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Abstract

The human voice conveys more than just words; acoustic-vocal
cues like pitch range and formant dispersion can shape percep-
tions of a speaker’s personality. While research has explored
this in various contexts, the impact of vocal cues on percep-
tions of teachers’ traits remains unclear, particularly consider-
ing the educational level of listeners. This study investigates
how college and secondary students perceive teacher utter-
ances with manipulated acoustic parameters. Results showed
that students from both age groups considered voices with a
wider pitch range as being uttered by good teachers, but only
the secondary students perceived a higher FO and a wider for-
mant dispersion as a feature of being a good teacher. Those
suggest the mappings between teachers’ characteristics and
acoustic features might be different by age or education level,
which could potentially the future teacher training for different
levels of education.

Keywords: Education; Linguistics; Psychology; Attractive-
ness; Language understanding

Introduction

Acoustic and vocal cues of human voice contain abundant in-
formation about the personal traits of speakers which can be
perceived by listeners. Rather than being random, the rela-
tionship between the vocal cues and perceived personal traits
is consistent. In fact, the inter-listener consistency in predict-
ing the personal traits of speakers is significantly high across
different experiment settings (McAleer & Belin, 2018).

In particular, pitch and intonation were found to play sig-
nificant roles in the perception of trustworthiness. Pitch re-
ferred to the perceived fundamental frequency, while intona-
tion was considered a pattern of the fundamental frequency.
For example, in the studies on the relationship between pitch,
intonation and the trait trustworthiness, listeners tended to
feel the ascending intonation less trustworthy compared with
the generally higher pitch levels (Tyler, 2015; Klofstad, An-
derson, & Peters, 2012). It indicates that the perception of
trustworthiness is associated with the pitch and pattern of in-
tonation. Additionally, the relationship between formant dis-
persion and perceived dominance has been confirmed in pre-
vious studies. Formant dispersion refers to a function of mean
distance among formants in human voices, which indicates
the distance from the mouth to the larynx and the vocal tract
length (Fitch, 1997). In former research, it was found that
voices with smaller formant dispersion were perceived as be-
ing more dominant (Hughes, Harrison, & Gallup Jr, 2002;
Puts, Hodges, Céardenas, & Gaulin, 2007). Since the vocal

tract length is a comparatively rigid parameter based on the
physiological difference, it was argued that the traits of being
dominant were judged based on the more innate biological
features (McAleer, Todorov, & Belin, 2014).

When putting the interpretation of acoustic features in var-
ious social contexts, previous studies focused on the relation-
ship between the perceived vocal traits and listeners’ subse-
quent decisions and responses. Many studies have investi-
gated how the perceived vocal cues affect judgment in sit-
uations, such as political elections (Klofstad, Anderson, &
Nowicki, 2015), dating and mate selection (Xu, Lee, Wu,
Liu, & Birkholz, 2013), and job interviews (Schroeder & Ep-
ley, 2015). For example, in the dating context, both male
and female listeners tended to consider lower-pitch voices
as more attractive (B. C. Jones, Feinberg, DeBruine, Little,
& Vukovic, 2010; Xu et al., 2013), suggesting that listeners
would take dominance, fertility, and physical body size as ut-
tered by vocal cues into consideration in their mate selection
(Xu et al., 2013; Borkowska & Pawlowski, 2011). In such so-
cial contexts, it is reasonable to argue that social factors such
as gender and age may also influence listeners’ perception of
vocal traits. Previous studies suggest that the perceived voice
traits can be related to the listeners’ and speakers’ gender.
Scholars found that female listeners tended to feel the ascend-
ing intonation of female speakers was not trustworthy, but the
same pattern by male speakers was perceived as more trust-
worthy (Tyler, 2015). Besides, the age of listeners also affects
the perceived voice traits such as pleasantness and natural-
ness. Specifically, the older listeners were more likely to rate
voices as pleasant, which differed subtly from the younger
group who generally rated the same voices with more emo-
tionally neutral scores (Goy, Pichora-Fuller, & van Lieshout,
2016).

