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ABSTRACT. Speech Delay (purely) is one of the highest contributors to the case of children's speech delay. Those things occurs due to the lack of child 

interaction in this modern era. The treatment can be provided for children who experience speech delays are flashcards, hand puppet stories, multimedia, 

mobile applications, and computer games. The handling has not yet fulfilled the multisensory (visual, auditory, and tactile) components needed by children. 

Augmented reality technology will be the answer as a tool for speech therapy because children will interact significantly with virtual objects that have been 

combined with conditions in the real world. Before the use of augmented reality, it is necessary to identify the appropriate needs. The process of identification 

by the Delphi method for the design factors for speech therapy aids with Ulrich & Eppinger until the concept development stage. Delphi results indicate there 

are 3 main factors, visual, sound, and interactive technology. These factors become the basis of planning. The design will generate a low-fidelity prototype. 

Usability test results obtained: Effectiveness (82%), Efficiency (0.01285 goals/sec), and Satisfaction (87%) with task performance easy to do. Speech therapy 

aids are recommended at Rp 100,000. The companion is willing to use this speech therapy aid if it is recommended or the product is sold.  
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1. INTRODUCTION 

Speech delay can interfere with children's growth and 

development that occurs at preschool age [1], when children 

have difficulty reading, writing, paying attention, and 

socializing. Speech delays in children have two types of 

delays, primary delays, and secondary delays. Pure delays 

are closely related to impaired expressive and/or receptive 

abilities, while delays accompanied by inclusion are known 

as delays in the presence of certain conditions, such as 

autism, cerebral palsy, loss of hearing ability, and so on [2]. 

Pure speech delay is one of the high contributors to child 

cases, due to the lack of child interaction in this modern era. 

Moreover, research [3] conducted by Dr. Cipto 

Mangunkusumo showed that 50% of the 126 children had 

speech delays. So, it is important to have treatment for 

children who have speech delays. 

The form of handling for children who have speech 

delays can be in the form of flashcards [4], stories with hand 

puppets [5], multimedia [6], mobile applications [7], and 

computer games [8]. The form of handling flashcards and 

stories with dolls only focuses on visuals for children and 

requires a speech therapist to use them. Meanwhile, 

multimedia, mobile applications, and computer games have 

not been able to fully fulfill the multisensory (visual (sight), 

auditory (hearing), and tactile (touch) components, known 

as TVA [9]. Other technologies can accommodate children's 
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needs by providing interactive technology with a 

combination of visual and auditory aspects, namely 

augmented reality.  

Augmented Reality will be the answer as a speech 

therapy media with simulations activity. Children can 

interact in real with virtual objects that combined with 

conditions or circumstances in the real world. Augmented 

reality makes children feel interact directly with the object. 

However, needs of design application using augmented 

reality is still limited.  

Current study aimed to identify the speech therapy aid 

application needs. Needs identification can be done using the 

Delphi method. The advantage of this method is that the 

expert does not interact with other respondents, this will 

minimize the shortcomings of the " confrontation" model. 

The confrontation model can lead to only a few experts 

voicing their opinions or the dominance of several experts 

over their opinions accompanied by psychological pressure, 

examples of this model are focus groups or round-table 

discussions. This method can also be used to identify and 

select the right variables compared to other methods. For 

example, the QFD method focuses on product characteristics 

on the requirements that have been given along with a 

description of their impact on realizing consumer needs [10]. 

The application of the Delphi method itself in the need 

identification process has been widely considered an 

appropriate tool, starting with the design of a strategy based 
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on the lean startup methodology [11], the design of a 

geographic-based information system to support the 

decision to choose a place to eat [12] and various other 

applications. 

The process of identifying needs with augmented reality 

considers an expert, namely a speech therapist in several 

hospitals. The output of this need identification is a product 

design requirement factor. According to [13], product design 

is known as the steps or activities that seek to compile, 

design, and commercialize a product. This design goes 

through several phases until the product can be 

commercialized, namely the planning phase, the concept 

development phase, the system-level design phase, the detail 

design phase, the testing and repair phase, and the initial 

production phase. The design is carried out in the 

identification process up to the concept development phase. 

For the results of the design, it is necessary to test the 

product by using a usability test. A usability test is an 

evaluation method to see the level of ease and comfort of 

users in using or interacting with a product [14]. In assisting 

testing in terms of product marketing, user willingness can 

be identified by using the willingness to pay (WTP) and 

willingness to use (WTU). [15] interprets that willingness to 

pay as the willingness of users to pay rewards (in the form 

of money) for the products they get. The role of willingness 

to use to get user responses to product designs made [16]. 

