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Abstract: One of the most striking characteristics of e-Learning audiences is their diversity. Native and non-native learners
can be expected among such audiences and therefore, when developing e-Learning courses it is important to consider the
impact of the language level on learning. Specifically, non-native learners are expected to have a diminished auditory
perception compared to native ones and hence reduced attention capabilities that could result in a poorer performance. In
this study, we assess the impact of linguistic and auditory factors on the attention of non-native learners, namely semanticity,
sentence length and noise level. An English language platform mimicking real e-Learning environments is used and attention
is quantified by measuring the number of English words correctly identified during a listening task. Our results show that
changes in each factor affect the attention score significantly. Interestingly, the effects of semanticity are apparent in
noiseless environment, but vanish in noisy ones. Results also show that in noiseless environments, a change in the length of
semantic sentences from small or medium to long causes a significant drop in the attention score. Our results demonstrate
the importance of carefully accounting for linguistic and auditory factors when designing effective e-Learning courses,
especially when they target global audiences and learners with different language abilities are expected.
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1. Introduction

The widespread use of multimedia contents and an increasing internationalisation of the classroom are two of
the most prominent features of the current education landscape. Understanding their impact on learning can
be critical to design effective learning experiences, especially in e-Learning environments where both features
play such a central role. Multimedia contents and the internationalisation of the classroom have been a focus of
interest in the education community and their impact on learning and student performance has been
investigated empirically (Chang and Lehman, 2002; Guo, Kim and Rubin, 2014; Chen and Wu, 2015) and analysed
based on cognitive theories (Moreno and Mayer, 1999; Cierniak, Scheiter, and Gerjets, 2009). From a cognitive
perspective, multimedia approaches force learners to switch their attention between different sources and
subsequently to carry out integration work. The cognitive strain associated to multimedia contents has led to a
number of empirical studies that have investigated the impact of multimedia contents on learning (Fisher,
Godwin, and Seltman, 2014; Aagaard, 2015) and to the formulation of guiding principles to be considered during
the design of multimedia material, such as the split-attention principle (Ayres and Sweller, 2014) and the
seductive detail principle (Rey, 2014). The role of the linguistic dimension in international learning environments
has also awaken interest amongst the education community. Previous studies have focused on learning
environments with native learners and non-native instructors (Nord, 1980; Evans and Alexander, 1984; Tseng,
1987). Adverse listening conditions such as accented speech and noise and their impact on intelligibility have
been investigated by McLaughlin, et al. (2018) and the role of listeners' previous exposures to accented speech
and the semantic context in the intelligibility of non-native speech has been studied by Kennedy and Trofimovich
(2008). Language processing in non-native learners has also been explored. A study (Clahsen and Felser, 2006)
concluded that even when non-native learners have an excellent grasp of the grammar, real-time processing of
language, such as the one expected in a classroom environment, might still be a considerable challenge.

As with any other sensory modality, attention plays an important role when processing auditory information
and therefore can have an impact on language processing and learning. For instance, it is well known that task-
irrelevant auditory stimuli can undermine short-term memory and have a negative impact on language
comprehension and learning (Hughes, et al., 2016; Marsh, et al., 2018). In addition, it has been suggested that
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the mechanism of auditory selective attention might depend on the perceptual load (Murphy and Greene, 2017
Murphy, Spence, and Dalton, 2017).

E-Learning platforms are preferred over conventional ones by younger generations (Generation Z) (Rothman,
2016) and their use has increased as a result of the COVID-19 pandemic. As e-Learning is becoming widespread,
it is vital to investigate on effective ways to design e-Learning environments. Recent studies suggest that
Generation Z has a limited attention span and is easily distracted by visual stimuli (Shatto and Erwin, 2017;
Polakova and Klimova, 2019). In contrast to other passive process, auditory perception is an adaptive process
that continuously evolves to improve the identification of new sounds, a feature that is known as auditory
learning (Heald, Van Hedger, and Nusbaum, 2017). Auditory learning is even more crucial for non-native learners
that are interacting with e-Learning environment, as they are continuously exposed to new sounds from a
second language. Auditory attention has been linked to learning and development in children (Gomes, et al.,
2000) and considered as an important factor to understand complex acoustic scenes such as the multimedia
ones used in e-Learning and classroom teaching environments (King, Teki, and Willmore., 2018). Thus,
understanding auditory attention in non-native audiences is critical for designing effective e-Learning
environments. However, the current literature shows a lack of quantitative studies focusing on the factors to be
considered when designing learning environments or giving a lecture. In this article, we investigate how auditory
attention of non-native speakers in an e-Learning environment is affected by linguistic and auditory factors. As
part of our design of an e-Learning experience, we create a lab controlled experiment and identify potential
factors affecting auditory attention, namely background noise, semanticity and length of auditory stimuli
(Compton, 1967; Killion, 2002). We conduct the study with 25 healthy participants. Our study is relevant both
to the education community, as we provide additional insight that can be used when designing learning
experiences, and to the cognitive psychology community, as by focusing on non-native listeners our results
extend previous findings in auditory attention.

