés 
provoca cambios a nivel fisiológico en diferentes sistemas, como el cardíaco, gastroin-
testinal y respiratorio. En este último, el flujo de aire se incrementa, lo que produce 
cambios significativos en los parámetros acústicos de la voz. 

Método. Se realizó un estudio exploratorio, correlacional y longitudinal para inves-
tigar la asociación entre el estrés percibido y tres parámetros acústicos relacionados 
con la perturbación y la armonicidad de la voz (jitter, shimmer y harmonics-to-noise 
ratio) en profesores universitarios. El estudio también buscó explorar posibles cam-
bios en esta asociación durante el período de seguimiento. Veinticuatro profesores 
universitarios participaron en el estudio. Los participantes completaron un cuestio-
nario que recopiló información sobre características sociodemográficas, condiciones 
laborales y percepción del estrés. Se recolectaron muestras de voz de cada partici-
pante, las cuales fueron analizadas acústicamente utilizando el software Praat. Para 
examinar las asociaciones entre los niveles de estrés y los parámetros acústicos, se 
emplearon modelos lineales generalizados (GLM) con una distribución gamma. 

Resultados. Encontramos que los profesores con bajos niveles de estrés tenían va-
lores aumentados de jitter y shimmer, mientras que los participantes con niveles mo-
derados y altos de estrés tenían valores aumentados del harmonics-to-noise ratio en 
comparación con aquellos con un nivel de estrés más bajo. 

Conclusiones. El estrés tiene un efecto importante en los parámetros de perturba-
ción y armonicidad de la voz. Estos resultados justifican el diseño de intervenciones 
interdisciplinarias en el lugar de trabajo para los trastornos de la voz entre los docen-
tes, que incluyan actividades de manejo del estrés.

Palabras clave
Jitter; Shimmer; harmonics-to-noise ratio; estrés; profesores universitarios.

Introduction

Voice disorders and high-stress levels are two work-related conditions prevalent among 
teachers, with physical and psychological implications [1]. Voice is known as the vehicle 
of  verbal communication, produced from the synergic work of  five systems: neurologi-
cal, respiratory, phonatory, resonant, and articulatory [2]. The voice involves three key 
components: the power source (airflow), the oscillator (vocal folds), and the resonator 
(vocal tract) [3]. Air compressed by the lungs is pushed through the larynx, causing 
the vocal folds to vibrate, producing sound. The shape and size of  the vocal tract, 
along with articulatory movements, further refine the sound, influencing its quality and 
strength [3] and produce the desired pitch, loudness, and vocal quality [4]. 
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Voice assessment includes acoustical analysis using parameters such as fundamental fre-
quency (fo), Sound Pressure Levels (SPL), jitter, shimmer, and harmonics-to-noise ratio (HNR). 
These parameters help us to differentiate between normal and non-normal voice production 
[5]. However, to obtain comparable information, researchers and clinicians are advised to 
follow protocols for instrumental assessment of  voice [6]. These protocols allow obtaining 
quantitative information that corresponds to auditory-perceptual parameters of  vocal loud-
ness (SPL and shimmer), pitch (fo and jitter), and quality (signal periodicity and/or spectral-
based measures such as HNR), as recommended by the American Speech-Language-Hearing 
Association (ASHA) [6]. 

Stress is defined as a state of  disharmony, or threatened homeostasis, related to individual, 
physiological, and biochemical aspects [7]. From a psychosocial perspective, stress is linked 
to external factors, such as stimuli and events that trigger the stress response [8], indicating a 
significant interrelationship between the environment and the individual. Stress causes physi-
ological changes in several systems, including cardiovascular [9], respiratory [10], endocrine 
[11,12] and nervous systems [13]. These responses to stress will depend on their nature, in-
tensity, and duration [13].

