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Abstract. The quality of data in public health information systems can be ensured
by effective data quality assessment. In order to conduct effective data quality
assessment, measurable data attributes have to be precisely defined. Then reliable
and valid measurement methods for data attributes have to be used to measure
each attribute. We conducted a systematic review of data quality assessment
methods for public health using major databases and well-known institutional
websites. 35 studies were eligible for inclusion in the study. A total of 49 attributes
of data quality were identified from the literature. Completeness, accuracy and
timeliness were the three most frequently assessed attributes of data quality. Most
studies directly examined data values. This is complemented by exploring either
data users’ perception or documentation quality. However, there are limitations of
current data quality assessment methods: a lack of consensus on attributes
measured; inconsistent definition of the data quality attributes; a lack of mixed
methods for assessing data quality; and inadequate attention to reliability and
validity. Removal of these limitations is an opportunity for further improvement.
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Introduction

High-quality data and effective data quality assessment are vital for accurately
measuring public health outcomes [1]. Public health information systems (PHIS),
whether paper-based or electronic, are the repositories of public health data [2]. As the
data stored in PHIS are frequently used to monitor and evaluate public health outcomes,
the need for effective data quality assessment for PHIS has never been greater [3].

Data quality assessment is primarily based on the measurement theory which links
data attributes to concrete measures [4]. Data quality attributes need to be precisely
defined and representative to certain aspects or constructs of data quality. The
corresponding measures are used to objectively or empirically examine the attributes
[4]. Then effective data quality assessment methods are used to operationalise the
attributes into measurable items which function appropriately and can be scored
precisely [4].

! Corresponding Author: Ping YU, E-mail: ping@uow.edu.au (P.Y.)



14 H. Chen et al. / Methods for Assessing the Quality of Data in Public Health Information Systems

Meanwhile, data quality assessment methods must be of adequate reliability and
validity. Reliability refers to the degree to which a variable has consistent values when
being measured several times and is free from random error. Measurement reliability
can be determined by test-retest consistency, internal consistency and inter-and-intra-
observer consistency [5]. A major indicator of reliability is consistency among repeated
measures. We consider a measurement as reliable if the methods and procedures of data
quality assessment are well defined with regard to repeatability. Validity is the degree
to which a value obtained actually represents what it is supposed to represent and is
similar to the true value. Measurement validity consists of internal wvalidity
(face/content validity, criterion-related validity/convergence, predictive validity) and
external validity (generalisability) [5]. The most basic and first level of validity of a
measurement is face/content validity.

Although methods for data quality assessment in PHIS have been reported, there is
a lack of systematic reviews on which methods have been used in which context.
Therefore, this systematic review aims to critically evaluate data quality assessment
methods. We focus on which attributes were assessed, how the assessment was
conducted, and the reliability and validity of each method. We believe this study is
useful for the development of data quality assessment methods in public health.

1. Methods

A systematic search was performed between June 2012 and October 2013 by the first
author in 7 databases like Scopus, IEEE Xplore and PubMed. The key words used for
search included “data quality”, “information quality”, “public health”, “population
health”, “information system*”, “assess*”, and “evaluat*”’. They were searched
individually or in combination. The inclusion criteria were peer-refereed empirical
studies or institutional reports of data quality assessment for public health or PHIS
during the period of 2001-2013. The exclusion criteria were narrative reviews,
correspondence and commentaries in the topic area. Searches of well-known
institutional websites, such as the World Health Organisation and Centres for Disease
Control and Prevention in the USA, were also performed as they have leading roles in
international or national data quality assessment efforts. Finally, 35 papers were
included in our review [2,6-39], of which seven were published by institutions.

