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1 | INTRODUCTION

As the COVID-19 pandemic progresses, discussions
about data quality issues of COVID-19 datasets
abound. For example, counts of infected, tested, and
recovered persons are susceptible to misrepresenta-
tion due to the choices of empirical case counting,
and variables unaccounted for (Maier &
Brockmann, 2020). While data quality issues con-
tinue to be of great importance and have led to con-
troversies  (Ioannidis, 2020), research about
aggregation of data based on different taxonomies in
the context of COVID-19 can be further examined. In
the context of this preliminary study, data quality
issues refer to the presence of overlapping, con-
tradicting, and inconsistent data at the instance-level
(Rahm & Do, 2000). We explore the different aggre-
gation units by county, state, and region of the
COVID-19 datasets. Regional aggregation may be fur-
ther complicated by using alternative regional group-
ings, based on different taxonomies. We hope to
initiate conversations on possible new data quality

In this preliminary study, we investigate the case of COVID-19 United States
confirmed cases datasets, and perform experiments with aggregations of data
by county, state, and different taxonomies for U.S. regions. The overarching
goals of this study is to uncover potential data quality issues due to different
levels of geospatial aggregation of data.

COVID-19, data aggregations, data quality, taxonomies

issues brought forth by the geographic granularity
and taxonomy of datasets.

2 | METHOD

2.1 | Data collection

We obtained the COVID-19 United States confirmed
cases datasets from the Johns Hopkins University (JHU)
repository.'We collected the datasets until May 30, 2020.
Two datasets are used in this study:

1. Time_series_COVID-19_confirmed_US (time
series dataset): The time series dataset documents the
number of confirmed cases by county-level in the United
States from Day 1 (January 22, 2020) when the first case
of COVID-19 was confirmed to present day. In this study,
we focus only on the contiguous U.S. (Lower 48 states
and the District of Columbia).

2. COVID-19_daily_reports_US (overview dataset):
The overview dataset contains information by state-level
of the total number of confirmed, deaths, recovered, etc., as of a
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FIGURE 1 Example of transforming a small set of the overview dataset into regional-level data
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FIGURE 2 The input alignments of Tcgn, Tnpc, and the relations (left); the output merged solution (right)

particular day. For this study, we use the overview dataset of
May 30, 2020.

2.2 | Taxonomies

Two taxonomies are used in this study to create a new,
experimental use case, where each taxonomy represents
a different grouping of US states into regions.

1. Census Bureau (Tcgn): the Census Bureau
divides the contiguous U.S. into four regions, namely
Midwest, Northeast, South, and West.

2. National Diversity Council (Typc): the national
diversity council divides the contiguous U.S. into

five regions—Midwest, Northeast, Southeast, South-
west, West.

2.3 | Constructing the experimental
datasets

We transform the time series dataset and the overview
dataset into regional-level datasets by linking the enti-
ties in each dataset with the two geographic taxonomies.
Figure 1 shows how the overview dataset is converted
into two dataset D; and D,: D; uses Tcgyn, While D,
uses Typc-

Normalized lllinois

Confirmed per 100000

0 N 46

Illinois
Confirmed
0 B 77110
FIGURE 3 Illinois confirmed cases by county. Absolute (left); normalized (right)
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FIGURE 4 Confirmed cases by state. Absolute (left); normalized (right)

2.4 | Reconciliation of taxonomies

Tcen and Type are aligned and reconciled into a com-
bined or “merged” taxonomy via a logic-based taxonomy
alignment approach (Cheng et al., 2017). The method
uses a qualitative reasoning approach (RCC-5), in which
concepts in Tcgy are mapped to Typc using one of five
base relations: equivalence, overlap, disjointness, inclu-
sion, and inverse inclusion. The two taxonomies, when
aligned via the RCC-5 relations, then form one or more
merged solutions. In this study, the two taxonomies yield
a single, unique solution (Figure 2).

3 | RESULTS AND DISCUSSION

We demonstrate the differences between granularities on
geographic regions of the U.S., starting from the finer-
grained county-level analysis, state-level analysis, to the
most coarse-grained regional-level analysis. We also
explore the differences in using the absolute counts of the
confirmed COVID-19 cases (absolute) and the normalized
counts (i.e., per 100,000 people) in a particular area
(normalized).

