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ABSTRACT 
 

This project is one that introduces a new design in the field of chatbot development. The 

project includes three different chatbots that the user will be able to choose from. The first 

chatbot is a General Health chatbot that can give information of over 200 health issues and 

diagnose health conditions based on over 200 symptoms. The second chatbot specializes in 

anxiety; it is able to identify the different kinds of anxiety, their symptoms, and how to treat 

them. The third chatbot specializes in COVID-19 and can give any information related to 

virus of the current pandemic.  

 

The chatbots are built using IBM’s Watson Assistant, complemented with IBM’s Watson 

Discovery, Knowledge Studio, and Cloud Functions. A medical API is also used in 

conjunction with these services. Using Python, I wrote code that will retrieve data from the 

API. The Python code communicates directly with Watson Assistant, and allows calls to be 

made from Watson Assistant to the Cloud Function which is connected to the API. The 

project’s front-end encompasses the general technology enablers for website development 

which includes HTML, CSS, Bootstrap, and JavaScript.  
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1. INTRODUCTION 

The purpose of this application is to provide virtual healthcare agents that are accessible to 

anyone who is able to connect to the internet. Instead of having to read through entire 

documents and websites with the process of filtering out any unneeded information this 

healthcare system will provide users with direct answers to their specific queries. Users can 

have themselves diagnosed, seek out treatment, and gain valuable information about health 

issues that they may not have known about. 

 

Health House is designed as a virtual hospital. Many virtual doctors (chatbots) can be found in 

the application and users can go to the one that is most suited for their current condition, or for 

the condition of one of the people they care about. Currently there exists a General Heath 

chatbot, then two others who specialize in either anxiety or COVID-19. Health House is a 

system that welcomes the addition of even more special purpose chatbots. This will be 

discussed in future work. 

 

The Health and Medicine aspect of this project will be complemented by various aspects of 

Computer Science. A Software Engineering Process will be used to assess milestones and 

deliver a plan for the project development. An Artificially Intelligent System will be used to 

allow for the communication between user and program in the form of a different chatbots. 

Also the specialized chatbots have been trained using Watson’s machine learning algorithms 

to become aware of domain specific languages. 

 

The project will be delivered through an animated and elegant user interface, which will also 

allow me to explore and develop my knowledge about the field of User Interface design. 
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2. FEASIBILITY STUDY  

2.1. TECHNICAL FEASIBILITY 

This project is made possible through Artificial Intelligence techniques and models, and web 

development technological enablers. Using IBM’s Watson with three of its services: 

Assistant, Discovery, and Knowledge Studio, I was able to create AI powered chatbots trained 

on domain specific data using machine learning algorithms integrated into the Knowledge 

Studio. For creating the software, HTML, CSS, Bootstrap, and JavaScript were used. 

2.2. ECONOMIC FEASIBILITY 

All the tools used are premium, however, there is a lite version which exists and also a plus 

version which is free for 30 days. With this I was able to use some premium features of the 

Watson Assistant, mainly the search skill which would allow me to integrate the trained 

domain specific knowledge into the Assistant. The medical API is also a premium service but 

allows a trial version providing the user with 100 API calls. Thus, the project was developed 

completely free of cost. 
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2.3. PROJECT TIMELINE 

 

Milestones Description Planned Date 

M0  Planning <2020-10-19> 

  Project Identification 

Information Gathering 

Requirements Specification 

Training Data Gathered  

 

 

M1  Development <2020-11-19> 

  Chatbot Design Flow 

Training Machine Learning 

Model 

UI Design & Implementation 

Frontend Implementation 

Chatbot Implementation 

 

M2  Testing <2020-11-19> 

  Testing dialog flow 

Debugging dialog errors 

Modifying dialog flow 

 

M3  End Project <2020-12-25> 

 

My project has undergone many changes and focuses in topic, which actually broke down the 

plan of the first schedule, and so some milestones have actually been combined. The 

Development and Testing phases happened simultaneously. IBM’s Watson Assistant has a 

feature in which you can try the dialog flow of the conversation as you are developing the 

chatbot.  
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3. STEEPLE ANALYSIS 

3.1. Social 

The impact of this work is primarily a social one. Its aim is to provide people with important 

medical information, diagnoses, and advices on what they can do themselves to try and help 

themselves.  

3.2. Technological  

This program makes use of state-of-the-art Artificial Intelligence models and User Interface 

designs. Several trending frameworks and technology enablers are also been made use of. 

3.3. Environment    

There is no direct impact on the environment, as this will be a program running within the 

device of the user. It will indirectly affect the environment as computers, mobiles, and tablets 

require charging and emit radiation.  

3.4. Economical  

The only funding required for this project will be to host it onto a public domain. Otherwise, it 

will be made free to access and use after its implementation and debugging phases have been 

completed. 

 

3.5. Political  

There will be no political impact in any shape or form. 

3.6. Legal 

The product will make use of free to use and open-sourced technologies and frameworks. The 

project will deliver vital information to users concerning health issues. Sometimes the chatbot 

will take information from a certain website, but it always provides the link of that website 

along with the given information. It should be noted that the IBM Watson technologies that 
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are used within the scope of this project will only concern the free (lite) version of the 

software.  

3.7. Ethical 

The program will not breach any ethical issues. This program is to diagnose and provide 

treatments for health issues that are not immediately life threatening. For such cases users will 

be referred to a health professional. 

