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Abstract 

Background:  Data quality is core theme of programme’s performance assessment and many organizations do not 
have any data quality improvement strategy, wherein data quality dimensions and data quality assessment framework 
are important constituents. As there is limited published research about the data quality specifics that are relevant to 
the context of Pakistan’s Tuberculosis control programme, this study aims at identifying the applicable data quality 
dimensions by using the ‘fitness-for-purpose’ perspective.

Results:  Forty-two respondents pooled a total of 473 years of professional experience, out of which 223 years (47%) 
were in TB control related programmes. Based on the responses against 11 practical cases, adopted from the routine 
recording and reporting system of Pakistan’s TB control programme (real identities of patient were masked), com-
pleteness, accuracy, consistency, vagueness, uniqueness and timeliness are the applicable data quality dimensions 
relevant to the programme’s context, i.e. work settings and field of practice.

Conclusion:  Based on a ‘fitness-for-purpose’ approach to data quality, this study used a test-based approach to 
measure management’s perspective and identified data quality dimensions pertinent to the programme and country 
specific requirements. Implementation of a data quality improvement strategy and achieving enhanced data quality 
would greatly help organizations in promoting data use for informed decision making.

Keywords:  Data quality, Data quality dimensions, Data quality improvement strategy, Informed decision-making, 
Test-based approach, Management perspective, Tuberculosis control programme
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Background
Public health services aim at preventing diseases and 
promoting health at the population level through the 
coordinated efforts of health authorities [1]. Planning 
or providing healthcare services involves either genera-
tion or consumption of healthcare data representing the 
health status of single individual or entire population [2]. 
Healthcare data and information are essential in assessing 

clinical encounters, in allocating resources, and in devel-
oping responsive health policies and practices and their 
monitoring [3]. Therefore, it is necessary to develop an 
approach for organizing information management pro-
cesses and instituting the practices that will lead to data 
quality improvement [4].

In developing countries, the low performing health 
care delivery system and sub-optimal performance of 
healthcare providers have remained a serious concern 
[5]. Though use of routine data to formulate a targeted 
policy is a cost-effective approach of improving the pub-
lic health care [6], most of the organizations have major 
data quality issues but they do not have any data quality 
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improvement strategy [7]. Additionally, lack of consistent 
approach towards data, lack of professionalism and its 
standards are known to affect data quality [8].

Holistically, a successful data quality improvement 
strategy involves people, processes and technology. 
Defining roles and responsibilities of the data quality 
practitioners outlines the task-dependent processes (data 
collection, transfer, aggregation, etc.) contributing to 
the data quality improvement strategy [4]. However, the 
building units of a successful strategy must also con-
sider the definition of data quality and the identification 
of data quality dimensions as well as their operational 
definitions and standards. Data quality is defined by two 
related objectives: (1) how well they fulfill the purpose 
of their intended use, and (2) how well they represent an 
object or event [9].

The benefit of having data quality improvement strat-
egy, wherein data quality dimensions and data quality 
assessment framework are the important components 
of the strategy, is to have complete and correct data. 
In addition to ease in data collection, aggregation and 
analysis, data with improved quality will strengthen 
case-based reporting and TB surveillance system. There-
fore, assessment of data quality and providing feedback 
to users are essential activities to generate an impact on 
TB control and prevention efforts [10]. National TB con-
trol programs of high-burden countries like Pakistan, 
Kenya, and Ethiopia have mentioned data quality issue as 
a serious concern implicating performance management 
negatively [11, 12]. However in TB control attempts, 
strategies for the data quality improvement are adopted 
elsewhere and have generated better data quality results 
[13]. The need for high quality data is also recognized 
by National Health Service (UK) and there is an agree-
ment that all decisions, whether clinical, managerial or 
financial, are informed by the data of highest quality [8]. 
Essentially, data quality is improved to achieve better 
quality of care and performing healthcare system. Apply-
ing the ‘fitness-for-purpose’ perspective, quality refers 
to the extent to which data meet user requirements. The 
data quality literature provides an insight of the thorough 
cataloguing of data quality dimensions, whereas each 
dimension relates to a specific context of health practice 
and data management processes [14]. Moreover, a care-
ful consideration of the complexity and realities of data 
management processes is essential for the meaningful 
assessment and improvement of data quality [15]. There-
fore, a strong rationale for data quality assessment should 
be supported by the actions leading towards meeting 
user requirements and expectations [16].

