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Abstract: Voice and speech are educational tools and a medium of pedagogy for teachers. Teachers
tend to modify their voice and speech to support learning. This study aimed to investigate whether
pre-service teachers modify their speech and voice in teaching compared to peer learning speech and
whether the changes can promote learning and be beneficial for the speakers. Nine pre-service physics
teachers’ voices were recorded in three learning situations and in one teaching session with similar
external circumstances. Duration of speech turns, pausing, speech rate, fundamental frequency
(F0) and its variation, sound pressure level (SPL) and its range, and voice quality were analyzed.
Results showed that the participants had longer speech turns, decreased speech rate, and increased
pausing when teaching compared to speech in peer learning situations. F0 and SPL were higher in
teaching, indicating that the teaching situation was more stressful than the peer learning situation.
For F0, this was confirmed by correlation analysis. From the learning point, increased pausing and
slower speech rate may be beneficial, but increased F0 and SPL may, on the other hand, be harmful to
future teachers as they can increase the risk of vocal overloading. Voice training for future teachers is
strongly recommended.

Keywords: teacher talk; educational speech; pitch; intensity; voice quality; speech rate

1. Introduction

Voice and speech are needed for communication in the classroom, and they are used
for e.g., instructing, clarifying, and motivating. Voice and speech, then, are an educational
tool for teachers and a medium for pedagogy. According to Walsh [1], teachers tend to
modify their speech in terms of language and speech. The modification of language can
either support or obstruct learning, and in interactional modification, teachers use slower,
louder, and more intentional speech and more pausing and emphasis. Owen [2] argues
that pauses are used in educational speech for different reasons: speech is slower due to
more precise articulation, and as a medium to support learners’ understanding, increased
pausing can promote learners’ speech processing.

For effective communication in the classroom, appropriate vocal functioning is needed,
and it contributes to students’ learning [3,4]. According to Enoc [5], student teachers’ ef-
fective teaching demonstration can be measured through several indicators, such as, for
example, utilizing motivational activity, employing various teaching techniques and strate-
gies, and developing measurable cognitive, affective, and psychomotor learning objectives.
Also, effective and appropriate communication and a clear voice are considered to be assets
for effective teaching demonstration [5]. In a classroom, the teacher’s voice should be intel-
ligible, accessible, motivational, assertive, and effective [4]. The teacher’s voice can affect
learning since the teacher’s vocal expression (appropriate pitch, loudness, and their varia-
tions) can help the learner identify the main points in speech [6]. Hämäläinen et al. [7] have
found different voice patterns in teacher talk in classroom situations, and they suggest that
pitch variation plays an important role in these patterns, as a teacher’s presentative speech
has lower pitch variation compared to, for example, disputational and promotive speech.
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The quality of the teacher’s voice has also been found to have an effect on learning,
as the teacher’s disordered or high-pitched voice draws the learner’s attention to the
reception of information, making it difficult to process the content, which causes a negative
educational effect [3,8–11]. In addition, especially in early childhood education and in the
lowest grades of basic education, the teacher’s voice can also affect the students’ own
voice use because, through model learning, children can adopt incorrect patterns for voice
use [8]. The preferred voice for teaching is considered pleasant, motivating, and able to
arouse attention, and is perceived as a voice with neutral quality—that is, without any
significant disturbances, with moderately low pitch and slow pace [12].

Teacher occupation includes individual and external factors that can increase risks for vocal
overloading, which can lead to voice problems [9]. Vocal overloading results from a combination
of individual factors, such as the rise of pitch and loudness, pressed phonation, and longer
phonation time, and of external circumstances, such as, for example, the room acoustics and
background noise, as well as ergonomics and long distances between teacher and students,
e.g., [9,13–16]. But, apart from the external environmental factors, is the teacher’s voice affected
by the speaking task itself? It should be investigated to find out whether voice and speech
change even when the external circumstances are the same. This study aimed to investigate how
pre-service teachers modify their voice and speech when in a teaching situation compared to a
learning situation with similar external circumstances. This perspective adds to the study of how
voice and speech vary in different roles, one role being a student and the other a teacher. This
study aims to shed light on teacher voice and speech characteristics without the loading factors
coming from the environmental influence and whether the changes can be disadvantageous
for future teachers since, according to [17–19], voice problems can begin to occur for student
teachers during their time of study.

