Session 2 – Data Quality
Introduction
Introduction

This session address data quality in health information systems. Session 1 of this unit explored the data collection and collation processes. It explained the need for ease of data collection and -collation to ensure accurate data is received from the points of collection. However, inaccuracies will frequently arise in a health information system. Therefore, we must be in a position to identify and correct errors that do occur. This session will consider this aspect of the health information system, i.e. ensuring data accuracy.

Most health managers report that there are two major reasons why they do not use information for planning and decision making. They are:

· The information is not available. 

· The data used to produce the information is inaccurate.  

The latter should prompt us to ask five further questions. The answer to these questions forms the content of this session.

Session Contents 

1. Why are data frequently inaccurate?

2. How important is it for data to be accurately collected?

3. How do you prevent errors from occurring?

4. How do you detect errors?

5. What should you do when you have found errors?

There are one reading and two tasks in this session. 
Learning Outcomes of this Session 
	Public Health Outcomes 

By the end of this session, you should be able to:

· Discuss the main reasons why data are frequently inaccurate.

· Argue the necessity for quality data.

· Detect and correct common errors found in routine data.

· Critically gauge the quality of raw data received.

· Identify the different dimensions of data quality

· Review different data quality assessment methods

· Implement strategies that will ensure that errors do not reoccur.


Readings 
· WHO. (2003). Improving Data Quality. A Guide for Developing Countries. http://www.globalhealthworkforce.org/resources/who_improving_data_quality.pdf
· Chen, H., Hailey, D., Wang, N. & Yu, P. (2014). A Review of Data Quality Assessment Methods for Public Health Information Systems. International Journal Environmental Research and Public Health. Vol.11(5): 5170–5207. doi: 10.3390/ijerph110505170
1 Why are data frequently inaccurate?

The obvious answer to this question is that the data were not collected and/or collated accurately. In addition, these inaccuracies were then not detected, or if detected, not corrected. This however is only a partial answer, as the question would then be changed to why are the data collected and/or collated inaccurately and why are these inaccuracies not detected and corrected. 

Data are collected inaccurately because:

· The data element definitions were not clear.

· The data element definitions were not standardised.

· The data element definitions were not understood.

· The data collection tools were cumbersome and time consuming.

· The data collection logistics were confusing.

· Nobody reported to the data collectors that there were errors in the data.

· Data collectors do not appreciate the value of the data.

· Data collectors were not adequately trained to collect data accurately.

Data are collated inaccurately because:

· Errors occur when adding up the data.

· Data are grouped incorrectly.

· There are data forms missing.

· Data are counted more than once.

· Data collators do not appreciate the value of the data.

· Data collators were not adequately trained to collate data accurately.

Data errors are not detected and corrected because:

· Nobody checks for errors (whose job is it anyway?).

· Error checks are inadequate.

· Checking for errors is time consuming.

· Checking for errors is perceived as being a boring task.

· Error checking requires you to be nit-picking and meticulous (perfectionist).

· People detect errors, but do not ask data collectors to correct them, as they do not like to tell others that they are wrong and/or get into arguments with data collectors.

It is unfortunate that there is the perception that error detection is boring, as it actually requires good detective skills and it is usually exciting tracking down errors.

2 How important is it for data to be accurately collected?

If data are grossly inaccurate then managers, supervisors and staff will not use the information generated from the data. If people do not use the information, then all the effort and time that large numbers of people spent collecting the data and developing the information system will have been wasted. Therefore, producing inaccurate data is a huge waste of time, effort and money and in addition it destroys the morale of staff who are involved with collecting data and generating information (“It’s pointless doing this job!”).  

If the data are grossly inaccurate, but people do not realise this and they use the information for planning and general decision making, then it is likely that the plans will be flawed and poor decisions will be made, because they were based on inaccurate data.  Inaccurate data, if used in decision making, can therefore be very harmful, giving rise to unnecessary problems. It is therefore better and cheaper to have no data than to have grossly inaccurate data. 

