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Abstract: Sanitary inspections (SIs) are checklists of questions used for achieving/maintaining
the safety of drinking-water supplies by identifying observable actual and potential sources and
pathways of contamination. Despite the widespread use of SIs, the effects of training on SI response
are understudied. Thirty-six spring supplies were inspected on two occasions, pre- and post-training,
by an instructor from the research team and four local inspectors in the Mukono District of Uganda.
SI score agreement between the instructor and each inspector was calculated using Lin’s concordance
correlation coefficient. Average SI score agreement between the instructor and all inspectors increased
post-training for the Yes/No answer type (0.262 to 0.490). For the risk level answer type (e.g., No,
Low, Medium, High), average SI score agreement between the instructor and all inspectors increased
post-training (0.301 to 0.380). Variability of SI scores between the four inspectors was calculated using
coefficient of variation analysis. Average SI score variability between inspectors reduced post-training
for both answer types, Yes/No (21.25 to 16.16) and risk level (24.12 to 19.62). Consistency of answer
agreement between the four inspectors for each individual SI question was calculated using index of
dispersion analysis. Average answer dispersion between inspectors reduced post-training for both
answer types, Yes/No (0.41 to 0.27) and risk level (0.55 to 0.41). The findings indicate that training has
a positive effect on improving answer agreement between inspectors. However, advanced training
or tailoring of SI questions to the local context may be required where inconsistency of responses
between inspectors persists, especially for the risk level answer type that requires increased use of
inspector risk perception. Organisations should be aware of the potential inconsistency of results
between inspectors so that this may be rectified with appropriate training and, where necessary, better
SI design and customisation.

Keywords: drinking-water quality; microbial contamination; risk assessment; risk management;
sanitary survey; training; water safety planning

1. Introduction

Until the early 2000s, investigation into sources of contamination following a noncompliant
water quality test result had been the customary process for managing drinking-water safety. The
reactive nature of this approach, coupled with the inherent challenges associated with water quality
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testing [1], meant it was deemed insufficient as a standalone activity for ensuring the safe management
of drinking-water supplies [2]. The World Health Organization (WHO) [3] recommends water quality
testing and risk assessment be undertaken as complementary activities, where possible. To accurately
estimate the safety of a supply, results from both approaches are required to confirm the absence of
contamination and the low probability of future contamination [4].

One approach to the risk assessment of drinking-water supplies is the use of sanitary inspections
(SIs). Defined by the WHO [5] as “an on-site inspection of a water supply to identify actual and
potential sources of contamination”, SIs provide a low-cost, easy-to-use monitoring approach that is
particularly suited to small systems and settings with limited resources and/or capacity [6]. WHO SI
forms focus on distinct point-source supply types (such as springs) and methods of water storage and
distribution. Presented as a list of equally weighted “Yes/No” questions that indicate the presence
or absence of observable contaminant pathways; actual and potential sources of contamination; and
breakdowns in barriers to contamination [7], the output of the WHO SI forms is calculated by tallying
the number of identified risk factors at a supply to provide a sanitary risk score. This risk score is then
used to categorise the level of risk at the supply from “low” to “very high”.

Sanitary risk scores and water quality test results do not exhibit a consistent positive linear
relationship [8–17]. The dynamic nature of both risk and water quality, particularly that indicated
by faecal indicator bacteria; the limitations associated with water quality testing; and the often
non-standard, potentially subjective [18] SI approach means one metric cannot always be used to
reliably predict or infer the other. Furthermore, whereas SI scores represent actual and potential risk to
water quality, water test results only indicate the immediate quality of water sampled at a specific
point in time. While such non-comparability questions the suitability of direct comparisons of some
water quality parameters, such as faecal indictor bacteria, with SI risk scores, the consistency of SI
answer agreement (or lack thereof) between inspectors still needs to be assessed while acknowledging
the complexity of the SI process.

Risk perception, as defined by Darker and Whittaker [19], is a subjective judgment that people
make about the characteristics and severity of a risk. The psychological parameters that affect risk
perception [20–22], and more specifically, inter-inspector agreement [23], have been discussed by
others. Studies of risk perception within industries such as aviation [24–26] have shown diverse
trends in risk perception between experts, professionals and novices. Though the importance of both
capacity building within the wider water sector [27] and, more specifically, suitable training prior to
undertaking an SI is acknowledged in the literature [6,28], there is limited published data regarding
the consistency of SI inter-inspector answer agreement [29,30]. However, such consistency is vital to
allow for potential comparability of SI outputs.

The WHO SI forms are currently being updated to make them more robust; reflect appropriate
technologies alongside current best practice technical and management advice; and to better align
with the Water Safety Plan (WSP) methodology [6]. As the drinking-water sector continues to embrace
the risk-based approach and expand the scope of mandatory risk assessment within legislation, for
example, within the recent draft recast of the European Union (EU) Drinking-water Directive [31],
consistent agreement of SI results between inspectors is crucial for the potential to reliably compare SI
data within organisations and across regions. The potential for such consistency within an inspector
group could be affected by a number of factors, such as SI form content and design; inspector experience
and training; and weather conditions during the SI (if undertaken at different times) [6].