The research question this study aims to answer is as follows: Are speech and voice
characteristics of the pre-service teachers affected by the role shift from learner to teacher?
Furthermore, we discuss what the changes mean in terms of vocal health and teacher-
student communication.

2. Materials and Methods
2.1. Participants

The participants were university students from the course “Teaching Physics at
School”. They answered the preliminary questionnaire with background information
and the Voice Handicap Index (VHI) [20]. The VHI is a widely used and validated screening
tool for distinguishing vocal health and vocal dysfunction between individuals [21–23]. A
total of 23 students answered the questionnaire, and based on the VHI scores, they were
divided into two groups: Group 1 (10 participants), with the healthiest voices, i.e., smallest
VHI scores (in this study, less than 12), attended the voice-related part of the study, and
Group 2 (13 participants), the video recorded group. Participants for this study belong to the
voice-related group. None of the participants in the voice group had had any voice training.

Additionally, the participants completed the task of conceptual understanding instru-
ment DIRECT [24], which measured their conceptual knowledge of direct current electrical
circuits. The participants were third- or fourth-year students who had already studied the
basics of electricity, but their conceptual understanding was somewhat still developing.
The tasks are designed to bring out known misconceptions about electric current, voltage,
and resistance. These misconceptions include assigning properties of energy to the concept
of current or treating the battery as the source of constant current. The tasks can, therefore,
be difficult even for university students [24]. The participants in the voice-related part of
the study were then divided into pairs based on DIRECT instrument results, using varied
pairing (pairs with high and low, high and high, and low and low scores). One pair was
female-female, one was male-male, and three pairs were female-male. Since one participant
was absent after the first session, nine students were investigated in the study: three pairs
and one trio. They all were studying physics in order to be physics teachers; however,
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2 had physics as their major subject and 7 as their minor subject (with mathematics (6) or
chemistry (1) as their major subject).

2.2. Recordings

The students were recorded in three learning sessions and one teaching session. Each
session was approximately 1 h and 30 min in total duration. Before each recording session,
the participants answered a short questionnaire about their voice production (easier than
usual—as usual—need more effort than usual) and voice quality (better than usual—usual—
worse than usual) based on their notions of that day.

The external conditions and the recording setup were the same for all recording
sessions: the participants sat at a table at a distance of about a meter from each other. In
addition, all recordings were made in the same room, and the same tables were located
identically. Nine participants were present in learning situations, compared to teaching
sessions with nine to ten participants, so the amount of background noise from neighboring
groups was fairly equal.

The recordings were carried out with AKG C 111 headsets (AKG Harman, Stamford,
CT, USA), the microphone placed 2 cm from the mouth corner. The input frequency was
44.1 kHz, and Revolabs HD Countryman adapters (Yamaha UC, Inc., Sudbury, MA, USA)
and Revolabs HD Dual Channel System 2-Ch (Yamaha UC, Inc., Sudbury, MA, USA)
combined with Zoom Livetrak L-12 mixer (Zoom Corp., Tokyo, Japan) were used in the
recordings. The AZ 8922 digital sound level meter (AZ Instrument Corp., Taichung City,
Taiwan) was used to calibrate SPL for each speaker (Figure 1). All participants were
compelled to wear surgical face masks due to the COVID-19 situation. The masks were
used on every occasion; therefore, the influence of the mask [25,26] was the same in every
situation throughout the recordings, and, thus, the effect of the mask on the acoustic
analysis should not affect the results between recording sessions. Figure 1 shows the
recording setup.

Figure 1. The recording procedure and equipment (headset microphones, sound level meter, and the
recording gear) for both studied conditions.

After the recorded sessions, the participants answered a question on a 100-point VAS
line about the stressfulness of the situation (0 = not at all stressful to 100 = very stressful).

