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Abstract

Many large companies have shown tremendous interest in chatbot development and its use
lately. With most of the tech giants providing their own platforms of development, many de-
velopers have jumped into developing a plethora of chatbots. However, studies have reported
that most of the chatbots have caused displeasure to many survey participants. The design
procedure of chatbots or CUIs in general thus still remains a bit unclear and thus is an area
which needs significant research. To enhance such a research space which studies how design
characters impact user experience, we need good tools which let researchers prototype chat-
bots quickly. Existing chatbot prototyping tools get too bulky with loads of features and thus
are difficult to adopt. Also, most of them don’t facilitate easy integration to other platforms
and thus negatively affect the overall user experience. The scope of this research was to study
the requirements and expectations which chatbot users have had. This in turn helped us ex-
plore the design of an NLP enabled chatbot prototyping tool. The research outcomes helped
us develop a chatbot prototyping tool that helps researchers prototype chatbots with ease.
The prototypes created can be integrated to any experiment workflow. The easy integration
will let users interact with the chatbots in the same survey setup (e.g. Qualtrics) without
having to move to another platform. We evaluated the tool developed for various scenarios
and domains which have majorly seen the use of chatbots and were able to successfully create
sample conversation in these domains.
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1 Introduction

1.1 Background

Since the development of world's �rst chatbot (ELIZA) in 1966 (6), there was very little

development in the years that followed. With advancement in the �elds of NLP and AI in

general, chatbots �nally gained limelight again after around 2016. There were huge numbers of

chatbots developed using di�erent platforms. Facebook reported 300,000 chatbots developed

by CUI developers in its platform only in the year 2018 (7). However, soon after that,

the world witnessed a shift to Voice User Interface (VUI) with the emergence of Intelligent

Personal Assistants (IPAs) like Siri, Google Assistant etc. Due to this shift, chatbot � which is

described as a software program using which a human computer interaction can be carried out

in Natural Language (mostly using texts) � still remains an area which is very underexplored.

In (8), Dave Feldman, the then Design Manger of Facebook Messenger Platform suggested

that lack of documentation and best practices knowledge transfer by major tech giants who

created chatbot development tools could be a reason, which led to bad chatbot designs being

made. There is a lot of research evidence which insists that the CUI design process is quite

di�erent than that of GUIs (Graphical User Interfaces) and is complicated as well. Hence, to

formulate standards in the CUI design space, researchers need to have right set of tools, which

would help them quickly and easily prototype di�erent chatbots with fairly di�erent design

characteristics, so that user experience could be evaluated for each of them. The presence

of such tools is very scarce today. The ones which are present have got a steep learning

curve and also, with the plethora of `good-to-have' features they provide, using them feels like

developing a chatbot more than prototyping one. Thus, the existence of such a tool which

facilitates rapid prototyping of chatbots design will speed up the research process and will add

e�ciency to the process.

1.2 Motivation

We have already explained in the sections above how the craze for chatbots development has

increased over the years and how chatbots have become a huge part of how we interact with
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di�erent platforms today. Designing conversation is indeed a complicated interpretation task,

as mentioned in (9). Unlike GUI, we don't explain users how to use this or how to interact

with the interface. The ask here is rather to interpret what the intent of the user is and then

adapt to it on the go. To get the basics of such designs clear, there is a lot of continuous

user feedback needed. People have tried to solve this problem by chatbot prototyping tools

(10, 11). However, the existing tools have a whole lot of features which make the platform

very complicated. This implies that there is a steep learning for any developer to be able to

develop chatbot prototypes from these platforms. The sophisticated features do add value

to the �nal product, but the added complicacy de�es the very reason of their existence. It

sometimes feels like actually developing a chatbot rather than prototyping one. The best way

the prototypes can be used, is by getting embedded into other platforms where the research

survey is being carried out. However, existing tools lack this capability. Mostly due to their

`X-Frame-Options' response header set to `SAMEORIGIN', they prevent their webpages to

be embedded onto other platforms. Generally, X-Frame-Options (Now obsolete and replaced

by `Content-Security-Policy' HTTP header's `frame-ancestors' directive) is used to decide

whether or not a response page should be allowed to be rendered inside an <iframe> or

<embed> tag. When set to `SAMEORIGIN', the response page can be embedded onto other

pages which have been hosted in the same domain. This particular directive of the existing

prototyping tools prohibits the chatbots to be embedded into any experiment platform. As a

result of which, the users may need to navigate to other platforms to interact with the chatbot

and then navigate back to the experiment �ow to be able to answer the survey questions.

This proves to be a bit of a hassle for the users. Thus, the research outcome will help us

design a tool that will:

ˆ Facilitate seamless integration

ˆ Provide Ease of Development

ˆ Have very limited design e�ort

1.3 Problem Statement

As mentioned above, while designing a chatbot, there are a lot of design decision that a

developer needs to take. This includes (but not limited to) deciding what could be the

appropriate response to certain text, what would be the domain of the chatbot, whether

the chatbot will store the conversation context or not, whether or not to add personi�cation

to a chatbot etc. These design decisions combined together make the whole chatbot design

process way more complicated than it initially is anticipated to be. Along with this, while doing

research on chatbots, researchers do need users to interact with di�erent chatbot designs.

