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Abstract

Measurement Systems Analysis has recently been used in healthcare service processes mainly to assess the accuracy
and use of equipment and devices. However, thirty-seven percent of emergency department healthcare malpractice
claims were related to diagnosis errors. Diagnosis is heavily dependent upon human assessment and decisions. The
paper describes the application of a healthcare case study that applied Measurement Systems Analysis Attribute
Agreement Analysis and Gage R&R studies to assess the accuracy of the human element in a healthcare service process.
The study was used to assess the accuracy of the diagnosis of pressure ulcers when patients are admitted to the hospital,
either through the emergency department or directly through inpatient admitting. Creating an accurate and precise
measurement system aided the hospital by standardizing the assessment of the pressure ulcer healthcare diagnosis
process. Initial Attribute Agreement Analysis of whether a pressure ulcer was present resulted in a 94% assessor
repeatability accuracy rate, and a 40% within assessor reproducibility accuracy. The within appraiser accuracy to the
standard was 92%, and across assessors’ assessment to the standard was 40%. The measurement system was poorer for
assessing the pressure ulcer stages, resulting in 82% within assessor repeatability accuracy and an 8% overall accuracy
to standard. This study is extremely important to 1) identify a method for healthcare providers to assess and improve the
measurement system related to human diagnoses in healthcare processes; and 2) to demonstrate the usefulness of
expanding gage R&R and attribute agreement analysis to human diagnosis in healthcare settings.

Keywords: measurement systems analysis, attribute agreement analysis, healthcare, pressure ulcers, attribute gage
repeatability & reproducibility study, attribute data, reproducibility, repeatability

1. Introduction

Measurement Systems Analysis (MSA), including measurement assessment tools of Gage Repeatability &
Reproducibility (R&R), and Attribute Agreement Analysis, has traditionally been used in manufacturing processes to
ensure the accuracy of the measurement systems. There are many examples of the application of these measurement
systems analysis techniques to manufacturing products and processes. These techniques have recently been used in
healthcare processes mainly to assess the accuracy and use of equipment and devices. However, thirty-seven percent of
emergency department healthcare malpractice claims were related to diagnosis errors. Diagnosis is heavily dependent
upon human assessment and decisions. The paper describes the application of a healthcare case study that applied
Measurement Systems Analysis Attribute Agreement Analysis and Gage R&R (Repeatability and Reproducibility)
studies to assess the accuracy of the human element in a healthcare diagnosis service process. The study was used to
assess the accuracy of the diagnosis of pressure ulcers when patients are admitted to the hospital, either through the
emergency department or directly through inpatient admitting. Creating an accurate and precise measurement system
aided the hospital by standardizing the assessment of the pressure ulcer healthcare diagnosis process. This study is
extremely important to 1) identify a method for healthcare providers to assess and improve the measurement system
related to human diagnoses in healthcare processes; and 2) to demonstrate the usefulness of expanding gage R&R and
attribute agreement analysis to human diagnosis in healthcare settings.

2. Literature Review
2.1 Measurement Systems Analysis Background
Several healthcare case studies applying Gage R&R measurement systems analysis techniques have recently been
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applied to the healthcare setting, mainly related to instrumentation, but not to human diagnosis processes. A
repeatability and reproducibility study was performed to assess the topographic disk parameters with the retinal
thickness analyzer. High variation was found in the reproducibility and repeatability measures (Hoffman and Medeiros,
2006). Another optical study performed a reproducibility and repeatability clinical evaluation of an OcuSense TearLab
(TM) osmometer (Eperjesi, Maana, and Hannah, 2012). Mcalinden, Jyoti, and Konrad (2011) studied the use of
appropriate statistical techniques in assessment of ocular metrology and imaging equipment. A gage repeatability and
reproducibility study along with analysis of variance analysis were used to measure blood pressure gages (Dalalah, and
Diabat, 2015). Yet another optical study was performed to determine the repeatability, reproducibility, and agreement of
anterior chamber depth (ACD) measurements obtained with 3 Scheimpflug cameras and an anterior segment optical
coherence tomography (AS-OCT) device (Wang, et al., 2015). Arani and Erdil (2017) discussed an example of applying
attribute measurement analysis to residents determining if a root canal should be performed on a patient based on
viewing X-rays. Arani, O. M., and Erdil also found through their literature review that most of the MSA applications in
healthcare has involved measurement using instruments, not based purely on the human assessment and decisions
(Arani and Erdil, 2017). Another study applied gage R&R in a hospital to assess the precision of temperature measured
using an ear thermometer (Erdmann, Does and Bisgaard, 2010). A gage R&R study was re-visited with regard to
thermometer temperature measurement applying a gold standard using a rectal thermometer along with an experimental
design to discern significant factors’ effect on measurement error (Akkerhuis, Niemeijer, Trip, Gemke, and Does, 2015).
Another application of gage R&R in a hospital was used to assess the measurement system of daily patient setup in a
radiation oncology department (Pawlicki and Perry, 2011).