A comprehensive literature review [14] discussed the effects of  stress on vocal parameters, 
noting that while there is evidence suggesting that stress can lead to changes in voice, such 
as increased fo, individual differences in stress response and the influence of  parasympathet-
ic factors complicate the ability to draw a universal conclusion. These stress-induced vocal 
changes are not limited to increases in fo, but also include alterations in subglottic pressure, 
jitter (especially when the sympathetic nervous system is blocked [15]) and shimmer. Stress 
has been associated with decreased maximum airflow rate, voice onset time, and vocal inten-
sity [14], as well as increased tension in the cricothyroid muscle, and subglottal pressure [16]. 
Although there is no complete understanding of  the association between stress and jitter, a re-
lationship between these two variables can be hypothesized based on the findings of  Giddens 
et al. [14]. They suggest that this association may be mediated by the sympathetic nervous 
system’s effects on heart rate, blood pressure, and bronchodilation. Consequently, the mucosa 
of  the vocal folds tends to elevate its movement frequency, leading to amplified disturbances 
attributed to heightened stiffness in the vocal folds [17]. Furthermore, stress can lead to a 
higher respiratory rate [18], causing people to breathe more times per minute. According to 
Dworkin [19], this disrupts the airflow stability and can result in physiological responses such 
as inflammation of  the vocal folds. The sequential mechanisms of  tissue inflammation involve 
diminished blood flow secondary to contraction or vasoconstriction of  vessels, followed by 
vasodilation of  small blood vessels. This vasodilation causes increased flow, erythema, local-
ized heat, and increased mass and stiffness of  the vocal folds, making the voice hoarse and 
with lower pitch [20]. In addition, these changes could cause decreased amplitude and create 
asymmetrical vibrations and turbulent airflow, potentially increasing measures of  shimmer in 
individuals without [21]and with voice disorders [22].

The interplay between vocal health, stress, and working conditions is a critical area of  
study in occupational health and safety, especially for professions that rely heavily on vocal 
communication, such as teaching. These interactions can significantly impact an individual’s 
overall health, job performance, and quality of  life [1,23,24]. For instance, the literature in-
dicates that workplace-related stressors, such as the number of  students per class, the number 
of  classes per week, and background noise levels may increase teachers’ vocal effort and lead 
to vocal fatigue, which could result in reduced pitch [25]. Similarly, a recent study found that 
the presence of  vocal fatigue was correlated with the duration of  daily vocal rest breaks and 
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hours of  daily voice use at work among professional voice users [26]. It also suggests that lon-
ger periods of  speaking at work could lead to increased discomfort and physical pain among 
workers. It is worth noting that stress has been identified as one of  the factors most strongly 
correlated with voice symptoms in school teachers [23].

Furthermore, research has highlighted that college professors are exposed to several stress-
ors, including intense workloads, classroom management challenges, demands of  standard-
ized testing, and a scarcity of  resources [27,28]. This heightened stress not only adversely af-
fects their mental and physical well-being but also manifests in vocal health problems. Indeed, 
studies have reported that professors with higher stress levels are twice as likely to report voice 
disorders compared to those with lower stress levels [24,29,30]. Among school teachers, those 
with higher stress levels are more likely to report voice symptoms and reduced voice-related 
quality of  life than their less-stressed colleagues [31–33]. 

Voice acoustic parameters could be considered useful measures of  stress levels and pro-
vide insight into the potential psychophysiological mechanisms underlying the voice stress 
response [34] by monitoring and measuring variations in voice associated with stress [35]. 
However, results are contradictory since some research has reported that fo was significantly 
lower when participants faced stressful situations [36], while other studies noted changes in fo 
without specifying the direction [37,38]. Other acoustic parameters, such as HNR and shim-
mer, have been associated with stress [37]. Considering that jitter reflects involuntary varia-
tions in fo, shimmer reflects amplitude disturbances [5], HNR quantifies the relative amount 
of  additive noise in the speech signal [39], and these measures are non-intrusive and easy to 
collect; they are feasible to implement in everyday settings. 

Since the relationship between stress and acoustic parameters like jitter, shimmer, and 
HNR is still unclear, this study aims (1) to investigate the association between self-reported 
stress levels with jitter, shimmer, and HNR among Colombian college professors and (2) to 
explore potential changes in this association over the follow-up period.

Methods

Study design and participants

This study had an exploratory, correlational, and longitudinal design with the participation of  
24 college professors (12 men and 12 women). The sample size was calculated considering a 
prevalence of  voice disorders in teachers of  69% and a prevalence of  voice disorders in the gen-
eral population of  36% [40], with an Alpha of  0.05 and a power of  80% (n = 16). Considering 
that this was a longitudinal study, collecting data at different points in time [41], the final sample 
size was estimated at 24 participants. All the participants met the inclusion criteria, which in-
cluded being a college professor, having a smartphone and a laptop or desktop computer, and 
not having medically diagnosed problems of  either stress-related or voice disorders. This study 
was approved by the institutional ethics committee (approval reference 014-19).

