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Abstract—The use of new digital formats in language learning and testing
improves both the learning and acquisition skills development process of lan-
guage tests. The process of listening comprehension is considered one of the
most complex in the field of Computer Aided Learning Language, (CALL) be-
cause it relates to multimodal learning channels and brain sound perception in
an unfamiliar communication environment (in a second language learning vir-
tual environment) for learner. This article stresses the possibilities of using bin-
aural sound in the design and implementation of tests as well as the cognitive
issues that might be involved in the process of learning and assessment of a for-
eign language.
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1 Introduction

Listening in a foreign language is a daily activity for most people around the world.
It also an essential sense to perceive the world around us. Additionally, it is a critical
matter in foreign languages (FL) where the communication environment is usually
unfamiliar to the speaker and even more when the listener’s FL competence is low.

Listening is part of a multimodal process where all senses participate. It can com-
bine different perceptual modes like listening, viewing and body perceptual and cor-
poral movement to capture the signification of the conversation. More importantly, if
we focus on listening in a new language, the process is more complex than merely
perceiving sound, because knowing a language also involves other skills such as
grammatical use, pronunciation and the understanding and apprehension of the scene
that which are instrumental supports in comprehension in a foreign language. Besides,
interactions usually take a longer interactive time (since we subconsciously take time
to translate or, at least to react. Thus, multisensory support facilitates communication.

When listening, interlocutors go through a complex process where they interpret
the sounds to their acquired knowledge which is stored in their brain in order to be
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used after first for comprehension and for production after. It is therefore the corner-
stone of oral communication. Listening activities during the learning process are
sometimes conscious and at other times subconscious, but in both cases the main
information remains in our minds since our childhood or it is maybe in in our genetic
information. Listening helps to understand and how the major foreign language envi-
ronment functions but also rules, behavior and speech in different contexts. In Second
Language Acquisition (SLA) it is very important to perceive and recognize listening
situations happening in other countries and cultures for purposes that go beyond un-
derstanding, answering or arguing in another language. Communication helps to un-
derstand most sensations we get from real world environment, such as sounds that
come from different sources, speakers’ positions, one’s own sound objects, musical
instruments, etc.

This paper describes how binaural audio could enhance perception in a listening
comprehension test in foreign language learning, by recreating the same audio condi-
tions in the real world and how to implement it in the design of this type of tasks in an
aptitude exam.

2 The Act of Listening

In second language acquisition, listening activities have emerged as an important
component in the learning process [8]. Listening activity is a mental process which is
hard to describe since the learners have recognize sounds, associate them to previous
knowledge through understanding vocabulary and grammatical patterns, consider the
context, comprehend the intention and finally re-interpret in their minds what on the
situation and the message the interlocutor intends to transmit. From the academic
perspective, this leads to an accurate interpretation and application or the capacity to
apply what has been heard to academic tasks such as drills, exercises and, ultimately,
tests.

For Rost, listening, as a whole is a:

“Process of receiving what the speaker actually says (receptive orientation);
constructing and representing meaning (constructive orientation); negotiating
meaning with the speaker and responding (collaborative orientation); and, creating
meaning through involvement, imagination and empathy (transformative orienta-
tion)”.

Widdowson [17] defines listening as the ability to understand how a particular lin-
guistic chain is connected to everything is said in a particular act of communication.
At this stage, the listener selects what considers relevant to their purpose and discards
the irrelevant [17]

According to Acosta [1], the listener associates both linguistic knowledge such as
well as non-linguistic such as the experience and knowledge of the world. Therefore,
through inference the listener will not only be able to decode words, phrases and
meaningful units already listened but also to interpret the sounds in their environment
and context which helps to understand and interpret the entire communicational mes-
sage.
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This happens when language learners have to understand a conversation with a na-
tive and a non-native person of a language and have to use the lexical and grammar
knowledge in a specific context real or created for assessment of a language [1].

