
important products. As mentioned above, he brought 
those same ideas to Japan in the 1950s and early 1960s. 
During that time period, “Made in Japan” went from 
being a joke and a synonym for poor quality to a sym-
bol of some of the highest quality products. The focus 
on quality that he emphasized was defined as the ratio 
of results of work efforts with total costs. If a company 
or manager focuses on quality, Deming’s work demon-
strated that, over time, quality will increase and costs 
will fall.  On the other hand, if the focus is primarily on 
costs, then costs will rise and quality will decline.

Two major publications have outlined his theories 
and the processes he developed. In his 1982 book Out 
of the Crisis, Deming discusses his 14 key principles 
for management for transforming business execu-
tives. Deming felt that if his 14 points were applied 
in a meaningful way, they would lead to a process 
of continual improvement. The New Economics, 
published in 1993, emphasized that the solution to 
problems comes from cooperation, not competition. 
This concept is accomplished through a new type of 
management, which Deming identified as profound 
knowledge and which includes four parts: apprecia-
tion for a system, knowledge about variation, theory 
of knowledge, and psychology.

Deming also had an interest in music. He composed 
several pieces, mostly liturgical. He also composed a 
new rendition of the Star Spangled Banner with the 
same words set to a different tune. He had always felt 
that the “pub” music of the original version was not 
appropriate for a national anthem.
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Diagnostic Testing
Category: Medicine and Health.
Fields of Study: Data Analysis and Probability; 
Measurement; Number and Operations.
Summary: Diagnostic tests rely on statistics from 
clinical research to predict the presence or severity of 
a disease in a specific patient.

The ability of humans to detect and treat diseases has 
advanced considerably in the past two centuries, with 
the discovery of underlying causes, such as microor-
ganisms, and treatments, like antibiotics, as well as 
methods for diagnosing injury and disease. In medi-
cine, a diagnostic test is in an instrument used to detect 
or predict the presence or absence of disease or the 
severity of disease. 

The instrument used may take a variety of forms, 
including a patient inventory or a mechanical device. 
In clinical research, it is common practice to assess the 
quality of such instruments relative to established gold 
standards. 

Here, the intention is often to replace a traditional 
method by a newer one that offers greater benefits to 
health providers or patients, including cost reduction 
and less physical or psychological discomfort. 

It may be of interest to use the diagnostic tool to 
predict outcomes based on existing symptoms. In this 
case, the gold standard is used to confirm patient out-
comes for comparison with test predictions based on 
surrogate measures. 

Common measures of instrument quality include 
reliability, validity, sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value 
(NPV). Strictly speaking, these measures apply spe-
cifically to the scores forthcoming from the instru-
ments rather than the instruments themselves, as they 
are based on studies applied to a specific sample of 
patients. Mathematicians and statisticians are essen-
tial partners in creating many diagnostic tools, such 
as magnetic resonance imaging, as well as for devel-
oping and refining the measures that allow clinicians 
and researchers to determine the efficacy of diagnos-
tic instruments. They also help design experiments in 
which new instruments are tested and compared. 

Nursing and other healthcare education programs 
frequently require courses in mathematics or statis-
tics, and the field of biostatistics is one of the fastest-
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growing occupations in the late twentieth and early 
twenty-first century.

Reliability represents the reproducibility of the test 
outcomes. A simple case involves estimation of the 
extent of chance-corrected agreement in the inter-
pretation of categorical findings from medical images 
derived from patients. Here, agreement might be mea-
sured across different clinicians based on a single imag-
ing procedure or alternatively, across different imaging 
procedures. In such cases, an appropriate choice of 
Kappa statistic or intra-class correlation coefficient 
may prove helpful. For continuous data, the Bland–
Altman method has also proved particularly popular 
in measuring agreement across different methods. 
This is especially so within medicine, where for exam-
ple, there may be a need to compare residual tumor 
sizes obtained using magnetic resonance imaging, and 
pathologic findings (the gold standard) in breast can-
cer patients who have undergone neoadjuvant (preop-
erative) chemotherapy. 

The remaining measures above represent the accu-
racy of the test outcomes. Validity, which is a function of 
reliability, represents the extent to which the diagnostic 
test measures what is intended and is particularly rel-
evant in psychological testing. Sensitivity (specificity) 
measures the proportion of genuine instances of disease 
(absence of disease, respectively), which are detected as 
such by the diagnostic test. By contrast, the PPV (NPV) 
measures the proportion of cases diagnosed by the test 
as instances of disease (absence of disease, respectively) 
which are, or will turn out to be, genuine. In assessing 
test accuracy, it can prove misleading to focus exclu-
sively on sensitivity and specificity. 

