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Abstract Application Programming Interfaces (APIs) are everyday tools for every software professional. When
creating an AP, a designer typically abstracts the tasks the API intends to perform. The API user, on the other hand,
should use the API to perform specific-propose tasks. During the development of an API, the designer needs to write
dialogues with which the user will interact with the API, performing a conversation between them. In this way, an
API capable of offering effective dialogues to its users is called a conversational APIL. A conversational API is the
one that is capable of communicating to its users its form of use and its internal logic of operation, making it clear
the design decisions when abstracting concepts and tasks. In this paper, we present Colloquy, an evidence-based
method to support the design of conversational APIs. Colloquy was conceived based on the lessons learned from
an action research we conducted to identify effective strategies for designing conversational APIs. For six months,
we followed the redesign of an existing API developed at an R&D laboratory of a large IT company. In this paper,
we also present the first empirical evaluation of Colloquy. We conducted a case study in which the method was
employed to design an API for refactoring source code in the Java programming language. Among other benefits,
we found that Colloquy was effective in developing empathy with users and modeling conversations with them.

Besides, Colloquy contributed to identifying new requirements and created models as API documentation.
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1 Introduction

Application Programming Interfaces (APIs) are everyday
tools in software companies. APIs are software components
designed to provide specialized resources to support the de-
velopment of software systems. These components can be
developed in several programming languages, offering func-
tions to support the execution of activities in particular do-
mains. However, designing APIs in compliance with the
users’ needs is far from trivial [Murphy et al., 2018]. In this
way, one can see that the difficulties of API users in properly
understanding API interfaces are a recurrent claim [Niele-
bock et al., 2020; Zhang et al., 2019]. These difficulties indi-
cate the need to improve the design of APIs since the early
stages of development to ensure communicability and usabil-
ity [Henning, 2007].

Existing research on API design often focuses on sup-
porting its designers to deliver usability [Myers and Stylos,
2016; Stylos and Clarke, 2007; Stylos and Myers, 2008].
However, these works commonly lack in addressing com-
municability [De Souza, 2005]. Providing communicability
is essential to ensure that API users properly understand the
API interfaces. Usability focuses almost exclusively on the
user’s aspects, such as the perceived ease to use an interac-
tive artifact [Nielsen, 1994]. On the other hand, we may de-
fine communicability as the artifacts’ ability to communicate
the designers’ intent to their users effectively and efficiently.
Consequently, communicability enhances users’ understand-
ing, guiding them in properly using the interactive artifact
[De Souza, 2005]. Thus, one may see that communicabil-
ity addresses different, sometimes complementary, aspects

addressed by usability approaches. However, according to
Semiotic Engineering, communicability goes beyond usabil-
ity by preventing potential pragmatic conflicts of interest be-
tween artifact designers and their users [De Souza, 2005]. In
this way, if the users of a certain API are prone to not reach-
ing the same understanding of a particular operation as the
API designers, we may say that this API suffers from low
communicability once the API is failing on passing its de-
sign rationale to the users.

Several bug reports that address many popular APIs, such
as Java Reflection [Pontes et al., 2019] and automated refac-
toring APIs [Oliveira et al., 2019] reveal low communicabil-
ity issues. For instance, let us consider the following inter-
face offered by the Calendar API of the Java programming
language:

public abstract void add (int field, int amount)

At stackoverflow.com, one of the most popular discussion
forums for programmers, it is not hard to find the report of
questions caused by misinterpretations of the operation and
behavior of the Calendar API. These questions are commonly
associated with bugs caused by API misuse, such as in the
following link!. In this question, a user reports an issue ad-
dressing the result of the operation of adding a month to Jan-
uary 31st by using the “add” operation. Among the several
answers provided by the other users, we observed that sev-
eral also misinterpreted the logic of the operation. For in-
stance, one of the answers to this issue argues that adding

Uhttp://stackoverflow.com/questions/14618608
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a month through the Calendar API is the same as adding 30
days, which would explain the unexpected result.

One may see that the example reported above does not ad-
dress difficulties in using the API interface. It addresses a
lack of effective communication between the API designer
and the API users on how to properly use the “add” opera-
tion to support development needs. In other words, it may be
easy for the API users to call the add operation and to identify
which data types should be passed as parameters. However,
the questions reported at Stack Overflow show that several
users are unaware of the operation’s internal behavior, mak-
ing incorrect assumptions. Therefore, in cases like that, the
easiness of use may be tricky, once API users are convinced
that they know how to correctly use the API interface with-
out resorting to the API documentation. Consequently, they
tend to believe that the undesired behavior of the API opera-
tion is caused by non-existing bugs that would lead the API
to behave differently from expected.

In such cases, we may say that the communicability be-
tween API designers and API users is insufficient. To solve
this problem, we understand that APIs should be redesigned
to reach a conversational level. The lack of conversational
characteristics in APIs hampers the understanding of how
properly use the API interfaces. In this way, Bastos et al.
[2017] highlights the lack of support for designing Conver-
sational APIs. Conversational APIs are APIs capable of in-
dicating their appropriate use by solving pragmatic conflicts
during their use, i.e., without resorting to external documen-
tation or asking other developers Bastos et al. [2017]. The
concept of conversational API is anchored in Semiotic Engi-
neering [De Souza, 2005], human-computer interaction the-
ory. Semiotic Engineering establishes that a computational
artifact, such as an API, may be seen as a mediator of com-
munication between two interlocutors: the one who created
the artifact, that is, its designer, and the one using the artifact,
that is, its user [De Souza, 2005].

Although the potential benefits of establishing a proper
conversation between API designers and users [Souza et al.,
2016], we could not find in the technical literature ap-
proaches for supporting API designers in identifying and
parameterizing the necessary conversations between APIs
and users. In particular, methods focused on usability
[Mosqueira-Rey et al., 2018; Mindermann, 2016; Myers and
Stylos, 2016; Watson, 2014] do not cover communicabil-
ity issues. These methods focus exclusively on user inter-
ests, leaving out the interpretation of the internal logic im-
plemented by the API designers.

Aiming to build an evidence-based method to support the
design of conversational APIs [Bastos et al., 2020a,b], we
identified the opportunity of conducting our investigation
in collaboration with practitioners. In this paper, we report
the challenges and lessons learned from a technical action
research [Thiollent, 1996] conducted with a Brazilian team
from IBM for redesigning a real API to make it conversa-
tional. This API was conceived to be used at a large scale in
industrial settings, employing machine learning algorithms
to support seismic imaging. The redesign of the API was re-
quired due to the considerable challenges perceived in its use.
The main author of the paper worked in loco for six months
with the R &D team that originally conceived the API. Dur-
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ing the action research, we proposed and assessed interven-
tions (actions) for redesigning the API based on theories of
human-computer interaction in general and Semiotic Engi-
neering.

This paper extends the article originally presented at SBES
2023 [Bastos et al., 2023] through presenting Colloquy, the
method we designed to support the modeling of Conversa-
tional APIs based on the lessons learned in the action re-
search. We also report the case study conducted to evaluate
the feasibility of Colloquy.

In the following sections, we summarize our theoretical
background (Section 2); describe the action research per-
formed and its main challenges (Section 3); report the results
of the action research and the lessons learned (Section 4) dis-
cuss the contributions of the new API from the perspective
of the developers involved in the action research (Section
5); present and discuss some related works (Section 10); dis-
cuss the limitations and threats to validity (Section 3.5) and
present our conclusions and perspectives of future work (Sec-
tion 11).

2 Theoretical background

Our research aims at supporting API designers in conceiv-
ing conversational APIs. From a practical perspective, we
expect that this support would lead to the development of
APIs capable of communicating their internal behavior to
users, independent of their previous background. Thus, we
should go beyond traditional usability concerns, which are
typically insufficient to effectively communicate the API’s
internal behavior to its users. For this purpose, we opted to
ground our research in the Theory of Semiotic Engineering.
This theory understands the HCI process as a particular case
of metacommunication between humans mediated by com-
puters [De Souza, 2005]. In this view, metacommunication
is the communication between designers and users through a
software artifact (see Fig. 1). Thus, the metacommunication
process has three interlocutors: the designers, who encode
their intentions into software; the users, who express their in-
tent and interpretations by interacting with the software; and
the technology itself, which represents the designer at inter-
action time.
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Figure 1. Semiotic Engineering and metacommunication.

For Semiotic Engineering, a software system is a tool used
to exchange messages between two groups of individuals:
users and designers. One of the main principles of Semiotic
Engineering is communicability. Unlike usability, whose def-
inition is strongly centered on the users, communicability is
defined as the ability of an interactive artifact to effectively
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communicate its designers’ intent to its users. Therefore, it
is important to have in mind both designers’ and users’ per-
spectives when setting and evaluating the quality of the com-
munication provided by the API interfaces.

Based on the Semiotic Engineering perspective, we may
define an API as a particular type of software designed for
mediating the communication between two groups of pro-
grammers: the API designers and the API users. API design-
ers communicate their intentions using expressions defined
through method signatures, protocols, return values, and tex-
tual descriptions (documentation). API users express their in-
terpretation of the designers’ intent while using APIs in their
software systems. If this communication fails, issues related
to the incorrect use of APIs may arise, resulting in bug re-
porting [Nielebock et al., 2020].

Thus, we can apply the principles of Semiotic Engineer-
ing to identify opportunities for improving the metacommu-
nication of APIs. In our research, this application is repre-
sented by the concept of conversational APIs. A conversa-
tional API is an API designed to offer mechanisms for im-
proving the effectiveness of the conversation between its de-
signers and users [Bastos et al., 2017]. API designers should
predict the different types of communicability failures that
may occur, preparing the API to bring the user back to effec-
tive interaction. For this purpose, the API interface should
carry out its internal operation logic to the API users. These
users should be able to identify all the API functionalities
and understand how properly use them, even without resort-
ing to the API documentation. Besides, the API users should
be able to adapt API internal behavior by selecting different
pre-programmed design choices.

From a pragmatic perspective, conversational APIs should
attend to the four principles (maxims) of cooperation pro-
posed by Grice [Grice, 1975]: quality, quantity, relevance,
and mode. The maximum of quality requires that the inter-
locutors provide only correct information. The maximum of
quantity refers to the interlocutors presenting all the neces-
sary information objectively, avoiding unnecessary informa-
tion. The maximum of relevance requires that the interlocu-
tors keep focused on providing only relevant information for
the conversation. Finally, the maximum of mode requires that
the interlocutors avoid ambiguous expressions when trans-
mitting the information. Despite the cooperation principles
addressing common concerns of software verification activi-
ties, it remains an open question how to address them in the
design of APIs.