3 Scene Sound Perception

One aspect to consider during the process of learning a foreign language is how we
listen and learn from authentic situations and how we process the neuronal infor-
mation in order to remember them and to use them later on. In general, scene percep-
tion is perceived through the multimodal integration of multiple sensations. Multisen-
sory integration occurs in different parts of our brain. The process related to perceiv-
ing the audio scene is named Auditory Scene Analysis (ASA) and it was defined in
the nineties as a group of cognitive processes combined in our mind, creating sche-
mas. These schemas are used by the brain during the native and/or second language
acquisition process to create and remember grammatical structures used in a social
communicational context [3].

The latest research points out that diverse sensory systems are complementary
among one another in a cross modal binding integration in the brain. Crossmodal
binding integration is a term applicable to many phenomena in which one sensory
modality influences task performance or perception in another sensory modality [2].

The best known is the process involving images and sounds signals combined in
the real world environment recognition. This is especially important in language test-
ing because when you perform a task for listening assessment, sometimes an audio
visual source is used to improve not only the sound perception of the scene but to
enhance and make real the act of communication which is intended to be produced in
the very same input because the images also provide complementary information
about the situation [16].However, in terms of cognitive constancy and remembrance
the use of audio recordings in listening assessment provides better and more durable
information than audiovisual recordings that combine audio and image.

There seem to be at least two types of brain mechanisms that take part when the
brain integrates an audio scene with pertaining information. The first is a set of bot-
tom-up processes which we probably share with other animals such as dolphins and
others, [4]. Schemas he second type of mechanism used by our brain deals with audio
frequencies and significant patterns in the environment which are considered innate.
Large-brained beings such as primates, dolphins and other mammals like humans
usually transform these while developing new ones through learning. Through this
continuous process we are also able to get to recognize sounds, phonemes, words,
patterns and sentences. Even songs and other sound chains which, in turn, permit the
recognition of messages. These early or late processes related to Auditory Scene
Analysis (ASA) are important in learning a new language through pattern recognition
in conversations, situations that occur recurrently. There are two main theories which
are related to the use of interactive learning: the innate and the statistic. It is our inter-
est which mostly states that we acquire a language through the repetition of similar
patterns a number of times. For instance, in order to acquire a sound through listening,
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we have to hear one or a set of sounds. This way, we learn language patterns that help
us understand the syntax, the grammar and the social communication of a language
and generate new knowledge based on previous situations [12].

4 Binaural Audio Technology as a Multimodal Enhancement in
the Listening Comprehension

The term binaural literally means to hear with two ears taking into account the
sound perception in the brain based on the distance between ears. This happens in a
dichotic listening when each ear receives different stimulus (usually in speech). The
stereo sound for instance does not belong to dichotic listening because the stimulus
sound is perceived at the same time of both ears and there is not a natural ear spacing.
However, a dichotic perception stimulates the human perception to locate the origin
of a sound by identifying cues from one ear (monaural cues), and by comparing cues
received with both ears (difference cues or binaural cues). Among the cues, there are
time slight differences of sound arrival and intensity differences (see Figure 1).
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Fig. 1. Human sound perception

Wikipedia describes the process as it follows:

“The monaural cues come from the interaction between the sound source and
the human anatomy, in which the original source sound is modified before it en-
ters in the ear canal for processing by the auditory system. These modifications
encode the source location, and may be captured via impulse response, which
relates the source location and the ear location [5].

This impulse response is named the Head-Related Impulse Response, HRIR.
Convolution of an arbitrary source sound with the HRIR converts the sound as if
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it has been played at the source location, with the listener's ear at the receiver lo-
cation. HRIR has been used to produce virtual surround sound [11].

The Head Related Transfer Function, HRTF, can also be described as the
modification of a sound from a direction in free air to the sound as it arrives at
the eardrum. These modifications include the shape of the listener's outer ear,
the shape of the listener's head and body, the acoustic characteristics of the
space in which the sound is played and so on. All these characteristics will in-
fluence how (or whether) a listener can accurately tell the direction from which
a sound is coming [7].”

