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Abstract

Previous research has shown that certain prosodic speech features (PSFs) are associated with
accuracy and subjective confidence in retrieving information in a language one is fluent in. We
investigated whether these associations are present when the learning material is more complex.
We also tested whether prosody correlates with accuracy and subjective confidence while
learning a new language. 48 native Dutch participants learned multiple Italian
sentences. Participants retrieved a Dutch or Italian translation and judged their confidence in
responding correctly. We recorded and analysed their speech patterns. We found that retrieving
the sentences in Italian (L2) was much more difficult than in Dutch (L1). In line with previous
research, we found a positive correlation between intensity (loudness) and accuracy, and a
negative correlation between pitch change and subjective confidence. These correlations were
stronger when participants retrieved information in their native language. Interestingly,
speaking speed correlated with accuracy and subjective confidence, and more so in the Italian
retrieval condition. Our findings suggest that prosodic information can help predict individual
learning, but these patterns are more consistent in the native language. The study contributes to
improving adaptive learning models by expanding them with longer items.

Keywords: adaptive learning models, L1, L2, memory retrieval, prosody, prosodic

speech features



Prosody and Learning

An adaptive scheduling system is a mechanism that estimates the memory of the learner
and provides a learning schedule adapted to the individual. For example, when learning a list
of a foreign language vocabulary, everyone would likely display different patterns of learning
and forgetting. In the adaptive scheduling system, every time an item is almost forgotten, the
strength of the memory gets reinforced by presenting this item again. However, since the
memory strength cannot be directly measured, it must be inferred from other factors. The
accuracy and reaction time can be used to estimate memory activation (Wilschut et al., 2023).
The algorithm is based on the ACT-R theory of declarative memory (Anderson, 2007). Each
time a learner responds to an item, the memory strength prediction is updated based on these
two measurements. This wayi, it is estimated when to present an item just before it gets forgotten
(Sense et al., 2021). The more someone forgets an item, the more they will be presented with
it. The system has been extensively tested and compared to other learning methods. For
example, it was found to be more effective than the Leitner (flashcard) system for learning the
Dutch translations of French words (van Rijn et al, 2009). MemoryLab
(www.memorylab.nl/) is a software that uses the adaptive scheduling system. Initially, the
program relied on the responses typed on a computer keyboard or clicked with a mouse.
However, work has been done to expand the response options with voice-based responding
(Wilschut et al., 2021). It opened the possibility of improving the model by adding new
predictors of memory strength activation, beyond accuracy and response latency. It turns out
that speech seems to contain information that reflects the declarative memory of the learner.

Speech can be divided into its content (words and sentences) and the information that is
not verbally expressed but nevertheless may carry meaning. The adaptive learning models may
potentially make use of the latter (Wilschut et al., 2023). Every time we say something, it comes

with a distinct pattern of frequency, intensity, and duration. These speech characteristics can be



broadly classified as prosody (Xu, 2011). Wharton (2012) argues that the role of prosody is not
to solely reflect the inner mental state of the speaker but to communicate it to others. For
example, we raise the pitch of our voice when we are asking a question or intend to
communicate uncertainty. Humans seem to have the ability to manipulate their tone of voice to
convey a certain message to their audience. For example, to appear more confident than they
are or to hide their anxiety. Interestingly, specific acoustic patterns are associated with
expressing basic emotions (Juslin & Laukka, 2003). Prosodic speech features (PSFs) are the
dimensions of prosody that reflect the higher-order metacognitive functions of the speaker, for
example, confidence. One of the possible categorizations of the PSFs is dividing them into
intonation, rhythm, and stress. Intonation describes the melody and pitch patterns throughout
the sentence. Rhythm refers to the pace and timing of speech, for example, how fast someone
speaks. Finally, stress describes which syllable is emphasized by a higher intensity (loudness)
(Wilschut et al., in press).

Jiang and Pell (2017) studied which prosodic patterns are used to communicate
confidence and whether the intended cues are decoded by the listener. The actors were asked to
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record a sentence in a way that conveys some level of confidence: “confident”, “close-to-
confident”, “unconfident”, or “neutral-intending. These sentences were later judged by the
participants in terms of the speaker’s confidence. Global (full utterance) and local (patterns
across the utterance) acoustic analyses were performed. It was found that most listeners, who
were blind to the speakers’ intentions, correctly identified the intended confidence and doubt
expressions solely through listening to the speaker’s voice recordings. Globally, the sentences
perceived by others as confident were the loudest and had higher speech rates and lower average
pitch than unconfident expressions. Locally, the confident expressions were characterized by

the mean pitch increase at the start of the utterance and decrease at the end of it (a falling pitch

pattern). In contrast, the unconfident ones displayed a rise in mean pitch at the end of the



utterance (a rising pitch pattern). Confident utterances had a higher amplitude that was raised
or maintained throughout the sentence, while the lack of variation or decline in amplitude
marked the unconfident expressions. The confident expressions also differed in pitch patterns.
The authors argue that perhaps the best way to investigate the speaker’s confidence through
speech is by looking at the pattern of intonations in the utterance, as it is being produced, instead
of globally assessing the mean pitch level in the sentence. These findings show that certain
prosodic cues, namely pitch patterns, intensity, and speaking rate, indicate of both expressed
and perceived confidence. However, the findings may be limited in terms of ecological validity.
The utterances were produced by the actors, which may have made their expressions of
confidence more superficial.