2.3. The Learning Tasks in the Sessions

In the first three sessions, all the participants were given tasks (such as in Figure 2) to
rank light bulbs in simple circuits in the order of their relative brightness.
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In the first two sessions, tasks became more complex per each task. Tasks in the
third session were more of a repetition of the previous sessions’ ideas. In the teaching
session, the participants were to teach and guide pre-service elementary school teachers
as they were solving similar kinds of tasks. The tasks were adapted from McDermott
and Schaffer [27]. The tasks followed the predict-observe-explain structure: First, the
participants made individual predictions concerning the relative brightness of the lamps.
Then, they discussed these predictions as a pair and, finally, constructed the circuits and
observed whether their prediction was confirmed or if adjustments were needed. Each pair
formed the final explanation based on their observations.

2.4. Acoustic Analyses of Voice and Speech

Acoustic analyses of voice provide a possibility to objectively study human speech,
voice, and voice production. To answer the research question, we chose to study speaking
turns where the participants explained the solutions to the tasks either (1) to a peer in a
learning situation or (2) to pre-service elementary school teachers in a teaching situation.
Speech samples representing such speaking turns were collected from the recordings from
all sessions. In this study, a turn is considered an uninterrupted speaking turn. Samples
with disturbances, such as background noise, laughter, or vocal fry (i.e., low-pitched
voice with irregular vocal fold vibration and two fundamentals alternating [28]) were
excluded. The total number of samples was 82 from the learning situations and 86 from the
teaching situations.

Acoustic analyses were carried out with the Praat (version 6.0.49) speech analysis
software [29]. For each sample, the fundamental frequency (F0), the standard deviation of
fundamental frequency (F0 SD), the sound pressure level (SPL) and its range, the alpha
ratio, and the speech rate and pausing were analyzed.

The F0 is based on the frequency of vocal fold vibration, and it is the most important
counterpart to the perception of pitch. The unit for F0 is Hertz (Hz), which is one vibration
per second [30]. Its variation was measured as the standard deviation of F0 within that turn
in semitones. This choice was made because the logarithmic scale (as semitones re 100 Hz)
is better in adapting the results to human pitch perception and making better comparisons
between male and female speakers [31], see Figure 3.
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The SPL corresponds to the perception of loudness, and it is based on the amplitude
of vocal fold vibration, the measuring unit being decibel (dB) [30]. Alpha ratio [33] was
measured from the long-term average spectrum (LTAS) with a bandwidth of 20 Hz, as
level differences between 50–1000 and 1000–5000 Hz. LTAS (Figure 4) provides infor-
mation on sound energy and its distribution to different frequency areas, and it can of-
fer information about the speaker’s voice quality, disregarding the linguistic content of
speech [34,35]. Speech tempo was measured as speech rate, i.e., syllables per second, and
pausing was measured automatically as the percentage of voice breaks in the signal within
each turn.
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2.5. Statistical Analyses

IBM SPSS Statistics (version 28.0.1.0.1) was used for statistical analyses. Since the
data was not normally distributed, non-parametric analyses were conducted. For pair-
wise comparisons between learning and teaching, the Wilcoxon signed rank test with the
Monte Carlo simulation method with a 95% confidence level was used [36]. The effect
size was calculated using the formula r = Z/

√
N, where r is the effect size, Z is the value

from the Wilcoxon signed rank test, and N is the number of sample size [37]. The correla-
tion between experienced stress and parameters was investigated by using the Pearson
correlation coefficient.

3. Results

The participants’ mean age was 23.8 years (SD 1.93). The teaching situations were
considered more stressful than the learning situations, as shown in Table 1.

Table 1. The mean and standard deviation (SD) of participants’ age and experienced stress in the
two situations.

Age Stress in Learning 1 Stress in Teaching 1

Mean 23.80 33.85 43.86
SD 1.93 18.24 22.69

1 Scale used in reporting stress was 0 = not at all stressful—100 = very stressful.

Statistically significant differences in voice and speech between learning and teaching
were found. Duration of the speech samples was longer in teaching situations than in
learning situations; speech in teaching had more pausing and slower speech rate; and the
F0, F0 SD, and SPL range were all higher in speech samples from the teaching situations
than in learning situation (see Table 2).