 

4. REQUIREMENTS AND SPECIFICATIONS 

4.1. Functional Requirements 

• The user can choose from three different chatbots 

• The user can choose which chatbot he would like to talk to or receive help from 

• The user can answer through writing his own response or by choosing a predefined 

response in the form of a button. 

• The user is not limited to talking to only one chatbot but can talk to all of them. 

• Users can make a request to which specialized chatbot(s) should be added next to the 

platform. 

4.2. Non-functional Requirements  

• The UI should have a clean and elegant design.  

• The UI will display animated Scalable Vector Graphics (SVGs). 

• The software will not save any user data. 

• The chatbots will only be able to communicate in English. 

• At the start, the chatbots will only be accessible through the browser. 
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• The software will be minimalist in its design and will allow for easy navigation 

through the app. 

• The chatbot will have different variations for the same sentence when speaking to a 

user. For example, the chatbot will have multiple ways of asking the same question. 

• The chatbot will be able to understand the user even if the user makes spelling 

mistakes. 

5. TECHNOLOGY ENABLERS 

5.1. IBM Watson  

IBM’s Watson provides its users with a multitude of services all built on the foundations of 

AI and ML. For the scope of this project, I will mention only the relevant services which I 

used in the production of the health care system. The services and technology enablers used 

were as follows: Watson Assistant, Watson Discovery, Knowledge Studio, and Cloud 

Functions. 

5.1.1. IBM Watson Assistant 

Watson Assistant is an AI powered chatbot service that provides “customers with fast, 

consistent, and accurate answers” [8]. The service has integrated NLP services used to 

properly understand user queries and intents. It can be manually trained as well, allowing me 

to develop a conversational agent with full flexibility, and almost no limitations. The Assistant 

contains ‘Dialog Skills’ which helps the agent communicate properly with its user, and also 

contains a special ‘Search Skill,’ which allows the agent to be seamlessly connected to the 

Watson Discovery service. 
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5.1.2. IBM Watson Discovery 

Watson Discovery allows its users to use advanced searching and analysis skills on documents 

or websites. It is used “to find specific answers and trends from documents and websites using 

search powered by AI” [8]. When this service is connected to the chatbot, it will allow the 

chatbot to answer user queries that are of a complex nature. Also if there is a certain question 

that the chatbot does not necessarily know how to answer, it will use this service’s search skill 

to find the answer from a source, external to its own knowledge base. Watson Discovery can 

be dramatically enhanced by integrating a custom ML model created through Watson’s 

Knowledge Studio. 

5.1.3. IBM Watson Knowledge Studio 

Watson Knowledge Studio offers the capabilities of teaching “IBM Watson the language of 

your domain with custom models that identify entities and relationships unique to the industry 

in unstructured text” [8]. The custom models are trained manually through example. At first 

the designer will indicate what kind of entity a word is and manually annotate those entities, 

then Watson will learn from that example and complete the rest of the training by itself. This 

service enhances the search results of the Watson Discovery, which in turns augments the 

answers provided to users by Watson Assistant. 

5.1.4. IBM Watson Cloud Functions 

Watson Cloud Functions “is a Function-as-a-Service (FaaS) platform which executes 

functions in response to incoming events” [8]. This service is used to enable a direct 

connection between Watson Assistant and API Medic, which is an API containing vast 

medically related information. Using Python and prewritten code offered by API medic, the 

Cloud Function’s service includes retrieving information from the API and sending keys to 

the API, to retrieve the queried information. The Cloud Functions service is also directly 
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connected to Watson Assistant. This enables the software to send user queries to the API as 

key values, and to return the queried data as an answer to the user. 

5.1.5. IBM Cloud  

The IBM Cloud is the environment wherein all the above-mentioned services were stationed. 

It is a “full stack cloud platform with over 170 products and services covering data, 

containers, AI, IoT, and blockchain” [8]. 

5.2. API Medic  

API Medic is an API that allows its users to use a “Symptom Checker API,” that can diagnose 

users based on only “a few entries, while other tools require many more entries” [14]. The 

API also allows queries that will give the following results: Full description of medical issue, 

treatment for the issue, medical condition of the issue, and symptoms of the issue. API Medic 

is connected to Watson Assistant via Cloud Functions, and it serves as the knowledge base of 

the first General Health chatbot. 

5.3. HTML & CSS 

HTML is “the standard markup language for Web pages” [7]. It is used to build custom 

websites. It could be said to be the skeleton of the website, as it determines which elements 

form part of the site. CSS “describes how HTML elements should be displayed” [7]. It is like 

the skin over the skeleton. It is used to bring life into the website.  

5.5. Bootstrap 

Bootstrap is “the most popular HTML, CSS, and JavaScript framework for developing 

responsive websites” [7]. Bootstrap will make it possible for elements within a website to be 

properly rearranged whilst maintaining the website’s entire structure. When a window is made 

smaller or if different screen resolution displays are used, the website elements are 

automatically scaled and repositioned to fit in the current display. 
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5.6. Python  

Python is “an interpreted, object-orientated, high-level programming language.” [7]. It is used 

in the scope of this project to allow for communication between Watson Assistant and API 

Medic. The code is hosted in the Cloud Functions. 

5.7. General Architecture 

Now that all the fundamental components and their functions have been described, I will show 

the reader how all these modules interact with each other and when they interact with each 

other. The following figure shows the various connections and modes of communication 

between all elements of the system. See figure 5.7.1 for a clearer overview of all the 

interactions between all the different modules. 

