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Abstract. Starting from the social practice theory, we identify the fea-
tures required for a conversational agent to show a form of ”social intel-
ligence.” Accordingly, we analyze some of the most known open source
technologies, focusing on their potential to implement a social chatbot.
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1 Introduction

The interest in chatbot technology is growing, considering the increasing num-
ber of conversational assistants in websites and applications, among which chat-
bots created by major companies, such as Siri (Apple), Cortana (Microsoft),
Alexa(Amazon), Google Assistant (Google). Although chatbots are still weak
in maintaining a complex interaction and the generation of reasonable answers
over a large range of situations, the simplicity of their implementation is often
enough to obtain unpretentious conversational interfaces and ensure their at-
tractiveness. Chatbots are meant to be used in a wide variety of applications,
therefore they should be able to manage a task and at the same time engage
in social conversations, since in this way they are considered more credible and
engaging [1, 2]. Among the possible applications, serious games take a prominent
place because they allow the players to practice the effects of a conversation on
the interlocutors [3, 4]. Chatbots have been mainly devoted to small-talk, how-
ever, it is important to highlight that also in these kind of conversations there
is a task, namely the management of social situations [1]. Conversation is fun-
damentally a social joint-activity, therefore social intelligence is an important
prerequisite in design of chatbots [2, 5, 6]. However in the current state of the
art, the attention for the modeling of social skills is low [2] or the problem is be-
haviorally tackled, by adding some ad-hoc rules to obtain a social behaviour for
the specific task or domain [7]. The analysis of the social context is considered
just another constraint that increases the agent formalization and leads to the
modeling of agents that cannot adapt their behavior outside the situations they
are been designed for [8, 9].
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This work aims to take a step towards the design of a social chatbot, fos-
tering the modelling and implementation of social intelligence modules that can
be easily reused [7]. First, in section 3 we present an analysis of the features
offered by the main known chatbot systems. In particular, this review focuses
on the customization features of three of the most popular open source chatbot
technologies (i.e., ALICE, ChatScript, and Chatterbot). This choice arises from
the observation that, to the best of our knowledge, there is no out-of-the-box
chatbot implementation able to show adequate social behavior. In [10] we there-
fore already revised the ALICE chatbot to implement a first prototype social
chatbot called SALVE able to act in medical consultations social practices. In
section 4, we identify the necessary social skills a conversational agent should
exhibit using the practice theory [11] and the associated social practice model
(SP) proposed by Dignum et al. [8]. Finally, in section 5 we provide a comparison
of the selected platforms to show how these technologies can be used to define
a conversational agent able to exhibit the social skills highlighted in the social
practice model.

2 Chatbot systems

Chatbots are conversational agents exploiting simple pattern matching rules.
The requirements for a Chatbot are the need to represent the knowledge in a
proper manner, a strategy to detect a suitable answer for the user input, and
a set of predefined neutral answers useful for answering also when it does not
understand the user input. Several approaches have been proposed to simplify
the chatbots knowledge design process and to enhance their answering mech-
anism [12, 13]. Nowadays, it is possible to exploit the knowledge formalized in
ontologies and linguistic resources to generalize their question answer modules
and to provide chatbots with different abilities. For example, it is possible to de-
tect and generate humorist and emotive contents [14–16], to make inferences and
use common sense reasoning [17, 18]. The analysis of the user sentences can be
enhanced taking advantage of natural language processing toolkits and seman-
tic computing methodologies. Moreover, besides classical rule-based chatbots,
corpus-based solutions take advantage of information retrieval (IR) techniques
to select the best answer from a knowledge base which is trained starting from
a conversation corpus [20]. This facilitates e.g. inducing semantic spaces from
texts, that can be used to analyze similarity relations among words and sen-
tences [19]. However, despite enhancing the realness and the attractiveness of
these systems, they still lack the abilities to manage social situations, typical of
conversational practices.