The experienced stress had a moderate correlation with F0 (r = 0.34, p < 0.001) and a
small correlation with F0 SD (r = 0.18, p = 0.021), as shown in Figure 5. Other parameters
showed no correlation with stress.
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Table 2. Means, standard deviations (SD), and statistical significance (p) for all parameters in
learning and teaching situations. Wilcoxon signed rank test with Monte Carlo simulation method for
comparisons between the situations. Significance level is 0.05, ns = non-significant, N for Wilcoxon
signed rank test = 82, N for F0 (Hz) for females is 35, and for males 47.

Duration
(s)

Pausing
(%)

Speech Rate
(syl/s)

Learning Teaching Learning Teaching Learning Teaching

Mean 11.72 23.10 48.88 53.44 5.25 4.92
SD 7.10 13.73 12.33 7.74 1.08 0.87
Z 1 5.64 2.39 2.13
r 2 0.62 0.26 0.24
p <0.001 0.016 0.031

F0 (Females)
(Hz)

F0 (Males)
(Hz)

F0 SD
(st)

Learning Teaching Learning Teaching Learning Teaching

Mean 180.52 194.20 95.20 102.99 2.51 3.27
SD 15.50 7.64 8.07 10.35 1.34 1.06
Z 1 3.70 4.09 5.40
r 2 0.41 0.45 0.60
p <0.001 <0.001 <0.001

SPL
(dB)

SPL range
(dB)

Alpha ratio
(dB)

Learning Teaching Learning Teaching Learning Teaching

Mean 82.44 84.28 22.80 22.34 −16.64 −17.02
SD 5.41 4.53 4.06 3.82 2.40 1.96
Z 1 3.13 0.72 1.51
r 2 0.35 0.08 0.17
p 0.002 ns ns

1Z is the test statistics for Wilcoxon signed rank test. 2 r is the effect size (r = Z/
√

N).

Figure 5. Scatter plot with experienced stress and F0 and F0 SD.

4. Discussion

Pre-service physics teachers modify their speech and voice in the teaching situation
compared to the learning situation, even when the external conditions are similar. The
changes the participants made in their speech and voice were somewhat intuitive since
they had no training in voice and speech.

According to the results, the pre-service physics teachers used longer uninterrupted speech
turns when teaching. This suggests that they shifted to a more monologic mode [38] when
teaching, i.e., they were less interactive and possibly also less dialogic [39]. While peer-to-peer
discussions can be very interactive and dialogic, the teacher’s role can be non-interactive and
authoritative, for example, when lecturing from a scientific perspective (monologue). On the
other hand, the teacher can be non-interactive but dialogic (dialogic monologue), for example,
when dealing with different perspectives presented by students. The average speech rate in
spontaneous speech for Finnish speakers is 4.8–5.5 syllables per second [40], which is in line
with the speech rate in this study. The speech rate was significantly slower when teaching,
indicating that speech rate was affected by the situation, which is also in line with previous
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studies [1,2]. Longer speech turns can result from increased pausing and slower speech rate,
which could indicate more authoritative speech while teaching [41].

It is presumable that the elementary school pre-service teachers had less knowledge
about the tasks than the pre-service physics teachers, which might have affected the
explanations the pre-service physics teachers used. This could especially affect the speech
tempo and pausing since teachers tend to slow down their speech and use more pausing to
give the learners more time to process the topic at hand [1,2]. This could be further studied
by analyzing the elementary school pre-service teachers’ speech and its contents, how the
pre-service physics teachers modify their voice and speech, and whether they use different
explanations in their teaching compared to the dialogues with their peers. The length of the
speech turns and temporal characteristics should be further studied together with content
analysis to find whether the explanations also varied in conceptual content, structure, or
terminology. Also, the prosodic cues, such as pitch contour, and other acoustic cues (e.g.,
jitter, shimmer, and noise-to-harmonics-ratio) in each speech turn should be investigated
since it is possible that the pre-service teachers’ cues for keeping turns resulted from the
acoustic cues in their voices [42].