The feedback so received helps them come up with CUI design principles and helps better
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understand how design characteristics of such interfaces can impact the user experience. For

them to be able to study implications of di�erent designs, they need to quickly design multiple

such prototypes with ease, which the users can later interact with. Currently, the availability

of such tools is limited and the ones that are present do not su�ce the needs of researchers

with respect to points mentioned earlier in this report. This is where the need of such a tool is

felt, which would let researchers quickly protype multiple such designs having di�erent design

characteristics. Having the ease of use is one of the main factors that users would look for in

such a tool. This tool in turn will help them get research outcomes that will derive standard

design principles for such Human-to-Computer interactions and overcome some of the major

design challenges as mentioned below (7):

1. Di�culties and complications in tasks � When chatbots are designed for speci�c tasks, it

gets really di�cult to be able to address all the possible use cases. Once the development

starts, the task may turn out to be much more complicated than it was expected to be

(e.g: Booking an appointment for a patient with a dentist). The requirement gathering

of such developments is thus not as straight forward as it may be for a GUI development.

The ideal way of doing it should be an iterative process.

2. Di�culties and complications in Conversations � The �ow of a conversation can never

be just one de�ned way. Since here we are talking about human-like conversations, we

must acknowledge that such conversations will hardly ever be uni-directional. They may

go back and forth, in circular loops, ask for clari�cations or many other ways.

3. Natural Language is complicated � Even though the advancement in NLP, natural lan-

guage understanding still remains a tough task and gets tricky to match user expecta-

tions. When the chatbots try to have the conversation using Natural language (mainly

through text), the key di�culty is to understand the user's intent in the absence of

gestures, tones and expressions.

4. Too many platforms to design chatbots � Having many platforms to develop chatbots

can sometime lead to confusion. It becomes very crucial to study the capabilities and

lacunas of all such platforms to �nd one that matches the requirements. Thus, having

the requirements properly de�ned in turn becomes vital. Also, having the best practices

drafted for such platforms is very important for easier adoption of such platforms by

developers. The absence of which, may result in bad designs being developed and in

turn poor performance of chatbots.

5. Whether to add a personality or not? � Personi�cation of chat bot adds dimensions to

the interaction and makes it much more interesting and human-like. However, as soon

as it is done, the expectation of end-user increases. Users would expect to get more

human-like sensible answers to questions. The scope of having errors in interpretation

decreases signi�cantly in such cases. Also, if the personality of the user doesn't match
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the personality of the chatbot, it can cause severe displeasure (3, 12).

Rest of the �ow of this document will start with a bit of Literature Review. We will go

through existing studies to set a base for our research. This will help us understand the

evolution of chatbots, user-expectations, and challenges associated with them. We will then

use the knowledge gained along with a bit of reverse engineering to derive the requirements

of our tool. The Design Process will demonstrate how the design of the tool was �nalized

in multiple iterations. It will talk about some of the major design decisions taken during the

course of this research and development. This will be followed by the engineering choices

made for the tool. This part will elaborate on how such a tool, when publicly published

can ensure scalability and availabilty. After which, we will evaluate the tool by prototyping

multiple chatbots from di�erent domains discussed in the document. We will see if such a tool

can �t into di�erent domains e�ciently by having sample chats from such common domains

like healthcare, entertainment etc. implemented. The report will �nally have the Discussion

and Conclusion sections which will re-iterate on the �ndings, implication, evaluation results,

limitations, and potential future work.
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2 Literature Review

What is a Chatbot?

A Chatbot is a software solution which tries to mimic a conversational agent. The agent

generally exchanges dialogs with the users in a certain context (e.g.: Travel, Shopping, News,

Entertainment, Leisure etc.) using natural language (1). Generally, conversation with chatbots

is done through text-based interactions. However, the domain may further expand intelligent

personal assistants like Apple's Siri, Amazon Alexa etc., where the mode of conversation is

usually verbal.

Designing Chatbots

As mentioned in (9), designing chatbots is more of an interpretational task rather than an

explanatory one like in the case of GUIs. A chatbot is supposed to serve the user what-

ever he/she wishes to know/do, in contrast to developing the interface and explaining the

user how to use it, as in the case of GUIs. It is very sad to realize that there is not

much resource available today to learn Conversational Designs. Even though we have seen

a signi�cant rise in the number of chatbots being developed over the years, research on

chatbot designing in particular has had very less visitors. Other than some of the tech gi-

ants publishing their guides to design Chatbots using their platforms like Google (https://

developers.google.com/actions/design/ ), Apple (https://developer.apple.com/

design/human-interface-guidelines/technologies/siri/introduction/ ), IBM (http:

//conversational-ux.mybluemix.net/design/conversational-ux/ ), Amazon (https:

//developer.amazon.com/designing-for-voice/ ) etc. there are very limited resources

that establish a standard way of designing and developing such interactions. It is because of

this reason that chatbots users have shown displeasure more often than not.
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Classi�cation of Chatbots

In the absence of a standard way of classifying chatbots, people through their experiments

have tried to classify chatbots with respect to di�erent perspectives. The most basic way of

classifying chatbots is based on the domain they have been built for. The most prevalent ones

include consumer goods, health, �nance, media, food and beverage, travel, social, general

utilities etc. Along with this, (1) classi�es chatbots based on 2 major dimensions. The �rst

one being the `Locus of Control' and the second one being the `Duration of Relation'.

