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Abstract. Contradictions as a data quality indicator are typically understood as
impossible combinations of values in interdependent data items. While the handling
of a single dependency between two data items is well established, for more complex
interdependencies, there is not yet a common notation or structured evaluation
method established to our knowledge. For the definition of such contradictions,
specific biomedical domain knowledge is required, while informatics domain
knowledge is responsible for the efficient implementation in assessment tools. We
propose a notation of contradiction patterns that reflects the provided and required
information by the different domains. We consider three parameters (a, B, 0): the
number of interdependent items as o, the number of contradictory dependencies
defined by domain experts as 3, and the minimal number of required Boolean rules
to assess these contradictions as 0. Inspection of the contradiction patterns in
existing R packages for data quality assessments shows that all six examined
packages implement the (2,1,1) class. We investigate more complex contradiction
patterns in the biobank and COVID-19 domains showing that the minimum number
of Boolean rules might be significantly lower than the number of described
contradictions. While there might be a different number of contradictions
formulated by the domain experts, we are confident that such a notation and
structured analysis of the contradiction patterns helps to handle the complexity of
multidimensional interdependencies within health data sets. A structured
classification of contradiction checks will allow scoping of different contradiction
patterns across multiple domains and effectively support the implementation of a
generalized contradiction assessment framework.
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1. Introduction

Contradictions in data quality (DQ) assessments are typically understood as (nearly)
impossible combinations of data values of interdependent data items within a data set [1].
In health data, a typical example is that diastolic blood pressure (DP) must not be higher
than systolic blood pressure (SP). Handling of a single interdependency between two
data items is well established and implemented in most DQ assessment frameworks, as
we show below. There are several taxonomies used in literature to describe the semantic
nature (e.g. logical or empirical) of contradictions [2—5]. This is useful for the definition
of contradictions on the biomedical domain expert level, while the implementation
within a DQ assessment tool is typically realized by Boolean rules that are somehow
agnostic to the semantic nature of a contradiction. For example, a conditional expression
(x > y) might be related (a) to DP and BP as well as (b) age at two different time points.
While these examples might be assigned to different semantic groups, for example (a) as
atemporal and (b) as temporal plausibility according to [4], from the implementation
point of view, a clear and simple implementation of contradiction rules is desired [6].
Therefore, we propose a structural representation of contradiction patterns that is useful
to simplify increasing complexity of multidimensional interdependencies, as it describes
the dimensionality of the contradictory dependency and the minimum of derived Boolean
rules. For the aforementioned blood pressure case, there is only one contradictory
dependency between the two data items. Another pair of data items however may have
more interdependencies. An example is the notation of fever and the body temperature:
We have to distinguish the two cases where the body temperature is below or above a
certain temperature, where one case requires the fever item set to yes, while the other
requires the fever item set to no or at least not set. This would result in two Boolean
rules in the implementation.

2. Methods

We consider three parameters (o, B, 0) for the proposed structural representation of
contradictions i.e. the number of: 1) interdependent data items a, 2) contradictory
dependencies B, and 3) minimal Boolean rules 6. While B represents the number of
distinct contradictions defined by biomedical domain experts, 0 is derived by grouping
multiple similar contradictions using all plausible common denominators (CD). A CD
could either be a conditional expression, an item, a value or their combination. As a rule,
any defined rule that evaluates to multiple numerical or categorical values is set to its
value-range or value-set respectively—provided it represents a distinct contradiction.
Also, each minimal Boolean rule within 8 must be bounded unambiguously such that it
is independent of other rules. We examined six R-packages that support contradiction
assessment (assertive, dataquierR, DQAstats, pointblank, testdat, and validate) on what
Boolean rules are implemented in these packages [7]. Based on recent quality
assessments on biobank and COVID-19 data [8,9], we defined different classes of
contradiction patterns on the sets of interdependent data items.
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3. Results

3.1. Contradiction pattern implemented in R-packages

As shown in table 1, all R-packages implemented contradiction checks on o = 2 with

= 1 which translates to 6 = 1 in each case. These scenarios represent the simplest form
of contradiction patterns.

Table 1. Contradiction pattern in existing R-packages (c.f. [7] for information on R-packages). o = number of
interdependent items, § = number of contradictory dependencies, 8 = number of Boolean rules

R-Package Notation o B 0
(a, B, 6)
assertive (2,1,1) X,y Is_less_than(x,y) 1
dqastats (2,1,1) bank_balance(bb), is_negative(bb) & cw == yes 1
credit worthiness(cw)
pointblank (2,1,1) X,y col val It (vars(x), y) 1
testdat (2,1,1) X,y expect_cond(x, y.length>=1) 1
validate (2,1,1) staff, staff cost validator(if (staff >=1) staff cost 1
>=1)
con_contradictions (2,1,1) Age_followup, A less_than B(Age 1, Age 0) 1

Age baseline

3.2. Contradiction pattern in the biobank domain

Three interdependent data items used in storing information about the collection of
citrate samples were investigated, i.e. primary receptables (pr), desired aliquots filled (af),
and actual aliquots count (ac) [8]. From table 2, a contradiction pattern was established
where a =3, B =5, and 0 = 3. Transforming f to 0 resulted in the reduction of 4 distinct
contradictory rules to 2 Boolean rules using their respective CD (pr==0) and (pr > 0 &
af == no & ac ==). Another contradiction pattern refers to contradictions in items related
to pre-analytic states of blood samples, please refer to [8] for further information.

