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Abstract

This paper refers to the process capability indices in the field of management to set
up Body Mass Indices (BMI), which can be used to evaluate and compare the BMI values of
people at different ages as a group. A large number of improvement plans were brought up
to settle obesity problems; however, there could be up to thousands or even tens of thousands
of subjects involved. With BMI, the results and effects of the plans can be evaluated by
sampling, a characteristic of BMI. Therefore, BMI has served as an accurate, easy and
convenient measurement to evaluate group BMI.
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I. Preface

In 1997, the World Health Organization (WHO) pointed out that
obesity is not a state or a risk factor, but a disease. As the world obese
population grows rapidly, obesity has become a new epidemic. A variety
of evidence has shown that obesity is closely related to malignancies,
heart diseases, strokes, diabetes, hyperlipidemia and hypertension; what’s
worse, obesity enhances the risk of suffering from gallbladder diseases,
pains in bones, muscles or joints, and respiratory tract diseases. Obesity
even results in mental social barrier. Nevertheless, some researches indi-
cate that obesity can be effectively controlled and prevented by changing
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lifestyle and behavior, especially modifications in exercises and dietary
habits. Weight loss contributes to the control of the risk factors of heart
diseases such as blood sugar, blood pressure and lipid.

In order to solve the “Little Fatty” problem among six hundred
thousand elementary and junior high school students, the Ministry of
Education, R.O.C., drew up a “Promoting Students’ Healthy Body Posi-
tion 5-Year Project” in 2004. That is to say, in the coming five years, the
government will promote “No snacks and drinks in canteens!” and “Take
less elevator, walk more!” projects in every school and wish to make each
school a ”Health Promotion School.” Referring to the normal BMI value of
different age groups, published by Department of Health, Executive Yuan,
the government intends to make school children restore to their normal
healthy body position by controlling nutrition and lengthening exercise
time. From 2005, the Department of Health, Executive Yuan, plans to
conduct an “Adults’ Weight-Controlling — Challenge 1824” project on a
larger scale, which is expected to be completed in 2007. The project aims
to reduce the obesity rate of the citizens from 11.5% to 8% and overweight
rate from 21.5% to 18%. From the above, it can be seen that the authorities
concerned place great emphasis on obesity problems of the citizens and
have worked out response plans to contain the growing rate of obese
population, cherishing a hope to improve the citizens’ health.

Although obesity affects one’s health, how do we tell if a person is
obese or overweight? Furthermore, how do we evaluate the effects of
the weight-loss and weight-controlling plans? Employing Body Mass Index
(BMI) to measure the degree of obesity is easy and suitable for males and
females alike; accordingly, BMI is widely used in medical research. BMI is
an exponent to decide if a person is obese, which equals weight divided by
the square of the height, say, kg/m2. Since February 2001, the Department
of Health, Executive Yuan, has invited professionals and experts from
Chinese Taipei Nutrition Association, Taiwan Medical Association for the
Study of Obesity, Diabetes Association and Chinese Taipei Association
for the Study of Obesity to form an obesity-defining commission and a
response team, in which it is agreed that BMI 24 represents overweight to
an adult while BMI 27 stands for obesity and BMI 18.5-24 is considered
normal. In Aug. 2002, the obesity standard of children and adolescents is
announced and the BMI value of normal and obese children, aged from 2
to 18, is defined. (See Table 1)
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BMI helps individuals to figure out if she/he is obese based on
his/her own height and weight. BMI is thus counted self-measurement.
However, as far as “Promoting Students’ Healthy Body Position 5-Year
Project” and “Adults’ Weight-Controlling — Challenge 1824 Project” are
concerned, both engage thousands of people or tens of thousands of
people and intend to assess the effects of the projects by BMI. To measure
BMI of tens of thousands of people is a complicated task. If a tool
to measure the proportion of population with “normal” BMI value is
developed, we can learn the BMI value of the population as a whole or
assess the effects of the weight-controlling plans. Thereby, it is necessary
to establish BMI indices.

In the field of quality management, under the condition that the
process is stable, if we attempt to further understand how many noncon-
forming items there are among the products or to what extent the products
conform to the standards, one of the convenient ways to determine is
making use of process capability indices. Process capability indices are an
effective tool to evaluate the process capability and performance of the
product. It can be used to assess and analyze if the process capability of a
product meets the requirements. On the one hand, the process quality of
the product is under control to ensure the quality is above average. On the
other hand, the nonconforming items can also be avoided. These years,
thanks to many statisticians and quality engineers devote themselves to
the study of process capability indices, process capability indices can make
precise measurements of process capability and performance, and can
be applied to evaluate the process capability of various industries, for
example, Kane (1986); Chan et al. (1988); Pearn et al. (1992); Boyles (1994);
Chen et al. (2002); Chen et al. (2004). Su et al. (2002) has ever applied process
capability indices to evaluation of swimming teaching effectiveness. It is
thought that employing the concept of process capability indices to mea-
sure the reaching capacity of BMI within normal range and assessing the
effectiveness of weight-control need further discussion. In consequence,
this research refers to the process capability indices in management field
to establish appropriate indices to evaluate BMI as a tool to assess the
effectiveness of weight-control.