Figure 2.1: Classi�cation of Chatbots (1)

It says, unlike human-human conversation where both the participants generally contribute

equally to the conversation, interaction with chatbots generally involves one party taking

the control and thus deciding the �ow of the conversation. Based on this fact, dialogs

with chatbots can be classi�ed into `Chatbot-Driven Dialog' and `User-Driven Dialog'. The

chatbot-driven dialogs are generally presented by scripted chatbots where there are limited

branches and thus the ways of interactions and in turn, ways in which the conversation can

�ow are pre-de�ned. On the contrary, when the user is given a higher �exibility and the

conversation is kept open ended, the dialog can be termed as a user-driven dialog. This is

traditionally more di�cult to achieve than that of the chatbot-driven one mostly because of
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the fact that the variety of user input becomes very high and thus correctly identifying user's

intent becomes challenging. Based on the second dimension on classi�cation, a conversational

dialog can be classi�ed as `Short-Term Relation' and `Long-Term Relation'. In the case of a

short-term relation, the aim is not to preserve the minutes of the interaction and is generally

intended to be a sole task-based one. Whereas, for long-term relations, the chatbots try to

save context of conversations along with other user information which can then be used to

personalize the interaction.

Chatbots' History and Progression

Ever since the emergence of ELIZA � a text messaging based conversational agent (6) in 1966,

the idea of having a Conversational Agent which can mimic a human and talk to other humans

was already set. However, improvements in the Graphical User Interfaces (GUI) space made

itself a comfortable and hence the chosen way of interacting with computers. This made both

users and researchers stick to the GUI space and thus there was not much development seen

in the CUI space. Not until the years of 2015-2016 and thereabouts did Conversational User

Interfaces (CUI) receive signi�cant attention. With the emergence of conversational assistants

(like Siri, Alexa, etc.) and them being embedded into personal smart devices, the need to

interact with Computers which were more `human-like' was felt. Since then, the research and

development in CUIs has been tremendous. To add a �gure to it, in the year 2018, there were

300,000 chatbots developed by CUI developers using Microsoft and Facebook's platforms and

the older Pandorabot platform hosted over 200,000 chatbots (7). The idea of having chatbots

handle task-based conversations like customer queries, managing orders etc. did look like a

feasible way of letting computers do the redundant work and let the intelligent workforce

engage in doing other more important tasks. From an end-user perspective, this new way of

asking queries or placing orders was fancy and at times much more interesting than having to

talk to an Interactive Voice Response (IVR) system. As mentioned in (7), below are some of

the Gartner predictions:

ˆ �By 2020, 80% of new enterprise applications will use Chatbots.�

ˆ �By 2021, most enterprises will treat Chatbots as the most important platform paradigm;

and `Chatbots First', will replace the meme `Cloud First, Mobile First'.�

ˆ �By 2021, more than 50% of enterprises will spend more per annum on bots and chatbot

creation than traditional mobile app development. Individual apps are out. Bots are in.

In the `post-app era', chatbots will become the face of AI....�

ˆ �By 2022, 85% of customer service interactions will be powered by chatbots.�

However, after the boom in chatbots development, there was a countertrend that was seen. In
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2017, Facebook reported that 70% of the chatbots developed in its platform were not able to

ful�ll the users' needs (13) and thus were not found useful. In 2017, a survey was conducted

(14) which asked 54 people to interact with a chatbot for a week. The chatbots used in

the survey included Apple's Siri amongst other task-based chatbots developed to accomplish

various needs like ordering food etc. This study suggested that the users were not satis�ed

with the chatbots' performance and thus their expectations were not matched. The downsides

reported by them included undesirable noti�cations, decreased/similar e�ciency, slow replies

among others. Many such studies during that phase contributed to the idea that there was

something wrong in the way the chatbots were being designed and it did clearly indicate that

there was still a lot of scope for research in this particular area. Later in 2018, Dave Feldman

who was himself associated with Facebook chatbot platform published an article (8) which

was titled `Chatbots � What Happened?'. In this article he did an analysis of what exactly

could be the possible causes of the displeasure that chatbots caused. In his article he quoted

the statement of Digit's founder and CEO, Ethan Bloch - �I'm not even sure if we can say

`chatbots are dead,' because I don't even know if they were ever alive.�. Following this, he

concluded that some of the major reasons could be Complicated Platforms, Di�culties in

conducting conversations. He clearly mentioned about the lack of design knowledge among

the chatbot developers and rather insisted that tech giants who launched chatbot developing

apps should also have hired mentors to educate developers on how to use their platform and

how to design such an interface. Fast-forward few years to 2022 and we see that modern

assistants are being designed to support not just task-based use cases but also a varied range

of other conversations. Developments in the �eld of AI and NLP in particular have made these

assistants better in the way they interpret input's semantics, give an impression of an arti�cial

pleasant persona, infer the user's intent etc. However, this has also led to increased user

expectations and thus adding complications to the already complicated process of designing

such interfaces.

