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In this final chapter of the thesis, I summarize its main practical conclusions, and formulate a 

vision on the current state of affairs as well as an outlook to the future.  

For a long time most of the attention in the literature on MSA in industry has been 

given to MSA for interval and ratio scale measurements. The complexities of MSA for 

ordinal and nominal scale measurements, and binary measurements in particular, have long 

been overlooked. Over the past decade, a number of publications in the literature on binary 

MSA, from the statistics groups at Waterloo University and the University of Amsterdam in 

particular, have uncovered that the assessment of binary measurement systems is not as 

straightforward as it may seem. A number of these complicating issues, specifically for 

binary MSA, have been studied in detail in the previous chapters. 

Unfortunately, both industrial standards and practitioners largely ignore these issues 

in their recommendations and practices. The most popular methods prescribed and applied 

for binary MSA seem to be the calculation of the κ index based on a contingency table of 

repeated measurements, and of FAP and FRP based on sample proportions. Based on the 

studies in the previous chapters, we formulate a number of practical recommendations and 

issues. 

 

1) In the application of MSA methods, it is important that the population of items is 

defined. The κ index and also, in case of a continuous measurand, FAP and FRP are 

dependent on the distribution of the measurand in the items population, and therefore, 

inferences about κ or FAP and FRP are meaningless without a well-defined reference 

population of items (Chapters 2 and 4). Also, in the scientific study of methods for 

binary MSA, it is important that a population model is formulated as a frame of 

reference for inference, and that indices are defined not only as sample statistics, but 

also as population parameters (Chapter 4). 
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2) Estimation of FAP and FRP from sample proportions requires that the empirical 

property under study (the measurand) is well understood and operationally defined, 

and that a reliable gold standard assessment is available for the items in the sample 

(Chapter 2). In many practical situations, the measurand is poorly understood, and a 

reliable gold standard is substituted by the assessments of an “experienced” or “senior” 

operator. In our view, in situations where the measurand cannot reliably be 

represented by a gold standard, the measurand should be treated as a latent variable. 

Industrial standards do not (yet) mention latent variable models for MSA studies, and 

therefore such models are only rarely used in industry. 

 

3) The κ index is not recommendable for pass/fail inspections in industry, as it mainly 

reflects the producer’s risk and not the consumer’s risk. Other problems are the 

typically very large standard errors, and the difficulty of interpretation of its value 

(Chapter 4), although the latter two problems can be resolved by using κ
Unif

 or PA. 

 

4) Most methods require a random sample of items. But on the other hand, a sample 

containing a fair number of defective items is needed to avoid excessive standard 

errors of the estimates. Given the very low defect rates common in industrial 

processes, the combination of these two requirements results in impractically large 

sample sizes. Therefore, in many practical instances, MSA studies are performed with 

nonrandom samples, leading to biased estimates (Chapters 2 and 4). 

 

5) For most binary measurements, the measurand is not dichotomous but continuous. If 

such a continuous measurand is treated as dichotomous, nonrandom samples generally 

lead to (possibly seriously) biased estimates of error rates (Chapter 2). 

 

6) If the measurand is treated as continuous, it is usually modeled as a normally 

distributed variable, whereas in reality, the measurand often has an asymmetric 

distribution, and also the characteristic curve is typically not symmetrical (Chapter 3). 

 

The difficulties described above illustrate that the design and analysis of binary MSA 

experiments is more complex than one might expect. Below, we characterize the current state 

of affairs, aiming to specify for which situations effective techniques are available, and which 

situations need further research. 
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In the situation that a gold standard is available, by now effective techniques are 

available. In particular, estimation of the characteristic curve by logistic regression is a 

recommended option for continuous measurands (Chapter 2) or hybrid measurands (Chapter 

3). Nonparametric estimation of FAP and FRP on the basis of a study design referred to as 

Plan I (Chapter 2) seems a reliable technique whether the measurand is binary or continuous 

(Chapter 2), although recommendations 1), 2) and 5) above should be kept in mind. 