Goupil and Aucouturier (2021) addressed this problem by recording the participants’
responses to a visual task. They also took an additional step of testing whether prosodic
information reflects the speaker’s metacognition (for example, subjective confidence),
cognition, or perception. The participants were recorded in isolation to prevent the effect of the
audience on their speech. The experiment involved a visual detection task in which the
participants were asked to recognize words briefly presented on the screen and, after the mask,
say out loud a word they saw from the depicted options. For each trial, they also indicated their
confidence in saying the correct word. Their responses were recorded and later analysed in
terms of pitch, loudness, and duration. The analysis revealed that in terms of average pitch,
there was no difference between confident and unconfident expressions. However, locally, the
rising pitch slope was associated with doubtful expression, and a falling pitch slope was seen
in confident statements. The confident statements were louder and longer in terms of speech
rate than doubtful ones. Interestingly, the researchers found that the information about the
participants’ cognition can be extracted beyond metacognition from prosodic information. The

higher loudness of the responses seems to predict the higher accuracy, reflecting the speaker’s



memory. The study demonstrates that prosody can reflect objective knowledge beyond the
subjective feeling of knowing. This information is valuable for the previously mentioned
learning models because it suggests that memory estimation can be made based on the speech
input of the speaker.

Wilschut et al. (2023) demonstrated that prosodic information can indeed be used to
improve adaptive learning models. In the study, the participants were learning the English
translation of Swahili words. After extracting the participants’ speech patterns, it was concluded
that the rising pitch was associated with lower accuracy and longer response times. At the same
time, intensity (loudness) was correlated with faster responses and higher accuracy. Finally, the
speaking speed was associated with faster response times and higher accuracy. On top of that,
the authors analysed whether PSFs can contribute to predicting memory beyond what is already
explained with response latency and accuracy. They found that pitch slope, speaking speed, and
intensity resulted in significantly higher explained variance. It suggests that using prosodic
information can contribute to improving the adaptive learning models by improving the latent
memory prediction. The authors mentioned the limitation of not using the subjective confidence
measure in their study. The recent study by Wilschut et al. (in press) addressed this limitation
and investigated the association between prosodic information and long-term memory. This
time, participants learned Lithuanian words and, in the testing phase of the experiment, had to
provide a correct English translation of the Lithuanian item. After each trial, they indicated their
confidence with a slider. Then, they received feedback on whether their response was correct
or not. If it was incorrect, they were presented with the correct response. The findings revealed
that the participants’ confidence correlated with higher accuracy and faster responding (lower
reaction times). The rising pitch was associated with lower confidence. The intensity was
associated with accuracy, similar to the study of Wilschut et al. (2023). Surprisingly, in contrast

to the study by Jiang and Pell (2017), the speaking speed of participants was negatively



correlated with confidence and accuracy. The study shows that certain prosodic features can
reflect the subjective confidence of the learner and further contribute to the development of
adaptive learning models.

The mentioned studies considered how prosody can be used to estimate the learner’s
memory. However, the prosodic speech features were only measured in the language that the
participants were native or fluent in. The research suggests that prosody may look different
when speaking of a new language. Landblom & Ionin (2022) investigated how the nuclear
accent placement, meaning the most emphasized part of the utterance, differs, between the
native language (L1) and acquired language (L2) usage and whether the prosodic patterns
characteristic of the new language can be acquired by the L2 speakers. The authors outlined
that languages like English and Dutch are considered plastic, meaning that the prosody,
specifically the nuclear placement (NA), is used by the speaker to convey information by
stressing something in the sentence. In contrast, the Roman languages, such as, Italian are
considered prosodically non-plastic. They rely more on the order of the words to convey
meaning and the inversions are used to emphasize a part of the sentence. The researchers
investigated whether the Spanish (non-plastic language) participants could adapt to using NA
when speaking English (plastic language). Additionally, different proficiency levels of English
were analysed. After performing the speech analysis, it was found that the level of English
proficiency was related to acquiring the non-final NA placement. The findings suggest the
possibility of native non-plastic language speakers to acquire the pattern of intonations typical
for a plastic language, especially with higher proficiency levels. Van Maastricht (2018) showed
that L1 speakers tend to transfer the pitch patterns and the boundary tones, typical for their
language, to L2. The researchers found evidence for the intonation pattern transfer from plastic
to non-plastic language and vice versa. However, with higher proficiency, the participants

tended to adapt to the prosody of the acquired language. Interestingly, the researchers also found



that the L2 intonation patterns influenced some participants' L1. The study demonstrates the
tendency to use the prosodic patterns characteristic of the first language in the acquired one.
The transfer is evidenced from non-plastic language to plastic and vice versa. A higher
proficiency in the new language lowers this effect.

The studies of Landblom & Ionin (2022) and van Maastricht (2018) suggest that prosody
can be used differently depending on whether the language is plastic or not, and often, people
transfer the prosody patterns from their native language to the one that they are learning.
However, proficiency lowers this transfer making the speakers sound more native-like in their
L2. These findings suggest that what was previously found concerning the relation of PSFs and
learning may not apply when learning material in a new language.

Research Aims

As demonstrated by the research previously conducted on the topic, investigating the
prosodic speech features (PSFs) and their relation to language learning is an interesting and
valuable area of study. While studies exist showing the relationship between prosodic aspects
of speech and memory in native/fluent language learning, e.g., see (Goupil & Aucouturier,
2021); (Wilschut et al., 2023); (Wilschut et al. in press), there might be potential differences in
prosody and acquiring a new language, for example in nuclear accent placement (Landblom &
Ionin, 2022). Little research has been done on the relationship between PSFs, memory, and
subjective confidence in L2.