The rest of the article is organized as follows. Section 2 reviews previous literature on auditory attention. Section
3 describes our experimental setting and Section 4 our experimental procedure. In Section 5, we present the
statistical methods used for analysing our data. In Section 6 we analyse the results of our experiments and
Section 7 provides our main conclusions.

2. Related Work on Auditory Attention

Auditory attention became a topic of great interest in cognitive and neuroscience circles in the years following
the Second World War, aroused by the documentation of cases where audible messages failed to be perceived
by fighter pilots (Spence and Santangelo, 2010). Most of the studies focusing on auditory attention involved
simulated multi-message environments (Anderson, 1985) and among them, the dichotic listening task has
become one of the most popular settings. In the dichotic listening task, two different auditory stimuli are
presented to the participants, who are asked to attend to only one of them (Ingram, 2007). After listening to the
stimuli, participants are asked to write down the messages that have been previously presented to them, and
the written messages are used as an indication of the level of auditory attention (Cherry, 1953).

A major focus of research in auditory attention has been the understanding of selective attention, change
deafness and spatial attention. Selective attention investigates why and when the brain selects and pays
attention to one of the many stimuli available (Mayer, et al., 2006; Wu, et al., 2007) and is a concept that has
also been successfully applied to other sensory systems, such as the visual (Shinn-Cunningham and Barbara,
2008; Dalton and Spence, 2008). Two main theories have been proposed for explaining the mechanism of
attention. The first one is known as filter theory and suggests that the brain filters useful information over
useless information (Broadbent, 2013). Two opposing mechanisms have been proposed in the context of filter
theory, namely early selection theory and late selection theory (Treisman, 1964). According to the early selection
theory, the brain selects stimuli at early stages of information processing, whereas late selection theory suggests
that the brain selects stimuli after semantic decoding only, i.e. at a later stage of information processing (Deutsch
and Deutsch., 1963). The second theory which provides a model for auditory attention is load theory and it gives
a plausible unifying framework for early and late selection theory (Lavie, 2005). According to load theory,
selection can be at early or late stages, depending on the perceptual load of the stimuli (Lavie, 2005). Specifically,
if the perceptual load of the stimuli is high, the brain will filter out useless information at early stages, whereas
if the perceptual load of stimulus is low, then all the stimuli are processed before being filtered out, which
corresponds to a late selection process (Deutsch and Deutsch., 1963).
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Auditory change deafness refers to the mechanisms by which the brain misses information in auditory stimuli
during short time intervals. Auditory change deafness is analogous to the phenomenon of psychogenic blackout
or transient loss of consciousness (Fitzpatrick and Cooper, 2006) in that there is a short interval in continuous
listening processes, during which the brain does not process any auditory information. Previous auditory
attention studies have focused on the effect of the length of stimulus and the complexity of sentence (Compton,
1967) and background noise (Killion, 2002). The authors in (Compton, 1967) demonstrated that simple structural
English sentences were more easily perceived than complex structural ones, however the length of the sentence
did not have a considerable impact on it. In (Killion, 2002) it was concluded that the effect of noise on perception
of speech diminishes with increased signal to noise ratio (SNR). Teraoka, et al. (2018) investigated how the
spatial origin of auditory signals affect word intelligibility in complex acoustic scenes. In (Bai, Zhao, and Xie,
2019), the subjective auditory attention saliency of 20 pieces of sound material was evaluated in a
psychoacoustic experiment. Their results show the importance of adapting computational models based on the
characteristics of the targeted sound types. Another important aspect for education concerns joint attention,
which consists of two people simultaneously and jointly focusing on an item. While our work does not touch this
point, we acknowledge the key importance of human relations for learning. In the present study we extend
previous experimental results by investigating auditory attention in a group of non-native listeners who are
subjected to different auditory conditions in a simulated e-Learning environment.