3 A.L.I.C.E., ChatScript and Chatterbot: an overview

In this section we present the main features of three open source chatbots, se-
lected as representative because of their popularity and availability.



Among the rule-based chatbots, we focus on ALICE and Chatscript. The
former is one of the most widely used chatbot technologies in the literature and
one of the winning frameworks in the Loebner competition. The latter is one of
the most promising technologies in the field. In the field of corpus-based chat-
bots, we selected Chatterbot because it allows the developers to easily create
and automate conversations in a language independent manner. Of course, the
information reported in this section is not exhaustive and more detailed descrip-
tions of ALICE, Chatterbot and ChatScript could be respectively found in [21],
[22] and [23].

3.1 A.L.I.C.E.

A.L.I.C.E. (Artificial Linguistic Internet Computer Entity) is a chatbot devel-
oped in the Lehigh University (Pennsylvania) and distributed with GNU license.
The knowledge base is composed of question-answer modules, called categories
and described by the AIML (Artificial Intelligence Mark-up Language) language,
using specific tags to enclose the categories, a pattern that will be compared to
the user input, and a template which drives the rules to generate the chatbot
answer. The dialogue mechanism is based on a pattern matching algorithm, that
searches for a correspondence between the user input and an aiml pattern. Wild-
cards in the pattern allow the chat-bot to answer also when in its knowledge base
there is not a pattern exactly equal to the user input. In AIML it is also possi-
ble to group categories according to their subject by using the topic tag, keep
trace of the last utterance of the chatbot by using the that tag and recursively
call other categories with the srai tag. The recursion is used with different pur-
poses, for example to map similar patterns to the same response or reduce a
complex sentence to a simpler form. Among the other features, it is also possible
to define variables scoped to a specific category, evaluate a pattern considering
words defined in a predefined set, manage maps of elements and their values.
The following example shows the use of the described tags to manage possible
affirmative answers, analyzing them according to the current topic and the last
utterance of the chatbot.

<aiml>
<topic name ="movies">

<category>
<pattern><set>affirmations</set></pattern>
<that>did you go to the cinema this weekend</that>
<template>what movie did you see</template>

</category>
...

</topic>
</aiml>

3.2 Chatterbot

ChatterBot is a conversational engine based on machine-learning. It is a con-
figurable and expandable framework that provides the designer with a series
of tools and modules to create specific chatbot instances. ChatterBot uses a



graph structure to organize the chatbots knowledge. The knowledge is organized
around the statement concept; in particular, each input statement can have any
number of responses, and this relation is weighted by the relative number of
occurrences this pair statement/response have in the training set.

The logic adapter selects possible responses from the chatbot knowledge base.
A chatbot can be configured to use more than one logic adapter. Each adapter
selects a set of candidate responses according to a specific algorithm providing
also a confidence value for each candidate. At the end of the process, all the
candidate responses and their confidence values are evaluated by a main selection
algorithm that returns the response with the highest confidence value, unless
two or more logic adapters return the same response; in this case, the response
suggested by two or more adapters is preferred.

Chatterbot provides different logic adapters and at the same time allows
you to customize its behavior by choosing an appropriate statement comparison
function, evaluating a distance between synsets in WordNet 4, or exploiting
NLTK 5 to perform a sentiment comparison.

Chatterbot training can be accomplished by providing the system with a
list of statements (a conversation), by reading the data from a corpus defined
in YAML format, or analyzing the conversation extracted from other sources
like Twitter. In the following code, we show an example of a corpus file created
from one of the anamnesi scenarios implemented in the Communicate serious
game [4], in which three possible courses of actions are described. In the code,
it is possible also to notice the presence of the categories property; the Chat-
terbot community has recently introduced it to allow the modularization of the
knowledge base in the next releases.

---
categories:
- "Introduction"
conversations:
- - "Good morning!"
- "Good morning!"
- "My name is Chris Vergeer"
- "van Asperen.."
- "I am an intern."
- "So.. not a real doctor then."