3.1 | County-level

Zooming into Illinois counties, there is a notable differ-
ence in the absolute and normalized total cases. While
Cook county remains top ranked in both the absolute
(n = 77,119) and the normalized (n = 1,476), the ranking
shifts for the remainder counties. We see drastic changes
between the two visualizations in Figure 3: in the abso-
lute counts only Cook County is particularly hard hit
(dark blue), while the normalized shows additional “hot

spots” for example, in southern counties and counties
neighboring other states.

3.2 | State-level

Figure 4 shows the confirmed cases by state. Looking at
absolute numbers, one might be misled to think that
apart from New York (n = 369,660) and New Jersey
(n = 159,608), things are mostly under control. But the
normalized view ranks states in a different order:
New York (n = 1,900), New Jersey (n = 1,796), Rhode
Island (n = 1,399), Massachusetts (n = 1,397), and Dis-
trict of Columbia (n = 1,235) are all hit heavily as of May
30, 2020.

3.3 | US-region level
Figure 5 depicts cases by U.S. region: in Tcgy, the region
with most cases is the Northeast (n = 765,858), followed
by South (n = 437,238), Midwest (n = 351,201), and West
(n = 210,651). Northeast (n = 1,368) is still the most
severe in the normalized view, but the ranking shifts for
Midwest (n = 514), and South (n = 348). West is still the
least severe (n = 276).

Txpc also shows that Northeast is still the most severe
(n = 836,012), followed by Midwest (n = 351,201), South-
east (n = 297,991), West (n = 183,769), and Southwest
(n = 95,975). The normalized shows the same ranking:
Northeast (n = 1,312), Midwest (n = 513), Southeast
(n = 350), West (n = 275), Southwest (n = 226).

Comparing across normalized Tcgy and Type, it
appears that the Southwest is less impacted, since the
Southeast is its own region. Not surprisingly, when com-
paring data across levels (county, state, region), differences
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FIGURE 5 Confirmed cases by region and taxonomy. CEN regions: West, Midwest, South, Northeast; NDC regions: West, Midwest,
Southwest, Southeast, Northeast. Absolute (left); normalized (right). Tcgn (top); Tnpc (down)
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FIGURE 6 Merged taxonomy for Tcgy and Typc and its corresponding map view

tend to appear more “washed out” at the coarser levels of
aggregation.

3.4 | Taxonomic views

Reconciling the two taxonomies Tcgy and Typce returns
the merged view shown in Figure 6, where concepts from
Tcen and Tnpce are preserved, new regions (in pink)

emerge to show where the two taxonomies differ. At the
leaf-level, there are seven nodes in total, each corre-
sponds to a region in the map view of the merged
taxonomy.

Figure 7 shows how the merged taxonomies can be
used in datasets to show different representations from
Tcen Or Type. The absolute numbers show CEN.North-
east, Midwest, and NDC.Southeast as top three, but
most of the regions are also severely impacted. However,
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the normalized view suggests CEN.Northeast
(n = 1,368), CEN.South*NDC.Northeast (n = 908), and
Midwest (n = 514) as the top three regions, with the
other four regions having less than 350 cases per
100,000 people.

4 | CONCLUSIONS

In this study, we have examined COVID-19 datasets (con-
firmed cases) at different geographic resolutions. While
many data quality issues are already known, additional
problems may arise when employing different geo-
taxonomies for coarse-grained regions. Analysis of
geospatial data should usually be done at the finest
(e.g., county-level) resolution available. However,
coarser-grained aggregations are frequently used by the
media to report events and the “big picture”
(e.g. “Midwest is the new epicenter of COVID-19”,
“South is opening up soon.”). The results of this paper
suggest that aggregation at coarse-grained levels have to
be treated with great caution: (a) aggregation loses
important detail and may underestimate and/or over-
estimate the severity of the virus spread; (b) different
aggregations due to alternative taxonomies (regional
groupings) may create additional confusion; and
(c) reconciliation of taxonomies may be useful prior to
merging datasets.
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ENDNOTE

! https://github.com/CSSEGISandData/COVID-19/tree/master/
csse_covid_19_data
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