2.1 Conceptual Framework for Conversa-
tional APIs

Based on these aforementioned concepts, we proposed a con-
ceptual framework for designing Conversational APIs [Bas-
tos et al., 2020b], reporting a detailed example of applying
the framework concepts to compose a conversational version
of APIs from the Java programming language. Our concep-
tual framework defines and classifies the conversation levels
that an API can achieve. For that, we employ the concept of
sign defined by semiotics and its separation into three classes
as Semiotic Engineering defends it [Bastos et al., 2020b].

A static sign is one that the user can infer meaning without
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needing an interaction. In the case of software APIs, we can
consider as static signs the vocabularies used in method sig-
natures (name of a function and the parameters), the types of
data (types of parameters and return types), and the structure
(packages and classes). These are elements that the user does
not need to interact with in order to infer any meaning. When
faced with the method signature below, a user experienced in
Java would be able to infer that this function serves to add the
number of months passed by the parameter "monthsToAdd”
to the date object used as a reference in the function call.

Listing 1: Java 8 DateTime API

Dynamic signs are those where the user can only infer
meaning after some interaction with the object, in our case,
the API. This category includes the signs related to the inter-
nal behavior of the API (the result generated at each execu-
tion) and the return messages (messages indicating success
or error in the call execution). The dynamic signs can be in
accordance with the meaning inferred by the static sign, indi-
cating to the user that he is on the correct path. Alternatively,
the dynamic signs can go against the meaning inferred by the
static sign, opening the user’s way to create a new understand-
ing of how to use the API. In the example listed above, we
can imagine the API user creating the following code snip-
pet.

/* Jan-01-2020 */

/* Add 1 month x*/

/* Print Jan-01-2020 x*/

Listing 2: Java 8 DateTime API

Notably, the result represented above is not what the user
expected. Thus, the interpretation of the dynamic sign goes
against what had been interpreted in the static sign. The API
user can then make a new inference and realize that when
executing a method on the date object, a new object is cre-
ated, and the previous object can be discarded. The user can
then create the following code below and go through a new
semiosis process to confirm or not his hypothesis.

/* Jan-01-2020 x*/

/* Add 1 month x*/

/* Print Feb-01-2020 x/

Listing 3: Java 8 DateTime API

In the previous example, the user’s interpretation is more
easily inferred from analyzing the third class of signs, the
metalinguistic. Metalinguistic signs are the ones that speak
about other signs. That is, through them, the user can ex-
plicitly communicate the meanings coded in the system. In
the case of APIs, metalinguistic signs can present themselves
in various ways, most commonly found in the form of offi-
cial API documentation, bug report tools, and official API
forums.
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Based on the efficient or non-efficient presence of the
different sign types in the APIs, we established a level-
classification of conversational APIs [Bastos et al., 2020b].
The first (and more basic) level is the Rudimentary Conver-
sational APIs in which every interaction can be seen as an
exchange of messages between designer and user. A rudi-
mentary conversational API is one where the user and the
designer cannot establish complex and continuous conversa-
tions. Communication failures frequently occur, either due to
poor API design or the inefficiency of the signs used in com-
munication. There are many APIs that fall into this category.
Another characteristic of an API with rudimentary conversa-
tion is the inability to provide complete dialogs with the user
to perform core tasks in the API context. It is common to
find APIs that transfer responsibility for performing a partic-
ular task to the user. For example, in the context of a date, it
would be reasonable for the API to provide interaction di-
alogs where the user can convert a text to a date (or vice
versa). The absence of such functionality (or dialogue) im-
pacts the quality of use and interrupts the conversation flow
between the user and the API.

Metalinguistic Conversational APIs is the level at which
the interfaces and behaviors of the API are not enough to
pass the designer’s entire metacommunication message, and
for the user to make good use of and properly understand the
design rationale and the internal behavior of an API, he nec-
essarily needs to consult metalinguistic signs. In this type of
interaction, the user’s speeches are sent through interaction
with static and dynamic signs. However, the designer is only
able to pass his message effectively through metalinguistic
signs. Most of the existing APIs fall into this category. They
are APIs that, although well-designed, cannot establish a con-
versation with the user using only static and dynamic signs.
The user always needs an extra explanation from the designer
to understand how to use the API fully. This explanation is
found in the form of documentation or through help forums.

Finally, a Fully Conversational API is an API that can
bring dynamic signs to encoding time. Static and dynamic
signs, in general, are already enough for the designer to send
his message. It is the conversation level best suited for sev-
eral types of APIs, especially those where cultural and con-
textual aspects can profoundly influence the abductive pro-
cess and, consequently, the user rationalization of the API.
The full conversation needs to be achieved whenever the API
designer is in a decision-making situation that may be con-
troversial. If a decision can be misinterpreted the designer
must add some signs in the interaction (static or dynamic).
Dynamically, the designer can, for example, add some warn-
ing messages to the function call back. Alternatively, in a
static way, the designer can work with more meaningful vo-
cabularies, even if this implies a more verbose API. However,
adding too much information in static and dynamic signs may
lead the API to become very verbose and less efficient dur-
ing execution. Improving the API quality of use can have a
negative impact on other quality aspects of software, which
should be properly negotiated. Alternatively, we believe the
designer could think of two modes of operation for the API.
One operation mode is for when users build their code, and
another is for executing a production code. Having two dif-
ferent source codes, one for encoding and one for executing,
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may seem strange, but it is already something widely used in
software development. An excellent example is the CSS and
JavaScript minify mechanisms [Souders, 2008].

3 The Action Research

In this section, we present the settings of the action research
conducted. We present the goals of our study. Then, we de-
scribe the research context, characterizing the study partici-
pants, and the project involved. Finally, we report how we
collected data during the cycles of the action research.

3.1 Research Objectives

We opted to conduct technical action research due to our in-
tention of working together with API designers to identify
feasible alternatives for supporting the design of conversa-
tional APIs. In this way, we intend to collaborate with a de-
velopment team on redesigning an API. From this, we expect
to get an in-depth view of the challenges involved in the de-
velopment of a conversational API while proposing and val-
idating innovative interventions to solve the problem of the
practice during the development process.

Goals. The main goal of our research is to support API
designers in conceiving conversational APIs. For this pur-
pose, we want to identify effective strategies for improving
API interfaces once they are responsible for establishing the
conversations between designers and users. In particular, the
first goal of the action research reported in this paper is to re-
design the interface of a real API, making it conversational.
In this way, we intend to cover the development cycle from
the early steps until the specification of the API interfaces.
Thus, the scope of the action research does not cover the API
coding activities. We also do not intend to review the archi-
tectural aspects of the original project. Our second goal is
to use the experience obtained through the action research
to build the first version of an approach for supporting the
design of conversational APIs.

3.2 Research Context

We conducted the action research in the context of an indus-
trial project for redesigning a Machine Learning API for sup-
porting systems for seismic image investigation. We chose
this project due to the valuable opportunity of performing
our investigation in a challenging context, which includes the
high complexity of its domain and the high levels of quality
expected from the API by the stakeholders.

Team. The project was conducted by a Brazilian team
from the research and development (R&D) department of
IBM. This department develops software solutions for sup-
porting research and practice on using natural resources.
More specifically, the department has been investing effort
in developing software solutions supported by machine learn-
ing, such as web services and APIs, to assist decision-making
in domains such as agriculture and geology. For this purpose,
the department’s professionals have an expressive theoretical
and practical background in developing software solutions
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based on machine learning. Besides, most of them also have
an extensive research background in Computer Science.

The project team was composed of three API designers,
including the technical leader. Among others, the technical
leader was responsible for defining the API design and its in-
terfaces. Besides being experienced programmers, all team
members are also researchers, including a Ph.D. in Engineer-
ing and two Ph.D. candidates in computer science. They also
have considerable background in using the technologies used
in the project, which includes the programming language
(Python) and deep learning. The first author carried out the
action research with the development team, but he was also
an original member of the R&D department. Like the other
team members, the first author has also experience designing
APIs.

3.3 Execution

Action research usually requires long-term execution. In gen-
eral, an action research study involves the execution of sev-
eral interaction cycles over weeks or months. The central
idea is to use the lessons learned in the previous cycle to
plan the subsequent actions to be performed in the follow-
ing cycle, evaluating its results. Each action research cycle
is commonly composed of five steps. They are (1) diagno-
sis (2) planning; (3) action; (4) evaluation of the intervention
performed; and (5) learning [Thiollent, 1996].

Three complete action research cycles. The first author
of this paper carried out the action research with the develop-
ment team for six months. During this period, the team per-
formed three complete action research cycles. The first au-
thor mainly worked on guiding colleagues in performing the
action research cycles’ tasks and discussing the API require-
ments and design through regular meetings. Besides, the first
author did not work composing software artifacts, such as
source code and requirements specifications. At the end of
the third cycle, the action research team concluded they had
reached the appropriate resources and settings to redesign the
APL. In other words, they concluded that the design of the
API reached the desired level of conversation needed. Be-
sides, we also concluded that there was sufficient knowledge
to report practical lessons learned on designing the conver-
sational API. In the following subsection, we report the re-
search procedures carried out throughout each cycle.

3.4 The Action Research Cycles

Action research is characterized by its iterative nature, hav-
ing complete cycles that start from the identification of a
problem to the evaluation of a proposed solution [Thiollent,
1996]. As already mentioned, our action research involved
three complete cycles. Figure 2 presents an overview of the
three cycles of our action research. Each cycle started with a
problem to be solved addressing the API design, which is pre-
sented in the lower-left box. After planning, executing, and
evaluating a solution, we close a cycle with a learning pro-
cess. In this subsection, we describe in detail how the five
steps of each cycle were performed from the perspective of
the individual that played the role of the researcher, i.c., the
main author of this paper.
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3.4.1 First Cycle:

At the beginning of the project, our goal was to design the
conversational API. Since the early stages, we realized that
the API design team was not sufficiently aware of the API
users. At the same time, we also perceived that the appli-
cation domain of the API addresses different user profiles.
Thus, characterizing these profiles would not be a trivial task.
This challenge led us to raise the following questions: what
are these users? What are their goals and needs? To answer
these questions, we carried out the first cycle of the action re-
search (see Figure 2, first box). The first cycle lasted around
six weeks

First, we explored the technical literature to better under-
stand the problem and look for solutions. We search for ex-
isting tools and techniques to support the identification of
the API users’ profiles and their needs (planning step). We
finished this step by concluding that characterizing the API
users through personas [Cooper, 2004] combined with the
description of interaction scenarios [Carroll, 2000] would be
a feasible alternative to define the users’ needs. Both tech-
niques have been shown useful in the field, especially in the
interaction design of software interfaces. [Rosson and Car-
roll, 2002].

In the third step, we conducted daily meetings with the de-
velopment team to characterize the personas and interaction
scenarios. In these meetings, which lasted about one hour, all
team members actively participated in the discussions con-
ducted to characterize the API personas and their correspond-
ing interaction scenarios. After concluding the characteriza-
tion tasks, the team participated in a meeting to interactively
evaluate the correctness, comprehensiveness, and usefulness
ofthe artifacts generated. After the meeting, the development
team concluded that the API should attend two personas in
two scenarios composed of four sub-scenarios. Besides, the
team also concluded that characterizing personas and inter-
action scenarios was a very positive experience. They found
that these techniques allowed them to identify new user pro-
files and alternative ways for using the API that were not
identified in the API’s original design.