In the context of classes or education in general, existing
research reported mixed results about which and how acous-
tic cues play roles in making a speaker sound like a teacher
with good personal traits such as reliability, trustworthiness,
friendliness, and organizedness. Schmidt, Andrews, and Mc-
Cutcheon (1998) found that the teachers with a narrower
range of pitch levels in their voice seemed to be perceived
with a more confident trait and believed by students to have
the ability to improve the effectiveness of teaching. More re-
cently, Gampel and Ferreira (2017) found that the teachers
whose voices were equipped with a wider pitch range and
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loudness range were considered more pleasant by students.
Thus, it suggests that students’ perception of teachers’ traits is
likely to be affected by acoustic cues of the teachers’ voices.
Yet the relationship between acoustic cues and students’ per-
ception of teachers’ traits requires more investigation since
it seems that different acoustic cues were linked to differ-
ent personal characteristics. Additionally, the age and edu-
cational level of different student groups may also affect their
expectations of teachers when we consider the social factors
(Constantinou & Wijnen-Meijer, 2022; Wei, Chow, Huang,
Huang, & Cheng, 2023). Although many studies investigated
how people from different age groups estimated the speakers’
ages based on their vocal cues (Waller, Eriksson, & Sorqvist,
2015), Oosterhof and Todorov (2008) found that younger lis-
teners, especially adolescents, tended to perceive a voice as
trustworthy than older listeners, indicating the listeners’ age
can affect the perception of speakers’ traits as well.

However, as we have reviewed, only limited studies fo-
cused on this particular domain of education together with
students’ perceptual perspectives and the age effect on per-
ceiving teachers’ traits. Thus, the present study wanted
to investigate how vocal cues affect students’ perception of
whether a teacher is generally a good teacher and how these
vocal perceptions differed between secondary and college
students. We hypothesized that two age groups would show
different preferential patterns when they were asked to judge
the traits of teachers based on their vocal cues as suggested by
previous studies on age effects. In sum, this study attempted
to link acoustic features, vocal perception of traits, and age as
a social factor together to explore how teachers can perform
better or in a better vocal image to students in their class-
rooms.

Methods
Participants

Two age groups of participants, Group A and B, partici-
pated in this study. For Group A, 16 secondary school stu-
dents (7 males) were recruited, aged between 12 and 15
(M = 14.38,SD = 0.72) at the time of the experiment. For
Group B, 16 undergraduate students (7 males) were recruited,
they were older than Group A (aged between 20 and 25,
M = 23.12,8D = 1.17) and none of them were secondary
school teachers. Participants from both groups were native
speakers of Mandarin Chinese and learned English as a main
subject from their primary school at about 7 years old. All
of them received their primary and secondary education in
mainland China. They also completed the Language His-
tory Questionnaires (Li, Zhang, Yu, & Zhao, 2020) to put the
unexpected influence of their language background and lan-
guage proficiency under control. Note that the mean length
of studying English is 8.31 years (SD = 0.87) for Group A,
and 17.29 years (SD = 1.21) for Group B, longer than Group
A because they received a longer education at school. None
of the participants in either group reported any history of seri-
ous brain illness or damage, hearing loss, language difficulty,

or learning problems. Each participant was voluntary for the
approximately 15-minute experiment. The participants were
recruited on a voluntary basis and were acknowledged that
they have the right to withdraw from the experiments at any
time with no negative influence. No interest conflicts were
reported. The study was approved by the Human Research
Ethics Committee of the Education University of Hong Kong.