In a study of closed emergency department claims, thirty-seven percent of the healthcare malpractice claims are related
to diagnosis errors (Brown, 2010). Diagnosis is heavily dependent upon human assessment and decisions. We will
describe the application of a healthcare case study that applied Measurement Systems Analysis Attribute Gage R&R,
Attribute Agreement Analysis studies to assess the accuracy of the human element in the diagnosis and assessment
process of pressure ulcers.

An accurate measurement system is a basic requirement for assessing the quality of any product or service process.
Measurement Systems Analysis (MSA) is a quality tool for assessing the accuracy of the measurement system.
Measures and metrics are vital to assessing the current state of a quality system, and for assessing whether the process
improves over time. The measurement system that is used should include:

1) Metrics that are operationally defined for how they will be measured
2) Sampling method, including selection of appropriate sample size
3) Consistent and standard method for data collection, including instructions

4) Validation that the people who collect the data and make the measurement are doing so in an accurate and consistent
manner.

Gage Reproducibility and Repeatability (R&R) studies are tools that enable the assessment of the accuracy of a
measurement system. Gage R&R studies can measure variable or attribute data. A variable Gage R&R study measures
the system for measuring variable data, such as time, temperature, or height. Attribute data is placed into categories,
such as good or bad, severity of 1, 2, 3, 4, or 5. However, error can be introduced by how the person who takes the
measurement follows the measurement procedure, how they use the measuring device, and from the measurement
device itself. Attribute data, by the nature of a person needing to assess the category to place the measurement into can
be more difficult and lend to more error in the measurement system. Attribute measurement systems assessment studies
are typically called Attribute Agreement Analysis, because these studies measure how well assessors agree with each
other, with themselves, and with a standard when placing the measurement into attribute categories.

Attribute Agreement Analysis / Total Gage R and R variability, is divided into:
Precision:
Repeatability — the variability from repeated measurements of the same part by the same operator

Reproducibility (which can be further divided into operator and operator-by-part components) — the variability when the
same part is measured by different operators

Part to Part — the variability in measurements across different parts.
Accuracy: Comparing the assessments to a standard.

Ideally you want most of your variation in part to part (pressure ulcer to pressure ulcer) and minimal variation in how
the parts (pressure ulcers) are measured — repeatability and reproducibility. This ensures that changes in the process can
be detected above the measurement error.
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If the Attribute Agreement Analysis fails, meaning that the precision and accuracy is too low, the following steps should
be performed to improve the measurement system:

e  Review operational definition accuracy to define good, bad and gray areas

e  Retrain operators on how to apply the operational definition

e  Conduct a Kaizen event to generate and improve the measurement system

e  Perform an attribute agreement analysis again after the process has been improved

2.2 Attribute Agreement Analysis Metrics

The metrics used to measure the precision related to repeatability and reproducibility, and accuracy compared to a
standard include the following metrics:

1) Within Assessor Repeatability Accuracy:

Y43t Number Parts Matched
¢ Z? Number Parts Inspected

X 100%

2) Within Assessor Reproducibility Accuracy:

/
Number all assessors assessments agree with each other

X 100%

Number Parts Inspected

3) Across Assessor Accuracy to Standard:

Y4¥! Number Parts Matched to Standard
4 Y" Number Parts Inspected

4) Overall Accuracy to Standard:

,
Number all assessors assessments agree with known standard

X 100%

Number Parts Inspected

Where: t= Number of Trials Per Assessor

a = Number of Assessors
p = Number of Parts

2.3 Attribute Agreement Analysis Method
The following steps are performed to complete an Attribute Agreement Analysis.

1) Identify and operationally define the quality characteristic and metrics to be measured.