Existing Tools

Lately, the need for having good tools has been felt and there have been many proposals

of such prototyping tools both in the academia as well as in the industry. However, there

is very little validation for most of them. As also highlighted in (15), there are very few

which have been adopted in the industry. Botmock (10) is one such product which helps in

designing conversational �ows. Founded in 2016, Botmock started its journey pretty much

during the time when conversational interfaces were gaining popularity. With lack of resources

for developers to rapidly build and test conversational designs, CUI developers were directly

using heavy tools like IBM Watson or DialogFlow, as mentioned in (16). It has a drag-and-

drop interface which lets its users prototype CUIs. It was recently acquired by Walmart,
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which intends to use it �conversational commerce�. The next tool we can look at is RASA

(17). It is an open-source framework which lets its users build AI powered text and voice-

based chatbots. It supports Level-3 AI, which means the chatbots developed using RASA

can understand context and process any change in them. All the features that it provides,

makes it a very powerful tool where anyone can develop a chatbot. However, these tools

have a lot of scenarios to satisfy, and this results in an overloaded list of features that comes

along with them. This long list of features makes them bulky and thus it is not too easy for

someone to adopt these tools. Albeit there are tutorials published (18) to support its users,

learning the use of such tools and then adopting it does demand considerable amount of time

to be invested, which, for the speci�c scenario that we are trying to address, may make the

researchers' lives a bit di�cult. This is where a tool like the one we are proposing comes

handy. With availability of features which are just enough, but not more, researchers will be

able to quickly adopt the tool and right away start prototyping designs that they feel are worth

studying.
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3 Requirements Analysis

Like any other project, requirements gathering was vital for this project as well. Having

gone through the existing research works and then drafting all the challenges that researchers

generally face while studying design characteristics, I realized that it was very important to

take note of all the basic features that must be implemented in the tool. During my literature

review, I tried to search for research papers where surveys were carried out on certain groups

of users. There were multiple such studies where users were asked to interact with di�erent

chatbot designs having distinct design characteristics with respect to chatbot's personality,

domain, duration of engagement, etc. Going through the outcomes of these surveys did help

me understand the general user reviews, perception, and expectations from such chatbots.

These did help me derive the requirements for the tool and thus in turn would help provide a

better user experience to the users of the tool. Taking notes from these surveys, I found out

some of the most common user expectations from chatbots in general and tried to incorporate

those into the tool. Some of the notable ones are as follows:

ˆ Adding a human-like touch to chatbots will help sustain human-agent interaction in the

long run (3, 12), as it will give the end-users an impression to some extent that they

are talking to a human and thus in turn will help create a sustained relation of trust.

ˆ As per the studies, it was found out that user engagement with agents has generally been

for limited task-based conversation (12, 19). This might as well primarily be the case

because of the high failure rate of chatbots in conducting an open-ended conversation.

ˆ As fascinating and tempting as it may appear but personalization of chatbots can be a

clear displeasure if not done properly; a default nature of chatbots is thus a good and

safe starting point (3, 12).

ˆ The papers did list down some of the signi�cant domains where chatbots are currently

being widely used instead of dedicated workforce. Most prominent of them are News,

Travel, Shopping, Social, Game, Utility, Chit-chat, Entertainment (3).

ˆ While there are multiple ways a user response can be fed to the system during an

interaction like pictures, dropdowns, radio buttons etc., reportedly Buttons and Text

are the more common ways of interacting with Bots (3, 5).
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ˆ The e�ciency of a chatbot does depend on the domain it is being designed for to a

greater extent. Although the design process does need the domain to be considered and

well thought through, there are certain domains, which are less suited for chatbots (e.g.:

shopping. where the options that the user can choose from are many) as compared to

others which require speci�c answers (3). Some survey participants chose GUI as the

preferred way of interacting with such domains.

ˆ Purpose of chatbots should better be clearly de�ned in the description (3). Not every

chatbot user is well aware of all the functionalities that the chatbots might support.

During the survey conducted in (3), the participants didn't have any prior interaction

experience with chatbots and thus it helped conclude that in such case, the users tend to

expect much more from a chatbot and ultimately getting dissatis�ed as it fails to deliver.

Hence, having the expectations set by divulging the capabilities at the very beginning

of the conversation is ideal for the user as well as the chatbot's overall performance.

ˆ Some intelligence in the bot's response to user's text input is expected (3). During

some surveys participants reported that they would be more interested in having a

conversation with the chatbot if there was some sort of intelligence in the way the

chatbot interprets user input and delivers a response to that.

ˆ Having the failure cases handled makes the conversation easy (3). Some users reported

that, as it is normal for a chatbot to fail in some scenarios, it is better to either admit

that it failed to understand or process the user input or probably make up for it by

replying with a witty response like the one below as quoted in (3):

User's Question : �among the US 2016 presidential candidate, who is more popular?�

Bot's Response: �The one who has the greatest number of fans and friends.�

ˆ Having conversational context retained gives a pleasing experience to the end-user (3).