Within Pakistan’s Tuberculosis control programme, 
technology adoption is relatively a recent activity, try-
ing to meet an objective of making data available for the 

purposes of reporting and informed decision making 
quicker than before [17]. Hence, digital data collection 
offers an opportunity to receive data with better quality 
through programmed validation checks [18]. However, 
data quality in country’s context is less research subject 
and requires development of the data quality concept and 
quality improvement action plan. Meeting users’ expecta-
tions is the subjective aspect of data quality measurement 
[16], whereas, meeting specifications is the objective 
component [19].

Importantly, data quality is ensured when the per-
spective of the organization and its particulars are taken 
into account [20]. Data quality, being a context-specific 
concept, is not studied for Pakistan’s National TB Con-
trol program (NTP). Similarly, data quality dimensions, 
applicable to work settings of the Pakistan’s NTP are not 
identified before. The ‘fitness-for-purpose’ perspective 
helps knowing the intended use of the data and whether 
results of the data quality assessment will be accepted or 
not [21]. As there is limited published research about the 
data quality specifics that are relevant to the context of 
Pakistan’s Tuberculosis control programme, this study 
aims at identifying the applicable data quality dimensions 
by using the ‘fitness-for-purpose’ perspective.

Methods
Settings
According to the new funding model of the Global 
Fund, Mercy Corps Pakistan is the Principal Recipient 
(PR) of the grant for controlling Tuberculosis in 75 dis-
tricts of the country. This grant supports the delivery 
of TB treatment services through a Public-Private Mix 
(PPM) model. Mercy Corps implements the programme 
through its seven partner organizations, which are called 
Sub-Recipients (SR). These SR organizations directly 
implement the TB control programme in their districts. 
Every quarter, a PR–SR coordination meeting is held to 
discuss the issues hampering or slowing down the pro-
gress of the programme, and at the same forum, immedi-
ate solutions are proposed for the programme’s smooth 
functioning. During the PR–SR coordination meeting 
held in September 2016, all participants—represented by 
the management of all SRs and Mercy Corps (PR)—were 
enrolled in the current study. Informed consent from the 
participants was taken.

Data collection tool
A test-based approach was used to gather responses 
from the participants of the PR–SR coordination meet-
ing. The format of the test was practical cases with mul-
tiple choices. All the questions were relevant to the field 
of practice (TB control) and specifics of the organiza-
tion and management. Items of the test can be broadly 
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categorized into: basic details of the respondent, knowl-
edge about data and data quality, and practical cases of 
the data quality issues. Lead researcher and technical 
advisor for TB control programme reviewed the paper-
based medical records independently and enlisted all 
practical cases. Using convenience sampling, practical 
cases of programmatic significance were selected for 
the test. For each question or practical case, relevant 
and confusing data quality dimensions were included as 
choices. It was pre-tested and revised before tis actual 
use. Importantly, no real identifiable patient details were 
used in the test.

Data collection and analysis
During the PR–SR coordination meeting, all participants 
of the meeting were invited to participate in the research. 
Respondents were given the option to hide their identity 
and were allowed to take free time to complete the test. 
However, a response against each question was ascer-
tained by the lead researcher.

In using test-based approach, respondents were pro-
vided multiple choice questions and were asked to select 
one option for each practical case. Response against each 
practical case is entered in Excel spreadsheet and fre-
quencies were calculated. In case of selecting more than 
one option or missed response, respondent was asked to 
select one option to ensure quality of data. Highest fre-
quency represented the application of ‘fitness-for-pur-
pose’ perspective of the management. This way the data 
quality dimensions were identified for the data quality 
assessment framework.

Findings
Overview of respondents
42 personnel representing Mercy Corps and Sub-Recip-
ient organizations were present at the PR–SR Coor-
dination meeting; 19 personnel represented Principal 
Recipient unit of the Mercy Corps, and 23 personnel rep-
resented 7 Sub-Recipient organizations. These partici-
pants belonged to the different management levels, i.e., 
assistant, officer, coordinator and manager.