3. Methods and materials
3.1 Participants

A group of 25 (21 male, 4 female) healthy, university students of science and technology, with no known auditory
processing disorder were chosen for the study. The participants came from different nationalities (see Table 1)
and their first language was different from English (see Table 2). The age distribution of the group of participants
is shown in table 3.

Table 1: Nationality of the participants

Nationality Number of participants
Algerian 1
Indian
Iranian
Italian
Kazakh
Lebanese
Moroccan
Nepalese
Pakistani
Tunisian

RIR(R|R[(M|R|Dd|w|

Table 2: First language of the participants

First language Number of participants
Arabic 7
Farsi
Italian
Kannada
Kazakh
Mathili
Malayalam
Marathi
Tamil
Telgu
Urdu

[N T TN P N S e PN )
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Table 3: Age groups

Age Group (years) Number of participants
16-20 1
21-25 6
26-30 16
31-35 2

3.2 Audio stimuli

A total of 5000 audio clips were obtained from the Tatoeba Project (Trang Ho, 2006) along with their
corresponding text. All audio clips were English sentences of length ranging from 3 words to 13 words per
sentence, one sentence per audio clip, and used the same male voice to ensure consistency in the physical
properties of the audio signal (e.g. pitch, rate of speech). From this collection of audio clips, 1700 non-semantic
audio clips were generated by suitably inserting isolated words in the original, semantic sentences. We ensured
that the length of non-semantic sentences also ranged from 3 words to 13 words. The following sentences S1,
S2, S3, and S4 are examples of semantic and non-semantic sentences:
S1: She looks unhappy.
S2: You should have left half an hour earlier.
S3: Let’s intelligent next go.
S4: | can hour ski so late.

Sentences S1 and S2 are semantic whereas S3 and S4 are non-semantic. The generated non-semantic sentences
are partially semantic, as they are made from semantic sentences. For example; sentence S4 is made by inserting
the words hour, so and late to the semantic sentence I can ski.

We used this approach for generating non-semantic sentences rather than simply listing unrelated words as in
(Baddeley, 1966), to mimic a real-world scenario in learning environment, where a few words that are unknown
to the listener (out of vocabulary of listener) might make a sentence meaningless. This situation is commonly
experienced by non-native speakers due to a limited vocabulary. In learning environments, a reduced subject-
specific vocabulary can make semantic sentences be perceived by students as non-semantic. In addition, our
approach for constructing non-semantic sentences can also reproduce other prominent features of live speech,
notably stuttering.

Finally, background noise of different levels was also added to both semantic and non-semantic audio clip
groups. SNR values of -6 dB, -3 dB, 0 dB, 3 dB, 6 dB and oo dB (noise-free case) were considered. In summary, we
produced two groups of audio stimuli, i.e. the semantic and non-semantic groups, which were reproduced with
six levels of background noise.

3.3 Length of sentence

Sentences were grouped according to their length in three categories, namely small (L1), medium (L2) and long
(L3) sentences with average lengths of 4, 8 and 12 words respectively with variation of +1 word. In this, we
followed closely the sentence lengths used in (Compton, 1967) for investigating aural perception. In allowing
different sentence lengths within each group, we recognized that some words are phonetically longer than
others, i.e. ‘I’ and 'Congratulation’, and assumed that a difference of one word in sentence length does not have
any significant impact on the listening task (Neath and Nairne, 1995; Page and Norris, 1998).

3.4 Case generation

A total of 144 English sentences were generated for each participant by extracting 72 sentences from the pool
of 5000 semantic sentences and 72 more sentences from the pool of 1700 non-semantic sentences. Specifically,
the semantic (resp. non-semantic) group consisted of 30, 24, and 18 sentences of lengths L1, L2 and L3 that were
extracted randomly without replacement from the pool of semantic (resp. non-semantic) sentences. Each length
sub-group was further subdivided into six equal-sized sub-groups, each one of which was assigned one of the six
noise levels described in Section 3.2. Each sub-group was ensured to have the respective average length of
sentence, for instance, the average length of L1 sub-groups is 4 words. This resulted in a total of 36 experimental
conditions, corresponding to six levels of noise, three sentence lengths, and two semanticity levels (6 X 3 X 2 =
36). The number of audio stimuli per experimental condition was five for the L1 group (30/6 = 5), four for the
L2 group (24/6 = 4) and three for the L3 group (18/6 = 3). This description is summarized in Table 4.
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For readability purposes, each experimental condition is labeled as 'xxdByLz', where xxdB indicates the noise
level, y is a binary digit 0 or 1 indicating respectively semanticity or non-semanticity, and Lz corresponds to the
length of the sentence, namely L1, L2 or L3. For example, the label -6dBOL1 indicates the condition with -6dB
SNR for semantic sentences of length L1.