Finally, we conducted a meeting to compile the lessons
learned in the first cycle of the action research. In this meet-
ing, we reflected on to which extent the action performed
helped us reach the action research goals, as well as how to
improve the action. After this reflection, we found that the
team had considerable difficulty in identifying the API per-
sonas and interaction scenarios. This finding led us to com-
pile a checklist for guiding API designers in performing these
activities (subsection 4.1).

3.4.2 Second Cycle:

We started the second cycle by assuming that the whole set
of the API‘s user profiles and their corresponding use needs
were properly characterized. However, we diagnosed that
the characterization of personas and scenarios is too infor-
mal and subjective for supporting future API implementation.
Thus, we concluded that we should model the conversations
and the interaction paths corresponding to the scenarios es-
tablished for each persona. Therefore, we started our second
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Figure 2. The Action Research Cycles

cycle motivated by the following question (Figure 2): How
to model the desired conversations?

The second cycle lasted around ten weeks. We searched
the technical literature to identify the most appropriate tech-
nique to assist us in modeling the API conversations. Once
we did not find a proper technique to support our needs,
we found some closer and adaptable alternatives, such as
MoLIC (Modeling Language for Interaction as Conversa-
tion) [de Paula and Barbosa, 2003], UML Interaction Dia-
gram [OMG, 2016] and AlaDIM [Costa Neto, 2013]. While
UML Interaction Diagram and AlaDIM are specific to soft-
ware interface interaction design, MoLIC is more agnostic
to the type of artifact designed. In addition, we can highlight
that MoLIC has the characteristic of modeling interaction as
a metaphor for the conversation established between design-
ers and users [de Paula and Barbosa, 2003]. Besides, one can
see that MoLIC has been frequently used in software projects
to design human-computer interaction [Sangiorgi and Bar-
bosa, 2009]. Thus, we opted by using MoLIC to redesign the
APL

After selecting MoLIC, the team started to act, i.e., to
model the interaction scenarios. We originally planned to
build one model for each interaction scenario obtained (first
cycle). However, we realized during the action that certain
scenarios are very similar. It allowed us to cluster some sce-
narios, reducing the number of models built. As a result, we
created different models for representing completely distinct
conversations.

Our evaluation of the action started by discussing the main
challenges faced by using MoLIC. Due to its flexible na-
ture to model conversations in general, MoLIC did not sup-
port the type of modeling they considered suitable for APIs.
Thus, the developed team missed a more formal definition
of the API dialogues. While conventional software dialogues
with the users may occur in several ways (images, links, text,
menus, and others), user-API dialogues are necessarily per-
formed by exchanging restricted messages through param-
eters and returns of operations. For this, MoLIC could not
meet the need of designers of formal definition. Besides,
MoLIC allows verbose and subjective dialogues, which is
frequently undesirable in the context of software APIs. Thus,
the development team learned that some adaptations should
be made to MoLIC better serve the project purpose. These
adaptations are described in subsection 4.2.

3.4.3 Third Cycle:

After designing the whole set of interactions and modeling
the API conversations, the development team faced the need
to convert these models into source code by implementing
the API interfaces. Thus, our challenge in this cycle was im-
plementing the API operations signatures, return values, and
function parameters. The third and last cycle of the action
research lasted around ten weeks.

To overcome this challenge, we provided the design team
with a set of best practices and guidelines for building and
structuring the API source code, including the Grice’s princi-
ples of cooperation [Grice, 1975]. Those guidelines and prac-
tices focused on realizing the conversations designed in the
previous modeling cycle. However, we could not find guide-
lines to support the API implementation based on MoLIC
models available in the technical literature. Thus, the devel-
opment team promoted discussions for depicting their own
guidelines for converting each element of the MoLIC models
to the API interface elements. Our goal here was to emerge
mapping rules at such a level that the interface elements
could be systematically extracted from the content of the
MoLIC models. These guidelines are described in subsection
4.3.

In the third step of this cycle, we implemented the API
interfaces by following the proposed guidelines. The imple-
mentation was all carried out by the API development team,
including the main author of this paper. At the end of the third
cycle, all the API interfaces were successfully implemented.
Then, the researcher conducted a structured interview with
the team’s technical leader. We use the interview to gather
feedback from the technical leader regarding all the action
research cycles. The findings of this interview are presented
and discussed in Section 5.

3.5 Limitations and Threats to Validity

One limitation of our study addresses the lack of large-scale
empirical evidence regarding our solution and guidelines for
introducing conversation in APIs. However, it is important
to note that we opted to first reach a solid knowledge of
the research object for then propose a mature technology
promptly to be empirically evaluated in industrial settings. In
this sense, we invested months of research effort for emerg-
ing a feasible technology from the perspective of experienced
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API designers. One can see that emerging feasible innovation
from real settings is a key benefit of action research stud-
ies. Besides, we understand that the unique characteristics of
this research paradigm are key for bridging gaps between re-
search and practice.

Given the nature of the action research, the researcher
has actively contributed to the API discussion. The study in-
volved the participation of a Ph.D. and two Ph.D. candidates
(Section 3.2) working on redesigning an API from a highly
complex domain. This context probably contributed to the
perceived engagement in the action research. During each
cycle, the author could perceive a receptive environment for
research. In this way, the first author did not identify any neg-
ative feedback about the action research. However, he iden-
tified two more relevant and continuous challenges to over-
come. The first challenge was to keep the team focused on
the API redesign rather than running other projects. The sec-
ond challenge was dealing with the complexity of the API do-
main, including the eventual need to change the API scope.

Despite the development team members had experience
with API design, they did not have previous experience in
designing the interaction of the API conversations. Thus, the
researcher had to frequently lead the design of the API di-
alogues and the conversation flows. However, all the team
members were engaged in validating all the design decisions
taken and artifacts produced during the API development cy-
cles.

4 Lessons learned

During the execution of the action research, We learned a set
of valuable lessons for designing conversational APIs. We
present and discuss these lessons in this section. The first sub-
section addresses the characterization of the API users. The
second subsection addresses modeling the possible conver-
sations between the API and its users. The third subsection
addresses the definition of the API interfaces.

4.1 Who are the Users?

4.1.1 Challenge: To make designers aware of the users’
needs

API designers should be aware of the potential API users to
properly identify its functionalities and interfaces. Thus, this
knowledge is required to introduce conversationality. How-
ever, we need to reach a deeper level of knowledge regarding
the API users’ profiles to properly identify the set of con-
versations that could be established between the API and its
users.

For example, let us consider the design of an API for
deep learning. Its users range from experts in deep learn-
ing to novice programmers. For the experts, the API de-
signer would feel comfortable specifying interfaces using
more specific terms addressing deep learning, such as “back-
propagation” or “convex optimization.” However, the API
designer should abstract these concepts from professionals,
such as medical doctors and geologists, who would use the
API in their programs.
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4.1.2 Solution: To adopt consolidated HCI techniques

During the action research, the first challenge faced by the
team was how to properly identify the profiles of users that
the API should support. As described in the previous section,
we have used traditional HCI artifacts - personas and interac-
tion scenarios - to try to map these users and their needs.

Personas: The concept of persona was first used by Alan
Cooper [Cooper, 2004] in the context of software design in-
teraction. Personas are fictional characters used to character-
ize and combine the different roles played by software users.
Characterizing a persona requires characterizing its domain
knowledge, its motivation for adopting the developed tech-
nology, and its technological background. Besides, it also re-
quires characterizing the beliefs, values, and behaviors sur-
rounding this character.

Scenarios: After establishing the personas, the next task
consists of composing the interaction scenarios. An inter-
action scenario [Rosson and Carroll, 2002] aims to specify
the user’s actions and the corresponding system responses
in detail. In our understanding, the system is the API under
development. Interaction scenarios are composed of textual
and concrete narratives, rich in contextual details. This nar-
rative reports API usage situations by characterizing the cor-
responding users, processes, and (potentially) real data. We
use interaction scenarios to describe all the possibilities of
interaction that a persona may have with the API.

4.1.3 Lesson Learned: API designers have difficulties
on establishing personas and scenarios

During the personas’ identification and creation phases, the
API designers reported difficulties identifying and charac-
terizing the API users. Truthfully, personas and interaction
scenarios are not methods for requirements gathering, but re-
quirements registering. We learned that API designers need
additional support to identify and characterize personas. In
this sense, we had to investigate relevant aspects to consider
when describing the personas for an API.

API metacommunication template: The Semiotic Engi-
neering [De Souza, 2005] offers the meta-communication
template, a technique that can help in the identification of
users, [De Souza, 2005]. Based on this template, Afonso
[Afonso, 2015a] proposes the API metacommunication tem-
plate. This template is composed of generic questions for
characterizing users in the context of any software. Table
1 presents the template questions adapted for characterizing
APl users. It is important to note that some aspects addressed
by the template may not be applicable in all contexts. For
instance, certain aspects such as academic background may
be irrelevant for developing general-purpose APIs — such as
date manipulation APIs, or database access APIs —. However,
such information becomes important in developing APIs to
support scientific research. Thus, API designers should work
to identify which aspects are relevant in its APT domain.

Through the action research, we learned that personas
were crucial to create empathy with users and to start de-
veloping their API thinking about another person’s existence
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Table 1. API metacommunication template

Question Aspects to be covered in the answers

Culture / Language

Professional or End-User Programmer

Ursers’ values

Relevant demographic data

Programming Experience

Academic background

Knowledge of programming languages and paradigms
Types of API interaction patterns

API domain knowledge

Who are the
API users?
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Table 2. Persona 1 - Machine Learning Expert

What do they
need or want
to do?

Intended use cases for the API
Use case preconditions and restrictions
User needs

Who are the
users?

They are professional programmers with an academic
background in artificial intelligence and experience
in the Python programming language. They know the
terms and concepts of deep learning. They are used to
work with programming patterns in Python and object-
oriented programming. Intermediate knowledge of the
API domain. They can “read” geological data but have
difficulty interpreting them.

Programming conventions and culture
Language specific conventions and culture
Parameter styles and return types
Appointment styles

Productivity

Accuracy in activity

Use of auto-complete and other shortcuts
Consult documentation or learn by doing

What are their
API
preferences?

What do they
need or want
to do?

They would like an API that offers an abstraction of
geological data. They want to build the neural net-
works of their DL model. They don’t have sufficient
knowledge about geological data and would like the
API to support them in reading and standardizing that
data.