Data collection procedure

The data were collected between October and March, but each participant was followed for 
15 days. Professors who agreed to participate in the study attended an initial meeting with 
the first author, where they were informed about the research goals, potential risks of  the 
research, and the expected duration of  the study. Afterward, all participants, who accepted 
to participate, signed the informed consent form, filled in an online survey, and recorded two 
voice samples (sustained vowels /a/ and /i/).
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For this study, we created an online survey using Google Forms to evaluate the work-related-
ness of  voice disorders and stress levels among college professors. Google Forms was used be-
cause it holds certifications such as ISO 27001, ISO 27017, ISO 27018, SSAE16/ISAE 3402, 
and FedRAMP, which guarantee the confidentiality and privacy of  the information collected 
and stored through this service. In order to guarantee the privacy of  the information, we fol-
lowed all necessary ethical guidelines from our institutional review board, which ensured com-
pliance with data privacy regulations, including those pertaining to the General Data Protection 
Regulation. The survey was adapted following the English-Spanish-English translation protocol 
and content-validated by three expert judges. The initial section of  the survey comprised fifteen 
questions adapted from questionnaires used in prior studies [42,43]. It covered various aspects, 
including socio-demographics (gender, age, marital status, and education level), working condi-
tions (duration of  voice usage at work, class size, and daily and weekly teaching load), lifestyle 
habits (smoking, alcohol consumption, and water intake), and health-related factors (respiratory 
and gastrointestinal issues, allergies, stress levels, and sleep duration and quality). The second 
section focused on assessing stress perception. In this part, participants responded to the follow-
ing question: “Stress means a situation in which a person feels tense, restless, nervous or anxious 
or is unable to sleep at night because his/her mind is troubled all the time. Do you feel this kind 
of  stress these days?” [44]. This item was scored on a five-point Likert scale going from “not at 
all” (1) to “very much” (5). While the survey included inquiries about working conditions, life-
style habits, and health-related factors, it is important to note that this manuscript’s primary fo-
cus is the analysis of  the relationship between stress and three voice acoustic parameters. Other 
research findings from the same data have been published elsewhere [45,46].

We assessed voice function by analyzing three specific voice acoustic parameters de-
rived from two voice samples, namely the vowels /a/ and /i/. The inclusion of  both vow-
els served multiple purposes. First, it allowed us to assess the consistency of  stress effects 
across different vowel types, as the production of  each vowel involves distinct articulatory 
and phonatory demands that can affect acoustic measures [47]. Second, this approach en-
hanced the robustness of  our acoustic analysis. 

The samples used for this article were obtained at two time points: at the beginning (base-
line measurement) and after a 15-day follow-up period (follow-up measurement). The record-
ings made from day 2 to day 14 were recorded under different conditions and, therefore, were 
not included. This longitudinal approach allowed us to assess the stability of  the stress-voice 
relationship and control for intra-individual variability. It also helped to capture the temporal 
dynamics of  stress and voice function, which can fluctuate due to various factors (work de-
mands, environmental factors, and individual coping mechanisms). However, although par-
ticipants did not practice the specific vocal tasks analyzed in this manuscript, the repeated 
assessments might have influenced vocal performance.