This study tries to identify the need for speech therapy 

aids using Augmented Reality technology. Identification of 

product design needs using the Delphi method. The results 

of the identification will be a factor in product design needs. 

Product design is carried out to the stage of concept 

development. The research uses usability tests to determine 

product acceptance for users. This includes using the 

willingness to pay for the willingness to buy the product if it 

has been made (assessed by the criteria of the user's desire 

to buy the product) and willingness to use for willingness to 

use the product. 

2. RESEARCH METHODS 

Delphi is a modification of brainstorming and survey 

techniques with communication through several 

questionnaires [17]. The iterations carried out in this study 

have 4 phases, namely: 

1. Phase 0: Identification 

The identification process uses open-ended questions 

given to experts (speech therapists) about the design 

factors of speech therapy aids. 

Example questions: 

According to you, what factors are needed if we want 

to make speech therapy aids? 

2. Phase 1: Determination and equalization of perceptions 

The therapist provides an evaluation of each answer 

given in phase 0 to get a determination and 

commonality of perception between speech therapists.  

3. Phase 2: Determination and sequencing  

The therapist performs the sequencing of the design 

factors to get the main design factors which will be 

further developed later. 

Example questions: 

Based on animation, sound, and color factors, which 

one do you think is important? 

4. Phase 3: Product design factors  

Obtained product design factors that match the aspects 

of the expert group, speech therapists. Expanded 

questions if needed.2.2 Authors 

Author names should be in 13 pt Times New Roman 

with 6 pts above and 6 pts below. Author addresses are 

superscripted by numerals and centered over both 

columns of manuscripts. Professional positions/ titles 

such as Professor,  Dr., Production Manager, etc., are 

to be avoided. 

 

Design evaluation with Usability test based on ISO 9241-

4: 

1. Effectiveness 

This can be calculated by the completion rate. The 

extent to which users can use the product for the 

first time. It is calculated as follows: 
 

Effectiveness =
Number of tasks that can be completed

Total number of assigned tasks
x100% (1) 

 

2. Efficiency 

It is measured in terms of the time a task takes the 

user to complete. Where the task time is the 

reduction of the end time with the start time. 

Efficiency can be calculated with time-based 

efficiency as follows: 

Time − based efficiency =  
∑ ∑

nij

tij

N
i=1

R
j=1

NR
          (2) 

 

3. Satisfaction 

Determination of user satisfaction in using the 

product can be SEQ (Single Ease Questions) to 

determine task performance and System Usability 

Scale (SUS) to determine usability performance. 

 

The evaluation process also shows the results of 

consideration based on Willingness to Pay or a user's 

willingness to pay rewards (in the form of money) for the 

products they get. With this, it will help to determine the 

level of user willingness and product marketing that must be 

done [15]. Willingness to Use is a form of willingness to use 

by individuals for a product with certain criteria [16]. With 

this, it will provide an overview of the sustainability of the 

products that have been made. 

3. RESULTS AND DISCUSSION  

A. Identification Process 

The identification process is carried out from phase 0 to 

phase 3. Phase 0 describes the outline of the handling and 

conditions of speech delay and the factors needed in the 

design of speech therapy aids. The process of handling 

children who have speech delays begins with screening. This 

is to find out how the child's language development is. The 
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results of the screening can also help the therapist in 

determining the material to be given, and the approach and 

method of speech therapy that adjusts to the type of speech 

delay experienced by the child. Flashcard is a method with 

image or photo media that is commonly used by speech 

therapists. [18] stated that if the therapist targets multiple 

target words, the flashcard method can be applied to prevent 

failure. But the flashcard method has little effect on the 

development of imitative and expressive abilities in children 

with autism [19]. The type of speech delay that commonly 

occurs in children is the type of pure delay (primary) caused 

by a lack of child communication where children interact 

more with gadgets that receive information without any 

interaction. This is in line with what was done by Nurmasari 

[20], that there is a significant relationship between the 

intensity of using gadgets and delays in the development of 

speech and language aspects in children.  

 Phase 1 shows the common perception of the factors that 

have been mentioned in table 1. 

 

Table 1 

Results of Design Factors  

Code Statement 

A1 Visual 

A2 Interactive technology. 

A3 Voice 

A4 Interactive role with parents 

A5 Focus 

A6 Durable 

 

Phase 2 is the sequencing of design aspects carried out on 

an ordinal scale. There are 3 (three) main factors obtained in 

table 2. This supports the presence of augmented reality 

which can provide the experience of interacting with virtual 

objects so that there is no longer a boundary between the real 

world and the virtual world. 

