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Abstract - ABA or Applied Behaviour Analysis is a set of procedures used together to change a person’s 

behaviour. Research has shown that it can be applied extremely effectively in a teaching environment. 

One area in particular where it has been shown to be particularly successful is in teaching children with 

developmental difficulties such as autism. However, ABA schooling is not widely available and can be 

prohibitively expensive. Software that teaches using ABA techniques is available but limited and there 

are also no exclusively online ABA teaching applications available. This paper outlines our work in 

developing a web-based platform that would enable other developers to quickly and easily develop web-

based ABA applications. Embedded within this platform will be all the ABA procedures required to run 

an effective ABA program. Developers can then build on top of the existing environment, adding their 

own content such as ABA-based lessons and activities which because of their connectivity to the ABA 

engine gain full ABA functionality and support. 

 

Keywords- ABA, DTT, Discrete Trial Training, CAI, Autism, Web-based platform 

 

 

 

 

 

 

 

 

 

 

 

 



 

2 

Section I - Introduction and Background: 

 

The prevalence of Autism is gaining recognition 

both in Ireland and around the world. Conservative 

estimates rate the disorder at around 6 in every 

1000 children born. Awareness has grown greatly 

in this country in the past number of years due to 

the media’s exposure of the lack of Autism 

education resources available. One area that has 

emerged as being one of the most effective 

treatments for Autism sufferers is ABA or Applied 

Behaviour Analysis. 

 ABA is a set of psychological procedures 

that can be used together to alter a person’s 

behaviour. The basic principle involves reinforcing 

or rewarding desirable behaviour in order to 

increase occurrences of that behaviour.  The most 

common modality of ABA used in treating Autism 

is known as Discrete Trial Therapy (DTT). This 

methodology has been studied extensively, and 

research has found that DTT/ABA provided 

intensively resulted in 47% of children studied 

reaching a level of skills comparable to their 

typically developing peers. However, in Ireland, 

such specialist care can be difficult to obtain with 

over 2000 children and young adults with autism in 

Ireland today and less than 20 ABA schools to 

teach them. 

This paper outlines a web-based 

technology platform for ABA delivery. Although 

computer-based learning tools are well established, 

the provision of online ABA resources is under-

developed. The design of this platform follows 

from an in-depth review of ABA and DTT 

procedures.  Many of the core principles of DTT 

are well suited to computer-based delivery and the 

aim is to embed these principles within a novel 

ABA ‘engine’ using state of the art web-based 

technologies. This engine will enable the benefits 

of ABA to reach anyone with access to the Internet.  

As such, it forms an underlying infrastructure on 

which ABA applications/tools can be deployed. 

The idea for the engine came from the fact that 

while the types of trials involved in teaching 

children with autism can vary greatly, the ABA 

procedures remain constant, and can be applied to 

any type of DTT trial that is carried out. 

 This software could be of interest to 

developers who wish to create web-based ABA 

tools but who lack the underlying ABA skills.  It 

could also be used by psychologists to test the 

effectiveness of such ABA procedures within the 

realm of computer-aided instruction, which could 

ultimately help improve computer-based treatment 

of autism in the future. 

 The remainder of this paper is structured 

as follows: Section 2 of this paper outlines the 

various ABA principles and procedures being 

applied by trained professionals in real-life 

teaching scenarios. Section 3 details previous 

research that has been carried out in the area of 

computer-aided instruction (CAI) and autism. 

Through this detailed analysis, it was possible to 

determine which concepts were best suited to a 

CAI environment. Arising from this, section 4 

outlines the structured design for the engine. 

Section 5 details what technologies were used to 

develop the engine and why they were chosen. 

Section 6 describes in some detail how the major 

features of the engine were implemented. Finally a 

conclusion is drawn and the possibilities of further 

research and development in the area are discussed. 

 

Section II - ABA and DTT: 

 
Overview: 

ABA procedures involve analysing and 

manipulating current environmental events to 

change behaviour [1]. ABA has been shown to be 

particularly effective in the education of children 

with autism who, due to a variety of social, 

attentional and motivational deficits, have difficulty 

learning though conventional means. Most ABA 

teaching techniques are complex and multifaceted 

and involve intensive, one-to-one instruction and 

some of the important procedures are detailed 

below [2]. 