 The voice recordings took place in the Laboratory of  Health and Safety at Work in the 
Faculty of  Nursing of  the Universidad Nacional de Colombia. Participants were located in-
side a soundproof  booth. They were instructed to take a deep breath and produce a sustained 
vowel sound, first /a/, at a conversational pitch and loudness, aiming for maximal dura-
tion without leaving any residual air. This process was repeated three times. Subsequently, 
participants were asked to replicate the same procedure, this time producing the vowel /i/. 
To ensure consistency, all recordings were conducted under controlled conditions (same en-
vironment, time of  day, microphone, and consistent distance between the speaker and the 
microphone). Consequently, variations in SPL were not considered. Voice recordings were 
made employing a unidirectional microphone, the AUDIOART ART-139, characterized by a 
frequency response range spanning from 50Hz to 15KHz, a sensitivity of  -53 ± 3dB, and an 
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impedance of  600Ω ± 30% (at 1KHz). All recordings were sampled at a frequency of  44,100 
Hz. Participants were instructed to maintain a consistent distance of  five centimeters between 
their mouth and the microphone throughout the recording sessions. According to Švec et 
al. [48], to keep the measurement inaccuracy below ±1dB, the variation of  the mouth-to-
microphone distance should be kept below ±12%, whereas at 5 cm, the distance variation 
should be less than 0.6 cm. The participants had a marked ruler to measure the distance 
from the microphone to the mouth. The recordings were performed by the first author with 
the collaboration of  Speech-language pathology trainees. The first author also ensured that 
participants maintained the mouth-microphone distance using the ruler.

Data processing and acoustic analysis

Three dependent variables were defined: jitter, shimmer, and HNR, which are continuous 
variables. Then, three independent variables were defined: stress levels, measurement time 
point, and vowel type. Stress levels were categorized on a five-point scale ranging from 1 
to 5. The measurement time point was dichotomized as baseline or follow-up. Vowel type 
was also dichotomized, distinguishing between the vowels /a/ and /i/. We selected jit-
ter, shimmer, and HNR based on their recognized effectiveness in distinguishing normal 
voices from pathological voices, as reported in previous studies [49,50]. The voice acoustic 
analysis was conducted using Praat software (version 6.1.04). The middle 3 seconds of  the 
longest sustained vowel productions were used to calculate jitter, shimmer, and HNR. We 
excluded the initial and final portions of  the production from the analysis to mitigate any 
onset and offset effects, aiming for a more consistent assessment of  perturbations as sug-
gested by Watts et al. [51].

Statistical analysis

All statistical analyses were conducted using SPSS version 24.0 [IBM Corp]. The results of  
the Shapiro-Wilk test indicated that the data did not follow a normal distribution. There-
fore, differences in jitter, shimmer, and HNR among participants were assessed using the 
Kruskal-Wallis test. Furthermore, Generalized Linear Models (GLM) with a gamma distri-
bution were employed to examine the associations between jitter, shimmer, and HNR with 
stress levels. The strength and direction of  the associations between independent variables 
(predictors) and the dependent variable (outcome) were expressed as beta (B) values along 
with their respective standard errors (SE). A negative beta estimate (B < 0) means that there 
is a negative association or relationship between the predictor variable and the outcome 
variable. A positive beta estimate (B > 0) means that there is a positive association or rela-
tionship between the predictor variable and the outcome variable. The magnitude of  the 
beta value indicates the strength of  the association. Larger absolute values of  beta (whether 
positive or negative) indicate a stronger association between the predictor and the outcome, 
while smaller absolute values suggest a weaker association.

AI use disclosure

Claude 3.5 Sonnet was used to proofread and enhance the writing by providing suggestions for 
sentence structure and grammatical improvements. No content was generated by any AI tool.
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Results
Occupational demographic information of  professors

Participant attrition was 0%. The participants had an average age of  45 years, with an age 
range covering 42 years. A total of  91% of  the male population reported using their voice in 
occupational settings for six hours or less per day, while 67% of  women indicated using their 
voice for more than six hours daily. Concerning the number of  days per week that teachers 
use their voice for work, most men (83%) stated using it for more than four days, whereas 62% 
of  women mentioned using their voice for four days or less. On average, teachers experience 
was 16 years (σ = 10.4). Most of  both women (67%) and men (83%) reported having 30 or 
fewer students per class. 

Regarding individual conditions, 75% of  the female population mentioned consuming 
three or more glasses of  water daily, in contrast to 50% of  men. Among health-related fac-
tors, the most prevalent conditions included rhinitis (29%), respiratory allergies (21%), gas-
troesophageal reflux (17%), and hypertension (8%). It is noteworthy that the male population 
reported a higher number of  prior health conditions (58%) compared to the female popula-
tion (42%). Additionally, an equal proportion (83%) of  both men and women mentioned not 
using medications frequently. Lastly, 88% of  teachers indicated that they do not participate 
in extracurricular activities that involve extra vocal demand, while the remaining 12% men-
tioned activities such as singing, performing, and family dynamics.