 

Table 2 

Results of Sequencing Aspects of Design  

Priority Aspect 

1 Visual 

2 Voice 

3 Interactive technology 

4 Focus 

5 Active Role of Family 

6 Durable 

 

Phase 3 expands the product design picture, especially the 

visual aspect, pay attention to Table 3. 

 

Table 3. 

Design Factors  

No. Visual Aspect 

1. Items that are easily accessible to children. 

2.  The real stuff, not animation. 

3.  Attractive display. 

 

It was found that speech therapy aids must produce visuals 

in the form of objects that are easily accessible to children, 

original objects, and attractive appearances. First, children 

will find it easier to remember objects around them 

compared to objects they are rarely familiar with. Second, 

the real object will provide an image of the real stimulus to 

the brain to get the appropriate experience. This is in line 

with [21], that the characteristics of children in terms of 

association and memory show that children easily 

understand and memorize vocabulary that they see directly, 

meaning real-life situations. Pictures will be an integral 

medium in children's language development. Third, an 

attractive appearance will increase the child's stimulus in 

conducting training with speech therapy aids. This is in line 

with [6], that an attractive appearance is a non-functional 

requirement in speech therapy aids. Speech therapy aids 

must be able to provide user-friendly). 

 

B. Design Process 

The process of designing speech therapy aids up to the 

concept development stage, involving 8 speech therapists in 

4 different hospitals in Semarang. Phase 0 or planning 

explains the basics before developing the concept, starting 

with the content, material, and mechanism aspects provided. 

The initial content contains the sign-up and login pages. The 

list consists of aspects of the name, date of birth, gender, 

therapist ID (optional), and hospital (optional). While the 

login only contains the entry of the child's name, and the 

therapist ID (optional). The therapist ID is used to store a 

child development database that can be known by speech 

therapists, while the hospital is only a separate database to 

identify children who are doing rehabilitation at the hospital. 

The next content is preliminary questions (screening 

process) and training. The two contents occur continuously 

between screening and training. The material is given starts 

from the age of 6 months to 7 years. 

Phase 1 is the next stage of the planning that has been 

done. The concept development stage includes an 

information system for speech therapy aids and low-fidelity 

prototypes. Context Diagram shows the data that flows in the 

speech therapy aid system, pay attention to Figure 1.  

 

 
Fig 1. Context Diagram 

 

Low fidelity prototype that provides a quick overview by 

describing the concept of a design without showing in detail 

how the system operates. This prototype resulted from the 
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factors given by the previous therapist. The results of the 

prototype are then evaluated by a speech therapist.  

Design 1: Homepage 

The following is the start page consisting of the initial 

screen, register, and log in. 

 

 
Fig 2. Initial View of the Design 

 

 
Fig 3. Part List Design 

 

 
Fig 4. Login Section Design 

 

Design 2: Preliminary Questions 

The following is a preview of the introductory question. This 

design focuses on children aged 3.5 – 4 years (Oral Ability 

– Pronunciation of Consonants II; Oral Comprehension – 

Recognizing Colors). 

 

 
Fig 5. Design of Preliminary Questions (Knowing Colors) 

 

 
Fig 6. Design of Preliminary Questions (Pronunciation of 

Consonants II) 

 

Design 3: Mapping Results  

The following is a display of the mapping results. The results 

of the mapping were obtained from the assessment of the 

preliminary questions in design 2. 

 

 
Fig 7. Mapping Result Design 

 

Design 4: Training  

Here is a training view. This design focuses on children aged 

3.5 – 4 years (Oral Ability – Pronunciation of Consonants II; 

Oral Comprehension – Recognizing Colors). 

 

 
Fig 8. Training Plan 

(Recognizing Color) 

 

 
Fig 9. Training Plan 

(Consonant II  pronunciation) 
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Design 5: Training Results 

The following is a display of the training results. The results 

of the training are obtained from the assessment of the 

training in design 4. 

 

 
Fig 10. Design of Training Results 

 

Design 5: Additional 

The following are additional designs provided, including 

menus and exits.  

 
Fig 11. Menu Design 

 

 
Fig 12. Exit Design 

 

The results of the design were evaluated by the speech 

therapist again on the content, delivery and the first 

experience of speech therapists in using the design of speech 

therapist aids with Augmented Reality technology. In terms 

of delivery, the evaluation results show that the design of 

speech therapy aids is following its objectives. This is 

viewed from the pronunciation, the training process, and the 

preliminary questions are given. In terms of content, the 

results of the evaluation are as follows:  

First, the background is made plain and soft in the 

training section and introductory questions. This is in line 

with research [7], that a plain or soft background will give 

the impression of being simple and able to function 

according to its purpose.  

