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a  b  s  t  r  a  c  t

This  paper  brings  statistical  findings  from  a survey  about  the  use  of  UML  modeling  and  model-driven
approaches  for the  design  of  embedded  software  in  Brazil.  The  survey  provides  evidences  regarding  the
maturity  of  use  of  UML  and model-driven  approaches,  how  they  are  employed,  and  which  and  where
the  professionals  who  use  them  are. Technical,  organizational,  and  social  aspects  were  investigated  and
documented  by making  use  of  a descriptive  research  method.  Such  aspects  seemingly  reflect  the  opinions
eywords:
nified Modeling Language
odel Driven Engineering
odel Driven Architecture

mbedded Software
urvey

of software  engineers  on how  they  perceive  the  impact  of using  UML  and  model-driven  approaches  on
productivity  and  quality  in  embedded  software  development.  Results  show  that  most  participants  are
clearly  aware  of the  modeling  approach  value,  even  though  they  practice  it only  to  a limited  degree.  Most
respondents  who  make  use  of  model-driven  approaches  attest  that  productivity  and  portability  are the
key advantages  of  their  use.

© 2012 Elsevier Inc. All rights reserved.
. Introduction

The term Model Driven Engineering (MDE) is used to describe
odel-driven software development approaches in which abstract
odels of the software systems are designed and systematically

ransformed into concrete implementations (France and Rumpe,
007). Model Driven Architecture (MDA), a standard from the
bject Management Group (OMG), is MDE’s best known and cur-

ently adopted model-driven approach.
In MDA, the systematic use of models as engineering main arti-

acts occurs throughout the entire software development cycle
OMG, 2003). The primary technical advantages claimed by MDA
onsist of productivity, portability, reusability, and interoperability
García-Díaz et al., 2010; Kleppe et al., 2003). In this context, after
he launch of the MDE  approach, the role of the Unified Model-
ng Language (UML) became even more important, positioning the

ML as the core part in the software development process. UML

s a Software Engineering industry standard that stems from the
rinciple of software development best practices (OMG, 2010).
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Furthermore, several studies currently point out the importance
of integrating model-driven approaches in the embedded software
development process, aiming to minimize the effects of the hetero-
geneity of platforms and the increasing complexity inherent in this
type of software (Jeon et al., 2009; Karsai et al., 2008). Embedded
software comprises incorporated hardware features and is com-
monly subject to rigid constraints, which indeed represent a major
challenge for the community of developers (Marwedel, 2006). The
use of model-driven approaches for designing embedded software
improves validation and verification as well as facilitating reuse
and evolution (Espinoza et al., 2009).

This paper aims to identify gaps in the current comprehension
of issues, such as knowledge of how exactly UML  and MDE/MDA
are used in industry; understanding of how social and organiza-
tional factors impact on UML  and MDE/MDA use. More specifically,
the following UML-related issues were investigated: UML  dia-
grams more commonly used, UML  complexity level under the
view of the participants, and UML  use maturity. Moreover, this
paper emphasized the benefits of model-driven approaches in
terms of productivity, portability, and quality with regard to the
following activities: code generation, model transformations, doc-
umentation, and testing. In addition, MDE/MDA maturity of use in

the organization was also investigated. Social and organizational
aspects obtained were used in cross-tab reports so as to acquire new
knowledge from the data collected. This paper compiles answers
that illustrate aspects derived from the practical experience of

dx.doi.org/10.1016/j.jss.2012.11.023
http://www.sciencedirect.com/science/journal/01641212
http://www.elsevier.com/locate/jss
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oftware engineers who took part in a survey involving 209 Brazil-
an embedded software developers.

These aspects must be known because, despite the constant UML
dvancements, UML  has been used in different ways and for differ-
nt purposes in software development designs. Frequently, UML  is
sed in the software development traditional context, not taking

nto account model-driven approaches. Therefore, models are used
y programmers just as a reference for specifying and documenting
oftware systems. In MDE/MDA approaches, however, models are
sed as the key artifacts in all software development stages. In this
ase, the development of software can be seen as a series of succes-
ive transformations from one model into another, including code
eneration from models.

The style and strictness in UML-based modeling also show a
ariation that relies on several aspects, such as the previous expe-
ience of the software engineers and the deadline defined for the
oftware development. It is important to mention that UML  is one of
he most widely criticized modeling languages (France and Rumpe,
007). As a reason for that, one could point out some of its deficien-
ies, for instance its lack of expressiveness (Pardillo and Cachero,
010). Also, in many cases UML  is not used, or its use is limited,
n the grounds its complexity (Dori, 2002). In other cases, it is
riticized due to the difficulty in modeling applications related to
pecific domains, e.g. embedded systems (Friedenthal et al., 2008).