Table 4: Number of sentences per experimental condition

Semantic Non-Semantic

SNR 11 (L2 |L3]|1L1 L2 | L3

-6 dB 5 4 3 5 4 3

-3dB 5 4 3 5 4 3

0dB 5 4 3 5 4 3

3dB 5 4 3 5 4 3

6 dB 5 4 3 5 4 3

co dB 5 4 3 5 4 3

Subtotal | 30 | 24 | 18 | 30 | 24 | 18
Total 72 72

4. Experiment procedure

Participants were presented with a computer interface and were given a passive headphone set. After entering
basic demographic information, namely sex, nationality, age-group and first language, participants could initiate
the listening task by clicking a play button. During the listening task, the computer interface remained disabled
so as to prevent participants from engaging in other activities. Once the audio file had finished no more
reproductions were permitted and participants were allowed to submit a transcription of the audio sentence.
Upon submission, participants could reproduce the next audio file. This procedure was carefully explained to
each participant.

On the average, the procedure involving the 144 audio files described in Section 3.4 took 35 minutes for a
participant. At the end of each experiment, text transcriptions were collected and labelled according to the noise
level, the length of the original English sentence and its semanticity.

5. Statistical analysis
5.1 Attention score computation

Based on an original English sentence and the text transcription of its corresponding audio, the attention score
of the text transcription was calculated as follows. Let T; ,, , denote the i — th transcription produced by the p —
th participant under the k — th experimental condition. Then, its attention score, which we denote by 4, ,, , was
calculated as

Negip o
Nr(ipio
where N¢(; p 1) iIs number of correct words in T; , , and Nr(; iy is number of total words in the original sentence.
When establishing the number of correct words in a transcription, minor errors in spelling and other typos were
ignored, for example looks/look, beautiful/beutiful or designed/disegned.

Aipi = x 100, (1)

Based on the attention score of each individual transcription, the average attention score A, of the
transcriptions produced by the p — th participant under the k — th experimental condition was calculated as

I
1
Apk = I_ZAi,p,k' (2)
k=1

where [, is the total number of stimuli in k — th experimental condition (see Table 4). Each computed average
attention score A, was used as an individual sample for statistical analysis. As Np = 25 participants were
involved in the experiment and each participant produced a total of Ny = 36 attention score samples (one
sample per experimental condition), a total of 900 samples (36 X 25 = 900) were available for further analysis.

5.2 Descriptive statistics

Firstly, the mean A, and standard deviation S, of the attention score A, across all the participants were
calculated:
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Np
1
A, = N_pz Ap.k’ 3)
p=1
1
1 & :
2
Sk = mZ(Ap,k - Ak) . €))
P =
p=1

Secondly, the mean attention score A4y, for the p — th participant across all the conditions was computed. The
mean attention score A, was defined as

1 &
Ap = N_kz Ap.k . (5)
k=1

Finally, box-and-whisker plots were obtained for analysing the impact of the noise level, the length of stimuli,
and sentence semanticity on the attention score of the transcriptions from each experimental condition.

5.3 Pairwise Analysis

A repeated measure ANOVA test was firstly applied to analyse the variation of attention score under each
experimental condition (Lawal, 2014). The student t-test was used to determine whether the mean of the
attention score was significantly different under two different experimental conditions. Since, there are 36
different conditions, the p-values resulting from comparing each pair of experimental conditions were
represented in a 36 X 36 P-matrix. By definition, this P-matrix is symmetric, and its diagonal represents the
comparison of an experimental group with itself, hence the values in the diagonal are 1. In order to facilitate the
analysis of the p-values, heat maps were used to visually represent the values of the entries of the P-matrix.
Thresholding with a value of 0.05 was next applied to the P-matrix, producing a binary matrix in which significant
differences with a 95% confidence level can be readily identified. The binary P-matrix allowed us to further
arrange the experimental conditions in a hierarchical manner, following a bottom-up agglomerative method
(Hastie, Tibshirani, and Friedman, 2001), where related experimental conditions are located close to one
another.

6. Results and discussions

The mean Aj and standard deviation S, of the attention score, across all the participants under each
experimental condition are presented in Table 5. As expected, our results show that the lowest attention score
was achieved for low SNR, whereas the high SNR was associated to high levels of attention. In general, an
increase in the noise level produces a decrease in the attention score. This suggests a negative correlation
between noise and attention, indicating the noise as a primary factor of diminished attention level. It is
interesting to note that an increase in the length of a sentence resulted in a decrease in the attention score for
any given noise level in both semantic and non-semantic groups. This suggests that the shorter sentences are,
the easier to follow by listeners.

