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Abstract 

Today’s children are using computer based application in 

various activities especially in learning and education. Many 

of these tools and application such as the Computer Aided 

Pronunciation Training (CAPT) system allow children to 

enjoy the learning process with little supervision. For these 

applications to have a maximum effect on children’s learning 

and education, it must be attractive to the. This is achievable 

with appropriate user interface (UI) design. As children grow, 

so do their ability, taste and preferences. They interact 

differently with these applications as they grow older. This 

study has reviewed several articles on how age factors 

influence the UI design. The review focuses on age related 

abilities such as cognitive, literacy, concentration and 

feedback. A team of six individuals evaluated several existing 

CAPT systems to determine the influence of age-based factors 

on the interface design. From our evaluation, we found that 

most of the CAPT systems have incorporated age-based 

feedback and literacy. However, many of the CAPT systems 

fail to consider the age-based factor of concentration in their 

UI design.  

 

Index Terms: Children, age-based factor, learning 

application, age-based interaction 

1. Introduction 

Children are increasingly using computer technologies in 

various parts of their lives including education, entertainment 

and so on. The user interface (UI) is recognized as an 

important mechanism that governs the interactions between 

human and computers.  As users interact with the computer 

through the interface, it is very important to design a suitable 

interface for the intended users [1]. 

 There are many systems developed for children in the area 

of learning and education and one of them are the Computer 

Aided Pronunciation Training (CAPT) system. CAPT system 

allows children to practice their pronunciation with little 

assistance from the adult. Through the integration of 

Automatic Speech Recognition (ASR) system, the children 

receive individualized and instant feedback [2, 3].  

 A good UI can increase the frequency of usage of CAPT 

system which will ultimately improve the pronunciation and 

communication of children. When developers design the 

interface for children, they fail to consider that the need of 

children differs with the adult. Most of the existing CAPT 

system’s interface were designed by adults, and may not 

consider the exact requirement of children. On top of that, the 

design of interface for children of a particular age bracket may 

not fit well with other age bracket. To make the CAPT system 

more attractive to children of different ages, the UI design 

should be flexible to children of different ages. When the 

interface suits the children’s need and wants, the rate of usage 

increases and this will speed up the improvement to the 

children’s speech pronunciation.  

 The focus of this paper is to review the importance of age-

based factors in the interface design.  In our research, we have 

reviewed research conducted on different types of children’s 

technology for different age groups. Some of the significant 

differences among the children of different ages are cognitive, 

literacy, concentration and feedback requirement. We have 

concentrated our study on CAPT system by evaluating several 

existing ones and determining the influence of age-based 

factors on the UI design.  

  

2. Age factors towards UI design   

It has been reported in several researches that the biggest 

challenges of designing interactive experiences for children is 

creating age-appropriate experiences including the content, 

functionality, interactions, and visual design [4 -6].   

Researchers found that there are many challenges faced 

when designing UI for children, and they differ with different 

age groups. The most common groups identified in the 

literatures are the six to ten (elementary school) and 11 to 14 

(Secondary school) [7-10].  This is not surprising given the 

quick rate at which young children develop cognitively, 

emotionally, and socially. It is logical that technique that work 

for a 13- year-old would not work, or at least need to be 

modified to work, with a six year-old [11]. In this section, we 

review some of the age-based factors such as cognitive, 

literacy, concentration and feedback requirement. 

 

2.1. Cognitive and mental development 

Cognitive refers to the ability of the children to remember the 

steps when using UI. Due to massive cognitive development 

during their growth, younger children have lower cognitive 

ability than the older children [12]. When designing UI for 

younger children, the UI should be designed with simple and 

easy to understand concept. For example, Hourcade et al., [13] 

reported that young children prefer learning from texts 

containing large number of pictures and relatively few words. 

Instructions should be made in such a way to be easily 

remembered by the children as most of the younger children 

have low memory capacity as compared to the older children 

[12]. 