The results obtained thus provide criteria for the identification
f problems that hamper and impair the UML  use for the devel-
pment of embedded software in Brazil. The listed problems may
e used by the academic community to suggest alternatives to the

mprovement of the UML  usability, focusing on the future use of
DE/MDA approaches for embedded software design. Besides, the

mphasis on embedded software is justified due to the wide range
f existing applications such as industrial automation, electronic
ndustry, telecommunications or military products. Currently, the
rowing complexity of embedded products is demanding the use
f different software development approaches, such as the model-
riven approach.

The paper is structured as follows. Section 2 brings the related
orks. Section 3 presents the details of the methodology used to
erform the survey, including the purpose, instrument, and data
ollection. Section 4 presents the detailed results of the survey,
ncluding the background information of the respondents, the UML
se, and the use of the MDE/MDA approaches. Section 5 discusses
he research findings. Section 6 brings the conclusion, remarks, and
uture work.

. Related work

Several related works investigate aspects of UML  modeling and
odel-driven approaches. However, none of these surveys focused

n the use of UML  modeling and model-driven approaches in the
evelopment of embedded software, specifically. Moreover, the
espondents of these surveys were basically European and North-
merican professionals. No similar surveys were found in South
merica, justifying the relevance of this work for the geographi-
al area covered (Brazil), as well as its specific focus on embedded
oftware development.

A  survey reported in Nugroho and Chaudron (2008) inquired
nto the opinions of 80 software engineers with regard to the variety
f styles and rigor in the use of UML  modeling (i.e., complete-
ess, level of detail, and correlation with implementation), as well
s how they perceive them. Most survey respondents, originated

ainly from European countries, agree that the impact of UML  use

n software development productivity is perceived mostly in the
esign, analysis, and implementation phases. Furthermore, accord-

ng to the authors the impact on quality can be noticed mainly in
 and Software 86 (2013) 997– 1005

understandability and modularity. Their study, however, focused
only on aspects related to the improvement in software develop-
ment quality and productivity. In addition, the link between UML
use and model-driven approaches is not considered.

Dobing and Parsons (2006) conducted a survey that states which
UML  diagrams are more often used in practice. This survey involved
about 171 professionals, being most of them members of the OMG.
The survey demonstrated that Class, Sequence, and Use Case Dia-
grams are the most used. Also, this survey suggests that more
training programs are needed to help developers increase their
knowledge of UML. A similar survey, conducted by Grossman et al.
(2005), founded that the respondents consider UML  as fairly under-
standable. Further, many organizations use only a small set of UML
diagrams, such as Use Case and Class diagrams. Organizations based
in several countries took part in this survey, although no Brazilian
organization was  mentioned.

Cherubini et al. (2007) performed a survey that discussed the
role of diagrams in software development practices, finding out that
the use of diagrams plays an important role in understanding the
code, fostering discussions, designing, and supporting documen-
tation. Their study reveals how developers tend to use temporary
and informal drawings and rarely use standard modeling languages
such as UML  to model software systems. Therefore, this survey is
not specifically about issues regarding the use of UML  diagrams.

It is worth pointing out that none of the previously mentioned
studies associate the use of UML  with model-driven approaches.
In this context, the survey conducted by Hutchinson et al. (2011),
Torchiano et al. (2011),  Forward and Lethbridge (2008) stands out.

Hutchinson et al. (2011) collected experiences in the adoption
and application of model-driven software development in industry,
aiming to identify practices that lead to success or failure concern-
ing model-driven approaches, but not focusing specifically on the
development of embedded software nevertheless. According to the
authors, for most software engineers MDE  represents a need for
new skills, including the UML  modeling expertise. Also, the major-
ity of the respondents considered the use of MDE  on their projects
to be beneficial in terms of productivity, maintainability, and port-
ability (about 60%). However, a significant number of respondents
disagreed (about 20%). The respondents were professionals with
experience of using modeling in industry, given that their spatial
location was not taken into account.

Torchiano et al. (2011) conducted a survey with 155 Italian
software professionals that investigated modeling application in
software development and in MDE. This survey also focused on
mostly used modeling languages, processes and tools, and revealed
that UML  is the preferred language for modeling, although Domain
Specific Languages (DSLs) are used as well. The main results of
this survey show that approximately 68% of the respondents use
models during software development, and among them, 44% gen-
erate codes stemming from models. Furthermore, according to the
authors, the lack of usefulness and the large investments required
are the two most frequent reasons that prevent modeling adop-
tion. Another survey conducted by Forward and Lethbridge (2008)
ask the opinion of 113 software developers about MDE,  where
most developers are originally from Canada and United States.
The results of this survey show that model-driven approaches
are not very popular as most participants work with code-centric
approaches.