2) Define the sampling method, including selection of appropriate sample size and procedure
3) Develop a consistent and standard procedure for data collection

4) Train the operators in the data collection and measurement methods

5) Run an attribute agreement analysis as follows:

Select the operators, which at a minimum, should be two people

Train the operators in the data collection procedure, including the operational definition of the metric
to be measured

Select the items to be measured. At least 20 items (more is better) that represent different types of
failures and gray areas. There should be roughly an equal percentage of pass versus fail items. The
pass items are those that meet the quality characteristic, or the “good” items, and the fail are those that
do not meet the quality characteristic. There should be a minimum of 10 items.

An expert will measure each item once to develop the known standard information.

Select the number of trials, there should be a minimum of two trials. Randomize the measurement
order of the items across each trial.

Have the operators measure the items in the random run order, for the total number of trials.

Record the results of the measurement analysis.

Assess the accuracy of the results, usually using a statistical analysis software, such as Minitab or
SPSS.
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e An acceptable “Accuracy” score is 80% or higher. This measures how the associates are measuring
against the known standard. If the accuracy is above 80%, you may use the measurement system. If
the accuracy is less than 80%, the measurement system should be improved.

2.4 Pressure Ulcer Background

Pressure ulcers are defined by the Centers for Medicare and Medicaid Services (CMS) as “A pressure ulcer is a
localized injury to the skin and/or underlying tissue usually over a bony prominence, as a result of pressure, or pressure
in combination with shear and/or friction.” (CMS Gov A). The injury to the skin can be attributed to a patient laying on
a surface for an extended period of time, without moving. When patients are immobile, the healthcare providers must
turn the patient frequently, to avoid pressure ulcers from forming. The Centers for Medicare and Medicaid Services
(CMS) through their payment provisions for preventable hospitable acquired conditions (HACs) are one of the recent
“value-based purchasing” initiatives, with the goal of tying pay to performance in the healthcare setting (CMS Gov B).
Pressure ulcers are assessed based on their stages, as shown in Table 1 (www.npuap.org, 2017)

Table 1. Pressure Ulcer Stages

Stage Description
| Non-blanchable erythema of intact skin
1 Partial-thickness skin loss with exposed dermis
1l Full-thickness skin loss

v Full-thickness skin and tissue loss
Un-stageable Obscured full-thickness skin and tissue loss
Deep Tissue Pressure injury Persistent non-blanchable deep red, maroon or purple

discoloration

This Measurement Systems Analysis study was used to assess the accuracy of the diagnosis of pressure ulcers when
patients are admitted to the hospital, either through the emergency department or directly through inpatient admitting.
Specially trained nurses assess patients when they are admitted to the hospital. If a patient acquires a pressure ulcer in
the hospital, the Center for Medicare/Medicaid (CMS) will typically not pay for the care related to hospital acquired
pressure ulcers. It is critical that the hospitals properly assess whether pressure ulcers were present when the patient was
admitted. The process analyst discovered that the specially trained nurses did not initially consistently diagnose that a
pressure ulcer was present upon admission, nor consistently assess the severity of the pressure ulcers that were present.
The attribute gage R&R /Attribute Agreement Analysis study identified the lack of diagnosis consistency, and allowed
for additional training, that then improved the diagnosis of whether a pressure ulcer was present upon admission to the
hospital. There still remained the need for additional improvement in assessing the pressure ulcer severity level after the
study was complete. This study is extremely important to 1) identify a method for healthcare providers to assess and
improve the measurement system related to human diagnoses in healthcare processes; and 2) to demonstrate the
usefulness of expanding gage R&R and attribute agreement analysis to human diagnosis in healthcare settings.

3. Study Methodology
3.1 Motivation for and Value of the Study

The purpose of the Attribute Agreement Analysis study was to assess the accuracy of the pressure ulcer assessment
measurement system within a community-based, acute care hospital. The hospital wanted to ensure that the patients
being admitted to the hospital either through the Emergency Department or as an inpatient do not have pre-existing
pressure ulcers. At the time of this study, CMS was starting to not reimburse hospitals with respect to certain conditions
acquired while the patient is within their care, such as when a patient acquires a pressure ulcer while in the hospital.
Specifically we ask two questions:

— Phase I: Do the Specially Trained Nurses (STNs) agree on what is and what isn’t a pressure ulcer?
—  Phase Il: Do the STNs stage a pressure ulcer in the same way?

