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Abstract — Communication failures in software development
teams can compromise the software quality. Therefore,
identifying and mitigating risks for effective team communication
are important activities in software development. Software
models are one of the means of communication in development
teams, because it communicates other members of the
development team about the software. Thus, our research focuses
on inspection techniques for identifying defects that affect the
team communication through the software models. This paper
presents a family of techniques for inspecting defects that affect
team communication, called ComD2 (Communication between
Designers and Developers). The ComD2 family was developed
based on theories that investigate different ways of
communication. For the time being, the ComD2 family has three
specific inspection techniques for UML models, such as class
diagrams, activity diagrams, and state machine diagrams. We
performed a feasibility study and the results showed that the
ComD2 family was considered useful for the identification of
defects that affect the team communication through the software
models.
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l. INTRODUCTION

According to Reed and Knight [1], effective
communication is one of the most critical components of
working in software teams. In software development, the
communication is carried out through face-to-face discussions
in co-located or distributed teams [2], besides the support
offered by tools [3]. Software models are also used as means of
communication in software development teams [4]. In this
paper, we explore the communication of software development
teams through software models.

Software models that support the communication in
different domains can be considered boundary objects.
Boundary objects are used for different purposes and in
different domains while maintaining their authenticity [5]. The
term boundary object comes from the use of objects that
facilitate the sharing of information across linguistic, cultural,
or knowledge boundaries, such as the communication between
a software development team and its client.
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Communication failures from software models can come
from information that is not clearly expressed by their
producers (people who created the models). Thus, other
members of the software development team (i.e. consumers,
who comprehend the models for the creation of other artifacts)
may have different interpretations of the ones intended by the
producers. Different interpretations can introduce defects
during the production of software; such as the omission of
some necessary information or the vague definition of
information, thus allowing multiple interpretations [6].

The propagation of defects associated with model
representations can be costly, especially in large or complex
system development projects. Can defects be detected and
remedied by model consumers down the communication line?
How do they affect communication in these and other
(undetected) cases? Is there a way to prevent or at least
minimize such defects? Our research aims to contribute to
answer these questions and starts with the following
interrogation: What defects in software models can affect the
communication of software development teams? To answer this
question, we have developed a family of techniques called
ComD2 (Communication between Designer and Developers).
The purpose of the ComD2 family is to support the
identification of defects that affect the team communication,
i.e. the communication of the designer! to the developers at
development time. The collaboration between designer and
developers is one of the factors for the success of software
development [8]. We have initially developed three specific
inspection techniques for UML class diagrams, activity
diagrams, and state machine diagrams. The techniques were
developed for these models because they are among the most
frequently used in the industry [9].

The ComD2 family of techniques was developed based on
theories related to Human-Centered Computing (HCC), a field
of research that integrates theories and methodologies in
research on machines, human and application domains [10]. In
particular, the Semiotic Engineering, a theory originally
proposed for Human-Computer Interaction [11][12], which has

1 We use the term designer for the Software Designer, also
called Information Architect, i.e., the professionals involved in
designing the software solution.



been extended to account for HCC, investigating different
forms of communication through and about software, both
during development (between producers and consumers of
software development artifacts) and at use time (between
software producers and end users, through systems interfaces).
De Souza et al. [12] propose that Grice’s Cooperative Principle
[13] can be used to assess the effectiveness and efficiency of
communication achieved through software products (or
representations thereof). Thus, we also adopted this Gricean
principle as a theoretical basis for the development of the
ComD2 family.

The verification items of the ComD2 family help
practitioners classify different defects that are found in
software models [14] and detect which dimension(s) of model
representation associated with the defect can lie at the origin of
potential miscommunication. The employed dimensions of
representation are Syntactic (relationship between model and
the modeling language), Semantic (relationship of the model
with the problem domain) and Pragmatic (relationship of the
model with the stakeholders) [15].