 Researchers have found that it is important to provide 

young children with opportunities to discover, be creative and 

solve problems [14]. Cognitive development benefits 

significantly from children's involvement in creative thinking 

and problem solving activities. Druin et al., [7] observed that 

when designing children’s UI, the designer should avoid the 

use of abstract concepts as children may not yet understand the 

abstract concepts. They found that the children were unable to 

form queries but were able to understand the icons 

representing what animals eat, the place they live and their 

appearances. 

 



2.2. Literacy 

Literacy refers to the ability of children to read. Younger 

children (six to ten years) usually have less developed reading 

ability as opposed to older children (11 -14 years). In [15], 

they suggest three issues in literacy which are: (1) difficulty in 

understanding and using the alphabetic principles, (2) failure 

to transfer the comprehension skills of spoken language to 

reading and to acquire new strategies that may be specifically 

needed for reading and (3) absence or loss of an initial 

motivation to read or failure to develop a mature appreciation 

of the rewards of reading. 

 To address this, Hanna et al., [12] suggest presenting 

information based on age appropriates format so as to deal 

with different levels of literacy. They also suggest that 

designers of children’s technology should always include the 

option of providing text instructions read aloud since younger 

children are not used to reading on the screen. The use of 

speech based interaction benefits children with poor literacy.  

 Since there is a significant difference in reading and 

writing proficiency, children’s interface must be designed in a 

narrow age-group in mind to meet the need of its users. In 

[16], they have developed the graphical Story writer which 

provides some unique learning opportunities for early readers 

(four to seven years old). They found that graphical metaphors 

are helpful for children’s interaction with computers.  

 Druin et al., [7] have studied the digital libraries for 

children and discovered that typical text-based query 

interfaces were not satisfactory for young user’s needs. Their 

research strengthens the idea, that content specific graphical 

metaphors are proper representation for children and visual 

interfaces with least text is more suitable for younger children. 

On top of that the use of read-aloud system can be very helpful 

to the younger children. 

 

2.3. Feedback and guidance 

It is a delicate task to present just enough information about 

the system without overwhelming the user and at the same 

time give enough information so that the user can understand 

the difference between his/her performance and the goal [17]. 

Therefore, it is important to use feedback that is clear, useful 

and motivating for the children.  

 Children always expect to see the effects of their actions 

instantly; if nothing happens, they may keep on repeating the 

action until something occurs. It is important to avoid adding 

instructions in children’s interface during design. Children 

cannot be expected to read a manual to learn how to use a 

product; the product must either be completely intuitive or it 

should provide some form of guidance through tasks [8].  

 Engwall et al., [17] evaluated a prototype for the human-

computer interface of a computer based speech training aid, 

ARTUR, with two user groups’ aged nine to 14 and six years 

old children. They found out that the older children easily 

understand the feedback on how to alter the articulation 

especially the written or the verbal instruction while the 

younger children had the difficulty in that kind of feedback.  

 In [18], they identified three interface elements that play 

an important role in reflective thought; representation, 

interaction protocol and feedback. They have found that 

representation plays a vital role in how users think about 

objects and concepts. Representation should be supported by 

proper interaction and feedback to give room for construction 

of deeper operational and structural understanding of the 

representation concepts.  

 Children four to seven years find it difficult using the first 

system developed in [16] as it had no visual or audio feedback 

to show that an object was properly selected. The children 

keep on selecting same object expecting that something would 

happen. They always clicked on buttons multiple times which 

usually leads to unexpected results when the series of 

commands executed [16].  

2.4. Concentration 

Design software that satisfies the needs of variety of children 

is very difficult because of individual age differences. Some 

children easily get bored; some need more motivation whiles 

others need specific education target. Moreover, what works 

for seven years old may not necessarily work for nine years 

old as they have different level of concentration [5]. 

 Concentration is achievable by giving the children more 

autonomy when using the system. Some of the ways to 

promote better concentration includes allowing the children’s 

actions map directly to the actions on the screen and let the 

children be in control of the actions they perform [7,8]. 

   

2.5. Summary 

Table 1 summarizes the age-based factors from the review we 

have conducted and how they differ between the young and 

older children. 

 

Table 1. Summary of the age-based factors from the review.  