The objective of this study was to investigate the effect of training on inspector risk perception and
inter-inspector answer agreement. Whilst Okotto-Okotto et al. and Yentumi et al. [29,30] varied study
design aspects, such as inspector experience and inspection times, this was the first study to maintain a
constant before/after standardisation of study design elements (e.g., water supply locations, inspectors,
SI forms), except for controlled differences in inspector training between study 1 and 2. As described
further in the Materials and Methods section, a modified SI form was developed and applied in the
current study, where SI questions were designed using both the traditional “Yes/No” answer type and
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the risk level assignment answer type (e.g., No, Low, Medium, High) that is commonly utilised in
WSPs. The latter answer type was analysed due to the clear and increasing alignment between SIs and
WSPs [6], however, unlike the prescriptive risk definitions often generated from WSP risk matrices, risk
levels were used in this study to broadly define the overall risk to water quality. A second objective
was to identify individual SI questions that caused the greatest inconsistency in answer agreement
amongst inspectors for both answer types.

2. Materials and Methods

2.1. Study Area and Supply Type Selection

Spring supplies were chosen for inspection in this study due to their non-standard configurations
compared to boreholes and other groundwater sources. Such variation in supply design presents a
greater potential for differences in perception of risk among inspectors. Fieldwork was conducted in
the Goma subcounty of Mukono District, a neighbouring district of the Ugandan capital, Kampala.
Springs are the most common water source type in the Mukono district, and Goma subcounty has the
most spring sources and the second lowest access to safe water in Mukono District [32]. The Mukono
District Water Office helped to identify 76 spring sources in the Goma subcounty, 39 of which were
functioning and in use. The Morgan formula [33] was used to calculate the representative sample size
of 36 springs from the population of functioning springs. The locations and broad spatial coverage of
the selected point-source springs throughout the subcounty are shown in Figure 1.

2.2. SI Form Development

During the study period, the Guidelines for Drinking-water Quality, 2nd edition: Volume 3—Surveillance
and control of community supplies [34] were being updated to reflect the most current guidance and
best practices relevant to the safe management of small drinking-water supplies. The University of
Surrey, UK, supported the review and update of the SI forms to be included in the 3rd edition of the
Guidelines [6]. As a result of this collaboration, a prototype spring SI form was used in this study
(Table 1). The prototype form had been subject to updates from the original 1997 version, having
undergone peer review by an expert group tasked with authoring the Guidelines revision, and a pilot
review from 23 experts across 13 organisations. The prototype form consists of 12 revised questions
with accompanying explanatory notes that were developed for small spring supplies based on an
extensive literature review. Questions were not tailored specifically for the Ugandan context. Questions
are answered “Yes” if a risk factor is present and “No” if a risk factor is not present, or not applicable.
If a question is answered “Yes”, indicating the presence of a risk factor, the inspector is instructed
to complete a further step on the form and grade the risk as “Low” (1), “Medium” (3) or “High” (5).
For example, three “High” and two “Medium” risks will provide a sanitary risk score of 21. The
prototype form also includes an additional column to prompt inspectors to suggest remedial actions to
identified risks.
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Table 1. Modified sanitary inspection (SI) form used in study 1 and 2.

Sanitary Inspection Questions NO YES
(Risk)

Risk Level
(Circle Risk Only if YES Is Ticked)

What Action Is
Needed?

1

Is the masonry, concrete wall or spring box absent or inadequate to prevent contamination?
It is important that spring water is not exposed to contamination during the period of time between leaving the

ground and being collected by the user. Masonry, a concrete wall or a spring box will protect the water from
contamination during this time period. a

Low Medium High

2

If there is a spring box, is the inspection cover or overflow pipe absent or inadequate to prevent contamination?
A missing or inadequate (e.g., damaged, corroded, cracked, leaking) inspection cover or overflow pipe may

increase the likelihood of contamination entering the spring box. If present, they should not allow the entry of
vermin and other pollution into the spring box.

Low Medium High

3
If there is a spring box, and there is an air vent, is it inadequately covered to prevent contamination?

An air vent that is open to the environment may increase the likelihood of contamination entering the spring box.
If present, the air vent should not allow the entry of vermin and other pollution into the spring box.

Low Medium High

4

If there is a spring box, does it contain any visible sign of contamination (e.g., animal waste, sediment
accumulation)?

Contamination in the spring box may constitute a risk to water quality. Small deposits of silt at the bottom of the
spring box are less likely to threaten water quality compared to animal waste, floating solids or biological growth.

Low Medium High

5

Is the backfill area eroded or prone to erosion due to absence of vegetation?
If the backfill area (directly behind the spring box or concrete wall) becomes eroded (e.g., due to absence of

vegetation), it may act as a direct pathway for contamination to enter the spring water before it is collected by
the user.

Low Medium High

6
Is the fencing or barrier around the spring absent or inadequate to prevent contamination?

If there is no fence or barrier around the spring (or if the fence is damaged or not fit for purpose), animals can
access the spring site and may damage the structure as well as pollute the area with excreta.

Low Medium High

7
Is the fencing or barrier upstream of the spring inadequate to stop local pollution? b

If there is no fence/barrier upstream of the spring (or if the fence/barrier is damaged or not fit for purpose)
then the shallower groundwater may become contaminated as it approaches the spring structure.

Low Medium High

8

Is a storm water diversion ditch above the spring absent or inadequate to prevent contamination?
If the diversion ditch is absent or inadequate (e.g., blocked, not wide or deep enough), contaminated surface
water may enter the spring facility from above during periods of rain, or other events that may cause excess

water to flow down towards the spring site.