We conducted a feasibility study with the initial version of
the ComD2 family in an academic environment. This study
was performed with 30 participants who had knowledge on
class diagrams, activity diagrams and state machine diagrams.
The results showed that defects in the Semantic and Pragmatic
dimensions may affect the effective communication between
producers and consumers of the models. With the support of
ComD2 family, we have indications about the different defects
that impact the team communication. Therefore, Grice’s
Cooperative Principle and the different defects associated with
the dimensions of representation are important concepts for
reducing team communication failures using the models.

The remainder of this paper is organized as follows: Section
2 presents the theoretical background and related work. Section
3 presents the ComD2 family of techniques. Section 4 presents
the feasibility study. Section 5 presents the discussion of the
obtained results. Finally, Section 6 presents the final
considerations and future work perspectives.

1.  BACKGROUND AND RELATED WORK

This section presents the concepts used in the definition of
the ComD2 family of techniques. We also present the main
works related to the concepts adopted in the techniques.

A. Grice’s Cooperative Principle

Grice’s Cooperative Principle assists in the expression of
essential  characteristics of  effective and efficient
communication [13]. According to Grice, productive
conversation (communication) depends on the observation of
reciprocal cooperation, which is established by four maxims:

(i) Quantity - Make your contribution as informative as
necessary, and no more than necessary;

(if) Quality - Try to make your contribution true. Do not
say what you believe to be false and do not say something that
you do not have adequate evidence of;

(iii) Relation - Be relevant, that is, do not introduce issues
that do not come to the case under discussion; and

(iv) Manner - Be clear, brief and organized with your
input. Avoid obscurity of expression, ambiguity.

Breaking one or more of these maxims may lead to
communication failure. However, an adequate use of Grice’s
maxims involves the concept of implicature, that is,
information that can be inferred from statements. Conventional
implicatures can be inferred from the conventional meaning of
word. There are also conversational implicatures, that is,
inferences that can be drawn from participants of a given
conversational context in order to fulfill certain gaps and
omissions to (re)establish coherence and consistency in
communication. Therefore, unlike conventional implicatures,
conversational implicatures cannot be resolved by invoking the
usual meaning of information represented in communication
and require different kinds of inferences.

Grice’s maxims have been previously used by Santana et al.
[16] to analyze interaction diagrams modeled with MoLIC
(Modeling Language for Interaction as a Conversation).
MoLIC diagrams, which are based on Semiotic Engineering,
allow us to represent the interaction of the user with the system
as a communication process. The results showed that Grice’s
maxims can indeed help detect human-computer interaction
problems in MoLIC diagrams. We thus extend the object of
inspection and use Grice’s maxims to assess effective
communication between producers and consumers of other
kinds of software models.

B. Defect Inspection in Software Models

Software defects may be related to an inappropriate
comprehension of the information within the models. Granda et
al. [14] present a classification for defects that are commonly
found in UML models, which are presented in Table 1.

TABLE I. TYPES OF DEFECTS, ADAPTED FROM [14].

Omission The required information has been omitted.

Some information in the model contradicts the list of
requirements or general knowledge of the system
domain.

Incorrect Fact

Information in one part of the model is inconsistent

DTS with information in other parts in the model

The information in the model is ambiguous. This can

A lead to different interpretations of information.
Extraneous The information that is provided is not required in the
Information model.

Redundant Information is repeated in the model.

Inspection is a method used to identify defects with lower
cost during the development process [17]. According to Qazi et
al. [18], the main purpose of an inspection is to identify defects
to reduce costs and improve software quality.

Travassos et al. [19] developed a family of seven
techniques for inspection, called OORTs (Object Oriented
Reading Techniques). The techniques of the OORTS family
can be used to inspect object-oriented models with regards to:
(i) the different models used, such as use case diagrams and
class diagrams, ensuring consistency among such models; and
(i) the requirements and models, ensuring traceability within a
domain in order to find defects between them. However, we




did not find inspection techniques with the purpose of
supporting the defects identification that affects the
communication of the team through the use of models. For this
reason, we proposed inspection techniques to identify defects
that impact the communication of the team through the use of
models. We have developed our techniques in the context of
HCC and related theories that study different ways of
communication.

