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Abstract 
 

Aims: Introduce two new test statistics in testing for the nondecreasing alternative in a mixed design 
consisting of a Completely Randomized Portion and a Randomized Complete Block Portion. 
Study Design: Simulation study comparing four test statistics for the nondecreasing alternative in a 
mixed design consisting of a CRD and an RCBD portion. The test statistics included two new test 
statistics and two existing test statistics. Random samples were taken from three different types of 
underlying distributions. Different percentages of the CRD portion will be considered as well as different 
sample sizes. Powers were estimated based on a variety location parameter shifts. Three, four, and five 
populations were considered. 
Place and Duration of Study: The simulation study took place on the campus of North Dakota State 
University during the calendar year 2019. 
Methodology: Levels of significance for each of the three types of underlying distributions, when the 
RCBD portion was larger than the CRD portion, when the CRD portion was larger than the RCBD 
portion, and when the CRD portion was equal to the RCBD portion, and when the number of populations 
were 3, 4, and 5. 
Results: Regardless of the underlying population types, the proposed test statistics did better than the 
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existing test statistics when the difference between the last two parameters is large. This was true for 3, 4, 
and 5 populations. 
Conclusion: When the differences between the last two parameters is large, the two new test statistics 
performed better. Otherwise, the existing test statistics are better. In both cases, it is better to use the 
combined test statistic that first standardizes the individual test statistics for the CRD and RCBD portions 
before adding them together. 
 

 
Keywords: Nonparametric; order-restricted inference; Jonckheere Terpstra; completely randomized 

design; randomized complete block design; mixed design. 
 

1 Introduction 
 
In some experimental studies, researchers may wish to test the null hypothesis that there are no differences 
among treatment effects against an ordered alternative hypothesis. Researchers may be able to assume the 
treatments follow an a priori ordering, if they are different.  The scope of this paper focusses on the 
nondecreasing ordered alternative hypothesis. That is, 
 

��:  �� = �� = ⋯ = ��    versus    ��:  �� ≤ �� ≤ ⋯  ≤ �� 
 
where at least one inequality is strict and �� denotes the location parameter of the ith treatment. It is also 
possible that researchers may start out conducting an experiment using a randomized complete block design, 
but realize later that the design becomes too expensive and too hard to continue without several observations 
missing on treatments within a block. For instance, let us suppose a large company is interested in 
controlling the increasing cost of insurance of its employees. Hence, the company introduces a wellness 
program in an attempt to improve the overall health by reducing the average cholesterol level (LDL) 
of its employees. To test the competence of the program, the company starts measuring the cholesterol levels 
of random employees’ samples – after their consent – three times in two years: at the beginning of the 
program and two times, annually, afterward. However, because the company is large and has an annual 
turnover of nearly 18% in its employees, many observations become obsolete because their donor employees 
left the company before completing them; therefore, their cholesterol level cannot be obtained anymore. To 
counter this problem, the company decides to discard observations that were incomplete for at least one year 
and perform a test using only a randomized complete block design (RCBD) to get accurate results on 
cholesterol levels over two years. 
 
The company realizes that it loses a lot of data by sticking to a randomized complete block design (RCBD) 
which, in turn, hampers its effort to enhance its employees’ general health. Thus, the company comes up 
with an idea to take advantage of the leftover observations that do not constitute a complete block and 
collect more observations over the next two years using a completely randomized design (CRD). Therefore, 
statistical test is required which combines the observations from the randomized complete block with those 
from the completely randomized design. 
 
Page [1] proposed a nonparametric procedure that is applicable for testing nondecreasing ordered alternative 
when the data fit the two-way analysis of variance structure. Daniel [2] mentioned several assumptions for 
the validity of this test, including the independency of blocks, and no interaction between the blocks and the 
treatments. The test statistic is defined as  
 
 

          � = ����

�

���

                      (1) 
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where �� is the jth treatment rank sum, based on the within block ranks of the original observations. Under 

H0, the statistic L has an asymptotic normal distribution with mean and variance, ��(� + 1)�/4 , �(�� −
�)�/144(� − 1), respectively. The standardized version of the statistic L is defined as 
 

 
   �� =

� − [��(� + 1)�/4]

��(�� − �)�/144(� − 1)
 

             (2) 

where b denotes the number of the blocks and k denotes the number of treatments. Under H0, the statistic ��  
follows an asymptotic standard normal distribution (i.e., N(0,1)) and so the standard normal table can be 
used to get the critical values. 
 