The value of this study is to apply Measurement Systems Analysis, in particular Attribute Agreement Analysis and
Attribute Gage R&R studies to healthcare to improve human diagnosis of healthcare conditions. Other healthcare
studies found in the literature have not yet applied MSA to attribute human diagnosis, although a dental study
comparing X-rays was found (Arani and Erdil, 2017)

3.2 Current Measurement System

The current measurement system included specially trained nurses (STNs) in the identification of pressure ulcers that
would assess the patients when they arrived at the Emergency Department, or when the patient was admitted to the
inpatient floor. The nurses performed a two-phase assessment, as appropriate. The first phase assessed whether the
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patient had any pressure ulcers, answering yes (one or more pressure ulcers were present), or no (no evidence of
pressure ulcers on the patient). The second phase assessed the severity level of any identified pressure ulcers (stages I, I,
I11, or IV). The stages from stage | to IV represent increasing medical severity. Stage | sores are not open wounds, the
skin has no breaks or tears. In Stage Il sores the skin breaks away, some of the skin may be damaged beyond repair or
die. In Stage Il sores the sore gets worse and extends into the tissue beneath the skin forming a small crater, fat may
show in the sore, but not muscle, tendon or bone. In Stage 1V, the pressure ulcer is very deep, reaching into muscle and
bone, damage to deeper tissues, tendons, and bones may occur (www.webmd.com, 2017)

3.3 Attribute Agreement Analysis Study Protocol

There were 21 STNs that assessed 25 pictures of skin injuries. In phase I, the STNs assessed whether the picture
represented a pressure ulcer. In phase 11, for the pictures where the STNs identified that it was a pressure ulcer, they
then assessed the pressure ulcer stage from | to IV. The STNs repeated the assessment a second time, for each of the 25
pictures of skin injuries, resulting in two assessments being collected for each of the 25 pictures for each STN assessor.
The photos were presented in a random order for each trial, as shown in Table 2.

Table 2. Pressure Ulcer Presentation Order per Trial

Trial 1 Sequence

Number Photo Letter Trial 2 Sequence Number Photo Letter
1 A 1 E
2 B 2 J
3 C 3 G
4 D 4 F
5 E 5 T
6 F 6 Y
7 G 7 C
8 H 8 R
9 | 9 P
10 J 10 D
11 K 1 L
12 L 12 S
13 M 13 \Y
14 N 14 N
15 O 15 A
16 P 16 wW
17 Q 17 [
18 R 18 K
19 S 19 X
20 T 20 0
21 U 21 Q
22 \Y 22 U
23 wW 23 M
24 X 24 B
25 Y 25 H

Each picture was assessed by pressure ulcer knowledge experts to provide a “gold standard” for each picture, providing
whether the picture was of a pressure ulcer and the stage of the pressure ulcer.

4. Study Results
4.1 Phase |, Pass/Fail-Identification of Whether a Skin Injury Is or Is not a Pressure Ulcer

The Phase I study investigated whether the STNs would assess 25 pictures of skin injuries accurately as to whether they
were a pressure ulcer or not, and within themselves (repeatability), across other STNs (reproducibility), and compared
to the standard (accuracy).

4.1.1 Repeatability and Reproducibility Results

Table 3 provides the assessors’ within themselves (repeatability) summarized data for Phase I. It shows the number
inspected and matched, the percent matched and the 95% confidence interval for each assessor.
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Table 3. Phase | Summary of Assessor’s Data for Pressure Ulcer Pass/Fail within Themselves

Number Number Percent
Assessor Inspected Matched Matched 95% Confidence Interval
A 25 19 76% (54.87, 90.64%)
B 25 24 96% (79.65, 99.90%)
C 25 25 100% (88.71, 100.00%)
D 25 25 100% (88.71, 100.00%)
E 25 24 96% (79.65, 99.90%)
F 25 22 88% (68.78, 97.45%)
G 25 24 96% (79.65, 99.90%)
H 25 25 100% (88.71, 100.00%)
I 25 25 100% (88.71, 100.00%)
J 25 24 96% (79.65, 99.90%)
K 25 25 100% (88.71, 100.00%)
L 25 23 92% (73.97, 99.02%)
M 25 22 88% (68.78, 97.45%)
N 25 19 76% (54.87, 90.64%)
@) 25 24 96% (79.65, 99.90%)
P 25 25 100% (88.71, 100.00%)
Q 25 25 100% (88.71, 100.00%)
R 25 23 92% (73.97, 99.02%)
S 25 22 88% (68.78, 97.45%)
T 25 23 92% (73.97, 99.02%)
U 25 25 100% (88.71, 100.00%)
Average ======> 94%

For the first assessment of whether a pressure ulcer was present, at a 95% confidence level, the STN A agreed 54.9% to
90.6% of the time within themselves. That means that the STN A identified correctly whether a pressure ulcer was
present across both of their own assessments, between 54.9% to 90.6% of the time, with an average of 76% agreement
within themselves.

