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Abstract 

Wald-Wolfowitz Runs Test for Randomness is a non-parametric test which is used to test whether 

a sequence of data drawn from a given distribution follows a random pattern. The test was 

applied on a sequence generated from a survey conducted on an ordered population of patient 

flow in a clinic facility (Public Health Clinic, BukanSidi) to see a particular doctor. The aim of 

this survey was to apply the runs test on this sequence that was generated without any prior 

arrangement of selection to check for randomness in the sequence. Out of the sequence of 40 

patients generated, there were 23 runs with 21 female and 19 male. Because the sample size is 

greater than 20, the large sample approximation was used to test the two-tail hypothesis and it 

was found that, the sequence generated from aconsecutive sampling follows a random pattern 

and are therefore, recommended for use for systematic sampling and parametric test. 
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Introduction  

In most parametric tests, one basic assumption to be met in other for a test to yield a reliable 

result is that “the data must be randomly drawn” from a population which is normally 

distribution and one good method for testing forthe randomness of this data is the Wald-

Wolfowitz runs test (or simply runs test) which is a non parametric test procedure developed by 

Abraham Wald and Jacob Wolfowitz. In fact, the components of a random sequenceare 

independent and identically distributed (Mohammad et al, 2009). 

A runs is a consecutive series of similar items which are bounded by items of different kind at 

the beginning or ending of the sequence by none at all. The runs test is a non-parametric test and 

therefore does not need to meet the normality assumption for it to yield a good result. A sample 

with too many or too few runs suggests that the sample may not be random. For one-sample test, 
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the variable must be dichotomous while for two-sample test, the two samples should be mutually 

independent (Corder et al, 2009). 

Various statistical tests suite have been developed to study the randomness of a sequence such as 

Diehard, Crypt-XS, and NIST. The diehard suite as developed by George Marsaglia in 1995, the 

Crypt-XS suite was developed by researchers at information security research centre at 

Queensland University of technology in Australia in 1998 and NIST is the result of collaboration 

between the computer security division and statistical engineering division at NIST in 2010 

(Alcover et al, 2013. The quality of each generator should be measured by different statistical 

test as passing the test is a necessary condition (Killmann and Schindler, 2011; Eastlake et al, 

2005). 

Sequences must be random in the sense that they should unpredictable for them to be used. For 

example, the security of many cryptographic systems depends on the generation of the 

unpredictable values to be used as keys. Since randomness is associated to the unpredictable 

properties, it can be described in probabilistic terms, and can be verified by means of hypothesis 

test. The Topological Binary Test (TBT) which was developed by Alcover  team in 201 gives the 

exact distribution of the statistic and points out some similarities and difference with other 

statistical randomness test including NIST (Alcover et al 2013). 
 

Random and non-random are terms commonly used to describe whether data have been 

generated using a random or non-random procedure (Swed et al,1943). It is still possible for a 

non probability sampling to generate a random data, there is, however, no certainty that the 

sequence of data generated will be random because there is no mechanism to ensure randomness, 

the runs test is still seen to be the best test for randomness (Levy et al, 2008). 

This research focused on sampling selection from a clinical survey in an ordered population. An 

ordered population is based on “first come, first served” bases. This may occur from a queue 

system where patients are queuing while waiting tosee a doctor. Among these sampling 

techniques which are under non-probability sampling is the consecutive sampling which is the 

commonest and easiest technique for ordered population (Mohamad et al, 2018). 
 

There is the possibility of sampling bias when collecting sample using consecutive sampling for 

an ordered population. Therefore, it is advisable to provide evidence with a runs test to show that 

the sequence is random (Maurer, 1992). The runs test is suitable for sampling situation in which 

there is an ordered sampling frame, such as in queue system or where there is an interval 

between two consecutive observations (such as the presence of a specific period of waiting time 

between them). This is where consecutive sampling technique which is based on the principles of  

“first come, first served” can occur (Mohammad, 2003). 
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In consecutive sampling, the sample collection is performed by screening each subject 

consecutively and including every subject who meets all inclusion criteria until the required 

sample size has been achieved (Bowers, 2011). Unlike convenience sampling where the sample  

Selection is selected based on the sample that is accessible by the researcher irrespective of 

whether or not it is a consecutive selection (Mohammad, 1998). 

Aim  

The aim of this research is to describe the procedures for carrying out runs test and how this test 

can be applied by using a real-life example of male and female patient’s flow in a clinic facility. 

The concept of runs test 

Let us further expand the meaning and concept of runs test. Supposed a balance coin is tossed 

twenty times and the following outcomes recorded. 

TTTTHHHHTTTTHHHHTTTT  

or 

THTHTHTHTHTHTHTHTHTH  

This is not a runs, because the outcome appeared in a systematic pattern. If the outcome is of the 

form;  

HHHHHHHHHHTTTTTTTTTT  

This is still not a runs because the outcome cluster together. Now if the outcome is of the form; 

 HTHHTHTTTHTTTTHTHTTH 

This looks more like a runs because the outcome seems to exhibit a random pattern, but this is 

subject to verification and the non-parametric test used for testing for the randomness of a 

sequence of data regardless of the way it is generated whether non random pattern is noticed, is 

the Wald-Woldfowitz runs test or simply runs test. The runs test is often use as a quick check for 

independence of observations (Peizari et al, 2003).  