Low Medium High

9

Is there a latrine, septic tank or sewer line within 10 meters of the spring?
Latrines close to groundwater supplies may affect water quality (e.g., by infiltration). You may need to visually
check structures to see if they are latrines, in addition to asking residents about the presence of septic tanks and

sewer lines.

Low Medium High
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Table 1. Cont.

Sanitary Inspection Questions NO YES
(Risk)

Risk Level
(Circle Risk Only if YES Is Ticked)

What Action Is
Needed?

10
Is there a latrine, septic tank or sewer line on higher ground within 30 meters of the spring?

Pollution on higher ground poses a risk, especially in the wet season, as faecal material may flow into the spring.
Groundwater may also flow towards the spring from the direction of the latrine, septic tank or sewer line.

Low Medium High

11

Can signs of other sources of pollution be seen within 10 meters of the spring (e.g., animals, rubbish, human
settlement, open defecation)?

Animals or human faeces on the ground close to the spring constitute a serious risk to water quality. Presence of
other waste (household, laundry, agricultural etc.) also constitutes a risk to water quality.

Low Medium High

12 Is there an open/uncapped well or borehole within 100 meters of the spring?
Any point of entry to the aquifer that is unprotected is a direct pathway for contaminants to enter the spring. Low Medium High

a. In some cases, masonry or a concrete wall may be in place instead of a spring box—provided they are in good condition and fit for purpose,
this is acceptable from a water safety perspective.

b. Adequate fencing or barrier implies that the upstream area is closed off to where the groundwater is at least 2 meters deep or 30 meters
away from the eye of the spring.

Note: Enter the number of ‘Low’, ‘Medium’, ‘High’ risks and multiply by the relevant number to generate a ‘Score’. The sum of the three scores is
the ‘Sanitary risk score’.

Risk level Number of risks Multiply
by: Score

Low 1

Medium 3

High 5

Sanitary risk score (max. 60) Total:
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Figure 1. Locations of inspected spring supplies in Uganda (taken from Google Earth TM, 2018).

2.3. Fieldwork and Inspector Recruitment and Training

Four inspectors and an instructor were used to undertake SIs in this study. The instructor was
part of the University of Surrey research team and had significant background knowledge of the SI
process and extensive experience working on the update of the entire WHO SI form suite. Inspectors
1–4 were all master’s students studying water engineering at Kyambogo University, Uganda. Each had
over five years’ experience working in the drinking-water sector, though none had previously used an
SI form. Fieldwork was undertaken over two study periods: study 1 (pre-training) was undertaken in
April and study 2 (post-training) was undertaken in June/July. Prior to study 1, inspectors received a
45 min introduction to the concept of SIs. No specific details relating to SI form content were discussed,
only the background to the approach. Prior to study 2, in addition to their previous introduction to
SIs and the experience they had gained during study 1, inspectors 1–4 received a further four-hour
training session at a spring supply where they were given the opportunity to ask specific questions
relating to spring supply component names, scale of risk and relationships between risk factors.

2.4. Study Design

All of the inspectors travelled together to inspect each of the 36 supplies at the same time during
both studies. The research team mitigated against the potential influencing of results by ensuring there
was no inter-inspector discussion relating to SIs throughout the fieldwork. The research team mitigated
against the Hawthorne effect—the alteration of behaviour by inspectors due to their awareness of being
observed [35]—by emphasising the subjective nature of the exercise and by avoiding direct observation
of inspectors during inspections. The potential effects of seasonal variability on study design were
considered, however, the research team concluded that this should not affect the potential to gauge
consistency of answer agreement if all inspectors undertook inspections at the same supply under
the same conditions. Regardless, unpredictable rainfall patterns were observed by the research team
throughout both studies, resulting in no differentiation between the two studies in terms of rainfall.

2.5. Data Analysis

2.5.1. Pearson’s Correlation Coefficient and Lin’s Concordance Correlation Coefficient (Lin’s CCC)

Using Pearson’s correlation coefficient, the correlation of SI scores between the instructor and each
of the inspectors was determined at every supply for both answer type (Yes/No and risk level), pre-
and post-training. Lin’s CCC was used to determine the consistency of SI score agreement between the
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instructor and each of the inspectors at every supply for both answer type (Yes/No and risk level), pre-
and post-training.

2.5.2. Coefficient of Variation

Coefficient of variation analysis was used to determine SI score variability between the inspectors
at every supply for both answer type (Yes/No and risk level), pre- and post-training.

2.5.3. Index of Dispersion

Index of dispersion analysis was used to determine the consistency of answer agreement between
the inspectors for each individual SI question for both answer types (Yes/No and risk level), pre- and
post-training. An example of this may be seen in Table 2. The indexes of dispersion for each individual
question were further processed in two different ways to calculate (a) the mean index of dispersion per
individual question (1–12), pre- and post-training, and (b) the mean index of dispersion per individual
supply (1–36), pre- and post-training.

Table 2. Example of answer index of dispersion values for each individual question from supply 1.

