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CORE X – INDUSTRY MODULE STATISTICAL METHODS 

SECTION – A (10 X 1 = 10 Marks) 

Answer Any Ten Questions 

1   Out-of-control process: A process that is operating in the presence of assignable causes 

is said to be an out-of-control process.1 

1 Mark 

2  Total quality management (TQM) is a strategy for implementing and managing quality 

improvement activities on an organization wide basis. 

1 Mark 

3 Describe OC curves in acceptance sampling plans. 

Operating characteristic (OC) curve plots the probability of accepting the lot versus the 

lot fraction defective. 

1 Mark 

4 Compare single and double sampling plans. 

A single-sampling plan is defined by the sample size n and the acceptance number c. 

A double-sampling plan is a procedure in which, under certain circumstances, a second 

sample is required before the lot can be sentenced.  

1 Mark 

5 What are one – sided and two-sided variable specifications? 

One-sided specifications focus on a change or characteristic in a single, specific 

direction (e.g., "greater than" or "less than"), while two-sided specifications consider 

changes or characteristics in either direction (e.g., "different from" or "not equal to") 

1 Mark 

6 Outline Taguchi’s philosophy in quality improvement. 

Taguchi basic philosophy has three concepts: 

1. Design quality into the product. 

2. Achieve quality by minimizing deviation from the target. 

3. Measure the cost of quality as a function of deviation from the standard. 

1 Mark 

7 Summarize the computations of ANOVA for one-way classification in a table 

 

1 Mark 

8 Write the key differences between CRD and RBD designs. 

In CRD the experimental units are allotted at random to the treatments, so that every 

unit gets the same chance of receiving every treatment. 

In RBD all the treatments are applied at random relatively homogeneous units within 

each strata or block and replicated over all the blocks.  

1 Mark 

9 Define Survival function in reliability theory. 

The reliability or Survival function of an item is defined as 

 

1 Mark 



 

SECTION – B (5 X 5 = 25 Marks) 

      Answer any Five Questions 

10 Define the mean time to failure (MTTF) of an item. 

 

1 Mark 

11 Write the control limits for R chart.  

 

1 Mark 

12 
Define mean residual life (MRL) in reliability theory. 

The mean residual (or, remaining) life, MRL(t), of the item at age t is 

 

1 Mark 

13. Illustrate the p chart in Statistical quality control. 

 

 

5 Marks 



 

14. Explain AOQ and ATI curves in sampling plans with examples. 

Average outgoing qualityis widely used for the evaluation of a rectifying sampling plan. The 

average outgoing quality is the quality in the lot that results from the application of rectifying 

inspection. It is the average value of lot quality that would be obtained over a long sequence of 

lots from a process with fraction defective p. It is simple to develop a formula for average 

outgoing quality (AOQ). Assume that the lot size is Nand that all discovered defec tives are 

replaced with good units. Then in lots of size N,we have 1. nitems in the sample that,after 

inspection,contain no defectives,because all discov ered defectives are replaced 2. N−nitems 

that, if the lot is rejected,also contain no defectives 3. N−nitems that, if the lot is 

accepted,contain p(N −n) defectives Thus, lots in the outgoing stage of inspection have an 

expected number of defective units equal to Pap(N −n),which we may express as an average 

fraction defective,called the aver age out going quality, 

    Average outgoing quality will vary as the fraction 

defective of the incoming lots varies. The curve that plots average outgoing quality against 

incoming lot quality is called an AOQ curve. 

If the lot quality is 0 <p<1,  the average amount of inspection per lot will vary between the 

sample size nand the lot size N. If the lot is of quality pand the probability of lot acceptance is 

Pa, then the average total inspectionper lot will be 

 

The curve that plots  average total inspection as a function of lot quality is called an ATI curve. 

For Explaining the above with example  

5 Marls 

15. Examine the advantages and disadvantages of variable sampling plan in quality control. CO3 



The primary advantage of variables sampling plans is that the same operating-characteristic 

curve can be obtained with a smaller sample size than would be required by an attributes sam 

pling plan. Thus, a variables acceptance-sampling plan that has the same protection as an 

attributes acceptance-sampling plan would require less sampling. 

A second advantage is that measurement data usually provide more information about the 

manufacturing process or the lot than do attributes data. Generally, numerical measure ments 

of quality characteristics are more useful than simple classification of the item as defective or 

nondefective. A final point to be emphasized is that when acceptable quality levels are very 

small, the sample sizes required by attributes sampling plans are very large. Under these 

circumstances, there may be significant advantages in switching to variables measurement. 

Thus, as many manufacturers begin to emphasize allowable numbers of defective parts per 

million, variables sampling becomes very attractive. 

Variables sampling plans have several disadvantages. Perhaps the primary disadvantage is that 

the distribution of the quality characteristic must be known. Furthermore, most standard 

variables acceptance-sampling plans assume that the distribution of the quality characteristic is 

normal. If the distribution of the quality characteristic is not normal, and a plan based on the 

normal assumption is employed, serious departures from the advertised risks of accepting or 

rejecting lots of given quality may be experienced. 