The overall average Within Assessor Repeatability Accuracy of the STNs was 94%. This demonstrates that the STNs
were quite consistent in assessing the skin injuries across the two trials within themselves. The Within Assessor
Reproducibility Accuracy was 40% (10/25), with a 95% confidence interval of 21 to 61%. Both the repeatability and
reproducibility should be greater than 80%. The repeatability is good, but the reproducibility (assessment across
appraisers) was not very good.

The within STN agreement ratings graph is shown in Figure 1.
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Assessment Agreement PEOElismg  ayl
Reported by: EH
Name of product: Pressue Ulcer Y or N
Misc: Appraisers 21 A-U; Photos 25 A-Y

Within Appraisers
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Figure 1. Phase 1 - Within Assessor Agreement of Pass/Fail Pressure Ulcers

4.1.2 Accuracy, Comparing to a Standard

Table 4 shows the summary of the assessor’s data for the pressure ulcer pass or fail compared to the standard. The
average Across Assessor Accuracy to Standard was 92%.

Table 4. Phase | Summary of Assessor’s Data for Pressure Ulcer Pass/Fail to Standard

Number Number Percent
Assessor Inspected Matched Matched 95% Confidence Interval
A 25 19 76% (54.87, 90.64%)
B 25 23 92% (73.97, 99.02%)
C 25 25 100% (88.71, 100.00%)
D 25 25 100% (88.71, 100.00%)
E 25 24 96% (79.65, 99.90%)
F 25 21 84% (63.92%, 95.46%)
G 25 23 92% (73.97%, 99.02%)
H 25 22 88% (88.71, 100.00%)
I 25 22 88% (88.71, 100.00%)
J 25 24 96% (79.65, 99.90%)
K 25 25 100% (88.71, 100.00%)
L 25 23 92% (73.97, 99.02%)
M 25 21 84% (68.78, 97.45%)
N 25 18 72% (54.87, 90.64%)
0 25 24 96% (79.65, 99.90%)
P 25 25 100% (88.71, 100.00%)
Q 25 25 100% (88.71, 100.00%)
R 25 23 92% (73.97, 99.02%)
S 25 22 88% (68.78, 97.45%)
T 25 22 88% (73.97, 99.02%)
U 25 25 100% (88.71, 100.00%)
Average ======» 92%
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Although the accuracy of each assessor within themselves and to the standard was high (94% and 92% respectively),
the across assessors’ assessment and assessor’s assessment to the standard was low. The average Overall Accuracy to
Standard across the STNs was 40%, (10 out of 25) with a 95% confidence interval from 21 to 61%. That is, if we were
to show the STNs other pressure ulcers, we are 95% confident that they would agree on whether they are a pressure
ulcer anywhere from 21 to 61 percent of the time. The appraiser versus standard results are shown in Figure 2. The
accuracy is not favorable, as it should be 80% or higher, resulting in the need for improving the measurement system
related to the assessment of whether a skin injury is a pressure ulcer or not.

Assessment Agreement Date of study: 4/10
Reported by: EH
Name of product: Pressue Ulcer Y or N
Misc: Appraisers 21 A-U; Photos 25 A-Y

Appraiser vs Standard

ot > 95.0% ClI
® Percent

8

o

60

Percent

40

20

ABCDETFGHIJKLMNOPQRSTU
Appraiser

Figure 2. Phase 1 — Assessor vs. Standard of Pass/Fail Pressure Ulcers
A summary of the Attribute Agreement Analysis Metrics is shown in Table 5.
Table 5. Attribute Agreement Analysis Metrics

Metric Results
Within Assessor Repeatability Accuracy 94%
Within Assessor Reproducibility Accuracy 40%
Across Assessor Accuracy to Standard 92%
Overall Accuracy to Standard 40%