 

Reinforcement: 

Reinforcement is the process whereby a behaviour 

is followed by a ‘reinforcer’ (an environmental 

stimulus) which is deemed by the person exhibiting 

the behaviour to be rewarding, thereby increasing 

the likelihood of that behaviour reoccurring in the 

future. Some natural reinforcers include food and 

water. There are also learned reinforcers such as 

attention, praise and money [1]. 

The effect of reinforcers can vary from 

person to person. It is important to begin by 

continually and consistently reinforcing a 

behaviour after every occurrence of that behaviour 

but to then quickly change to a more sporadic 

schedule of reinforcement. This ensures that the 

student learns that a reinforcer will not always be 

presented if a correct response is given. It is 

important to learn this because in a real-life 

scenario reinforcement is not always provided after 

every occurrence of a behaviour [1]. 

 

Prompting: 

Prompting is a key aspect in teaching new 

behaviours in ABA, especially for people who have 

difficulties in exhibiting those behaviours naturally. 

Prompts are used to increase the likelihood that a 

person will engage in the correct behaviour at the 

correct time. The function of a prompt is to produce 

a correct instance of the behaviour so that it can be 

reinforced. Once the behaviour is occurring with 

the aid of prompts, they are then withdrawn 



 

3 

gradually, a process known as fading, until the 

behaviour occurs in the absence of any prompt [1].  

 

Discrete Trial Training: 

Discrete trial training (DTT) is one of the primary 

teaching methods used when teaching children with 

autism. It focuses on the areas where children with 

autism have the most difficulties. It targets gaining 

the child’s attention, getting them motivated to 

learn and centring on communication and language. 

Extensive investigations into the effectiveness of 

ABA in teaching people with a range of 

behavioural and developmental disorders have been 

ongoing for over fifty years. Harris and Handleman 

(1994)[3] reviewed several research studies that 

showed that more than 50% of autistic children 

who participated in preschool programs using ABA 

were successfully integrated into non-autistic 

classrooms with many requiring little ongoing 

treatment [4]. 

A discrete trial is made up of four to five 

components. The first component is usually a 

verbal instruction detailing an event or some visual 

stimulus. At this point, if needed, a prompt is 

given, instructing the child on how to respond to 

the instruction. Once a response is given the 

teacher must provide feedback, or reinforcement in 

the case of a correct response. The level of 

reinforcement will depend on the level of 

correctness of the response. This technique is called 

differential reinforcement [4]. 

 

Differential Reinforcement: 

Differential Reinforcement is a technique used to 

provide the student with more information 

regarding the desired response. This means that 

excellent responses (ones where the correct 

response is given along with good attention and no 

prompt) result in the child receiving their more 

favoured reinforcer. On the other hand responses 

that require a prompt or where the attention of the 

student is poor result in a lower level of 

reinforcement [4].  

The ultimate purpose of combining all 

these ABA procedures is to ensure motivation to 

learn as well as generalisation (the ability to utilise 

these skills in various settings) and maintenance of 

their newly acquired skills. 

 

Section III: ICT and Autism 

 

One area psychologists and ABA specialists are 

examining more and more is the potential role of 

computers in educating children with autism. As 

children with autism will rarely spontaneously 

initiate joint attention, a one-to-one structured 

learning environment is often recommended as a 

way of facilitating learning. However, even when 

this is provided, many children are unable to 

benefit owing to motivation and attention 

difficulties, behavioural problems, and engagement 

in stereotypical behaviours. ICT and Computer 

assisted instruction (CAI), increasingly used in 

special education, has been suggested as a means of 

enabling new ways of learning and teaching in 

children with autism where traditional methods 

may not always be appropriate or productive [5,6]. 