 

Figure 5.7.1 General Architecture 
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6. Chatbot Design 

6.1. Research Phase   

During this phase I collected all the appropriate information that would later help me build a 

fully functioning chatbot platform. 

6.1.1 What is a chat bot? 

According to Miriam Romero [12], “A virtual assistant or chatbot is a computer program with 

which it is possible to have a conversation and from which information or some type of action 

can be obtained.” Chatbots have become somewhat of surging trend, as they have been 

successfully able to automate client to agent interactions. With chatbots, response time for 

domain specific questions have drastically decreased. They also allow for multiple clients to 

be attended to at a single moment, something no ordinary human can do. They are efficient, 

save time, save costs, and save company resources.  

6.1.2. How to build a psychological chatbot   

 In order to build a chatbot, it will first be necessary to become familiar with some 

terminology related directly to chatbots. Some of these words include: Entities, intents, and 

dialogue. “Intents refer to the actions or demands that the user requires” [12]. A chatbot uses 

intents, represented as #intentName, in order to understand just what exactly a user wants to 

know or is what the user is trying to get information on. Say that a chatbot agent could help 

place bets on horses for a race. An intent would be revealed whenever the user would like to 

place a bet on a certain horse. This agent will then have to know that the user’s intent is to 

place a bet on the horse, and on which horse, and for which race. That is where entities, 

represented as @entityName, come in. “Entities are what make it possible to make the type of 

distinction related to the same intention” [12]. With entities, chatbots will be able to give 

general terms such as horses, race, and bets more specific values, such as giving the horse a 
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name or number, indicating the time and place of a race, and specifying what kind of bet the 

user would like to make. “Intentions and entities will be shaping and directing the dialogue, 

which are questions or phrases for interacting with the user, which is in the form of a dialogue 

tree” [12]. Once a user expresses their intent, and after the chatbot has recognized this intent, 

the chatbot will then enter a node in the dialogue tree which will prompt the user to start 

giving more precise information on the matter. If a user asks that he would like to bet on a 

horse for the first race of the season, the chatbot will then ask the user which horse he would 

like to bet on. 

For a psychologist chatbot, the flow of dialogue will be somewhat different. The chatbot will 

not need “any intents” [12], because it will not need the user to ask it questions or start 

inquiries. Rather, it will be the chatbot that will be the one to extract information from the 

user. Only entities will be necessary then, so that the chatbot can identify what the user is 

saying. “A predefined dialogue tree will guide the conversation, the chatbot itself will not 

need to identify what the user wants” [12]. 

6.2. Designing and Implementing a General Health Chatbot   

For the purpose of designing and building a General Health Chatbot, it is first necessary to 

create the intents, entities, and the dialogue tree. No intents will be necessary, as it will be the 

chatbot who guides the user through the conversation by asking the user to answer in his own 

words or to give the user a predefined option to choose from. 
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6.2.1. General Health Chatbot Entities 

The following table shows the entities created as to assist the chatbot in properly 

understanding the users. Some entities also serve the purpose of allowing the user to navigate 

to different parts of the dialog tree.  

Entities Function Examples 

@actionOption These actions allow the user to 

jump to different nodes in the 

dialogue tree 

Diagnose again, Issue again, 

More Info, Provided Services, 

Bye 

@gender Allows the chatbot to recognize 

gender 

Male, Female 

@issue Allows the chatbot to identify 

which health issue to provide 

information for 

Sunburn, Anorexia, Arthrosis, 

Back pain, Chicken pox, Cold 

@makeDiagnosis Gives the user the option to 

make a diagnosis by entering at 

least one symptom 

Make Diagnosis Now 

@medicalInfoOption Allows the user to choose what 

extra information he would like 

from a given health issue 

Description, MedicalCondition, 

PossibleSymptoms, 

TreatmentDescription 

@serviceOption Allows user to choose whether 

the chatbot should give a 

diagnosis by symptoms or 

medical information on a health 

issue 

Diagnoses, Issue 

@symptoms Allows the chatbot to recognize 

symptoms that the user gave in 

order to make a diagnosis 

Forgetfulness, Agitation, 

Burning Eyes, Chest pain, 

Cramps 

@yearOfBirth Allows the chatbot to recognize 

years 

Table 6.2.1.1 Entity Table 

1980, 1997, 2002, 1967, 1920 
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6.2.2. General Health Chatbot Dialog Tree 

The dialogue tree describes the flow of conversation. Some nodes are activated through 

conditions, whilst others are activated automatically.  

The first node is the Welcome node, this node is activated as the chatbot is started up. It greets 

the user with different variations of greetings if the same user visits the chatbot multiple 

times. This node also serves the purpose of having the chatbot introduce itself and making its 

functionalities known to the user. It contains one child node, the Service List node, that is 

accessed automatically without waiting for any user input. See figure 6.2.2.1. 

 

Figure 6.2.2.1 Welcome Node 

The Service List Node will present the user with two options to choose from: either to have 

the system make a diagnosis on the given symptoms or to allow the user to request 

information about different medical issues. Each of these options is represented as a child 

node for the Service List node: Medical Diagnoses node and Medical Information node. The 

transfer from this node to one of the child nodes will require a reply from the user. The flow 

of the two nodes can be seen in figure 6.2.2.2 and figure 6.2.2.3. 
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    Figure 6.2.2.2 Welcome Chat    Figure 6.2.2.3 Service List Node 

The Medical Diagnoses node will be entered upon the user’s choice. This node has a feature 

known as ‘slots’ activated. This feature allows the chatbot to ask and retrieve multiple pieces 

of information from the same prompt.  