Jonckheere-Terpstra test (referred to as ��) is a widely known nonparametric test for the nondecreasing 
ordered alternatives in the k-sample case when the design is a completely randomized. The test was 
proposed independently by Terpstra [3] and Jonckheere [4]. For this test, the samples must be independent, 
and each sample is assumed to be drawn from a continuous population in which the distribution is the same 
for each population and may only differ in the location parameters. The test statistic is based on the 
summation of  �(� − 1)/2  Mann-Whitney statistics. Namely, it can be expressed as  
 

                 �� = � � ���

�

�����

���

���

 
                      (3) 
 

 
where ���  is the U-statistics of Mann-Whitney and is defined as the number of pairs of observations 

(��� ,���) in which ���  is less than ��� , once more, ���  is the ath observation in ith treatment sample, � =
1,2,… ,�� and Xjb is the bth observation in jth treatment sample, � = 1,2,… ,��. Under the null hypothesis, 

H0, the  �� statistic follows an asymptotic standard normal distribution with mean  
 

    ��( ��)=
�� − ∑ ��

��
���

4
                                                                (4) 

 
and variance 
 

 
   ����( ��)=

��(2� + 3)− ∑ ��
�(2�� + 3)�

���

72
                             (5) 

 

where � = ∑ ��
�
��� , and �� denotes the sample size of the ith treatment. However, the asymptotic normality 

of �� depends on the number of samples. Jonckheere [4] mentioned that the normality approximation might 
be inaccurate if only one ��  tends to infinity as �  increases. Therefore, to achieve the normality 
approximation, at least two samples increase as � goes to infinity. Therefore, the standardized version of the 
test statistic, ��, is defined as  
 

 ��� =
�� − ��( ��)

�����( ��)
                                        (6) 

 
Tryon and Hettmansperger [5] introduced a modified version of the JT test, MJT. Both tests, JT and MJT, 
are dealing with the nondecreasing ordered alternatives. However, the MJT test assigns more weights for 
each Mann-Whitney statistic based on the distance between the ith and jth populations. Thus, if the distance 
between the two populations is considered to be large, more amount of weight will be assigned to each 
Mann-Whitney statistic. The test statistic can be written as follows: 
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         ��� = � � (� − �)���

�

�����

���

���

                         (7) 

 
Under H0, the asymptotic distribution for the test statistic follows a normal distribution with mean 
 

 
   ��(���)= � � (� − �)

����

2

�

�����

���

���

                      (8) 

 
and variance 
 

 

    ����(���)= ��� �� 

���

���

� (� − �)���

�

�����

�                            (9) 

                                       = � � (� − �)�
�

�����

 ��������

���

���

+ 2� � � � (� − �)(� − �) �������,����

�

�����

���

���

�

�����

���

���

 

 
where the values of the variance and the covariance terms can be defined as in Hollander and Wolfe [6] 
where  
 

 
      �������� =

������� + �� + 1�

12
     for 1 ≤  � ≤  � ≤  � 

      (10) 
 
 

 
 

          �������,���� =
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⎪
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������

12
          ��        1 ≤ �,� ≤ � ≤ �,� ≠ �               

 

−
������
12

          ��         1 ≤ � < � ≤ �,� = �                   
 

−
 ������

12
          ��        1 ≤  � < � < � ≤ �,� = �            

 

  
������

12
         ��        1 ≤ �,� ≤ � ≤ �,� ≠ �             

 
 0               ��           �,�,�,� are different        

�            (11) 

 
Neuhӓuser et al. [7] illustrated that in situations when the sample sizes are relatively small, the modified 
Jonckheere-Terpstra (���) has higher power than the original Jonckheere-Terpstra ( ��). 
 
Terpstra and Magel [8] introduced a new nonparametric test for testing the nondecreasing ordered alternative 
that does not depend on pairwise information. Instead, it depends on the information that is obtained across 
all samples at the same time. The test statistic is given as follows 
 

                 �� = � .  .  .� �(���� ≤ ���� ≤ ⋯ ≤ ����)

��

����

��

����

      (12) 

 
where �(���� ≤ ���� ≤ ⋯ ≤ ����) is the indicator function that is equal to one only when there is at least one 

strict inequality and zero otherwise. Terpstra and Magel [8] compared their test to the JT, and the MJT tests. 
The results indicated that the proposed test has fairly higher power when the priori ordering is correct. 
However, if it is the other way around, the proposed test can have smaller power than the JT and the MJT 
tests.  
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Ferdhiana et al. [9] proposed a test that is similar to the test proposed by Terpstra and Magel [8], with the 
exception of function. Ferdhiana et al. [9] used the Kendall’s Tau correlation coefficient instead of the 
indicator function used in the TM test. 
 