Stimuli

Since the complexity of the intonation system of stimuli
would potentially influence the perception (Scherer, 1972),
English was chosen for the stimuli due to its relatively smaller
phonological inventory compared to Mandarin Chinese (Lee
& Zee, 2003; Roach, 2004). The vocal stimulus was synthe-
sized using VocalTractLab (Birkholz, 2013). It was suggested
that the listeners tended to make a judgment on personalities
within a very short time (McAleer et al., 2014). In fact, lis-
teners decided whether the speakers were nice or not from
simply a brief utterance (McAleer & Belin, 2018). The rela-
tionship between short exposure and perception also explains
the reason for the oversimplified perception of personality. In
this study, the synthesized single word “bitter” with two syl-
lables is chosen as the stimulus with an approximately 500ms
duration, given our pilot experiment suggested that this utter-
ance sounds less machine-like compared to others. Consider-
ing that it is a single utterance with no sentence context, the
internal meaning of the word would have the least influence
on the listener’s perception. That duration was determined
because a 300ms exposure to each stimulus was proved suf-
ficient enough for people to make a judgment of vocal traits
(McAleer et al., 2014).

Three acoustic parameters were manipulated in this study:
fundamental frequency (FO), pitch range, and formant disper-
sion. For both FO and pitch range, the stimuli were resynthe-
sized, adopting the Manipulation function in Praat (Boersma,
2011). Three levels of FO (90Hz: Low, 100Hz: Mid, 110Hz:
High) and three levels of pitch range (50%: Low, 100%:
Mid, 150% wide: High) were manipulated based on a pi-
lot experiment that determined the minimal difference which
could be perceived by the participants. For formant disper-
sion, there were three levels of formant dispersion, with the
formant shift ratio being manipulated to 95% (Low), 100%
(Mid), and 105% (High), using the Convert function in Praat.
In total, there were 54 conditions of voices, including both
male and female voices (3 conditions of FO x 3 of pitch range
x 3 of formant dispersion x 2 genders). Figure 1 is an ex-
ample comparing stimuli of different parameters, from left
to right: high (H) FO (1) + medium (M) pitch range (2) +
medium (M) formant dispersion (3) (H1-M2-M3), L1-M2-
M3, and L1-H2-M3. To avoid the effects of acoustic steps
(i.e. the comparison between high and low has a larger step
than high and medium), we only considered the comparison
pairs of the adjacent ones (for example, high (H) - medium
(M) and medium (M) - low(L)). For each trial, there was only
one factor manipulated within one acoustic step provided be-
tween two stimuli.
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Figure 1: Exemplar stimuli with manipulated fundamental
frequency and pitch range.

Procedure

The experiment was built using PsychoPy (Peirce et al.,
2019) and was conducted on a laptop (MacBook Air 2020)
with a headphone (Bose QC35) in a quiet room. The two-
alternative-forced-choice (2AFC) method was used in the ex-
periment to ask the participants to choose one sound that fit
the described trait better from two voices.

The participants were clearly given the context that the
speaker to be judged is a secondary school teacher. In each
trial, participants would see a fixation for 500ms first, fol-
lowed by the targeted question about the expected trait to be
evaluated for 500ms (e.g., “Which one sounds more like a re-
sponsible teacher?”). After that, participants were required to
listen to two voices (around 500ms each) with a 300ms pause
in between and choose the voice by pressing the F and J on the
keyboard. Those target questions including those on trustwor-
thiness, friendliness, and organizedness, were adapted from
the Schmidt et al. (1998)’s list, and we also added a general
question on teachers’ goodness by asking “Which one sounds
more like a good teacher?”.

For each trial, only one targeted acoustic parameter out of
the three will be modified in order to control the variables
(e.g., low FO - low pitch range - low formant dispersion: L1-
L2-L3 vs low FO - low pitch range - medium formant disper-
sion: L1-L.2-M3). A training session was provided, including
five trials, for the participants to understand the procedure.
After the training session, the student would be given 162 tri-
als to judge with 54 possible combinations of parameters. The
stimuli were played in completely random order. During the
experiment, there were six vigilance trials to examine the par-
ticipants’ attention. All participants completed the vigilance
trials with all answers correct.