The PR–SR coordination meeting pooled a total of 
473 years of professional experience across participants, 
out of which 223 years (47%) were in TB control related 
programmes (Fig.  1). SR organizations alone had repre-
sentation of 138 years of TB related experience (62%; 138 
out of 223 years).

Data: definition, use and quality
Respondents were asked about their general understand-
ing of the data and their use. Forty-three percent of the 
respondents (18 out of 42) knew that text, numbers, 
and images all are forms of data. However, there was a 

majority (57%, 24 out of 42) who did not have a com-
plete understanding of data. When asked “who defines 
the characteristics and standards of data quality”, only 
38% (16 out of 42) of the participants considered “Data 
User” as a responsible person. Interestingly, 40% of the 
respondents (n = 17) considered data entry, information 
system, and monitoring and evaluation persons as the 
data users, probably because they are directly involved 
with data entry and processing tasks. Surprisingly, only 
10% of the respondents (n = 4) described “complete and 
correct” as the comprehensive data quality logic. Sev-
enty-one percent of the respondents (n  =  30) did not 
know whether there is any data quality improvement 
strategy (DQIS) in place or not. However, 29% (n = 12) of 
the respondents said that there is a DQIS.

Identification of the data quality dimensions
Respondents were presented with 11 practical cases or 
data quality issues that were selected from the local data 
recording and reporting formats. Choices included vari-
ous data quality dimensions. The choice or dimension 
receiving most responses was to be considered for inclu-
sion in the data quality assessment framework. However, 
after the test, the responses were discussed and an agree-
ment was achieved among all the meeting’s participants.

Completeness
The respondents described four practical cases (Table 1) 
as issues of ‘completeness’. The underlining concept 
matches the description of ‘completeness’, as proposed 
by World Health Organization [22], wherein a medi-
cal record is to be considered complete if it includes all 

Fig. 1  Profiling of respondents
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related information with proper documentation. How-
ever, another description of ‘completeness’ is comprehen-
siveness of information whereby all required parts of an 
entity’s description are included [23].

In one of the given practical cases (Table  1), Shehzad 
town as a patient’s address is considered incomplete by 
most of the respondents, because other important details 
(e.g., house, number, street number) are missed. Similarly, 
mobile contact number given in the case (0321413707) 
is considered as incomplete because a complete contact 
number contains 11 digits.

Accuracy
There were three practical cases where the involved data 
quality issues were classified as ‘accuracy’ concerns. 
Respondents made their selection based on the knowl-
edge of TB and its context. The understanding of the 
respondents was closely matched by the definition of 
‘accuracy’ proposed by Pratiwi and Anawar [24]. Accord-
ing to them, an issue of accuracy exists when a measure-
ment (or value) does not match the actual value.

According to operational guide of the PPM model, 
every district and registered healthcare provider is given 
a unique code. Hence, any deviation from the coding 
scheme is considered an issue of accuracy (Table 2). Simi-
larly, first four digits of the contact number, presented in 
the case, are not in accordance with the national coding 
system (Table 2).

Consistency
There was only one practical case which was identified by 
the management of TB control programme as an issue of 
‘consistency’ (Table 3). According to Almutiry et al. [25], 
‘consistency’ is achieved when “representation of data 
values remains the same in multiple data items in multi-
ple locations”.

Vagueness
One practical case was identified as an issue of ‘vague-
ness’ (Table  4). If a statement or the term is unclear or 
unspecific then it is regarded as vague [24].

Duplicate or uniqueness
Seventy-four percent of the respondents (n  =  31) 
described a duplicated record as the opposite of ‘unique-
ness’. Batini et al. [26] also identified the number of dupli-
cates as a ‘uniqueness’ concern. Only one instance among 
the practical cases was identified as a ‘uniqueness’ issue 
(Table 5).

Timeliness
Among the test items, there was one data quality issue 
which was identified as ‘timeliness’ concern by major-
ity of respondents (Table 6). Orfanidis et al. [27] defined 
‘timeliness’ as follows: “Shared data should be as near 
real-time as possible. Thus, data should be timely, in that 
it relates to the present”.

