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Abstract

Context: Consistency constitutes an important aspect in practical real-

ization of modeling ideas in the process of software development and in the

related research which is diverse. A classification framework has been devel-

oped, in order to aid the model based software construction by categorizing

research problems related to consistency. However, the framework does not

include information on the importance of classification elements.

Objective: The aim was to extend the classification framework with

information about the relative importance of the elements constituting the

classification. The research question was how to express and obtain this

information.

Method: A survey was conducted on a sample of 24 stakeholders from
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academia and industry, with different roles, who answered a quantitative

questionnaire. Specifically, the respondents prioritized perspectives and is-

sues using an extended hierarchical voting scheme based on the hundred

dollar test. The numerical data obtained were first weighted and normalized

and then they were analyzed by descriptive statistics and bar charts.

Results: The detailed analysis of the data revealed the relative impor-

tance of consistency perspectives and issues under different views, allowing

for the desired extension of the classification framework with empirical infor-

mation. The most highly valued issues come from the pragmatics perspective.

These issues are the most important for tool builders and practitioners from

industry, while for the responders from academia theory group some issues

from the concepts perspective are equally important.

Conclusion: The method of using empirical data from a hierarchical cu-

mulative voting scheme for extending existing research classification frame-

work is useful for including information regarding the importance of the

classification elements.

1. Introduction.

Modeling is becoming a commonly accepted and used technique in re-

search and practice related to software engineering and also one of the fun-

damental ideas behind Model Driven Development (MDD) paradigm [1], [2].

The idea is expressed in such a way that in software projects the focus is put

on models which, in a very orthodox approach, constitute the basic and the

only type of artifacts considered and built within the development process.

When applying model based developments, consistency between mod-
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els used and produced within the development process is one of the most

important issues. Recently, there has been a growing interest towards con-

sistency by the research community working on a proper usage of models.

The interest was particularly reflected by the number of papers addressing

consistency issues, as well as in a series of events dedicated to consistency,

aiming to present the ongoing research during annual conferences related

to UML and modeling [3], [4], [5]. The research so far was focused on the

consistency itself, in order to understand the notion and its definition, to

classify its issues and to check for consistency between involved artifacts. An

observation regarding the contemporary research and also the outcome of the

workshops related to consistency in modeling is the diversity of research and

the lack of a unified way to understand and approach various research prob-

lems associated to consistency [6]. This impression of diversity in research

is enhanced by potential practical consequences of inadequate understanding

of consistency problems encountered in industry [7].

In an attempt to overcome the aforementioned deficiency, a classification

framework for research on consistency was introduced in [8]. The proposed

Model Driven Consistency Classification Framework (MDC-F), is structured

into research perspectives and subsequently into research issues within per-

spectives (detailed description can be found in [9]) and is also summerized

in Appendix A. The issues in the classification represent particular research

problems, whereas the perspectives represent groups of issues with a common

denominator. The development of this framework started with eliciting the

perspectives and issues, followed by their refinement and a sample applica-

tion of the framework. The elicitation was carried out as a post workshop
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activity, after a series of workshops on consistency problems in modeling [8],

and it was refined afterwards.

Originally, the classification was intended to allow positioning of ongoing

and planned research as well as to provide better understanding which re-

search problems are addressed. But it may also be used for planning research

related to consistency, to find out what kind of problems have been identified

and which issues can be addressed in the research, and furthermore, how to

set up relevant research questions. However, in the search for a good subject

for further research and also for assessment of already conducted research,

it is also crucial to have some indication of the importance of the problem

under investigation.

The abovementioned reasons stimulated the idea of extending the clas-

sification framework with additional information on its elements. The two

main questions that arose concerned the sort of information that should be

included and the ways of obtaining this information. Regarding the sort of

information, the importance of elements was chosen. As for how to express

the importance, the answer was to prioritize the elements. Furthermore, as

the classification is structured into perspectives and issues within each per-

spective, the included information had to be arranged accordingly. This was

addressed by using a two levels ranking scheme. The question on how to

obtain the required information was translated into three targets for deter-

mining: (a) the source of the data, (b) the means for getting the data and

(c) the means for extracting information from the acquired data

The entire process of obtaining the foreseen information is described in

the main body of the paper. The stakeholders involved in consistency in
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modeling, were chosen as the source for providing data. An empirical study

based on survey was used as a means for obtaining the information required

for the evaluation of perspectives and issues. A framework approach for such

kind of study was elaborated, justified and executed. The framework consists

of two elements: elicitation of initial data and interpretation of the data. The

elicitation was performed using a survey, based on hierarchical hundred dollar

voting [10]. The interpretation was accomplished by applying a method for

the analysis of data acquired from the survey, which is presented and justified

in the paper.

The findings presented in this paper are based on descriptive analysis of

the data obtained from the responses of stakeholders and are focused on the

prioritization of perspectives and issues by different groupings of respondents.

The rest of the paper is organized as follows: Background of the study

and related work is reviewed in Section 2. The description of the study

is given in Section 3, including presentation of the ideas behind the study,

an outline of the consistency classification framework (MDC-F), goals and

research questions, subjects involved in the study together with their catego-

rization, description of the structure and contents of the questionnaire used

in the survey, followed by information regarding the execution of the study.

In Section 4, the Extended Hierarchical Voting Analysis Framework (EHA-

F) for the analysis of the results is introduced and justified. Application of

the framework for analyzing the data of the survey is presented in Section

5. Section 6 contains a discussion on the results of the analysis and on the

threats to the validity of the study. The final Section 7 includes conclusions

and remarks on possible further usage of the results of the study.
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2. Research background and related work.

Consistency has been recognized early as an important aspect of soft-

ware engineering in general [11],[12],[13] and later in modeling and UML in

particular [14], [15], [16], [17]. Approaches to identify, address and solve var-

ious consistency problems, have been presented and discussed in a series of

dedicated workshops [3], [4]. Within the overall research related to consis-

tency, proper understanding of the notion together with a systematic view

and approach, was of special interest in the early stages of research. In one of

the first studies related to the subject, Engels and others considered in [18],

[14], [19] syntactic and semantic consistency between models and consistency

between different versions of the same model. A model based on two dimen-

sional views for considering and approaching consistency is presented in [15].

According to the model there are two dimensions related to consistency: con-

sistency between models in different phases of development process (horizon-

tal or inter-consistency), and consistency between models on different level of

abstraction (vertical or intra-consistency). Another way of approaching the

problem is presented in [17], where inconsistency in UML-based modeling is

examined by introducing a classification and formal specification of the incon-

sistencies and also a method for detecting and resolving them. Consistency

aspects related to model driven user interface development are discussed in

[20], where several dimensions of consistency are considered.

Apart of the research on local issues of consistency, there were also ef-

forts to elaborate on methodologies and systematic processes of consistency

management. A representative example is a general methodology proposed

in [21]. It aims at a step-wise systematic construction of a consistency man-
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agement process, by providing a number of activities to be performed by

the software engineer in order to define, establish and manage consistency,

tailored specifically to the development context. Another example is the

methodical tackling of consistency in complex software systems presented

in [22] using variants and invariants in conceptual and semantic consistency

conditions to ensure the quality of the development process.

