Turkish Journal of Computer and Mathematics Education Vol.12 No.3 (2021), 1969-1974

Research Article

Psychology Software Tool (PST) For Specific Language Impairment Person
Y.H. Ch’ng', Mohd Azam Osman*?, H.Y. Jong®

1*25¢chool of Computer Sciences, Universiti Sains Malaysia, 11800 USM Pulau Pinang, Malaysia
%School of Humanities, Universiti Sajns Malaysia, 11800 USM Pulau Pinang, Penang, Malaysia
'chng_yan_huan@student.usm.my, *azam@usm.my, %jonghuiying@usm.my

Article History: Received: 10 November 2020; Revised: 12 January 2021; Accepted: 27 January 2021;
Published online: 05 April 2021

Abstract: Specific Language Impairment (SLI) is a disorder categorized by the inability of an individual to master spoken
and written language, despite the absence of any apparent handicapping conditions. Many tools have been developed to
diagnose or treat SLI, but these tools are largely made up of standalone components which must be utilized separately to
obtain sufficient data for the diagnosis and treatment of SLI. Furthermore, some of these components are either very
expensive or not widely available. As a result, therapists have faced many inconveniences when trying to treat individuals
suffering from SLI. Hence, the development of an integrated, cost-effective Psychology Software Tool (PST) to diagnose and
treat SLI is being developed as a solution to counter the inconveniences currently faced by SLI therapists. As a tool by SLI
therapists to diagnose and treat SLI within children, the Psychology Software Tool offers standardized questionnaires with a
special method to diagnose SLI will be presented in both text and audio, while a webcam will be used to deduce the amount
of focus which is given by the patient to comprehend a particular element displayed on the screen. The diagnosis shall take
into account the accuracy of answers provided within the questionnaires, the time taken to provide those answers and the
aforementioned degree of focus. In terms of SLI treatment, the tool will also provide music therapy for SLI patients to work
towards better speech production and comprehension. In short, PST will simplify and enhance the process of diagnosing and
treating SLI patients.
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1. Introduction

Specific Language Impairment (SLI), also known as Developmental Language Disorder (DLD) is a disorder
wherein an individual has an apparent delay in language development although they do not appear to be inhibited
physically or intellectually. An individual suffering from SLI may experience difficulties producing words
verbally, learning new words and making conversations. More prominent symptoms also include long delays in
order to comprehend a written or spoken sentence. Rice (2013) stated that SLI is especially common among
children and adolescents, such that approximately 7 to 8 percent of children in kindergarten are affected, and the
problems introduced by SLI would persist into adulthood. The exact cause of SLI is unknown, but it is suggested
that the disorder is passed down genetically. Needless to say, if SLI is not diagnosed and treated correctly, it will
negatively affect a child’s performance in school.

Traditionally, the diagnosis and treatment of SLI is carried out manually by speech-language pathologists and
therapists. Standardized tests to aid diagnosis of SLI were then developed and used in schools to screen for cases
of language impairments. As the integration of technology began to take place in the medical field, more
advanced tools like eye trackers and electroencephalogram (EEG) bio-sensors became accessible to therapists,
which allow them to determine cases of SLI at higher ease and accuracy by acquiring data on their patient’s
attention and point of focus within a diagnosis. More studies with respect to the automation of various SLI
diagnosis and treatment procedures began to surface, as in Gong et al. (2016), Gerosa et al. (2007), Richards et
al. (2017), Dykstra et al. (2012), Hussain et al., (2017) and Greenwood et al. (2018). Despite the many
advancements and research made to better understand the nature of SLI, and better ways to diagnose and treat
children with it, both diagnosis and treatment of SLI remain daunting tasks for two main reasons. First of all, the
aforementioned advanced tools to diagnose SLI, such as eye trackers and EEG bio-sensors are expensive and not
readily available to all therapists and researchers. Farnsworth (2019) discusses how mid-range eye trackers can
cost up to $10,000, and while high-end eye trackers mainly used for research purposes cost even more than that,
low-end eye trackers which are not recommended for research use still cost as much as $1,000. EGG bio-sensors
which evaluate electrical activity in the brain go up to $25,000, and are mainly available only in professional
health facilities such as hospitals. The second problem involves a lack of integration among different tools used
to diagnose and treat SLI. Records of scores obtained from standard questionnaires displayed in one program, are
then fed to a different program which builds a Receiver Operating Characteristic (ROC) curve for further
interpretation. If an eye tracker is used, the data may be collected separately in another different process, all of
which are only compiled together at the end of the diagnosis, by hand. As if that isn’t enough, the treatment
process for SLI also requires different tools and programs. In order to complete a SLI diagnosis alone, the
pathologist or therapist in charge has to learn how to utilize different tools, many of which are not within their
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field of expertise. This makes the already complex task of diagnosing and treating SLI, unnecessarily difficult
and even chaotic. As a result, the current process of dealing with SLI is inefficient took to provide those answers
and their degree of focus on certain elements displayed on the screen.