Data Analysis

For visualization and comparisons, the percentage of choos-
ing higher acoustic features by participant was calculated.
For example, if one participant chose the latter one in the pair
of L-L-L and L-L-M, it would get one score for being ~’choos-
ing higher features” because medium-level formant disper-
sion is higher than the low-level one. Firstly, we used the
proportion data to examine whether the choice pattern was
significantly biased. Thus, we applied one-sample z-tests to
compare the choice of higher parameters with the chance
level (50%).

Secondly, the mixed-effect logistic regression was con-
ducted using the Ime4 package in R (R Core Team, 2022)
to compare the response patterns in raw data by the acous-
tic feature that was manipulated (FO, pitch range, formant
dispersion), the step of comparisons (High-Medium: H-M,
Medium-Low: M-L) and the education-level group (college
and secondary school). The dependent variable is the re-
sponses to higher or lower features: If the participants chose
the stimuli with higher features, their responses would be
coded as 1; if they chose the lower features, their responses
would be coded as 0. For example, if one participant chooses
the L-L-M stimuli compared with L-L-L in one trial, his/her
response will be coded as 1. The random intercepts were par-
ticipants and trials.

Results

As illustrated in Figure 2 and 3, the results showed that all
participants had a clear preferential pattern of higher acous-
tic features of the perceived voice. The overall choices
of higher features for both college students and secondary
students were significantly higher than the chance level
(college: #(53) = 3.47,p = .001,95%CI[52.68;60.05]; sec-
ondary: ¢(53) = 5.77,p < .001,95%CI[55.89;62.17]. How-
ever, their detailed response patterns were largely different
from each other by condition. As shown in Table 1, college
students tended to have a significantly larger proportion of
choosing the Medium-wide pitch range than the chance level,
while they did not show significant differences between the
choices in other conditions and 50%. Similarly, the group of
secondary students tended to regard wider pitch ranges as the
features of being a good teacher, but the proportions of both
H-M and M-L comparisons were significantly higher than
the chance level. Besides, the secondary students also had a
clear preference for higher acoustic cues in the H-M compar-
ison of FO and M-L comparison of Formant dispersion when
they chose the features related to good teachers. Those sug-
gest that the preference patterns of two age or education-level
groups are potentially different from each other.

In addition, the students’ preferences were further analyzed
using the logistic regression model. The full model includes
the acoustic feature that was manipulated (FO, Pitch Range,
Formant Dispersion), the comparisons (High-Medium: H-M,
Medium-Low: M-L), and the education-level group (college
and secondary school). The model achieved an R? value of
0.158, indicating that only 15.8% of the variance in the de-
pendent variable was accounted for by the fixed predictors
and random effects. The only significant effect was the three-
way interaction effect, x>(1) = 7.44,p = .024. Tt indicates
that the response patterns in each group were largely different
from each other and the interactions of acoustic features and
their comparison levels were also different. Thus, we con-
ducted the post-hoc tests separately for each group. For the
college students, there was no significant effect or changed
features or comparisons (all ps > .3), suggesting the college
students’ choices were not significantly biased by the acoustic
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Table 1: Summarized results of one-sample #-tests.

Group Acoustic features Comparison Mean (%) #8) p 95%CI
Fo H-M 54.86 0.96 .367 [43.15; 66.57]
M-L 60.42 2.18 .061 [49.41;71.42]
College Pitch range H-M 52.78 0.71 498 [43.75; 61.80]
M-L 63.89 3.16 .013* [53.76; 74.02]
Formant dispersion H-M 53.47 0.69 .508 [41.92; 65.02]
M-L 52.78 0.80 .447 [44.77; 60.78]
Fo H-M 60.42 3.54  .008** [53.62; 67.21]
M-L 54.17 0.97 .360 [44.26; 64.07]
Secondary  Pitch range H-M 59.72 240 .043* [50.38; 69.06]
M-L 57.64 3.77 .005*%* [52.97;62.31]
Formant dispersion H-M 54.86 1.17 274 [45.32; 64.40]
M-L 67.36 4.07 .004** [57.52;77.20]
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Figure 2: Preference for acoustic features of the college stu-
dents. Note. the diamond-shaped points in dark red are the
mean values.

features and their manipulated levels.