This prompts the question how accurate should data be? Data should be accurate enough for the purpose for which it is being collected. For example, if you are interested in the immunisation coverage of a district, and the actual coverage is 88%, but the data you collect suggests it is 86%, then although there are errors in the data it is still satisfactory to use as the error is minimal. If however the data you collect suggests that it is 56% then clearly the errors are too large, and the data is not usable. 

In large and complex organisations like a district health service it is almost impossible to collect absolutely perfectly accurate data, but it should be possible to collect data which has few and mainly minor errors. This data, with only a few errors, would be good enough to use in virtually every decision making and planning activity in the district. 

3 How do you prevent errors from occurring?

From the above we can see that it is easy for errors to occur and preventing them is directly linked to the causes of the errors. Therefore if data collectors and collators are adequately trained, if the definitions are clear, if the data collection/collation tools are user-friendly, if the data collection/collation logistics are attended to, if the value of the data are appreciated, if feedback is provided and if the information produced is actually used to improve the services, then errors are unlikely to occur. Well, certainly major/gross errors are unlikely to occur. 

To prevent errors therefore it is best to always follow some basic accuracy enhancing principles. These principles are shown below. 

Accuracy Enhancing Principles:

Training: If people who collect and collate data are properly trained on the definitions of various data elements and if the data collection methods are standardised, then errors are much less likely to occur.

User-friendly collection/collation tools: If the tools are easy to understand and are designed to minimise the time that staff spend on collecting and collating data, then since it takes so little time to collect and is of such value, staff will be motivated to collect data accurately. 

Feedback on Data Errors: providing feedback on previous data errors that were detected makes it less likely that people will repeat the errors.

Feedback of Analysed Information: receiving feedback of analysed information is very encouraging to those who actually collect the raw data, as they are then more likely to feel that collecting the raw data accurately is of value. Also errors in the raw data often become very visible and obvious when the data is analysed into information. 

Use of Information: if information produced from data collected is actively used by those who collect it, then errors are much less likely to occur. Similarly if other people such as supervisors and managers use the information to improve the health service, then people will be motivated to collect the data accurately. 

Personalised Contact: If the person who receives raw data personally contacts and develops a friendly relationship with the people who collect and pass on the raw data, then errors are much less likely to occur and if they do occur, they can be swiftly and painlessly rectified.

4 How do you detect errors?

Errors can be detected using general accuracy checking measures and specific accuracy checking measures. General accuracy checks are those things that are well known and just common sense to do.  Specific accuracy checks are specific procedures that have been found to be very helpful in detecting errors. These checks if systematically applied soon after the data is collected should detect almost all errors and will certainly detect the gross errors. Who should detect and correct errors? This should be the function of everyone involved in the information system, from data collectors to information users, but the person primarily responsible for practical purposes, will usually be the District Information Officer. 

General Accuracy Checks include:

Checking Completeness: Have all collated forms been received from all facilities or people who were required to send them in? Have all data elements which were required to be filled on each form, been filled in? 

Checking Proper Place: Have the data been entered in the correct item blocks or lines? When data forms/tick sheets are often small or busy, then the data can easily be entered in the wrong place.

Checking whether the Tools are Friendly: Are the data collection tools user friendly? User friendly forms are more likely to be completed accurately, as they are easier to complete and they tend to minimise the likelihood of errors.

Checking Arithmetic: Have data values been added up (or subtracted, divided, multiplied) correctly?

Specific Accuracy Checks include:

Time-trend Consistency: Are there any dramatic unexplained changes in trends in health service or health need data over a period of time? For example, if a clinic has been seeing between 5 000 and 6 000 patients per month, it would be very strange for them to see only 1 000 in the latest month. So, unless they can easily explain this dramatic drop in numbers, this would be an error.  

Time-trend Variation: Is the data flat or does it show normal variation around a trend over a period of time. If the numbers of patients seen at a facility are virtually the same each month, then this would be very strange, and is likely to be an error. If, for example, the patients seen per month, over a 4 month period, are: April (2 998), May (3 045), June (3 019), July (2 982) then this would be strange, as the numbers hardly vary from month to month. So, probably the data are erroneous, or else there is a very, very, very good explanation. 