We aim to investigate the relationship between PSFs and learning Italian sentences by
Dutch speakers. We intend to build on the study of Wilschut et al. (in press) but with the use of
sentences in place of words. We will also investigate the differences between L1 and L2 in
terms of prosodic and behavioural measures. We will pay attention to the intensity, speaking
speed, pitch average, and pitch change. Moreover, we will ask the participants about their self-

perceived confidence in answering the items correctly. We aim to see whether prosodic
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information can reflect the memory of the participants and their confidence in responding
correctly in their first and acquired languages. The participants will learn Dutch to Italian or
Italian to Dutch sentences with counterbalanced conditions. Wilschut and colleagues (in press)
showed that the rising pitch slope was associated with lower confidence, while higher intensity
correlated with better accuracy. We aim to study whether the same relationship holds for more
complex material, such as subject-verb sentences. We are interested in it because longer items
may show higher variation in prosodic aspects, e.g., pitch patterns. Moreover, as mentioned by
Jiang and Pell (2017), looking at the pattern of intonations can be more informative than a
global assessment of mean speech patterns. For example, looking at the pitch pattern as the
utterance unfolds may provide more information than an average pitch. With longer items, there
is an opportunity for more variation in intonation, providing richer information than single
words. On top of that, we aim to investigate how the relationship between prosody and memory,
as well as prosody and confidence, differs between L1 and L2. The topic explores a meaningful
area of study because it contributes to the development of adaptive learning models and
potentially will help to expand the model with longer items.

We hypothesize that, similarly to the study of Wilschut et al. (in press), intensity will
correlate with accuracy, while the rise in pitch will reflect low subjective confidence in the
speaker’s response. At the same time, we expect that longer items may be more informative in
analysing these constructs throughout the utterance compared to words. More local changes in
prosody can be observed as the sentence unfolds. Secondly, we predict that there might be
differences in how PSFs reflect memory and confidence between the Dutch (L1) and Italian
(L2). However, because of the explorative nature of the study, the exact differences cannot be
easily predicted. The participants will not have any prior knowledge of the Italian language and,

therefore, will likely use the prosody patterns characteristic of their native language (Landblom
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& Ionin, 2022; van Maastricht, 2018). However, it remains unclear how the prosodic
information will relate to their memory and confidence while speaking an acquired language.
Methods

Participants

The study was approved by the Ethics Committee of the Behavioural and Social
Sciences department, with the ethics code PSY-2223-S-0257. 50 participants took part in the
study, from which 48 completed it. The number of participants was based on the power
calculation, considering the effect size of the previous study by Wilschut et al. (in press) and
the desired power of 0.8. Most participants were recruited through the University of Groningen
SONA system and some through convenience sampling. The majority were first-year
psychology students who received course credits for their participation. The sample of
participants whose responses were analysed comprised 34 women and 14 men (Mgg, = 19.9,
SD = 1.6). All the participants spoke Dutch as their native language, and all had been studying
at least two other languages before. The participants were informed about the nature of the
study and signed a consent form prior to the experiment. The screening conditions for
participating in the experiment were: 1) Dutch as the mother tongue and 2) Never having taken
Italian language lessons before. An additional requirement was not to have any hearing or
speech impairments. All the participants met those requirements.
Material and apparatus
Stimuli

The stimuli in the experiment were 40 simple subject-verb pairs of sentences (for a
complete list, see Appendix A), from which 30 were used in the experiment. They were equally
divided between the conditions. 4 sentences were randomly assigned for the practice block, and
the rest were discarded. They were written in both Dutch and Italian. An example of the

sentence that was used is “De baby eet” in Dutch and “Il bambino mangia” in Italian. They
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were created by a group of researchers. All the sentences were written in the present tense, in a
singular form, and only included a definite article (“het, “de” in Dutch or “il,” la” in Italian), a
subject, and a verb. The sentences were balanced between the conditions based on the number
of syllables. It was done to avoid sentences in one condition being more difficult. The frequency
of the words in the sentences was calculated and summed up based on the large dataset made
by Keeulers et al. (2010). However, the frequency was not eventually used for assigning the
sentences to different conditions. The sentences were converted to speech with the text-to-
speech generator, Narakeet, Version 2.43.83 (n.d.).
Lab space

The participants were tested in separate cubicles to ensure no distractions and good-
quality audio recordings. Each cubicle was equipped with headphones with a microphone
[Nedis Xyawyon GHST100BK]. The monitor's dimensions were 69.5x60x60.
Procedure

To test the hypotheses of our study, we conducted a computer-based lab experiment
using MemoryLab software (www.memorylab.nl/). The experiment was developed using
JavaScript and HTMLS5 (De Leeuw, 2015) and tuned using JATOS (Lange et al., 2015). First,
the participants were informed about the nature of the study and asked to sign an informed
consent and fill in a short demographic questionnaire. The questions included age, nationality,
gender, and whether prior lessons were taken in multiple languages. We also asked participants
whether they had any hearing or speaking problems.
Figure 1

The Diagram Illustrating the Experimental Procedure
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Language condition 1* Language condition 2*
Practice Learning Learning Learning Learning Learning Learning
block block 1 block 2 block 3 block 1 block 2 block 3

*Both language conditions (Dutch or Italian) and sets of sentences to be learned were
counterbalanced

Study trial Confidence rating Feedback

ilbamking rmangla How confident are you

De baby eet about this answer? Correct!

Feedback: right answer

Test trial Confidence rating Correct!

How confident are you
about this answer?

ILbambino mangia

'5[% E] [Z] E] Feedback: wrong answer
4
Idon'tknow
Incorrect...
The correct answer
was: de baby eet
\ /
~ /

Note. Panel A displays the structure of the whole experiment, while the panel B shows the study
and the test trial

In the practice block, participants saw and heard four sentences. They were displayed in
both Italian and Dutch. The participants heard the Dutch or Italian sentence and were asked to
repeat it out loud. Each of the four sentences was displayed once. After that, the retrieval phase
of the practice block started. The participants had to retrieve either L1 - Dutch or L2 - Italian

sentences. The order was the same as the first experimental condition for that participant. Each
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sentence had to be retrieved twice, in the same order as displayed before. After the practice
block, the participants were asked if they felt ready to start the experiment; if not, the practice
was reloaded again. If they were ready, the first testing block started.