 

Factor Young  Children 

(six – ten years) 

Older Children  

(11-14 years) 

Cognitive prefer simple and 

easy to remember 

display 

can handle more steps 

due to improved 

cognitive and memory 

Literacy may not 

understand 

alphabets at all 

can read but may not 

develop the adequate 

comprehension 

Feedback quick and 

frequent feedback 

feedback that 

acknowledge their 

participation 

concentration low fair 

 

 Figure 1 shows the screenshot of a UI that consider the 

different age groups for children users. By selecting the 

appropriate age bracket, the system will selects the age 

appropriates UI and feedback.  

 

 
Figure 1: Example of system that is designed with UI for 

children with different age groups [9]. 

 

   



3. Review of the existing CAPT systems  

Based on the age-based factors identified in section 2, we have 

evaluated some of the existing CAPT systems to determine 

whether the IU design of those applications consider the age-

based factors. The UI age appropriateness is evaluated by 

individuals that have experience with children’s ability to 

interact with computers including teachers (2 respondents), UI 

experts (2 respondents) and the authors. Each respondent 

review the interface and score them for age-based factors in 

the UI design. The score range from 0 to 2 (0: no 

consideration, 1: some consideration and 2: full consideration). 

The scores provided by the evaluators are based on the 

guidelines shown in table 2, which was derived from the 

identified age-based factors. 

 

Table 2. Guidelines for evaluating the UI for age-based 

factors. 

 

Factors Guidelines for 

evaluation 

Six to 

ten year 

11-14 

years 

Cognitive Use the graphical 

metaphors 

 

Use visual 

interfaces 

 

Abstract concept  

 
 

 

 
 
 

 
 

 

 
 
 

Literacy Using familiar terms 

 

Text –based query 

 
 
 

 
 
 

Feedback Use audio or visual 

feedback  

 

Display score of 

children 

performance 

 

 
 

 
 

 

 
 

 
 

 

Concentration Children’s actions 

map directly to the 

actions on the 

screen 

  

Be in control of the 

actions they perform 

 
 

 

 

 
 

 
 

 

 

 

 Positive effect on children’s interaction  Negative effect on children’s interaction 

 

3.1. Application 

We have assessed 19 CAPT systems [8, 17, 19-36] for various 

languages that are freely available for research purpose and 

commercial use and evaluated them based on the factors that 

we have discussed in section 2. Fig. 2 shows the language 

breakdown of the 19 CAPT systems evaluated (some of the 

CAPT systems are for more than one language). Most of the 

CAPT systems selected in this research were design for 

English and Spanish. 

 

4. Findings of the review 

Table 3 shows the scores of the CAPT systems’ UI based on 

the guidelines set in table 2. For CAPT system with score from 

0 -0.99, it is categorized as “not-considered” the age-based 

factor in their UI design. For the CAPT systems that have 

score from 1.00-2.00, they are categorized as “considered” the 

age-based factors in their UI design. While most of the CAPT 

systems (15 of them) did not consider all the factors, some do 

consider all the four factors (four CAPT systems). 

 

 
Figure 2: The language breakdown of the 19 CAPT systems 

evaluated in this research. 

 

 

Table 3. The number of CAPT systems that have considered 

the age-based factors. 

 

Factors Considered (1.00-

1.99) 

not-Considered (0.00-

0.99) 

Cognitive 11 8 

Literacy 13 6 

Feedback 15 4 

concentration 6 13 

 

 Among the four age-based factors, most of the CAPT 

systems have considered the age-based feedback in their 

system [17, 21, 22, 23-26, 29-33]. The average score for this 

factor from the review is 1.61. The existing CAPT systems 

design include variety of feedbacks that cater for children of 

different ages. The feedback provided by most CAPT systems 

caters to the specific age group so that the children knew their 

current performance and how they can improve further. For 

example, several of the CAPT systems employ a 3D facial 

animation to assist the younger children the correct way of 

pronunciation by showing lip and tongue motion [23, 26]. 