Supply 1 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12

High 1 3 2 1 1 3 2 3 0 1 0 0

Medium 3 1 1 2 1 0 1 0 0 0 3 0

Low 0 0 0 0 0 0 0 0 0 1 1 0

No 0 0 1 1 2 1 1 1 4 2 0 4

Sum squares 10 10 6 6 6 10 6 10 16 6 10 16

Index of
dispersion 0.500 0.500 0.833 0.833 0.833 0.500 0.833 0.500 0.000 0.833 0.500 0.000

(a) The mean index of dispersion per individual question (1–12)

Taking question 1 as an example, the indexes of dispersion from every supply were used to
determine the mean index of dispersion for question 1 answers, pre- and post-training. This was
repeated for questions 2–12 to determine which questions showed the most inconsistency in answer
agreement between the inspectors.

(b) The mean index of dispersion per individual supply (1–36)

Taking supply 1 as an example, the indexes of dispersion of the answers to questions 1–12 at
supply 1 were used to determine the mean index of dispersion at that supply, pre- and post-training.
This was repeated for supplies 2–36 to determine which supplies exhibited the highest mean index of
dispersion due to inconsistent answer agreement.

Microsoft Excel was used to undertake all statistical analysis.

2.6. Missing Data Treatment

On 37 random occasions, an identified risk was accidentally not assigned a risk level by one of
the inspectors. The research team chose to apply a “High” risk to these answers as we consider the
identification of a risk without further context to warrant a high risk rating. To analyse the sensitivity
of this approach, a “Low” and “Medium” risk was applied to each of the 37 questions to determine
how this would affect the statistical outcomes.

2.7. Research Ethics

The University of Surrey Self-Assessment For Ethics (SAFE) tool was used to confirm this project
met all ethical requirements as outlined by the University of Surrey Research Ethics Committee.
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3. Results

3.1. SI Score Correlation and Agreement between the Instructor and Each Inspector, Pre- and Post-Training

Training resulted in improved SI score correlation for Yes/No questions and risk level questions
between the instructor and each of the inspectors (Table 3); improved SI score agreement (Yes/No)
between the instructor and each of the inspectors (Table 4); and improved SI score agreement (risk
level) between the instructor and inspectors 1 and 3 (Table 4). However, training led to less agreement
(risk level) between the instructor and inspectors 2 and 4 (Table 4).

Table 3. SI score (Yes/No and risk level) correlation (Pearson’s r) between the instructor and each
inspector, pre- and post-training.

Yes/No SI Scores Inspector 1 Inspector 2 Inspector 3 Inspector 4

Pre-training Pearson’s r (34) = 0.313,
p = 0.063

(34) = 0.216,
p = 0.206

(34) = 0.465,
p = 0.004

(34) = 0.374,
p = 0.025

Post-training Pearson’s r (34) = 0.686,
p < 0.001

(34) = 0.399,
p = 0.016

(34) = 0.531,
p = 0.001

(34) = 0.533,
p = 0.001

Risk level SI scores

Pre-training Pearson’s r (34) = 0.351,
p = 0.036

(34) = 0.308,
p = 0.068

(34) = 0.292,
p = 0.084

(34) = 0.396,
p = 0.017

Post-training Pearson’s r (34) = 0.748,
p < 0.001

(34) = 0.409,
p = 0.013

(34) = 0.606,
p < 0.001

(34) = 0.572,
p < 0.001

Table 4. SI score (Yes/No and risk level) agreement (Lin’s concordance correlation coefficient (CCC))
between the instructor and each inspector, pre- and post-training.

Yes/No SI Scores Inspector 1 Inspector 2 Inspector 3 Inspector 4

Pre-training Lin’s CCC
(95% confidence intervals)

0.231
(−0.02–0.45)

0.122
(−0.07–0.30)

0.332
(0.10–0.53)

0.361
(0.05–0.61)

Post-training Lin’s CCC
(95% confidence intervals)

0.680
(0.46–0.82)

0.353
(0.07–0.58)

0.408
(0.17–0.60)

0.517
(0.24–0.72)

Risk level SI scores

Pre-training Lin’s CCC
(95% confidence intervals)

0.318
(0.03–0.56)

0.277
(−0.02–0.53)

0.287
(−0.04–0.56)

0.340
(0.06–0.57)

Post-training Lin’s CCC
(95% confidence intervals)

0.607
(0.41–0.75)

0.201
(0.03–0.36)

0.405
(0.20–0.58)

0.308
(0.13–0.47)

3.2. SI Score Variability between Inspectors, Pre- and Post-Training

Although training had an overall positive impact on reducing SI score variability (Yes/No and
risk level) between inspectors, variability of SI scores remained at certain supplies (Table 5; Figures 2
and 3). Such variability is a result of inconsistent answering of individual SI questions by inspectors.
Taking supply 31 in Figure 2 as an example, there is high SI score variability even post-training due to
each of the Yes/No questions 1, 3, 4, 5, 12 exhibiting a 50:50 divide in answer response type between
the four inspectors.
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Table 5. Variability (coefficient of variation) of Yes/No and risk level SI scores between all inspectors
across all supplies (1–36), pre- and post-training.

Yes/No SI Scores Mean SI Score Coefficient of
Variation across 36 Supplies Standard Deviation

Pre-training 21.25 8.13

Post-training 16.16 6.87

Risk level SI scores

Pre-training 24.12 10.29

Post-training 19.62 10.74

Figure 2. Variability (coefficient of variation) of Yes/No SI scores between all inspectors per supply
(1–36), pre- and post-training.