Differently, for the secondary school students, their re-
sponses were significantly influenced by the interaction be-
tween the acoustic features and the comparisons H-M and
M-L (x*(1) = 6.41,p = .041). Thus, we conducted the fol-
lowing analyses of their interaction with the Tukey post-hoc
tests and adjusted p values, but there was no statistical sig-
nificance between each comparison by acoustic feature and
comparison level. Those indicate a subtle interactive pattern
in the responses of the secondary school students.

Choosing a higher feature (%)

30
FO Pitch Formant
Range Dispersion
Manipulated Features
H-M & M-L

Figure 3: Preference for acoustic features of the secondary
school students. Note. the diamond-shaped points in dark red
are the mean values.

Discussion

The study aims to investigate how acoustic cues could affect
students’ perception of whether a teacher is good or not and
whether that judgment could be affected by their education
levels. Our results showed that both groups share a sim-
ilar preference regarding the voices of a wider pitch range
but only the secondary school students felt that a voice with
a higher FO and a higher level of formant dispersion might
make a speaker sound like a good teacher. However, only the
three-way interaction of the group, acoustic features, com-
parison levels, and the two-way interaction between acoustic
features and comparison levels in the secondary school group
were found to have significant effects on the listeners’ per-
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ception.

The divergent response patterns observed between the two
age groups align with prior research suggesting that students’
age and education level can shape their expectations of what
constitutes a good teacher (Constantinou & Wijnen-Meijer,
2022; Wei et al., 2023). This is also consistent with studies in-
dicating that age can influence personality perception and first
impressions (Ewing, Austin, Diffin, & Grande, 2015). No-
tably, traits associated with trustworthiness are perceived at
an earlier age rather than in adulthood (Oosterhof & Todorov,
2008). Future studies can be considered to narrow down to or
select specific personal traits for a similar study setting. Apart
from the relationship within the student group, this study also
examines the generality of the pattern of students’ vocal per-
ception of a good teacher by conducting the perception task
on adult participants. The result shows that the adult group
tends to present several unique features regarding the percep-
tion of a good teacher, including the negative influence of a
low level of formant dispersion which is significant. Except
for the situation that students significantly tend to choose the
voice with a wider pitch range than adults when the formant
dispersion is fixed to a high level, the choices made by the stu-
dents and adults indicate no statistical significance. Hence, it
is rational to argue that regarding the vocal perception of a
teacher’s trait, age and cognitive development do not play an
important part as expected in the research question.

Additionally, new features were found regarding the re-
lationship between acoustic parameters and students’ vocal
perception of teacher’s traits. It is found that from the stu-
dent’s perspective, the voices that were comparatively higher
in fundamental frequency, wider in pitch range, and higher in
the level of formant dispersion are more likely to be consid-
ered to be spoken by a good teacher. Among the three condi-
tions, students’ preference for voices with a wider pitch range
shows statistical significance for both education-level groups.
The finding agrees with the former research suggesting that
a wider pitch range is considered more pleasant by the stu-
dents and a higher pitch sounds more motivating to students
(Gampel & Ferreira, 2017). For the study on formant disper-
sion, this study attempts to establish the relationship between
a higher level of formant dispersion and the portrait of a good
teacher, which furthered the understanding of students’ vocal
perception of a teacher’s trait.