This feature has a great benefit in the fact that, if the chatbot requires the user to enter the 

gender and date of birth, the chatbot will first ask the user to enter the gender for example. If 

the user enters the date of birth instead of the gender, the chatbot will recognize that the user 

entered the date of birth, and it will then ask the user for the missing information, which in 

this case is the gender. The chatbot thus stores the date of birth within the appropriate variable 

and asks for the information that the user has not yet provided. The chatbot does not become 

confused if the user enters a date of birth when it asks for gender because the chatbot is 

already expecting both gender and date of birth. See figure 6.2.2.4. 

Once entered the chatbot will prompt the user for information that it will need in order to 

make a diagnosis. The user will first be asked for his/her gender through a predefined 
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option/button, but the user can also write a custom answer. If the gender is not given or not 

recognized, the chatbot will prompt the user to enter it again with a message telling the user 

that it has entered an incorrect gender. After the user enters a valid gender, the chatbot will 

then ask the user to enter his/her date of birth. The chatbot can recognize dates from 1920 up 

to 2020. The chatbot has, for each of its prompts, a ‘not found’ response. This means that, if 

the chatbot asks the user to enter a specific piece of information, and the user gives an 

incorrect value for that prompt, then the chatbot will always inform the user that the given 

input was invalid and that the user should reenter the value correctly. This can be seen in 

figure 6.2.2.5. 

     

       Figure 6.2.2.4 Recognizing with Slots     Figure 6.2.2.5 Invalid Gender Input 

Following the retrieval of gender and year entities the chatbot will then require the user to 

enter symptoms. The user can either enter three symptoms at once, separated by commas, or 
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the user can enter symptoms one by one. See figure 6.2.2.6. If the user enters only one 

symptom the chatbot will ask the user to either, make a diagnosis using only that one 

symptom, or that the user adds another symptom. The same process will be repeated after the 

user enters the second symptom. Once the user enters the third symptom, he/she will not be 

prompted to ask for a diagnosis, as the chatbot will automatically make a diagnosis on the 

symptoms once it identifies three symptoms. This node also has a characteristic known as 

‘Manage Handlers,’ which is responsible for allowing the chatbot to make diagnosis without 

retrieving all three symptoms from the user. Another interesting feature found in this node is 

the ‘Multiple Conditioned responses,’ which “enables multiple responses so that the bot can 

provide different responses to the same input, based on other conditions” [8]. Figure 6.2.2.7 

shows the dialog tree structure of the ‘Medical Diagnosis Node.’ 

 

            

  Figure 6.2.2.6 Three Symptoms      Figure 6.2.2.7 Medical Diagnosis Node 

Once the user enters either three symptoms or chooses to make a diagnosis based on the given 

symptom(s), the Medical Diagnoses’ child node is entered. Note that, as mentioned above, 
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once three symptoms are identified, the child node will be entered automatically. The ‘Make 

Diagnosis through API call,’ node is a special node, as it has the ‘Callout to Webhooks skill’ 

enabled. This function needs a prior setup before it can be used, and basically “a mechanism 

that allows you to call out to an external program based on events in your dialog” [8]. The 

setup is an easy one, in that it only required me to enter the URL of API medic in the 

chatbot’s options. As this is the source of medical information that will be shown to the user, 

this URL should be the one that is connected to an activated API Medic account. Once 

configured, I can activate the webhooks function directly from the node in which I would like 

to callout to the API. From this node the keys with their entered values, gender, year of birth, 

symptom1, symptom2, symptom3, and option 2, are sent to the API through the Cloud 

Functions. The result, the diagnosis of symptoms, is then retrieved via Cloud Functions and 

stored into a variable named ‘webhook_result.” After the result has been shown to the user, 

the user is given three options: To make another diagnosis, to return to the Service List node, 

or to end the conversation. If one of the first two options are chosen, then the user entered 

information will be erased, as the user will need to enter different information for these 

values. This node contains a child node, Action List, that will take care of transferring the user 

to the other nodes. This option can be seen in figure 6.2.2.8. 
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Figure 6.2.2.8 Diagnosis and Action List 

Service List node contains two child nodes, only one of which I have described so far. The 

second child, Detailed Medical Information, is entered after the user explicitly chooses the 

option to gain information on a medical issue. This node also has the ‘Callout to webhooks’ 

function activated and each of its child nodes will also have this feature connected to them. 

This node will prompt the user to enter a medical issue. Once an issue has been entered by the 

user, the value will be sent through the webhook, and then the name, short description, and 

synonyms of that issue will be returned. User input will then be skipped, and the node will 

automatically evaluate its child node called ‘Detailed Medical Information.” See figure 

6.2.2.9. 
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Figure 6.2.2.9 Getting Detailed Medical Information 

The Detailed Medical Information node will present the user with four options to choose from 

and a fifth one being an ‘Action List’ to help the user navigate through the conversation. 

Whichever option is chosen will take the user to the child node which resembles the selected 

option. These options are to allow users to explore even more information on their entered 

issue such as the medical condition, treatment, symptoms, and full description of the issue. 