Lack of experience or professionalism
Personal values

Naming preferences

Programming culture

Knowledge of other languages and APIs
Academic training

Programming environment requirements

Why do they
have these
preferences?

on the other side. By using the adapted metacommunication
template, the API designers were able to define two differ-
ent personas (2 and 3): a machine learning expert and a geol-
ogist having little background in programming and machine
learning algorithms. We observed the template was useful for
supporting the identification of the personas‘ needs. .

The description of these personas was fundamental to sup-
porting the creation of the conversations. When modeling the
APl interfaces, the designer should take into account the char-
acteristics of each persona. This empathy will generate new
and adequate functionalities for the API, as presented in the
following subsection.

4.2 How to Model the API Conversations

4.2.1 Challenge: To help designers to model API conver-
sations

The API designer should model the possible conversations
between the API and its users. However, we observed that
API designers were not used to building models during the
API design process. On the other hand, it allowed us to pro-
pose and assess the use of MoLIC (Modeling Language for
Interaction as Conversation) [de Paula and Barbosa, 2003],
a traditional modeling language from the HCI field focused
on the creation of interaction models.

4.2.2 Solution: Use MoLIC to think about API dia-
logues

MOoLIC is a popular resource for HCI modeling, especially

What are their
API
preferences?

Like most professional programmers, they value pro-
ductivity when creating their programs. They want an
API that follows the Python conventions and has the
object- orientation as a paradigm. An organized API
with clear and objective documentation is what they
expect from third-party software. They also want an
API that abstracts the input data.

Why do they
have these
preferences?

As professional programmers, they focus on creating
the machine learning model. For them, the input data
is not something to worry about. Therefore, they ex-
pect the API should give them maximum support in
abstracting such input data, allowing them to focus on
creating predictive models.

Table 3. Persona 2 - Geologist

Who are the
users?

They are professionals in geology. Their main skill is
to interpret geological data. They have no academic
background in programming or computing. They are
used to follow end-user programming paradigms.

What do they
need or want
to do?

They need to train predictive models based on geolog-
ical data. However, they have no interest in learning a
programming language for this. They are looking for
an API able to abstract deep learning concepts and pro-
vide sets of ready-made models.

What are their
API
preferences?

They prefer simplified APIs that are easy to use, and
have few configuration options. They also prefer APIs
that follow the basic scripting style with direct and
simplified function calls. Although they are not used
to programming, they understand the basics of the
Python programming language.

Why do they
have these
preferences?

Since they are not professional programmers, they
don’t understand some aspects of programming and
deep learning, such as how to build neural networks
and how to convert data into tensors. Therefore, they
need the API ready to abstract these concepts, provid-
ing methods for data conversion and ready-made mod-
els.
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in projects following the principles of Semiotic Engineer-
ing. MoLIC was created for modeling system interactions
as conversations between the system and its users. In these
conversations, the user and the designer (represented by his
proxy) alternate turns of speeches and dialogues with inter-
action scenes. MoLIC has two main elements: conversation
scenes and conversation flows. Conversation scenes are rep-
resented through rectangular labeled boxes. The title (label)
indicates what the scene is about. The box is composed of a
set of speeches exchanged between the designer and the user.
Conversation flows are represented by directed lines. These
lines may be continuous to indicate a progressive flow in the
conversation or dotted to indicate a regressive flow in the
conversation. Regressive flows usually happen due to com-
munication failure.

4.2.3 Lesson Learned: To adapt MoLIC

Although we observed that MoLIC is potentially useful for
modeling API conversations, we also observed the oppor-
tunity to perform the following adaptations in its original
composition, aiming at better supporting the modeling of the
API designed during the action research. In future work, we
will conduct new investigations to establish a comprehensive
modeling language to support the design of conversational
APIs in general.

Asynchronous flow: The first adaptation in MoLIC was
the addition of the resource of asynchronous flow for model-
ing the conversations between APIs and their users. An asyn-
chronous flow may be needed, especially when the API re-
quires large-scale data processing to answer users, as was the
case with the API we were modeling. In this case, the conver-
sation flow is temporarily interrupted, returning to where it
left off after receiving a proper signal from the API. It applies
when the API call takes too long. For instance, in deep learn-
ing, training models and predictions may take a long time,
leading to a temporary suspension of the conversation. In this
case, the conversation will be only resumed after an API sig-
nal sending, which should be properly implemented in the
source code. Formalization of the dialogues: The flexibility
of representation in MoLIC may be a problem for API model-
ing. Unlike traditional software interfaces, APIs are formal
and fixed. The API interfaces are defined with parameters,
data types, and returns. Thus, another necessary adaptation in
MoLIC was providing support for specifying the dialogues
taking place in the modeled scenes. To this end, we used Ope-
nAPI, a modeling language designed for specifying REST-
Ful services [Initiative, 2020]. OpenAPI offers a powerful
tool for specifying the data flow of each method call. It is
composed of two main features: a tool to support formal API
specification and a tool for automatically generating source
code.

In our adapted version of MoLIC, we used the OpenAPI
resources to represent the alternation of dialogues between
API users and API designers. The input attributes describe
the user’s speeches, and the return attributes describe the de-
signer’s speeches. Through a set of reserved words and struc-
ture rules, API designers can specify API interfaces, input
data, output data, and documentation.
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Figure 3 shows a snippet of a model designed through our
adapted version of MoLIC. The model was built in the con-
text of the API designed during the action research. This fig-
ure shows a conversation between the user and the API about
the user’s goal of training a particular model. The user can
start right at the training scene if he already knows which
model he wants to train. Alternatively, the user can pass be-
fore a scene to discover the available models. During the
model training scene, the conversation between the user and
API is suspended by an asynchronous flow, returning just af-
ter the user gets a positive response from the API indicating
the model’s end of training. If the user wants to train another
model type, the conversation with the API may continue by
releasing a new training set or returning to the scene address-
ing the discovery of the available models.

The exemplified conversation from the MoLIC diagram
can be seen from two different points of view, depending on
the persona involved in the conversation. The geologist, who
does not have much programming knowledge and will not
create their own models, may opt by going through the scene
to discover the available models and identify which model
would better fit the user’s needs. On the other hand, for the
persona expert in deep learning, going through this scene is
optional, as he may be training his own model. Thus, he al-
ready knows which model he has chosen and what parame-
ters and settings he has. This kind of conversation is modeled
in the figure with the scenes of “Train Model”, “Available
Models” and “Run Model”.

End

Start

Available Model

Run Model

Train Model

Figure 3. MoLIC and Adaptations - DL API Modelling

With the API model, API designers were able to think
about new implementation needs and improvements. The
API has a dynamic set of ready-made models. However, the
developers had not thought of a way to expose to users which
models would be available. Through creating a method for
this purpose, the API conversation was improved and the
API designers experienced a more fruitful interaction. More-
over, once the user already knows the model he wants to
train, he does not need to go through the model selection dia-
log, which is optional. So, the API offers two conversational
paths.

4.3 How to Implement the API Interfaces

4.3.1 Challenge: To help designers on choosing the ap-
propriate signs for API interfaces

Unlike the traditional computer-human interaction process,
in which several types of signs (graphic, textual, sound, en-
gines, etc.) may be used, the interaction with APIs and pro-
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gramming languages is limited to textual signs. These signs
include function signatures, documentation, and error mes-
sages, among others. MoLIC offers a set of guidelines to con-
vert the model into user interfaces (graphic, textual, sound,
engines, etc.) However, these guidelines are insufficient to
model the communication between APIs and their users.
Therefore, one challenge was to propose guidelines for sup-
porting API designers in creating API interfaces based on
MoLIC diagrams, which include identifying the appropriate
signs.

4.3.2 Solution: To compose a set of guidelines for struc-
turing the API interfaces

Based on the results of our action research, we propose a
set of guidelines to support the designer when naming and
structuring API interfaces. These guidelines are grounded
in Grice’s principles of cooperation [Grice, 1975]. In the
following, we list the guidelines with their corresponding
principles.

API interfaces must focus on relevant information

The design of an API should be accurate in characterizing
the expected conversations between API designers and
API users. In the same way, an API design should also
make clear which conversations are not allowed. That is,
the API designer may choose to abstract some concepts as
well as prioritize others. This guideline addresses Grice’s
principle of maximum relevance. For instance, considering
the example of the API designed during the action research,
one can see the conversation sometimes abstracted deep
learning concepts. Alternatively, concepts from the Geology
were abstracted.

API documentation must be simple and concise

API documentation is a key opportunity for API designers
to improve the conversation level with the API users.
However, this relationship cannot become abusive. Once
API interfaces frequently have a weak conversation, API
designers are prone to embed most of the conversation in the
API documentation. Consequently, it is not rare to find APIs
composed of few methods but with extensive documentation.
As previous work has already been discussed [Bastos et al.,
2017], API users are not encouraged to search for the API
documentation to solve their problems. Instead, they prefer
to find examples in forums, which go straight to the point.
Based on the principle of maximum quantity, we recom-
mend that API designers should avoid establishing tiring
and laborious communication when documenting APIs.
In other words, the API designer should be careful about
introducing an overhead of information for the API users.
In this sense, the API designer may compose more detailed
and more synthesized versions of the API documentation
for attending to different types of users.

API Interfaces must be cautious with metaphors
and idiomatic expressions

The appropriate choice of names for the interfaces’ iden-
tifiers is decisive for the quality of the API conversation.
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As stated by the principle of maximum mode, if the API
designer adopts ambiguous expressions, they may hamper
the users’ understanding of API use. In particular, we
recommend avoiding metaphors and idiomatic expressions.
For instance, during the action research, we found that a
metaphoric function name- “ZooModel”- was confusing for
non-deep learning professionals. In this way, we suggested
renaming the function to “AvailableModels.”

API Internal behavior must not contradict API in-
terfaces or documentation

The API must be consistent among user interactions, as-
suring efficient conversation flow. Based on the maximum
quality principle, API designers should assure consistency
between the API documentation, interfaces, and internal
behavior. Consequently, all the possible conversations will
be effective, avoiding tricking the API user with wrong
understandings about the API internal behavior.

4.3.3 Lesson Learnt: We need more than just guidelines

We realized that we would need more than guidelines to sup-
port the designer in choosing the appropriate signs and es-
tablishing an effective conversation. We should go beyond
by conceiving an evidence-based method to support the con-
struction of conversational APIs. Further, this method should
be supported by a recommendation tool that is able to com-
bine semiotic engineering concepts to establish different con-
versation levels according to the signs used by the API.