However, the research efforts related to consistency were oriented on un-

derstanding and dealing with the notion itself. The interest was in grouping,

classifying and defining consistency instead of grouping and classifying the

research problems related to consistency. The MDC-F classification frame-

work that is further examined in this paper is intended to fill the gap and to

classify the research related to consistency into perspectives and issues. The

classification has been elaborated during follow up activities of the consis-

tency workshops, aiming to serve as a guide in understanding and planning

research. The idea behind the research reported in this paper was to extend

the classification framework by providing classified complementary data that

would express the importance of the classification elements. Empirical re-

search has been used as a means to obtain and analyze the appropriate data.

Empirical research is becoming a well established field in software engi-

neering, with an increasing number of dedicated events and tracks in software

engineering conferences. Methods and guidelines for empirical research in

general [23] and more specifically in software engineering [24] , are being also

adapted and applied in the modeling and consistency related research [25],

[26], [27], [28] as a means to obtain data and perform empirical evaluation.

The empirical data used in this paper were collected by a survey based on
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hierarchical voting. The method has already been used in studies related to

prioritization of requirements [10]. According to this method, the collection

of data is based on the hundred dollar test, where the respondents allocate

an amount of dollars, out of hundred, to the elements of a set of items which

have to be prioritized. In the hierarchical voting the items to be prioritized

are structured into groups, the elements on the higher level (groups) are

prioritized first and then the items of the lower level are prioritized separately

within each group. So, taking into account the structure of the MDC-F

classification framework, this technique was used in our study in order to

collect the data. Furthermore, a specific method for accurate interpretation

of the local data on a global level was developed and justified. The problem

of global interpretation of local data was discussed in [10] but the presented

solution was not formally justified.

The empirical research presented in this paper was carried out in order to

fill an identified gap regarding research related to consistency. The study was

designed so as to be innovative from the object perspective, providing useful

data for further usage in context of the consistency related research (e.g.

positioning the ongoing and planning future research). Furthermore, it offers

a framework for the interpretation of the data from cumulative hierarchical

voting.

A research complementary to the elaborated prioritized classification was

a systematic review of UML model consistency management reported in [29],

where over 900 related papers were identified and 42 selected for further

analysis. The review aimed to identify the current state-of-the-art regarding

UML model consistency management research along with open issues, trends
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and future research. It was carried out to find various concepts, models,

problems, proposals and solutions related to the consistency in UML software

development.

3. Presentation of the study.

The study was intended to contribute to the development of the consis-

tency classification framework (MDC-F), introduced in [8], by extending it

with empirical data related to the elements which constitute the framework.

The appropriate data were collected on the basis of an investigation of the

importance of the constituents of the framework.

3.1. The classification framework.

The MDC-F classification framework structures the research areas and

the research problems related to consistency into perspectives and issues. A

perspective represents a specific view on the research problems related to

consistency. Each perspective embodies a number of research problems with

a common denominator. The following five perspectives were identified:

• Concepts perspective: deals with the problem of how to understand

and perceive consistency in general and in particular contexts,

• Pragmatics perspective: is focused on how to realize consistency in

practice, namely how to check and ensure consistency, given that the

notion has been clearly defined,

• Development Process perspective: investigates what is the relationship

between consistency of artifacts constructed within different elements
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constituting the development process (phases, activities and tasks) and

also how to maintain consistency within development process,

• Language perspective: addresses consistency within a modeling lan-

guage and between modeling languages,

• Quality perspective: considers relationship between consistency and

quality.

Each perspective can be considered as a set of issues. An issue is a par-

ticular research problem to be addressed within a perspective, that is, when

approaching consistency from that perspective. The numbers of indicated

issues in each perspective differ; they are between 6 and 10. Complete list of

issues in each perspective can be found in Appendix A.

3.2. Aim and objectives.

As the framework is based on perspectives and issues, the aim of the study

was to investigate how the perspectives and issues of the framework are per-

ceived by the stakeholders related to the research on consistency in modeling,

and how theirimportance varies among different groups of stakeholders.

More specifically, the objectives of the study could be listed as:

• to expose how consistency research stakeholders value perspectives and

issues from the classification framework,

• to provide initial guidelines for classifying and valuing the ongoing as

well as planned research related to consistency,

• to prepare a background for more elaborative work on approaching

consistency in modeling.
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3.3. Research questions.

The following two basic research questions related to the importance were

identified:

• how important are the perspectives?

• how important are the issues globally and locally in perspectives?

The aforementioned basic questions were later broken down into detailed

questions based on the respondents roles (the roles were introduced in order

to group and categorize the respondents and are explained in the following

subsection).

The breakdown was intended to answer the questions of:

How the stakeholders in general and how different categories of stakeholders

prioritize the perspectives and issues linked to the research related to consis-

tency in modeling?

In particular:

• what are the most important perspectives and issues in general? and

• what are the most important perspectives and issues for different cate-

gories of the respondents?

3.4. Research method.

In general, several empirical methods, such as experiments, field studies or

surveys, can be used to gather data and extract information needed to answer

research questions [23]. In our case, the basic foreseen information was the

information on the importance of elements from the classification as they are
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perceived by the stakeholdes invlved. The idea behind the way of conducting

the study was first to approach a number of stakeholders and ask them

questions targeting prioritization of the perspectives and issues constituting

the classification and then to analyze the data obtained from the answers in

order to extract the desired information. As a natural mean for expressing the

prioritization, cumulative hierarchical voting [10], i.e. a structured version of

cumulative voting [30] was chosen. In this test, a respondent is given hundred

dollars which later should be allocated across the elements that have to be

evaluated. The amount allocated to an element, is supposed to represent the

relative importance of that element with respect to other issues. The test was

used both globally, to obtain data for the prioritization of the perspectives as

well as locally within each perspective, in order to obtain data representing

prioritization of the issues inside each perspective.

The questionnaire used in the survey was design to mirror the perspective

and issues from the investigated classification. The basic elements of the

questionnaire, described in section 3.6 and provided in Appendix B, were the

information about the respondent and the hierarchical hundred dollar voting

table.

3.5. Population.

When designing a survey there are two important issues that should be

addressed: (a) the definition of the population under investigation and (b)

the decision on how to sample the population, namely how the representatives

of the population are to be chosen.

In the context of the present study, the sampled population was defined as

consisting of the stakeholders involved in the research on consistency in mod-
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eling; that is, those who are doing research related to consistency, producing

research results related to consistency or those who use the results produced

by others. In other words, those who are or could be directly interested in

the research related to consistency or who influence this research.

3.5.1. Categorization of respondents.

It has been noticed that the population is not homogeneous and its mem-

bers may come from different places of professional activity or may have

different backgrounds, different aims and targets in performing the activity.

For the purpose of the study the following six categories of stakeholders

were distinguished:

• Academia-Theory (AT) - persons working in academia and conducting

research directed to the theory rather than applications (a.k.a. basic

research),

• Academia-Practice (AP) - persons working in academia and conducting

applied research,

• Industry-Practice (IP) - persons who work in industry and are directly

involved in the work related to concrete software products,

• Industry-Research (IR) - persons who work in industry with research

involvement and responsibilities,

• Tool Building-Academia (TA) - persons who are working in academia

and are involved in development of an MDD oriented tools,
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• Tool Building-Industry (TI) - persons who are employed in companies

and are working on development of professional tools for MDD and

who are involved in construction of such tools.