Sometimes for the user to engage in conversation to build long term relation, it is vital

that the chatbot should retain some of the conversational context. Like the one below

(3):

Context � The user told the bot that X was his friend and Y was his friend X's wife.

User's Question : �Who is Y ?�

Bot's Response : �X's Wife!�

3.1 Deriving Requirements from Samples

As mentioned earlier, one of the major user personae which could potentially bene�t from

such a tool is a HCI researcher, who needs to create di�erent chatbot designs and iteratively,
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keeps improving the designs by getting user feedbacks while establishing design principles.

Let's look at a hypothetical situation, where a researcher named `X' is working on a study

where he is trying to see how di�erent users are reacting to certain design of a chatbot in

the Travel domain. For the tool to be of use for him, he must be able to prototype a sample

conversation. So, if we do a bit of reverse-engineering here and have a sample conversation

derived in the travel space, we will be able to get the requirements from that. We can in-detail

go through the conversation to see how the responses are being used, what could be their

potential types, if there is a pattern in the way the conversation panes out, what are the ways

in which such a conversation may start, how would a bot want to end the conversation, what

would a traveler using the travel enquiry chatbot expect. Having answers to these questions

and many more will de�nitely get us closer to getting the requirements drafted. If we are able

to do this drill for multiple domains, we might just establish a commonality between that,

which in turn will help us derive a general set of requirements. In the anticipation of the

above process to yield results and help us get the requirements gathered, we fetched some

sample conversations from the Internet, some from the papers, and for some domains, we

even tried to draft a sample conversation ourselves. This way, it was easy to understand the

key features that any conversation could potentially require. The way the conversation would

�ow, the way the responses were drafted and the way the repair paths were executed would

help me understand the runtime scenarios of any conversation better and thus in turn would

help me design them better. Let's go through some of the sample conversations:

Figure 3.1: Example conversation for the Basic Chatbot (2)

Figure 3.1 is an example conversation present in (2). Here, the publisher has created a chatbot

name `Diarybot' on one of the most popular messenger apps in Korea called KakaoTalk. The
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idea was to have a chatbot help users in expressive writing in mental health. They implemented

2 di�erent versions of the chatbot. One would have a basic chat implemented whereas, the

other will have a responsive way of chatting with the users. It would follow-up on the user's

response with open-ended questions. A sample conversation of the responsive chatbot is

depicted in �gure 3.2.

Figure 3.2: Example conversation for the Responsive Chatbot (2)

The next one has been referenced from (3). Here, the presenters have tried to present how

a sample interaction with a chatbot might look like when used in the context of a Hotel

Booking, which is a popular domain where chatbots have been used.
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Figure 3.3: Sample conversation showing all the interactive elements of a chatbot (3)
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In �gure 3.3, we can see that there were multiple ways in which interaction with the chatbot

was done like Text, Button and Carousel.

The next sample has been taken from (4), which is of a chatbot that has been designed to

be an exercise advisor for adults. The study later concluded that the use of a chatbot to keep

track of the physical activities the user was involved in and advise the users on their exercise

routine did help the users and was liked and accepted in most cases. Figure 3.4 demonstrates

a partial sample conversation of the agent with the user.

Figure 3.4: Sample conversation of the agent with a user from (4)

From �gure 3.4, we can see that most of the user responses were of the form of text input, and

it would be di�cult to �t these scenarios using buttons or pictures. Also in this conversation,

we can see that the chatbot saved the conversation context and the same was used throughout

the course of the conversation.

Next, we will look into a scenario where the researchers tried to check the impact of humor

in persuasive messages. They believed that adding humor to certain conversations would

increase the e�ectiveness of motivational counselling done by virtual agents. A sample script

from the same study (20) has been presented in �gure 3.5
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Figure 3.5: A sample script from a humorous virtual agent's interaction with a user for mo-
tivational counselling [8]
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The next one is taken from (5) where a chatbot called `Vincent' was implemented. The study

aimed at analyzing user behavior towards a care receiving chatbot as well as a care-giving

chatbot and thus get an idea of how users themselves wanted to be treated based on the

theory of `Reverse-Psychology'. Illustrated in �gure 3.6 is a sample conversation of the care-

receiving Vincent with a user.

Figure 3.6: Sample conversation of care-receiving chatbot trying to express a situation
where it faced embarrassment to the user (5)

Finally, in �gure 3.7, I would also like to illustrate another sample conversation which I tried

to derive myself in the context of �ight booking, which again is a popular domain which has

seen chatbots being deployed. Here, we have tried to illustrate how a conversation can �ow

into 2 di�erent directions and thus have 2 completely di�erent user intent.

In the �gure 3.7, we can see that the customer who had booked a �ight ticket wants to get

a refund of his ticket as the �ight ticket was cancelled for some reason. We see there are
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Figure 3.7: Sample conversation with a chatbot in a Flight Booking context

multiple response types like Buttons and Text. Also, we can see that there were repair paths

in case the validation rules fail. When the Booking ID entered by the user didn't validate to

an authentic booking id, the chatbot responded with a message and routed back to the same

question again using a repair path.