5 Follow-up and Discussion

Researching in the context of real projects is frequently
claimed as a challenge to the field. It could be even more chal-
lenging whether the research requires the researchers’ par-
ticipation in long-term projects. Opportunities for conduct-
ing action research in industrial settings are still uncommon
in the field despite potential benefits for both research and
practice. Besides, recording and reporting data gathered in
long-term studies is quite complex. The work presented in
this paper reports an action research that required the collab-
oration of a researcher in an industrial project for six months.
Through this study, we investigated and improved the API
design process from the perspective of the API designers. As
far as we are aware, this is the first study in the field with this
purpose. Thus, despite the restricted context, we believe the
lessons learned through the action research and the proposed
solutions for designing conversational APIs address relevant
contributions to the field. Besides, the study also led us to
apply the concept of conversational APIs for the first time in
practice. Another contribution of the action research is devel-
oping the conversational API required by the company. The
action research cycles covered the API development, from
its conception until the implementation of its interfaces.
After concluding the action research, the development
team finished the implementation of the API. In the sequence,
we interviewed the technical leader actively involved in all
the development steps. The main goal of the interview was
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to characterize the perceived contributions of the interven-
tions made during the action research to the API develop-
ment, which evolved to the guidelines presented in Section 4.
The feedback provided by the technical leader suggests that
our approach brought practical benefits to the development
process, positively influencing the designers’ attitudes and
decisions. The technical leader stated that “the study was es-
sential,” followed by his positive opinion about the modeling
solution: “I would say that the part of analyzing how users
receive messages is very important to know which message
the API should send. It adds a new point of view for the API
developers.” Besides, he also claimed that “...as much as the
API developer knows requirements, thinking about commu-
nication with the user is very important.”

The technical leader also perceived the guidelines as im-
portant to support API designers in reflecting on the different
levels of conversation that an API may offer according to the
user experience. For him, these guidelines are useful to real-
ize whether an API should provide a verbose and explanatory
behavior or a practical and objective one. Regarding the per-
ceived importance of providing conversation, the technical
leader exemplified with another API: “The Python {anony-
mous} 2API, for example, is fantastic. However, the use of
the API is awful. The designer did fantastic work, but based
on an unusual way of use. The way to call the functions is
similar to {anonymous}?. It maybe makes sense for some-
one. For the vast majority of people, it does not. The order in
which you implement the functions or how you access them
may hinder or help a lot its use.”

Despite the positive feedback, it is important to also dis-
cuss the possible limitations of the study. One can see that
the proposed solutions can be challenging for designers un-
aware of HCI theories. Thus, the presence of an HCI special-
ist may be required. Indeed, the researcher that conducted the
study is an HCI specialist. He used his background to give to
support the other team members. Regarding this issue, the
technical leader interviewed pointed out that “the benefits
certainly outweigh the costs. In a company with several de-
velopment teams, this cost would be even lower, diluting the
presence of a single specialist in more than one project.” In
this sense, we see it as an open research question that we in-
tend to address in future work in order to create a method
suitable for API designers without HCI expertise.

6 Colloquy

Based on the experience gathered with the action research,
we designed the Colloquy, a method to establish conversation
in APIs. Colloquy consists of a set of iterative steps. Each
step consists of a set of guidelines that will support the API
designer to reflect on the conversations that the API should
make possible with its users. The main characteristics of Col-
loquy were previously reported in [Bastos et al., 2020a].
Figure 4 illustrates the Colloquy steps, including its main
techniques and the resulting artifacts. In the following sub-
sections, we introduce in detail these steps. The first step
of Colloquy requires identifying and characterizing the API

2The participant cited a third-party API. We think it is better not to ex-
pose which API
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users and their requirements. The second step consists of
modeling the possible conversations between the API and its
users, including error recovery conversations. The third step
consists of defining the API interfaces. For this purpose, the
third step consists of guidelines for naming functions, estab-
lishing parameters and their names, and defining appropriate
return messages. In the supplementary material, we illustrate
the step-by-step execution of Colloquy for the design of a
date and time API.

Colloquy’s main objective is to guide the designer through
his API development process, offering techniques and tools
for exploring and creating user-API conversations. Thus,
Colloquy does not predict the participation of actual users in
the development process. However, Colloquy does not pro-
hibit such participation, and it is up to the designer to adopt
or not users for evaluating the artifacts created.

Thus, we consider that a designer who has access to in-
clude actual users in the API development process can per-
form studies with these users in three specific Colloquy
points. First, after creating the personas and interaction sce-
narios, the designer could validate the created documents by
performing workshops with users of his APIs. With this kind
of empirical study, the designer could identify the need or
not create new personas or interaction scenarios.

Another point that can be useful to employ real users
is after modeling the interaction with MoLIC4APIs. A de-
signer could benefit from asking users to navigate through
the created diagram, using simulation, and making the user
exchange dialogues with the API through the model. This
type of study would be useful to verify whether the model-
ing meets the objectives and needs of real users. Such objec-
tives would already be outlined and validated in the previous
step with personas and scenarios. With this empirical study,
the designer would only validate if the conversation flow is
adequate.

Finally, the study with real users could come on top of the
final API interface. The designer could design mock behav-
iors in his API and perform empirical studies to identify if
his interfaces fulfill the previous steps’ conversation. By do-
ing this study before the final implementation, the designer
could identify new requirements and eventual communica-
tion failures, correcting them before the final release of his
APL
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Figure 4. Colloquy Steps
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6.1 Personas and Interaction Scenarios

The first step of Colloquy is aimed at discovering the po-
tential API users and their corresponding requirements. This
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step is critical for identifying who are the API users, what
they need, and what level of detail should the API conver-
sation have for them. For this purpose, Colloquy recom-
mends adopting two technologies often adopted by human-
computer interaction professionals: personas and interaction
scenarios.

As already introduced, personas are fictional characters
used to characterize and combine the different roles played
by the software user [Cooper, 2004]. The definition of these
characters will give the API designer the knowledge to en-
able the most appropriate conversations for API users. For
example, an experienced programmer may require a more
detailed interface, while an occasional programmer may re-
quire a more simplified interface. Interaction scenarios are
composed of a textual and concrete narrative, rich in con-
textual details. This narrative reports the API usage status,
describing the processes involved and (potentially) its data.
Thus, we use interaction scenarios at this stage to describe
all possibilities of interaction that users may have with the
APL

6.1.1 Guidelines for the Characterization of APIs Per-
sonas and Interaction Scenarios

To create a conversational API, itis especially critical that the
designer can think of the full set of possible personas and in-
teraction scenarios for its API. It is not uncommon for users
of an API to make different appropriations than those they
are designed for. However, creating personas and interaction
scenarios may not be a simple task. When we put conversa-
tion as a central element in the design process, we need to
emphasize a set of special characteristics of the personas. In
this way, our method offers a set of guiding questions (Table
4) to help the designer make this reflection. These questions
are inspired by the API metacommunication model proposed
by Afonso [Afonso, 2015b].

To answer each question, the designer should have in mind
the set of aspects presented in the right column. For exam-
ple, when answering “Who are the APl users?”, the designer
must consider the user experience and culture, among others.
For example, in the design of a date and time API, culture
can impact the API conversation about the time zone and the
date input and display format.

6.2 Conversation Modeling

Once the personas and the corresponding interaction scenar-
ios are defined, the API designer needs to model the differ-
ent conversations users can establish with the API. For this
purpose, we designed MoLIC4API (MoLIC for APIs), a lan-
guage resulting from the adaptation and combination of two
modeling languages often used in HCI and Software Engi-
neering: MoLIC [de Paula and Barbosa, 2003] and OpenAPI
[Initiative, 2020].

MoLIC4API is composed of two main elements of
MOoLIC: conversation scenes and conversation flows. A con-
versation scene is represented by a rectangular box, with
a title describing the scene and a set of designer and user
speeches. The conversation flows are represented by directed
lines, which can be continuous, indicating a progressive flow

Bastos et al. 2024

Table 4. API Metacommunication Template

Question Aspects to be covered in the answers

Culture / Language

Professional or End-User Programmer

Users’ values

Relevant demographic data

Programming Experience

Academic background

Knowledge of programming languages and
paradigms

Types of API interaction patterns

API domain knowledge

What do they Intended use cases for the API
need or want to Use case preconditions and restrictions
do? User needs

Who are the API
users?

Programming conventions and culture
Language specific conventions and culture
Parameter styles and return types
Appointment styles

Productivity

Accuracy in activity

Use of auto-complete and other shortcuts
Consult documentation or learn by doing

What are their
API preferences?

Lack of experience or professionalism
Personal values

Naming preferences

Programming culture

Knowledge of other languages and APIs
Academic training

Programming environment requirements

Why do they
have these
preferences?

in the conversation, or dotted, indicating a regressive flow in
the conversation, usually due to some communicability fail-
ure. Besides, MoLIC4API also includes a new element: the
representation of asynchronous flows, which serves to signal
possible operations that may take time and need some return
function to have the result achieved. Also, MoLIC4API uses
the formalities already existing in OpenAPI for a detailed de-
scription of the user and API conversation. Through this de-
scription, the designer will explain what the user’s speeches
will look like and what the API (your proxy) will look like,
in terms of parameters, data types and structures, and object
names.

Thus, MoLIC4API combines the flexibility of MoLIC to
represent conversation flows and the formality of OpenAPI
to represent data exchange during conversations. The appli-
cation of MoLIC4API is independent of the programming
language. The designer should use MoLIC4API to model all
interaction scenarios thought of in the previous phase. When
modeling these scenarios, the designer must reflect on the
conversation flow and call the API operations’ sequencing to
achieve the users’ goals. It is essential that the designer can
also model the backward flow at this stage, predicting pos-
sible communication failures and offering fruitful dialogues
for the user to recover from.

Figure 5 presents, through an illustrative example, the el-
ements of the proposed language. In the figure, we model
a possible conversation between a user and a deep-learning
API. In this model, we illustrate a conversation where the
user wants to create, train, and execute a machine-learning
model. The API must support these dialogues and guide the
user through the call flow needed to achieve the proposed
goal. The main elements of MoLIC4API can be seen in the
picture. The conversation scenes are represented by the rect-
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angular box, with the title above and the user and designer
speeches below, represented through OpenAPI syntax. The
arrows indicate the possible flows of the conversation fol-
lowed by messages from the designer or the user indicating
the conclusion of the scene it is leaving. The flows can be pro-
gressive (continuous arrows) or regressive (dotted arrows).

6.3 Interfaces Implementation

The primary goal of Colloquy is to help designers model the
conversations that can be established between the API and
the user. In this sense, our method also aims to promote trace-
ability between the mapped conversations and the API inter-
faces. To this end, we have developed recommendations for
designers to convert MoLIC4API diagrams into source code.
We describe this recommendation in subsection 6.3.1. Be-
sides, the method also offers a set of guidelines to support the
designer when naming and structuring API interfaces. These
guidelines are grounded in Grice’s principles of cooperation
[Grice, 1975]. In Subsection 6.3.2, we list the guidelines with
their corresponding principles.

6.3.1 Recommendations for Composing Source Code

from MoLIC4API Diagrams

RO1. Represent each scene through an API operation:
Each scene in a MoLIC4API diagram describes an exchange
of messages between the designer and the user. Although the
designer has different mechanisms to send his message to the
user, the API user can only send his message in one way: by
executing API operations. Therefore, we recommend that an
API operation should mediate each scene.