- - "Good morning!"
- "Good morning!"
- "My name is Chris Vergeer"
- "van Asperen.."
- "I am in traning at the UMC in Utrecht."
- "My father had surgery there a few years ago."

- - "Good morning!"
- "Good morning!"
- "My name is Chris Vergeer"
- "Mark van Asperen, a pleasure to meet you!"
- "I am an intern."
- "Ah yes, you seemed quite young for a doctor."

The other modules offered by the Chatterbot framework are:

4 A lexical database ( https://wordnet.princeton.edu)
5 Natural Language processing toolkit (http://www.nltk.org/)



– the I/O adapters, to connect the chatbot instances to specific input and
output devices (e.g. from a simple terminal to a chat-room service like gitter);

– the preprocessor modules, with the aim to modify the input statement before
being analyzed by the logic adapters;

– the storage adapters, to store the ongoing conversation in order to improve
the knowledge base;

– the filters, that are modules designed to simplify the pattern matching pro-
cess reducing the number of statements that a chatbot has to process;

3.3 ChatScript

ChatScript is one of the most promising technologies to build conversational
agents. It was designed starting from the analysis of chatbot technologies like
A.L.I.C.E. and Façade6, with the aim of simplifying the writing and the main-
tenance of the knowledge base, increasing the power of the pattern matching
procedure and improving the performance. It is a rule-based system where rules
are organized in collections named topics. Rules are written using an ad-hoc
language with the intent of reducing the boilerplate code. Each rule consists of
a type, a label, a pattern and an output section. The pattern and output sec-
tions, as in other chatbot systems (e. g. the pattern and template tags in AIML),
are designed respectively to match the user input and to produce a response.
Both sections, however, present a lot of improvements in respect to the other
technologies. In fact, exploiting natural language processing techniques, the in-
puts are analyzed both from a syntactic and semantic point of view to generate
informatively enhanced versions of the user input.

Chatscript supports the definition of rules able to translate inputs into dis-
course act, thus allowing the designer to write more abstract rules. In fact, the
rules (specifically the pattern section) can be defined using ontological concepts
as well as part of speech elements. Some of the most attractive features are
the native presence of a WordNet-based stemming system, the availability of an
expandable ad-hoc ontology, the use of a triple-based knowledge management
system, and the management of interjections. The code section of a rule could
include both ”words” to compose a response to the user as well as scripts defined
using a C-style language.

The agent loop is managed by a control script that selects how and which
topic to execute. When a topic is called, it is executed sequentially by searching
a rule pattern that matches the user input. When a rule matches the user input,
its code section is executed. This piece of code can call the execution of other
topics or specific rules. If an output is produced, the control returns to the caller.
If no output is generated, the execution of the topic continues to match other
rules.

6 Façade is a toolkit to describe semi structured conversations between virtual char-
acters that are interacting in a specific physical environment.



4 Social skills in conversational practices

Different theoretical perspectives have been used during the last years to explain
people’s behavior in society. Apart from norm-oriented and purpose-oriented the-
ories of actions, the so called cultural theories explain our behavior considering
symbolic structures of knowledge, which enable and constrain people in their
interpretation of the world and to behave in a certain way [11]. Among these,
the social practice theory seems especially relevant for dialogues. It considers the
practices that are commonly used in the society as “shared knowledge”.