Discussion
The data quality dimensions, identified using test-based 
approach, are consistent with terminologies found in 
existing literature on data quality. However, the approach 
of collecting or identifying data quality dimensions in 
TB control programs implemented in other parts of the 
world is different, e.g., survey [7], qualitative interview 
[8], literature review [11] and consultative workshop [30]. 
In other domains and instances, business data consum-
ers identified 179 data quality dimensions through survey 
[28], and a review of electronic medical record literature 
identified 27 data quality dimensions [29].

In our study, we used test-based approach to collect 
management’s perspective about the quality of TB related 
data, which has never been reported before in Paki-
stan. Data quality holds a central position in TB-related 

Table 1  Practical cases reflecting the concept of  ‘Com-
pleteness’

Practical cases Percentage (%) N

Number of patient records found in paper-based 
recording and reporting system does not match 
the number of records found on digital system

45 19

In the digital record of one patient, a valid data 
entry field is found vacant

79 33

Patient’s address is entered as Shehzad town 69 29

The contact number for patient is 0321413707 62 26

Table 2  Practical cases reflecting the concept of ‘Accuracy’

Practical cases Percentage (%) N

The Patient Identifier Number generated for 
Hafizabad-based patient is P-09-G002-142-16; 
however, the district code for Hafizabad is 11, 
not 09

57 24

Two identical Patient Identifier Numbers with 
same names were found in records. They were 
entered by two different General Practitioners

60 25

The contact number for patient is 01234137098 57 24

Table 3  Practical cases reflecting the concept of ‘Consist-
ency’

Practical cases Percentage (%) N

Records show that Patient ABC is registered as 
pulmonary case, while on follow up visit his 
services are recorded as extra-pulmonary case

40 17
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programmes around the world and similar approach is 
used elsewhere to detect and fix data quality issues [30]. 
Even one of the remarkable healthcare systems of the 
world, National Health Service (NHS), involved many 
stakeholder organizations to record their perception 
about data quality in the NHS [8]. In other businesses it 
has been acknowledged that operationalizing data quality 
without invoking the local perspective can be challenging 
[15].

Good quality data is a pre-requisite of data use, as 
it develops its users’ trust over the sanity of data [31]. 
Funding agencies like, US President’s Emergency Plan 
for AIDS Relief (PEPFAR) and the Global Fund (GF) 
have highlighted the importance of data quality assess-
ments at healthcare facility level to ensure valid reports 
for key performance indicators of the programme cov-
erage [32]. For instance, Global Fund provides program 
and data quality assessment guidelines because there is 
an increased focus on both the data quality and service 
delivery quality [33]. To support this objective, standard 
tools and processes for routine data quality audits of the 
primary data sources are developed. This approach is 
cost-intensive and is generally not feasible for healthcare 
facilities to use them on their own on regular basis to 
monitor data quality and its improvement [34].

Recently, GF has acknowledged the context specific-
ity of the assessment tools and processes. Therefore, in 
revised approach of program and data quality assess-
ment, Global Fund has moved from uniform assessment 
approach to tailored or country-specific approach. Simi-
larly, GF suggests national processes and tools instead of 
using GF-specific processes and tools for program and 
data quality assessments [35].

It is already argued that identification of the data qual-
ity dimensions uses ‘fitness-for-purpose’ perspective 
and one such example is data quality assessment of the 
clinical data for the use of research, where complete-
ness, accuracy and consistency were identified as appli-
cable data quality dimensions [36]. Similarly, data quality 
assessment tools and approaches are developed which 
are specific to the field of practice within healthcare 
system.

Conclusion and recommendation
Data quality is important for performance measure-
ment and effective decision making. Based on a ‘fitness-
for-purpose’ approach to data quality, this study used a 
test-based approach to measure management’s perspec-
tive and identified data quality dimensions that are most 
appropriate for the field of practice (Tuberculosis con-
trol) and work settings (Pakistan). Completeness, accu-
racy, consistency, vagueness, uniqueness and timeliness 
are the data quality dimensions relevant to the context of 
Pakistan’s Tuberculosis control programme. Data quality 
dimensions are central to the development of a data qual-
ity assessment framework and a data quality improve-
ment strategy. Measuring management’s perspective of 
data quality is an effective way of learning about users’ 
expectations that are associated with the intended uses 
of the data. Implementation of a data quality improve-
ment strategy and achieving enhanced data quality would 
greatly help organizations in promoting data use for 
informed decision making.