Ill.  THE coMD2 FAMILY

ComD2 offers specific techniques for inspecting defects
that affect the team communication through the software
models. The purpose of the ComD2 family is to assist
experienced and novice practitioners by checking for defects in
models that impair the communication of the team. The
theoretical basis of ComD2 family is presented in the following
paragraphs. From this theoretical basis, it is possible to develop
specific techniques for other software models.

Using Grice’s Cooperative Principle [13], ComD2 family
uses the four maxims. We created verification items to support
the identification of discrepancies (these discrepancies may be
defects or not) based on these four maxims. Based on the
maxim of Quantity, we developed verification items for the
necessary content (and no more than necessary), in the models
e.g., for the class diagram: “Are all necessary classes of the
problem domain in the diagram?”. Based on the maxim of
Quality, we developed verification items for the identification
of false information in the models, e.g. for the class diagram,
we have: “Do the classes have content that affects the quality
of the model?” Based on the maxim of Relation, we developed
verification items for the identification of information that is
not relevant to the models, e.g.: “Are classes relevant to system
modeling?”. Based on the maxim of Manner, we developed
verification items for the identification of information that is
not clear in the model, e.g.: “Are there classes and
relationships with descriptions that are not clear? ”.

We observed that when the maxims are not respected in the
models, they could cause defects in software. This occurs due
to the lack of understanding of the consumers on the intention
of the producers regarding the model. Thus, for each
verification item, we used the defect classification that is
presented by Granda et al. [14] (see Table 1). From the
verification items, it is possible to classify the defects. For
instance, for the verification item that is based on the maxim of
Quantity, we relate this item as follows: Are all necessary
classes of the problem domain are in the diagram? If not, this
may be an Omission discrepancy.

Each verification item presents the dimensions of
representation that was affected by the defects in the models,
being these Syntactic, Semantic and Pragmatic [15]. These
dimensions can help in comprehending the defects that cause
the communication failures from software models. Defects
related to the form of representation are associated with the
syntactic dimension, whereas the defects related to the content
of information are associated with the semantic and pragmatic
dimensions. We highlight in the verification items the different
dimensions of representation related to the defects. The
following verification item shows the dimension of
representation affected by the defect, which refers to the

content of system information in the modeling: Are all
necessary classes of the problem domain are in the diagram? If
not, this may be an Omission discrepancy (Semantic).

Verification items can be proposed for each one of the
models. At this initial state, we have developed specific
techniques for inspecting three UML models: class diagrams,
activities diagrams, and state machine diagrams. These three
models are commonly used in software development [9]. There
are verification items for unique elements in the models, such
as the following item for the Association element in the class
diagram: According to the problem domain, are all Association
relationships established among classes? If not, this may be an
Omission discrepancy (Semantic and Pragmatic). In some
cases, there are verification items for all elements of a model,
such as the following item for the class diagram: Are there
elements with descriptions that are not clear? If so, there are
probably Ambiguity discrepancy (Pragmatic).

The Fig.1 presents some verification items for class
diagrams. We use the following structure in the ComD2 family
techniques: verification items for the elements of the respective
models, which are related to the questions based on Grice’s
maxims. Each verification item suggests the identification of
one or more defects and support the classification of the
information representation dimension that such defects affect in
the models.

Class Diagrams Technique

Is the necessary information, and no more than necessary, present in the
model?

Are all necessary classes of the problem domain are in the diagram?

Class If not, this may be an Omission discrepancy (Semantic).

Does the information in the model contain statements that are not true?

Do the classes have content that affects the quality of the model? If
Class so, there are probably Inconsistency and/or Extraneous Information
discrepancies (Semantic).