The method of recording binaural sound uses two microphones in a mock head
with two ear-shaped pinnae, simulating the ear’s natural position, creating an ear
spacing or "head shadow" from the head to the ears. In fact, the student perceives
Interaural Time Differences (ITDs) and Interaural Level Differences (ILDs). Adjust-
ments (known as Head-Related Transfer Functions (HRTFs) are done automatically
by the system itself. That means that sound is sequenced naturally as sound “in-
volves” the human head and is adapted to the form of the outer and inner ear. The
most often used commercial device is 3Dio Space Pro© developed 3Dio Company.

Fig. 2. 3Dio’s Free Space© device.
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5 Listening Comprehension in Second Language Acquisition
(SLA)

As stated, listening comprehension is an interactive, interpretive process that links
prior knowledge and linguistic interpretation from auditory oral and contextual seg-
ments of sound (usually as messages). Speakers use more their interpretation capacity
or linguistic message according to each individual situation and especially the space
and time contextual clues (consider irony intonation which is an issue in advanced
language learning). Additionally, familiarity with the topic or conversational goals
also have a role in listening comprehension as well as quality sound which differs
significantly in real life and labs. For example, listening for overall general compre-
hension may not be as demanding (top-down processing) as listening for specific
information where quality sound is a must (bottom-up processing) [15].

In general, there are two processes involved in listening comprehension:

e Listeners’ dependence of background knowledge of the topic in transmission to
comprehend the content of a message which includes the context, the conversation-
type, cultural knowledge or other information stored in long-term memory as
schemata (typical sequences or common situations) (top-down processes).

e Listeners’ try to find out the main tokens (words) and contextual clues in the re-
cording to create a tentative context of the communication. In this case, the listen-
ers also use linguistic knowledge to understand the meaning of a message (bottom-
up processes).

When listeners recognize the context of a text or an expression of the conversation,
the process is way easier, because listeners can activate prior knowledge and make the
appropriate inferences essential to understand the used audio message [6].

Therefore, it is necessary to prepare specific types of audio scenes to help students
organize their judgements for the effective activation of appropriate background
knowledge for general understanding, improving predictions and, most importantly, to
prepare for listening. This significantly reduces the burden of comprehension of an
audio scene for the listener when taking an exam or test.

Teachers should facilitate their students’ capacity to understand their capacity to
analyze and sequence their thoughts students, to stimulate appropriate related
knowledge for understanding and making significate predictions, in order to prepare
for listening. Through this facilitation process, students are capable to understand
better but it also requires an excellent quality of input which, unfortunately, is missing
in just too many occasions. On the other hand, listeners must reach an ability to listen
selectively according to the purpose of the task, the type of listening required and the
involved listening task strategies.

As O’Malley and Chamot (1989) point out, listeners use metacognitive, cognitive
and socio-affective strategies to facilitate comprehension and to make their learning
more effective. [13]. Thus, as far we know language learners require the following
conditions to regulate their comprehension:

e Being able to recognize the referents
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Pay attention (just hearing is not enough to understand)
Focus on comprehending the message predictions
Self-monitor the input

Use metacognitive knowledge

But they also require:

Good comprehensible input (quality of listening)

Capacity to distinguish sound chains

Avoid communication noise (which is not just outside noise but is also induced by
the echo of stereo sound through traditional headphones)

Test administrators and teachers should aim at getting the best possible sound. This

paper enhances the importance of binaural sound because it meets these three aspects
and thus make listening more accessible and also favors the student’s use of personal
strategies of learning. This is especially important because in testing interferences
should not compromise the test taker’s performance. This is especially valid for
online testing since communication or the net sometimes can have negative side effect
that must be avoided.

Therefore, dual sound in language tests requires the use of educational digital plat-

form to prepare and assess for which students must become acquainted.

For practical purposes, the listening test assessment of a foreign language has re-

strictive conditions given the following aspects:

Technological availability, knowledge of the environment and / or the virtual plat-
form, test duration, conditions of the transmission medium.

Using a multimodal interface to enhance the conditions of input and output data
during the task involvement.

Formal tasks according to the same test standard for evaluating listening compre-
hension skills that must adapt to technology criteria available including different
types of communication.