Differences in jitter, shimmer, and HNR among college professors with differ-
ent stress scores

The results show that the average stress score among the participants was 2.26 (SD = 0.79) 
which would fall above the midpoint between “not at all” and “slightly”. However, there were 
participants who scored a level 5 of  stress, which means a high perception of  this aspect that 
could be associated with the workload of  their activities. 

All measures of  voice acoustic parameters were under the reference values of  healthy 
voices. Table 1 presents the mean values of  jitter, shimmer, and HNR for each stress level. 
It was observed that jitter in seconds was significantly higher (B = 0.000026) among profes-
sors with a stress level of  2 (slightly). Additionally, shimmer in decibels (dB) was found to 
be significantly higher (B = 0.03) for teachers with a stress level of  1 (not at all). In terms 
of  HNR, teachers with a stress level of  5 (very much) exhibited significantly higher HNR 
values, with a mean of  29.1.

Table 1. Mean values of jitter, shimmer, and HNR per stress levels.

Voice acoustic 
parameters

Reference 
values 

parameters

Stress levels

1 (not at 
all)

2 3 4
5 (very 
much)

Jitter (%) <0.72 0.4 0.4 0.4 0.4 0.4

Jitter (sec) < 0.000067 0.000019 0.000026* 0.000015 0.000018 0.000018

Shimmer (dB) <0.29 0.3* 0.2 0.2 0.2 0.2

HNR (dB) >18.71 21.7 22.0 25.2* 23.6 29.1*

Note. * p-value ≤ 0.05. 
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Relationship between stress and duration and perturbation parameters of  voice

Table 2 presents the results of  the multivariate analysis examining the relationship between 
jitter, shimmer, HNR, and stress levels. If  we compare the baseline with the follow-up, there 
was a statistically significant reduction at the end of  the study in the Jitter % (B = -0.30; p 
= 0.00), Jitter sec (B = -0.37; p = 0.02) and Shimmer dB (B = -0.22; p = 0.01). Regarding 
the production of  vowels, there was a significant reduction of  the vowel /i/ compared to the 
vowel /a/in the acoustic parameters of  Jitter % (B = -0.39; p = 0.00) and Shimmer (B = 
-0.31; p = 0.00) and an increase in the HNR (B = 0.16; p = 0.00). Participants who scored 
moderate to high-stress levels (levels 3, 4, and 5) had slightly lower values of  Shimmer (dB) 
compared to those with no stress (level 1) (B = -0.55 p = 0.00; -0.41 p = 0.00; -0.53 p = 0.01, 
respectively). Participants who scored moderate stress (level 3) had slightly higher HNR (dB) 
values compared to those with reported no stress (level 1) (B = 0.14; p = 0.04).

Table 2. Relationship between jitter [%], Shimmer [dB], and HNR [dB] with stress levels.

Parameter
Jitter (%) Jitter (sec) Shimmer (dB) HNR (dB)

Beta SE p-value Beta SE p-value Beta SE p-value Beta SE p-value

Baseline Measure 
(day 1)

Reference Category Reference Category Reference Category Reference Category

Follow-up 
Measure [day 15]

-0.30 0.07 0.00* -0.37 0.16 0.02* -0.22 0.08 0.01* 0.03 0.05 0.59

Vowel /a/ Reference Category Reference Category Reference Category Reference Category

Vowel /i/ -0.39 0.06 0.00* -0.25 0.14 0.08 -0.31 0.06 0.00* 0.16 0.05 0.00*

Stress Level = 1 Reference Category Reference Category Reference Category Reference Category

Stress Level = 2 0.21 0.08 0.01* 0.42 0.18 0.02* -0.08 0.08 0.33 0.00 0.06 0.95

Stress Level = 3 -0.08 0.09 0.38 -0.38 0.21 0.07 -0.55 0.10 0.00* 0.14 0.07 0.04*

Stress Level = 4 -0.06 0.10 0.59 -0.06 0.23 0.81 -0.41 0.11 0.00* 0.08 0.08 0.28

Stress Level = 5 -0.08 0.18 0.65 -0.15 0.42 0.71 -0.53 0.19 0.01* 0.29 0.14 0.51

Note. * p-value ≤ 0.05.

