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Abstract. Modern conversational interfaces and chatbots are based on
the roots of decades of experimentation, research, and—more recently—
widespread adoption on online messaging platforms. However, implement-
ing an effective chatbot is not an easy task, in particular for non-technical
users. Over the last years, Google Blockly has been adopted by a variety of
software development tools—prevalently designed for children—proposing
a visual block-based paradigm as an intuitive and easy-to-use approach
to programming. In this paper the design of a Blockly-derived language
for chatbots is proposed, reconciling common conversational interfaces
concepts with block-based programming elements.

Keywords: Chatbots · Chatbot programming · Block-based program-
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1 Introduction

Chatbots have started gaining increasing attention over the course of the last
years, presenting a popular novel paradigm in how people interact with online
services, access data, are entertained [2], or read the latest news [1]. Most online
messaging platforms (including Facebook Messenger, Skype, Telegram, and Slack)
have added support for chatbots, which can be provided by third-party developers.
This allows users to exchange text messages with these external services just
as they would with friends and family, within familiar messaging applications
presenting a natural and easy-to-use interface. While chatbots have often been
described as a disruptive technology that could rapidly replace Web sites and
mobile applications altogether [14, 5], their growth in popularity has slackened
over the last years. Nonetheless, chatbots enjoy a vast potential audience thanks
to the popularity that messaging platforms have over social networks.

Software working through a text-based turn-by-turn dialog with the user
exposes a so-called conversational user interface (CUI), which provides sev-
eral advantages over mobile applications: instant availability, a familiar user
interface, platform independence, user identity support, discoverability, and a
functional communication system are common features of chatbots, making them
a practicable and fully-featured software distribution platform [11]. Due to their
conversational nature, chatbots are also increasingly considered as a natural
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software interface for both the elderly and children [15], especially in the form of
virtual assistants using spoken text (such as Amazon ‘Alexa’ or Apple ‘Siri’).

Even if most chatbots share common aspects and offer familiar interaction
modes to end-users, there is great variation in how chatbots are developed in
practice. Most of the chatbot development tools commonly available are however
intended for programmers or experts of CUI design. The strong technical focus in
chatbot development hinders the adoption of CUIs in software projects that can
be easily completed by young children, inexperienced programmers, or people
interested in developing their ‘coding’ skills with simple online tools.

In this paper a tool is proposed to close this gap: a Web-based service based
on block-based programming that enables non-experts and children to easily
design and implement conversational interfaces. After shortly presenting state
of the art CUI programming tools in Section 1.1 and block-based programming
approaches adopted in educational software in Section 1.2, the paper explores a
set of design aspects and proposes related solutions in Section 2.

1.1 Programming conversational interfaces

Chatbots are generally composed of several software components, among which
natural language processing (NLP) and text generation systems [7]. While many
NLP tools tightly integrate with chatbot platforms [3], chatbot development
is usually synonymous with programming a chatbot’s dialog manager (i.e., the
software component coordinating the conversation flow and providing appropriate
responses to the user’s input) [13].

Dialog managers can be implemented in a variety of ways. One of the more
popular examples in literature is given by AIML (Artificial Intelligence Markup
Language), which allows developers to express a chatbot’s response as a series
of templates that are selected based on simple pattern matching rules on the
user’s input. The language offers several advanced features, providing means
of subdividing the chatbot’s logic into topics, using variables, picking random
answers, or searching rules recursively [16]. Other software development kits
for chatbots adopt a general-purpose approach, which allows developers to
implement a chatbot’s logic in code. This imperative style, seen for instance
in Microsoft’s “Bot Framework”1, provides the greatest degree of freedom in
defining the bot’s behavior at the cost of increased complexity. Other dialog
toolkits using probabilistic rules or custom domain-specific languages have also
been developed [12, 6].

In general, all these approaches either require that the developer is fluent
with a common programming language, is able to distill a chatbot’s logic into
rules, or knows how to express the dialog manager’s behavior using a declarative
domain-specific language.

Other commercial online services, such as FlowXO2 or Recast.AI3, are de-
signed to offer a simple interface to design common chatbot conversations without

1 Previously known as “Bot Connector”, see: https://dev.botframework.com/.
2 See: https://flowxo.com.
3 See: https://cai.tools.sap/.
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previous technical knowledge. However, these tools present an inherently con-
strained set of options to chatbot designers, usually aimed at the development of
consumer-oriented chat assistants.

1.2 Block-based programming

It has been recently recognized that ‘computational thinking’ and problem
solving are fundamental cross-disciplinary skills for the 21st century, which can
be effectively stimulated in children of any age through programming challenges
and exercises [18]. Over the last years several campaigns and initiatives for coding
literacy have been launched, including the “Hour of Code” and the European
Code Week [4].

Easy-to-use tools that allow non-technical users to develop interactive software
have seen wide adoption, such as the Code.org portal [10], the visual programming
environment Scratch4, or even the developer kits for popular games such as
LEGO MindStorms.

Fig. 1. One of the many “hour of code” exercises on Code.org, which requires users to
program a Star Wars robot.

Most of these tools adopt a visual programming paradigm, using ‘blocks’
to represent instructions of common programming concepts (such as loops,
conditional logic, and so on). Blocks can be colored based on their function, while
their shape indicates how they can be combined with each other, thus providing
a natural and intuitive way of building a program just by snapping together
pieces from a finite set of options. Figure 1 shows a sample exercise that allows
users to program an animated figure, making it move across a grid by simply
concatenating a sequence of block instructions.