In �gure 3.8, we show a �ow of the same conversation where the user wants to re-schedule

the booked �ight. Here the user intent is completely di�erent from the 1st one. Here, we see

date entries as an additional user input type. Also, the conversation shows use of multiple

follow-up questions to be able to accomplish the task asked by the user.
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Figure 3.8: Sample conversation with a chatbot in a Flight Booking context
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Having gone through all the above-mentioned literature and the sample dialogues and multiple

iterative feasibility analysis, I could �nalize the below mentioned functional requirements for

the tool. Since the tool has 2 major phases of chatbot creation, `Design Phase' and `Interaction

Phase', I have de�ned requirements for each of the 2 phases separately.

3.2 NLP Requirements

In some of the research work that I went through, I found out that most of the survey

participants wanted to have text inputs so that they have added �exibility in the way they

interact with the chatbot and also, the chatbots to have some sort of intelligence rather than

just being a scripted bot when it comes to processing the text inputs. This would give a better

user experience and to some extent, it will also provide an ease of access to the users. After

a lot of brainstorming around the feasibility, adaptability, and integration of many Natural

Language Processing capabilities, I could come up with 2 di�erent approaches which would

add intelligence to the chatbots.

1. Semantic Matching : When scripted bots are made, in the runtime paths are chosen

based on user input's keyword match or the whole text match. The engine will generally

look for some keywords in the user's input and if found, it will execute the path accord-

ingly. If no match is found, it will execute the repair path. When implementation is done

this way, the chances of keywords match is much less as the end-user is oblivious about

the con�gured keywords and since natural language has multiples ways of conveying the

same intent, it adds to the di�culties. Hence, the repair path will get executed more

often or in some cases, a bit too many times for the end user's liking. To tackle this

scenario, I found Semantic Similarity could be used. Semantic similarity doesn't just

look for a keyword match, it compares 2 sentences to check if they have similar meaning

rather than just looking for same keywords. The tool can provide �exibility to the user

to decide whether or not he/she wants to use semantic similarity and thus it can be

con�gured during the design time. If con�gured to `Enable', in run-time, user inputs to

those nodes would be passed to the back-end server to check if the semantics of the

input matches any other sentences con�gured during the design time and accordingly

take the further path. The sentences can be converted to Embeddings using Sentence

Transformers. A word embedding is basically a vector representation of any word. Thus,

the input text's vector can be matched to the con�gured texts and based on their cosine

similarities, the path ahead can be decided.

The illustration in �gure 3.9 will provide more clarity on how this technique can be used

in integration to the tool:

In �gure 3.9, we can see after the �rst chatbot response `How can I help you?', the
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Figure 3.9: Illustration of Semantic Matching

designer con�gured 2 di�erent options `Book a Flight' and `Reschedule Booking' and

their respective paths thereafter. In the run-time, when user enters `I want to amend my

booking' which wouldn't directly match either of the con�gured options, however still

path-2 would be executed as the user semantically matches the 2nd option `Reschedule

Booking'. In this case, even though the user was unaware of the exact con�gured text,

he was still able to go ahead in the happy path of the conversation. Another complexity

in this case is whether either of the con�gured options is a good match of the user's

response. If neither of it is a good match, the tool needs to execute a repair path and

ask the same question again, anticipating a more informative response. To implement

this, the tool can have a con�gurable THRESHOLD value. This can be set by the

designer while designing the chatbots. If the cosine similarity of any of the con�gured

options matches at least by the THRESHOLD value, then only it will be considered

good enough a match of the user input. Anything less than that would trigger the

repair path.

2. Entity Extraction : In quite a few surveys, we did see that having the context preserved

did give better user experience more often than not. This adds mor human-like feels

to the whole conversation. With an intention to do that, I researched on using entity

extraction as a part of the conversation. Extracting key entities from the user's response

and being able to use them in the bot's question/response that follows will give an

impression of a short-term context re-use. For e.g.: in the context of a food ordering

chatbot, if the user says, `I want to order a pizza for lunch', the chatbot can extract

the key entity `pizza' in this case and re-use that in the follow-up question as `Which
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pizza would you like to have?'.

Figure 3.10: Illustration of Entity Recognition

For the integration of Entity Extraction with the tool, we can see in �gure 3.10 that

after the �rst Bot Response `What do you want me to do?', the user con�gured an

option with entity extraction along with its fallback text. In this case, the user input

is will be sent to the backend server to extract all the entities based on their weights

using the TFIDF vectorizer. And match all the extracted words (`Book', `Flight' and

`London' in this scenario-1 and just `Book', `Flight' in scenario-2) to the type of entity

set during the con�guration (`City' in this case). When there is a match found, the

same entity gets used in the follow-up question (like in scenario - 1). If no such match

is found, the fallback text gets printed (like in scenario - 2) and accordingly the path

follows.