3. Methodology
A  survey is a method for collecting data about features, behavior
or opinions of a specific group of people, pointed out as represen-
tative from a target population (Pinsonneault and Kraemer, 1993).
Thus, a survey aims to produce quantitative data on some aspects
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Table 1
Questionnaire.

1. Employment relationship.
2. Work experience period.
3. Educational background.
4. Technical function.
5. Line of business of the organization.
6. Number of employees in the organization.
7. Number of employees who develop software in the organization.
8.  Representative percentage of new systems.
9.  Software development team knows and uses the UML.
10. Reason for making no or partial use of UML.
11. UML  complexity level.
12. UML  fulfills the respondent’s needs.
13. The enterprise uses UML  modeling tools for the development of

systems.
14. UML  models regularly used by the respondent.
15. Maturity evaluation of the UML  use in the organization.
16. Software development team knows and uses the model-driven

approach.
17. Considering the MDE  approach, do you agree with the following

statements?
18.  In which way  the MDE  use affects the global productivity of projects

developed by the enterprise.
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19. Use of models in different MDE  activities.
20. Code automatic generation x MDE-based productivity.

f the population under study. This section details the purpose of
his survey, the survey instrument, and the data collection mode.

.1. Purpose of the survey

Actually, Brazil does not count on much expertise with respect
o how UML  is used in the development of embedded software. This
urvey firstly pointed out aspects regarding the effective use of UML
odeling in this field, thereby aiming to untangle the factors that

amper or impair its use, such as

developers’ lack of knowledge on UML;
developers belief that UML  does not add value to the software
development process;
short deadline for the system development;
lack of specialized UML  tools in the organizations for the system
modeling.

The survey also collected data about the use of model-driven
pproaches for embedded software development in Brazil, focusing
n the MDE  and MDA  approaches. This paper makes use of the term
DE  to indicate both MDE  and MDA  approaches. Some of the items

overed are:

The embedded software developer has the knowledge of model-
driven approaches.
The company in question makes use of model-driven approaches
in the development of its projects.
Contributions and advantages in using these approaches, accord-
ing to embedded software developers.

.2. Survey instrument

The survey instrument consisted of a questionnaire that aimed
o find out how UML  and model-driven approaches are used in
mbedded software development in Brazil. The questionnaire con-
ained 20 questions as listed in Table 1 and grouped as follows:
espondent background (4 questions), organization background (4

uestions), UML modeling (7 questions), and MDE  approaches (5
uestions).

These questions allowed the investigation into UML  and MDE
spects that were already present in the existing literature
 and Software 86 (2013) 997– 1005 999

(Hutchinson et al., 2011; Dobing and Parsons, 2008; Grossman et al.,
2005), as well as the indication and documentation of aspects from
Brazilian experience, specifically.

A survey is a one-side interaction between a researcher and a
respondent. In this way, the development of a questionnaire must
observe several criteria (Perrien et al., 1986; Fowler, 1995). In this
survey, the following criteria were considered: (a) questions were
reliable; (b) questions were unbiased; (c) questions were clear
and unambiguous in meaning; (d) question choices were exhaus-
tively defined, in order to comprehend all possible answers; (e)
limited number of questions, aiming to create a questionnaire to
be answered in a short period of time; and (f) question sequencing
was taken into consideration.

Data were collected through an on-line questionnaire created
by means of the Survey Monkey tool (www.surveymonkey.com).
Web-based questionnaires allow easier information input from the
respondent perspective, and more efficient data collection from the
researcher perspective. Jelitshka et al. (2007) have observed that
web-based questionnaires guarantee high feedback rates.

In order to evaluate the survey, a pilot process was  developed
in partnership with two software organizations, providing feed-
back for the improvement of the survey interface. The feedback
was incorporated into the survey questionnaire.

3.3. Data collection

The sampling process used for defining the target population of
this survey was the non-probability process, consisting of a partic-
ular group of typical cases. A non-probabilistic sample is obtained
from a particular criterion, so not all elements of the population
have the same opportunity to be selected. When the features tar-
geted by the survey are the same both in the object population
and in the sample, then non-probabilistic samples become equiva-
lent to probabilistic samples. In spite of its limitations, this kind of
sampling is indicated when the respondents belong to groups with
specific features (Fink, 1995). The survey under study is an example
of this kind of sampling, given that the chosen participants repre-
sent a group of embedded software developers acting in Brazil. The
sampling rate was  209 developers, considered to be the necessary
quantity of respondents to obtain reliable results.

Given the lack of any defined population of Brazilian embedded
software developers to obtain a random sample, respondents were
selected to participate in the survey as follows:

• A list of organizations to be contacted was defined, based
on data from Brazilian institutions like the Brazilian National
Confederation of Industry (CNI) and its associated federa-
tions (www.cni.org.br). After that, organizations were contacted
through telephone calls and emails in order to obtain the contact
data of the developers and then invite them to join in the survey.