Discussion

This study aimed to identify the relationship between stress and three voice acoustic param-
eters related to perturbation and harmonicity of  voice (jitter, shimmer, and HNR) among 
college professors. Two main results were found. First, teachers with lower stress levels had 
increased shimmer (stress level 1) and jitter (stress level 2) values compared to participants 
with higher perceived stress levels. Second, teachers with medium and high levels of  stress (3 
and 5) had higher HNR compared with those with lower stress levels (1 and 2).

Our first result disagrees with previous research [14] that reported that high levels of  stress 
were associated with high values ​​of  disturbance of  the fo and SPL; instead, we found that 
lower stress levels were associated with slightly greater perturbations in vocal frequency and 
amplitude, as indicated by higher jitter and shimmer values. A possible explanation for these 
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results is that low-stress levels may be associated with small intrinsic vocal fold tension and vibra-
tion amplitudes causing more variability in mucosal movement resulting in greater perturbation 
[52]. Regarding jitter, our results suggested a decrease in this parameter with higher scores of  
self-reported stress levels. This is, less stress causes more frequency perturbance, which may be 
explained by an increased cricothyroid muscle contraction and fluctuations in subglottic pres-
sure affecting the regularity of  vocal folds vibration [21,34,53]. Recently, Kappen et al. [54] 
found an association between jitter and changing mood in the context of  psychosocial stress. In 
this way, it seems likely that high jitter scores may help to identify changes in the level of  vocal 
quality due to incipient stress in teachers. Another possibility may be due to the way college 
professors perceive stress. This perspective could be influenced by various factors, such as work-
load, academic demands, and pressure to achieve professional goals. In addition, the individual 
characteristics of  each professor, such as their level of  resilience and stress management skills, 
could affect their perception and personal experience [55]. Previous research has indicated that 
jitter is strongly influenced by individual variations in stress reactivity [17], reflecting the body’s 
capacity or propensity to respond to stressors. It is important to note that the perception of  
stress among college professors may vary, as their evaluation was based on subjective self-report 
questionnaires, which may not align precisely with objective stress appraisals. Additionally, the 
absence of  exposure to simulated stress-inducing situations in the participants of  this study 
limits our ability to exercise more control over this variable, which should be considered a limi-
tation. Future studies could consider determining physiological targets to contrast the results of  
this study.

Concerning the relationship between HNR and stress, we found that participants with 
medium and high-stress levels had higher values of  HNR. Although all the participants’ 
values of  HNR were within the range of  “normal” voice (despite the level of  perceived 
stress), these increments may be associated with the activation of  the sympathetic nervous 
system and the release of  cortisol and noradrenaline that trigger different changes in the 
body (e.g., increased heart and respiratory rate, increased alertness) [56]. In this sense, by 
increasing the flow of  expelled air and its frequency, greater energy is produced in the 
vibration and periodicity of  the vocal folds. Therefore, generating high values of  HNR is 
associated with a harmonic and sonorous voice [57]. In this way, despite the statistical as-
sociation found, the self-perception of  medium and high levels of  stress would not show in 
our study that it is affecting harmonicity or sonority of  the voice, and even less so when at 
a medium-high level (level 4) we did not find any association.

Furthermore, “higher” values of  jitter, shimmer, and HNR in the vowel /i/ compared 
to the vowel /a/, and in the last measure compared with the first one may be an indication 
of  greater laryngeal control during the voice production, probably due to having repeated 
the assessments previously. Participating professors might have become more aware of  their 
voices when carrying out these tasks [58]. It is worth remembering that while participants 
recorded their voices throughout the 15-day follow-up period, the nature of  the recordings 
differed. On days 1 (baseline measurement) and 15 (follow-up measurement), participants 
provided samples of  sustained vowels, whereas on days 2 to 14, they produced reading sam-
ples. This variation in recording type suggests that any observed changes are unlikely to be 
due to a training effect. Instead, they may reflect an increased awareness of  vocal production 
among the teachers throughout the study. Also, the difference in HNR for the vowels can 
be explained by the energetic differences in each vowel’s harmonic components [59]. The 
overall value of  the HNR of  the signal varies because different vocal tract configurations 
involve different amplitudes for the harmonics [60]. The vowel /a/ has generally lower HNR 
than the /i/ and /u/ vowels [61]. The vowel /a/ presents a constriction in the pharynx and 
an expansion near the lips, while the vowel /i/ requires a constriction near the lips and an 
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expansion near the larynx [5]. Therefore, the vowel /i/ involves a more closed position of  
the mouth and front of  the tongue in contrast to the vowel /a/. These articulatory character-
istics require greater laryngeal control and precise adjustment of  the vocal folds, which can 
improve voice production parameters (jitter, shimmer, and HNR) [62]. 