Though the literature discusses ‘fitness-for-purpose’ 
perspective as adherent idea to data quality concept, dif-
ferent approaches to collect management’s perspective on 
‘fitness-for-purpose’ are not published. However, there is 
voluminous literature on data quality suggesting need for 
identification of data quality dimensions and data qual-
ity improvement strategy. This research proposes prac-
tical approach to collect data user’s requirements and 
to subsequently identify applicable data quality dimen-
sions. Therefore, this work can serve as a model that can 
be readily adopted or easily adapted by other locales with 
similar low-resource settings. Future research should 
also focus on utilizing different approaches to identify 

Table 4  Practical cases reflecting the concept of  ‘Vague-
ness’

Practical cases Percentage (%) N

One record shows patient name as Kaki (consid-
ered ‘vague’ in Pakistan)

64 27

Table 5  Practical cases reflecting the concept of ‘Unique-
ness’

Practical cases Percentage (%) N

Two identical Patient Identifier Numbers with 
same patient names were found in the records; 
however, both records were entered by the 
same General Practitioner

64 27

The opposite to duplicate is___________ 74 31

Table 6  Practical cases reflecting the concept of  ‘Timeli-
ness’

Practical cases Percentage (%) N

For digital records, if patient is registered on 19th 
August 2016 and registration data reaches 
server on 25th August 2016 (within 1 week)

86 36
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applicable data quality dimensions according to the field 
of practice and work settings.

Abbreviations
PR: Principal Recipient; SR: Sub-Recipient; TB: Tuberculosis; PPM: Public–Private 
Mix; DQ: data quality; DQIS: data quality improvement strategy; DQAF: data 
quality assessment framework.

Authors’ contributions
SMA and NA developed the data collection tool. GRH, NA and SMA developed 
analysis plan and MI and JA conducted statistical analysis. SMA wrote the first 
draft of the manuscript and MNKB reviewed and provided feedback on the 
draft and contributed to the Discussion section. After including suggestions, 
final draft was prepared. All authors read and approved the final manuscript.

Author details
1 Monitoring, Evaluation and Learning Unit, Mercy Corps, Pak Palace, Rawal 
Chowk, Murree Road, Islamabad, Pakistan. 2 Alexander Graham Bell Center 
for Digital Health, University of Highlands and Islands, Inverness, Scotland, UK. 

Acknowledgements
Authors would like to thank health program teams of Mercy Corps Pakistan 
and partnering organizations for participating in this study. We are especially 
thankful to Dr Jaffer Ilyas for coordinating data collection activity.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The data collection tool is submitted as Additional file 1.

Consent to publish
Not applicable.

Ethics approval and consent to participate
The ethical approval was waived by the institutional review board of Interna-
tional Research Force, Islamabad, Pakistan.

Funding
There are no financial competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 12 January 2017   Accepted: 12 January 2018

References
	1.	 Walker R. Editorial: health information and public health. Health Inf 

Manag J. 2008;37(3):4–5.
	2.	 Abdelhak M, Grostick S, Hanken MA. Health information: management of 

a strategic resource. 4th ed. St. Louis: Elsevier Saunders; 2012.
	3.	 Pourbohloul B, Kieny M-P. Complex systems analysis: towards holistic 

approaches to health systems planning and policy. Bull World Health 
Organ. 2011;89:242–242. https://doi.org/10.2471/BLT.11.087544.

	4.	 Loshin D. The organizational data quality program. In: The practi-
tioner’s guide to data quality improvement. A volume in MK series 
on business intelligence; 2011. p. 17–34. http://dx.doi.org/10.1016/
B978-0-12-373717-5.00002-6.

Additional file

Additional file 1. Measuring Data Quality Perspective.

	5.	 Landis-Lewis Z, Manjomo R, Gadabu OJ, Kam M, Simwaka BN, Zickmund 
SL, Chimbwandira F, Douglas GP, Jacobson RS. Barriers to using eHealth 
data for clinical performance feedback in Malawi: a case study. Int J Med 
Inf. 2015;84(10):868–75. https://doi.org/10.1016/j.ijmedinf.2015.07.003.