• Invitations were sent through online forums on embed-
ded systems development, such as: sis embarcados Group
(www.br.groups.yahoo.com/group/sis embarcados) and Embar-
cados Portal (www.embarcados.com.br).

• Invitation emails were sent to embedded software development
researchers associated with Brazilian research institutes on this
field of study, such as: National Science and Technology Institute
(INCT – http://www.inct-sec.org/en/o-inct-sec/o-instituto), GMi-
cro (Microelectronics Group of the Santa Maria Federal University
– http://w3.ufsm.br/gmicro/), and Computer Systems Laboratory
(LSC – http://www.lsc.ic.unicamp.br/).
The participants invited to take part in the survey received
an introduction text containing: (1) a formal invitation; (2) the
survey objectives; (3) the survey identification; and (4) instruc-
tions on how to fill in the questionnaire. The invitation sent to the

http://www.surveymonkey.com/
http://www.cni.org.br/
http://www.br.groups.yahoo.com/group/sis_embarcados
http://www.embarcados.com.br/
http://www.inct-sec.org/en/o-inct-sec/o-instituto
http://w3.ufsm.br/gmicro/
http://www.lsc.ic.unicamp.br/
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Table 2
Employment relationship status.

Employment relationship Respondents (%)

Enterprise 78.5
Education/Research Institutions 14.8
Self-employed 6.7

Table 3
Work experience.

Years Respondents (%)

0-2 18.2
2–5 31.1
5–10 38.8
>10 11.0
No response 1.0

Table 4
Educational background.

Academic area Respondents (%)

Computer Science or similar 57.9
Electronic Engineering 26.8

nowadays more and more companies are counting on the expertise
of design managers and team leaders to coordinate their projects,
as stated in Lewis (2007).

Table 5
Technical function.

Technical function Respondents (%)

Software engineer 47.8
Programmer 67.5
Team leader 26.3
Design manager 32.5
Domain expert 12.0
Researcher 25.4
000 L.T.W. Agner et al. / The Journal of S

espondents included a privacy statement and the estimated time
or answering the questionnaire, which is approximately 6 min. The
uestionnaire was sent to Brazilian embedded software developers
rom several important software organizations. In the question-
aire preamble it was stressed that the target community was
rofessionals with experience in developing embedded software

n the industry. The data collected were organized in a common
ormat, aiming the later application of statistical methods oriented
o a descriptive analysis of such data. It is worth mentioning that
ther related researchers (Dobing and Parsons, 2008; Grossman
t al., 2005) have used similar methods of data collection due to
he difficulty in finding more representative samples.

By means of such contact procedure, it was possible to select
740 embedded software developers and researchers: 640 through
mail contact and 1110 through invitations posted on online
orums. The survey was conducted from November 2010 until May
011. Thus, after a 6-month surveying period, a total of 275 peo-
le responded by accessing the online survey, while complete data
ere submitted by 209 respondents. That is to say, an approxi-
ate 16% feedback rate was achieved with the invitations sent.

uch result is relevant to the purpose of this survey, once the
mployed sample is stratified. Considering that no money incen-
ive was offered to entice respondents to complete this survey, this
ate was considered as a reasonable outcome. To be included in this
urvey the respondent had to be directly involved with embedded
oftware development. Aside from that requirement, there were no
ther criteria for inclusion in the sample.

Responses from all regions of the country were obtained, as
ollows: South (41.15%), Southeast (46.41%), Central-West (2.87%),
orth (0.96%), and Northeast (5.74%). Only 2.87% of the respon-
ents did not inform their geographical location. Most respondents
eside and work either in the South or in the Southeast, i.e., a total
f 87.57% of the participants. Such data reflect the Brazilian current
conomic scenario, given that most industry plants are established
n those regions, as well as most technology produced (IBGE, 2008;
ilva et al., 2009; Amato Neto, 2007). Despite Brazil’s huge territory,
ost companies of the productive sector are concentrated both in

he South and in the Southeast regions, mainly in the following
tates: São Paulo, Rio de Janeiro, Minas Gerais, Rio Grande do Sul,
nd Paraná (Silva et al., 2009). In its turn, the response participa-
ion rate in each of these states was achieved as follows: São Paulo
33.49%), Paraná (16.27%), Rio Grande do Sul (12.92%), Minas Gerais
6.7%), and finally Rio de Janeiro (5.26%).

Considering that in all the questions the non-response rate rep-
esents less than 5% of the population, the estimated reliability
argin of the survey reaches 95%. That can be observed in the Fig-

res and Tables presented in Section 4 of this paper. Also, the error
argin is insignificant, once the sample is non-probabilistic and the

urvey is descriptive, which means that the population universe is
nown.