Ensuring a child with autism receives the 

adequate ABA teaching they need is often 

prohibitively expensive due to the significant 

amount of teacher time and materials needed to 

implement it effectively. Recently, there has been a 

strong interest in the use of CAI in the education of 

children with autism with the ultimate goal of 

helping to provide the care that the child cannot 

otherwise receive. One major advantage of 

computer instruction is that it may be implemented 

by untrained providers, e.g. parents, increasing the 

number of hours of intervention. However, there is 

very little software available for people with 

autism, especially over the Internet. Because of 

this, most of the studies to date have been 

conducted using software not specific to ABA or 

autism, with most studies concentrating on showing 

the overall benefits to children with autism of 

computers as opposed to showing ABA or learning 

specific benefits. 

Research into the effectiveness of CAI 

with autism has been carried out since the 1960s. In 

a study by Swettenham [7] they showed that 

computers made the learning situation easier to 

cope with for the child because it provided 

emotional and social distancing by acting as an 

interface between interactants, which helped reduce 

anxiety via indirect interactions. In a study by 

Moore and Calvert [8] the impact of computers on 

vocabulary acquisition for young children with 

autism was examined. The children were found to 

be more attentive, motivated and learned more 

vocabulary when tested using the computer 

program than they were when tested using personal 

instruction. It is important to note that other studies 

also indicate that CAI was more effective if it was 

paired with teacher instruction and found that little 

progress was made if the child was taught without 

the aid of a teacher in a computer alone scenario, 

thus there would be a need for a supervisor to be 

present with the student while using any computer 

application [9]. 

 

Section IV - ABA Engine Design: 

 

It is clear from the analysis that there are many 

areas of ABA and DTT that could be successfully 

applied within a computer-aided instruction 

framework. This section will outline these areas 

and consider what would be the best strategy for 

implementing these at a later stage.  

 The decision to make the ABA engine 

web-based was done so based on several factors. 
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The first was due to the fact that to our knowledge 

no truly ABA-based teaching web application 

existed. It was felt that if it was made available 

online then it could benefit the largest number of 

people. Another important reason for deciding on a 

web-based design was the fact that the engine is not 

intended as a standalone ABA teaching web 

application but is intended to be a platform or set of 

tools that enable the quick and easy creation of 

fully customizable said web applications. This 

creates the possibility of the engine being utilized 

by a large community of skilled developers all 

around the world and so could enable the creation 

of not just one, but many ABA web applications, 

containing varied content in numerous languages, 

available to anyone, all over the world. 

 

ABA Principles: 

The key design objective was to extract the core 

ABA principles seen in the previous section and 

decide how they could best be implemented. The 

first step in creating any DTT program is to create 

and maintain an individual curriculum as well as 

track the behaviours or performance of each 

student. In order to be able to create something 

along those lines it would be necessary to store 

information on the students. The best way of doing 

this would be to create a database capable of 

storing a large variety of information. 

  As mentioned previously, the design of the 

engine is distinct from the design of the trials or 

content. In this sense, it is important to create code 

that will be able to handle any type of trial that is 

eventually implemented by another developer. This 

should be possible as the same ABA principles and 

procedures are used across every discrete trial. As 

such, the code will have to implement all areas of a 

discrete trial, such as giving an initial instruction, 

giving x number of prompts, implementing fading 

of prompts, giving differential reinforcement and 

keeping track of trial and session performance.  

 

Designing Stimuli and Prompts: 

The code will have to be able to deal with the trial 

stimuli presented as part of each trial; these will 

more than likely come in the form of images on 

screen, with one image being the correct response 

image and several other incorrect distracter images 

being presented. In this regard prompting will make 

it easier for the student to select a correct image on 

screen, including prompts such as verbal and 

textual prompts, enlarging or highlighting correct 

images and decreasing the size of incorrect images 

to name but a few possibilities.  

 

Designing Reinforcement: 

As far as reinforcers are concerned, multimedia 

presents a useful medium, well suited to computer 

delivery. These include games, cartoons, songs, and 

images among others. So, in essence, the ABA 

engine will consist of code written to perform ABA 

procedures, such as prompting and reinforcing, 

which interacts with the underlying database which 

in turn (based on information taken from the 

database) controls the actions of the ABA 

procedures. Figure 1 outlines the engine design at a 

very high level. 