Figure 3. Variability (coefficient of variation) of risk level SI scores between all inspectors per supply
(1–36), pre- and post-training.
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3.3. Consistency of Answer Agreement between Inspectors for Each Individual SI Question, Pre- and
Post-Training

Answer agreement between inspectors was determined for each individual SI question at every
supply, pre- and post-training. Answer agreement for each question, as measured by index of dispersion,
was processed to determine: (a) the mean answer agreement for each individual question (1–12), pre-
and post-training, and (b) the mean answer agreement for each supply (1–36), pre- and post-training.

(a) Training improved mean answer (Yes/No and risk level) agreement of SI questions (1–12) (Table 6),
though comparable standard deviations pre- and post-training for both answer types indicate
certain questions still exhibited nonagreement. Answer agreement for Yes/No questions improved
post-training for questions 2–5 and 8–11. Slight decreases in answer agreement were observed
for questions 1, 6, 7 and 12 (Figure 4). When estimating risk level, training improved answer
agreement for questions 1–5 and 8–11. Slight decreases in answer agreement were observed for
questions 6, 7 and 12 (Figure 5).

(b) Training improved mean answer (Yes/No and risk level) agreement per supply (Table 7),
however, increases in standard deviation values post-training for both answer types indicate
sustained/increased nonagreement of answers at some supplies, for example, supply 31. Greater
answer nonagreement was observed in estimation of risk level as opposed to Yes/No questions.
Of the seven supplies (6,9,24,27,28,31,36) that exhibited lower mean Yes/No answer agreement
post-training, four of these supplies (6,9,24,31) also exhibited lower mean risk level answer
agreement post-training (Figures 6 and 7).

Table 6. Answer agreement (index of dispersion) between inspectors across all Yes/No and risk level SI
questions, pre- and post-training.

Yes/No SI Scores Mean Answer Index of
Dispersion across 12 Questions Standard Deviation

Pre-training 0.41 0.28

Post-training 0.27 0.21

Risk level SI scores

Pre-training 0.55 0.12

Post-training 0.41 0.21

Figure 4. Answer agreement (index of dispersion) between inspectors per Yes/No SI question (1–12),
pre- and post-training.
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Figure 5. Answer agreement (index of dispersion) between inspectors per risk level SI question (1–12),
pre- and post-training.

Table 7. Yes/No and risk level answer agreement (index of dispersion) between inspectors across 36
supplies, pre- and post-training.

Yes/No SI Scores Mean Answer Index of
Dispersion across 36 Supplies Standard Deviation

Pre-training 0.41 0.10

Post-training 0.27 0.14

Risk level SI scores

Pre-training 0.55 0.08

Post-training 0.41 0.12

Figure 6. Yes/No answer agreement (index of dispersion) between inspectors per supply (1–36), pre-
and post-training.
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Figure 7. Risk level answer agreement (index of dispersion) between inspectors per supply (1–36), pre-
and post-training.

3.4. Missing Data Treatment

Where “Low” and “Medium” were applied instead of a “High” to each of the 37 unanswered risk
level questions to determine how this would affect the statistical outcomes, no changes of significance
were observed. This is attributed to the spread of missing data across inspectors, supplies and
studies; the low percentage of missed risk level answers (1.07%); and the use of averaging during
statistical analysis.

4. Discussion

The strengths of SIs are their simplicity, flexibility and adaptability [6]. One of the challenges
associated with SIs identified by Pond et al. [6] was the potential for inconsistent agreement of answers
between inspectors. This may be caused by overly technical SI questions or by different perceptions of
risk due to varied experiences and levels of inspector expertise. Training for inspectors is paramount
prior to SI use [6]. Though there are studies from other sectors that examine the effects of training on
inter-observer (inspector) answer agreement [36–39], to our knowledge, this is the first to gauge the
effect of training on SI inter-inspector answer agreement. Okotto-Okotto et al. and Yentumi et al. [29,30]
studied levels of inter-inspector SI score agreement, however, their study designs meant participating
inspectors had varying levels of technical knowledge and inspections were undertaken at different times
under varying conditions for each inspector. Okotto-Okotto et al. [29] provided standardised training
to inspectors, though this was prior to study commencement, meaning there was no pre-training
baseline data to compare against.

To gauge the effects of training on consistency of answer agreement between inspectors, every
aspect of study 1 and 2′s design was kept constant as far as reasonably possible, including inspector age
bracket, education and experience; supply locations; and weather. Okotto-Okotto et al. [29] undertook
a similar study in which inspectors carried out inspections at each supply independently to avoid
influencing of results. We argue that the dynamic and often transient nature of risk meant all inspectors
should inspect each supply at the same time. This is especially relevant in Uganda where rapid
rainfall/evaporation cycles occur [40], exposing risk that may not be obvious otherwise. We partially
emulated the Okotto-Okotto et al. [29] study design by gauging SI score correlation and agreement
between an instructor and inspectors, pre- and post-training. There were increases in correlation
between the SI scores of the instructor and each of the inspectors for both answer types (Yes/No and
risk level) post-training (Table 3). Pearson’s correlation coefficients with p-values of <0.02 calculated
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for all SI score correlations between the instructor and each of the inspectors post-training indicated a
strong significance of the correlation.