. Survey findings

The results discussed in this section are organized around four
ssues: respondent background, organization background, UML
uestions, and MDE  Questions. Next, the findings related to these

ssues will be presented.

.1. Respondent background
Data concerning the respondent’s employment relationship sta-
us (Question 1) are presented in Table 2. The majority of the
espondents (78.5%) has a continued employment relationship
ith enterprises that, among other activities, develop embedded
Other areas 13.9
No academic degree 1.4

software. The rest either works for education/research institutions
(14.8%) or is self-employed (6.7%).

Considering Question 2 (Table 3), the majority of the respon-
dents (38.8%) has 5–10 years of work experience, while 31.1% have
2–5 years experience, and 18.2% have up to 2 years. That means, the
background of most respondents is characterized by professionals
with a continued employment relationship and with 5- to 10-year
work experience.

In terms of educational background (Question 3), most respon-
dents (57.9%) hold a bachelor’s degree in Informatics, Computer
Science, Computer Engineering or similar degrees. In their turn,
about 26.8% of them hold a bachelor’s degree in Electronic Engi-
neering, followed by 13.9% who hold a degree in other areas, such as
Civil Engineering, Mechanical Engineering, Electrical Engineering,
Mechatronics Engineering, Mathematics, and Physics. Only 1.4%
stated that they hold no academic degree. Table 4 shows the results
obtained in Question 3.

Concerning Question 4 (Table 5), the majority of the respon-
dents (67.5%) works as programmer. Other technical functions with
a significant number of responses were: software engineers (47.8%),
design managers (32.5%), team leaders (26.3%), and researchers
(25.4%). In addition, it was observed that team leaders and design
managers were among the participants with “5- to 10-year” and
“more than 10-year” work experience. The findings confirmed that
Test chief 13.9
Requisite chief 11.5
Quality chief 7.2
No response 1.0
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Table 6
Organization line of business.

Line of business Respondents (%)

Industrial automation 38.8
Information technology 23.9
Telecommunications 23.0
Eletronic industry 20.6
Research 16.3
Security 14.8
Transport 13.9
Commercial automation 13.4
Other 12.4
Energy 10.5
Aerospace 4.8
Medical 3.8
Agriculture 2.4
Defense 1.4
No response 0.5

Table 7
Number of employees in the organization.

Number of employees Respondents (%)

1–10 14.2
10–100 39.2
100–1000 24.5
1000–10,000 11.8
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Table 9
Representative percentage of new systems.

Percentage of new systems Respondents (%)

0–25 20.6
25–50 26.3
50–75 19.1

on the complexity level of the UML  modeling language (Fig. 1).
>  10,000 3.9
No response 6.4

.2. Organization background

The next questions refer to the organizational background. Their
oal was to collect and evaluate data regarding the activities carried
ut by the enterprises/institutions, the number of employees, the
ercentage of employees working specifically with software devel-
pment, as well as the representative percentage of new software
ystems being developed.

Initially, the line of business of the enterprises/institutions was
etermined. Table 6 presents the responses obtained in Question 5
multiple choice question). The top five lines of business according
o the number of responses were: industrial automation (38.8%),
nformation technology (23.9%), telecommunications (23%), elec-
ronic industry (20.6%), and research (16.3%).

Table 7 illustrates the number of employees in the organi-
ations (Question 6). The organizations with a larger number of
esponses were the ones that have: 10-100 employees (39.2%) and
00-1000 employees (24.5%). Table 8 brings data concerning the
umber of employees working with software development in the
espective organization (Question 7). The top three options with the
arger number of responses were: 10-100 employees (39.7%), 1-10
mployees (32.8%), and 100-1000 employees (16.2%). That is to say,
he findings of this survey stem mainly from respondents who work
or medium and small-sized enterprises. Indeed, the majority of
oftware development organizations are small and medium enter-

rise. Consequently, a larger number of employees working with
oftware development are found in such organizations (Anacleto
t al., 2004; Mishra and Mishra, 2009).

able 8
oftware developers in the organization.

Number of software developers Respondents (%)

1–10 32.8
10–100 39.7
100–1000 16.2
1000–10,000 2.0
>  10,000 0.5
No  response 8.8
75–100 18.2
None 15.8

Question 8 refers to the representative percentage of new
systems developed by the enterprise/institution for which the
respondent works. In this case, it should be borne in mind that
the development of new software systems is driven by organiza-
tional demands. For example, new products, new technologies, or
new functional requirements may  lead to the development of new
software systems. The responses are presented in Table 9.