The identified categories of responders were used later for organizing the

results of the survey. Specifically, the performed analysis of the otained data

was structured in four different ways:

• Flat analysis : global analysis, without considering the categories of

the stakeholders, i.e. no grouping of the respondents was considered,

• Basic Grouping : analysis driven by categorizing the stakeholders into

the six basic stakeholders categories,

• A-I Grouping : the analysis based on grouping the stakeholders into

two major categories: stakeholders from Academia and stakeholders

from Industry,

• A-T-I Grouping : based on grouping the stakeholders into three major

categories: Academia, Tool-Building and Industry.

Based on that categorization, each of the main research questions was broken

up into four sub-questions taking into account the grouping of the stakehold-

ers.

3.5.2. Sampling.

The sampling was essentially based on the stakeholders availability. The

sample of the entire population that has been approached was formed by

persons that were known and were considered experts in their field.
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There were two sources of respondents: (a) participants of the consistency

workshops and (b) persons who were recognized either as directly involved

in different sorts of activities related to consistency or those doing research

in software engineering in general and having potential interest in using the

results of various consistency related research. An overall idea was to acquire

a reasonable amount of data from a reasonable number of stakeholders. The

sampling of the individuals was continued until fulfilling the requirement

of having at least three individuals in each of the six basic categories of

respondents.

Allocation of each of the respondents to a specific category was done

by the respondents themselves. This was achieved by asking identification

questions in the questionnaire used in the study.

3.6. The questionnaire.

Two basic sorts of information were foreseen from the survey: information

on the subjects involved in the investigation, conforming to the the categories

of the respondents, and the information on prioritization of the elements of

the classification.

The features obtained from the questionnaire are:

• C : represents the category of the respondents, it takes values from the

set {AT,AP, IR, IP, TA, TI} reflecting the introduced categorizing of

stakeholders (see Section 3.5.1),

• pi : i=1,. . . ,5; represent the amount of dollars allocated to the perspec-

tives, and must sum up to 100, (1=Concepts, 2=Pragmatics, 3=Devel-

opment Process, 4=Language, 5=Quality); and
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global classification No A-T-I classification No A-I classification No
(6 categories) Resp. ( 3 categories ) Resp. 2 categories Resp.

Academia-Theory 3 Academia 9 . .
Academia-Practice 6 . . Academia 13
Industry-Researchy 4 Industry 8 . .
Industry-Practice 4 . Industry 11
Tool Building-Academia 4 Tool-Building 7 . .
Tool Building-Industry 3 . . . .

Table 1: Distribution of respondents

• qi,j : i=1,. . . ,5, j = 1, . . . , |i|; represent the amount of dollars allocated

to issue j in perspective i, and for each i must sum up to 100. Note that

by |i| we denote the number of issues in perspective i. These numbers

are respectively 10, 8, 8, 7 and 6 for each one of the perspectives. The

distribution of respondents to categories is given in Table 1.

4. Framework for the analysis.

Data obtained by executing the survey contained two main sorts on in-

formation:

• prioritization of perspectives and issues, expressed by allocation of the

appropriate values in the extended hundred dollar test, and

• information, allowing categorizing the respondents.

4.1. EHV-F framework for analysis of the hierarchical voting.

To perform the analysis in a systematic and structured way an extended

hierarchical voting analysis framework (EHV-F) framework was set up. Within
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the framework, the data are to be examined in a systematic way using de-

scriptive analysis in order to study the preferences of the respondents.

The data are to be analyzed from two basic points of view:

• objects point of view, where the analysis is structured by the categories

of objects, that is the consistency classification framework,

• subjects point of view, where the analysis is structured by the categories

of subjects, that is the categorization of subjects discussed in section

3.5.1.

In both cases the analysis is to be shaped according to the structuring

and categorization imposed earlier on the objects and subjects. In the case of

objects, the arrangement is based on the categories of objects, that is, on the

consistency classification framework. In the case of subjects, the structuring

is done in agreement with the categorization of subjects.

In the objects driven view, two specific grouping and sub-grouping of data

are considered:

• P : Perspectives view – when the part of answers related only to per-

spectives is considered,

• I: Issues view – when the parts of data related to issues within per-

spectives are considered and the analysis will be split into:

– IL: Local view : when issues within a particular perspective are

locally analyzed,

– IG: Global view : when all issues from all perspectives are ana-

lyzed and weighted by the perspectives.
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Grouped

All B A-I A-T-I

Perspectives P
⊗ ⊗ ⊗ ⊗

IL1

Local Issues IL2

IL3

IL4

IL5

Global Issues IG
⊗ ⊗ ⊗ ⊗

Figure 1: Roadmap for analysis

The subjects driven view is built up in line with the categorization of

roles of the respondents, so two main categories will be used:

• Flat view - where answers of all respondents are considered

• Structured view - influenced by the roles of the respondents, where

the answers are grouped according to the categorization of the roles

of the respondents imposed by the introduced stakeholders categoriza-

tion. The structuring is done in order to reflect the groupings of the

respondents into the following sub-views:

– { A-I } : Academia-Industry view : categorizing into Academia

and Industry is done,

– { A-T-I } : Academia-ToolBuilding-Industry view : categorizing

into these three categories is taken into account,

– { B } : Basic view : all six categories of roles are concerned.
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The analysis in EHV-F is structured by two groups of views: perspective

views (P), and issues views (I), see Figure 1. The analysis is to be performed

only on cases marked by
⊗

because local analysis of issues in perspectives

can be derived from the global analysis.

For each of the views, two types of artifacts are used:

• numerical: Statistics (minimum, maximum, mean, median and stan-

dard deviation)

• graphical: Mean Bar Plots figures.

The above artefacts include some overlapping information. Specifically,

the figures that can be seen in the bar plot show the mean of each of the

perspectives with a vertical line is extending in an interval of one standard

deviation above and below the mean. Using the two forms may seem re-

dundant but is deliberate, as the graphical form was used to observe some

evident characteristics of the data for more detailed examination with nu-

merical forms.

The analysis of each perspective views is to be done with the original

values of the allocated amounts. For the global views, weighted values are

to be used.

4.2. Discussion of hierarchical voting analysis.

When planning the analysis, apart from analyzing the data separately

on global and local level, we decided to analyze local data in the global

context. Initially, in order to have another way of looking on the data, but

it was found out that such perspective can reduce considerably the number
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of cases in the analysis. However such approach led to the question of a

proper interpretation of the local data in the global context - that is how

to perceive the amount of dollars allocated locally to an issue from a global

perspective. Below we present the problem of global interpretation of local

data, followed by a method we suggest as a proper way of dealing with the

problem, together with a justification of the method.

4.2.1. The problem.

The problem in general concerns the question of how to use the local

values of issues while performing the analysis from a global view. When

we want to analyze global importance of the issues, the importance of the

issue should be related to the context or to be considered in the context

of the importance of the perspective. An intuitive approach is to multiply

importance of the issue by that of perspective encapsulating the issue. But

in the case of our survey the number of local issues in perspectives is not

the same. When we have to distribute 100 dollars among 10 issues in one

perspective, and 100 dollars among 6 issues in another perspective, then

allocating 10 dollars to issues i1 in the first perspective and 10 dollars to issue

i2 in the second perspective should be interpreted differently when the issues

are considered from the global perspective. Thus the local prioritization

within perspectives should be adjusted to the same scale or be normalized in

order to be properly interpreted on the global view. The question is how to

do this.
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4.2.2. The method.

The way of analyzing the local issues globally is to normalize the data rep-

resenting the issues. The normalization is done by weighting of the allocated

amounts, taking into account the number of issues in each perspective. A

good ad hoc solution is to multiply the amount allocated locally for an issue

within the perspective by the number of issues within the perspective. The

values can also be divided by the maximal number of issues within perspec-

tive in order to keep the amounts within the upper limit for the allocations.