The PPV and NPV for a disease are influenced 
strongly by disease prevalence (the pre-test probability 
that a randomly chosen person from the study cohort 
has the disease). The PPV increases with increasing 
prevalence and where prevalence is particularly low 
(less than 5%), the PPV can be markedly improved by 
moderate increases in test specificity. In interpreting a 
published PPV, it is essential not only to consider the 
CI but also to verify whether disease prevalence for the 
published study is representative of that for the types 
of patient currently under consideration. This require-
ment is also particularly true of the NPV.

Further, it is typically the case that an initial stage 
has occurred whereby diagnostic test measurements 
in continuous form have been classified into catego-

ries. This categorization requires the derivation of a 
threshold value for differentiating between diseased 
and non-diseased patients. The clinician may be inter-
ested in finding the threshold value that offers an 
optimal combination of values for sensitivity and (1-
specificity). Examples of scores that have been used in 
this way include

• The GRACE (Global Registry of Acute 
Coronary Events) score in predicting death 
and myocardial infarction for patients with 
Acute Coronary Syndrome

• The APACHE (Acute Physiology and 
Chronic Health Evaluation) II score and GS 
(Glasgow Severity) score in the prediction of 
each of onset of severe pancreatitis, MODS 
(multiorgan dysfunction syndrome), and 
death in patients presenting with acute 
pancreatitis

• The MELD (Model of End-Stage Liver 
Disease) and UKELD (United Kingdom 
MELD) scores in the assessment of risk of 
acute liver failure and hence the prediction of 
waiting list mortality in patients awaiting liver 
transplants

The underlying procedure for deriving the thresh-
old value involves the segregation of the test instru-
ment scores into two groups, as determined by the 
gold standard, namely those who do and those who 
do not have the condition of interest. The accuracy 
of the diagnostic test is in turn assessed on the basis 
of these two groups. This assessment involves gener-
ating a series of threshold values and corresponding 
values for sensitivity and 1-specificity. The ROC curve 
(Receiver Operating Characteristic) involves a plot of 
sensitivity versus 1-specificity. If the intention is to 
compare the performance of competing diagnostic 
tests, ROC curves for the different tests can be plotted 
on the same graph. For any one plot, the numerically 
optimal combination of sensitivity and specificity 
values is represented by the point on the curve that 
is closest to the top left-hand corner. However, the 
trade-off between sensitivity and specificity must also 
be carefully weighed. 

For example, if the test is confirmatory, as might 
be the case in human immunodeficiency virus (HIV) 
testing, it may be preferable to choose a slightly dif-
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ferent point, which further reduces the proportion 
of false positives (1-specificity) with a small cost to 
sensitivity. In comparing the accuracy of two tests by 
means of ROCs, it is common to use the area under 
the curve (AUC). 

Where the diagnostic test identifies cases falling into 
the upper (lower) range of a test score, the AUC may 
be interpreted as a measure of the likelihood for a ran-
domly chosen diseased patient and disease-free patient 
that the diseased patient will have a higher value (lower 
value, respectively) than the disease-free patient. 

Where ROCs do not overlap, therefore, the greater 
the area under the curve, the more effective the diag-
nostic tool. Where they do overlap, the curve with 
the lower overall AUC may have a peak at an optimal 
combination of sensitivity and specificity values not 
attained by the other curve. It may therefore make 
sense to compare the partial areas under the curves 
within one or more ranges of specificity values.
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Dice Games
Category: Games, Sport, and Recreation.
Fields of Study: Algebra; Data Analysis and 
Probability; Number and Operations.
Summary: Probability is the key factor for winning 
any dice game.

Dice games use one or more dice as central components 
of the activity, which excludes board games using dice 
solely as random devices to determine moves. The defi-
nition can be murky, as in the case of Backgammon, 
dice outcomes determine a player’s moves and are inte-
gral parts of game strategies. Historically, dice games 
involving gambling led to the creation of probability. 

History
Archaeological evidence from as early as 6000 b.c.e. 
shows that dice games were part of early cultures, where 
dice were cast to invoke personal divinations. The notion 
of “luck” was not involved, with the dice rolls controlled 
by the gods. Gamblers still refer to Fortuna, the Roman 
goddess and Jupiter’s daughter, as their “Lady Luck.”

The ancient die differed from the six-sided cube 
bearing pips, as the number of sides varied with the 
materials used, including fruit pits, nut shells, pebbles, 
and animal knucklebones. The latter, with four sides 
involving different probabilities, led to the phrase “roll-
ing the bones.”

Compulsive gambling and dice games have always 
been connected, being traced to Egyptian pharaohs, 
Chinese leaders, Roman emperors, Greek elite, Euro-
pean academics, and English kings. On the request of 
professional gamblers in the fifteenth and sixteenth 
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