Table 2. Contradiction pattern between biosample associated data items

o B 0
Number of primary pr=0 & af ==yes pr==0 & isTrue(af == yes | ac > 0)
receptable (pr)
All aliquots filled (af) pr=0&ac>0 pr>0 & af==no & ac in (0,4)
Aliquot count (ac) pr>0& af==no & ac = pr>0 & af==yes & ac <4

pr>0 & af==yes & ac <4
pr>0 & af==no & ac ==

3.3. Contradiction pattern in the COVID-19 domain

We considered the consistency of different groups of interdependent data items that were
mapped from different cohorts to the German Corona Consensus (GECCO) dataset [9].
Table 3 shows the aforementioned contradiction pattern between fever and body
temperature (Tp) items: a normal Ty, (35 < Tp < 38.3) should not evaluate to fever item
set to yes and an elevated Ty (38.3 < Ty < 45) should not evaluate to fever_item set to no
or not set. There are no plausible CD in this case, hence, B equals 0 and is assigned to
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class (2,2,2). The Ty, ranges and fever item being compared to the elevated T}, evaluate
to multiple values pointing to distinct contradictions.

Table 3. Contradiction pattern between body temperature (T,) and fever

o 1] 0
fever 35 <T\<38.3 & fever == yes To>=35 & T:v<38.3 & fever = yes
body_temperature (Ts) 38.3<T,<45 & fever in (no, notset) T>=38.3 & Tv<=45 & fever in (no,
notset)

A more complicated example is the (70,10,2) class for a comparison on the
presence of pulmonary disease (PD) anamnesis with its nine documented indicators. PD
is a dependent variable on its set of indicators such that when a study participant answers
the question about the presence of PD affirmative, this has to be followed-up with at least
a specific disease that belongs to the PD family. As presented in table 4, B is derived
from the combination of values of PD and their implausible indicators. By exploiting the
CD, B is reduced to 6 = 2. While  preserve the atomicity of the rules provided by domain
experts, 0 is implemented in the assessment tool by grouping multiple similar  within 6.
Further examples are the comparison of COVID-19 severity and 19 severity indicators,
resulting in a (20,38,4) pattern (c.f. [9] for further information).

Table 4. Contradiction pattern between branch question of pulmonary disease anamnesis and documented
indicators.

o B 0
Chronic Lung Disease pd ==no & asthma == yes pd ==no & any_of(asthma, copd,
(pd)? fibr, ph, ohs, apn, osas, cf, others)
==yes
Asthma pd ==no & copd == yes pd == yes & all_of(asthma, copd,
fibr, ph, ohs, apn, osas, cf, others)
==no
Chronic obstructive pd ==no & fibr ==yes
pulmonary disease
(copd)
Lung fibrosis (fibr) pd ==no & ph ==yes
Pulmonary hypertension pd ==no & ohs == yes
(ph)
Obesity hypoventilation pd ==no & apn == yes
syndrome (ohs)
Sleep apnoea (apn) pd ==no & osas == yes
Obstructuve sleep apnoea pd ==no & cf==yes
(osas)
Cystic fibrosis (cf) pd ==no & others == yes
Other lung disease pd ==yes & all_pd_indicators ==
(others) no

4. Discussion

We demonstrate an efficient way of representing the dimensionality of contradictions
where the underlying structure of multiple rule combinations is described. Our results
indicate 8 may be significantly lower than B in multidimensional interdependencies.
While the preservation of B will aid the explanation and traceability of identified
contradictions, 6 ensures an efficient implementation of Boolean rules within DQ
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assessment tools—in particular for large datasets. Though different contradiction
indicators are useful for the semantic description of contradictions, a structural
classification simplifies the varying dimensionality of contradictions for ease of
evaluation. A holistic approach to contradiction assessment is a step towards building a
DQ assessment tool that would be applicable across multiple domains. Uniform
representation of contradiction patterns will ensure a harmonized way of comparing
contradiction patterns when considering the fitness of existing assessment tools for
internal use. Conclusively, a structured classification of contradiction checks will support
the implementation of a generalized contradiction assessment framework effectively and
may help researchers to identify Boolean rules in a structured way. While the evaluations
in the described cases are performed manually, we envision a tool that helps to translate
the domain specific definition of contradictory rules to a normalized form of the
informatics domain.
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