4.3. UML questions

Firstly, the focus of these questions was  on the awareness and
the use of UML  by the software development team in which the
respondent takes part. As a result, 45% of the respondents claimed
to be using UML  in their development projects. A cross-tab report
was then designed from the follow-up data to investigate the rela-
tionship between the professionals who  know and make use of
UML in the embedded software development (Question 9) and the
period of involvement in software development activities (Ques-
tion 2). It was observed that the most experienced professionals are
the ones who  better know and make more use of UML. In addition,
another cross-tab attested that respondents who work for organi-
zations with 100-1000 employees (Question 6) are the ones who
know and make use of UML  at the most.

Question 10 focuses on getting to know the main reason why the
software development team, of which the respondent is part, does
not make use or makes partial use of the UML  diagrams (Table 10). A
total of 115 responses was  obtained, being that the top three results
were: short lead-time for the software development (39.1%), lack
of understanding or knowledge of UML  models (22.6%), and exist-
ence of few people in the company who have deep knowledge of
UML  (13.9%). Similar results regarding the development of general
purpose software were found in Nugroho and Chaudron (2008).
The findings indeed confirm that the pressure on project resources,
e.g. time, tends to restrain the use of UML, since the development
time would increase as system models are conceived. In addition,
the survey developed by Hutchinson et al. (2011) also points out
the need of a longer training period so as to overcome the lack of
UML  expertise. Only 0.9% of the respondents confirmed the use of
another modeling language, thus attesting the fact that UML  is the
de facto standard modeling language (Booch et al., 2005).

A total of 94 respondents took part in the following UML  ques-
tions. Question 11 aimed to find out the respondents’ opinion
Most responses corresponded to a medium level of complexity
(58.5%), followed by 25.5% corresponding to a considerable level of

Table 10
Reason for not making use or making partial use of the UML.

The reason Respondents (%)

Do not know UML  22.6
UML does not add value to justify its use 11.3
The  UML  is not useful for most projects 9.6
Only a few people in the enterprise know the UML 13.9
The captured information is redundant with the system code 2.6
Short lead-time for the software development 39.1
Use  another modeling language 0.9
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Fig. 1. UML  complexity level.
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Table 11
Comparative – UML  diagram usage.

UML  diagram Respondents (%) *1 *2

Use Case 79 72% NA%
Class 99 87% 93%
Sequence 94 75% 89%
Communication*3 27 42% 50%
Activity 47 55% 60%
State Machine 91 53% 63%

*1 Dobing and Parsons (2006), diagrams used into two-thirds or more of the projects.
*2 Grossman et al. (2005).
*3 Communication and collaboration diagrams.

Table 12
Maturity evaluation of the UML  use in the organization.

UML  maturity evaluation Respondents %

Initial exploration 47.9
First experimental use 12.8
First significant Project 17.0
Several projects completed 21.3
Fig. 2. UML  fulfills the respondent’s needs.

omplexity. Only 3.2% considered the level of UML  complexity as
igh. Complexity is also cited as an impediment to the use of UML  in
evelopment of general purpose software (Grossman et al., 2005).
uch findings show that education/research institutions need to
nvest more in studies and training programs oriented to the soft-

are development.
Concerning Question 12 (UML fulfills the respondent’s needs),

ost responses were: sometimes (56.4%), and usually (42.6%), as
llustrated in Fig. 2. The professionals involved with embedded
oftware development for more than 10 years were the most sat-
sfied respondents with the UML  diagrams, representing 83.3% in
heir respective category. Question 13 inquired into the use of UML

odeling tools, finding out that the large majority (93.6%) of the
rganizations make use and only 6.4% do not make use of UML
ools. A future study could investigate which UML  tools are being
sed in practice.
Fig. 3 shows the UML  diagrams commonly used (Question 14).
he four most cited diagrams were: Class (99%), Sequence (93.6%),
se Case (78.7%), and State Machine (91.5%). It is important to

Fig. 3. UML  diagrams most frequently used.
Vast experience 0.0
No response 1.0

mention that such results were similarly found in other surveys
(Dobing and Parsons, 2006; Grossman et al., 2005), as demon-
strated in Table 11.  Class diagrams were the most frequently used in
the three surveys being compared, while Communication diagrams
have the highest non-usage rate. In this comparison, a significant
difference was  found with regard to the use of State Machine dia-
grams. A possible reason for that lies in the fact that this survey
focuses on the development of embedded software, in which State
Machine diagrams commonly describe the internal behavior of the
system components.

Maturity evaluation of the UML  use in the enterprise/institution
is demonstrated in Table 12 (Question 15). Only 21.3% of the respon-
dents declared the development of several complete projects using
UML, whereas the others confirmed its use as an initial exploration
(47.9%), first experimental use (12.8%), and first significant project
(17.0%). Furthermore, the respondents who developed the largest
number of complete projects are the most experienced ones, i.e., the
ones with 5- to 10-year (60%) and more than 10-year (30%) experi-
ence in embedded software development. None of the participants
declared to have a vast experience in the UML  use.

