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Fig. 1. Three simple observational data sets and example ER representations: (a) diameter-at-
breast-height (dbh) measurements per year for tree species; (b) dbh per year for tree species
located in plots within sites; and (c) dbh and soil pH (acidity) measurements along transects. The
attribute spp in (b) generalizes the two attributes labeled with species names, piru and abba. Car-
dinality restrictions x:y denote the min and max participation of the entity in the corresponding
role of the relationship.

and di erences among data sets. For example, it is not obvious from the attributes and
data values, nor the ER diagrams, whether these three data sets contain similar types of
measurements.

While the conceptual models of Fig. 1 help to describe these data sets, they also
highlight challenges in expressing observational data semantics that are crucial to the
scientific interpretation and potential usage of these data for an integrated analysis:

Implicit context. In each example data set, the same tree entity has di erent diameter
(dbh) values. These discrepancies are explained by the context in which the diameter
measurements occur. In general, context describes the meaningful “surroundings” of an
observation, such as the other entities observed, their measured values, and their rela-
tionship to the observed entity. However, context is only implicitly modeled in Fig. 1:
it is unclear which relationships denote context (e.g., “dbh in year”, “within plot”) and
which denote measurements (e.g., “tree dbh”, “soil pH”). Similarly, context is only par-
tially specified: it is not explicitly stated that transects and soils are context for trees, or
that trees also serve as context for soils. Without an understanding of the contextual re-
lationships within a data set, it becomes di cult to interpret and analyze data. In Fig. 1,
e.g., it is not trivial to determine whether it is meaningful to summarize temperatures
across years (computing a yearly average), or how to compute average tree diameter by
soil type. This in turn has ramifications for data integration, which often requires the
aggregation of observations to combine data [10].

Coupled structure and semantics. Although similar, the conceptual models in each
of the examples reflect potentially important di erences. These di erences are primar-
ily due to variation in methodologies used to collect data, and are expressed through