	6.	 McLaren ZM, Sharp AR, Zhou J, Wasserman S, Nanoo A. Assessing health 
care quality using routine data: evaluating the performance of the 
national Tuberculosis program in South Africa. Trop Med Int Health. 2016. 
https://doi.org/10.1111/tmi.12819. (accepted manuscript online).

	7.	 Ambler S. The current state of data quality survey results; 2006. http://
www.ambysoft.com/surveys/dataQualitySeptember2006.html#Results.

	8.	 National Health Service. Executive summary of the first national 
data quality review. Quality Information Committee of the National 
Health Service; 2013. https://www.england.nhs.uk/wp-content/
uploads/2013/04/1ndqr-exec-sum.pdf.

	9.	 Sebastian-Coleman L. Measuring data quality for ongoing improve-
ment: a data quality assessment framework. 1st ed. Waltham: Morgan 
Kaufmann, Elsevier; 2013.

	10.	 Sharma A, Ndisha M, Ngari F, Kipruto H, Cain K, Sitienei J, Bloss E. A 
review of data quality of an electronic tuberculosis surveillance system 
for case-based reporting in Kenya. Eur J Publ Health. 2015. https://doi.
org/10.1093/eurpub/ckv092.

	11.	 Billingsley KM, Smith N, Shirley R, Achieng L, Keiser P. A quality assess-
ment tool for tuberculosis control activities in resource limited settings. 
Tuberculosis. 2011;91:S49–53. https://doi.org/10.1016/j.tube.2011.10.010.

	12.	 Gebreegziabher SB, Yimer SA, Bjune GA. Qualitative assessment of 
challenges in tuberculosis control in West Gojjam Zone, Northwest 
Ethiopia: health workers’ and tuberculosis control program coordina-
tors’ perspectives. Tuberc Res Treat. 2016;2036234:1–8. https://doi.
org/10.1155/2016/2036234.

	13.	 Huang F, Cheng S, Du X, Chen W, Scano F, Falzon D, Wang L. Electronic 
recording and reporting system for tuberculosis in China: experience and 
opportunities. J Am Med Inform Assoc. 2014;21(5):938–41. https://doi.
org/10.1136/amiajnl-2013-002001.

	14.	 Cappiello C, Francalanci C and Pernici B. Data quality assessment from the 
user’s perspective. In: Proceedings of the 2004 international workshop on 
information quality in information systems. Paris; 2004. p. 68–73. https://
doi.org/10.1145/1012453.1012465.

	15.	 Madnick SE, Wang RY, Lee YW, Zhu H. Overview and framework for data 
and information quality research. J Data Inf Qual. 2009;1(1):1–22. https://
doi.org/10.1145/1515693.1516680.

	16.	 Gustafsson P, Lindstrom A, Jagerlind C and Tsoi J. A framework for assess-
ing data quality—from a business perspective. In: Proceedings of soft-
ware engineering research and practice. Las Vegas; 2006. p. 1009–1015.

	17.	 Ali SM, Powers R, Beorse J, Noor A, Naureen F, Anjum N, Ishaq M, Aamir 
J, Anderson R. ODK Scan: digitizing data collection and impacting data 
management processes in Pakistan’s Tuberculosis control program. Fut 
Internet. 2016;8(4):51. https://doi.org/10.3390/fi8040051.

	18.	 World Health Organization. Electronic recording and reporting for tuber-
culosis care and control. WHO/HTM/TB/2011.22. Geneva: WHO; 2012. 
http://apps.who.int/iris/bitstream/10665/44840/1/9789241564465_eng.
pdf.

	19.	 Eppler MJ. Managing information quality: increasing the value of infor-
mation in knowledge-intensive products and processes. 2nd ed. Berlin: 
Springer; 2006.

	20.	 Silvola R, Harkonen J, Vilppola O, Kropsu-Vehkapera H, Haapasalo H. Data 
quality assessment and improvement. Int J Bus Inf Syst. 2016;22(1):62–81. 
https://doi.org/10.1504/IJBIS.2016.075718.