Table 5: Mean and standard deviation of the average attention score A, ) in each experimental condition

Mean (n = 25) SD (n = 25)

SNR Semantic Non-Semantic Semantic Non-Semantic

L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3
-6 dB 13.03 5.86 4.85 10.41 8.21 6.91 14.03 6.53 6.74 9.74 6.51 7.10
-3dB 33.41 21.12 15.56 21.57 15.13 11.61 23.02 17.02 8.21 14.96 10.04 7.40
0dB 40.49 37.11 24.63 30.48 28.81 16.32 20.27 22.63 20.09 15 18.06 12.10
3dB 57.09 | 49.17 | 43.24 | 38.91 329 22.38 24.88 26.21 25.74 18.17 19.19 14.54
6dB 72.04 62.82 | 48.82 50.22 40.15 26.75 21.34 23.28 24.8 20.25 18.36 15.86
oo dB 85.17 86.48 72.8 67.03 56.2 39.45 16.1 17.25 22.48 17.78 18.82 18.77
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Figure 1: Average attention score A4, , versus SNR, length and semanticity of stimulus
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Figure 2: Interaction between independent variables

The effects of noise level and length of sentence on the attention score are shown in the box-and-whisker plots
presented in Figure 1, demonstrating a clear dependence of the attention score on the SNR, sentence length,
and semanticity. It is interesting to observe that in addition to noise level and semanticity, the length of sentence
also affects the attention score.

The impact of semanticity and length of sentence on attention score, under different noise level was
investigated, and results are shown in Figure 2. Interestingly, Figure 2 (a) indicates that the rate of increase of
the attention score with increases in SNR is higher for the semantic group than for the non-semantic group. In
other words, background noise has higher impact on semantic sentences than non-semantic. As a result, the
effect of semanticity is more apparent in a noise-free environment and vanishes in a noisy environment. This
effect can be explained by the cognitive neuroscience and linguistics Gap-Filling theory (Frazier, Godwin, and
Seltman, 1983), according to which the brain is capable of predicting linguistic gaps by using syntactic or
semantic priors (Tanenhaus, 1985; Frazier and d'Arcais, 1989). In other words, when the brain does not perceive
a sentence correctly, as is the case in noisy environment, prior knowledge is used to infer it and fill the gaps.
However, in noise-free environment, the brain is not forced to fill the gaps. The above observations suggest that
the importance of semanticity is higher in noise-free environments. The non-overlapping error bars in Figure 2
(a) indicate that semanticity has a significant impact (p < 0.05) on attention score from -3 dB onward.

From Figure 2 (b), it can be concluded that the rate of change of the attention score for all the lengths is almost
similar and smaller lengths produce consistently higher average attention scores. It suggests the length of a
sentence always has an impact on the attention score for non-native speakers, irrespective to noise level. For
native speakers, the length of sentence might not have such a significant impact.
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Table 6: Results of the repeated measure ANOVA, where df denotes the degrees of freedom, $5q is sum of
the squared differences, MSq is the mean sum of squares

Source df | $5q MSq F-value | p-value
Between | 35 | 456255.1 | 13035.86 | 72.77 10716
Subject | 24 | 121625.8 | 5067.74 | 28.29

Within 864 | 272098.9 | 314.93

Error 840 | 150473 179.14

Total 889 | 728354

The results from our descriptive analysis suggest that the attention score is affected by noise level, semanticity,
and length of sentence. The results from the repeated-measure ANOVA (Table 6), carried out for 36
experimental groups, indicate a strong evidence that there is a significant (p <« 0.001) difference between at
least two experimental groups. The resulting ngartml = 0.752, indicates that 75.2% differences in the
experimental groups were due to different experimental conditions. In other words, the variation in the
independent factors is largely responsible for the differences in the attention score.
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Figure 3: P-Matrix obtained from the pairwise t-test

Figure 3 shows the obtained P-matrix (36 X 36), sorted by the average attention score A, of each experimental
condition. As previously mentioned, by its definition the P-matrix is symmetric, and the values of the diagonal
are identical to 1. In Figure 3, the thickness of diagonal represents the closeness of one experimental condition
to other conditions. The thicker the diagonal, the more experimental conditions are closer to each-other. In an
ideal situation where all the experimental conditions are significantly different from one another, the matrix
would be close to a diagonal one. From Figure 3, it is apparent that a major fraction of pairwise comparisons
have a low p-value, which suggests a significant difference between those respective pairs.

