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Abstract. This paper presents the results of an empirical study aiming at com-
paring the support provided by ER and UML class diagrams during mainte-
nance of data models. We performed one controlled experiment and two repli-
cations that focused on comprehension activities and another controlled exper-
iment on modification activities related to the implementation of given change 
requests. The results achieved were analyzed at a fine-grained level aiming at 
comparing the support given by each single building block of the two notations. 
Such an analysis is used to identify weaknesses (i.e., building blocks not easy to 
comprehend) in a notation and/or can justify the need of preferring ER or UML 
for data modeling. The analysis revealed that the UML class diagrams generally 
provided a better support for both comprehension and modification activities 
performed on data models as compared to ER diagrams. Nevertheless, the for-
mer has some weaknesses related to three building blocks, i.e., multi-value at-
tribute, composite attribute, and weak entity. These findings suggest that an ex-
tension of UML class diagrams should be considered to overcome these weak-
nesses and improve the support provided by UML class diagrams during 
maintenance of data models. 
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1 Publication summary 

Understanding and interpreting data models represents a fundamental activity from 
the earliest stages of software development, e.g., requirement analysis. Thus, a com-
prehensive notation is really desirable to avoid misunderstanding that can lead to the 
introduction of errors very expensive to remove in the later phases of the software 
development.  
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A comprehensive notation is also desirable to facilitate the maintenance of the pro-
duced data model. Indeed, data models should be considered living documents that 
will change in response to a changing business. Thus, a comprehensive notation can 
facilitate the comprehension activities that have to be performed to understand the 
data model before the analysis and the implementation of a change request. 

A fine-grained analysis is vital to provide insight on why UML class diagrams are 
better than the ER diagrams or vice versa and to highlight strengths and limitations of 
the two notations. This kind of analysis can be used to (i) justify the need of prefer-
ring ER or UML class diagrams for data modeling, or (ii) identify weaknesses in a 
notation that could be overcome to improve its support for data modeling. 

In this paper, we present the results of a set of controlled experiments to deeply an-
alyze the support given by ER and UML class diagrams during maintenance of data 
models. In particular, we conducted a controlled experiment and two replications 
aiming at analyzing the support given by the two notations during comprehension 
tasks. In addition, we conducted another controlled experiment to analyze the support 
given during modification activities. We focus the attention only on these two activi-
ties, since high comprehensibility and high modifiability are the two typical expecta-
tions of people using these two notations to represent conceptual data models. 

The experiments aimed at performing a fine-grained analysis to (objectively and 
subjectively) compare the single building blocks, i.e., Entity, Primary Key/ID, Com-
posite Attribute, Multi-value Attribute, Recursive relationship, Relationship cardinali-
ty, Ternary relationship, Generalization IS-A, Weak entity, M:N relationship, of the 
two notations. They also aimed at analyzing the comprehensibility of the two nota-
tions involved 156 students of the University of Salerno (Italy) with different academ-
ic background represented by fresher, bachelor, and master’s students. The experi-
ment conducted to analyze the modifiability of the two notations involved 28 master’s 
students of the University of Salerno (Italy). 

The results achieved indicate that, regarding to the comprehension activities, the 
UML class diagrams are characterized by three weaknesses related to the representa-
tion of Composite attribute, Multi-value attribute, and Weak entity, as compared to 
the ER diagrams. However, except for the three identified weaknesses, the UML class 
diagrams are generally more comprehensible than the ER diagrams. On the other 
hand, regarding the modification activities, through an objective analysis, two weak-
nesses of the UML class diagrams were statistically identified, i.e., Multi-value attrib-
ute and Weak entity. However, a subjective analysis confirmed also the third weak-
ness identified for the comprehension activities, i.e., the Composite attribute. Moreo-
ver, the UML class diagrams generally provide a better support than the ER diagrams 
also for the modification activities, because with UML class diagrams, on six out of 
the ten building blocks, students achieve better results. 

As it always happens with empirical studies, replications in different contexts, with 
different subjects and objects, is the only way to corroborate our findings. It would be 
interesting to consider alternative experimental settings in several respects, but maybe 
the most important one is the profile of the involved subjects. Replicating this study 
with students/professionals having a different background would be extremely im-
portant to understand how much our findings can be generalized. 
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