	21.	 Kahn MG, Callahan TJ, Barnard J, Bauck AE, Brown J, Davidson BN, Estiri 
H, Goerg C, Holve E, Johnson SG, Liaw S-T, Hamilton-Lopez M, Meeker 
D, Ong TC, Ryan P, Shang N, Weiskopf NG, Weng C, Zozus MN, Schilling 
L. A harmonized data quality assessment terminology and frame-
work for the secondary use of electronic health record data. Gener 
Evid Methods Improve Patient Outcomes. 2016;4(1):1244. https://doi.
org/10.13063/2327-9214.1244.

	22.	 World Health Organization. Improving data quality: a guide for develop-
ing countries. World Health Organization—Regional Office for the 
Western Pacific; 2003. http://www.wpro.who.int/publications/docs/
Improving_Data_Quality.pdf.

	23.	 Bovee M, Srivastava RP, Mak B. A conceptual framework and belief-func-
tion approach to assessing overall information quality. Int J Intell Syst. 
2001;18(1):51–74. https://doi.org/10.1002/int.10074.

https://doi.org/10.2471/BLT.11.087544
http://dx.doi.org/10.1016/B978-0-12-373717-5.00002-6
http://dx.doi.org/10.1016/B978-0-12-373717-5.00002-6
https://doi.org/10.1186/s13104-018-3161-8
https://doi.org/10.1016/j.ijmedinf.2015.07.003
https://doi.org/10.1111/tmi.12819
http://www.ambysoft.com/surveys/dataQualitySeptember2006.html%23Results
http://www.ambysoft.com/surveys/dataQualitySeptember2006.html%23Results
https://www.england.nhs.uk/wp-content/uploads/2013/04/1ndqr-exec-sum.pdf
https://www.england.nhs.uk/wp-content/uploads/2013/04/1ndqr-exec-sum.pdf
https://doi.org/10.1093/eurpub/ckv092
https://doi.org/10.1093/eurpub/ckv092
https://doi.org/10.1016/j.tube.2011.10.010
https://doi.org/10.1155/2016/2036234
https://doi.org/10.1155/2016/2036234
https://doi.org/10.1136/amiajnl-2013-002001
https://doi.org/10.1136/amiajnl-2013-002001
https://doi.org/10.1145/1012453.1012465
https://doi.org/10.1145/1012453.1012465
https://doi.org/10.1145/1515693.1516680
https://doi.org/10.1145/1515693.1516680
https://doi.org/10.3390/fi8040051
http://apps.who.int/iris/bitstream/10665/44840/1/9789241564465_eng.pdf
http://apps.who.int/iris/bitstream/10665/44840/1/9789241564465_eng.pdf
https://doi.org/10.1504/IJBIS.2016.075718
https://doi.org/10.13063/2327-9214.1244
https://doi.org/10.13063/2327-9214.1244
http://www.wpro.who.int/publications/docs/Improving_Data_Quality.pdf
http://www.wpro.who.int/publications/docs/Improving_Data_Quality.pdf
https://doi.org/10.1002/int.10074


Page 7 of 7Ali et al. BMC Res Notes  (2018) 11:40 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

	24.	 Pratiwi AS, Anawar S. A theoretical framework of data quality in participa-
tory sensing: A case of mHealth. Jurnal Teknologi. 2015;77(18):137–46. 
https://doi.org/10.11113/jt.v77.6500.

	25.	 Almutiry O, Wills G, Alwabel A, Crowder R, Walters R. Toward a framework 
for data quality in cloud-based health information system. In: Interna-
tional conference on information society (i-Society). 2013. http://ieeex-
plore.ieee.org/document/6636362/.

	26.	 Batini C, Cappiello C, Francalanci C, et al. Methodologies for data quality 
assessment and improvement. ACM Comput Surv. 2009;41:1–52.

	27.	 Orfanidis L, Bamidis PD, Eaglestone B. Data quality issues in Electronic 
Health Records: an adaptation framework for the Greek health system. 
Health Inf J. 2004;10(1):23–36. https://doi.org/10.1177/14604582040665.

	28.	 Wang RY, Strong DM. Beyond accuracy: what data quality means to data 
consumers. J Manag Inf Syst. 1996; 12(4):5–34. http://www.jstor.org/
stable/40398176.

