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ABSTRACT 
Control chart has been long-established among the highly reputable 
tools in statistical process control (SPC) with extensive industrial 
application. Shewhart chart is one of the most popular charts, but its 
reliability is arguable when dealing with skewed data, due to inflated 
false alarm rate (Type I error). In alleviating the problem, this study has 
developed a new X-bar control chart for monitoring of process mean 
using skewness correction (SC) method for skewed distributions, thus 

named as SC-
SX control chart. The SC method is incorporated into 

the standard Shewhart’s X-bar chart, leading to the proposed 

univariate SC-
SX to monitor the process mean of skewed data. It 

offers asymmetric control limits using the usual three sigma and the 
same known function of the skewness estimated from subgroups 
without assuming any distribution. The chart’s constants, and 
skewness correction factor are computed via numerical integration. To 
evaluate the strength and weakness of the charts, several conditions 
are created from different types of distributions and subgroup sizes. 
The SC-

SX performance evaluation based on the false alarm rates 

(FAR) and probability of out-of-control (OOC) detection are 
accomplished using Monte Carlo simulation in SAS version 9.4. To 
illustrate its applicability, a real data on healthcare is employed. Its FAR  

 
performance is compared to the established charts: weighted variance 

X-bar R(WV- ); weighted variance X-bar S(WV-
SX ); and standard 

X-bar S (ST-
SX ). In aspect of the probability of OOC detection, the 

SC-
SX is contended by the exact S chart. Extensive simulation study 

shows that the proposed SC-
SX chart performs well in terms of FAR 

in almost all the degrees of skewness and sample sizes, n. In terms 
of the probability of OOC detection, it provides the closest values to 
those of the exact chart. It offers substantial enhancement over the 
established charts, and thus signifies as a preferred alternative 
especially in cases of skewed data. 
Keywords: Control Charts, False Alarm Rate, Mean Shift, Skewness 
Correction, Skewed Distribution. 
Correspondence: 
Z. Zain 
School of Quantitative Sciences (SQS), Universiti Utara Malaysia 
Sintok, Kedah, Malaysia 
E-mail: zac@uum.edu.my 
DOI: 10.5530/srp.2020.2.35 

@Advanced Scientific Research. All rights reserved 

 

 

 

X

X

 

X

 X

X

X X

X

X

X

X

X

 

X

SX

2d  3d  

4C 

3B


4B

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by UUM Repository

https://core.ac.uk/display/335606579?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:zac@uum.edu.my
mailto:sharipah@uum.edu.my
mailto:nurzalikhaahmad@gmail.com
mailto:aatta@qu.edu.qa
mailto:zac@uum.edu.my
http://dx.doi.org/10.5530/srp.2019.2.04


Z. Zain et al / New X-bar Control Chart Using Skewness Correction Method for Skewed Distributions With Application in 
Healthcare 

 

 

 

SX

SX

SX

SX

 

 

 

SX

 

 

 

 

 

SC-  chart, its performance 

evaluation in comparison with the other existing charts, 

and an application to real hospital data. 

 

Skewness correction (SC) method is employed to remedy 

the Shewhart chart in accordance to the level of skewness 

of a random variable X. It offers 

. The SC method refers to the 

Cornish Fisher expansion (Chan & Cui, 2003). The upper 

control and lower control limits of the SC-  chart are 

respectively: 
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Here, 
3  is the skewness coefficient of the random variable 

X.  

In cases of unknown values of the process parameters, the 

control limits of the SC-  chart are computed as: 
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Where X  and S  are the sample grand mean and the 

average sample standard deviation, respectively. Here,

 *

4
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
 . Also note that 3̂  is the estimator of the 

skewness coefficient, 3  which can be estimated using the 

following formula:
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  , where m is the 

number of samples (subgroups) and n is the number of 

observations in each sample or better known as sample size.  
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In evaluating the performance of the charts, the false alarm 

rate (FAR) and the probability of OOC detection are 

considered. The latter measures the ability of a chart in 

responding to a process shift of a certain magnitude, . To 

cover a wide range of skewness, Weibull, lognormal and 

gamma distributions are chosen in this study. 
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normal 0.0 0.0037 0.0039 0.0037 0.0038 0.0038 0.0034 0.0035 0.0035 0.0035 0.0035

Weibull (β)

3.6286 0.0 0.0030 0.0032 0.0031 0.0032 0.0047 0.0029 0.0033 0.0033 0.0032 0.0039

2.2266 0.5 0.0031 0.0032 0.0033 0.0032 0.0057 0.0030 0.0034 0.0034 0.0031 0.0044

1.5688 1.0 0.0033 0.0035 0.0042 0.0041 0.0089 0.0031 0.0036 0.0039 0.0035 0.0067

1.2123 1.5 0.0037 0.0040 0.0055 0.0052 0.0137 0.0035 0.0040 0.0045 0.0042 0.0104

0.9987 2.0 0.0046 0.0048 0.0067 0.0066 0.0192 0.0041 0.0047 0.0055 0.0051 0.0148

0.8598 2.5 0.0056 0.0059 0.0080 0.0078 0.0251 0.0048 0.0056 0.0064 0.0059 0.0197

0.7637 3.0 0.0067 0.0072 0.0089 0.0088 0.0308 0.0057 0.0066 0.0076 0.0068 0.0247

gamma (α)