This study provides valuable insights into the relationship between stress levels and voice 
acoustics. Our findings suggest that lower stress levels are associated with increased jitter and 
shimmer, indicating that acoustic parameters of  voice perturbation and harmonicity may 
be sensitive to perceived psychological tension. These parameters could potentially serve as 
reliable indicators of  emotional states. The research points to an interaction between vocal 
quality and the presence of  stress, which may have implications for work performance. This 
aligns with previous research that demonstrated that when evaluated together, voice disorders 
and work-related stress had a stronger association with decreased work ability compared to 
when these factors were assessed separately [63]. 

To conclude, these findings underscore the complex interplay between psychological 
stress, vocal characteristics, and professional performance. They highlight the potential 
utility of  voice analysis as a non-invasive tool for stress assessment in professional settings, 
particularly among educators. Furthermore, they emphasize the importance of  consider-
ing both vocal health and stress management in efforts to improve work performance and 
overall well-being among college professors.

Limitations and future research

As with all studies, we acknowledge some limitations due to the lack of  detailed data on teach-
ing (vocal) demands at the time of  the study, the specific timing within the academic semester, 
and the variety of  extracurricular voice use outside of  occupational duties. Additionally, the 
differences in reported voice use between men and women may have affected the results. 
Previous research has shown that women tend to experience vocal fatigue more frequently 
than men, and age has also been identified as a contributing factor [64]. These gender-based 
and age-related differences could potentially influence the relationship between stress and 
voice acoustics. Moreover, we recognize that we did not account for the association between 
SPL and stress levels, nor the relationship between SPL and jitter, shimmer, and HNR in our 
analysis. Although the results are unlikely to change significantly, incorporating these fac-
tors would have provided a more robust interpretation. Another limitation is the presence 
of  external factors that, while not the primary focus of  our research, may have influenced 
the results. Although we did not examine these factors in detail, their potential impact on 
stress levels and voice acoustics should be considered when interpreting our findings. These 
external factors could include environmental conditions, personal life stressors, or other work-
related variables not captured in our study.

Future research in this area could take several directions to build upon our findings. Firstly, 
a more comprehensive exploration of  external variables could provide additional clarity on 
their relationships and impacts. Secondly, incorporating more objective measures to quantify 
stress levels would enhance the robustness of  the results. Another valuable path would be to 
conduct a more thorough analysis of  gender and age-related differences in voice use and their 
relationship to stress. Finally, employing a larger and more diverse sample size would increase 
the generalizability of  the findings, potentially uncovering patterns or associations that may 
not be apparent in smaller, more homogeneous groups. These approaches would collectively 
contribute to a deeper understanding of  the complex interplay between voice parameters, 
stress, and demographic factors among college professors.
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Despite these limitations, the absence of  such detailed information does not undermine 
the validity of  the associations observed in line with our exploratory goals. On the contrary, 
the findings of  this study highlight the need to consider stress and voice disorders as inter-
related issues rather than separate entities, particularly in the context of  teachers’ occupa-
tional health.

Conclusions

Addressing stress and its impact on vocal function holistically can lead to more effective pre-
vention and treatment strategies for teachers. By incorporating stress reduction techniques 
such as mindfulness, cognitive-behavioral therapy, and relaxation exercises into vocal health 
programs we could mitigate the physiological impacts of  stress on the vocal folds. Moreover, 
educational institutions should recognize the dual burden of  stress and voice disorders on 
teachers and implement supportive measures, such as reasonable teaching loads, access to 
vocal health resources, and professional development opportunities focused on stress manage-
ment. By adopting a comprehensive approach that acknowledges the interplay between stress 
and voice, we can improve the overall well-being and professional longevity of  educators.
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