4.4. Model-driven questions

Concerning the questions about MDE, the initial purpose was
to identify whether the respondents know and make use of
MDE approaches. Next, it consisted in understanding how such
approaches are used, as well as their benefits, extent, and matu-
rity of use. Indeed, MDE  questions were answered by 45.4% (95 out
of 209) of the survey participants, once only the participants who
confirmed the use of a modeling language in the development of

embedded software had access to such questions.

Question 16 identified whether the respondent knows and uses
MDE  approaches (Table 13). Most respondents neither know nor

Table 13
The respondent knows model-driven approaches.

Knowledge of MDE  Respondents (%)

Knows and makes use 7.3
Knows and makes partial use 15.8
Knows but makes no use 17.9
Neither knows nor makes use 56.8
No response 2.1
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Table 14
Maturity evaluation of the MDE  use in the organization.

UML maturity evaluation Respondents (%)

Initial exploration 46.2
First experimental use 12.8
First significant project 2.6
Several projects completed 7.7

evaluating the use maturity of the MDE  approach in the enter-
prise/institution for which the respondent works (Table 14). A
ig. 4. Considering the MDE  approach, do you agree with the following statements?

ake use of MDE  (56.8%), followed by 17.9% who  know but make no
se. Only 15.8% know MDE  and use it, either completely or partially.

By assuming that the use of the MDE  approach provides a set of
ifferent benefits for different users, it is important to understand
he impact of this approach on aspects such as: increase in individ-
al and team productivity, maintenance improvement, portability
o new platforms, and quality of software. The histogram in Fig. 4
learly illustrates that in all cases the majority of the respondents
grees that the use of MDE  improves the previously mentioned
spects. In addition, the most significant benefits are associated
ith quality and portability of the developed software system.
ccording to Mohagheghi and Dehlen (2008),  among software engi-
eers discussing improvements in software quality due to the use
f model-driven approaches, the key experienced benefit consists
f a substantial reduction in the number of software defects. A total
f 39 respondents took part in Question 18.

Question 18 identified the impact of models on several software
evelopment activities. The activities were selected so as to rep-
esent the various interpretations regarding MDE  in its different
nowledge levels. Respondents were able to assert that an activity
mproved or reduced productivity, as well as indicating that they
id not use a particular activity, or were indifferent to it. Fig. 5 illus-
rates the percentage of respondents who stated that each activity
mproved productivity, as well as those who did not use that partic-
lar activity. The results show that considering the use of models in

ome activities, e.g. communication within the team, better under-
tanding of a problem in an abstract level, and the design and

Fig. 5. Use of models in
Vast experience 2.6
No response 28.2

documentation of projects – most respondents agree on the fact
that the use of MDE  improves productivity.

That means, productivity improvements were attributed mainly
to design- and documentation-related activities. On the other hand,
in activities such as model transformation, tests, code automatic
generation, and simulation of models/executable models – most
respondents denied the use of the MDE  approach. The lack of skilled
professionals in Brazil, professionals with a vast experience in UML
and MDE, reflect the results obtained. Furthermore, another factor
assumed as a restraint on the use of code generation and model
transformations is the short supply of existing user friendly tools
to support these processes. According to Mohagheghi and Dehlen
(2008), in MDE  the users must have access to appropriate tools, in
a way  that integrating a tool suite that meets requirements such as
modeling, transformations, and code generation into a consistent
environment becomes a challenge.

Such findings differ a little from Hutchinson et al. (2011),  to
whom activities like code generation, transformation models, and
executable models are more used in practice. That is because
Hutchinson et al. (2011) focuses on the development of systems in
general, not specifically on embedded software. Indeed, the use of
the MDE  approach is more recent than the development of general
purpose software (France and Rumpe, 2007). In addition, typical
embedded software comprises some specific features, e.g. concur-
rency, real-time processing, and limited resources.

Question 19 investigates whether code generation is an impor-
tant aspect to improve productivity in MDE. The responses obtained
show that most respondents agree (82.1%), but only 17.9% really
make use of the code generation. Finally, Question 21 focused on
large majority of the respondents assumed an initial exploration of
such approach (46.2%), whereas only 10.3% declared to have sev-

 MDE  activities.
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ral projects completed or a vast experience in MDE  projects. It is
mportant to point out that all respondents who opted for “several
rojects completed” and “vast experience” are researchers from
ducation institutions and/or research centers. The number of non-
espondents is far larger if compared to the other questions, as a
onsequence of the little expertise in MDE  mentioned throughout
he paper.