In teaching, the participants had higher F0 and SPL, which can result from increased
stress in the teaching situation, as it has been shown in previous studies, e.g., [43–45] that
increased cognitive load and psychological stress can affect F0 and SPL. However, the
increased intensity may also be a manifestation of authority [46]. To investigate this hy-
pothesis of dominance and authority, vocal tract resonances should be studied, as they can
convey information about the speakers’ expression of competence [47].

In this study, voice quality did not show significant differences resulting from the
role shift from learner to teacher. As voice quality was investigated by the LTAS-based
alpha-ratio, it is possible that formant frequencies of speech sounds affected the alpha-
ratio [48]. Further study using inverse filtering is required, as it is a method for estimating
the glottal flow signal from the corresponding acoustic speech signal and, thus, minimizing
the effects of formant frequencies of different speech sounds in the sample and revealing
the voice source, see, e.g., [49–51].

The number of pre-service physics teachers in this study was nine, which is an esti-
mated ten percent of the students who start university studies to become a physics teacher
annually in Finland. However, the number of samples in learning and teaching situations
was 82 in both. Statistical analyses showed that the changes were significant with the Monte
Carlo simulation method with a 95% confidence level. This suggests that the number of
samples was adequate.

The researchers recognize that the use of facial masks can have an effect on acoustic
voice parameters, especially the spectral components [25]. However, it is presumed that
it should not affect the interpretation of these results since the facial masks were used
throughout the recordings, and the effect should then be the same in all samples.

This study was designed to record speech in settings as authentic as possible to gather
samples representing the actual speech of students as learners and teachers. The setting
posed some challenges to the analysis, as overlapping speech, laughter, vocal fry, and other
disturbances affected some samples, which were then excluded from the analyses. The
availability of usable data was not a problem. The removal of data containing overlapping
speech and other disturbances hits all speech sequences equally. However, because of the
inability to analyze turns containing laughter, this study cannot make predictions about
the teachers’ voice use in humorous situations.

The participants in this study were students with no self-reported voice problems.
Their VHI index was low, indicating healthy voices [21–23]. However, a large amount of
vocal fry was detected in the recordings. It has been found that vocal fry has increased,
especially among Finnish women [52]. Vocal fry and other non-modal voice qualities
have been found to have an effect on learning outcomes, as it requires more cognitive
capacity from the listener than listening to modal voice quality. Non-modal voice quality
and vocal fry can affect the listener’s working memory and, thereby, also the learning
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results. Poor voice quality can direct the learners’ attention to the voice and away from the
topic [3,8,10,12].

The participants in this study had no training in speech technique during their studies
and, therefore, they were possibly not aware of the quality of their voices. Although
previous studies have shown that teachers and student teachers would benefit from training
in speech and voice techniques for better maintaining good vocal health and also for better
teaching and learning [6,53], only two universities in Finland seem to have compulsory
courses on speech technique for future teachers [54,55]. Teachers’ voice problems can have
vast economic effects; for example, according to Verdolini and Ramig [56], in the US, the
estimated societal cost of voice problems among teachers can be about 2.5 billion dollars
annually. Additionally, a poorly functioning voice can weaken a teacher’s professional
identity and (professional) self-esteem and reduce work ability. Teachers’ voice problems,
where possible, should be prevented or detected and corrected at a sufficiently early stage
to avoid worsening of the problem [6]. An additional suggestion from this study is that
pre-service teachers could gain better knowledge of their voice as an occupational tool, as
well as its role in teaching and learning. This need could be met by adding voice training
to the teacher education curriculum.

5. Conclusions

This study shows that the role shift from learner to teacher affects voice and speech.
As teachers are invested in their students’ learning, some of the changes can be considered
beneficial: slower speech rate and increased pausing give the learner more time to process
the information. Also, increased variation in pitch can be beneficial as it can help the
learner identify the main points in speech [6]. Considering the future teachers’ vocal health,
however, some of the changes were linked with disadvantages. Examples of this are the
higher F0 and SPL, which can cause vocal overloading and, thus, increase the risk of voice
disorders [6,18,57].
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