The experiment consisted of study and test trials (see Figure 1, panel B). The difference
between them was that in the study trial, the participants had to repeat a sentence they had just
heard that was still displayed on the screen. For example, in the L1 condition, they would see a
large Italian sentence on top of the screen and a small Dutch sentence below. They would hear
the Dutch sentence and then were asked to say it out loud. After that, they were asked to indicate

their confidence in saying the sentence correctly on the 4-point Likert scale, with the labels:

9 ¢ b 1Y

“not confident,” “slightly confident,” “moderately confident,” and “confident.” Then, the
feedback was displayed on the screen (either “correct” or “incorrect”) If what the participant
said was incorrect, they would hear and see a correct sentence. The test trial followed the same
structure, except, this time, the participant had to retrieve the sentence from their memory. For
example, they would see the sentence in Italian and have to say the correct Dutch translation.
They could also click the “I do not know” button if they were unsure of what to say. After
responding, they rated their confidence on the same Likert scale and received the feedback
“correct” or “incorrect”. If they made a mistake or, clicked the “I do not know” button or were
too slow to respond, they would hear and see the correct sentence. In both practice and test
trials, the participant’s responses were recorded and transcribed in real-time with the Google
Web Speech API system (see https://wicg.github.io/speech-api/, Képuska and Bohouta, 2017).
Praat version 6.2.7 (Boersma, 2007) was later used to extract and analyse the speech patterns
in the recordings.

Each learning block consisted of learning 5 sentences and then retrieving them four

times. Therefore, one block included 5 study trials and 20 test trials (each sentence was tested

four times). In the test trials, the retrieval language was either Dutch (L1 condition) or Italian
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(L2 condition). The sentences were displayed in the same order for practice and test trials. 3
learning blocks constituted an experimental block (see Figure 1, panel A). Each condition (L1)
or (L2) consisted of 3 learning blocks. There were 2 experimental blocks with a break in
between, making a total of 6 learning blocks. The participant decided on the duration of the
break. The order of the blocks and sentences in these blocks were the same for each participant
in each condition. The order of the conditions was counterbalanced. Throughout the
experiment, the participants learned 15 Dutch and 15 Italian sentences. The fixed scheduling of
the learning and test trials was used, meaning that each participant was presented with the same
number of practice and test trials. The number of items was not adapted based on the accuracy
and speed of the responses. The total duration of the experiment was around 30 minutes. At the
end of the experiment, participants were debriefed and thanked for their participation.
Design

The independent variable in the study was the language of the retrieved sentences: Dutch
(L1) or Italian (L2). The dependent variables were the reaction time, accuracy, subjective
confidence, and the prosodic features of speech, namely the intensity (dB), speaking speed
(syllables per second), average pitch (Hz), and pitch change (Hz). The reaction time was
measured starting from the moment that the participant started speaking. The accuracy was
determined by the Levenstein distance of 2 or less and was categorized as either “correct” or
“incorrect”. The confidence was operationalized with the Likert scale, on which participants

indicated their self-perceived confidence in producing a correct sentence. They could only

99 ¢¢ 99 ¢¢

select 1 option out of the 4: “not confident,” “slightly confident,” “moderately confident,” and
“confident.” The middle point was consciously omitted to eliminate the central tendency bias
(a tendency of participants to avoid extreme responding and choosing a neutral option (for

example, see Douven, 2017)).
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The experiment followed a repeated measures design, meaning that each participant
learned both Italian to Dutch (L1) and Dutch to Italian (L2) translations. This choice was made
to eliminate the effects produced by the differences between participants and to lower the
number of participants that had to be tested. The order in which the participants completed the
conditions was counterbalanced to account for order effects.

Results

The study aimed to build on Wilschut’s (in press) study but used short sentences in place
of words to see whether prosodic information relates to behaviour in the longer items. We
intended to investigate the correlations between prosodic speech features: pitch, pitch change,
intensity, and speaking speed and behavioural measures: accuracy, reaction time, and subjective
confidence. The second aim was to compare the above dependent variables between Dutch (L1)
and Italian (L2) conditions.

Preliminary analysis

The dataset consisted of behavioural and acoustic responses from 8152 trials across 48
participants. Some trials contained missing acoustic data; therefore, only behavioural data or
partly present acoustic data were used for these trials. The behavioural measurements included
reaction time (ms) from the moment the participant started speaking, subjective confidence
reported on a 1-4 Likert scale, and accuracy classified as either “correct” or “incorrect.” The
acoustic measurements consisted of speaking speed (number of syllables per second), intensity
(dB), average pitch (Hz) and pitch change (Hz). The pitch was divided into 20 segments, from
which an average pitch was calculated. The pitch change was calculated by subtracting the
average pitch of the first 5 pitch segments from that of the last 5 segments.

Average API confidence between Dutch and Italian study conditions
The API transcription confidence was compared between the Dutch (L1) and Italian

(L2) study trials. The average of the means of API confidence per participant was much lower
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in the Dutch study condition (M = 0.795, SD = 0.112) compared to the Italian study condition
(M=0.961, SD=0.112). It indicates that the Dutch transcriptions may have been less accurate.
Nevertheless, for both conditions, the average confidence was above 0.70, which suggests that
the transcription made by API was overall accurate.
Comparing the Means of Acoustic and Behavioural Data Between Conditions

The repeated measures ANOVA was performed to compare the dependent variables
between Dutch (L1) and Italian (L2) conditions. The analysis was based on the data set with
accurate responses only (except accuracy), and the trials were averaged per participant and
condition. The differences between the languages and the study type (study or test) were tested.
The assumption of normality of the subgroups of each of the variables was tested with the use
of Q-Q plots. All the variables were approximately normality distributed. The pitch average

was normally distributed within sex.