2. Results
2.1. Attributes of Data Quality

A total of 49 attributes were used in the studies to describe data quality. Completeness
was the most-used attribute of data quality and measured in 24 studies [2,6,8-10,12,14-
26,30-32,35,39]. This was followed by accuracy, assessed in 21 papers [2,8,10,15-
22,25-27,29,32,34-37,39]. The third most-used attribute, timeliness, was measured in 9
studies [6-9,16,20,23,32,36]. The other attributes, such as relevance and validity, were
assessed less than 3 times in the included methods.

Thirteen studies adopted the attributes that were previously developed [12-
14,20,21,23-25,27,30,35,37,39]. The other 22 studies did not explain how the attributes



H. Chen et al. / Methods for Assessing the Quality of Data in Public Health Information Systems 15

were selected and why. The quality of data was frequently assessed in a positive
manner by 38 desirable data quality attributes compared to 11 undesirable ones (e.g.,
“completeness” versus “missing data”, “accuracy” versus “data errors”).

The definition of the attributes was sometimes inconsistent. The same attribute
could be given different meaning by different researchers. For example, in 16 studies,
the attribute of completeness was defined as “standard data element entry” in the
reporting forms [2,6,9,10,15,16,18,19,22,23,25,26,32,35,39]. Whereas the other studies
defined completeness as either “the correctness of data collection methods” or “the
proportion of facilities reporting in an administrative area” [12,16,17,21,24,30]. Also,
different attributes could be given the same meaning. The attribute of accuracy was
stated as “no missing data elements” in the reports, which was similar to the definition
of completeness in other studies [19]. Whereas when accuracy was defined as “validity”
in studies, it was similar to the definition of measurement validity [17].

2.2. Methods for Data Quality Assessment

The methods for data quality assessment are categorised into two types according to the
type of study subjects. One is objective assessment, which examines the data values in
PHIS. The other is subjective assessment, which explores perceptions of the users or
stakeholders who use or manage the data, or assesses the quality of documentation for
data management. Twenty-two studies only conducted objective assessment
[2,6,8,10,11,13,18-20,22-24,26-31,33,34,37,38]. Four studies only conducted
subjective assessment [7,14,36,39]. Nine used both [9,12,15-17, 21, 25,32,35].

Four approaches were used for objective assessment. The first was off-site desk
review of the datasets [2,6,8,15,16,18-20,22-24,26,27,30,31,37,38]. The second was
on-site follow-up assessment via field tracing and verification of the reported data
[8,16,17,21,25,37]. The third was to conduct a cross-sectional survey or record-linkage
to cross-check and testify the quality of PHIS [10,11,29,33,34]. The fourth presented
the results without explicit information [9,12, 20,32].

Subjective assessment was often accomplished by two approaches. The first is
open, semi-structured or structured interviews with data users or stakeholders. This was
used in 12 studies [7,9,12,14-17,21,25,35,36,39]. The second, used in five studies, is
reviewing documentation/guideline/instruction [16,17,21,32,35].

2.3. Sampling Methods for Data Quality Assessment

Of the 31 studies that conducted objective assessment, 19 used non-probability
sampling methods [6,8,10,11,13,16-20,22,23,25,26,28,29,31,35,38]. Eleven used
probability sampling methods, of which eight used multi-stage sampling
[8,13,15,17,21,33,34,37] and three used systematic sampling [24,27,30]. The remaining
four studies did not give the information about the sampling methods [2,7,9,12]. The
sampling period of assessed datasets ranged from one month to 23 years and the
sample size ranged from 72 entries of a reference syndrome to 7.5 million laboratory
data items [11,24,28]. One study calculated the sample size and statistical power [34].
Another study predetermined the sample size but did not present a power calculation
[27].