These options are here as to avoid bombarding the user with too much information. I have 

designed it in such a way that the user will be given brief information about the issue, then if 

the user pleases, he/she can obtain more detailed information. If all the info is given at once 

the program will seem too clustered, and not really elegant, or attractive to look at. Since one 

of my goals in this project is to deliver an appealing UI, it was necessary to divide the 

information in such a manner. This can be seen in figure 6.2.2.10 and figure 6.2.2.11. 
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Figure 6.2.2.10 More Information  Figure 6.2.2.11 Medical Information Node 

The Detailed Medical Condition child node will retrieve information from the API about the 

medical condition pertaining to the entered issue. After this information is shown, the user 

will be given an option ‘get more info,’ that will take the user back to the parent node, 

Detailed Medical Information, which contains the four choices for detailed information and 

the Action List. Each of the three remaining child nodes will have the same ‘get more info,’ 

dialog procedure.  

The second option takes the user into the ‘Detailed Medical Symptoms’ node which will 

display all the symptoms related to the issue to the user. Each of the four choices function by 

sending in the issue and option 2 through the webhook to retrieve the selected information. 

The below figures 6.2.2.12 and 6.2.2.13 represent the detailed symptoms and medical 

conditions. 
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         Figure 6.2.2.12 Medical Condition Figure 6.2.2.13 Symptoms  

The Detailed Medical Description node returns a full description about the issue to be shown 

to the user at his request, and the final child node containing a webhook named ‘Detailed 

Treatment,’ will provide the user with treatments that are suitable against the identified health 

issue. See figure 6.2.2.14 and figure 6.2.2.15. 
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     Figure 6.2.2.14 Full Description          Figure 6.2.2.15 Treatment 

Finally, the Action List node remains as the last child node belonging to the Detailed Medical 

Information node. This node’s purpose is to allow the user to either enter a new issue, deleting 

the value of the current issue and prompting the user to enter a new one, or to take the user 

back to the Service List, also deleting the value of the previously entered issue, or allows the 

user to end the conversation by saying ‘bye’ or by choosing it as an option. 

In the design of the dialog tree, there exists two nodes on the same level as the Welcome 

node. These are named ‘Bye’ and ‘Anything else’ respectively. These can be seen in figure 

6.2.2.16 and figure 6.2.2.17. The Bye node gives a farewell greeting to the user and ends the 

conversation and the Anything else node is one that will respond to the user in the case that 

the user enters something that the chatbot does not understand. It will ask the user to rephrase 

his sentence. It is important to mention that nodes are evaluated automatically from top to 

bottom, unless there is a specific jump condition that allows it to jump to any other node in the 
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dialog tree. The Action Lists contain jumps and that is what makes it possible for the user to 

jump to parent nodes.  

      

 Figure 6.2.2.16 Bye Activation  Figure 6.2.2.17 Overall Dialog Tree 

6.2.3. Retrieving from API Medic via Cloud Functions 

Using code written in Python learned from the API Medic official documentation [14], a 

connection is created between Cloud Functions and API Medic. Some important functions 

include: 

• loadFromWebService: which sends the data from Watson Assistant into API Medic 

via Cloud Functions.  

• loadIssues: makes a call to the loadFromWebService and return a list of all issues 

found within the API.  

• loadIssueInfo: first converts the issue ID into a string and stores it into a variable, 

‘issueId.’ The issue Id is then passed along with its issue name into another variable 
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named ‘action,’ that is passed into the loadFromWebService function to retrieve 

information related to the issue. 

• loadSymptoms: calls the loadFromWebService and returns a list of all symptoms 

found within the API. 

• loadDiagnosis: takes as arguments the selected symptoms, gender, and year of birth. 

The symptoms are then turned from a Python object into a JSON string using 

‘json.dumps.’ All variables are concatenated and set into a variable named ‘action,’ 

which is then sent as an argument into loadFromWebService to return a diagnosis 

based on the given information. The code is shown in figure 6.3.3.1. 

 

Figure 6.2.3.1 API Medic code 1 

The connection is then established after defining the above functions by providing the given 

username, password, health service URL, and authentication service URL. These are given by 

API Medic once an account has been created and validated. After authenticating the 

connection, the code will store values sent to it from Watson Assistant. These values include: 

option, issue, symptom1, symptom2, and symptom3. If option is equal to 1, the issues will be 

stored into an issue1 variable after being called from the loadIssues function.  



25 

A new variable ‘ism’ is created within a ‘for each loop’ which compares the user entered 

issue, after converting it all to lower case, to an issue found within the API. If the comparison 

returns true, then the loadIssueInfo function is called which returns all the extra information 

related to the selected health issue.  

If the option is equal to 2, then the loadSymptoms function is called, having its results stored 

into a variable named symptoms. Gender and year of birth are each collected also and set into 

variables named ‘gender’ and ‘yob’ respectively. The code will then check if the first 

symptom that the user entered matches a symptom stored in the API Medic database. If there 

is a match the id of the symptom is appended to a list named ‘symId.’ If the user sent in a 

second and third symptom, they would go through the same checking process and if they 

match then they are also appended. It should be noted that if a user enters an incorrect 

symptom name or a name that does not match to any of the symptoms in the API Medic 

database then the chatbot will reply to the user stating that an invalid symptom has been 

entered.  

The user will then be prompted to reenter the symptom. If the user makes a spelling mistake, 

Watson Assistant will be able to correctly identify the symptom and replace the misspelt word 

with the correct word that exists in its entity named symptoms. A call will then be made to 

loadDiagnosis passing in all the user’s input as arguments. The code then checks if retuned 

functions value is true and if yes then a message will be constructed giving a symptom with an 

accuracy rating. In fact, this is one of the features of API Medic that sets it apart from other 

medical related API’s, it will give a list of all possible issues related to the entered symptoms 

with an accuracy rating for each issue ranking the ones with higher accuracy at the top, “while 

other tools show unlikely results at the top” [14]. If the return value of the function is false, 

then an error message will be shown telling the user that a diagnosis on the entered symptoms 
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could not be made. The entire code then returns an ‘issues’ variable containing the retrieved 

information from the API. This result is sent through the ‘webhook_result’ variable that is 

used in Watson Assistant. See figure 6.2.3.2. 