Figure 2

Violin Plots displaying the mean accuracy, reaction time, user confidence, speaking speed,

intensity, average pitch, and pitch change in Dutch and Italian study and test trials
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Note. Split violin plots were computed using data from correct answers only, except for
accuracy. Accuracy plots were computed using both incorrect and correct answers. Split violin
plots display kernel density estimates of the distribution. Violin shapes may slightly extend
beyond the theoretical bounds for accuracy (0 — 1) and confidence (1 — 4) due to smoothing.
The figure shows the significant effects of language or trial type (*p < .05; **p < .01, ***p <

.001).

As displayed in Figure 2, the mean accuracy (proportion of correct responses) was above
0.7 in all, except Italian test trials. It suggests a higher difficulty in retrieving Italian sentences.
The difference between the languages was significant (F (1, 47) = 595.28, p < .001), and the
same for the trial types (F'(1,47)=315.37, p <.001). The difference in accuracy between study
and test trials was much bigger for the Italian language, with a significant interaction (F (1, 47)

=235.56, p <.001).

The reaction times ranged from around 1600 ms (in the Dutch test) to 2700 ms (in the
Italian study). Participants had similar reaction times in Dutch and Italian study conditions in
the study trials. However, they responded faster when retrieving the Dutch translation in test
trials. The overall difference between the languages was significant (F (1, 47) = 59.64, p <
.001). The same was true for the main effect of the trial type (F' (1, 47) =52.41, p <.001). There
was a significant interaction between language and trial type (¥ (1, 47) =37.93, p <.001). The

reaction time dropped more between the study and test trials in the Dutch condition.

Regarding user confidence, the differences between the languages are visible in Dutch
and Italian conditions. In the Dutch study and test, the user confidence was above 3.5. In Italian
study trials, the mean confidence was around 2.9 and dropped to 2.5 in the test trials. The main

effect of language was significant (¥ (1, 47) = 204.7, p <.001). As well as the main effect of
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trial type (F (1, 47) = 18.1, p <.001). The interaction between the language and trial type was

also significant (F' (1, 47) = 6.2, p = .020).

The speaking speed in the study trials was faster in the Italian condition. For test trials,
the difference between conditions was smaller, but speaking speed was still faster when
participants spoke Italian. The main effect of language was significant (¥ (1, 47) = 64.09, p <
.001). There was also a significant main effect of trial type (¥ (1, 47) = 11.59, p = .001). A
significant interaction was present between language and trial type (¥ (1,47)=16.76, p <.001).

The speaking speed increased more between the study and test trials in the Dutch condition.

Regarding the mean intensity, there did not seem to be a difference between conditions;
all means are around 70 dB. However, there was still a significant effect of language present (¥
(1, 38) = 5.09, p = .030). The main effect of trial type was not significant (¥ (1, 38) =0.35,p =

.557). Neither was the interaction between the two (¥ (1, 38) = 0.01, p =.933).

There was a large variation in the average pitch in all the conditions. However, the
means were almost the same. The main effect of language was not significant (¥ (1, 38) = 0.00,
p = .961). However, the main effect of the trial type was (¥ (1, 38) = 8.04, p = .007). The

interaction was not significant (£ (1, 38) = 0.93, p = .341).

Finally, regarding the average pitch change, there was no significant difference between
the languages (F (1, 38) = 0.38, p = .540). The main effect of trial type was significant but close
to the significance threshold of p =.05, (F (1, 38) =4.19, p = .048). The interaction between the

language and trial type was not significant (¥ (1, 38) = 1.41, p = .242).

Correlation Analysis

The acoustic measurements (speaking speed, intensity, pitch average, and pitch change)

were standardized (using z-scores) within each participant to control for confounding factors,
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such as the participant's sex, beyond the manipulated conditions. Then, pairwise Pearson
correlations were performed between the dependent variables in the Dutch and Italian
conditions. Only the data from the test trials was used. The analysis included both correct and

incorrect trials. For the correlation matrices, see Figure 3.

Figure 3

Correlations Between the Dependent Variables in the Dutch and Italian Conditions

g 8
8 3
< <
i ’g okk g
RT (ms)  =-0.36 - RT (ms) | =-0.14 =
= =
x 8 _ o 8 —
c N c N
7} = 5 N
*kk Hkk kel L] X *kk *kk kel o
Confidence 0.49 -0.46 c H Confidence 0.48 -0.16 s 3
[} o 9 o
[&] ) (6] 2]
o o
£ c
. *kKk *kk Fkk = Kk *hk =
Speaking speed (z) 0.14 -0.11 0.20 3 Speaking speed (z) 0.35 0.01 0.35 3
o
% N & )
. *kk * *kk % N *kk % N
Intensity (z) 0.36 -0.04 0.10 0.03 S = Intensity (z) 0.20 0.01 0.02 0.12 S =
= 2 = 2
= B £ g
() [
) *kk dkk *kk Kkk (c“n Kkk *k *kk %’
Average pitch (z) | =0.15 0.02 -0.09 -0.08 -0.33 o Average pitch (z) | =0.09 0.03 0.00 -0.07 -0.42 5
2 2
* *ok *k * Sk Kk
Change in pitch (z) | =0.03 0.05 -0.06 0.02 0.07 0.00 Change in pitch (z) = =0.02 0.01 -0.06 -0.10 0.01 -0.12

-1 -08 -06 -04 -02 O 02 04 06 08 1

Note. *p < .05, **p < .01, ***p < .001

As visible, in the high correlation between accuracy and confidence in both conditions,
participants were able to judge their performance relatively well. We expected that the mean
intensity would likely correlate with the mean accuracy. The strong correlation between these
measurements confirmed our prediction. In both Dutch and Italian conditions, the correlation
was significant and large. However, it was bigger in L1. We also expected that a larger change
in pitch (rising pitch) would correlate negatively with user confidence. The prediction is also

reflected in the data for both languages. The correlations are significant but relatively small
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and, therefore, should be interpreted with caution. The change in pitch and confidence were
correlated more when participants spoke in their native language.