RO2. Represent each attribute of the user’s speech in a
scene as an operation parameter: Within the conversation
scenes, the user’s speech, represented by the OpenAPI syn-
tax, should become parameters in the operation call that orig-
inated from the scene.

RO3. Represent each attribute of the designer’s speech as
a return of the operation: The same goes for the designer’s
lines, which must be converted into variables of the return
object of the operation that originated from the scene.

RO4. Include messages to the user in the call-back oper-
ations: The main message following the conversation flow
should appear in the return of each operation. If the flow is re-
gressive, the operation return must be represented as an error
message. In this way, the API designer should write these
messages carefully. An error message must be comprehen-
sive enough for the user to recover from the error and shift to
a productive interaction. If the flow is progressive, the oper-
ation return may report a message indicating the operation’s
success. Besides, messages indicating the next step the user
should take in the interaction may be beneficial in this case.

It is important to note that the recommendations presented
here for implementing interfaces should not be followed as
a mandatory rule. This mapping can be adapted to suit other
API requirements that consider features such as efficiency or
safety. We intend to refine these recommendations in future
studies. Another future improvement is the development of
automated tools for this step.
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6.3.2 Naming and Structuring Guidelines

GO1. API interfaces must focus on relevant information:
The design of an API should be accurate in characterizing
the expected conversations between API designers and API
users. In the same way, an API design should also make clear
which conversations are not allowed. That is, the API de-
signer can choose to abstract some concepts as well as pri-
oritize others. This guideline addresses Grice’s principle of
maximum relevance.

GO02. The API documentation must be simple and concise:
API documentation is a key opportunity for API designers to
improve the conversation with the API users. However, this
relationship cannot become abusive. Once APl interfaces fre-
quently have a weak conversation, API designers are prone
to embed most of the conversation in the API documenta-
tion. Consequently, it is not rare to find APIs composed of
few methods despite extensive documentation. API users are
not encouraged to search for the API documentation to solve
their problems. Instead, they prefer to find examples in fo-
rums, which go straight to the point [Bastos et al., 2017;
Lamothe and Shang, 2020]. Based on the principle of max-
imum quantity, we recommend that API designers should
avoid establishing tiring and laborious communication when
documenting APIs. In other words, the API designer should
be careful about introducing an overhead of information for
the API users. Alternatively, the API designer may compose
more detailed and more synthesized versions of the API doc-
umentation to attend to different types of users.

GO03. Avoid metaphors and idiomatic expressions when
naming interfaces: The appropriate choice of names for the
interfaces’ identifiers is decisive for the quality of the API
conversation. As stated by the principle of maximum mode,
if the API designer adopts ambiguous expressions, they may
hamper users’ understanding of how to use the API. In par-
ticular, we recommend to avoid metaphors and idiomatic ex-
pressions.

GO04. The API internal behavior must not contradict the
APl interfaces and the API documentation: The APl must be
consistent between the different user interactions, ensuring
efficient conversation flows. Based on the maximum qual-
ity principle, API designers should ensure consistency be-
tween the API documentation, interfaces, and internal behav-
ior. Consequently, all the possible flows should result in cor-
rect conversations. This correctness includes avoiding trick-
ing the API user, resulting in a wrong understanding of the
API internal behavior.

7 Case Study Plan

The case study presented in this chapter aims to test the ad-
vantages provided by Colloquy when developing a real API.
To do this, we established a context in which we could get
an API designer interested in participating in our study. We
defined that we would use Colloquy to design an API aimed
at refactoring source code in the Java programming language.
The API was designed by a Doctoral researcher investigating
refactoring and code smells.
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[ Create a Model

User
model_name: string
model_type: enum
layers: list

Start

Designer
id_maodel: id

U: I want to
create a model

—

D: Model
successfully created
b

Train the Model

User
model_id: id
epochs: integer
batch_size: integer
> validation_split: int
data: data

U: | already have a

D: Traini
model created, | want raining
- Designer started
to go straight to o
o msg: string
training

D: An error occurred
during training. Re-do

( Check Training \

User
id_model: id

Designer
is_ready: boolean

A

D: Your model is in training.
This may take a while, see
the completion of training in

this scene.
[ Execute Model

User

'~ model_id: id
data_predi: data
metrics: string

Designer
accuracy: double
result: string

End

D: Designer
U: User

Figure 5. Example of MoLIC4API modeling

7.1 Goal and Research Questions

By relying on the guidelines provided by Wohlin et al.
[Wohlin et al., 2012], we proposed the following study goal:

* Analyze an API design process supported by Colloquy,

* For the purpose of characterizing the Colloquy advan-
tages,

* With respect to the capability to generate a conversa-
tional API,

* From the viewpoint of API designers,

* In the context of real API design for program refactor-
ing.

The study goal led us to design our research question as fol-
lows.

RQ1. By using Colloquy, would an API designer be able
to design APIs with proper conversations?

The first research question aims to understand whether
Colloquy will really deliver a conversational API as we
planned. Thus, to address RQ1, we established that the API
generated needed to contain an effective and efficient con-
versation flow that the user could navigate to complete their
API usage goals. Thus, the API designer should be able to
model and define its interfaces. We discuss about it in the
results (Section 8).

RQ2. What other advantages could Colloquy bring to the
designer?

RQ2 aims to understand whether, in addition to the con-
versational API, Colloquy could bring more advantages to
the design process from the designer’s point of view. There-
fore, we conducted a set of interviews with our participant to
collect his opinion about each Colloquy phase. In these inter-
views, we addressed questions, such as the ease or difficulty

of executing the Colloquy, its effects on API design, and the
need for additional support.

7.2 API Context

As we discussed in the Introduction, conflicts between users
and designers of refactoring APIs are frequent since they do
not always have the same understanding of how to operate.
Thus, an API dealing with source code refactoring can signif-
icantly benefit from the conversational API and the method
that we propose for the design process. This study was con-
ducted in the context of a project to build an API to refac-
tor source code written in the Java programming language.
The API was designed by an experienced Java programmer
who has developed software in academic and industrial en-
vironments. The API designer, whom we will refer to as a
participant, has extensive experience developing and design-
ing reusable APIs and software. Besides, the participant has
extensive experience developing refactoring and code smell
analysis tools.

Reported work investigating APIs for refactoring in soft-
ware IDEs faces a recurrent problem of misuse. There are
well-defined and widely studied catalogs on how to perform
various refactoring types in source code [Fowler, 2004]. Still,
we find cases where users disagree about the operations per-
formed by APIs [Oliveira et al., 2019]. Even simple refac-
toring as an Extract Method [Fowler, 2004] can find several
ways to be performed among APl users [Oliveira et al., 2019].
Thus, we believe that a conversational API may be the appro-
priate approach to decrease misuse recurrence for the refac-
toring context.
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7.3 Data Sources

To conduct our data analysis, we collected data from inter-
views with the participant and the generated artifacts for the
API design. We combined the data obtained via these data
sources to compensate for their strengths and limitations. We
describe each data source as follows.

+ Interviews with the participant: We conducted four
interviews with the participant of our study. They were
all scripted interviews, intending to understand the par-
ticipant’s opinions and perceptions about that phase of
the study. Each interview lasted about 20 minutes. In
these interviews, the participant was asked about the
utility and the ease and difficulty of using the Collo-
quy method. He was also asked how his previous skills
might have influenced certain design decisions. Each in-
terview was contextualized with the phase that had just
happened.

* Generated artifacts: At each stage of our study, a set of
specific artifacts was created, including personas, sce-
narios, models, and API interfaces. These data were
collected so that they could later be analyzed and dis-
cussed with the participants. We required the partici-
pant about each artifact to discover how Colloquy might
have helped him in the creation.

7.4 Data Analysis Procedures

Qualitative Data Analysis: Our study was qualitative as our
analysis was very based on the interviews we conducted. We
tried to cross the interview data with the artifacts generated to
understand if the participant was properly using the method.
All the interviews were transcribed to allow an in-depth anal-
ysis of the participant’s statements.

After the transcription, we attempted to find and group
statements into the following categories: advantages, disad-
vantages, and improvements related to Colloquy. Our objec-
tive was to see what the participant could point out as positive
and negative points of our method, showing how useful is
the method, and also opening ways for future improvements.
The results of this in-depth analysis of the participant’s state-
ments are presented in section 9.

7.5 Phases of the Study Execution
7.5.1 Phase 1 - API Design Following Another Method

In the first stage of the case study, we searched the techni-
cal literature for methods and guidelines to support the API
design process. Among the papers found, we selected the ap-
proach proposed by Henning [Henning, 2007] because it was
one of the few that offered a sequence of steps and guide-
lines for API design. Moreover, this work was the one with
the highest number of citations. The approach is composed
of a set of guidelines and steps for successful API design. Be-
sides, the approach also lists problems of a poorly designed
API and the advantages of relying on the guidelines he has
established. We present below the set of guidelines proposed
by Henning:
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* An API must provide sufficient functionality for the
caller to achieve its task.

* An API should be minimal.

* APIs cannot be designed without an understanding of
their context.

* General-purpose APIs should be policy-free, and
special-purpose APIs should be policy-rich.

* APIs should be designed from the perspective of the
caller.

* Good APIs don’t pass the buck.

* APIs should be documented before they are imple-
mented.

* Good APIs are ergonomic.

Before executing the first step, we performed a quick train-
ing on Henning’s method with the API designer. In this train-
ing, we guided him to use his skills and follow Henning’s
work to create the API. After two months, the participant de-
livered the class diagram of the API, and a set of sequence
diagrams representing the user interaction with the APL. It is
worth noting that the participant was not exclusively work-
ing on our study. Then, we conducted a second meeting with
the API designer to collect the participant’s opinions on the
method used in the first step and on the quality of the API
generated. This phase took the participant six weeks.

7.5.2 Phase 2 - API Design Following Colloquy

At the last hour of the second meeting, we introduced the
participant to the conversational API and Colloquy concepts.
In this meeting, the participant was trained to perform the
first phase of our method. More specifically, we introduced
the participant to the personas and scenarios concepts, giv-
ing examples based on API for other contexts. We also have
shown him the table with the guiding questions to assist him
in the task.

After the first meeting, we guided the participant to create
the personas and interaction scenarios for his API. After four
weeks, the participant delivered the personas and scenarios
created. We then interviewed the API designer to collect his
experience regarding the Colloquy use. The same happened
for the following two phases. First, we would have a meeting
with the training and presentation of examples of how to use
the method in that phase. Then, the participant carried out
the method execution, followed by another meeting to collect
the participant’s opinions and experiences. In Phase 2, the
participant took four weeks to perform the modeling, and in
Phase 3, it took two weeks.