Second, if the background music is too loud, it's better to 

just turn it off. This is different from research [22], that 

background music will improve material mastery and critical 

thinking skills for the given learning. 

Third, Mapping can be done from the child's age and 

backward from the age as a whole. For example, when a 

child is four years old, when he registers, the mapping is 

carried out starting from the age of four years to six months. 

This is in line with research [23], that the child's 

development process can be stopped and backward if there 

is no language learning or illness. Therefore, knowing the 

development of children can be done starting from the age 

of the child and backward from his age.  

Fourth, the training content must have a high variation 

which does not have to be the same between the 

objects/words studied between the preliminary questions 

and the training. This is in line with research [24], that image 

variation media can improve learning mastery and activity 

for children.  

Fifth, the word speech therapy is changed to a speech 

therapist. The second language is one of the causes of speech 

delay [25]. 

Sixth, the report changed to a star shape will encourage 

children to understand the learning process. Assessment 

with symbols such as stars and ticks is something that is 

commonly used by children [26].  

Finally, the content provided has been adapted to the 

times when children are generally in contact with gadgets, 

then the content can be developed by giving a cheerful 

impression. This is in line with research [27], that the child's 

persona has a cheerful impression. 

The results of the evaluation given by the therapist, and 

the results of the updated design are as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 13. Design Update (Top to bottom – Soft colors, star 

evaluation results, and name change) 

 

C. Evaluation Process 

The design evaluation was carried out in several stages, 

usability tests and willing to pay, and willingness to use. The 

usability test considered the aspects of effectiveness, 

efficiency, and satisfaction by involving three children who 

experience primary speech delay in the age range of 1.5-4.5 

years. Usability test assessment based on ISO 9241-2 which 

is shown in Table 4: 
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Table 4 

Usability Test 

No. Usability 

Aspect 

Results 

1. Effective This result has an average 
effectiveness score of 82% which 

shows that the level of effectiveness 

is good. This is in line with research 

[14], that the evaluation results are 
acceptable with a minimum of 70%. 

2. Efficiency The efficiency score is calculated 
based on the time-based efficiency 

equation which is obtained at 

0.01285 goal/sec. This shows that 

the child's working time in one task 
is 77 seconds. 

3. Satisfaction Satisfaction is calculated based on 
the System Usability Scale and 

Single Easy Question. The score of 

SUS shows 87%. This means the 

design is in the acceptable category. 
This is in line with research [28], that 

the average total score of SUS, 

including acceptable, is >70%. 

Meanwhile, SEQ shows that the task 
is said to be easy to do. 

 

Based on the results of willingness to pay and willingness 

to use, it was found that augmented reality technology was 

the first thing to be heard of. Companions feel they will use 

it if there is this technology for free. The assistant is willing 

to spend an average of IDR 100,000 to use this speech 

therapy tool. The companion is willing to use this speech 

therapy aid if it is recommended or this product is sold. 

Based on Table 9, it is found that there are differences in 

costs and time spent when using a speech therapist with this 

speech therapy tool. This shows that this product can help 

children in speech therapy by being recommended at an 

affordable price with flexible time. 

Table 5 

Comparison Results 

Type Price Time 

Speech 

Therapist 

Rp 150.000/ meeting 45 menit/ meeting 

Product 

Design 

Rp 100.000/ purchase * 39 minutes/day* 

* Average Calculation 

4. CONCLUSION 

The purpose of this study was to identify product design 

factors in speech therapy with augmented reality technology. 

There are six product design factors, namely visual, 

interactive technology, sound, children's focus, interactive 

role with parents, and durability. Visuals are one of the main 

factors in product design that are easily accessible to 

children, original objects, and attractive interfaces. 

Augmented reality can provide the experience of interacting 

with virtual objects so that there is no longer a boundary 

between the real world and the virtual world. 

This research focuses on concept development. The 

results of this plan will be the basis of a development concept 

that discusses information systems and low Fidelity 

prototypes. A development plan is needed to add an 

appropriate and practical stimulation program that is tailored 

to the characteristics of the age and condition of the speech 

delay disorder. 

This prototype is to evaluate with a usability test, 

willingness to pay, and willingness to use. From usability 

tests, the results were: effectiveness (82%); efficiency 

(0.01285 goals/sec); and satisfaction (good scores and task 

performance are easy to do). Augmented reality therapy is 

recommended at IDR 100,000. Users are willing to use this 

speech therapy tool if the product is sold. The next research 

is the development of speech therapy aids with Augmented 

Reality Technology based on the basis and product designs 

that have been made in this research.  
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