Figure 1: ABA Engine: 

 

 
 

Section V - Technologies Used: 

 

The technologies used to develop the engine 

included Visual Web Developer 2005 (VWD), 

which uses ASP.Net 2.0 server-side scripting, 

written through VB.Net. The accompanying 

compatible database technology used was SQL 

Server 2005 Express Edition. These technologies 

were chosen for several important reasons.  

 

Variety of Visual Tools: 

VWD enables one to build highly interactive web 

applications quickly and easily. Historically, 

creating a data-driven Web site was an enormous 

task, requiring long hours of tedious coding and 

debugging. VWD changes all that — allowing you 

to create dynamic Web applications in a quicker, 

easier, and more intuitive visual mode where 

simple drag-and-drop replaces hours of typing 

code. .NET 2.0 makes it much easier than 

traditional web development tools to build, test, 

manage, deploy and update sites and applications. 

VWD helps you build detailed Web applications 

using drag-and-drop techniques, wizards, and a 

huge range of developer-friendly tools and 

controls.  

 

VWD and SQL Server connectivity: 

VWD provides a graphical user interface (GUI) 

that offers an easy to use Integrated Development 

Environment (IDE). The IDE integrates all kinds of 

different development tools into one environment 

and importantly includes a powerful, yet easy to 

use tool to help create and manage a powerful 

relational database – SQL Server 2005 Express 

Edition. As a database is going to make up an 

integral part of the ABA engine and as SQL Server 

2005 and VWD are exclusively designed to work 

together, this was one of the main reasons for 

selecting VWD over other technologies.  
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Ease of Use: 

The fact that VWD makes it simpler to create 

dynamic, data-driven web sites than was previously 

possible means that it is much more accessible for 

even novice developers to create content rich 

websites. This was also an important consideration 

as one of the main aims for the engine is that it 

would be accessible to the largest audience of 

developers possible. VWD does make the process 

of developing dynamic and detailed Web sites a 

relatively simple process compared to other 

technologies. However, that does not mean that it is 

not possible to utilize some of the more complex 

and powerful techniques seen in other technologies 

as well as some unique and powerful features found 

only in VWD. ASP.Net makes it possible to create 

intricate object-oriented code that is run as server-

side code using VB.Net or C#.Net, meaning you 

can create much more powerful and efficient 

programs than was previously possible using older 

versions of ASP or PHP.  

VWD was the obvious choice as it 

includes all the powerful processes seen in other 

web development technologies while at the same 

time making the whole process simpler, more 

accessible and easier to use. 
 

 

Section VI - Implementation: 

 

This section outlines the implementation issues 

related to the key engine components. It outlines 

the implementation of three main features – the 

ABA database, a basic front-end interface and the 

coding of the ABA/DTT principles and procedures. 

All three areas are outlined in detailed below. 

 

Database: 

From the design stage it was obvious that the 

database is going to be an integral part of the 

engine. For this reason it was decided that it would 

be the first area of the engine to be implemented. It 

was necessary to build data stores within the 

database to store data on a large variety of 

information. Tables needed to be created that 

would have the ability to store information on the 

students, the facilitators (parents/teachers), the 

results of each individual trial undertaken and each 

session undertaken and the types of trials available 

to teach the students. It was also necessary to store 

details on what stimuli/images could be used as 

well as what reinforcers could be used. An 

important relationship was created between the 

student, trial types, and stimuli tables which 

enabled the creation of a curriculum table which 

stored the list of trials and images which would be 

taught to each individual student when their DTT 

sessions started. Figure 2 in appendix outlines the 

ERD design for the database. The process of 

selecting what trials should be entered into the 

curriculum table is detailed below. 

 

Basic Web Site: 

Once the database was developed it was necessary 

to develop a basic web site as an interface. Pages 

were created that enabled users to create an account 

for both themselves and for the students whom they 

would aid in using the site. This information was 

then saved into the database. 

  The next pages to be created centred on 

creating an individual curriculum for the student 

who had just been created. This involved taking in 

information about the skill level of the student in 

several areas as well as the amount of previous 

ABA learning experience they had. This 

information was then accessed using the premise 

that the higher the skill levels of the student the 

higher the difficulty level of the trials to be taught. 

A connection to the database was then made and 

the correct type of trial to present to the student at 

the appropriate difficulty level was selected from a 

table. This table held information on all the 

different trial categories available to the student. 

