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Abstract

UML (Unified Modeling Language) is a collection of somewhat overlapping modeling techniques, thus creating a difficulty in establishing

practical guidelines for selecting the most suitable techniques for modeling OO artifacts. This is true mainly with respect to two types of

interaction diagrams: Sequence and collaboration. Attempts have been made to evaluate the comprehensibility of these diagram types for

various types of applications, but they did not address the issue of quality of diagrams created by analysts. This article reports the findings

from a controlled experiment where both the comprehensibility and quality of the interaction diagrams were investigated in two application

domains: management information systems (MIS) and real-time (RT) systems.

Our results indicate that collaboration diagrams are easier to comprehend than sequence diagrams in RT systems, but there is no difference

in comprehension of the two diagram types in MIS. Irrespective of the diagram type, it is easier to comprehend interaction diagrams of MIS

than of RT systems. With respect to diagram quality, in the case of MIS, analysts create collaboration diagrams of better quality than

sequence diagrams, but there is no significant difference in quality of diagrams created in RT systems. Irrespective of the diagram type, more

correct diagrams are created in MIS applications than in RT applications.
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1. Introduction

The Unified Modeling Language (UML) accommodates

several types of diagrams in an attempt to model the

structural and dynamic aspects of systems. The broad

acceptance of UML as a language for Object Oriented (OO)

analysis and design has fundamentally been based on its

usefulness as a means of communication among all parties

involved in the application development process [1].

Moreover, the prominent OMG Model Driven Architecture

(MDA) initiative [2], which enables interoperability of

applications across middleware boundaries, is already

adopted by many companies in a plethora of application

domains. Nevertheless, the nature of UML, being a

collection of somewhat overlapping modeling techniques,

and its recent proliferation in heterogeneous application

domains, creates a difficulty in establishing practical

guidelines for selecting the most suitable UML techniques

for modeling OO artifacts.

Methodologies in general (and UML in particular) can be

evaluated and compared on various dimensions, i.e. quality

of the analysis or design products, comprehensibility,

learnability, ease of use, user/developer satisfaction or

preference, and more [3]. Criteria such as: degree of

chunking and fragmentation of requirements, the number of

simultaneous items or semantic processing required for

creating a schema, and more are proposed in order to

promote the performance and readability of conceptual

modeling in terms of performance and readability [4].

Several attempts have been made to evaluate the

semantic comprehension of object-oriented diagrams. Dia-

grammatic reasoning with multiple diagrams is comprised

of searching for related information (perceptual reasoning),

and developing hypotheses about the target system
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(conceptual reasoning) [5]. The findings from a controlled

experiment indicate that perceptual and conceptual inte-

gration processes are facilitated by incorporating visual cues

and contextual information in the multiple diagrams as

representation aids [5]. Otero and Dolado [1,6] studied the

use of interaction diagrams in UML for applications of

varying complexity, ranging from management information

systems, through embedded systems, to real-time reactive

systems. Their work focused on evaluating comprehensi-

bility of diagrams, assuming that a fit between the

application domain and diagram type will positively impact

the level of semantic comprehension of a given system’s

specification and, in turn, will indirectly facilitate the use of

the proper diagrams in system construction.

No attempt was made, however, to directly investigate

the quality of interaction diagrams produced in various

scenarios under an objective yardstick, a lacuna which the

current study attempts to address. Thus, this article reports

the findings from a controlled experiment conducted in a

university setting, where both the semantic comprehension

and quality of UML interaction diagrams was investigated

for various application domains.

The rest of the paper is organized as follows: Section 2

discusses UML and interaction diagrams. Section 3

describes related work on previous empirical comparisons

of software modeling frameworks in general, and

specifically of UML interaction diagrams. Section 4

describes our experiment, including the dependent and

independent variables, the research hypotheses, the partici-

pants, the documents included in the experiment, and the

experimental design. It also discusses threats to validity and

how we treated them. Section 5 presents the results in terms

of diagrams comprehensibility, quality of diagram con-

struction, time taken to complete the comprehension and the

construction tasks, perceived comprehensibility and per-

ceived ease of construction. Section 6 discusses the results

of the experiments in light of the hypotheses and related

work, and finally, Section 7 outlines the limitations of this

study and suggests topics for future research.

2. UML and interaction diagrams

2.1. The unified modeling language (UML)

As strategic value of software increases for many

companies, the industry is eagerly looking for techniques

that automate the production of software in an attempt to

improve quality, reduce costs and expedite time-to-market.

These techniques include, among others: component

technology, visual programming, patterns, and modeling

frameworks.
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