Interestingly, in the Durch condition, reaction time correlated negatively with
confidence, accuracy, speaking speed, and intensity. In contrast, in L2, there was no significant
correlation between reaction time with speaking speed and reaction time with intensity.
Speaking speed seems to be related to both accuracy and confidence, and more so in the Italian
condition. The faster the participants spoke, the more accurate and confident they were.

In summary, the expected correlation patterns were visible in both native and acquired
language retrieval. However, the expected correlations were smaller in L2. Speaking speed was
the only acoustic variable that correlated with behavioural outcomes more in L2 than in L1.
The results suggest that prosodic cues may be more informative in relation to performance in
the first language retrieval. However, exceptions to this are possible, as reflected by the
correlation between speaking speed and behaviour.

Pitch Pattern Analysis

A detailed analysis was performed using a standardized pitch to gain a deeper
understanding of the pitch pattern throughout the utterance. Since a negative correlation was
found between the change in pitch and confidence in both Dutch and Italian conditions, we
chose to analyse the pattern of pitch and its relation to confidence further. The pitch patterns in
the utterance were averaged over the test trials, and both accurate and inaccurate responses were

analysed. Figure 4 displays the pitch pattern for each of the confidence levels.

Figure 4

Standardized Pitch Across Segments: Dutch (A) vs. Italian (B), Confidence Levels (1 — 4)
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Note. Panel A shows a standardized pitch for Dutch responses, and panel B for Italian responses.
Shaded areas represent 95% confidence intervals around LOESS-smoothed mean pitch (z)
estimates, plotted separately for each level of confidence ranging from 1 (not confident) to 4

(confident).

For both Dutch and Italian retrieval conditions, the pitch was the highest in the middle
of the utterance. The only exception was the pitch pattern in participants who indicated 1 (not
confident) in the Dutch condition. In that case, the pitch was the highest at the end of the
utterance, displaying a rising pattern. The rising pitch by the end of the sentence was not

observed in the Italian condition in any of the confidence levels.

The standardized pitch was also analysed in terms of accurate and inaccurate test trials

(see Figure 5).

Figure 5

Standardized Pitch Across Segments: Dutch (A) vs. Italian (B), split based on Accuracy
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Note. Panel A shows a standardized pitch for Dutch responses, and panel B for Italian responses.
Plotted data included test trials from the learning phase only. Shaded areas represent 95%
confidence intervals around LOESS-smoothed mean pitch (z) estimates, plotted separately for
correct and incorrect responses.

The incorrect responses were characterized by the rising pitch at the end of the utterance
but only during the retrieval of Dutch sentences. However, in the Italian sentences’ retrieval,
the pitch falls less in inaccurate responses. It seems like the pitch pattern is reflected differently
depending on accuracy, and the rising pitch is characteristic of inaccurate responses, in the first
language usage only.

Discussion

The study investigated the associations between prosodic speech features (PSFs) and
memory in the context of adaptive learning models. We investigated whether the speaking
speed, intensity, average pitch, and pitch change correlate with reaction time, accuracy, and
subjective confidence. We aimed to see whether prosody relates to memory performance and

confidence in the response. The study was an extension of the research done by Wilschut et al.
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(in press), but it used sentences in place of words and compared the relationship between
prosody and memory between the native and acquired languages.

The first hypothesis of the study was that certain prosodic features would reflect the
memory and confidence of the speakers. Specifically, that intensity will be related to accuracy,
while the rise in pitch will correlate with uncertainty. We expected these characteristics to be
more informative in sentences than words. Compared to the study of Wilschut et al. (in press),
in the native language of the participants, we found that in the sentences, the intensity of
speaking reflected accuracy, and to a larger extent than in the single words. Comparing the
relationship between pitch and confidence, similarly to single words, a negative correlation was
observed between the standardized pitch change and confidence in retrieving the sentences.
However, this correlation was much smaller in the sentences. This difference may be explained
by how the pitch change was defined. Wilschut et al. (in press) calculated the pitch slope with
a least squares linear regression, using the final segments of the utterance, while we subtracted
the final 5 segments from the first 5 segments. Further analysis of the pitch pattern throughout
the sentence revealed that in the native language condition, very unconfident responses were
characterised by a steep rise in pitch at the end of the utterance.

Interestingly, in contrast to words, in the sentences, we found a positive correlation
between speaking speed and accuracy and speaking speed and confidence. Possibly, the
operationalization of confidence with the Likert scale reflected the participant’s confidence
better than a slider used by Wilschut et al. (in press). It was also reflected by the high ability of
participants to judge their performance accurately. The correlation between confidence and
accuracy was larger in sentences compared to words. It seems that both the spoken words and
sentences provide valuable prosodic information and relate to memory and subjective

confidence.
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The second hypothesis stated that the prosodic information may relate to cognitive
processes in the first language differently compared to the language participants do not know.
We found that the correlation between intensity and accuracy was present but smaller in L2
than in L1. The negative correlation between the change in pitch and confidence was present
but small in both conditions. Interestingly, the relation between speaking speed and confidence,
as well as speaking speed and accuracy, was stronger in the Italian condition. It was more
related to these variables than the expected loudness and change in pitch, suggesting that
speaking speed may be more indicative of second language learning. However, this should be
interpreted with caution because perhaps this pattern is typical in the Italian language, not the
acquired language in general. The Italian test trials were more difficult for participants than the
Dutch ones. The difficulty was indicated by the lower accuracy, longer reaction times, and
lower user confidence. Overall, it seems like PSFs are related to behavioural measurements.
However, these relations differ between L1 and L2, and different prosodic features play a role
in relation to learning a new language.