Is the information relevant to system modeling?

Class Are classes relevant to system modeling? If not, there are probably
Extraneous Information and/or Redundant discrepancies (Semantic).

Is the information difficult to understand in the model?

Class Are there classes and relationships with descriptions that are not

clear? If so, there are probably Ambiguity discrepancy (Pragmatic).

Figure 1. Extracts of the ComD?2 techniques for class diagrams.

The verification items are divided into categories
corresponding to the Grice’s maxims (highlighted in gray in
Fig. 1.), such as: Is the necessary information, and no more
than necessary, present in the model? (verification items
related to the maxim of Quantity); Does the information in
the model contain statements that are not true? (verification
items related to the maxim of Quality); Is the information
relevant to system modeling? (verification items related to the
maxim of Relation); Is the information difficult to
understand in the model? (verification items related to the
maxim of Manner). Despite the structure used, we do not
define the order for the use of each category. The inspection
techniques for the activity and state machine diagrams use the
same structure presented in Fig.l. These techniques are
available in [20].



IV. FEASIBILITY STUDY WITH THE COMD2 FAMILY

In order to evaluate the initial techniques of the ComD2
family, we conducted a feasibility study in an academic
environment. In this study, we analyzed the effectiveness (ratio
between the number of detected defects and the total number of
defects) and efficiency (ratio between the number of defects
per inspection time) of each participant for the different
techniques. The adopted measures of efficiency and
effectiveness are often used in studies investigating inspection
techniques [21] [22]. We also evaluated the participants’
perceptions on the techniques.

A. Planning and Execution of the Feasibility Study

In the planning stage, we selected 30 participants for the
study. The participants are undergraduate students and have a
basic dimension of knowledge about software modeling with
class diagrams, activity diagrams and state machine diagrams.
We selected the UML models of a real web and mobile
development project. In addition, we prepared all necessary
artifacts, such as forms for the participants to report the
identified discrepancies and post-study questionnaires. The
package with the artifacts used also available in [20].

In the execution stage, we first gave lectures on the
techniques of the ComD2 family. Then, the participants
performed the inspection of the UML models individually.
After the inspection, we applied the post-study questionnaires.
During the study, two of the researchers took notes for later
analysis.

B. Results of the Feasibility Study

After the execution of the study, we verified whether the
technique achieved the goal of detecting defects. The oracle of
defects contained a total of 25 defects in the three diagrams (10
defects in the class diagrams, 8 defects in the activity diagrams
and 7 defects in the state machine diagrams).

Table 2 presents the participants (column P#), number of
defects found by each participant (CD column for the class
diagram, AD column for the activity diagrams and SD column
for state machine diagrams), inspection time (in hours) and the
effectiveness of the participants (EfC column for the class
diagrams technique, EfA column for the activity diagrams
technique, EfS column for state machine diagrams technique)
and the average effectiveness of each technique (in the last line
in the Table 2). As the participants performed the inspection of
the created models at the same time, we did not evaluate the
individual efficiency of each participant with the techniques.

Analyzing the effectiveness indicator, we noticed that the
inspectors were able to identify an average of 53% of the
defects with the class diagrams technique, 35.8% with the
activity diagrams technique and 25.8% with the state machine.
This is a positive result in terms of effectiveness when
compared to the indicators achieved by other inspection
techniques for models [22]. The results showed that ComD2
can support the detection of defects. Regarding efficiency, as
the participants used three techniques in the inspection of the
models, we analyzed the efficiency of the entire ComD2
family. The participants found an average of 10.94 defects per
hour with the techniques. However, as the number of defects is
directly dependent on the inspected models, is not suitable to

compare the results of efficiency from this study with the
results of other techniques.