Another possible normalization operation is to divide all the allocated values

by 100 so that the values can be treated as probability values, and this will

be used in the following justification and in the analysis section.

Using the following notation

n : number of respondents,

k : number of perspectives,

rj : number of issues in perspective j, j = 1, .., k,

pi,j : percentage of money allocated by respondent i to perspective j,

i = 1, ..., n, j = 1, .., k

qj
i,s : percentage of money allocated by respondent i to issue s

of perspective j, i = 1, ..., n, j = 1, .., k, s = 1, ..., rj

the formula for the interpretation of the local issue s from perspective j

on global level is

qj
i,s ∗ pi,j ∗ rj .
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4.2.3. Justification.

The weighting can be justified by considering it as a problem of relative

importance of the issues.

If respondent is asked to allocate just 1$ to an issue, the probabilities of

allocating it to each different issue (issue s of perspective j) are computed

by pj
i,s = pi,j ∗ qj

i,s.

The question is: How important, respondent thinks, a specific issue is?

In order to answer this question let us assume that the respondent allocates

the 1$ completely at random.

This means that first the respondent chooses a perspective j at random

with probability 1
k

and then allocates the 1$ to an issue of the perspective

randomly with probability 1
rj

.

So, finally the probability for respondent i of allocating 1$ to issue s of

perspective j completely at random is p∗ji,s =
1

k
∗ 1

rj

.

In order to measure the importance the respondent i gives to every issue,

(or the degree of preference of each issue) we can compute the ratio

pj
i,s

p∗ji,s

= k ∗ rj ∗ pj
i,s

Thus this importance measure is taking values between 0 and krj in each

perspective.

A value > 1 means that the importance of this issue is above average

(expected), while a value < 1 shows importance below average (expected).

Since k is a constant, it can be omitted from the calculations. Then in

each perspective the measure takes values between 0 and rj.

Finally, in order to have all values in the range [0, 1] they can be divided
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by

max
1≤j≤k

{rj}

.

5. The Analysis.

The observations and comments presented in the paper are restricted to

interpretation of basic inclinations that can be spotted from preliminary sta-

tistical analysis. Firstly, the classification of the respondents is presented

and then we proceed to the analysis of their responses from different views

using the analysis framework introduced in previous section. The organiza-

tion of the subsections 5.2 and 5.3 reflects the structure of the framework,

that is starting with the higher level information related to perspectives and

proceeding to the lower level concerning issues. In both cases, the analysis

starts start with the all-respondents view, going into more specific groupings.

The most visible findings are highlighted, leaving more general reflections

to the discussion section.

5.1. Global analysis of the respondents.

There were 24 respondents in total. Their allocation to the identified

categories is presented on figure 1. There was one slightly dominating cat-

egory when the fine grain grouping is considered – Academia-Practice. But

this discrepancy disappears when coarser grouping is done. Otherwise the

distribution of the respondents was relatively even and fair.
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Figure 2: Bar chart for (P.All) view

5.2. Perspectives view

The analysis of the view is structured according to the groupings of the

stakeholders into roles, starting from the overall general view and going into

more fine grained groupings.

5.2.1. (P, All) view : perspectives for all of the respondents.

The composite bar chart in Figure 2 shows the mean values of all per-

spectives.while the descriptive statistics for the view is presented in Table

2.

The Pragmatics perspective comes first in average importance, followed

by the Development Process and the Concepts, while the Language and Qual-

ity perspectives get the least importance with a very small difference. It is

important to notice the minimum and the maximum values of all perspec-

tives.
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Figure 3: Bar chart for (P, A-I) view

5.2.2. (P, A-I) view: perspectives with respect to 2 roles.

The mean values of all perspectives in each of A-I roles are shown in

Figure 3 and Table 3 presents the corresponding descriptive statistics.

The Pragmatics perspective keeps to be considered as the most important

by both Academia and Industry categories, but has also the highest standard

deviation in both – meaning that even it is considered as the most important;

there is not consensus on the level of the importance.

Agreement within the categories on evaluating the perspectives is similar,

except for Quality in Academia and for Pragmatics in Industry – where there

is more disagreement.
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Figure 4: Bar chart for (P,A-T-I) view.

5.2.3. (P, A-T-I) view: Perspectives with respect to 3 roles.

The results of extracting a specific class of stakeholders from Academia

and Industry are presented in this view. The appropriate composite bar chart

and table are in Figure 4 and in Table 4.

The Concepts perspective gets in average the highest amount in the

Academia category, and lowest in the Tool-Building, which is in line with

expectations, meaning that concepts are important for academia, while not

so much for Tool-Building. The most important for the Tool-Building is the

Pragmatics. The following three observations reflect their importance for the

categories and again are in line with expectations:

– the Development Process gets in average highest amount in the Industry

category,
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Figure 5: Bar chart for (P, B) view

– the Language gets highest average amount in the Tool-Building and

– the Quality gets highest amounts in the Industry category.

It is also visible that all the categories have the same pattern for prior-

itizing Pragmatics and Development Process, while they differ with respect

to Language and Quality: Pragmatics perspective continues to be the most

controversial perspective in all categories.

5.2.4. (P, B) view - perspectives with respect to all 6 roles.

The mean values of all perspectives in each of the roles are shown in the

composite bar chart in Figure 5 and the corresponding detailed values are

presented in Table 5.

The Pragmatics is the highest valued perspective in general and gets the
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highest value in all classes except Industry-Research. From the statistics

table it can be seen that the Pragmatics takes the highest value of 60 dollars

in the Industrial Practitioners category and in the Industrial Tool-Building.

Pragmatics was also obtaining the highest values among all perspectives in

all categories except Industrial Researchers who assigned the highest value

to Development Process (35 dollars).

5.3. Issues – global view.

According to the discussion in the description of the analysis framework

in Section 4.1, the analysis for the issues was done only for the global view.

The tables with statistics are rather large, so we show in full only the

panel-bar charts, and we present and comment on only the interesting and

relevant figures in the tables. The bars in the charts represent the mean

of each issue in the corresponding category. We also placed horizontal lines

labeled with Top 5, Top 10 and Bottom 5 in order to point out the highest

and the lowest values.

We start by examining the issues from the global perspective without

grouping the respondents and later go to investigate how the global prefer-

ences are distributed among categories, from coarse to fine grouping of the

respondents, which is in line with the analysis of perspectives done in the

previous subsection.

5.3.1. (IG- All) view : Issues for all of the respondents view.

The graph in Figure 6 presents the panel-bar chart (without standard

deviation lines) and shows the average of all the issues in a comparative way.

Looking for the highest values, a large value for issue 2#6 in Pragmatics

29



Top 5 

Top 10 

Bo)om 5 

Figure 6: Bar chart for (IG, All) view
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can be spotted, significantly rising above even the other values on issues in

Pragmatics and all other perspectives. The value is followed by a group of

three highly valued issues all coming also from Pragmatics. Then there is

a group of two from Concepts and Development Process, and the next the

group of four from Concepts, Pragmatics and Process. The lowest value has

been assigned to 5#5. In the lowest five values, we have three issues from

Concepts and one from Language. The lowest issue from Pragmatics is the

ninth. The highest values for Language and Quality are on the same level as

the lowest for Pragmatics (and they will share three neighbor places in the

very middle of the sorted sequence of values).