Importance and Implications

Our study was largely in line with what was previously found in this area of research,
especially in terms of prosody and native language retrieval. Similarly to Goupil and
Aucouturier (2021) and Wilschut et al. (2023), we found that the rise of the pitch in the final
part of the utterance was associated with lower confidence but to a lesser extent than in these
studies. The small correlation between the rising pitch slope and subjective confidence can be
explained by how the pitch change was calculated. After a detailed analysis of the pitch pattern
in the utterance, it was revealed that the pitch is not linearly increasing or decreasing; instead,
for most of the confidence levels, the pitch raised in the middle of the sentence and then started
falling. This pattern is typical for many languages, including Dutch, to convey a declarative

sentence (Van Heuven et al., 2017). The unconfident responses were an exception, in which
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case, the pitch was raised by the end of the utterance, in line with research that people raise
their pitch to communicate uncertainty (for example, see Wharton, 2012). Interestingly, the
pattern of rising pitch at the end of utterance for the unconfident responses was not observed in
the acquired language condition. There are two possible explanations for this. First, it might not
have come naturally to participants to use prosody to convey uncertainty in the new language,
in line with (van Maastricht, 2018). It could also have been due to a very low overall accuracy
of the Italian test trials (only 24% correct responses). It might suggest that the load of the task
was too high, and the participants were more focused on trying to answer correctly than
conveying their state of confidence. For example, Huttunen et al. (2011) found that increased
cognitive load correlated with reduced pitch variation of the speaker.

Regarding memory estimation, higher intensity correlated with accuracy in our study.
Similarly, as in research by Goupil and Aucouturier (2021), Wilschut et al. (2023), and Wilschut
et al. (in press). Interestingly, compared to Wilschut et al. (in press), the overall accuracy and
confidence were higher in our study when the language of retrieval was Dutch. This difference
is unexpected because, in the current study, participants had to remember whole sentences.
Very high accuracy in the L1 condition of our study could be the result of the fixed scheduling
used. There is a possibility that participants learned the order of the sentences, not the
translation itself. We found a positive relation between speaking speed and confidence,
especially in the L2 condition. It was in line with what Jiang and Pell (2017) found but
contrasting with Wilschut et al. (in press). A potential reason for that was the difference in the
operationalisation of confidence. Wilschut and colleagues used a slider, while we used a Likert
scale. Based on the high correlation between accuracy and subjective confidence in our study,
it seems like our way of measuring subjective confidence was more appropriate.

The study suggests the possibility of expansion of the adaptive learning systems in

learning longer items. It seems that in the native language, prosody successfully predicts how
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well the item is remembered, and the rise in pitch at the end of the utterance likely suggests low
confidence. In the future, the system may use this information to adapt the frequency at which
the learner repeats the items. The feasibility of using prosodic information to predict learning
of a new language still needs further research. It seems that certain prosodic patterns are related
to memory and confidence in L2, but the characteristic rise in pitch at the end of the utterance
was not observed. It would be interesting to compare how prosody can reflect memory and
confidence in languages that are linguistically similar.

The study's results imply that the adaptive learning systems algorithm would be most
successful when using the averaged intensity to predict the user's memory and the local pitch
patterns (especially the last part of the utterance) to predict the learner's confidence. However,
a local analysis of the intensity of the utterance is needed to confirm this claim.

Limitations

Addressing the limitations of our study, firstly, the experiment relied on a fixed
schedule, which could have contributed to the low accuracy scores in the Italian condition.
Because the learning pace was not adapted to an individual, it was likely more difficult, which
was reflected in the low accuracy scores in the Italian condition. Nevertheless, despite the
difficulty of the trials, some prosodic features still reflected the learner’s memory in learning
Italian. The fixed scheduling was also characterized by the same order of sentences in
consecutive test trials. It could have led participants to learn the phases solely by their order
and not remembering the actual translation. In future studies, it might be worth attempting to
make the conditions comparable in terms of difficulty, for example, enabling more repetitions
of the items in the acquired language condition.

In terms of consistency, the voice-generated sentences included male and female voices,
which could have confounded the results. It could have made the task more difficult. On top of

that, the results could be limited in terms of speech-to-text API transcription. The API



29

confidence in transcribing correctly was much lower in the Dutch condition. It was also
communicated by the participants. It resulted in falsely classifying some trials as incorrect.
However, despite this, the overall confidence of API in the Dutch condition was above 0.7,
which we considered sufficient to perform the analysis and likely did not contribute to
significantly confounding the results.

Lastly, as mentioned, the pitch change calculation could be limited in terms of
specificity. Only the first and last 5 segments were considered, without including the middle
part of the utterance. It was done to simplify the calculation, nevertheless leaving out valuable
information. The later analysis of the pitch pattern throughout the utterance revealed that the
pitch often raised in the middle and fell by the end. An exception was found in the unconfident
Dutch trials, where the pitch raised again by the end of the sentence. It suggests that a pitch
calculation based on the last part of the pitch might be more appropriate. For example, a least
squares linear regression model, as used by Wilschut et al. (in press).