3.3 Drafting Requirements

All the samples and example conversation �ows discussed above did give me a lot of clarity with

respect to the expectation from the tool. The insights learnt from the literature review, the

sample conversations illustrated and the self-drafted conversations mentioned above helped

me �nally draft the requirements for the tool.
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3.3.1 Design Phase Requirements

ˆ Enable the user to create a conversation ladder having multiple paths in the design time.

ˆ The Design time should be an easy drag and drop interface where user can add di�erent

types of User/Bot response nodes.

ˆ The Response nodes can then be connected to each other by dragging from the source

node and dropping to the destination.

ˆ The link creation must have validations in place so that there are no erroneous links

created.

ˆ User must be able to con�gure the NLP functionality for the user nodes during the

design time.

ˆ User must be able to save the design created as a JSON, which later gets translated

into a chatbot.

ˆ The default user response types that the tool must support are Text, Buttons and

Yes/No type.

3.3.2 Interaction Phase Requirements

ˆ During the runtime, the saved JSON is parsed, and the conversation tree is created.

ˆ Chat window is then rendered with the chatbot's, and the user's responses aligned on

either side of the window.

ˆ Small delays are added to the Chatbot's responses to add human-like touch to the

conversation.

ˆ Each of the user response type has its own visualization based on the type of response.

ˆ Text type responses must be checked for semantic similarity if the same is con�gured

during the design time.

ˆ Semantic similarity failure scenarios to be handled and the appropriate repair path must

be executed.

Having drafted the basic requirements, I tried to create a conversational �ow which would

mimic my design-time tree. The same has been illustrated in �gure 3.11

In �gure 3.11, we can see that the conversational tree above has all the requirements incor-

porated as mentioned earlier in the `Design Phase Requirements' sub-section of this section.

We can see implementation of di�erent response types like Buttons, Yes/No, Text. We can
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Figure 3.11: Sample conversation �ow in the Design Time

see intelligence in the form of semantic similarity. We can also see exception handling being

illustrated in the form of repair path.
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4 Design Process

The design process of the tool can mainly be divided into 2 parts. One is the Interface design

and the other one being Engineering design. In this section, I will try to explain the design

choices made throughout the process and the reasons for the choices made.

4.1 Interface Design Process

The aim of the interface design process is to come up with an interactive design that can

incorporate the basic requirements listed above. The �nal design will also try to have scope

of further extension with minimum design changes. First of all, I started the design process

by drafting a rough sketch which had all the basic features in it. The sketch looked as shown

in �gure 4.1

Figure 4.1: Rough sketch of Design-time Interface

The leftmost pane in the sketch is a navigation menu which would basically have 2 di�erent
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menu items. One would be the `Node Attributes' this (when expanded) would basically have

all the di�erent types of nodes that the tool would support. The other one would be the `Link

Attributes' item. This would be used to create links between any two nodes. I planned to

have a `Start Node' which would indicate the start of any conversational �ow and an `End

Node' would denote the end of every branch in the conversation tree. For the User Nodes, the

idea was to have Yes/No, Text, Numeric and Button type response nodes. In the conversation

tree, we can see that the user text response node can have some pre-de�ned texts and a path

for each of them respectively. The same is the case with a button type node. There would

be di�erent button labels con�gured in a button type node and each of them would have a

path attached to it. In the design, for the Link attribute menu item, we can see that there

are 2 types of link attributes that any use could select. The �rst one be a forward path or

as may also be called `the happy path' and the other one being the Repair path which would

get executed in case of any error or mismatch at that particular node. Figure 4.2 shows the

integration of the design-time interface with the run-time interface:

Figure 4.2: Design-time and Run-time Interface Integration

Figure 4.2 depicts how the design time tree translates to the runtime �ow. It shows a part

of the tree where a text type user node has been shown. The node has 2 di�erent options

con�gured (1. I want a Refund. 2. Re-schedule) along with another default faulty/unexpected

response. Each of the expected responses con�gured have a path attached to it and the faulty

response has a repair path attached to it. At this stage in the runtime, if the user enters `I need
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my money back' or `I want a date change', the user input will be sent to the NLP engine to be

converted into vectors and the cosine similarity of each of them would be calculated with the

pre-de�ned texts (In this case, `I want a Refund' and `re-schedule'). If any of the comparison

has similarity more than the con�gured Threshold, its path gets executed otherwise the repair

path gets executed. Taking notes from this stage, I then drafted a more presentable and

a closer representation of what the actual User Interface (UI) may look like using a Figma

design. [Note: Figma (21) is a powerful graphics design tool which lets users create UI designs

of Web-apps, Native Apps, Logos etc. It has a plethora of plug-ins available which lets users

create beautiful designs and have the UI design draft ready much before the implementation

starts.] Presented below are the Figma designs of what the UI may look like:

Figure 4.3: Design-time Interface Prototype

In �gure 4.3, we can see that the rough sketch has translated well into a more practical design.

The collapsible navigation bar has got all the attributes illustrated along with a logout button

(In case, user management is implemented). Figure 4.4 will demonstrate and explain how the

NLP con�guration integration happens with this design.