. Discussion of findings

The findings of this survey provided information on the use of
ML  and model-driven approaches for embedded software devel-
pment in Brazil. According to the survey, 45% of the embedded
oftware developers responded that they know and make use of
he UML  modeling, either completely or partially. Further stud-
es on such finding were conducted so as to find out who those
espondents are. As a result, it was verified that they are the most
xperienced developers, i.e., the ones with 5- to 10-year work
xperience and those with more than 10-year experience. This
mphasizes the benefits of the UML  use, once experienced deve-
opers can better assess the benefits of the UML  employment for
he development of embedded software. In addition, it could be
ttested that most of these professionals work for enterprises with
00–1000 employees, namely medium-sized enterprises. Usually,

arge-sized enterprises count on more resources and, consequently,
re able to invest more in the education of professionals and in the
cquisition of software tools.

The paper also shows an analysis of the key factors that impair
he use of UML for embedded software development, being the

ost relevant results: short lead-time for the software develop-
ent, lack of understanding or knowledge of UML  models, and

educed number of employees with deep knowledge of UML. The
urvey findings indicate a lack of professionals who are special-
st in UML  and model-driven approaches in the enterprises and
nstitutions under study.

The majority of the respondents found UML  complex at a
edium, considerable, or high level. It was clear that Class,

equence, Use Case, and State Machine diagrams are the most pop-
larly used in embedded software development in Brazil. Similar
esults were achieved in North-American and European countries
y surveys oriented toward the development of general purpose
oftware (Dobing and Parsons, 2006; Grossman et al., 2005).

The survey findings show that the respondents who are best
atisfied with the UML  are those involved with software develop-
ent activities for more than 10 years, and they represent 83.3%

f the respondents in their category. In this way, it was  possible to
tate that respondents who were more experienced in the develop-
ent of embedded software seek alternatives for the development

f embedded software, such as the use of UML  and model-driven
pproaches.

Most respondents that make use of model-driven approaches
ttest the key advantages of their use, for instance, individual and
eam productivity increase, quality improvement, facilitation con-
erning software maintenance and portability to new platforms. On
he other hand, it was observed that most respondents still do not
ake part in MDE-related activities that demand deep knowledge
f such approach, such as model transformation, code generation,
nd the use of models in tests. In this manner, one may  conclude
hat software engineers are still not mature enough with regard to
he use of MDE  approaches.
. Conclusion and future work

This paper reports findings based on a survey that deals with
he lack of knowledge on how exactly UML  and model-driven
 and Software 86 (2013) 997– 1005

approaches are used for the design of embedded software in Brazil.
The survey was online-based and, from November 2010 until June
2011, a total of 209 applicable responses were received. Although
the survey was  exploratory in its nature, it clearly captured impor-
tant issues related to the use of modeling by Brazilian software
engineers. The results achieved match the results obtained in other
countries, what was  demonstrated through a comparison with
other related works. Analysis of questionnaire data has involved
some enumeration and statistical calculations in order to bring
some overall awareness to the UML  and MDE  use.

In general, most participants clearly perceive the value of the
modeling approach, even though they practice it only to a limited
degree. UML  is the dominant language for modeling, and the use of
modeling tools is widespread.

The major problems encountered in the adoption of UML  refer
to the lack of skills, the lack of coherent tools, and the strict
time requisites applicable to software development projects. Key
findings mainly include: modeling is primarily used for docu-
mentation and design with little code generation, model-centric
approaches are currently not very popular as most participants
work in code-centric environments, and software engineers who
work extensively on models are the more experienced ones.

The survey has also explored real-life experiences in using
model-driven techniques in embedded software development.
As software engineers are continuously looking for better ways
to improve their software development cycles, MDE  has been
regarded as an approach able to support it. This survey has inquired
into how organizations are currently using model-driven technolo-
gies in product development and how they perceive the benefits of
this use. The results show that 23.1% of the respondents know and
use model-driven approaches, partially or not. Among them, the
majority believes that the use of model-driven approaches is ben-
eficial in terms of productivity and portability, mainly. However,
MDE  is currently far from achieving a mature level, consider-
ing its recent introduction in the software development (OMG,
2003).

Based on the survey findings, it may  be concluded that there
are many challenges in the area of model-driven development
processes and practices. Also, although model-driven approaches
claim many potential benefits, it has been developed without
empirical support for these claims. At this evolution stage, it may  be
that developers using UML  modeling are still not aware enough of
how the model-driven approach fits with the tasks (goals) they are
trying to perform. In addition, supporting MDE  with an integrated
tool environment is crucial, as many of the MDE  requirements
strongly rely on appropriate tool support.

Future research is needed to better understand UML  use so as to
gain insight into how it can be effectively used to support model-
driven development. An aspect not covered in this survey, but that
may  be subject of study in future works, concerns the benefits
obtained in terms of interoperability and reusability with the use
of MDE  approaches. Also, understanding the needs of MDE  users is
clearly a question that requires further research.
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