This paper presents an all-in-one Psychology Software Tool (PST) which can be used by a therapists or a
speech-language pathologist to diagnose and treat SLI, without the use of costly equipment which are not widely
available in our everyday lives. The Psychology Software Tool is designed as a single web application capable of
delivering effective SLI diagnosis and treatment, in which dependencies on non-integrated tools and costly
equipment are eliminated.

2. Materials and Methods

The Psychology Software Tool is an integrated package capable of delivering both SLI diagnosis and SLI
treatment. It is a single web application with fixed methods selected for SLI diagnosis and treatment, designed
for the use of children suffering from SLI, under the supervision of speech language pathologists or therapists.
There are many techniques used to diagnose and evaluate the severity of SLI of a patient. These techniques may
differ based on the age of the patient, particular expertise of the speech language pathologist or therapists, and
the prevalence of certain symptoms exhibited by the patient. Likewise, there are many techniques to treat SLI.
The Psychology Software Tool focuses on implementing binary picture matching task for SLI diagnosis and
rhythm beat music therapy for SLI treatment. Fig. 1 shows a summarized flow of the procedures of diagnosing
SLI. In terms of SLI diagnosis, the Psychology Software Tool adheres to the standards of comprehension
assessment procedures via a binary sentence-picture matching task. Users undergoing diagnosis will listen to a
semantically reversible sentence, and attempt to match the sentence to one of two pictures which is most
accurately described by the sentence. The steps of an SLI diagnosis provided by the Psychology Software Tool
are listed below.

Budak lelaki yang sedang melukis seorang lelaka tua

Figure 1. SLI Diagnosis procedures

Upon starting a diagnosis session, a black, blank screen is displayed.
After 1000ms, a sentence is displayed for 5000ms.

Audio of the sentence is then provided within 7000ms.

A black, blank screen is displayed again for 500ms.

Two pictures are shown; the user selects one which matches the sentence

Throughout the listed steps, the user’s webcam will be accessed through their web browser to infer the point
of focus of their gaze. Subsequently, a heat map will be generated to help the therapist or pathologist to further
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assess the patient’s condition. The complete diagnosis shall take into account multiple parameters such as the
accuracy of answers provided by the patient, the time they took to provide those answers and their degree of
focus on certain elements displayed on the screen.

In terms of SLI treatment, the Psychology Software Tool adopts music therapy as a medical treatment to
improve on the symptoms of SLI. Since the left hemisphere of the brain is responsible for language and speech,
having SLI implies that parts of the left hemisphere of the brain is impaired. Music, on the other hand, has been
regarded as a right-brain activity due to its reliance on creativity. However, music therapy has also been proven
to improve motor skills and hand-eye coordination, both of which is central to speech and hearing development,
as discussed in lverson (2010). Fig. 2 depicts how SLI treatment via music therapy is being implemented in the

Psychology Software Tool.