TABLE II. RESULTS PER PARTICIPANTS WITH THE COMD2 FAMILY.
or [ oo [ 20 [0 [ ey [ 5 | 0 | o | o
P1 1 3 2 1,33 10 | 375 | 25 | 241
P2 6 4 3 1,21 60 50 | 375|491
P3 4 2 1 0,95 40 | 25 | 125 | 258
P4 5 3 1 0,81 50 | 375|125 | 333
P5 3 2 1 1,26 30 25 | 125|225
P6 4 3 4 1 40 | 375 | 50 | 425
P7 4 4 3 1,16 40 50 | 375 | 425
P8 8 2 3 0,63 80 25 | 375|475
P9 7 3 3 1,48 70 | 375 | 37,5 | 483
P10 | 7 1 1 0,83 70 | 125 | 125 | 316
P11 | 5 2 1 0,81 50 25 | 125|291
P12 | 9 2 1 0,81 90 25 | 12,5 | 425
P13 | 6 4 1 13 60 50 | 12,5 | 408
P14 | 9 3 3 0,95 90 | 375|375 | 55
P15 | 8 4 1 1 80 50 | 125 | 475
Pl6 | 4 4 2 1,01 40 | 50 | 25 | 383
P17 | 3 4 3 1,13 30 50 | 375|391
P18 4 4 4 0,96 40 50 50 46,6
P19 | 8 0 3 0,26 80 0 |375]391
P20 | 5 2 1 1,16 50 25 |125] 291
P21 | 6 2 3 1,33 60 25 | 375|408
P22 | 2 3 1 1,06 20 | 375 | 125 | 23,3
P23 | 8 2 3 1,05 80 25 | 375|475
P24 | 4 1 2 1,06 40 | 125 | 25 | 258
P25 | 5 7 3 1,01 50 | 875 | 375|583
P26 | 4 3 2 1,05 40 | 375 | 25 | 341
P27 | 3 4 1 1,06 30 50 | 125|308
P28 | 7 2 2 1,21 70 25 | 25 | 40
P29 | 5 3 1 1,21 50 | 375 | 125 | 333
P30 | 5 3 2 1,21 50 | 375 | 25 | 375

Average Effectiveness 53 | 358 | 258 -

We analyzed the post-study questionnaires to understand
participants’ perceptions. The questionnaire had three open
questions, the first question being: What is your perception
with the use of the techniques? We analyzed the responses of
participants P2, P12 and P13, who had more than 40%
effectiveness in detecting defects with the ComD2 family
(considering the effectiveness of the three techniques):

“The techniques are very practical. The dimensions of
representation facilitate the review and help understand the
intent of the artifact's author. With this classification, it is also
possible to correct defects more easily” (P12)

“The techniques show an intermediate dimension of
representation between the requirements and implementation.
Therefore, it is a great way to analyze the team’s
understanding of the requirements” (P21)



Other participants reported perceptions that could be used
to improve the techniques, such as joining some verification
items that were considered repetitive. Some quotations from
the participants were:

“The techniques help to ensure the reliability of the
model, but some points are repetitive” (P12)

“The techniques can be more unified in the description of
the problems, since some errors are the same in different
models” (P22)

In spite of perceived issues, while answering the first
question our participants considered the information
representation dimensions useful, because they help gain better
understanding of information that the model communicates.
We believe this may improve the identification of defects that
undermine the consumers’ understanding of the intention of the
producers of the models.

The second question posed to participants was: Do the
information representation dimensions help to understand the
defects that could undermine the understanding of the model?
Some participants reported the following:

“Yes, especially the defects in the semantic and pragmatic
dimensions that can compromise software development” (P3)

“Through the dimensions of representation, it is possible
to see if we should change only something in the syntax or
redesign parts of the system” (P13)

The participant’s utterances showed that the defects in the
semantic and pragmatic dimensions are the types of defects that
may most affect the understanding of a model; since the
syntactic dimension defects may not compromise both the
understanding of the model language.

To understand if participants had difficulties with the
ComD2 family, the post-study questionnaire included a third
question: What are the difficulties with using the techniques?
The following are excerpts from some of the answers.