The issues in the Concepts are very radically evaluated. Some have high

values, while the others rather low. Most of the issues from the Development

Process scored relatively high values.

Inside Language and Quality the issues are ranked quite uniformly while

inside the other perspectives we have large differences.

5.3.2. (IG, A-I) view : Issues with respect to 2 categories.

Relative importance of issues within Academia and Industry is presented

in Figure 7.

The highest valued issue comes from Industry, where it is almost 30 %

higher than the next three. In industry the five most important issues come

from Pragmatics, while in Academia the five most important issues are three

issues from Pragmatics and one issue each from Concepts and Development

Process. Pragmatics is also better balanced in Academia than in Indus-

try. Three out of five of the lowest issues for Academia are in Concepts,

while Industry places the three lowest issues in Language. For Pragmatics,
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Figure 7: Bar chart for (IG, A-I) view

32



Bo#om 5 

Top 5 

Bo#om 5 

Top 5 

Top 5 

Bo#om 5 

Figure 8: Bar chart for (IG, A-T-I) view

Academia and Industry are in agreement on issues 3-6, while the others are

valued differently. For the issues from Language and Quality, there are no

strong preferences, while some more preferred issues can be spotted in the

valuing in of the Industry.

5.3.3. (IG, A-T-I) view: Issues with respect to 3 A-T-I categories.

Results of the distribution of relative importance allocated to issues among

the three categories of respondents Academia, Tool-Building and Industry are

presented in Figure 8.

Issue six from Pragmatics remains the one that obtained the highest value
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in Industry and Tool-Builder, but not for Academia, where issue 4 from

Concepts got the highest score. When we look for the five most valued

issues in each category, then in Industry all five are in Pragmatics, in Tool-

Builder four are Pragmatics and one in Concepts, and in Academia one is

in Concepts, three in Pragmatics, one in Development Process, and they

are very close in values. When the smallest values are considered, Industry

places them mostly in the Language perspective (four out of five), one in the

Concepts and they are very close in value; the other two categories have them

more evenly distributed among all the perspectives except the Pragmatics.

In general Industry and Tool-Building are more in agreement or use the

similar pattern for valuing, while Academia is rather different in prioritizing.

Among the views, the Pragmatics view seems to be most similar for the three

categories.

5.3.4. (IG, B) view : Issues with respect to 6 categories.

The panel-bar charts are presented in Figure 9, where each panel repre-

sents one of the 6 Basic categories of respondents.

Issues in Pragmatics get high values, but there are obvious differences

between categories concerning the distribution of priorities to issues. They

are most highly valued by Industry Practitioners as well as Industry Tool-

Building and Academia-Theory. The most highly valued issue 2#6 in the

previous views is no longer the same here, it is not the most important in

the Academia-Theory and Industry-Research.

There are several issues that got very low importance. They come mostly

from Concepts and Quality and one comes from Language.

The most moderate in prioritization are the members from Industry Re-
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Figure 9: Bar chart for (IG, B) view
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searchers and also Academia-Practice since they distribute the preferences

most evenly, the most extreme are those from Academia-Theory, who have

very strong high and low priorities Quality issues are of less importance for

them as well as issues from Concepts, while strongly prioritizing three issues

from Concepts and two from Pragmatics.

Issues from Quality get relatively high values in both Industry categories

and in Academia-Practice.

6. Discussion.

The discussion is divided into two main parts: presentation and comments

on the main results of the performed empirical investigation and the identified

threads to validity of the study outcomes.

6.1. General observations from the survey

In this section, prioritization of all the high level elements from the clas-

sification is discussed. Some most visible and interesting findings about low

level elements are pointed out and commented.

6.1.1. Prioritization of the perspectives.

The perspectives are discussed bellow in the ascending order of their

general importance.

Pragmatics.. This perspective is considered as the most important in gen-

eral, in the global view (when all the respondents were considered), but also

in all local views (when the respondents were grouped based on their identi-

fied roles) with an exception of the Industry-Research category in the finest
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grouping. The perspective is more important for Industry than for Academia,

and even more important for Tool-Building category.

It is interesting to spot a significant disagreement in valuing the perspec-

tive within Industry. The perspective is very highly appraised by both Prac-

titioners and Tool-Builders (more than twice as much as the next perspec-

tive in importance) while it comes third for Industry-Practitioners. Within

Academia, the perspective is more important for Theory and Tool-Building

subgroups than for Practitioners, but the differences here are not so large.

In general, practical aspects on consistency are highly recognized by

Academia-Theory and Tool-Building.

Development Process.. This perspective is the second important in general.

It is valued almost at the same level when coarse grouping into Academia,

Industry and Tool-Building is considered. However significant differences

occur inside the groups when finer grouping is analyzed. The perspective

is more important to Practitioners in Academia than to the Theory group,

in Industry it is more important to Researchers than to Practitioners, and

Tool-Builders in Academia value it much higher than those in Industry.

Generally, the Development Process perspective is perceived similarly by

members of Academia-Practice and Industry-Research categories, it is highly

valued by Tool-Building-Academia and it is the most important to Industry-

Research.

Concepts.. The concepts perspective received medium importance in the

global view. The perspective is considered as important from the academia

and research point of view, and is of low significance for those who are in-

volved in practical usage of modeling.
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Language.. In the global view, the Language perspective received almost

the lowest importance (the difference between the last two, Language and

Quality, is minimal). The differences can be spotted when the groupings

are examined. It is more important to Academia than to Industry and even

more important for Tool-Building. The distinction becomes strongly visible

in the fine grouping. Language is the second important perspective for Tool-

Builders-Industry and has got a very small value in the Industry-Practitioners

category.

Quality.. Quality, in the global view has the lowest importance, but the pri-

oritization of the perspective is becoming very diverse when we examine how

it is valued in different categories. It is relatively very important when we

consider Industry without Tool Builders, and becomes extremely important

for the Industry Practitioners, for whom it is close to be the second important

and is three times more important than Language. It has also relatively high

value in the Academia-Practice category and lowest value in the Academia-

Theory and Tool-Building Academia categories. On the whole, the more

practically oriented the group is, the higher value it assigns to Quality per-

spective.

Patterns in groupings.. When we try to find and examine prioritization pat-

terns in different groupings it can be observed that: Tool-Building category

has a similar pattern to Industry when the three most important perspectives

are concerned and the category is in agreement with Academia in prioritiza-

tion of the two perspectives of lowest importance. In the fine grouping only

two categories, Academia-Theory and Tool Building-Academia, have similar

prioritization patterns.
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6.1.2. Prioritization of the issues.

The presentation and discussion relates to the importance of issues in

general, and as they perceived by different groups of stakeholders. Further,

it is done mainly for the issues that are considered as the most important

in general as well as along the categories of the stakeholders. Next, only a

selected set of the most important issues is commented.

The majority of the important issues come from the Pragmatics (3 or

more out of 5, 5 or more out of 10), both in the global view as well as in

almost all groupings, with only two minor exceptions in the fine grouping:

Academia-Theory and Industry-Research.

The most important issues relate to different aspects of checking and

ensuring consistency.

The most highly issue voted issue is:

2#6: Tools support for checking and ensuring consistency – from Pragmat-

ics.

Only few issues in the fine grouping (from Concepts in Academia-Theory

and Development Process in Industry-Research and Academia-Practice cat-

egories) are at a comparable level.