Figure 4.4 shows the Text type user node in detail. This is where the NLP con�guration is

supposed to be done. On the left-hand side of the diagram, we can see a basic user text

response node. It has a drop down which says `Select NLP Options'. This will have `Entity
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Figure 4.4: Design-time NLP Integration Prototype

Recognition', `Semantic Matching' and `None' as option values. By default, its value will be

`None'. In which case, the user can add multiple text options and their respective paths to

the node and an exact match of these options will be checked in the run-time.

However, as shown to the right of the picture, if the user selects `Entity Recognition' as the

type, then dynamically a new dropdown will appear which will let the user select the `Corpus

Type', which basically will be the type of entity that particular node is concerned about. The

next bot responses attached to such a node can use the extracted entity as a part of the

response by using the `Insert Entity' button.

After this stage, I did a bit of re-engineering to discover that there are better ways to implement

the link connection. Rather than having that as an attribute, we can directly hover over the

involved nodes and drag either of them to create a link. Figure 4.5 shows the screenshots of

the actual tool taken from the design time and the run time.

In �gure 4.5, we can clearly see that the design prototyped earlier has translated nicely into

the live product. Along with all the features mentioned in the earlier prototypes, the actual

design of the product has a new `Save Flow' button, as can be seen in the navigation bar.

The functionality of this button is to save the design-time conversation tree in the form of
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Figure 4.5: Design-time UI Mock-up of the Final Product

a JSON to the local system, so that the same can later be read and parsed to create the

chatbot interaction. Let's have a look at each of the node types in detail.

4.1.1 Design-time Node Designs

Bot Response Node

With the Bot Response Node (Figure 4.6, there will always be a single textarea type input �eld,

where the response of the Bot for that particular stage can be saved. Additionally, we can see

to the bottom right that there is a prompt which says, `Please Save'. This prompt appears

every time there is an unsaved change in the input �eld of the node. The prompt indicates

that the unsaved changes must be saved using the `SAVE' button so that the updated text

gets stored in the state.
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Figure 4.6: Bot Response Node

Yes/No Type User Response

Figure 4.7: Yes/No Type User Response Node

A Yes/No type of user response (Figure 4.7) is one of the simplest nodes of this tool. It

has 3 handles, 1 input handle and 2 output handles. The input handle will connect any Bot

Response node to the Yes/No node. Whereas the output handles create paths for `Yes' and

`No' options respectively.

Button Type User Response

For a Button Type User Response, the designer has the �exibility to select the number of
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(a) Basic Button Node (b) Adding Button labels

Figure 4.8: Button Type User Response

buttons that particular node is going to have. The same can be seen in �gure 4.8. To the left

side (Figure 4.8a), we can see that in the initial stage, the Button Type user response just

has the `Button Count' dropdown along with one incoming handle and the `SAVE' button.

As soon as the designer selects the number of buttons to be con�gured, the textbox type user

inputs and an equal number of output handles (one for each of the buttons) get dynamically

added to the node (Figure 4.8b). These textboxes can be used to add labels of the con�gured

buttons. Finally, similar to the Bot Response Type Nodes, we must save the text added to

the text boxes using the `SAVE' button.

Text Type User Response

(a) Basic Text Node (b) Con�guring Text for di�erent paths

Figure 4.9: Text Type User Response

The Text type user response node is quite similar to the Button type user response node with

a very few changes. Here (Figure 4.9), we additionally have a dropdown labeled `Semantic
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Matching', whose value by default is `Disabled' and can later be changed to `Enabled' by the

designer. If set to `Enabled', user input to this particular node in the runtime will be sent to

the backend server for semantic matching. If it is set as `Disabled', the runtime engine will

perform an exact text match rather. Other functionalities are similar to Button type nodes

besides the `Button Count' label as in the case of the button type node gets labelled as `Total

Fields' in the case of Text type user response node (Figure 4.9b).

4.1.2 Validation Rules for connecting Nodes

Along with the design decisions taken for the nodes, there were other aspects as well in the

design time to maintain consistency and integrity. To make sure that the designers by mistake

don't make designs that don't work, I had to place validation rules in place. This would

basically put checks to negative scenarios. The validations with link creations are as follow:

1. The `Start Node' must always be connected to a Bot Response Node. Whenever a

designer tries to create a link between a start node and a User Response Node, the tool

won't let this link be created. This is for the very basic rule that a chatbot interaction

will always start with the Bot greeting the user and describing its capabilities and not

the other way round.

2. A user node (be it of any type) can never be connected to another user node. This

validation was put in place because of the fact that a user response cannot follow

another user response without the chatbot intervening in-between.

This concludes the interface design process for the design-time phase of the tool. Now let's

look at the run-time phase of the tool. This is the interaction part, where the user actually

interacts with the chatbot created using the tool's designer. A sample conversation in the

run-time looks like as shown in �gure 4.10:

The responses are contained in rounded rectangle containers. The user responses are aligned

to the right side of the window while the Bot's responses are aligned to the left side of the

window. Di�erent background colors make a clear visual di�erentiation between the types of

the nodes. The color contrasts of the background and the text are maintained at 13.36:1 and

5.31:1 for the Bot's and the User's responses, making it WCAG level AA accessible w.r.t color

contrast.

Let's see how each of the user response types translate to run-time designs.
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