 

Figure 6.2.3.2: API Medic code 2 

6.3. Designing and Implementing a Specialized Health Chatbot   

In the design of the specialized chatbot within the field of anxiety, I have actually included 

one intent, #user_input, because the dialog of the chatbot’s conversation follows a different 

flow. The change in dialog flow is because the specialized chatbot makes use of the ‘Search 

Skill’ function and will not be making any API calls through the webhook function. This is 

due to the fact that the Search Skill has to be connected to a Watson Discovery instance. So, 

for the implementation of this skill there will be no need to use the Cloud Functions. Rather, I 

used a custom AI model that I trained on a corpus of websites to understand the domain 
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specific language pertaining to anxiety. Within one of the sub sections below, I will go into 

more detail as to how the custom model was built.  

This design will also omit the creation of entities within Watson Assistant (except one, which 

is the @bye entity), because there is a custom model trained on anxiety and it will be within 

Watson Knowledge Studio, where entities and relationships between them will be created.  

6.3.1. Specialized Health Chatbot Dialog Tree 

The first node in this chatbot is the same as the General Health chatbot. A Welcome node 

contains variations of different greetings that are shown to the user once the chatbot is 

initiated. This node asks the user how it can be of service, then waits for the user to enter an 

input. This input is passed as a query to the Watson Discovery service via the Search Skill. 

Once the #user_input intent has been recognized by Watson Assistant, the dialog moves to the 

node right below the Welcome node, the reader should take notice that the entered node is not 

a child node. The Catch User Input node will allow the chatbot to inform the user that it 

knows what the user is looking for. It will then automatically jump to its child node called 

‘Call Search Skill.’ 

The ‘Call Search Skill’ node provides a response using the Search Skill, retrieving a relevant 

answer from the websites that the Discovery service has been synched with. The Knowledge 

Studio services wherein the custom model was built helps the Discovery service find 

appropriate answers and helps the assistant recognize entities and the user’s intents without 

having to create entities or intents. Since the only intent is the user’s input and the custom 

model makes it possible for the chatbot to understand the mentioned entities, there is no need 

for an Action List as seen in the previous design. The user is free to ask any question related 

to anxiety as many times as he/she would like to. The chatbot in this design does not guide the 

user through the conversation. Rather it returns applicable answers to the user and with those 
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answers it attaches a link to the website from where those answers were taken. Users can also 

enter those websites from the chatbot to obtain even more information than what is originally 

shown as an answer. See figures 6.3.1.1 and 6.3.1.2 and 6.3.1.3. 

 

Figure 6.3.1.1 Specialized Chat Dialog Flow 

         

        Figure 6.3.1.2 Specialized Question 1   Figure 6.3.1.3 Specialized Question 2 
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If the user wishes to terminate the conversation, he/she only needs to type ‘bye’ or any other 

goodbye message. The Bye node has been set to activate when its condition is true, so when it 

recognizes the farewell greeting entity (the @bye entity), it will also say ‘bye’ to the user, 

each time with a different message, and terminate. 

The final node kept at the end is the ‘Anything else’ node and serves the same function as in 

the General Health Chatbot, which is to ask the user to rephrase or clarify, since the user 

entered something which the chatbot does not recognize. Note that this dialog contains only 

one child node in it. The reader is refereed to figure 6.3.1.4. 

 

Figure 6.3.1.4 Ending Conversation 

6.3.2. Creating and Training a Custom Model 

6.3.2.1. Training Data 

To start off I had to feed information into the Knowledge Studio using six websites, all 

containing information about anxiety. I manually copied the information from the websites 
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into text files representing those websites. Since there is a character limit that should be 

respected when uploading text file, I had to download a text splitter that separated the text 

files into 10 000-character files each. I then uploaded these into the Watson Knowledge 

Studio. 

6.3.2.2. Entity Creation 

The created entities are there for the purpose of allowing the Knowledge Studio to understand 

domain specific words when analyzing the text that has been fed into it. The model will be 

trained on the specified entities and relations as I will show later. The entities that would serve 

the purpose of creating a model that understands anxiety related information are as follows: 

@Causes, @Disorder, @Treatment, @Symptom. These entities make it possible for the 

custom model to learn and identify the different kinds of anxieties, symptoms, causes, and 

treatments. The entities for example will help the model differentiate OCD from social 

anxiety, and irritations from overthinking.  