Development of a digital stage interface or an interface appropriate to the needs of
the tasks, user-oriented and accessible by offering an easy to understand environ-
ment. This aspect, although it could be included within the technological section,
should be treated as a crucial aspect including its conceptual and visual develop-
ment focused on helping users stay comfortable during the test [10].

Digital content creation of listening situations according to social and cultural envi-
ronments of the users and the previous knowledge will be evaluated. In that case,
simulating the normal users audio conditions similar to the environment in which
they learned or developed their listening comprehension
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6 Binaural Audio Implementation in a New Design Scenario for
Listening Comprehension Assessment Test

By implementing binaural audios we can improve the sound experience and the
perception of a real auditory scene that helps test takers (and also foreign language
learner)to understand a common scene or situation in close-to-real real world and
therefore improve the multimodal learning conditions involved in foreign language
learning The implementation of a multimodal learning process using binaural audios
of conversational or acting scenes facilitates and enhances the cognitive listening
learning conditions in a foreign language.

In the case of a listening comprehension, test operation through the use of binaural
audio allows the user to focus more on a perceptive process for direct interpretation of
the reconstructed auditory scene, and additionally, use language testing strategies
which are also developed while learning their mother tongue but reframed and in-
creased in the process of learning a foreign language [9].

The design of the test environment must take into account the use of a multimodal
interfaces during the navigation process that can be previously selected by the user.
To implement a binaural audio into assessment tasks in a listening comprehension test
with a multimodal interface we must also control the process of data input and output
that the user has to control in order to perform the specific task

Using a tablet Pc may also offer to the student a selection of, at least, two types of
navigation supported in a conventional web browser (touch, voice recognition and
mouse) for specific navigation processes during the task (touch, voice recognition,
mouse and keyboard entry) and to solve and fill out the test questions.

There must also be a verification procedure with a binaural sound test to detect au-
ditory or physical problems with the cue synchronization. Sometimes the student
takers will not perceive the audio and therefore, they cannot perform the test properly.

Finally, in relation to the listening task, test designers should develop items consid-
ering the specific test rubrics, the test delivery facilities, the type of on-line test ques-
tions (such as those that can involve more than one transmission mean and the ques-
tion’s text on recognition of the spatial location of sounds, objects or people involved
in the binaural audio scene.
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Fig. 3. Technical approach to Listening comprehension test scenario with binaural audio

7 Conclusion

The use of binaural sound for a listening comprehension assessment is achievable
and useful since it enhances the multimodal learning experience during foreign lan-
guage learning and testing. The implementation of binaural sound for an auditory
scene user’s recognition can help both user’s recognition as well as the teacher to
have better tools during the process of language learning as well as in engineering
introductory projects [18, 19] for cognitive improvement [20]. As a consequence,
binaural sound Binaural audio provides a cognitive perception of the global scene in
an immersive way that will extend the creation possibilities of specific listening test-
ing. The design and implementation conditions of binaural audios in a listening tests,
as it has been stated, improve perception sequencing that will lead to a better perfor-
mance in oral aptitude tasks. In listening tests design not only aspects related to the
implementation of the sound must be considered but also the use of a multimodal
interfaces that directly help the user during the test administration, delivery and per-
formance.

Multimodal interface creation for that purpose allows user’s control of the input
and output adapted to some specific tasks of the listening comprehension process.

In conclusion, the use of these types of audios will allow to enhance the perfor-
mance in tests and decrease the cognitive load during the test performing process,
reduce anxiety due to recording noise. This partly because students receive the multi-
modal communication directly into the brain and the cognitive process will be quickly
understood as a real listening.

To conclude, binaural sound has an enormous potential in language tests that has
been already discussed. However, this short paper just outlines the prospective issues
in its use in task and test design. Further research is required since few papers have
reported real student data so far. Future work will have to focus on performance, stu-
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dents’ attitudes, facilitation and cost of design and delivery. In this sense, this paper
has only intended to show a theoretical approach that soon will be followed by further
experiments.
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