“Although the techniques help in the classification of the
representation dimensions, | had doubts with the classification
of defects in Semantic and Pragmatic dimensions” (P6)

“Certain defects fall into more than one dimension, so it is
necessary to evaluate and interpret each case in order to avoid
misunderstanding” (P29)

Regarding the citations of participants P6 and P29, we
noticed that there are difficulties with understanding the
dimensions of representation and related defects. Although the
techniques help in the classification of the dimension of
representation associated to the defects, we can make
improvements in the techniques with regards to the examples
of the different dimensions of representation.

After the participants ended the study activities, we asked
them which types of information in models could affect team
communication. We noticed that some participants considered
that unnecessary, irrelevant, ambiguous and false information
affect the communication of the team when using these models.
This type of information violates Grice’s four maxims and

indicates that this theory is adequate for analyzing
communication between producers and consumers. Moreover,
based on the results of this feasibility study, we define a
prioritization of the categories in ComD2 family. The proposed
prioritization follows this order: (1st) Quality, (2nd) Quantity,
(3rd) Relation and (4th) Manner. This prioritization order
should be followed in the next applications of the ComD2
family.

V. DISCUSSION

The results of the study provided initial evidence to the
feasibility of ComD2 family to inspect defects that may impact
the communication between producers and consumers.
Regarding our research question - What defects in software
models can affect the communication of development teams? -
the results obtained with the techniques showed that the defects
in the Syntactic dimension do not always affect the consumers’
understanding, since they are related to the syntax of the
language used for modeling. Defects at the Semantic
(relationship of the model with the problem domain) and
Pragmatic (relationship of the model with the stakeholders)
dimensions can affect the communication of the team.
Regarding defects in the Semantic dimension, communication
failures occur because the consumers infer explicit content
inconsistent with the problem domain (conventional
implicature of the explicit content in the model). However, if
the consumers have knowledge about the problem domain,
these defects can be perceived and not propagated to other
artifacts (e.g. when the consumer uses the class diagram for
system coding and it perceives the lack of a domain class, then
this class could be added). Defects in the Pragmatic dimension
may not be perceived by the consumers due to lack of
information context (conversational implicature of the implied
content in the model). In this case, communication failures
occur because consumers may not understand the intention of
producers. However, the ComD2 family can help reduce risks
for effective team communication through models.

In the feasibility study of the ComD2 family, there are
limitations, such as the fact that the participants are
undergraduate students and that the study is conducted in an
academic environment. Regarding this limitation, Fernandez et
al. [8] state that undergraduate students who do not have
experience in the industry may have similar skills to less
experienced practitioners; and one of the goals of the
techniques is to assist practitioners with no experience in the
inspection process of models. Another limitation is that the
inspected models were from a development project, since it is
not possible to state that these models represent all types of
class diagrams, activity diagrams and state machine diagrams.
Therefore, we intend to carry out new studies with the set of
techniques for different models. Regarding the indicators of
effectiveness and efficiency that were adopted, they are often
used in studies investigating inspection techniques [22].

VI. CONCLUDING REMARKS AND FUTURE WORK

The purpose of this paper was to answer the following
research question: “What defects in software models can
impact the communication of development teams? ”. To do so,
we developed a family of techniques called ComD2 that helps



practitioners identify defects that affect software team
communication. We initially proposed and evaluated specific
techniques of the ComD2 family for inspecting class
diagrams, activity diagrams, and state machine diagrams. The
results of the evaluation provided initial evidence to the
feasibility of ComD2 family.

As future work, we intend to improve the ComD2
techniques and perform an empirical study in comparison with
other specific techniques for inspecting class diagrams, activity
diagrams and state machine diagrams. Furthermore, we intend
to carry out a longitudinal study with the ComD2 family to
evaluate the identification of defects that affect the team
communication through the models employed during the
software development.
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