Social practices are types of behavior (i.e.going to work, have a meeting,...)
typically and habitually performed by people and shared and created by mutual,
explicit or implicit, mutual agreements, within the society [11]. Thus a social
intelligence model should be inspired by what happens in real interactions, where
the behavior is conditioned by the roles within the society and the practices
that are commonly used within it. These practices create expectations of the
behavior of a doctor in a consult and a sales person when buying a car. A model
of social practices has been proposed in [9] to simplify the deliberation process
of cognitive agents. According to the model a practice is characterized by a: 1)
physical context, given by environment elements, such as physical objects, agents
involved in the practice and locations of objects and actors 2) a social context,
given by the social interpretation of the environment elements, for example the
roles of the the practice’s actors, leading to the expectation of specific behaviors
3)the activities that agents can perform in a practice 4) the plan patterns that
restrict the type of plans that can be used 5) the meaning for activities and plans
and finally 6) the competence an agent should have to perform the activities of
the social practice. In our opinion, the integration of the social practice model
in the chatbot architecture, could enhance a simple chatbot with social skills,
obtaining as consequence, more realistic conversations. To adopt this model the
chatbot should be able to act in a “practice” according to its identity and its role.
This requires some features, such as a proper knowledge model to formalize the
main elements of a practice, the ability to manage the context of the practice,
planning and adapting the conversation and the possibility to design and reuse
some basic conversational practices. These features are discussed in the following
subsections, while in section 5, we’ll discuss how available chatbots can be used
to adopt this model, and which level of adaptation is required to go in this
direction.

4.1 Social Practice Formalization

The implementation of the social practices model requires a proper formaliza-
tion of the components described in the model (i.e., roles, meanings, purposes,
resources, and context). The availability of a formalized model would also allow
the implementation of reasoning features in the agent to facilitate both the inter-
pretation of user’s utterance and the deliberation of the agent. From a designer
point of view, this knowledge should be as modular as possible to facilitate its
reuse.



4.2 Context management

Context management is necessary both to contextualize the interpretation of
the actions (the user’s utterances) as well as to produce a response coherent
with the active context. To this end, the model of social practices formalizes the
knowledge necessary to predict the possible courses of interaction at different
levels. In the social practice model, the active context could be the practice
itself, a specific scene in the practice or a specific point in a functional segment
7 of a dialogue. The social practice model provides a non-rigid structure of the
interactions taking place in a practice by means of the plan pattern component.
At the practice level, the plan pattern defines a possible course of events in terms
of scene changes; at the scene level it identifies the expected course of events in
terms of standard sequences of actions.

Let us consider an anamnesis scenario (the scenario is explained in more
detail in [10]). Usually in a medical consult we expect a greeting phase, a phase
where the patient informs the doctor about her symptoms, a step of the dialogue
where the doctor explains the anamnesis followed by the treatment plan. Then
the conversation is finished with a summary and a goodbye ritual. On the lower
level there are expectations of direct reactions on a particular dialogue move.
If the doctor asks the patient whether she experiences a particular symptom
she can answer ”yes” or ”no” or ask for clarification. It is also assumed that
the doctor has most of the initiative in this dialogue and determines its flow. By
using this model, an agent who is executing a practice has expectations about the
possible course of action. The ability to contextualize the state of the dialogue
at the different levels (i.e., practice, scene and functional segment) immensely
facilitates the dialogue management, reducing the complexity and combinatorial
explosion of possible interactions. At the same time, it constitutes the basis for
the management of a whole series of processes that are carried out according to
the realization or non-realization of expectations.

4.3 Definition and re-use of transversal conversational practices

In a conversational practice, a set of process transversals will take place and could
be specialized, such as the turn-taking process or the empathic management of
conversation [25]. Each of these dimensions defines a specific practice with its set
of actions, purposes, and course of events. These sequences of events induced by
each of these transversal practices generate expectations in the agent and guide
his deliberation. From the design point of view, the definition of a set of reusable
social practices facilitates the realization of a chatbot and implicitly equips it
with those social skills that would be difficult to reproduce every time from
scratch. In fact, the use of these blocks provides a vocabulary that increases the
interpretative capabilities offered by chatbot systems by defining the pragmatic
context that is very useful to determine the appropriateness of the interlocutor’s
moves and adapt the responses accordingly.