Correlation analysis determines the strength of the linear relationship between two variables, but
not the level of agreement. None of the inspectors exhibited complete SI score agreement with the
instructor, however, Lin’s CCC values confirmed there was increased SI score agreement between the
instructor and each of the inspectors post-training for the Yes/No SI answer type (Table 4). For the
risk level SI scores, only inspectors 1 and 3 showed improved SI score agreement with the instructor
post-training. This highlights the difference between correlation and agreement analysis as, despite the
increase in risk level SI score correlation between the instructor and each of the inspectors, SI score
agreement between the instructor and inspectors 2 and 4 exhibited a slight decrease post-training. This
may be attributed to the greater requirement of the inspector to apply subjective thinking to the risk
level method of answering.

Where it is not practical to gauge SI score agreement against an instructor or experienced inspector,
for example, in such cases where all inspectors are experienced and trained to a high level, it is still
beneficial to understand the consistency of answer agreement within an inspector group. This allows
for confidence in comparing SI scores from different inspectors within a surveillance or management
programme. Our results show inconsistency in interpretation of risk by inspectors, with improved
consistency following the provision of training. One limitation of the SI score method is that a lone
metric does not provide context regarding how the final score was derived, i.e., which risk factors
were identified. This limitation is more evident for the risk level method of scoring, e.g., an SI score
of 10 could be a result of ten low (1) risks or two high (5) risks. As expected, due to the higher
scoring scale (0–60) in the risk level SI score method, variability of SI scores between inspectors was
greater than for the Yes/No (scale 1–12) scoring method post-training (Table 5). To provide context
to the improved SI score agreement between inspectors, and to prove this was not due to random
occurrence, the consistency of answer agreement between inspectors for each individual SI question
was investigated using index of dispersion analysis (Table 6). The results from this analysis confirm
that the improved agreement of SI scores post-training is not random but rather due to improved
answer agreement. As with the SI score agreement analysis, due to the higher scoring scale (0–60) and
increased number of potential answer options in the risk level method (e.g., No, Low, Medium, High),
inconsistency/dispersion of risk level answers was higher than for the Yes/No method post-training.

Pond et al. [6] discussed the challenges related to interpretation of SI questions by inspectors.
Such challenges were deemed especially prevalent where SI questions are not specific to the local
context or where they have been adapted without thorough consultation with supply stakeholders and
rigorous field pilot testing. Inaccuracy of SI question structure, or question phrasing that may lead to
variations in interpretation among inspectors, especially without the provision of additional guidance
or operational definitions, was also noted as a primary challenge towards achieving consistency of
answer agreement between inspectors. Linguistic challenges were also identified. These refer not
only to interpretation and translation of questions between languages, but also to the difficulty in
structuring an SI question so that a standard answer type (e.g., all “Yes” answers) will always indicate
a risk. The combination of SI question and accompanying explanatory note used in this study was
designed to remove any challenges related to question clarity. There were, however, supply component
names (e.g., spring box) that laypersons, or experienced inspectors with limited knowledge of spring
supplies, may have been unfamiliar with.

Training improved consistency of answer agreement between inspectors for the majority of the 12
individual SI questions. Questions 6 and 7, which query the “adequacy” of fencing around the spring
supply, and question 12, which focusses on points of entry to the aquifer within 100 metres of the supply,
exhibited slightly less agreement post-training for both answer types (Yes/No and risk level). Question
1, which references the spring box component, also exhibited slightly less agreement post-training
for the Yes/No answer type only. In such cases where inconsistency of answer agreement between
inspectors remains an issue for specific questions post-training, targeted question-specific training
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and/or rephrasing of questions may be required to rectify uncertainties. Four supplies (6,9,24,31)
exhibited less agreement between inspectors post-training for both answer types (Figures 6 and 7).
This infers that those particular supplies may have design features or contexts that are more difficult to
assess in terms or risk and therefore increase the inconsistency of risk perception among inspectors.

Despite the increasing significance of SIs as a crucial component of water safety management,
the frequency with which risk assessments are undertaken at many supplies may still be irregular
and infrequent [31]. The impacts of inconsistent or inaccurate SI scores are numerous, e.g., incorrect
prioritisation of remedial works or continued use of a contaminated supply. Tailored training and
additional guidance for carrying out SIs consistently and accurately is key to ensuring SIs are effective
in achieving/maintaining safe drinking water. Though neither water quality testing nor SIs can be
used alone to define the safety of a water supply, both activities should holistically contribute towards
a current and historic safety profile of a supply. In countries such as Uganda that are still experiencing
prevalent waterborne diseases [41], limited resources for water treatment and testing places even
greater importance on the need for accurate and precise SI results. Buy-in and continued support for
SIs from communities, stakeholders and policy makers are key to their success.

The opportunity to compare SI results both within and between regions is one of the main
advantages of the activity. To achieve accurate comparisons, standardisation of SI forms is vital.
However, an SI form should not be a static document but rather one that may be updated where
questions are proven to be scientifically invalid or where they need to be rephrased due to increased
answer inconsistency. The tailoring of SI forms to local contexts is promoted by the WHO [34] and
should be practiced where practical. The tailoring of questions to the Ugandan context may have
improved answer agreement between inspectors in this study. Where SI results are to be used to
prioritise valuable supply protection interventions (e.g., Cronin et al. [42]), the importance of SI score
inter-inspector agreement is paramount. Suitable training of inspectors relative to their knowledge
and experience is required to avoid imprecision and inaccuracy of results. Where “gold standard”
inspectors are used to train others, it is vital that they themselves are trained to the highest possible level.