Of the 13 subjective assessment studies, three did not provide the sampling
methods [16,17,36]. The remainder used purposive sampling to select interviewees.
One study surveyed all users due to the small size of the population [14].
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2.4. Measures of Data Quality Attributes

A common practice of measuring data quality attributes in the reviewed objective
assessment studies was to determine the quality of a set of purposively selected data
items. These data items served as measurement items for tracing and indicating the
quality of data attributes and surrogates of data quality. The criteria used to select data
items appeared to be relevance of data or practical considerations. Data items used
included population demographics, such as age, gender, and birth date, or specific data
such as laboratory testing results and disease code. The number of data items assessed
varied from 1 to 30. Ratio (such as percentage, rate) was frequently used to measure
each data quality attribute [2,6,8-13,15-35,37,38].

Seven studies reported the constructs of the questionnaire or checklist used in the
subjective assessment studies [7,9,12,14,16,17,36]. They used Likert-type scales to
measure data quality attributes. The measurement items were often grouped in themes
in reporting the qualitative results [15,21,25,32,35].

2.5. Reliability and Validity of Methods for Data Quality Assessment

Of the 31 studies that used objective assessment methods, only two explicitly reported
the measures of reliability. One used kappa statistics and the other used a Cronbach’s
alpha [28,34]. The measurement instruments reported in the seven institutional
publications were applied in different public health contexts [2,6-8,16,17,36],
suggesting the approval by the public health community of their reliability. Twelve
studies used the existent data quality assessment instruments to measure data quality
but did not report the process of measuring reliability [12-14,20,21,23-25,30,35,37,39].
However, 9 of these 12 studies did provide detailed description of the measurement
process, which gave us confidence about the reliability of these studies.

Only 2 out of 13 articles that used the subjective assessment method gave
information about reliability [14,25].

The validity of the reviewed methods was rarely reported. Only 4 out of 35 studies
reported internal validity [14,25,28,33], 3 of which focused on the face/content validity
[14,25,33]. The fourth conducted a principal-component analysis of measurement items
[28]. Other types of validity were not found in the studies and the generalisability of
the results was not clear.

3. Discussion

While few data quality assessment methods are infallible, a data quality assessment
method in PHIS cannot be effective unless the measurement results represent and
reflect the real world of public health practice. In order to conduct effective data quality
assessment, measurable data attributes have to be precisely defined. Then reliable and
valid measurement methods for data attributes must be used to measure each attribute.
In reviewing the literature, five themes emerged from the results. The first is a
lack of consensus on which attributes should be measured for data quality in PHIS.
This might be due to the lack of the criteria for selection of data attributes and measures.
The second theme is a lack of clear, consistent definition of data attributes and
measures in the included studies. This lack of definition clarity and consistency of the
attributes and the corresponding measures could lead to confusion in interpretation and
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application of assessment results [4]. More importantly, this could reduce the
generalisability of the results of the reviewed studies. The third theme is a lack of
systematic procedures to measure data quality. Mixed-methods with both objective and
subjective assessments are considered useful for assessing data quality [4]. The
possible reasons for few studies adhering to this principle might be that public health
practitioners were unaware of this approach or had not drawn attention to it. The fourth
theme is little field verification of the quality of data. Therefore, the results of data
quality assessment were not validated by a direct examination of the accuracy of data
values in the relevant PHIS. A lack of assurance that data refer to the real world
situation may undermine end-users’ confidence in the data quality [27]. Last but not
least, the reliability of the assessment methods was limited, and their validity was
rarely assessed. Use of non-probability sampling methods might have been a sub-
optimal choice for their representativeness and external validity. Therefore we assert
that the importance of reliability and validity of data quality assessment methods is still
a neglected area. We suggest that systematic, scientific data quality assessment needs to
be conducted in the context of public health.

4. Conclusions

In this paper, we have systematically reviewed the extant literature on data quality
assessment in PHIS and identified the major attributes and measurement methods. The
results of this review demonstrate there is plenty of room for further development of
effective data quality assessment methods in the context of public health. These include:
improving the definition clarity in data quality attributes and associated measures,
triangulation of mixed methods for assessment of data quality, and giving due attention
to the reliability and validity of data quality assessment methods. Removal of these
limitations is an opportunity for further improvement.
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