6.3.2.2. Relation Creation 

The relationship between entities are made present though relations. After being able to detect 

all different kinds of entities, symptoms, treatments, and so on the custom model will then be 

able to associate which symptoms belong to which kind of anxiety type. It will then be able to 

distinguish what caused these anxiety disorders, it will also be able to understand what kind of 

treatments are advised for each specific anxiety disorder. Finally, it will be able to identify 

disorders through diagnosis. See figure 6.3.2.2.1. 
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First Entity  Relation Second Entity  

Symptom reveals Disorder 

Treatment cures Disorder 

Causes givesBirthTo Disorder 

Diagnoses  identifies Disorder 

Table 6.3.2.2.1 Relations Table 

6.3.2.3. Dictionary Creation, Pre-annotating, and Annotating 

I created three different dictionaries. One for the different anxiety types, one for symptoms, 

and another for the causes of anxiety. “The dictionaries help the Knowledge Studio machine 

learning models to understand the language of the domain” [8]. The dictionaries are also very 

helpful in the process of pre-annotation. To understand what pre-annotating a document 

means, I will first have to describe what it means to annotate a document. Annotating a 

document is the job of a human. This helps machine learning models to learn through 

examples. For example, I will mention that ‘PTSD’ is a disorder. I will then label all different 

disorder types to disorder. This will help the machine learning model to learn from the given 

annotations. Pre-annotation is a process that will help speed up the manual process of 

annotation. It will help the machine learning model to easily identify entities and relations. 

When pre-annotating, if I chose OCD as a disorder, the pre-annotating process will label all 

occurrences of OCD as a disorder. This is done for symptoms and causes as well. Once the 

annotation phase comes in, the model will have already been able to identify most occurrences 

of the words belonging to the domain. The annotation process will then be easier as I would 

only need to select the words that the pre-annotating process did not include. The use of 
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dictionaries make it possible to pre-annotate the data in such a manner. See figures 6.3.2.3.1: 

Disorder Dictionary, 6.3.2.3.2: Causes Dictionary, and 6.3.2.3.3: Symptoms Dictionary. 

 

Figure 6.3.2.3.1 Disorder Dictionary 

 

Figure 6.3.2.3.2 Causes Dictionary 
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Figure 6.3.2.3.3 Symptoms Dictionary 

After the model has been trained, I made a ‘snapshot’ of the current version then deployed it. I 

copied the Model ID and integrated the model with Watson Discovery. 

6.3.3. Advanced Search using Discovery  

Using Watson Discovery’s web crawl feature, I connected the service to websites containing 

information about anxiety. Now that the Discovery service has the machine learning model 

deployed to it, it is be able to use what the Knowledge Studio has trained in order to identify 

queries and reply to the queries with relevant answers. The Discovery service allows the user 

to construct queries that can be used to find answers within the web pages to which the service 

has been connected to. All that is needed here is to allow time for the website’s data to be 

processed and then queries can immediately be built.  

I have attempted to increase the accuracy of results returned by the Discovery service by 

manually training Watson. First, I write a query then, from the list of options that the service 
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returns as a result, I would manually mark which ones are relevant and which ones are 

irrelevant. After doing this for a number of custom queries I also uploaded a text file 

containing a list of stop words. Stop words are common words that are used within the 

sentences that do not hold any significance in relation to the domain specific language. After 

uploading the text file of stop words, the Discovery service then automatically ignores all 

those common words within the query which are not domain specific. Another way in which I 

increased the accuracy of the results was by filtering out the documents which I wanted to 

query. For this I needed to mention the field (for example: entities or concepts) that I am 

interested in querying, then an operator to say whether the field is a certain entity or whether it 

contains a specific entity, and then specify the value of the field, so giving the field entity a 

specific value like anxiety or phobias.  

After being satisfied with the returned results, I then connected the Discovery service instance 

to the Watson Assistant Search Skill. When a user enters a question to the chatbot, the 

question will be treated as a query and then sent to the Discovery service. The service will 

then format the answer and make it presentable to the user through the chatbot. Once 

information is given to the user through this service, the chatbot always provides a link to the 

exact part of the website wherefrom the information was taken. 

6.3.4. Specialized Chatbot for COVID-19  

The design for the specialized COVID-19 chatbot is the same as the one for anxiety. It has 

only one intent, #userInput, and one entity, @bye. The flow of conversation is also the same, 

although the implementation of the COVID-19 chatbot does not include an integration of 

Knowledge Studio into the Discovery service. The COVID-19 chatbot will be connected 

uniquely to the Discovery Studio using the Search Skill. I did not need to collect any web sites 

or manage any web crawling service as the Watson Discovery Service came with a pretrained 
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collection of COVID-19 information. For this chatbot, I had to design the flow of 

conversation and manually train the service relevancy results through querying and then rating 

those queries as relevant or not relevant. See the flow of dialog in figure 6.3.4.1, and the 

different questions asked in figures 6.3.4.2 and 6.3.4.3. 

 

Figure 6.3.4.1 Specialized Chatbot Dialog Flow 

        

       Figure 6.3.4.2 Specialized Question 1     Figure 6.3.4.3 Specialized Question 2 
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7. Front-End and Back-End  

For the front-end I decided to make something very appealing. In the figure 7.1 below there is 

a snapshot which extends over the whole main page. This main page has three sections which 

are seen one by one as the user scrolls down. The whole page is too big to be seen on a screen 

at once. The first section introduces the name (Health House) and logo of the application. The 

image is an animated SVG. There are several elements in this section that moves around and 

twirls and rotates and bounces to give an aesthetic look and feel.  

The second section of the main page is a carousel. There are three images that are shown in 

the carousel, but only one is shown in the figure below. The images in this carousel act to 

welcome the user and inform the user of what can be found within this website, and for what 

purposes can the website be used.  

The third section introduces three different avatars. Each avatar has his own name and a short 

description explaining its function. Each avatar also has a specific emblem in its center that 

relates to its field of information. These avatars also act as buttons. Once pressed they will 

take the user to another webpage in which the user can chat to them specifically.    