The limitations of this study include the sample size and only one water supply type being
examined during the study. Sample size was limited due to availability of suitable inspectors and
the accessibility of appropriate spring supplies. If similar studies to this one are undertaken, we
recommend inspecting different supply types (such as dug wells) and the inclusion of an additional
semi-structured interview with inspectors subsequent to completing all inspections to obtain feedback
on any particular issues regarding individual SI questions. Although not considered essential for this
study, the use of a control group with no formal training inputs would be interesting to investigate
experiential learning and familiarisation separately from directed learning.

5. Conclusions

Though there have been limited studies on SI inter-inspector answer agreement [29,30], ours was
the first to make use of a systematic before/after comparison to specifically determine the effects of
training on answer agreement. Consistent identification of risk by inspectors is vital to ensure the safety
of drinking-water supplies. The results from our study confirm that more in-depth training is essential
in such cases where perceptions play a part in answering a question, e.g., as part of risk identification.
This validates recommendations by Pond et al. and the WHO [6,28] that state the importance of SI
inspector training prior to use. The observed increases in the consistency of answer agreement per
SI question and improvements in SI score agreement between inspectors post-training suggests a
heuristic approach to undertaking SIs is not suitable for achieving the most accurate or consistent
results within an inspector group. The knowledge base and experience level of inspectors should be
determined before a suitable training schedule is developed based on their abilities. Such additional
training will add a degree of objectivity to inspector observations. Analysis of answer agreement for
each individual SI question pre- and post-training confirmed (a) increased SI score agreement between
inspectors was not random but was due to improved answer agreement per SI question and (b) SI
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questions typically exhibited greater answer agreement post-training with the exception of certain
questions that require rephrasing and/or additional training. The results from this study were not
dictated by specific research design or location characteristics, therefore the method may be referenced
by future similar studies. The study findings may be used to advocate for appropriate SI training
within organisations.
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24. Thomson, M.E.; Önkal, D.; Avcioğlu, A.; Goodwin, P. Aviation risk perception: A comparison between

experts and novices. Risk Anal. Int. J. 2004, 24, 1585–1595. [CrossRef]
25. Hunter, D.R. Risk perception among general aviation pilots. Int. J. Aviat. Psychol. 2006, 16, 135–144.

[CrossRef]
26. McMurtrie, K.J.; Molesworth, B.R. The variability in risk assessment between flight crew. Int. J. Aerosp.

Psychol. 2017, 27, 65–78. [CrossRef]
27. Crocker, J.; Shields, K.F.; Venkataramanan, V.; Saywell, D.; Bartram, J. Building capacity for water, sanitation,

and hygiene programming: Training evaluation theory applied to CLTS management training in Kenya. Soc.
Sci. Med. 2016, 166, 66–76. [CrossRef] [PubMed]

28. WHO. Rapid Assessment of Drinking-Water Quality: A Handbook for Implementation; World Health Organization:
Geneva, Switzerland, 2012; Available online: https://apps.who.int/iris/bitstream/handle/10665/331485/

9789241504683-eng.pdf (accessed on 8 June 2020).
29. Okotto-Okotto, J.; Wanza, P.; Kwoba, E.; Yu, W.; Dzodzomenyo, M.; Thumbi, S.M.; da Silva, D.G.; Wright, J.A.

An Assessment of Inter-Observer Agreement in Water Source Classification and Sanitary Risk Observations.
Exp. Health 2019, 11, 1–14. [CrossRef]

30. Yentumi, W.; Dzodzomenyo, M.; Sashie-Doe, K.; Wright, J. An assessment of the replicability of a standard
and modified sanitary risk protocol for groundwater sources in Greater Accra. Environ. Monit. Assess. 2019,
191, 59. [CrossRef] [PubMed]

31. European Commission. Proposal for a Directive of the European Parliament and of the Council on the Quality of
Water Intended for Human Consumption. 2020. Available online: https://eur-lex.europa.eu/legal-content/EN/

TXT/?uri=COM%3A2017%3A753%3AFIN (accessed on 5 May 2020).
32. Uganda Water Supply Atlas. Available online: http://wsdb.mwe.go.ug/index.php/reports/district/70 (accessed

on 2 May 2020).
33. Krejcie, R.V.; Morgan, D.W. Determining sample size for research activities. Educ. Psychol. Meas. 1970, 30,

607–610. [CrossRef]
34. WHO. Guidelines for drinking-water quality. In Surveillance and Control of Community Supplies, 2nd ed.;

World Health Organization: Geneva, Switzerland, 1997; Available online: http://apps.who.int/iris/handle/