Other forms of age-based feedback include the use of audio 

and visual feedback, where the audio feedback shows the 

correct way of pronunciation and visual feedback shows the 

degree of correctness from the user’s pronunciation [29-33].   

 We found that there were a few CAPT systems that did not 

consider the age factor in their feedback, which may be too 

complex for younger children. One of the CAPT systems [20] 

draws two spectrograms based on the children speech, the first 

one shows the correct way of pronunciation and the second 

one shows the child’s actual pronunciation. This form of 

feedback in our point of view is too complex for the children 

to understand and overcome their mistakes. 

 The second factor that was considered by most of the 

CAPT systems is the level of literacy of the children with an 

average score of 1.49 for the 19 CAPT systems. Some of the 

existing CAPT systems provide both text-based display as 

well as voice based interaction for younger children with poor 

reading ability [17, 19-23]. Several CAPT systems that we 

have evaluated make use of pictures and symbols as 

replacement for text-based display [26, 28]. In some CAPT 

systems, the wordings were made with bigger font, to make it 

easier for the children to read [17, 19-23]. 

 Almost half of the CAPT systems we have evaluated did 

not consider the cognitive and mental development of the 



children [26-33]. In the literature, the mental development and 

memory power of younger children are much lower than older 

ones. However, we notice that the number of steps to operate 

the application were the same for both younger and older 

children in several CAPT systems. On top of that we found 

that some CAPT systems did not consider age appropriate 

words or sentences making younger children to have 

difficulties in pronouncing the displayed text or pictures [27, 

28].  

 The least considered factor by the 19 CAPT systems is the 

concentration (average score of 0.97). Although most of the 

system is designed with an effective feedback and attractive 

UI, most of the CAPT systems did not fully aware that 

younger children have poorer concentration and can be easily 

distracted. Several CAPT systems incorporate animation or 

characters that are attractive to the younger children [17, 27].  

 

5. Conclusions and future directions 

The user interface and the ways of interacting with computer-

based systems are critical for the use and performance of each 

system. Poorly designed interface could lead to poor usability 

and problematic to the target users. The UI for children should 

reflect their mental model and the physical, physiological, and 

psychological abilities, which changes drastically as they get 

older. 

In this study, we found that there are several age-based 

factors that were considered in the existing literatures which 

are cognitive, literacy, feedback and concentration. These 

factors were found to be critical when designing children’s 

learning applications.  

From our analysis of the existing CAPT systems, we 

found that some of the age-based factors identified have been 

considered in designing the UI for children. The factors such 

as feedback and literacy were adequately addressed in the UI 

design of most CAPT systems evaluated in this research. 

However we found that the factor of concentration is neglected 

by most of CAPT systems. One reason is that it is very 

difficult to design UI that can attracts the children so to keep 

them glued to their seats when using the system. The use of 

animation or characters can attract the younger ones, but may 

not be attractive enough for older children.  

The CAPT system aims at improving the pronunciation 

skill of children of different ages. Although age specific CAPT 

systems could solve the age-based issue, developing individual 

CAPT system for specific age is both time consuming and 

costly.  

Based on our review and evaluation on the existing 

CAPT systems, we are suggesting that the UI should be 

flexible to cater for the different age groups. For younger 

children, the UI should focus more on sound based and picture 

based, with the use of animated characters, and simpler steps 

to learn their pronunciation skills. On the other hand, for older 

children, the UI can display text based materials as the mode 

of interaction, and use more icons but less animated 

characters.  

Having age-based UI which can be applied specifically to 

different age groups can increase the usage among the children 

as the UI caters specifically for the need and the ability of 

children of different ages. Increase in usage of CAPT systems 

will help to improve the pronunciation of these children. 

 

 

6. Acknowledgements 

We would like to extend our gratitude to the evaluators who 

have reviewed the UI of the CAPT systems. This research is 

supported by UM High Impact Research Grant UM-MOHE 

UM.C/HIR/MOHE/FCSIT/05 from the Ministry of Higher 

Education Malaysia and University Malaya Research Grant 

(UMRG Grant No.: RP002E-13ICT). 