Figure 2. Music Therapy Visualization

Traditionally, patients undergoing music therapy were tasked to clap to the rhythm of music. Music therapy
is about training motor skills and hand-eye coordination, so a stable and rhythmic tune would be deployed and
users undergoing the therapy would be tasked to “hit to the beat” while being assisted by visuals such as bars
travelling into a hit box on the screen.

In terms of designing the architecture of the system, crucial elements of the system has been taken into
consideration and the system architecture diagram of the Psychology Software Tool has been designed, as shown
in Fig. 3. The Psychology Software Tool will be utilized by two types of users, namely the therapist and the
patient. The first user group plays a supervisory role overseeing the diagnosis process of a potential SLI patient.
This user can be a SLI therapist, a researcher, or a speech-language pathologist. The second user group involves
the potential SLI patients who would undergo diagnosis and treatment for SLI. A webcam and computer with
access to the internet is required to access the Psychology Software Tool. The tool will accept and evaluate
questionnaire answers, webcam data which helps to deduce the amount of focus given by a patient to
comprehend certain on-screen elements, and other parameters such as the time taken to provide the answers.
Based on these parameters, the tool will then return information pertaining to the result of the SLI diagnosis.
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Figure 3. Architecture Diagram of Psychology Software Tool

Prior to presenting the diagnosis results to SLI therapists and pathologists, the Psychology Software Tool will
communicate with third-party libraries, such as WebGazer.js. As documented in Papoutsaki et al. (2016),
WebGazer.js is capable of deducing facial landmarks and thereby obtaining user gaze coordinates from the
webcam footage. Music therapy will be provided by the Psychology Software Tool as long as the user has a
working internet connection and is capable of loading the web application

3. Results and Discussion

As of the time of writing, a prototype of the Psychology Software Tool is being put to use and tested.
Although formal evaluation has yet to commence, preliminary analysis of the prototype has proven that the tool
suffices as a feasible replacement to certain hardware-based eye trackers. By leveraging third-party libraries such
as heatmap.js, the Psychology Software Tool is capable of producing high-quality heat maps based on captured
gaze data, which has been found to be sufficiently accurate under proper lighting conditions. Fig. 4 shows the
heat map which is generated as part of the SLI diagnosis results.

Figure 4. SLI Diagnosis - Gaze tracking heat map

Apart from heat maps, the Psychology Software Tool also produces a report on the analysis done onto the
resulting score of the binary image matching task. The calculations and formula used are in accordance to the
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methodologies introduced by Crawford et al. (2002). Fig. 5 shows an example of the generated SLI diagnosis
report.

Results

Q1 At 1491 Significance test: t value = 1.658
Significance test: One-tailed probability = 0.06583
Significance test: One-tailed probability = 0.13165
Effect Size (Z-CC) for difference between case and controls (plus 95% CI) = 1.739 (0.710 to 2.768)

Figure 5. SLI Diagnosis - Result Analysis Report
4. Conclusion

For many years, people have wondered why certain children do not seem to follow instructions or understand
what they have read. There are children who seem to have forgotten all the words by their next lesson in school.
This can be particularly puzzling in a child who has clear talents in other areas, such as music. SLI is not known
as the “hidden disorder” for no reason, and one of the main reasons behind the lack of awareness of SLI is its
difficulty to be spotted and diagnosed. The Psychology Software Tool is currently being prototyped - There are
plenty of aspects which need to be considered in order for a complete system design to be constructed
comprehensively before production takes place to deliver the features and functionality which are required. Of
course, once these aspects are taken care of, the complete Psychology Software Tool will be produced, and
distributed to interested SLI therapists and pathologists. Following the clear requirements that has been elicited
for the development of this tools, we adapt an optimistic outlook that the Psychology Software Tool, which not
only provides computer-aided SLI diagnosis, but also music therapy, would greatly help to reduce the problems
and inconveniences faced by SLI therapists when trying to diagnose and provide treatment to children.
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