The following two issues are next in importance under the general view:

2#4: Procedures and algorithms for consistency checking,

2#5: Ensuring consistency with model transformations and refactoring.

These, remain highly important within the Academia-Industry grouping, but

some differences can be noticed inside finer grouping into six categories. For

Tool-Building ensuring consistency is of significantly less importance. In the

fine grouping into six categories, these two issues are of very high importance
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for Academia-Theory and for Industry-Practice, significantly higher than for

Industry-Research, a finding which may seem surprising.

The issue:

2#3: Verification of the code against the model

is fourth in the general ranking and retains this ranking for Industry, but

it is less important for Academia. It is really important for Tool-Building,

especially for those in Industry. Another interesting remark is that within

Industry, it is twice more important for Practitioners than for Researchers.

The following two issues do not belong to Pragmatics and are leaders

within their perspectives:

1#4: Checking consistency between modeling artifacts – in Concepts, and

3#5: Checking inconsistencies within development process – in Development

Process.

It is interesting that they both refer to checking consistency (but from

different points of view). Both issues are more important for Academia, less

for Tool-Building and even less for Industry.

The following in the importance are two issues from the Concepts:

1#1: Understanding the concept , and

1#3: Formalization of consistency .

The issues are highly and almost equally valued, both in Academia and In-

dustry with an emphasis on formalization in Academia and understanding

in Industry. In the most detailed view, both understanding and formaliza-

tion are the most important for Academia-Theory and Industry Researchers

groups, the less important for Industry Practitioners while their importance

is relatively high for all the others.
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The last in the group of the ten highly evaluated issues is:

3#1: Consistency driven development process,

which gets the highest values in Industry in all groupings, and within In-

dustry in Researchers. It is also more important for Tool-Building than for

Academia.

The less important issues in general come from Quality and Concepts.

Actually, the issue that is ranked last in importance is:

5#5: Degrees of consistency (as a basis for quality measurement),

which gets better ranking when groupings are taken into account.

6.2. A remark on the classification framework.

It should be pointed out that intentionally, the classification framework is

not orthogonal either when the perspectives or the issues in the perspectives

are considered. In fact, it includes cross-cutting issues among the perspec-

tives. This is intentional and realistic, conforms to the general belief and

is the result of discussions with several stakeholders. Quality perspective

is a good example of the problem. Elements of quality are present in all

other four perspectives but quality can also be considered as a separated

group of specific issues forming a specific point of view on problems related

to consistency, thus being a perspective in the framework.

Similar remarks apply to several cross-cutting issues within and between

the perspectives. An example of cross cutting within a perspective, are two

issues in the concept perspective:

#1: understanding the concept

and

#10: concept of consistency in MDD,
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The first relates to the overall, general concept of consistency in model-

ing, while the second addresses consistency in a specific context, where the

problems to be solved as well as the approaches are specific and some stake-

holders may wish to emphasize their particular interest in that context or

even neglect the more general view. An example of cross-cutting between

perspectives, are the issues #10 (mentioned above) in Concepts perspective

and issue #2: understanding of consistency in the context of MDD in Devel-

opment Process perspective. The first is supposed to express and valuate the

importance of the role of MDD context when we look on consistency from

the Concepts perspective (when our main concern is elaborated on concepts),

while the second is supposed to express and valuate the importance of un-

derstanding the concepts of consistency in MDD context when considering

development process view as a perspective.

6.3. Validity of the study.

There are two main arguments against possible threats to the validity of

the present study:

(a) the research is basically exploratory in the sense, that it contributes

to understanding how the opinions of stakeholders on prioritization of

perspectives and issues related to consistency research can enhance a

proposed classification framework. Therefore there was no explicit and

formal hypothesis on a relationship between the cause and the effect

of any treatment and the outcome, as it is suggested in the standard

model for empirical research [23].

(b) the data were collected as responses from stakeholders which are re-
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liable professionals, with expertise and substantial interest in research

and not from randomly selected individuals. Therefore, the study is

actually based on expert judgments, which are in many ways invalu-

able.

The discussion on the validity of the study will be directed by four types

of validity pointed out in [23]: construct, internal, external and conclusion

validity. Construct validity concerns the design of the instrument used in

the study and the assessment that the instrument measures what it is aimed

to measure. Internal validity concerns the causal relationship between the

treatment and the outcome. External validity has to do with the ability to

generalize the results. Finally, conclusion validity is about being able to draw

correct conclusions on how the treatment affects the outcome.

6.3.1. External validity.

A potential threat of this validity aspect is the fact that the sample size

can be considered small and that the sampling was based on convenience, in

the sense that the stakeholders can be approached only under very special

circumstances. So the participants may not represent the population. The

population under investigation was identified as all the persons involved in

the research related to consistency in modeling, i.e. those who either perform

the research or use (directly or indirectly) the results of the research.

The sampling was conducted by approaching well respected individuals,

recognized as potential stakeholders. They were mainly persons involved in

consistency related workshops, like participants, authors and PC members,

but also persons from the research environment of the authors and indus-

try collaborators. Therefore, we believe that the stakeholders approached
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were good representatives of the population as they carry knowledge and

experience in their fields. Moreover, the conferences are well established and

recognized forums, gathering both researcher and practitioners involved in

modeling in software engineering. The consistency workshop has been car-

ried for several consecutive years and this fact decreases the risk of missing

essential stakeholders.

One more argument against external validity threat is that the lack of

homogeneity within the population has been taken into account very seri-

ously by categorizing the respondents into groups based on the specific role

they have. The categories of the stakeholders and their grouping came up

during discussions on the design of the study and seemed to be well justified.

However, the allocation of each subject to a specific category was subjective,

based on the subjects declaration (an appropriate section where the subjects

should declare their category was included in the questionnaire). The sub-

jects were asked to choose a category which fits best to their involvement,

to answer the main part of the questionnaire and to allocate their prefer-

ences from that point of view. All the members of the same category were

treated as equal. Weighting the answers based on factors such as kind and

time of experience, type of project involved in, would decrease the possible

confounding.

Regarding the number of respondents, as we already mentioned, it was

not easy to convinced the stakeholders to be involved in the study. The initial

response rate was not high; around 30 % of the approached persons, and the

sampling continued until at least three respondents in each stakeholder group

have responded to the survey. This was decided in order to ensure that the
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data could be further utilized for statistical analysis. On the other hand, this

attempt can be a source for another threat to the external validity since it

resulted in a relatively evenly distributed sample, while the real distribution

of the stakeholders to roles is unknown.

6.3.2. Internal validity.

As the present study is an exploratory survey and not a formal experi-

ment, there is no matter of threat, regarding the causal effect of a treatment

on the outcome. The respondents prioritized the perspectives and their is-

sues according to their professional interests and expertise. So, there was no

intend to make inferences on the effect of any treatment and therefore there

is no threat to misinterpret causal relationships.

6.3.3. Construct Validity.

A potential threat in this regard is that the instrument used in the study

could have been badly designed. We believe that this threat is diminished,

since the hierarchical voting prioritization [10] is specially designed to alle-

viate the prioritization effort of the stakeholders as much as possible. This

structured version of the hundred dollar test was explicitly fitted to purpose

of the study. Specifically, for the curried out research, it was structured

in two levels, perspectives and issues within the perspectives, reflecting the

structure of the consistency framework which aimed to enhance.