Mini/Maxi: Are there unexplained values above a realistic maximum or below a realistic minimum? Data collectors and collators should agree, beforehand, on figures which represent high/maximum and low/minimum values. One can then identify figures which one would never expect the data to reach; any figures above or below these values are probable errors. It is however very important that people who are collecting the data are involved in setting the minimum and maximum values, or else they should, at the very least, agree on the values set.

Realism: Does the data fit in with what you already know about the facility or health need within the district? Given your knowledge of what occurs at a facility or in an area, are the data credible? To use this as an accuracy checking measure you will obviously have to know the facility and/or area quite well. In fact, if you don’t know the area and the facilities well, then errors are harder to spot. You are likely to miss many errors, even if you use all the error detection procedures described here. 

Comparison: Is the data similar to data from similar facilities or districts and is it different from dissimilar facilities or districts? For example, if a small clinic with four staff members report that they see 4 000 patients per month and yet a much larger clinic close to them, with a staff of eight people, see only 4 500 per month, this would be very strange. Therefore one of the clinics’ data is incorrect. Of course, both of the clinics data could be incorrect, or both could be correct, and there may be a very good explanation as to why the small clinic sees so many patients. 

Parts vs Whole: Do segments (parts) of data from a facility or district fit together, or are the parts inconsistent with a larger category (whole)? The parts of a whole should usually add up to the whole and a part should usually be smaller than the whole. If the parts do not add up to the whole, then there is a probable error. If any one part is larger than the whole, then there is an error. An example of the parts adding up to the whole is: if a clinic sees Curative, Preventive and TB patients only, then the total patients seen by the clinic should be the same as the sum of the three categories. So, if we add up Curative patients and Preventive patients and TB patients, we should get the same number as that given for Total Patients. If the number is not the same, then there is an error. But be careful here, as we could get a higher number than Total Patients when we add up the parts, since a patient could be seen for more than one condition, e.g. a TB patient needs contraception (Preventive), and she also has a sexually transmitted infection (Curative). We should however never get a lower number than the whole when we add up the parts. But note that if the numbers are different, but the difference is small, then it is probably a minor error and can safely be ignored. 

Here is an example of a part being smaller than the whole: if the number of children receiving immunisations in a month is greater than the number of children seen in that month, this would be an obvious error. 

Preferential End-digits: Are some numbers used very often, e.g. 0 or 5? If particular numbers are used often, such as 35, 45, 55, 45, 35, 25, then it is highly likely that the data is not being collected and someone is just guessing what the values should be. This is of course an indication that that person does not appreciate the value of the data, and sees data collection as an unnecessary burden. 

It is important to note that these General and Specific Accuracy Checks may detect what appear to be Errors, but which are not Errors. This is because all the checks are designed to detect unusual or irrational things, on the assumption that they are likely to be Errors. Yet sometimes what appears to be unusual or irrational, is actually easily explainable and quite rational. For example: the attendance at clinic A suddenly jumped from 2 000 per month to 3 500 the next month. While this appears to be an error, it is actually not, because a clinic nearby (Clinic B), had to close for repairs and all the staff and patients were accommodated at Clinic A for a month. The importance of this is that Errors detected are not necessarily Errors but are Possible Errors. If there is a clear and readily available explanation for what seems to be an Error, then clearly, although it looked like and could have been an Error, it is not. Similarly if there is no clear and readily available explanation for what seems to be an Error, then it is an Error.

	Task: Assess the data quality by using error checking procedures
1. Find and list the errors in the following dataset.