 

7. References 

[1] Nordin, H., and Singh, D., “Multicultural adaption framework in 
Geographical Information System (GIS) Interface Design”, In 

Proc Electrical Engineering and Informatics (ICEEI), 2011. 

[2] Read, J.C., MacFarlane, S.J., and Gregory A.G., “Requirements 
for the Design of a Handwriting Recognition Based Writing 

interface for Children”, In Interaction Design and Children. 

Maryland, US: ACM Press, 2004. 
[3] Neri, A., Cucchiarini, C., and Strik, H., “Feedback in computer 

assisted pronunciation training: technology push or demand 

pull?”, In Proc INTERSPEECH, 2002. 
[4] Hourcade, J.P., “Interaction Design and Children”, Foundations 

and Trends in Human–Computer Interaction, vol. 1 (4), 277–

392, 2007. 
[5] Druin, A., “The role of children in the design of new 

technology”, Behaviour & Information Technology, vol. 21 (1), 

1-25, 2002. 
[6] Murata, A., and Iwase, H., “Usability of touch-panel interfaces 

for older adults”, Human Factors: The Journal of the Human 

Factors and Ergonomics Society, 47(4), 767-776, 2005. 
[7] Druin, A., Bederson, B. B., Hourcade, J. P., Sherman, L., 

Revelle, G., Platner, M., & Weng, S. (2001). Designing a digital 

library for young children. In Proc ACM/IEEE-CS joint 
conference on Digital libraries 

[8] Danesh, A., Inkpen, K., Lau, F., Shu, K., and Booth, K,. 

“GeneyTM: designing a collaborative activity for the palmTM 
handheld computer”, In Proc SIGCHI conference on Human 

factors in computing systems, 2001. 

[9] Resmi K,, Kumar, S.,  Sardana, H.K. and Chhabra, R., 
“Graphical Speech Training System for Hearing Impaired”, In 

Proc. International Conference on Image Information Processing, 
2011. 

[10] Hanna,, L., Risden, K., and Alexander, K.J., “Guidelines for 

Usability Testing with Children”, Interactions (September-
October 1997), 10-14, 1997. 

[11] Guha, M. L., Druin, A., Chipman, G., Fails, J. A., Simms, S., 

and Farber, A., “Mixing ideas: a new technique for working with 
young children as design partners”, In Proc Interaction design 

and children: building a community, 2004. 

[12] Hanna, L., “Risden, K., Czerwinski, M., and Alexander, K. J. 
“The role of usability research in designing children’s computer 

products”, The design of children’s technology, 3-26, 1999. 

[13] Hourcade, J.P, Bederson, B.B.,  Druin,  A., Rose, A.,  Farber, A.  
and Takayama, Y. “The International Children’ s Digital 

Library: viewing digital books online”, Interacting with 

Computers 15, 151–167, 2003. 
[14] Wyeth, P., and Purchase, H. C., “Using developmental theories 

to inform the design of technology for children”, In Proc 
Interaction design and children, 2003. 

[15] Snow, C. E., Burns, M. S., and Griffin, P., Preventing reading 

difficulties in young children: National Academies Press, 1998.  
[16] Steiner, K. E., and Moher, T. G., “Graphic StoryWriter: An 

interactive environment for emergent storytelling”, In Proc 

SIGCHI conference on Human factors in computing systems, 
1992.  

[17] Engwall, O., Bälter, O., Öster, A.-M., and Kjellström, H. 

“Designing the user interface of the computer-based speech 
training system ARTUR based on early user tests”, Behaviour & 

Information Technology, 25(4), 353-365, 2006.  

[18] Sedighian, K., and Klawe, M. M., “An interface strategy for 

promoting reflective cognition in children”, In Proc companion 

on Human factors in computing systems, 1996. 



[19] Chen, Y.-J., Wu, J.-L., Yang, H.-M., Wu, C.-H., Chen, C.-C., 

and Ju, S.-S., “An Articulation Training System with Intelligent 
Interface and Multimode Feedbacks to Articulation Disorders”, 

In Proc IALP'09, 2009.  