After all three phases of the method, the participant deliv-
ered a redesigned API, with significant differences from the
original version. In the following section, we will show the
API snippets pointing to the main features that were modified
or created. We will highlight those features that prompted the
API conversation, establishing a more fruitful interaction be-
tween the user and API. In section 7.6 we discuss how the
execution of Colloquy after a previous API design may have
impacted the study validity, and how we face this threat.
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7.6 Threats to Validity

We planned to first perform the API design by following an
existing approach [Henning, 2007] and then redesign the API
with our approach. Our intention was to identify which im-
provements our approach could bring to the design process.
However, we are aware that this methodology has a learning
bias as the designer has already acquired previous knowledge
by using another approach. In this way, we have instructed
the designer to throw away the API design produced in the
first phase and redesign the API with Colloquy from scratch.
Moreover, we plan to conduct new studies following alter-
native designs. Besides, we intend to evaluate our method
without a comparison with existing methods, ensuring that
all API designs emerge from Colloquy.

Another threat to the validity of this study addresses its
restricted context: a single API designed by a single profes-
sional. We know that more studies are needed to generalize
our findings and conclude that our approach would be appli-
cable in a large-scale industrial setting. However, case stud-
ies are complex studies, requiring considerable research ef-
fort. We are reporting this as our first result and will con-
tinue to conduct more studies on evaluating and improving
our proposed method.

Our study participant had a well-defined research goal and
precise ideas about the API needs. We believe this is another
threat to the validity of our study. It brings a positive bias to
our method since the participant may already have a vision
about which API he wants to build. However, we seek to re-
duce this threat by always making it clear to the participant
that he should make transparent his perceptions about Collo-
quy. Moreover, he always explains how the method helped
him think and improve the API design, highlighting what
would not have been possible without the method.

8 Case Study Results

In this section, we will show the results achieved from our
case study. We will show the artifacts generated by the par-
ticipant, step by step, while he/she performs the three steps
proposed by Colloquy.

8.1 Personas and Interaction Scenarios Cre-
ated

In the first stage of the method, the participant conceived
three different personas who would use his API. For each
persona, the participant was able to reflect on two different
interaction scenarios.

8.1.1 Persona 1: John - Expert Software Engineer

The first person created was John, an expert software engi-
neer with several years of programming experience. John,
who leads a development team, is very skilled with the Java
programming language and in using IDE for refactoring
source code. However, he leads a team composed of novice
developers. In this way, he needs a tool to ensure the quality
of the code generated by his team. 1o do so, this tool should
provide an API where John can define his quality criteria

Bastos et al. 2024

through custom code refactoring. The participant thought of
two scenarios to assist this persona.

* Refactoring in the code review process
* Recommend refactoring for your team

8.1.2 Persona 2: Philip - Experienced Freelance Pro-
grammer

Philip has a degree in computer science and is an experi-
enced freelance programmer. During his five years as a free-
lancer, Philip has accumulated code elements to be reused.
However, Philip increased his concern with quality in his last
project, in which he was required to follow design patterns.
This way, to reuse his old work, Philip will need to refactor
it to suit his new way of programming. Thus, Philip needs
a tool capable of supporting him in refactoring programs in
his old code bases. The participant thought of two scenarios
to assist this persona:

* Automating refactoring
* Refactor old source code

8.1.3 Persona 3: Katarina - Inexperienced Programmer

Katarina is an inexperienced young programmer studying
systems analysis. Katarina is not yet familiar with design
standards and has great difficulty improving the structural
quality of her code. Therefore, Katarina needs a tool to help
her overcome this challenge. As Katarina is still studying
software design, she wants a tool that would work as a tu-
tor, explaining the need for each suggested code modifica-
tion. The participant thought of two scenarios to assist this
persona:

* Refactoring recommendation
* Learn refactoring-driven programming

8.1.4 Discussion about Personas and Interaction Sce-
narios

One can see the participant was able to think of different per-
sonas and different interaction scenarios. Experienced and
novice programmers were described. Consequently, the API
designer needs to design different dialogues to support the
needs of these personas. For example, Philip, the more expe-
rienced persona, will need a more efficient and direct API.
The persona learning how to program, i.e., Katarina, will
need a more verbose API, with more explanations and more
sophisticated dialogues. These needs will be reflected in the
final interfaces, as we will see in the following subsections.

8.2 Diagrams

After creating the personas and defining the interaction sce-
narios, the participant proceeded to the Colloquy’s next stage.
Following the method’s procedures, the participant modeled
the interaction defined in the previous scenarios using the
MoLIC4APIs modeling language. Figure 6 presents the final
model generated.

During API modeling, the participant could think in de-
tail about the interaction flows (conversations) that the user
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Figure 6. Modeling the Refactoring API Interaction

should perform with its API. In the participant’s own words,
modeling helped him think about the regressive flows, that
is, possible problems the user would face and how to solve
them. In Figure 6, we see the conversation scenes, conversa-
tion flows, and dialogues exchanged between designers and
users, represented in the OpenAPI language (Section 6.2).

8.3 API Interfaces

The last stage of Colloquy is the definition of the API inter-
faces. It is important to note that we will not show the com-
plete API. Instead, we focus on presenting and discussing
the API parts that show how Colloquy was relevant in this
stage. The listing 4 shows the source code of the interface
and a short documentation above them. This documentation
aims to explain what each operation does. Besides, the doc-
umentation also explains the parameters and return values.
In the following subsection, we discuss how the method has
impacted the creation of these interfaces from the designer’s
point of view.

Note that four different operations were generated in the
proposed API. Each operation resulted from an interaction
scene from the modeling of the previous step. Thus, for each
operation, the user speeches became parameters, and the de-
signer speeches were grouped into return objects, including
the transition speeches between scenes. We present below the
four public methods created in the final stage of Colloquy.
In subsection 8.4, we discuss which elements represent im-
provements concerning the API generated using Henning’s
guidelines [Henning, 2007]. In subsection 8.5, we discuss
which aspects of conversation are present in the API and its
distribution among static, dynamic, and metalinguistic signs.
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Listing 4: Generated API for Refactoring Java Programs
Language

8.4 Improvements After Using Colloquy

When the participant started development using our method,
he already had an original version of his API, based on the
use of Hening’s guidelines [Henning, 2007]. We highlight in
this subsection the improvements that came with the method
and their respective reasons.

The first improvement was the reflection made by the par-
ticipant about the need to give his user a reason for each
refactoring his API was suggesting. Inspired by the persona
Katarina (subsection 8.1.3), which only emerged after using
Colloquy, the participant realized the need for a better ex-
planation of this feature. In the original version of the API,
the return of the “listRefactoring” operation was just a set of
“Refactoring” objects that listed the changes required to be
applied in the program. However, after considering the sce-
narios provided for the persona Katarina, and its primary pur-
pose of learning about refactoring, the participant modified
the return to add a “justification” field for each refactoring
offered by the APL

The second significant modification that came up with Col-
loquy was the “Refactoring Scenario” concept incorporated
into the API. According to the participant, this idea arose dur-
ing modeling using MoLIC4APIs. When realizing the inter-
action flow created, the participant identified the need to cre-
ate an object that was a connecting factor between the parts of
the API. Consequently, the concept of a refactoring scenario
emerged, with which the user would interact throughout the
navigation until the completion of its goal. One can see that
a "Scenario” object is present in all API methods.

The last significant change we highlight here is the cre-
ation of operations “listRefactoring” and “executeRefactor-
ing” as a result of the split of the previous method “doRefac-
toring”. This division was a consequence of modeling us-
ing MoLIC4APIs. When invited to think of modeling as a
conversation, the participant could realize that the original
method should be split in two to improve the API conver-
sations. Moreover, by analyzing the current interfaces, we
realized that the conversation flow has become more natural
between users and designers. Moreover, splitting the origi-
nal method into two methods brought a new feature the par-
ticipant had not identified before: the possibility of one user
just wanting to discover the refactorings offered without nec-
essarily performing them. A user with a learning interest in
refactoring could benefit from such a feature.

8.5 Interface Conversations Aspects

This subsection highlights the conversational elements of the
generated API and how they enhance the communication
of the design rationale to the users. In the previous subsec-
tion, we have already discussed some new API elements that
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emerged from Colloquy’s execution. Now, we will talk again
about these elements but from the perspective of the contri-
bution to the conversation improvements.

Detecting structural problems in software may not be a cut-
and-dried task. Even with some ascertained metrics, there
will always be margins for interpretation of the possibility of
a code smell existence. Thus, in cases like these, the creation
of resources in the interface that capture the user’s attention
to possible disagreements about an operation is fundamen-
tal. Therefore, our approach made the participant realize this
need and added a field of “justification” to the return of the
“listRefactoring” operation. By adding this feature, the de-
signer exposes his rationale to the user. Thus, the user can
understand the application of the metrics that have been se-
lected, and the refactorings offered by the API as a conse-
quence. This feature represents an advance in API conversa-
tion over the first version.

Another important conversation characteristic that we
highlight in the AP is the creation of the “generateScenario”
method and the detachment of two methods that were previ-
ously grouped into a single operation, "listRefactoring”’ and
“executeRefactoring”. In the previous API version, the user
did not have the option to view all the refactorings that would
be executed before actually executing them. Using Colloquy,
the participant realized that splitting this operation in two
could enhance the conversation with the user. Thus, the API
exposes the user to its internal behavior, i.e., which refactor-
ings were selected, so the user can execute them if he wants.
Besides, it is important to note that all this conversation hap-
pens in the interface, even if a more detailed description of
each operation is available in the API documentation.

Finally, we highlight the flow of conversation that the API
began to promote with the user. The API users will be able
to interact with the API in continuous dialogues until they
achieve their goals. This API global feature is also a charac-
teristic that defines it as a conversational API. For instance,
if an experienced user already familiar with the API wants
to perform refactoring, he can follow an efficient conversa-
tion flow. He can create a refactoring scenario and then go
straight to the refactoring execution, without going through
the list of selected refactorings. On the other hand, an inexpe-
rienced user who wants to understand the refactoring applied
can follow the whole flow of operations step by step, through
the dialogues pre-made by the designer.

9 Discussion

In this section, we discuss the results found from the partici-
pant’s point of view, i.e., the designer of the API generated in
our case study. We show the benefits of using Colloquy listed
by the participants during the interviews. Besides, we also
discuss some opportunities to improve Colloquy that have
emerged from participant opinions and experiences. Finally,
we discuss some threats to the validity of our case study.