2. For each error state what type of error has been found.




	District Fantasia

	Excellencia Clinic

	
	
	
	
	
	
	
	
	
	
	
	
	

	Type of activity
	Dec
	Jan
	Feb
	March
	April 
	May
	June 
	July
	Total
	Average
	Minimum Allowed
	Maximum Allowed

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	

	Headcount => 5 years
	2031
	1827
	2241
	1962
	2231
	984
	2483
	2575
	16334
	2042
	1300
	2500

	Headcount < 5 years
	1032
	923
	1124
	890
	1145
	2140
	972
	1094
	9320
	1165
	500
	1800

	Total head count
	3063
	2750
	3365
	2852
	3376
	3124
	3455
	3669
	25654
	3207
	1800
	4300

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	<1 year olds fully immunised
	219
	192
	235
	183
	232
	217
	191
	202
	1671
	209
	30
	240

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	< 5year olds with diarrhoea
	21
	17
	37
	27
	34
	48
	142
	127
	453
	57
	15
	140

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	< 5 year olds with chest infections
	129
	136
	84
	31
	19
	21
	43
	32
	495
	62
	15
	140

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Type of service: curative
	1608
	1823
	1837
	1531
	1896
	1633
	1973
	2243
	14544
	1818
	1100
	2500

	Type of service: Family Planning
	293
	284
	1327
	245
	274
	214
	267
	304
	3208
	401
	120
	450

	Type of service: other preventive
	787
	721
	821
	702
	843
	917
	719
	632
	6142
	768
	500
	1000

	Type of service: TB
	392
	389
	391
	387
	385
	388
	387
	386
	3105
	388
	150
	600

	Type of service: Total
	3080
	3217
	4376
	2865
	3398
	3152
	3346
	3565
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Pap Smears amongst those 30+
	45
	55
	50
	40
	55
	45
	50
	55
	395
	49
	20
	80

	Key: Type of service is an all inclusive category into 

which every patient should fit.
	
	
	
	
	
	
	
	

	Minimum and maximum values were determined jointly 

by the facility staff and their immediate supervisor.
	
	
	
	
	
	

	Average is the average value per month.
	
	
	
	
	
	
	
	
	
	
	

	Total is the total value for all the months. 
	
	
	
	
	
	
	
	
	
	
	


Feedback
	Observations
	Types of accuracy check used

	Headcount for over 5’s low in May.


	Time-trend consistency; Comparison; Realism; Mini-maxi.

	Headcount for under and over 5’s reversed in May.
	

	Headcount over 5 exceeded maximum in July


	Mini-maxi.



	Figures for <1 year olds, fully immunised are very high every month; on average they represent about 20% of all the children under 5 years old. Explanation: All immunisations given were recorded, instead of just the number of children less than 1 years old who completed their immunisation.
	Realism

	Diarrhoea in < 5 year olds was very high in June and July. Explanation: Diarrhoea figures and chest infection figures were switched around.
	Time-trend consistency; Realism.



	Chest infections in <5 year olds was very high in December, January and February. Explanation: 

Diarrhoea figures and chest infection figures were switched around.
	Time-trend Consistency; Realism



	Family Planning figures were very high in February. Explanation: Special clinic session for women who work at nearby factories.


	Time-trend Consistency; Realism; Mini-maxi



	TB figures “flat” i.e. virtually the same every month. Explanation: Figures “made-up”.
	Time-trend Variation



	Pap smears amongst those over 30 years old show the same digits (0 ; 5) every month.

Figures “made-up”.


	Preferential end-digits.

	Breakdown for type of service in January is inconsistent with Headcount. Explanation: Error in the headcount greater than 5 years old.
	Parts vs Whole.

	Breakdown for type of service in February is inconsistent with headcount. Explanation: Clients at special family planning clinic not included in headcount. 
	Parts vs Whole.




Note that the breakdown of type of services does not exactly fit the headcount each month, since clients may go to more than one service type per visit to the facility. Also when the clinic was very busy in June and July, then staff often forgot to count every patient at the various service points. 

In addition, Measure Evaluation (2015:40) describes dimensions and sub dimensions in data quality depicted in the picture below.  You can also download the PowerPoint presentation on Data Quality https://www.measureevaluation.org/resources/training/capacity-building-resources/hiv-english/session-8-data-quality/Data%20Quality%20Presentation.ppt/view. 

Measure Evaluation proposes a suite of tools with a manual for Routine Data Quality Assessment.  The tools and manual can be found on https://www.measureevaluation.org/resources/tools/data-quality/rdqa-guidelines-2015. 
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The RDQA is grounded in the components of data quality, namely, that Programs/projects need accurate and
reliable data that are complete, timely, precise, credible and maintained under conditions of confidentiality,
when appropriate (see Table 1).