4 Developed by the MIT Media Lab, see: https://scratch.mit.edu/.
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2 Proposed system

Bringing together conversational interfaces and the block-based programming
paradigm can be instrumental in driving chatbot development and adoption. To
this purpose, the author proposes the design of a programming language dialect
derived from Blockly. Blockly is a client-side visual programming tool developed by
Google [9]. It is typically run inside a common Web browser, providing users with
an easy-to-use visual editor. Blockly includes blocks for all common procedural
instructions, such as logical and arithmetic operators, logical statements, loops,
text manipulation, variables, lists, and function calls. Blockly languages can be
easily extended with additional blocks and many domain-specific dialects have
been adopted for very specialized use-cases [17]. A block-based program expressed
in Blockly can be translated into (and from) an XML interchange format or into
JavaScript, Python, or PHP code, in order to be deployed.

The author suggests to follow the approach of Daniel et al. in the design of the
Jarvis framework [6], delegating user input handling to an external NLP system,
which transforms raw user utterances into user intents and parameters. Abstract
intents can then be easily processed by a block-based dialog manager. Figure 2
shows an example block program handling a user intent (without parameters)
and sending back a greeting based on simple logic and internal chatbot state.
Incoming user input is represented as an ‘event’ block (i.e., the “Receive intent”
block in yellow). Other special blocks can be added for common messaging
features (like the “Send” block in blue, taking a simple string as input).

Fig. 2. Simple greeting program, using blocks to express conditional logic and chatbot
behavior. The program relies on basic Blockly features such as variables and lists.

A number of design requirements and implementation issues must be addressed
in order to provide a useful tool for inexperienced chatbot programmers. In
particular, the following design aspects of the block-based language should
be carefully evaluated in the implementation of the system, while taking into
consideration the intended audience of the tool.
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Instruction granularity Care must be given to the level of abstraction of
block instructions and commands: a too high level of abstraction risks hiding
desired programming features and preventing developers from being able to
implement some behaviors. On the other hand, a too low abstraction level
makes chatbot programming non-intuitive and risks negating most of the
benefits of the block-based programming approach.

Dialog structure As discussed previously, imperative programming arguably
provides the most flexible approach to chatbot programming, at the expense
of complexity for the developer. Block-based programs inherently follow a
procedural/imperative style, while state-based behavior can be modeled using
built-in instruments such as Blockly variables and lists. Using procedural
constructs and functions to decompose the dialog structure allows to express
the flow of a conversation in a similar fashion to a “discourse tree” [8].
However, other approaches taking inspiration from rule-based or state-based
dialog managers should be explored, with the aim of providing the user with
an optimal balance between a fully procedural and a fully declarative tool.

Asynchronicity Chatbot conversations are asynchronous in nature, as multiple
messages can be received and handled concurrently by the same chatbot
logic. Care must be given to how state is handled within a conversation, in
order to prevent common programming mistakes tied to concurrent logic. The
adoption of an event-based approach, adopted by the Scratch programming
tool and seen in the sample of Figure 2, should provide a clear representation
of the reactive nature which is common in chatbot programming.

Blocking behavior In order to easily express strictly sequential dialogs, which
are common when chatbots must ask for information in the form of a ques-
tionnaire, the addition of ‘blocking’ instructions should be considered. These
special blocks would act as blocking instructions, making the chatbot wait
for specific user input (e.g., a given intent, a number, a string matching a
given pattern, etc.). The dialog would advance to the next block only whe
user input does match the expected format. This makes rigidly structured
conversations representable as a simple sequence of blocks, which should
provide a much less error-prone format for inexperienced programmers.

Integration The proposed system should be capable of easily integrating with
the majority of messaging platforms and voice-based assistants. In this
context, implementing the system as a back-end for an existing NLP platform
is functional in exploiting existing chatbot platform integrations (such as
those provided by Google DialogFlow5, for instance). Moreover, a given
block-based chatbot program could be used as a blueprint to automatically
generate an intent specification for an external NLP system.

5 Natural language processing platform by Google, provides integration with all major
messaging platforms, including voice-based assistant systems such as Google Assistant
and Amazon Alexa. See: https://www.dialogflow.com.
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3 Discussion

The proposed Blockly dialect and the design issues presented in this paper are
intended to guide the implementation of an intuitive programming tool, which
relies on the graphical nature of block-based programming to ensure that chatbot
behavior can be easily visualized and modified even by non-experts.

The use of a block-based programming tool can be an interesting educational
tool to ease the approach of children and inexperienced programmers to the
development of conversational user interfaces. “Hour of code” and other coding
literacy campaigns and tools may also benefit from the addition of a block-
based programming tool, providing applications that go beyond the classic ‘grid
movement’ exercises. Just like “MIT App Inventor”6 allowed beginners to use
block-based programming to develop mobile applications for Android (which
could be deployed on real phones and distributed on app stores), a block-based
CUI design tool could allow learners to easily produce chatbots for messaging
platforms or voice-based assistants, which also provide very pragmatic and
satisfying ways of learning how to build software.

A prototypal implementation of the described system is currently in develop-
ment and will be tested within a future large-scale coding literacy campaign for
primary and secundary school students.
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