38000 0.0 0.0037 0.0039 0.0037 0.0038 0.0038 0.0035 0.0037 0.0036 0.0036 0.0036

15.4 0.5 0.0040 0.0040 0.0040 0.0040 0.0048 0.0037 0.0038 0.0037 0.0037 0.0043

3.913 1.0 0.0040 0.0040 0.0044 0.0045 0.0071 0.0037 0.0039 0.0042 0.0040 0.0062

1.788 1.5 0.0043 0.0045 0.0057 0.0055 0.0112 0.0039 0.0042 0.0048 0.0046 0.0094

0.983 2.0 0.0046 0.0050 0.0069 0.0066 0.0164 0.0040 0.0047 0.0055 0.0050 0.0133

0.648 2.5 0.0051 0.0055 0.0075 0.0072 0.0223 0.0044 0.0054 0.0060 0.0054 0.0233

0.442 3.0 0.0063 0.0070 0.0076 0.0076 0.0293 0.0050 0.0060 0.0071 0.0054 0.0233

Sample size, n

Distribution 5 73

SXSC RXSC RXWV SXWV SXST  SXSC RXSC RXWV SXWV SXST 

normal 0.0 0.0033 0.0034 0.0034 0.0036 0.0034 0.0033 0.0039 0.0036 0.0034 0.0034

Weibull (β)

3.6286 0.0 0.0030 0.0033 0.0033 0.0035 0.0031 0.0031 0.0042 0.0037 0.0036 0.0031

2.2266 0.5 0.0030 0.0034 0.0035 0.0034 0.0035 0.0031 0.0044 0.0038 0.0038 0.0034

1.5688 1.0 0.0031 0.0037 0.0035 0.0038 0.0050 0.0032 0.0040 0.0039 0.0039 0.0045

1.2123 1.5 0.0034 0.0044 0.0038 0.0039 0.0075 0.0033 0.0042 0.0041 0.0041 0.0062

0.9987 2.0 0.0037 0.0046 0.0044 0.0043 0.0107 0.0036 0.0050 0.0043 0.0038 0.0085

0.8598 2.5 0.0043 0.0052 0.0051 0.0051 0.0145 0.0040 0.0057 0.0046 0.0041 0.0112

0.7637 3.0 0.0050 0.0060 0.0061 0.0058 0.0183 0.0046 0.0062 0.0052 0.0047 0.0142

gamma (α)

38000 0.0 0.0034 0.0034 0.0034 0.0039 0.0035 0.0033 0.0039 0.0036 0.0039 0.0034

15.4 0.5 0.0036 0.0035 0.0035 0.0040 0.0040 0.0034 0.0040 0.0035 0.0043 0.0038

3.913 1.0 0.0036 0.0038 0.0038 0.0042 0.0053 0.0035 0.0037 0.0037 0.0043 0.0048

1.788 1.5 0.0036 0.0043 0.0039 0.0044 0.0076 0.0035 0.0040 0.0039 0.0042 0.0062

0.983 2.0 0.0038 0.0047 0.0045 0.0043 0.0109 0.0035 0.0049 0.0042 0.0036 0.0085

0.648 2.5 0.0041 0.0052 0.0049 0.0047 0.0143 0.0037 0.0057 0.0043 0.0037 0.0112

0.442 3.0 0.0042 0.0056 0.0057 0.0046 0.0186 0.0038 0.0060 0.0045 0.0033 0.0143

Sample size, n

Distribution
10 153

SXSC RXSC RXWV SXWV SXST  SXSC RXSC RXWV SXWV SXST 
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= 1; n = 5;  = 0.0, 3.0 (0.25).
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Application on Data on Birth Problems and Delivery 

Complications 

In this study, 

 

 

 

 

 

 

 


Exact 

method

0.00 0.0021 0.0027 0.0052 0.0052 0.0092

0.25 0.0044 0.0034 0.0124 0.0124 0.0216

0.50 0.0109 0.0084 0.0283 0.0283 0.0484

0.75 0.0246 0.0190 0.0620 0.0620 0.1017

1.00 0.0547 0.0431 0.1292 0.1292 0.2014

1.25 0.1143 0.0916 0.2474 0.2474 0.3636

1.50 0.2233 0.1835 0.4333 0.4333 0.5885

1.75 0.3959 0.3358 0.6689 0.6689 0.8215

2.00 0.6279 0.5532 0.8856 0.8856 0.9696

2.25 0.8550 0.7917 0.9897 0.9897 0.9999

2.50 0.9811 0.9563 1.0000 1.0000 1.0000

2.75 1.0000 0.9994 1.0000 1.0000 1.0000

3.00 1.0000 1.0000 1.0000 1.0000 1.0000

SXSC SXWV SXST RXWV
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Histogram for Birth Problems 
and Delivery with 

Complications Length of Stay 
Data

Skewness=3.001

Selection of 
Quality 

Characteristic

• Identify the types of 
data needed.

•Characterize the 
length of stay due to 
birth problems and 
delivery complications.

• Ignore the length of 
stay for normal birth 
delivery data. 

Analysis of data

•Study and list the date 
of admission and date 
of discharge in detail 
to calculate the length 
of stay

• Focus on type of birth 
problems/ delivery 
complications that are 
likely to give rise to 
special cause of 
variation.

Planning 
Subgrouping 

and Data 
Collection

•Divide the data into 
subgroups.

•Decide on 
subgrouping based on 
time, such as week.

•Construct histogram to 
identify the pattern for 
the distributions.

Establishment of 
Control Limits

•Compute new 
constants added with 
three-sigma, B3* and 
B4*

•Construct SC-Xbar 
and SC-S control 
charts using the 
centerl line, upper 
control limits and lower 
control limits.
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