Dimensions of
data quality

Accuracy

Reliability

Precision

Completeness
Timeliness

Integrity

Confidentiality
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Annex 1 - Table 1. Data Quality Dimensions

Operational Definition

Also known as validity. Accurate data are considered correct: the data measure what
they are intended to measure. Accurate data minimize error (e.g., recording or
interviewer bias, transcription error, sampling error) to a point of being negligible.

The data generated by a program’s information system are based on protocols and
procedures that do not change according to who is using them and when or how often
they are used. The data are reliable because they are measured and collected
consistently.

This means that the data have sufficient detail. For example, an indicator requires the
number of individuals who received HIV counseling & testing and received their test
results by sex of the individual. An information system lacks precision if it is not
designed to record the sex of the individual who received counseling and testing.

Completeness means that an information system from which the results are derived is
appropriately inclusive: it represents the complete list of eligible persons or units and
not just a fraction of the list.

Data are timely when they are up-to-date (current), and when the information is
available on time. Timeliness is affected by: (1) the rate at which the program’s
information system is updated; (2) the rate of change of actual program activities; and
(3) when the information is actually used or required.

Data have integrity when the system used to generate them are protected from
deliberate bias or manipulation for political or personal reasons.

Confidentiality means that clients are assured that their data will be maintained
according to national and/or international standards for data. This means that personal
data are not disclosed inappropriately, and that data in hard copy and electronic form
are treated with appropriate levels of security (e.g. kept in locked cabinets and in
password protected files.
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	Task: Read the article: A Review of Data Quality Assessment Methods for Public Health Information Systems doi: 10.3390/ijerph110505170
1. List five of the main findings.

2. What are the different data quality assessment methods identified?

3. What have you learned from this review?


A Guide to Qualitative and Quantitative Data Analysis Methods (2018) provides a list of basic data checks and checking for outliers to edit large data sets as well as provided methods to deal with missing data. They suggest that the following checks are conducted  basic data checks and check for outliers, to then edit the raw data to identify and clear out any data points that may hamper the accuracy of the information.  

What should you do when you have found errors?
There are three things to do after you have found probable errors and have confirmed that they are indeed errors. They are:

· You should find out the cause of the error.

· You should correct the error (if possible).

· You should prevent the error from happening again.

Find the Cause of Errors

To find out the cause of the error you need to go to the source of the error, which will usually be the data collector and/or collator. Together you will have to go over the data and look at the data collection and -collation procedures. This will almost always result in detection of the cause of the error. 

Correct the Errors

It may be possible to correct the error, if the error is found soon enough after data collection took place, to do so. You would correct the error by attending to, or even removing, the cause of the error and by assisting the data collector/collator, if necessary, to produce the correct figures. 

Unfortunately it is not always possible to correct the error in the above manner and an estimate of the correct value of the data should then be obtained and used to replace the erroneous data. 

Prevent Future Errors 

Once you know the causes of the errors it should be relatively easy to prevent errors in theory. The causes of the errors should either be removed, or if that is not possible then their effect should be minimised with procedures to counteract them. 

In addition to attending to the specific causes of the errors, accuracy enhancing principles should be implemented to prevent other errors from occurring. 
5 Session Summary
In order for managers to use information, the data used to produce the information must be trusted. One cannot make important decisions if you are not sure about the correctness of the data you are basing your decisions on. This session showed you that we can take steps to ensure that data will be accurately collected. If the data is not collected accurately, it is not too late to act. One can still apply general and specific accuracy checks to make sure that the errors are identified and promptly communicated to the data collectors and collators. Applying these measures can be exciting and show collectors of data that someone is willing to go through the trouble of carefully scrutinising their data. This shows that value is placed on the data and that data collection efforts are appreciated.

The most important lesson to be learnt in this session is the need to carefully consider data received and to ensure that continuous communication with the data collectors and collators take place. Communication is crucial to ensuring good quality information. If the data collected is inaccurate, we would waste our time turning it into information by performing analysis.
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