The curriculum table was then filled up using 

stimuli (which were references to images which 

would be presented on screen during a discrete 

trial) stored in the stimuli tables. 

 

DTT Procedure Pages: 

Once this was complete it was then necessary to 

build the code which would carry out a DTT 

session. The DTT section of the web engine 

consisted of two main sections, the page which 

presented all the trials and carried out most of the 

ABA procedures and a corresponding 

reinforcement page which dealt with various types 

of reinforcement presented to screen. The first 

segment of code written dealt with the timing of a 

trial and session. A timer control was used to 

ensure that the student only had a certain amount of 

time to respond to an instruction or prompt before 

further prompting was necessary. The timer also 

keeps track of the total length of the session and if 

the time reaches a set limit then the session is 

ended. Conversely the length of a session can be set 

based on the amount of trials instead of the length 

of time of a session. Either method can be chosen 

by the user just before a session begins. 

 

 

Creating Basic Trial Content: 

The next step involved creating some basic content 

code which could be used as a base for most types 

of trials created by other developers. This involved 

presenting images on screen accessed through the 

database, with one of the images representing the 

stimulus to be taught, specified by being first on the 

list in the curriculum table of the database. The idea 

is for this code to be triggered by default before 
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every trial type, irrespective of what type of trial it 

may be. Once this code is performed the code 

which is specific to each trial can then be triggered. 

In order to ensure this would work it was necessary 

to create some trials to test this. The type of content 

chosen was a ‘matching’ trial type. This involves 

presenting x number of images on screen and also 

presenting another image which matches one of the 

images already on screen. The student is then asked 

to pick the image that matches the one presented. 

As the default trial code already took care of the 

work of presenting x number of images on screen, 

the only code that had to be written specifically for 

the matching trial type was for the extra matching 

image to be shown on screen as well as the 

instruction to ‘match’. Importantly this means that 

any developers who wish to add their own trial 

types should be able to do so quickly and easily.  

 

Instruction: 

The next block of code written related to the first 

step in any discrete trial – the instruction. This code 

involved finding out what stimulus was being 

taught in the curriculum table and then accessing 

the stimuli sound table which holds the verbal 

instruction connected to each stimulus. Once the 

images are shown on screen the verbal instruction 

is given along with a text instruction on the top of 

the screen. Any instruction specific to a certain trial 

can be written separately, for example the matching 

trial type involves using the verbal prompt ‘Match’, 

not the name of the stimulus, which is the default 

instruction. 

 

Prompting: 

The level of the prompt to be given was based on 

two pieces of information - the amount of trials the 

student was unable to get correct in a row and the 

amount of incorrect responses during the current 

trial. This information was stored across pages in 

session variables. This means that the more the 

student struggles to get the right answer the 

stronger the type of prompt that is given. The 

lowest levels of prompts included a simple 

repetition of the verbal prompt to a centring on 

screen of the correct image. Some of the stronger 

prompts coded included enlarging the size of the 

correct image and highlighting the correct image. 

The strongest prompts possible include removing 

the incorrect images from the screen and/or 

instructing the facilitator to use hand-over-hand 

direction, i.e. putting their hand over the students 

and carrying out the correct response.  

Once the student begins to perform better, 

the level of prompts is faded. This occurs gradually 

until the student is able to perform the correct 

response without the aid of any form of prompt. 

On a related issue, the design of the engine 

must deal with the scenario of no improvement in 

performance. If a stimulus is not correctly picked 

twice in a row then that stimulus is placed to the 

back of the curriculum and the next one is 

presented. If there is still no improvement then the 

update curriculum code is triggered. 

 

Update Curriculum: 

This code does several things. In the above 

scenario the current trial type is too difficult so 

code is executed that accesses the trial tables in the 

database and chooses a trial which is at an easier 

level of difficulty. The old curriculum is then 

replaced with the new stimuli for the new trial type. 

 This code also handles a scenario where 

the student is performing at a level which indicates 

that the current trial level is too easy. A similar 

process to the above one is implemented but in this 

case a more difficult trial level is selected. The final 

function of the update curriculum code is to ensure 

that the curriculum is moved to the next level if the 

student has mastered all the stimuli in the current 

curriculum.  