Each specific webpage will contain decorations that relate to their specific field and also tips 

for these fields. Each page will also contain the space wherein the user can chat with each 

specific chatbot. See figure 7.2, figure 7.3, and figure 7.4. 

The project’s back end is the IBM Cloud, which is a cloud service. It hosts all the services that 

Watson provides, and once the chatbots became ready for deployment, all I had to do was use 

the embedment code that Watson provided in order to integrate the chatbot into my website. 

Since I developed three different chatbots, I made use of three different embedment codes. 

Below is an example of such a code in figure 7.5. 
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Figure 7.1 Main Page 
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Figure 7.2 General Health Chatbot Page 

 

Figure 7.3 Anxiety Chatbot Page 

 

Figure 7.4 COVID-19 Chatbot Page 
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<script> 

  window.watsonAssistantChatOptions = { 

      integrationID: "9fcd4e66-44cc-4563-90df-d9185c8c19ba", // The ID of this integration. 

      region: "eu-gb", // The region your integration is hosted in. 

      serviceInstanceID: "c009d4f3-a937-4851-882a-a1239e014751", // The ID of your service 

instance. 

      onLoad: function(instance) { instance.render(); } 

    }; 

  setTimeout(function(){ 

    const t=document.createElement('script'); 

    t.src="https://web-

chat.global.assistant.watson.appdomain.cloud/loadWatsonAssistantChat.js"; 

    document.head.appendChild(t); 

  }); 

</script> 

Figure 7.5 Embedment Code 

The project does not require a database, as there will first of all be no need to authenticate the 

user. The website is made in such a way that users can just enter and immediately use the 

service. The program will not store any data, as the core functionality of the website is hosted 

on the IBM Cloud. Some of the information provided by the user such as gender, year of 

birth, and symptoms are not in need of being saved, as this data is needed only to provide the 

user with a diagnosis. The other two chatbots will take no information from users and will 

only provide them with information. 

8. Future Work 

This project has many aspects to it that can be realized given time and money. It would 

definitely be possible to push this project much further if I were able to use the premium 

features of the API Medic and of Watson Assistant. By purchasing the premium features, it 

will be possible to: 
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• Train the model for an unlimited number of times. 

• Create any number of dialog skills that the chatbot assistants can make use of. 

• Create more than just two collections in the Discovery service which would allow me 

to add quite a few other specialized chatbots. 

• Publish the website. The reason why it is not suitable for deployment is that the free 

version of API Medic only allows 100 API calls per month. If my web service gets a 

number of visitors then, at some point, the users will not be given any medical related 

information from the API. 

Other future work would also include: 

• The software will allow for the addition of new specialized chatbots periodically. 

• The software will have a feature that would connect users to a ‘friend.’ A friend would 

be a live person that the user could chat to just to blow off some steam, or to have a 

conversation with, or even to seek advice and motivation from. 

• The chatbots will be integrated into social media platforms such as WhatsApp and 

Facebook Messenger. 

• The software will be made available as a mobile and desktop app. 

• The chatbots will be able to support conversations in French, Spanish, and German. 

• Each chatbot will be given a personality. 

• The dialog of each chatbot will be improved: 

o Will add nodes that reinforce the user (e.g., You are doing well, keep it up). 
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o Will add nodes that express compassion and encouragement in relation to the 

issue that the user has mentioned. 

o The chatbots will be able to give advice. 

o The chatbots will be able to hold conversations with the user. 

• The chatbots will be able to recognize voice input: 

o The chatbots will be given a tone analyzer feature for sentiment analysis. 

• The chatbots will each be given their own unique voice with which they can use to 

communicate with. 

9. Conclusions 

The project’s main aim has been achieved and, thankfully, it has even gone beyond what was 

expected. The initial goal was to have one chatbot specialized in the domain of anxiety, but I 

was able to create three chatbots each serving their own purpose: one that provides users with 

information of over 200 health issues and even makes diagnosis based on symptoms; one that 

specializes in anxiety; and a third one that specializes in COVID-19. The project grew and I 

was able to maintain and manage that growth.  

The final project meets all the requirements that was set out for it. It is able to diagnose, 

provide information, and even search the web for information that it does not have within its 

knowledge base through the web crawling feature. The chatbot services are able to continue 

the dialog without breaking down if the user enters incorrect values or sentences that the 

chatbot does not understand. The chatbots are smart, flexible, and do what they have been 

developed to do. 
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The constraints considered for this project is that I had to use the lite version of most of the 

technology enablers. This put a limit to the training of the custom machine learning model, to 

the number of skills that can be created for the chatbot (in turn limiting the number of chatbots 

that can be made), and to the number of web crawling collections that can be created (also 

limiting the number of specialized chatbots that can exist). Another big constraint is the API 

Medic that only allows 100 calls per month, which makes it impossible to deploy and publish 

the website for use by the public. The premium version would be necessary, as unlimited calls 

is what is needed for a program that is directed to the public.  

Through developing chatbots I learned more about the art of conversation, how to direct it and 

manipulate it. Of course, this is more complex and thought provoking than I had initially 

imagined. I spent hours trying to figure out how the flow of conversation should move, and 

how to make it user friendly and welcoming. The learning experience was also interesting as I 

used a plethora of different services and integrated them all into one software, each aspect 

providing the entire software with powerful AI capabilities. This is indeed a great possibility 

in our time, to be able to use and integrate many state-of-the-art AI models to create software 

that is beneficial to the people of the world. This is something that this project has allowed me 

to comprehend. 
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