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Abstract. Low literacy is a growing problem in The Netherlands. We
measured stress response during a sentence reading task using physio-
logical sensors in both low literate and high literate participants. We
will investigate whether various possible machine learning approaches
are able to predict and classify aspects of the collected data in several
directions, using sensor readings, recorded speech data, reaction times,
literacy level of the participant, difficulty of the sentences in the task and
other aspects of interest.
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1 Data collection

Based on the Age of Acquisition (AoA) dataset of Ghyselinck et al. [2], a set
of 80 sentences in Dutch has been created containing 40 words with AoA ≥ 11
years (difficult) and 40 words with AoA ≤ 5 years (easy). For half of the words
a real sentence has been retrieved from OpenSoNaR [3] with a length of 7–14
words. Each real sentence is paired with another sentence of the same length
from OpenSoNaR where one word has been replaced with one of the remaining
40 AoA words, see Figure 1. The replacement was done such that the resulting
sentence would still be grammatical but no longer semantically valid.

difficulty (AoA) word validity sentence
difficult (15.7) onyx valid Ik heb een aantal ringen gemaakt met zwarte onyx.
difficult (14.7) atol invalid Het atol zelf koken en opeten is geen risico.
easy (4.4) ijsje valid Je mag een keer per week een ijsje eten.
easy (4.5) ruzie invalid Eind mei ging het toen de verkeerde ruzie op.

Fig. 1. Example sentence pairs.

An experiment was performed with 37 low literate and 36 high literate par-
ticipants. Each participant had to read the 80 sentences out loud while their gal-
vanic skin response (GSR) and photoplethysmogram were recorded using sensors
on the hand. Half of the participants additionally had to decide if a sentence was
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valid or invalid by pressing a button before reading the sentence out loud. Sound
recordings of the participant reading the sentences were stored, as well as their
reaction times in pressing the button and various other timing measurements.

2 Machine learning models

The project is currently in the modelling stage1. We use the transformer-based
Wav2Vec2 model [1] for the audio classification. Using Wav2Vec2 as a pre-trained
ASR model results in a WER of 0.24 for high literate and 0.57 for low literate
participants when comparing the target sentence to the ASR transcription. The
WER reflects both ASR errors and human reading errors in unknown propor-
tions, but it shows that the model can represent the data adequately. This is
a starting point for fine-tuning a task-specific model to identify if a speaker is
from the low literate or high literate group based on the audio. Furthermore,
given that a majority of the low-literate group consists of non-native speakers of
Dutch, we can train a model to recognize non-native speakers and analyze the
performance compared to the low vs. high literate model for a more comprehen-
sive interpretation of the performance of both models. Finally we are planning
to train models to predict whether the participant judged the sentence to be
valid or invalid, as well as a model to predict the trends in sensor readings.

Analysis of the sensor data has revealed various patterns and trends in the
sensor data across participants, showing downwards, stable and upwards trends
for different participants. An example of a downwards trend for the GSR signal is
shown below, as a time series decomposition. We aim to predict the continuation
of the signal from initial values, and classify correct decisions, difficulty, and
literacy level from the sensor data.
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1 If the abstract is accepted for a poster presentation at BNAIC 2024 then we will
likely be able to present a number of modelling results on the poster.
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