Therefore, in order to ensure proper construct of the survey, the ques-

tionnaire was designed in such a way that the elements to be valued, strictly

correspond to the elements of the evaluated framework. In order to ensure

properly justified prioritization of the elements of the classification, defini-
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tions of all the perspectives and issues from the framework were provided

together with the questionnaire.

6.3.4. Conclusion Validity.

Since the target of the survey was to investigate how the respondents

prioritize perspectives and issues, the misinterpretation of the results could

be a potential threat. The challenge faced when working on the conclusion

of the study, was related to the proper and justified interpretation of the

data. The interpretation of the same data at two levels (local and global)

was essential in the study. In order to avoid possible threats related to

interpretation, we addressed the problem of the prioritization of issues within

each perspective. Specifically, since the number of issues was not the same

within each perspective, we used the weighting method proposed in [10] in

order to put all issues in a common base and obtain the interpretation of

their importance under a global view. Moreover, in 4.2 we describe formally

the method which was used in[10] but was not properly justified. We believe

that all this systematic handling of data contributes to both the conclusion

as well as to the internal validity of the study.

7. Summary.

The paper reports on an empirical study performed over a framework for

classification of the research related to consistency in modeling in order to

extend the framework with information on valuation of its elements. The

framework is aimed at organizing both the approaches to the research and

also the related research problems. It is based on the perception of the re-

search related to consistency in model based development by the stakeholders
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involved in the research. The empirical study was intended to add informa-

tion of the relative importance of the elements constituting the framework.

The paper describes the stages of the study, including design of the survey,

analysis of data and interpretation of the results.

The classification framework was intended originally for classification of

the research related to consistency. The goal of the empirical study was to

extend the framework with empirical data for relative positioning the ongoing

research as well as to provide a set of assets that can be used in planning

future research. The classification framework can be considered as a sort

of a hierarchical map (or structured representation) of consistency related

research, while the results from the study can be thought of as a coloring of

the areas on the map reflecting the importance of the regions.

There were two basic research questions addressed and answered when

performing the research: how to design and conduct the study, and how

to obtain foreseen classified data from the initial data provided by the re-

spondents. The first is answered in Section 3 by presenting the design of

the survey, followed by the description of the way of conducting the survey.

The second is answered by development of a framework for the analysis pre-

sented in Section 4 and application of the framework described in Section 4.1.

Elaborating on the proper ways for analyzing the data, the problem of the

global interpretation of the local data in the weighted hundred dollars voting

was encountered. A proper way of interpreting the data was built up, justi-

fied and applied. The method of interpretation seems to be a considerable

contribution that can be reapplied in the studies using such voting.

A problem addressed when designing the study, was the diversity of stake-
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holders involved in the research related to consistency. Instead of treating

the population as homogeneous, several categories of stakeholders based on

characteristics reflecting their affiliation, type of involvement and type of

activity were introduced. The analysis took into account the categories, us-

ing fine and coarse groupings of the stakeholders. The categorization of the

stakeholders was subjective, based on a self assessment of the subjects.

The intent behind the work presented in this paper was to supply em-

pirically enhanced classification. Using the empirical numerical data from

the survey, the valuation of the different aspects related to such research

(expressed by the importance of perspectives and issues) in general and by

specific groups of stakeholders is provided. There is an agreement on the

high importance of the issues from the pragmatics perspective, since they

are most highly valued when all the stakeholders are considered, as well as

when grouping the stakeholders according to the introduced categorization.

Otherwise, the prioritization is more dependent on the grouping of the stake-

holders, that is, more relative to the context from which the stakeholders

evaluate the perspectives and issues.

Both the original framework expressed by the questionnaire as well as the

framework extended with the classified information from the survey should

be considered as a sort of an empirically enhanced compromise, based on

stakeholders feedback. The first was influenced indirectly during the discus-

sion on the elements constituting the perspective and the issues, the second

was influenced directly through the survey used in order to add prioritization

to classification elements. Both can be used in their current state but also

are subject to further enhancement and extension.
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The extended classification framework presents a justified perception of

the research related to consistency. It gives rise to awareness of what is really

done, what is important and how it is important; increases knowledge related

to the research area and stimulates the interest. Furthermore, it is adjustable,

can evolve in time and be adapted to a particular research environment by

introducing new elements on both levels of the classification, which can be

further validated and extended with the empirical data according to schema

presented in the reported research.

Further research directions based on the reported study and related to

both the instruments and method as well as the object can be pointed out.

Such directions are the extension of the analysis framework on the obtained

data into a statistical framework for similar surveys and statistical analysis of

the relationship between perspectives and issues as well as with the groups of

respondents. An interesting potential for further work is a research towards

combining the results of the work reported here and the systematic literature

review reported in [29], into a consistency research guide. This will integrate

a structured view of the research problems together with their prioritization

and furthermore specification of open and answered research questions.
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9. Appendix A. Concise description of elements of the MDC-F

consistency classification framework

Perspectives

1. Concepts.

The perspective deals with the problem of how to understand and perceive

consistency in general and in particular contexts, including classifications of

understandings of the notion of consistency.

2. Pragmatics.

The perspective is focused on how to realize consistency in practice - namely

how to check consistency if we know what we mean by it.

3. Development Process.

The perspective investigates what is the relationship between consistency of

artifacts constructed within different elements constituting the development

process (phases, activities and tasks), how to maintain consistency within

the process, what are the costs and the benefits of consistency management.

4. Language.

The perspective addresses consistency within a modeling language and be-

tween modeling languages.

5. Quality.

The perspective considers relationship between consistency and quality, whether

consistency is a measure of quality, how quality is affected by inconsistencies,

which quality attributes are affected by inconsistencies.

Isses

1. Concepts.

1#1 : Understanding the concept
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1#2 : Classification related to the concept

1#3 : Formalization of consistency

1#4 : Checking consistency

1#5 : Ensuring consistency

1#6 : Implications of changes on consistency

1#7 : Decidability and executability

1#8 : Consistency and reuse

1#9 : Entities of consistency

1#10: Concept of consistency in MDD

2. Pragmatics.

2#1 : Validation of models

2#2 : Verification of models

2#4 : Procedures and algorithms for consistency checking.

2#5 : Ensuring consistency with model transformations and refactoring

2#6 : Tools support for checking and ensuring consistency

2#7 : When to perform the consistency checks in tools

2#8 : Consistency of models built with different tools

3. Development Process.

3#1 : Consistency driven development process

3#2 : Understanding of consistency in the context of MDD

3#3 : Consistency between models built in different environments

3#4 : Merging models and consistency
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3#5 : Checking inconsistencies during development process

3#6 : Consistency management

3#7 : Consistency within a method or methodology

3#8 : Consistency of development methodology itself

4. Language.

4#1 : Consistency of the language itself

4#2 : Conformance of the model to the language

4#3 : Consistency requirements in the language

4#4 : Implications of changes in the language on consistency

4#5 : Consistent customization of the language

4#6 : Semantic consistency

4#7 : Consistency between modeling languages

5. Quality.

5#1 : Consistency as a measure for quality

5#2 : Consistency as a part of quality

5#3 : Traceability as a basis for consistency

5#4 : Application focused consistency rules and conforming to the style

5#5 : Degrees of consistency

5#6 : Measuring consistency.
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10. Appendix B. Concise presentation of the instruments used in

the survey

10.1. The questionnaire.

The questionnaire to be filled by the respondent is presented on figure 10.

10.2. Description of the task of the respondent.

1. Your task is to allocate an amount of dollars, out of 100 dollars, to each

perspective (distribute 100 $ among five perspectives), and then, within each

perspective you have another amount of 100 dollars to distribute among the

issues in the perspective.