9.1 Colloquy Method Benefits

Developing Empathy with Users: Throughout the in-
terview, the designer emphasized that he developed his
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empathy for the possible users of the API. His report
indicates that such improvement is mainly a reflection of the
execution of the first stage of the method. When asked about
the main influences of creating personas and scenarios, the
designer stated that "When you are building an API, you
have the concept to you, what the API offers to you. When
you start creating characters, you will think about what my
API will offer that persona, in that situation, in that specific
scenario. Then you begin expanding the API to serve a
larger set of people”. So, we may notice that the participant
put the user in the foreground, emphasizing the quality of
use of the API interfaces. This is a consequence of creating
empathy for the user, i.e., trying to understand the needs
and how to help the user solve problems. This consequence
did not arise when using the Henning approach since its
guidelines are not directly related to the users’ profile and
needs.

Modeling Conversation with Users: The designer found
an advantage in modeling the API interaction as a con-
versation. The MoLIC4API language helped him think of
the API operations: "By using the modeling language, you
can have the vision of the whole interaction. That kind of
vision, I don 't think I would have if I didn 't make the models.
Modeling is related to what the user will ask for API and
how it will answer. And you can associate that to method
calling, parameter passing, values, and so on”. This report
also indicates that Colloquy influenced the designer to think
about the conversational capabilities that should be offered
by the refactoring API. Since Henning does not offer an
API modeling step in his approach, the participant could not
reflect on the API conversations and interaction flow.

Identification of New Requirements: Another point that
the design highlighted as relevant when using Colloquy was
developing the ability to extend the requirements met by the
APIL. According to him, thinking about the conversations
that the API should provide to the users allowed perceiving
that different users might need different conversations,
leading to identifying new requirements for the API: "/t was
noticeable that what I was offering in the API was something
limited and focused on a type of persona. By making more
personas, I could realize that I can provide more details and
requirements to users. Thinking about the personas made
me expand on what the API could offer. It made me think
about things I had not thought about before.”

Created Models as API Documentation: Another sig-
nificant contribution of Colloquy was using the generated
models as part of the API documentation. It was the partic-
ipant who pointed to this possibility in the last interview.
Asked about the advantages and disadvantages of using the
modeling language to design the API interaction flow, the
participant replied: "Let us say I have a development team,
and we are in the modeling phase of this APL. If I showed
a UML diagram, the team might not be able to see an
interaction flow. So, what I think would be more practical is
that, when presenting my functionalities, I could show this
interaction through MoLIC4APIs. Even for the API user. If
1 show UML, the user may not understand quickly, but it is
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much more practical and clear to understand all the flow if I
show the MoLIC4APIs diagram”. Thus, we believe that the
generated models also contributed to increasing the quality
of the API documentation.

The aforementioned benefits indicate that Colloquy is fea-
sible, bringing effective contributions to designers develop-
ing better APIs. Such contributions perceived by the designer
encompass the three steps of the method, resulting in im-
provements in the designer’s conversation with the API users.
It enhances the quality of the API from the standpoint of its
completeness and structural quality. At the moment, the API
is in the implementation phase of the internal functionalities.
After the conclusion of this stage, we intend to conduct ex-
periments with different API users. In these studies, we will
also seek to analyze the perception of the API quality of use
from the user’s point of view.

9.2 Colloquy Drawbacks

The execution of Colloquy was more complex and time-
consuming: as Colloquy consists of 3 laborious steps, the
time taken to execute the method was considerably higher
than the time spent on the previous design. Furthermore, for
a designer who lacks knowledge of the HCI techniques we
use, the method can be even more costly as it will have a
disadvantageous learning curve in the short term. However,
we believe that Colloquy can bring superior advantages that
would pay off in cost-benefit after learning, since the API
generated after the execution of the method had a great gain
in quality and conversation, as discussed in the section 8.4.

Prioritize which guidelines are most important: During
the interviews, we noticed that the API designer faced some
difficulties applying Colloquy. The first major difficulty for
the participant was creating the API personas and scenarios.
Although he reported that the guiding questions significantly
helped him on thinking and writing about personas and
scenarios, the participant pointed out several aspects to
consider. For him, several aspects listed in the guiding
questions do not make sense in his context. For example, for
the participant, questions about “culture” or ”demographic
data” are irrelevant for characterizing the API personas.
In contrast, questions such as academic background are
strongly important, as he believes that academics are more
prone to better understand code refactoring than practition-
ers. Thus, possible opportunities for improving Colloquy
address reducing the number of guidelines or even the
prioritization of which aspects should be more relevant.

Colloquy needs computational support to be more
viable: Another great difficulty was the creation of the
MoLIC4APIs models. The participant complained that the
method does not offer a tool to support the creation of the
models. Additionally, the participant considered the need
to memorize exactly how to design each model element
inefficient. In his words, he would have significantly
benefited from a tool to assist him in building the models.
Besides accelerating the modeling process, this tool would
reduce the cognitive load of who is modeling the API. The
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participant reported much difficulty in creating the models
since there was no tool that offered the elements ready
for him only to drag and drop. Other approaches, such as
UML-based modeling, already have such computational sup-
port. However, we will address this challenge in future work.

9.3 Colloquy and the Software Development
Process

The experience of the case study reveals that the proposed
method could address the challenges identified through the
action research 4. We evidenced that Colloquy helps design-
ers to be aware of the users’ needs, model API conversa-
tions, and choose the appropriate signs for API Interfaces.
However, the drawbacks identified in the case study point
to the opportunity of simplifying the method’s guidelines for
improving communication with API designers. Besides, the
case study revealed a complementary challenge: developing
a tool for supporting the use of Colloquy.

The empirical studies reported in this paper, i.c., the ac-
tion research for conceiving Colloquy and the case study for
evaluating Colloquy, were searching for design solutions for
the problems we identified. We chose to conduct two qual-
itative empirical studies with different natures and domains
to explore in-depth possible solutions to support designers in
creating conversational APIs. The experience of these stud-
ies showed us how urgent it is to offer techniques and tools
to support API designers. In both studies, we realized that
API designers do not usually follow traditional Software En-
gineering methods to improve the API quality. Thus, APIs
are usually produced with low quality and do not meet the
needs of conversation with their users, which may lead to
API misuse or even disuse.

Both empirical studies were not performed in teams fol-
lowing specific software development methods or processes.
However, we believe that Colloquy can be applied to any
software development process. In an agile method, our
method could be used, at each sprint, to generate a desired
piece of API. The MOLIC4API model itself is flexible to ac-
commodate and evolve with each sprint as new API require-
ments are implemented. As with any other process of docu-
mentation of requirements and functionalities, if the whole
team is in tune and able to execute the method, the discus-
sions about personas and modeling can be carried out as a
team without problems. Diagrams like MOLIC4API are ex-
cellent tools for collaborative discussions in software devel-
opment processes. Thus, we believe that Colloquy can be in-
serted in a development process under any kind of methodol-
ogy. However, we highlight here that no study has been con-
ducted within a more extensive software development con-
text. Our study focused on qualitative analysis and could not
detect our method’s entry restrictions in a software develop-
ment team.

10 Related Work

The first work discussing the quality of use of APIs appeared
in the 70s [Weinberg, 1971]. However, only at the end of
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the 90s the investigations in this topic gained notoriety. The
study conducted by McLellan et al. [McLellan et al., 1998]
investigated the use of HCI techniques, such as interviews,
usage scenarios, and recordings to support the evaluation of
APIs. The authors use their findings to discuss how code ex-
amples may influence the programmers’ use of APIs. For
instance, they found that example-based learning may lead
programmers to rely on errored code, promoting misunder-
standing of how an API works.

In the last ten years, different works have investigated the
usability of APIs. Some investigations focus on approaches
to improve the API design process, such as Watson [Watson,
2014], Mindermann [Mindermann, 2016], and [Mosqueira-
Rey et al., 2018]. Watson and Mindermann introduced ap-
proaches focused on the API easiness of use, grounded on
consolidated usability concepts and techniques from HCI.
Eduardo Mosqueira-Reya et al. proposed guidelines and
heuristics to be applied along the design process of APIs to
achieve usability. Although these works are concerned with
API usage quality, they lack addressing communicability as-
pects, including pragmatic issues and promoting the under-
standing between users and designers.

The lack of conversational APIs leads API users to experi-
ence difficulties in effectively applying APIs in their projects.
One of the main goals of our research is to support redesign-
ing already existing APIs into conversational ones. Alterna-
tively, technical literature presents tools for assisting devel-
opers in properly using APIs. For instance, Yessenov et al.
[Yessenov et al., 2017] propose DemoMatch, a tool to sup-
port programmers in discovering how to use an API based on
interactions between the API and software systems already
using it. Ichinco et al. [Ichinco et al., 2017] propose Exam-
ple Guru, a tool for recommending APIs based on the con-
text of the programmer’s code. Addressing code verification,
Nguyen et al. [Nguyen et al., 2017] present a tool for scan-
ning the source code of Android applications to find possible
security flaws resulting from the inappropriate use of APIs.

More recently, some works investigated the pragmatic is-
sue of API misunderstanding [Nielebock et al., 2020]. Al-
though they did not propose methods or techniques to im-
prove API communication, these works may represent re-
sources to support the understanding of communication lim-
itations among designers and users. Nielebock et al. investi-
gated the misunderstandings in using APIs, leading to their
misuse and even the incidence of bugs. To mitigate this risk,
the authors introduce a tool to identify API misuse, offer-
ing rules to fix its use. The work reported by Lamothe and
Shang [Lamothe and Shang, 2020] aims to understand the
appropriations made by API users. The authors found three
workaround patterns followed by API users. These patterns
can help API designers to understand the possible bypasses
made by the API users.

11 Conclusion and Future Work

In this article, we present the lessons learned from techni-
cal action research conducted to explore techniques to sup-
port the design of conversational APIs. At each cycle of our
study, we used and adapted techniques to prioritize the user-
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API interaction in the API design for empowering its con-
versation. We believe that these techniques can be applied in
other contexts, including for redesigning popular APIs from
other domains whose conversation is problematic, such as
Java Reflection [Pontes et al., 2019] and APIs for refactor-
ing [Oliveira et al., 2019].

Based on the lessons learned with the action research, we
designed Colloquy, a method to support the design of con-
versational APIs. Our method places user interaction with
the API as a priority in the process of designing and model-
ing an APIL. In this sense, it is important to highlight that the
evidence from our case study points out that our method’s
benefits extrapolate the conversational aspect. However, we
understand that other quality aspects of APIs are also impor-
tant and should be appropriately balanced and prioritized by
their designers. In this sense, we understand that our method
can be combined with software engineering efforts that tra-
ditionally focus on other quality aspects, such as structural
quality and performance.

The evidence from our case study suggests that the method
has the potential to contribute to improving user interaction
with the API. In future work, in the short term, we plan to ver-
ify that the API created with our method actually has a better
quality of use from the users’ point of view by conducting ob-
servation studies and interviews with potential users of the
generated API. Next, we plan to conduct case studies with
API projects in other domains. Throughout these studies, we
intend to refine the method, developing an evolved and toll-
supported method. Thus, we aim to disseminate and evaluate
its use on a large scale.

Artifacts Availability

Artifacts are avaliable here.
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