Future Directions

In future studies, it would be valuable to compare how prosodic information can be used
in acquiring other languages that differ from Italian in terms of plasticity. For example, a
language more similar to Dutch. It would also be interesting to see how the prosodic patterns
reflect memory in a more complex material. For example, longer sentences. To make the
material easier to acquire, the complexity of the phrases could increase based on the user’s
learning speed. This way, not only the number of repetitions would be adapted to the individual,
but also, the speed with which the material becomes more complex. Addressing the limitation
of the current study, it would be beneficial to replicate the study but with an adaptive learning
schedule, eliminating the possibility that participants learn the order of the sentences instead of
the translation. It would also likely make the acquired language condition easier. Finally,

because of the innovative nature of the study, further replications of the results are needed.
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Conclusions

This study investigated whether prosodic speech features (PSFs) related to the objective
knowledge and subjective confidence of the learner. It was found that they do, and the relation
is present in subject-verb sentences. The voice intensity reflected accuracy, while higher change
in pitch was associated with lower subjective confidence. The PSFs were most related to
memory and confidence in the participants’ mother tongue. However, relations were transferred
to the acquired language in a weaker form. It suggests that the mechanism can be applied to
foreign language learning, but the pattern of prosodic features reflecting learning may be less
consistent. Importantly, information obtained from prosody can be used to improve the adaptive
learning models by adding more complex learning material than words. It makes prosody a

powerful tool for enhancing future learning.
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The List of the Subject-Verb Sentences used in the Experiment

Table 1
ID  Dutch Sentence English Italian Frequency
Translation Sentence
1 De nicht The niece La nipote 229,594 + 24,926 =
glimlacht smiles sorride 254,520
2 De baby eet The baby Il bambino 1,517,971 + 115,986 =
eats mangia 1,633,957
3 De kikker The frog Larana 82,324 + 115,712 =
springt jumps salta 198,036
4  Het meisje leest The girl Laragazza 3,827,400 + 254,29 =
reads legge 4,081,690
5 De ober kookt The waiter Il cameriere 100,161 + 72,034 =
cooks cucina 172,195
6 De broer rijdt The brother Il fratello 2,456,241 + 488,001 =
drives guida 2,944,242
7 De trein wacht The train Il treno 731,544 + 8,342,895 =
waits aspetta 9,074,439
8 De zus loopt The sister La sorella 1,310,331 + 1,370,702
walks cammina =
2,681,033
9  De hond speelt The dog Il cane gioca 1,686,507 + 869,666 =
plays 2,556,173
10 De schilder The painter Il pittore 104,964 + 88,727 =
tekent draws disegna 193,691
11 De nacht begint The night La notte 2,044,390 + 1,242,413
starts inizia =
3,286,803
12 De The Il pompiere 50,538 + 726,742 =
brandweerman firefighter parla 777,280
spreekt speaks
13 De jongen rent The boy Il ragazzo 4,357,021 + 111,595 =
runs corre 4,468,616
14 De man liegt The man L’uomo 14,038,145 +
lies mente 595,937=

14,634,082
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ID Dutch Sentence ~ Number English Italian Number Frequency
of Translation Sentence of
Syllables Syllables
15 Het dier reist 3 The animal L’animale 6 281,046+81,638=
travels viaggia 362,684
16 De vrouw komt 3 The woman La donna 5 8,216,664+13,319,178
comes viene = 21,535,842
17 De oma bakt 4 The La nonna 6 728,571+28,585
grandma inforna =757,156
bakes
18 De prijs 5 The price Il prezzo 5 866,007 +511,784=
verandert changes cambia 1,377,791
19  De deur kraakt 3 The door La porta 6 2,474,764+14,864=
creaks scricchiola 2,489,628
20  Het bot breekt 3 The bone L’0sso si 5 145211+ 242,171=
breaks rompe 387,382
21 De klok tikt 3 The clock L'orologio 7 23,897+ 38,418=
ticks ticchetta 62,315
22 De boom bloeit 3 The tree L’albero 6 20,810+16,694=
blooms fiorisce 37,504
23 De dochter 4 The La figlia 5 2,193,031+ 91,472=
schreeuwt daughter grida 2,284,503
shouts
24 De vriend lacht 3 The friend L’amico 5 4,914,311+212,900=
laughs ride 5,127,211
25  De vogel zingt 4 The bird L’uccello 5 322,666+166,936=
sings canta 489,602
26  De groep wint 3 The group 11 gruppo 5 747,323+478,854=
wins vince 1,226,177
27  De haai zwemt 3 The shark Lo squalo 5 94,444+ 42,992=
swims nuota 137,436
28  De zon schijnt 3 The sun Il sole 5 686,723 + 414,366 =
shines splende 1,101,089
29 De familie 6 The family  La famiglia 6 3,041,202 + 484,571 =
betaalt pays paga 3,525,773
30 De leecuw slaapt 3 The lion 11 leone 6 147,041+ 570,097 =
sleeps dorme 717,138
31 De maan bestaat 4 The moon La luna 6 420,998 + 929,123 =
exists esiste 1,350,121
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ID Dutch Sentence ~ Number English Italian Number Frequency
of Translation Sentence of
Syllables Syllables
32 De stoel valt 3 The chair La sedia 5 512,012 + 1,529,862 =
falls cade 2,041,874
33 De muis 4 The mouse 11 topo 6 111,367 + 200,780 =
verdwijnt disappears scompare 312,147
34 De kat snurkt 3 The cat 11 gatto russa 5 528,477 + 17,837 =
snores 546,314
35 De buurman 5 The Il vicino 7 132,634 + 1,026,083 =
begrijpt neighbour capisce 1,158,717
understands
36 Het hout brandt 3 The wood Il legno 5 235,768 + 161,447 =
burns brucia 397,215
37  De plant groeit 3 The plant La pianta 5 116,855 + 158,475 =
grows cresce 275,330
38 De docent 8 The teacher L'insegnante 8 34,073 + 3,659 =
vermenigvuldigd multiplies moltiplica 37,732
39 Het vat 5 The barrel Il barile 7 19,049 + 24,011 =
explodeert explodes esplode 43,060
40  Het schip zinkt 3 The ship La nave 6 1,152,771 + 28,585 =
sinks affonda 1,181,356