[20] Vicsi, K., Roach, P., Öster, A., Kacic, Z., Barczikay, P., Tantos, 
Sfakianaki, A., “A multimedia, multilingual teaching and 

training system for children with speech disorders. International 

Journal of Speech technology, 3(3-4), 289-300, 2000.  
[21] Kirschning, I., Toledo, M. T., Valadez, L. E., and Canizales, D., 

“Vowel & diphthong tutors for language therap”,. In Proc  ENC 

2005.   
[22] Russell, M., Series, R. W., Wallace, J. L., Brown, C., and 

Skilling, A., “The STAR system: an interactive pronunciation 

tutor for young children”, Computer Speech & Language, 14(2), 
161-175, 2000.  

[23] Cagatay, M., Ege, P., Tokdemir, G., and Cagiltay, N. E., “A 

serious game for speech disorder children therapy”, In Proc the 
Health Informatics and Bioinformatics (HIBIT), 2012.  

[24] Turgut, Yıldız, and Pelin İrgin, “Young learners’ language 

learning via computer games”, Procedia - Social and Behavioral 
Sciences 1(1):760–64, 2009.  

[25] Toki, Eugenia I., and Jenny Pange. “E-learning activities for 

articulation in speech language therapy and learning for 
preschool children”, Procedia - Social and Behavioral Sciences 

2(2):4274–78, 2010.  

[26] Bälter, O., Engwall, O., Öster, A.-M., and Kjellström, H., 
“Wizard-of-Oz test of ARTUR: a computer-based speech 

training system with articulation correction”, In Proc 7th 
International ACM SIGACCESS Conference on Computers and 

Accessibility, 2005.  

[27] Rahman, M. M., Ferdous, S., and Ahmed, S. I., “Increasing 
intelligibility in the speech of the autistic children by an 

interactive computer game”, In Proc. IEEE International 

Symposium on Multimedia (ISM), 2010.  
[28] Vaquero, C., Saz, O., Lleida, E., Marcos, J., Canalís, C., and de 

Educación, C. P., “VOCALIZA: An application for computer-

aided speech therapy in Spanish language”, IV Jornadas en 
tecnologías del habla, Zaragoza, España, 321-326, 2006a.  

[29] Rodríguez, W. R., Saz, O., and Lleida, E., “A prelingual tool for 

the education of altered voices”, Speech Communication, 54(5), 
583-600, 2012.  

[30] Rodríguez, W., Saz, O., Lleida, E., Vaquero, C., and Escartín, 

A., “Comunica-tools for speech and language therapy”, In Proc. 
Workshop on Child, Computer and Interaction, 2008.  

[31] Ahmad, A., “Automatic Speech Recognition in Pronunciation 

Practice Game Application for Speech Impaired Children”, 
Master Thesis, 2012.   

[32] Ronimus, Miia, Janne Kujala, Asko Tolvanen, and Heikki 

Lyytinen, “Children’s engagement during digital game-based 

learning of reading: The effects of time, rewards, and challenge”, 

Computers & Education 71:237–46, 2013.  
[33] Hawley, M., Brownsell, S., Cunningham, S., O’Neil, P., 

“STARDUST – Speech Training and Recognition for Dysarthric 

Users of Assistive Technology”, Proceedings of AAATE 
Conference, 2003.   

[34] Danubianu, M., Pentiuc, S.-G., Schipor, O. A., Nestor, M., and 

Ungureanu, I., “Distributed intelligent system for personalized 
therapy of speech disorders”, Paper presented at the Computing 

in the Global Information Technology, ICCGI'08, 2008.  

[35] Oster A-M, House D, Protopapas A, and Hatzis A. “Presentation 
of a new EU project for speech therapy: OLP (Ortho-Logo-

Paedia)”, Proceedings of Fonetik, 2002. 

[36] Toki, E.I and Pange, J., “E-learning activities for articulation in 
speech language therapy and learning for preschool children”, 

Procedia Social and Behavioral Sciences 2, 4274–4278, 2010. 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 

 

 

 

   

 
 

 