7 According to [24], a functional segment is a portion of a dialogue that has a com-
municative function



In the current analysis, we focus on the turn taking management that is the
ability of a system of respecting the right turns in a conversation, being proactive
according to the situation.

5 A.L.I.C.E., ChatScript and Chatterbot in the light of
Social Practices

5.1 Knowledge Formalization

The chatbot knowledge is defined implicitly either in pattern matching rules
for rule-based systems or in the corpora used to train corpus-based systems.
Few systems offer the possibility of formally representing knowledge through
ontologies to facilitate the definition of inference procedures. Neither Chatterbot
nor ALICE provide native mechanisms for this. However, several extensions have
been created for ALICE in order to enrich the system with external knowledge
bases. As an example the [17] project extends the ALICE chatbot with the
common sense knowledge available in Cyc. ChatScript offers an ad-hoc ontology
and the use of the triple system to assert facts that can then be exploited by
subsequent queries.

A mechanism often used to represent the state of the dialogue is that of
variables. Both ALICE and Chatscript allow the designer to use variables. AL-
ICE uses the tagsset and get to respectively set and read the variable values.
ChatScript uses the C-style script language for the same purpose. Moreover,
Chatscript allows the designer to organize variables into local and global ones
and also to use the variables as conditions in matching rules. In Chatterbot,
there are no standard mechanisms to manage the context of the dialogue, and
the existing logic adapters offer a set of candidate responses using a statements
comparison function that ignores the state of the conversation.

5.2 Context management

Practice level At this level, a chatbot should be able to interpret the situation
and activate a specific practice. Of course, none of the three systems provides
a construct helpful to represent the practice as a whole. In fact, the concept
of topic used by both ALICE and Chatscript to partially activate the pattern
matching rules seems to be more suitable for the management of smaller portions
of practices such as the scenes. The same consideration can be made for the
categories category introduced by Chatscript for the classification of dialogue
corpora.

Consequently, none of the analyzed systems can determine the current prac-
tice and activate it accordingly. Chatbots are equipped with a more or less static
knowledge base, and mechanisms to swap their knowledge base according to the
situation are not yet implemented.



Scene level ALICE and ChatScript use the topic concept to organize the pat-
tern matching rules and to determine the active context.

This is a logical starting point for dialogue systems as the topic of a conver-
sation is also part of the linguistic context. However, we see that social practices
assume the context to also contain non-linguistic information that pertains to
the content and flow of the dialogue.

ALICE uses the topic exclusively to prioritize the rules contained in the
current topic and does not allow the designer to modify the cycle of execution and
the activation. ChatScript offers more flexibility since it is possible to customize
the activation logic of the topics by means of the topic control flags, by using
the topic functions or by customizing the main control script.

Although the categories property has been introduced in the YAML format of
the dialogue corpus used for training, the Chatterbot system is not designed to be
modularized, and the logic adapters search for a response in the whole knowledge
base. A possible solution could be to extend Chatterbot by decomposing the
agent’s knowledge base in several parts based on the context. Various default
modules should be changed; for example, training modules should be written to
store information in the different portions of knowledge. Logic adapters might
be changed to analyze the piece of knowledge related to the active context.
Moreover, a customized version of the main algorithm should be written devoted
to select the response among the candidate responses returned by logic adapters.
For example, the new response selection algorithm might re-weigh the confidence
values assigned to candidate responses by each logic adapter according to the
state of the conversation.

Functional segment level At a lower level, both ALICE and ChatScript allow
the designer to manage small conversation trees, the first using the tag that, the
second using the rejoinders rules. Thus in both systems one can, in some way,
modularize the conversation in sub-conversations. However, they still are very
limited in their support for contextualization.

In addition, taking into account expectations, requires not only the capacity
to analyze the interlocutor’s actions (i.e. the user inputs in the chatbot scenario)
but also the ability to interpret everything that did not take place in the scene
and that, instead, the agent in a practice expects to happen.