From Figure 3, clusters of experimental conditions can be identified by analysing the thickness of the diagonal.
To analyse these clusters, a hierarchical clustering method is applied on the binary P-matrix obtained from
thresholding with p < 0.05. Figure 4 illustrates the hierarchical tree obtained.

Given a branching point in the hierarchical tree, a cluster is defined as the collection of all the experimental
conditions below the branching point. For instance, the branching point R in Figure 4 defines a cluster consisting
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of two groups, namely infdBOL1 and infdBOL2, and both groups are close in the sense that the impact on the
attention score by changing the experimental conditions from infdBOL1 to infdBOL2 is smaller than changing to
an experimental condition outside the cluster R. The analysis of the hierarchical tree reveals interesting
relationships about the experimental conditions in this study. For example, cluster R suggests that changing the
length of semantic sentences in noiseless environment from small to medium or vice-versa has no significant
impact on the attention level, however changing length to long sentence, switching semanticity or increasing
noise level drop the attention level significantly (p < 0.05). This can also be confirmed from Figure 3, by looking
at the rightmost bottom cluster of 2 X 2 cells.
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Figure 4: Hierarchically clustering of experimental conditions obtained after applying threshold p < 0.05 on P-
Matrix

Furthermore, cluster Q (6dBOL1, infdBOL3) shows that long semantic sentences in noiseless environment have a
similar impact on attention as small semantic sentences in low-noise (6 dB) environment. Similarly, cluster M
suggests that the impact of small semantic sentences with SNR = 3 dB, is similar to medium-length non-semantic
sentences in noiseless environments and semantic sentences in low-noise (6 dB) environments.

Cluster G includes the experimental conditions that lead to the highest performance. The mean attention score
(Ay) of these groups is above 55. By contrast, cluster H includes the experimental conditions with the lowest
mean attention score (4, < 17). Interestingly, clusters H and A appear far from each other in the hierarchy and
mostly differ in the noise level. Cluster H includes almost all the experimental conditions with low SNR, whereas
cluster A includes experimental groups with high SNR and their mean attention score ranges from 27 to 51.
Overall, the hierarchical tree can be decomposed into four major clusters, A, E, G, and H.

7. Conclusions

Auditory attention plays a vital role in students' performance and it is critical for non-native learners. The
increasing number of international students require that education professionals carefully reflect on the design
of their learning environments and their suitability for such an audience. However, the literature lacks
guantitative results in the area. In this study, we have analysed the impact of three factors (noise level, length
of sentences and semanticity) on the level of auditory attention of non-native learners in an English language
environment. Following existing literature, we have used the number of correctly identified words in a
transcribed sentence to quantify the level of auditory attention.

Our analysis emphasises the importance of conveniently designing lectures and learning environments and
shows that linguistic and auditory factors such as background noise, length of sentences and lexical complexity
should be carefully considered. In addition to the importance of an obvious factor such as background noise, our
results demonstrate that reducing the length of sentences always improves the level of auditory attention of
non-native speakers. The impact of linguistic complexity on the auditory attention of non-native learners can be
analysed by considering sentence semanticity. In our experiment, non-semantic sentences were created by
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inserting unrelated words in-between semantic sentences. This model of non-semantic sentence simulates a
semantic sentence that contains one or more words that are unknown to the listener, which is close to real-
world scenarios. Our results show that semanticity has a dramatic impact on auditory attention of non-native
learners and the significance of semanticity is higher in less noisy environment. This experimental observation
supports the view that simple, accessible vocabulary should be consistently used in non-native learning
environments, whenever this does not compromise the meaning of the message. Our results suggest that in
practice, while delivering a lecture, shorter sentences should be preferred over longer ones. To keep the
sentences meaningful to an audience, simplified and easily understandable (or well explained) terms should be
preferred over new and complex terminology, whenever possible, and noise level should be controlled and kept
as minimum as possible. Our analysis provides novel quantitative indications that should be useful to
researchers, practitioners and designers for maximizing a students’ experience in a learning environment. We
focused our study on auditory attention, because it is fundamental for learning. Future research may expand on
our results by including visual spatial attention and the relevant relationships that originate in real environments.
The impact on lecture performance and instructional environment design can also be further investigated.
Finally, future research work may analyse the possible differences in impact among students with different
language abilities.
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