II. BMI index Bj

BMI makes use of the ratio of height to weight to estimate the
body composition of the individual. Higher BMI value means “obesity”
while lower BMI value represents “thinness”. The normal, overweight,
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and obese BMI values of different age groups are within a certain range.
According to the normal range of BMI in 2-18 children and adolescents,
published by the Department of Health, Executive Yuan, this research
establishes the BMI index B j. Let U be the upper limit of the normal range
of BMI and L be the lower limit of the normal range of BMI. Suppose
X stands for BMI, X will undoubtedly be a random variable since the
BMI value of each individual varies. The value of X should be within a
certain range, not too high or too low. From the perspective of quality
management, the quality characteristic of BMI belongs to nominal-the-
best type. Consequently, this research consults the quality characteristic
indices, proposed by Boyles (1994) and suitable for nominal-the-best type,
to evaluate if BMI is within the reasonable range. The BMI index B j can be
defined as follows.

B j = Φ−1
{

1
2
Φ

(
U −µ

σ

)
+

1
2
Φ

(
µ − L

σ

)}
.

In it, j is age, µ is the average of the random variable X and σ is
the standard deviation of X. The closer µ gets to the median of (L, U),
the higher the reaching rate p j of BMI normal range is. The smaller the
standard deviation σ is, the more stable BMI is. That is, when BMI is
converging and the difference among one another is not very significant,
the value of BMI index B j will become bigger. Suppose the ratio of
population whose BMI index B j reaches “normal range” is p j , then p j =
P(L ≤ X ≤ U). Under the normal distribution assumption, say, X obeys
normal distribution where the average is µ while the standard deviation
is µ, let Z = (X − µ)/σ . Then, Z obeys the standard normal distribution
and the relation between p j and B j can be described as follows.

p j = P(L ≤ X ≤ U) = P
(

µ − L
σ

≤ Z ≤ U −µ

σ

)
= 2Φ(B j)− 1 .

In this formula, Φ is the function of cumulative standard normal distribu-
tion. Grounded on the formula, the bigger the value of the index B j is, the
higher p j is; the smaller the value of the index B j is, the lower p j is. BMI
index B j can thus fully represent the BMI reaching rate p j.

III. BMI reaching rate p j

Actually, BMI reaching rate is the function of BMI index B j; moreover,
they are one-to-one correspondent. Thereby, the relation between BMI
index B j and BMI reaching rate p j can be expressed as the following.

p j = 2Φ(B j)− 1 , j = 2, 3, 4, 5, . . . , 18 .
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After the BMI index B j is figured out, the BMI reaching rate p j can be
referred to in the appendix. Under the condition that BMI reaching rate
is the function of BMI index and the two are one-to-one correspondent,
p j will be higher when B j is bigger; p j will be lower when B j is smaller.
Once the value of B j is calculated, we can work out the BMI reaching rate
p j within normal range on the basis of the value of B j. For instance, if
B18 = 2.0, then p18 = 95.44 based on Appendix. The figure means 95.44
percent of 18-year-old people have their BMI within “normal range.”

Figure 1
The functional relation between p j and Bj

IV. BMI General index BT

BMI index corresponds to the BMI reaching rate of different age
groups. This section intends to establish BMI general index and from it
infer BMI general reaching rate to facilitate the evaluation of group BMI.
Based on the analysis of BMI reaching rate and BMI index in the previous
section, let Wj = N j/N represent the weight of the age group j, say, the
number of people at the age of j(N j) divided by the total number of people
N = N2 + N3 + . . . + N18. Thereby, a general index BT reflecting the BMI
general reaching rate is set as follows.

BT = Φ−1

[
18

∑
j=2

WjΦ(B j)

]
.
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It is obvious that if the BMI index B j of each age group reaches ν, BMI
general index BT will be ν, that is, BT = Φ−1 [

∑ WjΦ(ν)
]
. Besides, seeing

that
18

∑
j=2

WjΦ(B j) = Φ(BT), say, 2Φ(BT)− 1 = ∑ Wj
[
2Φ(B j)− 1

]

= ∑ WjPj = PT ,

the general BMI reaching rate pT = 2Φ(BT)− 1.
Evidently, the general BMI index BT and the general BMI reaching

rate pT are one-to-one correspondent. When the value of BT is big enough,
the value of pT is relatively high. For example, when BT = 1.0, the
general BMI reaching rate within normal range pT = 68.26% ; similarly,
when BT = 2.0, the general BMI reaching rate within normal range
pT = 95.44%.

Despite the fact that the general BMI reaching rate pT can be obtained
by calculating the ratio of the number of people whose BMI reaches
“normal range” among all subjects, Montgomery (1991) pointed out that
the sample size ought to be large enough to produce an accurate result. On
the other hand, a large sample size is not needed in the calculation of BMI
index. BMI index and BMI reaching rate are one-to-one correspondent,
so the BMI reaching rate can be precisely estimated. The appendix is
the correspondence of BMI index to BMI reaching rate. If the value of
BMI is not found in the appendix, the BMI reaching rate can be referred
to cumulative standard normal distribution in the appendix of statistics
books.

V. Conclusion

This research consults the process capability indices in management
field to establish BMI indices to evaluate BMI reaching rate within “normal
range”. The higher the value of BMI index is, the higher the BMI reaching
rate is. In other words, more people conform to the standard body
position. The BMI index can be used to track the variation of BMI and
can serve as a reference to assess the effectiveness of weight-control
projects. One of the merits of the BMI index is that BMI reaching rate
can be easily secured through the BMI index. Moreover, the researcher
is able to evaluate the BMI value on a regional scale as well as a national
scale simply by sampling. Therefore, BMI index is a simple, accurate and
convenient measure tool to evaluate BMI.
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