The second disadvantage of variables sampling is that a separate sampling plan must be 

employed for each quality characteristic that is being inspected. For example, if an item is 

inspected for four quality characteristics, it is necessary to have four separate variables 

inspection sampling plans; under attributes sampling, one attributes sampling plan could be 

employed. Finally, it is possible that the use of a variables sampling plan will lead to rejection 

of a lot even though the actual sample inspected does not contain any defective items. 

Although this does not happen very often, when it does occur it usually causes considerable 

unhappiness in both the suppliers’ and the consumers’ organizations, particularly if rejection of 

the lot has caused a manufacturing facility to shut down or operate on a reduced production 

schedule 

16. Explain the randomized block design and its applications in industrial experiments. 

 

 
 

 

5 Marks 



 

 

17. Identify the survivor function, failure rate function and mean time to failure (MTTF) for 

Weibull distribution. 

 

5 Marks 



 

 

 

 



 

 

 

 

 

 

 

18. 
The following table presents the number of nonconformities observed in 26 successive 

samples of 100 printed circuit boards. Note that, for reasons of convenience, the inspection 

unit is defined as 100 boards. Set up a c chart for these data.  

 

Sample 

Number  

1 2 3 4 5 6 7 8 9 10 11 12 13 

Number of  

Nonconformiti

es 

21 24 16 12 15 5 28 20 31 25 20 24 16 

Sample 

Number  

14 15 16 17 18 19 20 21 22 23 24 25 26 

Number of  

Nonconformiti

es 

19 10 17 13 22 18 39 30 24 16 18 17 15 

 

5 Marks 

19. Analyze the 2m factorial design and explain its importance in experiments. 

Analysis Procedure for Factorial Designs 1. Estimate the factor effects 2. Form preliminary 

model 3. Test for significance of factor effects 4. Analyze residuals 5. Refine model, if 

necessary 6. Interpret result 

Explain with example  

5 Marks 



 SECTION - C (4X10 = 40) 

Answer ANY FOUR Questions 

 

20. Explain the control charts of 𝑋̅ and R in Statistical quality control with examples. 

  

 

Explain the operations of control charts of 𝑋̅ and R with example 

 

 

 

 

10 Marks 

21. Construct OC curve, AOQ curve and ATI curve for the single sampling plan N=10,000, 

n=89, and c=2, and that the incoming lots are of quality p=0.01. 

 

10 Marks 



  

 

 

22. Explain the concept of two-sided specifications and their significance in variable 

sampling plans. 

 

CO3 

23. Four different methods of preparing concrete mixtures A, B, C, D were tested, these 

methods consist of two different mixture ratios of cement to water and two blending 

durations. The four methods (treatments) were blocked in four batches and four days, 

according to a Latin square design. The concrete was poured to cubes and tested for 

compressive strength [kg/cm2] after 7 days of storage in special rooms with 20∘C 

temperature and 50% relative humidity.  

The results are:  

Batches 

Days 

1 2 3 4 

1 A 

312 

B 

299 

C 

315 

D 

290 

2 C 

295 

A 

317 

D 

313 

B 

300 

3 B 

295 

D 

298 

A 

312 

C 

315 

4 D 

313 

C 

314 

B 

299 

A 

300 

Test whether the differences between the strength values of different treatments are 

significant? 

 

  

CO4 



 

 

 

 

 

 

24. Determine the survivor function, failure rate function, mean time to failure (MTTF) and 

mean residual life (MRL) for Exponential distribution. 

Exponential Distribution: 

 

 

10 Marks 



 

****************** 

 

25. Explain the role of total quality management in modern industry  

Total Quality Management. Total quality management (TQM) is a strategy for 

implementing and managing quality improvement activities on an organizationwide basis. 

TQM began in the early 1980s, with the philosophies of Deming and Juran as the focal 

point. It evolved into a broader spectrum of concepts and ideas, involving participative 

organizations and work culture, customer focus, supplier quality improvement, integration 

of the quality system with business goals, and many other activities to focus all elements of 

the organization around the quality improvement goal. Typically, organizations that have 

implemented a TQM approach to quality improvement have quality councils or high-level 

teams that deal with strategic quality initiatives, workforce-level teams that focus on rou 

tine production or business activities, and cross-functional teams that address specific qual 

ity improvement issues. TQM has only had moderate success for a variety of reasons, but 

frequently because there is insufficient effort devoted to widespread utilization of the 

technical tools of variability reduction. Many organizations saw the mission of TQM as one 

of training. Consequently, many TQM efforts engaged in widespread training of the 

workforce in the philosophy of qual ity improvement and a few basic methods. This training 

was usually placed in the hands of human resources departments, and much of it was 

ineffective. The trainers often had no real idea about what methods should be taught, and 

success was usually measured by the percent age of the workforce that had been “trained,” 

not by whether any measurable impact on busi ness results had been achieved. Some general 

reasons for the lack of conspicuous success of TQM include (1) lack of topdown, high-level 

management commitment and involvement; (2) inadequate use of statistical methods and 

insufficient recognition of variability reduction as a prime objective; (3) general as opposed 

to specific business-results-oriented objectives; and (4) too much emphasis on widespread 

training as opposed to focused technical education.  

10 Marks 