Runs test is suitable for quality control and time series analysis and one of its main importance is 

that it can applied on both qualitative and quantitative data. But one thing to note is that, too few  

runs or too many runs and a runs of excessive length can be used as a criteria for the rejection of 

H0 of randomness (Mohamad et al, 2018).  

Research Methodology 

Suppose the sample size �be decomposed into ��and ��, that is, � = �� + �� 

Let � be the total number of runs, then the research hypothesis can be stated as; 

 H0: sequence is random. 

  against 

 H1: sequence is not random 
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The decision rule is: reject H0 if � is not between the lower critical value (r1) and the upper 

critical value (r2) at a given level of significance. That is; 

 �� ≤ � ≤ �� 

This is a two-tail test, for one-tail test, the hypothesis is of the form; 

 H0: sequence is random. 

  against 

 H1: sequence cluster together 

The decision rule is: reject H0 if � is less than or equal to the lower critical value (��), that is, 

  � ≤ �� 
H0: sequence is random. 

  against 

 H1: sequence has systematic or periodic effects. 

The decision rule is: reject H0 if � is greater than or equal to the lower critical value (��), that is, 

  � ≥ �� 

The above case is the case for small sample, that is,when� ≤ 20. 

Large Sample Runs Test 

When ��and �� is greater than 20, the values of � are always the same, hence the large sample 

approximation(Z-score) may be used to test the hypothesis.This is because the distribution of the 

observed number of runs would approximately follow the normal distribution with mean 0 and 

variance 1(Spiegel, 1992, Peizari et al, 2003). 

The large sample approximation is given as;   

r
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Z

σ
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Where: 

  �is the total number of runs; 

  rµ is the expected number of runs; and 

  rσ is the standard deviation of the runs. 

The expected value and standard deviation of the runs can be computed using the formulas; 

n

nn
r

212
1+=µ  

  
)1(

)2(2
2

212121

−

−−
=

nn

nnnnnn
rσ  

 

 
 

 

 



5 | P a g e  

 

LAJAST: Journal of Engineering, Science and Technology 

ISSN: 2545 - 5583 (online) 

Vol. 3 Number 1, November, 2019 

www.asuplafia.org.ng/journal 

Data Analysis and Result 

The researcherscarried out a survey of patient’s flow in a clinic facility(Public health 

clinic,BukanSidi) and observed a sequence of 40 patients attending the clinic (as shown below). 

The researchers would like to determine whether the sequence follows a random pattern based on  

gender (which we shall denote M = Male and F = Female) and the test will be carried at 5% level 

of significance. 

 FMFFMMFMMFMMFFFMFMMFFFFMMFMMMFFFMFMMFMFF 

This is the pattern in which the patients were coming in to see the doctor in the clinic as 

generated by the surveyor. The first patient was a female, followed by a male, then two female 

and so on. The first step in runs test is to count the number of runs in the data sequence. There 

are several ways to define runs in the literature, however, in all cases the formulation must 

produce a dichotomous sequence of values 

F M FF MM F MM F MM FFF M F MM FFFF MM F MMM FFF M F MM F M FF 

From the sequence above,  

 Number of runs r = 23 

 Number of female F = 21 = n1 

 Number of male M = 19 = n2 

Where n = n1 + n2 

Since the sample size is greater than 20, we used the large sample approximation formula; 

  
r
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=  

 

95.20
40

19212
1 =

××
+=rµ

 
 

 

  69.9
)140(40

)192119212(19212
2

=
−

−−××××
=rσ  

212.0
69.9

95.2023
=

−
=Z  

To obtain the critical value for two-tail test; 
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From Z-table, �.��� = 1.96. 

Recall that the research hypothesis is given by  

H0: sequence is random. 

  against 

 H1: sequence is not random 

The decision rule is; reject H0 if Zcal. (0.21) ≥ Z0.975(1.96)  or -Zcal. (-0.21) ≤ -Z0.975 (-1.96)   

otherwise accept H0. 

Since Zcal. (0.21) < Z0.975 (1.96), and –Zcal. (-0.21)> -Z0.975(-1.96), we accept H0 and conclude that 

the sequence follow a random pattern. 

Discussion of Findings 

The result of this analysis shows that the value of the Zcal. (0.21) < Z0.975 (1.96), and –Zcal. (-0.21) 

> -Z0.975(-1.96) leading the researchers to conclude that the sequence generated from the patients 

flow in the clinic during the period under observation follows a random pattern (that is, accepting 

the null hypothesis that the sequence is random). 

If it has been found subsequently that the selection process using the consecutive sampling 

technique is not random, then, further test must be carried out to determine whether the selection 

bias can be due to the presence of a consecutive pattern which exist in the sequence of subjects 

recruited for a sample. This consecutive pattern may exist because of prior arrangements made at 

the clinic facility such as the treatment of severe cases. If this is occurring, it is advisable to take 

corrective measure to overcome the lack of random sequence of sample data collection by 

revising the study design including the selection of sampling technique.  

Conclusion  

In conclusion, the survey indicates that the pattern in which the patients flow to see a doctor in a 

particular clinic facility during this period of study generates a sequence which follows a random 

pattern. The result lead to the acceptance of the null hypothesis. 

Suggestion for Further Studies 

Since randomness is established in this sequence, parametric test which makes used of 

randomness assumption may be used on the data for further advance test. Similarly, before 

systematic sampling can be applied on any data, the data must be random, and hence the data 

obtained for this research can be used for systematic sampling can be applied to this data. 
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