4.2 Phase Il, Staging of Pressure Ulcers

The next study assessed the accuracy of the measurement system related to the staging into four stages of the pressure
ulcers by the STNs. The same 25 pictures of skin injuries were assessed twice by each of the 21 STNs. Figure 3 shows
the STNs’ within themselves staging results. Even though the stages were attribute categories, a Gage R&R ANOVA
study was performed in Minitab® statistical software.
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Assessment Agreement: Staging Pressure Ulcers

Within Appraisers

100 I X
80,

Percent

20+

T T T T T T T T T T T T T T T T T T T T T
A BCDEFGHTIJKLMNOPQRSTU
Appraiser

X 95.0% CI
® Percent

Figure 3. Phase Il STNs’ Within Themselves Staging Results

Figure 3 shows the 95% confidence interval of agreement for each STN. The way it can be interpreted is that “We are
95% confident that STN A will agree with his/her pressure ulcer staging anywhere from 38 to 78% of the time”. The
accuracy within the STNs themselves is lower when trying to stage the pressure ulcer in 4 stages versus the two
categories (yes it is a pressure ulcer, or no it is not), resulting in a Within Assessor Repeatability Accuracy of 82%
versus 94% in the phase | study. The confidence range across all of the assessors’ agreement ratings was (38.67 to
78.87%).

The staging results are shown in table 6, listing the number inspected and matched, the percent matched and the 95%
confidence interval for each assessor.

Table 6. Phase Il Summary of Assessor’s Data for Pressure Ulcer Staging within Themselves (Within Assessor
Repeatability Accuracy)

Assessor # Inspected # Matched Percent Matched 95% Confidence Interval
A 25 15 60% (38.67, 78.87)
B 25 20 80% (59.30, 93.17)
C 25 24 96% (79.65, 99.90)
D 25 21 84% (63.92, 95.46)
E 25 22 88% (68.78, 97.45)
F 25 17 68% (46.50, 85.05)
G 25 20 80% (59.30, 93.17)
H 25 21 84% (63.92, 95.46)
| 25 22 88% (68.78, 97.45)
J 25 21 84% (63.92, 95.46)
K 25 23 92% (73.97, 99.02)
L 25 21 84% (63.92, 95.46)
M 25 22 88% (68.78, 97.45)
N 25 14 56% (34.93, 75.60)
0 25 19 76% (54.87, 90.64)
P 25 23 92% (73.97, 99.02)
Q 25 22 88% (68.78, 97.45)
R 25 22 88% (68.78, 97.45)
S 25 18 72% (50.61, 87.93)
T 25 20 80% (59.30, 93.17)
U 25 22 88% (68.78, 97.45)

Average ======» 82% (38.67, 78.87)
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Figure 4 shows how each STN staged all of the photos. The box or bar for each STN contains 75% of the data responses,
while the circle is the mean. This figure attempts to compare whether there is a trend of an assessor assessing the photos
higher or lower than the other STNS.

Gage R&R (ANOVA) for Stage

Reported by: EH
Gage name: Phase 2 - Stage Tolerance:
Date of study:  4/10 Misc: Appraisers 21 A-U; Photos 25 A-Y

Stage by Assessors

IR R NRENEEY

4
: yd
& -
- B & N & & g &

, B¢ B -8 % 0t B EF B NEE e
1
oo 8 8 H H & H g 8 5 @ = g 8 F @ B & =

A B C D E F G H I J K L M N O P Q R S T U

Assessors

Figure 4. Pressure Ulcer Staging Ratings by Assessors

Figure 5 demonstrates that there were very few photos that everyone staged the same. The box contains 75% of all of
the data for each photo. The circle is the mean, and the asterisks are outliers. If the picture was rated equally by mostly
everyone, you will not see a box, you would only see a line with the circle, representing the average. This occurred only
for two photos, L and R. Out of the 25 pressure ulcers, 2 of them were agreed on by all STNs on the stage from | to IV.
The Overall Accuracy to Standard was 8%, and the 95% confidence interval is from 1 to 26%. Meaning that, if the
STNs were to stage other pressure ulcers, we are 95% confident that they would stage the pressure ulcer equally
anywhere from 1 to 26 percent of the time. Which clearly is extremely low from an accuracy and consistency
perspective.