10665/42002 (accessed on 5 June 2020).
35. McCambridge, J.; Witton, J.; Elbourne, D.R. Systematic review of the Hawthorne effect: New concepts are

needed to study research participation effects. J. Clin. Epidemiol. 2014, 67, 267–277. [CrossRef]
36. Santo, S.; Ayres-de-Campos, D. Human factors affecting the interpretation of fetal heart rate tracings: An

update. Curr. Opin. Obstet. Gynecol. 2012, 24, 84–88. [CrossRef]
37. Timmers, J.M.H.; van Doorne-Nagtegaal, H.J.; Verbeek, A.L.M.; Den Heeten, G.J.; Broeders, M.J.M. A

dedicated BI-RADS training programme: Effect on the inter-observer variation among screening radiologists.
Eur. J. Radiol. 2012, 81, 2184–2188. [CrossRef]

http://dx.doi.org/10.3390/ijerph14020152
http://www.ncbi.nlm.nih.gov/pubmed/28178226
http://dx.doi.org/10.4269/ajtmh.16-0322
http://www.ncbi.nlm.nih.gov/pubmed/28115676
http://dx.doi.org/10.3390/ijerph15081616
http://www.ncbi.nlm.nih.gov/pubmed/30065180
http://dx.doi.org/10.3362/0262-8104.1989.004
http://dx.doi.org/10.1002/bdm.414
http://dx.doi.org/10.1016/j.apergo.2017.02.004
http://dx.doi.org/10.1111/j.0272-4332.2004.00552.x
http://dx.doi.org/10.1207/s15327108ijap1602_1
http://dx.doi.org/10.1080/24721840.2017.1400387
http://dx.doi.org/10.1016/j.socscimed.2016.08.008
http://www.ncbi.nlm.nih.gov/pubmed/27543683
https://apps.who.int/iris/bitstream/handle/10665/331485/9789241504683-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/331485/9789241504683-eng.pdf
http://dx.doi.org/10.1007/s12403-019-00339-3
http://dx.doi.org/10.1007/s10661-018-7174-5
http://www.ncbi.nlm.nih.gov/pubmed/30631953
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2017%3A753%3AFIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2017%3A753%3AFIN
http://wsdb.mwe.go.ug/index.php/reports/district/70
http://dx.doi.org/10.1177/001316447003000308
http://apps.who.int/iris/handle/10665/42002
http://apps.who.int/iris/handle/10665/42002
http://dx.doi.org/10.1016/j.jclinepi.2013.08.015
http://dx.doi.org/10.1097/GCO.0b013e3283505b3c
http://dx.doi.org/10.1016/j.ejrad.2011.07.011


Resources 2020, 9, 120 17 of 17

38. Brealey, S.; Piper, K.; King, D.; Bland, M.; Caddick, J.; Campbell, P.; Gibbon, A.; Highland, A.; Jenkins, N.;
Petty, D.; et al. Observer agreement in the reporting of knee and lumbar spine magnetic resonance (MR)
imaging examinations: Selectively trained MR radiographers and consultant radiologists compared with an
index radiologist. Eur. J. Radiol. 2013, 82, 597–605. [CrossRef]

39. Jin, E.H.; Chung, S.J.; Lim, J.H.; Chung, G.E.; Lee, C.; Yang, J.I.; Kim, J.S. Training effect on the inter-observer
agreement in endoscopic diagnosis and grading of atrophic gastritis according to level of endoscopic
experience. J. Korean Med Sci. 2018, 33, 15. [CrossRef]

40. Ministry of Foreign Affairs of the Netherlands. Climate Change Profile: Uganda; Ministry of Foreign Affairs
of the Netherlands: The Hague, The Netherlands, 2018. Available online: https://www.government.nl/
binaries/government/documents/publications/2019/02/05/climate-change-profiles/Uganda.pdf (accessed on
15 June 2020).

41. Pande, G.; Kwesiga, B.; Bwire, G.; Kalyebi, P.; Riolexus, A.; Matovu, J.K.; Makumbi, F.; Mugerwa, S.;
Musinguzi, J.; Wanyenze, R.K.; et al. Cholera outbreak caused by drinking contaminated water from a
lakeshore water-collection site, Kasese District, south-western Uganda, June–July 2015. PLoS ONE 2018, 13,
e0198431. [CrossRef]

42. Cronin, A.A.; Breslin, N.; Gibson, J.; Pedley, S. Monitoring source and domestic water quality in parallel with
sanitary risk identification in Northern Mozambique to prioritise protection interventions. J. Water Health
2006, 4, 333–345. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.ejrad.2013.05.024
http://dx.doi.org/10.3346/jkms.2018.33.e117
https://www.government.nl/binaries/government/documents/publications/2019/02/05/climate-change-profiles/Uganda.pdf
https://www.government.nl/binaries/government/documents/publications/2019/02/05/climate-change-profiles/Uganda.pdf
http://dx.doi.org/10.1371/journal.pone.0198431
http://dx.doi.org/10.2166/wh.2006.029
http://www.ncbi.nlm.nih.gov/pubmed/17036841
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Area and Supply Type Selection 
	SI Form Development 
	Fieldwork and Inspector Recruitment and Training 
	Study Design 
	Data Analysis 
	Pearson’s Correlation Coefficient and Lin’s Concordance Correlation Coefficient (Lin’s CCC) 
	Coefficient of Variation 
	Index of Dispersion 

	Missing Data Treatment 
	Research Ethics 

	Results 
	SI Score Correlation and Agreement between the Instructor and Each Inspector, Pre- and Post-Training 
	SI Score Variability between Inspectors, Pre- and Post-Training 
	Consistency of Answer Agreement between Inspectors for Each Individual SI Question, Pre- and Post-Training 
	Missing Data Treatment 

	Discussion 
	Conclusions 
	References