In the situation that a gold standard is unavailable, the current state of knowledge is 

far less satisfactory. The general idea is to use latent variable models, such as a latent class 

model or a latent trait model. In the past decade, there has been increasing attention to latent 

variable models for binary MSA in the literature (Boyles, 2001; Van Wieringen and De Mast 

2008; Danila et al., 2010; De Mast and Van Wieringen, 2010; Danila et al., 2012; and 

Chapters 2, 4 and 5 of this thesis). However, estimation techniques based on latent variable 

models suffer from stubborn problems: 

 

7) Generally, a random sample of items is required, but this typically leads to a sample 

with a very small number of defective items. If nonrandom samples are taken, this 

needs to be modeled appropriately (Danila et al., 2012; Chapter 5). This is a topic of 

ongoing research. 

 

8) For latent variable models, the assumption of conditional independence is crucial. 

Unfortunately, this assumption is easily violated in practice. For example, if a 

continuous measurand is treated as binary, the assumption of conditional 

independence is generally violated (Chapter 2). 

 

9) Although our first robustness studies in Chapter 5 suggest that inferences are 

reasonably robust against some forms of model misspecification, more extensive 

studies are needed, in view of the complexity of the models.  

 

10) Aggravating the problems of violation of conditional independence and possible non-

robustness mentioned under 8) and 9), it is not clear whether effective techniques for 

diagnosing model misspecifications can be developed. 
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11) Currently proposed techniques for binary MSA based on latent variable modeling 

have not been applied much in practice yet, and consequently, there is virtually no 

evidence base for their usefulness in practice.  

 

Traditional methods for the gold standard unavailable situation are based on a latent class 

model (e.g., Boyles, 2001; Van Wieringen and De Mast, 2008), which makes the rather 

precarious assumptions that the measurand is dichotomous and that conditional independence 

holds. Current research explores two directions for relaxing these assumptions. One direction 

is exemplified by the work in Chapter 5 of this thesis, where the stochastic properties of the 

measurements are explicitly attributed to the stochastic properties of a continuous measurand 

by means of a characteristic curve. The other direction, as in Danila et al. (2012), explores the 

use of a random effects model, which aggregates the effects of the underlying properties and 

other (nuisance) variables into a flexible probability distribution for the error rates, typically a 

beta distribution. Both approaches still require quite some research in order to investigate in 

which situation they are suitable and they need to be tried and tested in practice. 

 

Observations 7) through 11) motivate what we consider is a crucial principle in the design 

and analysis of MSA studies for binary measurements. This principle is: 

 

12) The design of MSA studies for binary measurements is more straightforward, and the 

analysis and interpretation of their results more reliable, to the extent that the 

measurand is better understood and defined in operational terms. 

 

If the measurand is poorly understood, it is unclear what empirical properties the 

measurements reflect, and consequently, measurement degenerates into mere classification, 

and the concept of measurement error becomes meaningless. Failure to properly 

accommodate the measurand in the models used to understand agreement and the κ index 

have resulted, in our view, in much of the confusion over their interpretation (Chapter 4). 

Failure to define the measurand in operational terms appears to us as an important cause for 

the unavailability of a gold standard, and consequently, the resort to latent variable modeling 

and its associated problems. Before practitioners resort too quickly to methods based on 

latent variable modeling, they are well advised, in our opinion, to go quite some way in trying 

to improve understanding of the measurand, and developing an operational definition and 

thus a gold-standard measurement. 
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Finally, we enumerate the steps that we think are needed in the immediate future to advance 

the field of binary MSA. 

• Practical guidelines and advice, as framed in our principle 12) and recommendations 1) 

through 6), should be incorporated in industrial MSA standards. 

• Recent advances and new techniques, especially for the gold standard available situation, 

should be incorporated in industrial MSA standards and implemented in statistical 

software packages.  

• Techniques for the gold standard unavailable situation should be further studied, using 

simulation studies and field trials, in order to gain better understanding of their usefulness. 

  