To explain the relationship between the acoustic parame-
ters and students’ preference for voice, it is worth noticing
that the perceived portrait of the teacher’s voice is linked
closely with the potentially indicated traits of certain acoustic
parameters. For example, the wider pitch range was com-
monly reported to be associated with the personality of being
trustworthy and friendly (Gampel & Ferreira, 2017). More-
over, the higher fundamental frequency also indicated the
trustworthiness of the speaker among male speakers (Tyler,
2015; Klofstad et al., 2012). Based on former studies re-
garding the linkage between acoustic cues and traits, it is ra-
tional to argue that from the students’ perception, a teacher

with a personality of being trustworthy and friendly is consid-
ered a better teacher than those with less trustworthiness. On
the other hand, the acoustic parameter of formant dispersion,
which reflected the length of the vocal tract, was reported to
have a strong correlation with the traits related to dominance
(Hughes et al., 2002). For example, the longer vocal tract
results in lower formant dispersion, which is likely to be per-
ceived as being dominated by the listeners. Hence, the stu-
dent’s preference in this study may suggest that a voice with
less dominance, which is triggered by higher formant disper-
sion, is regarded as a better teacher according to the percep-
tion of student participants.

Combining aspects of the targeted acoustic parameters in
our findings, the ideal personality of a good teacher could
be possibly illustrated by the preferred condition of acous-
tic parameters: from the student’s perspective, a teacher who
is very trustworthy and not dominant is regarded as a good
teacher from the uttered voice. Previous research suggested
that whether students considered the teacher as being com-
petent positively related to the student’s perception of the
teacher’s personality (J. Jones, 1989). In fact, the relation-
ship between a teacher’s personality and teaching effective-
ness was proved to exist as well (Polk, 2006). Specifically,
it was found that the caring and trustworthiness personality
was significantly correlated with the perceived expertise of
teachers as rated by the students (Teven & Herring, 2005). In
other words, the personality related to trustworthiness, kind-
ness, and likeability tends to positively improve the teacher’s
perceived professionalism. Therefore, the current study sup-
ports the hypothesis that the teacher’s personality would en-
hance teaching and learning by evidence-based the relation
between the student’s perception of specific vocal cues and
the teacher’s trait, which is a new perspective apart from the
student’s rating for the teacher and the teacher’s self-report.
Further studies that recruit more participants are anticipated
to answer whether different groups affect perceptual prefer-
ences.

Although this study attempts to establish a solid relation-
ship between acoustic parameters and students’ perceptions
of teachers’ voices, there are still limitations that restrict the
effectiveness of the findings. First, the R? value of our re-
gression model was low (15.8%), and it may suggest that
this model is not a good fit for our data. One possible rea-
son is that we did not focus on describing the individual fac-
tors or biases in our dataset but our results potentially showed
some individual patterns. Since this study focuses on the ef-
fect of acoustic parameters, further research can be conducted
to explore the effects of individual differences (e.g., gender,
language background, academic performance, cognitive abil-
ity, etc.), which may contribute to a better model in the fu-
ture. Second, as one of our reviewers pointed out, our sample
size and the diversity of word items may not be enough for
a perception experiment. Thus, future studies are needed to
achieve a larger sample size and more target words as well as
conduct a power analysis before recruitment.

4869



Conclusion

This study attempts to establish the relationship between the
acoustic features and the perceived traits of a teacher and fur-
ther investigate the difference between adult and secondary
students regarding the pattern of perception. To achieve such
a goal, 16 secondary school students and 16 adults are re-
cruited to conduct a psychological experiment that asks the
participants to make judgments about traits and personalities
between two voices. As a result, the study finds that stu-
dents significantly prefer the voice with wider pitch range
when choosing which one sounds like a good teacher, and
tend to choose voice with higher fundamental frequency and
formant dispersion. Several significant results related to the
situation where certain condition is fixed are found as well.
For the adult group, it is found that the general preference for
the teacher’s voice remains the same to a large extent, despite
some special circumstances. The results indicate that the stu-
dents tend to regard the voice that shows more trustworthiness
and less dominance as being uttered by a good teacher, which
could potentially benefit future teacher training and speech
synthesis for educational purposes.
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