For this feature, ChatScript has the not operator to identify interactions in
which the user does not say something. In the light of social practice, this feature
is somewhat related to expectation management, allowing the designer to give
a social meaning to the ”absence” of a word.

Of course, this feature is very limited and we have to consider also the case
in which no action is performed by the user. The above also requires the ability
of the system to manage time allowing the designer to write rules to analyze
unrealized actions.

In order to incorporate timing issues in the SALVE game [10] we integrated
ALICE with a rule system that also has a complex event management system.
In the anamnese scenario implemented in SALVE we wrote specific rules able



to produce emotion and empathy reactions in relation to violated expectations
such as no greeting or a wrong response according to current practice.

5.3 Definition and reuse of transversal conversational practices:
turn-taking management

Current systems only have primitive approaches for the reuse of previously de-
fined knowledge. Commonly, chatbots system allow only the direct inclusion
of knowledge defined in previous ”conversational practices” during the imple-
mentation of new conversational agents. Advanced methods of reusing like the
possibility to override specific aspects of the practice are not available.

Looking e.g. at the turn-taking practice, chatbot systems often implement
limited mechanisms like the question-response interaction. From the turn-taking
perspective, question-response pairs implicitly define an alternation of the inter-
locutors. None of the analyzed systems allows for more explicit turn manage-
ment. Only Chatscript simulates the ability of the system to take the initiative
through specific rules that are called gambit. Of course, gambit rules are a prim-
itive way to manage the ability to implement proactive behaviors in the agent,
showing the ability to pursue a goal or, at a lower level, to take control of the
dialogue [26, 27]. ChatScript offers a planner that could be used to implement
different and more advanced conversational agents that are however outside the
focus of this work.

A.L.I.C.E. Chatterbot ChatScript

Context management
practice level n.a. n.a. n.a.

scene level partially
using topic

maybe in
the next re-
leases using
categories

partially
using topic

functional
segment

partially
using that

partially
using re-
joinders

Reuse of
transversal

conversational practices turn-taking n.a. n.a. n.a.

Knowledge representation not natively implicitly
by machine
learning

partially us-
ing ontologies
and triple
facts

Table 1. Social features of A.L.I.C.E, Chatterbot and ChatScript



6 Concluding remarks

We presented an overview of the main open source chatbot technologies in order
to investigate whether dialogues based on social practice theory can be sup-
ported. From this analysis emerge the following considerations. Chatterbot is
not explicitly designed according to a specific theory/model (neither a dialogue
theory or a social theory). Nevertheless, its general architecture allows the de-
signer to customize the chatbot behaviors by redefining existing modules or im-
plementing new ones. Despite its flexibility, ChatScript is not yet ready to work
according to the Social Practices model. In particular, great effort should be
made to change the agent loop rule in order to work according to the SP model.
However, ChatScript includes a built-in planner that increases the potential for
autonomy and intelligence of the system.

The ALICE system and its AIML language, as described above, have been
enhanced both in the pattern matching phase and in the flexibility of the re-
sponse production. In [3], [10] and [28] different improvements to ALICE have
been made to fit it within the social practice model. In particular we have in-
troduced an enhancement of the AIML language and processor that we called
S-AIML, that allows for a dynamic activation of the chabot KB, depending on
the current social practice, the pursued plan, the ongoing activity, and finally, at
the lowest level the agents identity. In that work we showed with different exam-
ples how S-AIML introduces a great flexibility in the conversation simplifying,
at the same time, the formalization of the KB.

The analysis carried out in this paper highlights some development directions
that should be pursued to implement social chatbot technology. In particular, we
have highlighted why it is necessary to foster the modularization of knowledge
and its reuse through more complex techniques than the simple inclusion. More-
over, it is clear that it is necessary and also possible to isolate those transversal
practices such as turn-taking, whose re-use would make it possible to provide a
conversational agent with the essential social skills in an easy and effective way.
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