Gage R&R (ANOVA) for Stage

Reported by: EH
Gage name: Phase 2 - Stage Tolerance:
Date of study:  4/10 Misc: Appraisers 21 A-U; Photos 25 A-Y

Stage by Photos

6 - H *
5 * i x % o * % R @
| I\ \ \
4 7\ I\ : \
[
3 *x % > [ | /% \ y
— & % ﬁ \ %
‘= | B /) | I
/ |/ \
%\ / \ | H® \ /
TN/ / \ | \ [ \ \
4 | b ®
0 * k] & B ox % — % * —
A B CDEF GH I J KL MNOU P QR STUV WX Y
Photos

Figure 5. Pressure Ulcer Staging Ratings by Photo

56



http://ijsp.ccsenet.org International Journal of Statistics and Probability \ol. 8, No. 4; 2019

Figure 6 shows the source of variation and percent of contribution for each source. Ideally you want most of your
variation in part to part (because it is normal for pressure ulcers to be different stages) and minimal variation in how the
parts are measured — repeatability and reproducibility. The percent of variation due to the part to part was 78.86%. The
number of Distinct Categories that the measurement system was capable of distinguishing is two. This makes sense,
since the accuracy was higher for distinguishing whether a pressure ulcer was present or not, but not in rating the stages
from 1 to IV.

Variance Components

% Contribution

Source VarComp {of VarComp)
Total Gage R&R 0.90890 21.14
Repeatability 0.60762 14.13
Reproducibility 0.30129 7.01
Operators 0.03256 0.76
Operators*Parts 0.26872 6.25
Part-To-Part 3.39013 78.86
Total Variation 4.29903 100.00

Figure 6. Source of Variation and % Contribution

According to the AIAG (AIAG, 2010), if the variation in the measurement system is less than 10% of the process
variation, then it is acceptable. Table 7 shows the decision criteria for the process variation and percent contribution
compared to the measurement system variation. For our results the percent contribution of the Total Gage R&R is
21.14%, which is not acceptable (greater than 9%). The percent study variation for Total Gage R&R is 45.98%,
resulting is an unacceptable measurement system for assessing pressure ulcer staging. Figure 7 shows the Gage
Evaluation for the percent study variation.

Table 7. Decision Criteria and Variation Resultss

Decision Percentage of Process Variation % Contribution
(% Study Variation)
Acceptable <10% <1%
Acceptable depending upon the 10% < x < 30% 1% <x<9%

application, cost of fixing the
measurement system, and risk

Not acceptable and should be > 30% > 9%
improved

Pressure Ulcer Gage R&R Study | 45.98% (should be improved) 21.14% (should be improved)
Results
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Gage Evaluation

Study Var  %eStudy Var  %6Tolerance

Source StdDev (SD) B = SO) {%5V) (SV/Toler)
Total Gage R&R 0.95336 5.7202 45.98 381.35
Repeatability 0.77950 46770 37.60 311.80
Reproducibility 0.54889 3.2034 26.47 219.56
Operators 0.18045 1.0827 a8.70 72.18
Operators*Parts 0.518309 3.1103 25.00 207.35
Part-To-Part 1.84123 11.0474 88.80 73649
Total Variation 2.07341 12,4405 100.00 829.36

Figure 7. Gage Evaluation - % Study Variation
5. Conclusions and Limitations

Based on the results of the measurement system analysis, the process analysts and the STNs agreed that the
measurement system for assessing pressure ulcers needed improvement. For the Pressure Ulcers, yes or no study, the
accuracy of the assessors to the standards was 40%, far below the desired 80% accuracy level that is typical for an
attribute agreement analysis study. For the pressure ulcer staging the percent of process variation or percent of study
variance was almost 46%, far above the desired 30% variance rejection level. The percent contribution for the pressure
ulcer staging was also 21%, far above the 9% rejection percent level. A collaborative discussion was held with the STNs
and the nurse experts that defined the standards to understand what prevented the STNs from assessing the pressure
ulcer photos correctly. They agreed that having only pictures and not being able to actually see, touch or smell the
pressure ulcer on an actual patient was limiting their ability to assess accurately. The hospital implemented additional
training for the STNs, and further measurement system assessment would be done again in the future. The hospital was
committed to continually improving the measurement system.

6. Future Research

This area of applying attribute agreement analysis and gage R&R to patient diagnosis by the healthcare professionals is
relatively new. There can be a myriad of applications in healthcare to apply this methodology and learn what can
improve assessment of patients’ conditions by healthcare providers. Additionally, research could be done to assess
whether the rejection levels for the Automotive Industry Action Group (AIAG) standards for measurement system
accuracy are appropriate for the healthcare industry, where the human element is critical for appropriate patient
diagnosis.
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