The amount allocated is intended to reflex how important this perspec-

tive/issue is to you related to other perspectives/issues.

2. Provide information on you background and the role from which you answer

the questionnaire.

You should answer the questionnaire choosing ONE of the following roles

indicate the appropriate box bellow

© Tool-Building-Academia © Industry-Research

© Tool-Building-Industry © Academia-Theory

© Industry-Practice © Academia-Practice
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Issues in Concepts # $ for issue

1: Understanding the concept . . .

C : 1 2: Classification . . .

3: formalization of consistency . . .

Concepts Perspective 4: Checking consistency . . .

5: Ensuring consistency . . .

# $ for the perspective 6. Implications of changes on consistency . . .

( out of 100 ) 7. Decidability and executability . . .

8: Consistency and reuse . . .

9: Entities of consistency . . .

10. Concept of consistency in MDD . . .

Issues in Concepts # $ for issue

1: Validation of models . . .

P : 2 2: Verification of models . . .

3: Validation of code vs. model . . .

Pragmaticas Perspective 4: Procedures and algorithms for checking consistency . . .

5: Consistency ensuring with model transformations . . .

# $ for the perspective 6: Tools support for checking and ensuring . . .

( out of 100 ) 7: When to check consistency in tools . . .

8: Consistency of models built with different to . . .

Issues in Concepts # $ for issue

1: Consistency driven development processt . . .

D : 3 2: Understanding consistency in the context of MDA . . .

Development Process 3:Consistency between models built in different environments . . .

Perspective 4: Merging models and consistency (PIM+PM-¿PSM) . . .

5: Checking consistencies during development process . . .

# $ for the perspective 6: Consistency management . . .

( out of 100 ) 7: Consistency with a methodology . . .

8: Consistency of methodology itself . . .

Issues in Concepts # $ for issue

1: Consistency of the language itself . . .

L : 4 2: Conformance of the model to the language . . .

Language Perspective 3. Consistency requirements in the language . . .

4: Implications of changes in the language on consistency . . .

# $ for the perspective 5: Consistent customization of the langue . . .

( out of 100 ) 6: Semantic consistency . . .

7. Consistency between modeling languages . . .

Issues in Concepts # $ for issue

Q : 5 1: Consistency as a measure for quality . . .

Quality Perspective 2: Consistency as a part of Quality . . .

3. Traceability as a basis for consistency . . .

# $ for the perspective 4: Implications of changes in the language on consistency . . .

( out of 100 ) 5: Degrees of consistency . . .

6: Measuring consistency . . .

Figure 10: The questionnaire
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View Point Concepts Pragmatics Dev.Process Langage Quality

Minimum 5,00 15,00 5,00 0,00 5,00

All Maximum 30,00 60,00 40,00 30,00 30,00

Respon- Std.Dev. 7,70 12,20 9,59 7,81 7,42

dents Mean 19,08 31,79 22,63 13,46 13,04

Median 20,00 30,00 22,50 10,00 10,00

Table 2: Descriptive statistics for (P, All) view.

View Point Concepts Pragmatics Dev.Process Langage Quality

Academia Minimum 5,00 15,00 10,00 0,00 5,00

Maximum 30,00 50,00 40,00 25,00 30,00

Std. Dev. 6,97 9,24 9,02 7,10 8,44

Mean 19,85 29,85 23,69 14,46 12,15

Median 20,00 30,00 25,00 15,00 10,00

Industry Minimum 10,00 15,00 5,00 5,00 5,00

Maximum 30,00 60,00 35,00 30,00 25,00

Std. Dev. 8,74 15,14 10,51 8,77 6,25

Mean 18,18 34,09 21,36 12,27 14,09

Median 20,00 30,00 20,00 10,00 10,00

Table 3: Descriptive statistics for (P,A-I) view

11. Appendix C. Descriptive statistics tables
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View Point . Concepts Pragmatics Dev.Process Langage Quality

Academia Minimum 10,00 15,00 10,00 0,00 5,00

Maximum 30,00 50,00 30,00 25,00 30,00

Std. Dev. 6,52 10,57 8,73 7,36 9,20

Mean 21,44 29,22 21,44 14,78 13,11

Median 20,00 30,00 20,00 15,00 10,00

Tool-Building Minimum 5,00 25,00 10,00 10,00 5,00

Maximum 20,00 60,00 40,00 30,00 20,00

Std. Dev. 6,27 11,90 10,75 8,52 5,00

Mean 16,43 35,00 22,14 16,43 10,00

Median 20,00 30,00 20,00 10,00 10,00

Industry Minimum 10,00 15,00 5,00 5,00 5,00

Maximum 30,00 60,00 35,00 25,00 25,00

Std. Dev. 9,91 14,87 10,50 6,78 6,78

Mean 18,75 31,88 24,38 9,38 15,63

Median 15,00 30,00 27,50 7,50 17,50

Table 4: Descriptive statistics for (P, A-T-I) view
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View Point Concepts Pragmatics Dev.Process Langage Quality
Minimum 20,00 30,00 10,00 0,00 5,00

Academia Maximum 30,00 50,00 30,00 25,00 10,00
Theory Std. Deviation 5,77 11,55 11,55 12,58 2,89

Mean 26,67 36,67 16,67 13,33 6,67
Median 30,00 30,00 10,00 15,00 5,00
Minimum 10,00 15,00 15,00 10,00 5,00

Academia Maximum 25,00 40,00 30,00 20,00 30,00
Practice Std. Deviation 5,49 8,69 6,94 4,64 9,73

Mean 18,83 25,50 23,83 15,50 16,33
Median 20,00 24,00 25,00 16,50 14,00
Minimum 5,00 25,00 20,00 10,00 5,00

ToolBuilder Maximum 20,00 40,00 40,00 25,00 20,00
Academia Std. Deviation 7,50 6,29 8,54 7,50 7,07

Mean 16,25 31,25 28,75 13,75 10,00
Median 20,00 30,00 27,50 10,00 7,50
Minimum 10,00 30,00 10,00 10,00 10,00

ToolBuilder Maximum 20,00 60,00 20,00 30,00 10,00
Industry Std. Deviation 5,77 17,32 5,77 10,00 0,00

Mean 16,67 40,00 13,33 20,00 10,00
Median 20,00 30,00 10,00 20,00 10,00
Minimum 10,00 35,00 5,00 5,00 10,00

Industry Maximum 20,00 60,00 30,00 10,00 20,00
Practice Std. Deviation 5,00 11,09 10,80 2,50 5,00

Mean 12,50 43,75 20,00 6,25 17,50
Median 10,00 40,00 22,50 5,00 20,00
Minimum 10,00 15,00 15,00 5,00 5,00

Industry Maximum 30,00 25,00 35,00 25,00 25,00
Research Std. Deviation 10,00 4,08 9,47 8,66 8,54

Mean 25,00 20,00 28,75 12,50 13,75
Median 30,00 20,00 32,50 10,00 12,50

Table 5: Descriptive statistics for (P,B)

62


	Title: Empirical extension of a classification framework for addressing consistency in model based development
	Author: Ludwik Kuzniarz, Lefteris Angelis
	serial_title: Information and Software Technology
	pagination: 214-229
	issue: 3
	volume: 53
	Year: 2011
	doi: 10.1016/j.infsof.2010.10.004
	publisher: Elsevier


