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Abstract – One-way ANOVA (analysis of variance) is widely used in quality engineering 

for quality characteristics comparison. The basic assumption in applying ANOVA is that 

the response is normally distributed. However, in life tests, the times to failure usually do 

not follow this assumption. In this paper, a method similar to the regular one-way 

ANOVA is proposed for reliability assessment. A generalized linear model together with a 

likelihood ratio test is developed. The proposed method can be used to compare the 

reliability of different designs. It also can be applied to study whether a factor has an 

effect on product life.  
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1.   Introduction 

One-way ANOVA or single factor design is popularly used in quality engineering.  A 

typical example is given in [1]. A product engineer is interested in investigating the tensile 

strength of a new synthetic fiber. The engineer knows that the strength may be affected by 

the weight percent of cotton used in the blend of materials for the fiber. She decides to test 

specimens at five levels of cotton weight, using five specimens at each level. In this 

example, the response is “strength” and the factor is “cotton weight” with five levels.  If 

the response is “life” instead of “strength,” it will be a typical life test. Unlike in the 

regular tests, where you always get complete data, in life testing you will likely end up 

with suspensions and interval data. This presents the challenge of applying the ANOVA 

technique on life data. In many cases, in order to apply the ANOVA method, suspensions 

are treated as failures and the middle points of interval data are used as failure times. 

Apparently, this approximation may sometimes give wrong results and lead to wrong 

conclusions.  

 Another challenge of using ANOVA on lifetime data is the normal distribution 

assumption. As we know, F test, which is based on the normal distribution assumption, is 

the foundation of the ANOVA technique.  For lifetime data, the normal distribution 

assumption usually does not hold. Therefore, a new method that can handle the above two 

challenges is needed.  

In this paper, we will discuss a generalized linear model together with the likelihood 

ratio test method. This method is similar to the regular one-way ANOVA method, but can 

efficiently handle the data type and normal distribution assumption problems.    

2.   Proposed Method 

We use an example to illustrate the proposed method. Consider a product for which three 

different types of materials can be used. The engineer wants to know if there are 
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differences between these three options and, if they are different, which material is the 

best one. Ten samples were tested for each material. The test was stopped at 500 hrs. The 

experiments results are given in Table 1.   

Table 1: One Factor Life Test 

Level 1 (Material A) Level 2 (Material B) Level 3 (Material C) 

F 44.8 F 306 S 500 F 197 F 127.5 S 500 

F 159.9 F 380.9 S 500 F 224 F 375.1 S 500 

F 226.7 F 407.6 S 500 F 314 F 476 S 500 

F 227.7 S 500 S 500 F 432 S 500 S 500 

F 293.9 S 500 S 500 S 500 S 500 S 500 

For the commonly used lifetime distributions, such as the Weibull, lognormal and 

gamma distributions, there is a parameter called “life characteristic.” For example, for the 

Weibull distribution:  
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η is the “life characteristic” and β  is the shape parameter. For an L-level factor, it will 

have  

L – 1 independent effects if the zero sum constraint is used [2].  The life characteristic can 

be treated as a function of these independent effects [3, 4].  For the above example, 

assuming the Weibull distribution is used, the link function between the life and the 

effects is: 

]2[]1[)ln( 210 MM αααη ++=                (2) 

where ]1[M  and ]2[M  are the two independent effects of materials.  If it is level 1, 

]1[M = 1 and ]2[M = 0; if it is level 2, ]1[M = 0 and ]2[M = 1; if it is level 3, ]1[M = -1 

and ]2[M = -1. Therefore, for each level, there is a different life characteristic value. 

Using this link function, the log likelihood function for the failure data at level i will be: 
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where F is the number of failures and S is the number of suspensions at level i.  jt  is the 

failure or suspension time.  The overall log likelihood function will be: 
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By maximizing equation (4), the model parameters β , 0α , 1α  and 2α  can be obtained.  

However, if the life is the same at all of the levels, the life characteristic will be the 

same for all of the levels. In this situation, iη  reduces to a single η  and is used for all of 

the levels in equation (3) and (4).  By maximizing the reduced model, the model 

parameters β  and η  can be solved. A Ln(LKV0) for the reduced model also can be 

obtained.  If the life is the same for all of the materials, the likelihood ratio: 

)]()0([2 LKVLnLKVLnLR −−=      (5) 

will follow a chi-squared distribution with degree of freedom of L-1 [3]. The likelihood 

ratio test table and the model parameters for the above example are given in Table 2. 
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Table 2: Analysis Results 

Likelihood Ratio Test Table 

Model DF Ln(LKV) LR P Value 

Reduced 2 -112.9 6.884 0.032 

Full 4 -109.5   

Parameters Information 

Term CoEff StdErr Z P Value 

Beta 1.8503 0.4292 4.311 1.62E-05 

Intercept 6.4221 0.1706 37.65 0 

M[1] -0.499 0.2056 -2.426 0.0152 

M[2] 0.1385 0.2187 0.633 0.5265 

From the P values in the likelihood ratio test table, it can be seen that the life is indeed 

different for different materials. The smaller the P value is, the more significant the 

differences are. Z shows the standardized coefficients. The paired comparison results are 

given in Table 3.  
Table 3: Paired Comparison  

Comparison Ln(Eta) Difference Pooled Std. Error Z P Value 

A - B -0.6375 0.3477 -1.834 0.0667 

A - C -0.8594 0.3942 -2.18 0.0292 

B - C -0.2219 0.4147 -0.535 0.5925 

From Table 3, it can be seen that there are significant difference between material A 

and B and between A and C, but the difference between B and C is not significant. Z 

shows the standardized differences (i.e.  the difference divided by the pooled standard 

error). From Table 3, it also can be seen that material C gives the largest life characteristic 

value. 

3.   Conclusions 

We have demonstrated a likelihood ratio test method for reliability assessment. This 

method is similar to the one-way ANOVA method but is specifically designed for lifetime 

data. The proposed method can be used for comparing different designs and efficiently 

evaluating the life effect of a factor. 
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