A stimulus is said to be mastered if a 

correct response is given ten times in a row without 

any prompts being given. As mentioned, when a 

stimulus is mastered it is removed from the 

curriculum table and put into a mastered stimuli 

table. This table was important for the next piece of 

code that was written.  

 

Random Rotation: 

When a stimulus is mastered it is put into what is 

called ‘Random Rotation’. This is where the 

mastered stimuli are presented in trials in a random 

order. This is to ensure that students maintain the 

learned skills and do not forget them. Random 

rotation usually takes place after a stimulus has 

been mastered. The length of time a student spends 

in random rotation depends on the amount of 

stimuli they have mastered. Once random rotation 

ends, a new un-mastered stimulus is presented to be 

learnt. Once this is mastered the process is 

repeated. 

 

Reinforcement: 

The final important ABA process implemented was 

reinforcement. The references to the reinforcers 

that are available are stored in the reinforcement 

table. More reinforcers can be added at any stage. 

The student/facilitator picks and ranks the 

reinforcers which they prefer and these are placed 

in a separate database table. As it is not possible to 

know how many reinforcers will be available to the 

student the code needs to be able to deal with a 

variable number of reinforcers.  

Differential reinforcement was coded by 

keeping track of how well the student performs in 

each trial. If the student gives the correct response 

without any prompts then their favourite reinforcers 

are provided. The more prompts that are needed the 

lower the level of reinforcement received. It was 
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also important to give higher levels of 

reinforcement at the start of a session to ensure 

high levels of motivation.  

Scheduling of reinforcement was the final 

area of reinforcement to be coded.  A procedure 

was created to ensure that reinforcement changes 

from being given continually after a correct 

response to only being given after a certain amount 

of correct responses.  

Once all the ABA processes are working 

in unison accurate results can be taken regarding 

each trial and session. All the code was then 

completely tested and the engine is now ready to be 

deployed.    

 

Section VII – Conclusions and Further Work: 

 

This paper detailed the process of designing and 

developing a web-based technology engine for 

ABA instruction. The opening sections of the paper 

outlined our research into the area of ABA and 

DTT as well as research that has already been done 

in examining the effectiveness of CAI in the 

teaching of children with developmental 

difficulties. We then outlined our high level design 

for the ABA engine, specifying what key concepts 

of the ABA methodology are best suited to web-

based delivery. Finally the paper detailed how the 

engine was developed and what technologies were 

used in the implementation. 

 

It is clear from research into the effectiveness of 

ABA principles and procedures and also the use of 

CAI in educating children with developmental 

difficulties that this software has the potential to be 

of great benefit to the autistic community.  

 The engine, complete with a database and 

starter web-site will soon be available online for 

free and anyone who wishes to create an ABA web 

application will then be able to do so. Obviously 

the quality of the content that other developers 

create cannot be controlled but it is hoped that 

several quality web sites will be built using the 

engine as its infrastructure. It is also the aim of this 

team to further develop our own web application in 

the coming months. 

 Once these web applications are created 

they will be available to a world-wide community 

of autism sufferers, many of whom are currently 

unable to access basic ABA resources in their area. 

While these web applications should not be seen as 

replacements for traditional DTT teaching, but 

rather as part of a wider framework, there is no 

doubt that they could greatly help many families 

struggling to cope with the current lack of support 

and training that they are receiving. 

  

Even though the software follows ABA and DTT 

techniques closely and thus if done correctly should 

work as effectively if not more so than traditional 

means, it would still be beneficial to 

comprehensively test the engine on children with 

autism in order to get statistically significant 

confirmation of its effectiveness. The very nature 

of this software means that it will be possible for 

others to test its effectiveness once they have added 

their own ABA applications and this is what we 

hope will occur. With this, the engine and the 

effectiveness of computer-based ABA learning can 

be evaluated by a large number of groups, 

including psychologists leading to further 

developments of the underlying engine technology. 
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Appendix 1: 

 

Figure 2 – Entity Relationship Diagram of database: 

 

 
 

 

 

 

 

 

 

 

 