	29.	 Weiskopf NG, Weng C. Methods and dimensions of electronic health 
record data quality assessment: enabling reuse for clinical research. 
J Am Med Inform Assoc. 2013;20(1):144–51. https://doi.org/10.1136/
amiajnl-2011-000681.

	30.	 Mitchell EMH, Cloutier S, Moodie C, Ochola R, Persaud N, Bloss E, Huitema 
I. Innovations in TB Data Quality: An M & E Workshop Facilitators Guide. 
2014. TB CARE I. http://www.tbcare1.org.

	31.	 Nutley T, Reynolds HW. Improving the use of health data for health 
system strengthening. Global Health Action. 2013;6:20001. https://doi.
org/10.3402/gha.v6i0.20001.

	32.	 Institute of Medicine. Evaluation of PEPFAR. Washington, DC: The National 
Academies Press; 2013. https://doi.org/10.17226/18256.

	33.	 Global Fund. The Global Fund’s approach to monitoring and 
evaluation. n.d. https://www.theglobalfund.org/media/5198/
me_monitoringandevaluation_brochure_en.pdf.

	34.	 Puttkammer N, Baseman JG, Devine EB, Valles JS, Hyppolite N, Garilus 
F, Honore JG, Matheson AI, Zeliadt S, Yuhas K, Sherr K, Cadet JR, Zamor 
G, Pierre E, Barnhart S. An assessment of data quality in a multi-site 
electronic medical record system in Haiti. Int J Med Inf. 2016;86:104–16. 
https://doi.org/10.1016/j.ijmedinf.2015.11.003.

	35.	 Global Fund. Overview of the revised approach to program and data 
quality assessment. Geneva; 2016. https://www.theglobalfund.org/
media/6328/lfa_2016-02-metrainingprogramdataqualityassessment_
presentation_en.pdf.

	36.	 Zozus MN, Hammond W. Ed, Green BB, Kahn MG, Richesson RL, Rusinco-
vitch SA, Simon GE and Smerek MM. Assessing data quality for healthcare 
systems data used in clinical research (version 1.0). An NIH health care 
system research collaborator phenotypes, data standards, and data qual-
ity core white paper. N.d. https://www.nihcollaboratory.org/Products/
Assessing-data-quality_V1%200.pdf.

https://doi.org/10.11113/jt.v77.6500
http://ieeexplore.ieee.org/document/6636362/
http://ieeexplore.ieee.org/document/6636362/
https://doi.org/10.1177/14604582040665
http://www.jstor.org/stable/40398176
http://www.jstor.org/stable/40398176
https://doi.org/10.1136/amiajnl-2011-000681
https://doi.org/10.1136/amiajnl-2011-000681
http://www.tbcare1.org
https://doi.org/10.3402/gha.v6i0.20001
https://doi.org/10.3402/gha.v6i0.20001
https://doi.org/10.17226/18256
https://www.theglobalfund.org/media/5198/me_monitoringandevaluation_brochure_en.pdf
https://www.theglobalfund.org/media/5198/me_monitoringandevaluation_brochure_en.pdf
https://doi.org/10.1016/j.ijmedinf.2015.11.003
https://www.theglobalfund.org/media/6328/lfa_2016-02-metrainingprogramdataqualityassessment_presentation_en.pdf
https://www.theglobalfund.org/media/6328/lfa_2016-02-metrainingprogramdataqualityassessment_presentation_en.pdf
https://www.theglobalfund.org/media/6328/lfa_2016-02-metrainingprogramdataqualityassessment_presentation_en.pdf
https://www.nihcollaboratory.org/Products/Assessing-data-quality_V1%200.pdf
https://www.nihcollaboratory.org/Products/Assessing-data-quality_V1%200.pdf

	Measuring management’s perspective of data quality in Pakistan’s Tuberculosis control programme: a test-based approach to identify data quality dimensions
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Methods
	Settings
	Data collection tool
	Data collection and analysis

	Findings
	Overview of respondents
	Data: definition, use and quality
	Identification of the data quality dimensions
	Completeness
	Accuracy
	Consistency
	Vagueness
	Duplicate or uniqueness
	Timeliness

	Discussion
	Conclusion and recommendation
	Authors’ contributions
	References