Moreover, another nonparametric test is given by Terpstra et al. [10] that is analogous test to the TM; 
however, in this test the indicator function in Equation (12) was replaced by Spearman’s correlation 
coefficient. The result of both tests indicate that the proposed test has higher power than the JT, the MJT and 
the TM when the sample sizes are small with large shift between the two adjacent location parameters. 
 
Magel et al. [11] developed two tests for the nondecreasing ordered alternatives in mixed design. Part of the 
design is considered a data from a randomized complete block design (RCBD) and the other part is 
considered a data from a complete randomized design (CRD). The tests in [11] are a mixture of Page’s test 
and Jonckheere-Terpstra test. The first test in [11], can be written as follows: 
 

                    �� =
�� + ���

√2
             (13)  

 
Under H0, �� follows a standard normal distribution since the standardized version of Page’s test, and the 
standardized version of Jonckheere-Terpstra, ��,��� , respectively, follow a standard normal distribution. 

Thus, the null hypothesis will be rejected when �� ≥ �� where �� is the upper � quantile of the standard 
normal distribution.  
 
The second test in Magel et al. [11] is based on the idea that the Page’s test and Jonckheere-Terpstra test 
were added together first and then standardized. That is, 
 

 
          �� =

� + �� − �(0)

����(0)
                 (14) 

 
where  
 

                �(0)=
��(� + 1)� + (�� − ∑ ��

�)�
���

4
             (15) 

 
and 
 

                ���(0)=
�(�� − �)�

144(� − 1)
+
��(2� + 3)− ∑ ��

�(2�� + 3)�
���

72
             (16) 

 
It can be noted that the mean and variance are the sum of Page’s test and the Jonckheere-Terpstra test. More 

specifically, 
��(���)�

�
  denotes the mean of Page’s test and  

(���∑ ��
�)�

���

�
  denotes the mean of the Jonckheere-

Terpstra. Similarly, 
�������

�

���(���)
 and  

��(����)�∑ ��
�(�����)

�
���

��
  denote the variance of Page test (L) and the 

variance of the Jonckheere-Terpstra test (JT), respectively.  The null hypothesis would again be rejected if 
C2 ≥ �� . 
 

2 Proposed Methods and Simulation Study 
 
The Jonckheere-Terpstra (JT) test and some modifications of the JT test already exist for the completely 
randomized design (CRD). However, we need to propose new versions of the JT test for the randomized 
complete block design (RCBD) portion of the design.  
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2.1 First proposed method 
 
In this proposed method, we are applying the idea discussed by Tryon and Hettmansperger [5] where the 
distance between the two populations is multiplied by the ith population. That is,  
 

 
               ���� = � � �(� − �)���

�

�����

���

���

                  (17) 

 
Since we are dealing with a mixed design, the standardized version of the test that will be applied to the 
CRD portion is written as 
 

 
               ����� =

���� − �(����)

����(����)
                             (18) 

 
where ���� is defined as the unstandardized version of the new modified Jonckheere-Terpstra test with 
mean 
 

 
               �(����)= � � �(� − �)

����

2

�

�����

���

���

             (19) 

 
and variance 
 

 

               ��� (����)= ��� ��  

���

���

� �(� − �)���

�

�����

�             (20) 

                                           = � � ��(� − �)�
�

�����

 �������� + 2� � � � (�.�)(� − �)(� − �) �������,����

�

�����

���

���

�

�����

���

���

���
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Moreover, the values of the variance and the covariance terms can be obtained using Equation (10) and (11). 
Under H0, as min(��,��,… ,��) tends to infinity, 
 

                �����  
�
→�(0,1) 

 
As for the RCBD portion, a test is designed by applying the ���� test to each block (i.e., NMJT1, NMJT2,..., 
NMJTl  ; l = 1, 2,…, b) where NMJT1 denotes the new version of the modified Jonckheere-Terpstra test for 
the first block, NMJT2 denotes the new version of the modified Jonckheere-Terpstra test for the second 
block, and so on. Then, we sum up all the ���� tests together to form the ����� test. That is, 
 

                ����� = ������

�

���

               (21) 

 
where b is the number of blocks. Corresponding to Equation (19) and since we are considering one 
observation per block-treatment, the mean of  ����� test can then be written as  
 

                �(�����)= ��(�����)= � �� �
�(� − �)

2

�

�����

���

���
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�

���
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               (22) 
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In like manner, the variance of  �����  test can be defined as 
 

                ���(�����)= ����(�����)

�

���

             (23) 

                                            = ��3� �
 ��(� − �)�

12

�

�����

���

���

+ 2� � � � (�.�)(� − �)(� − �) �������,����

�

�����

���

���

�

�����

���

���

�

�

���

 

 
where b is the number of blocks and ����� is the new (multiplied) modified Jonckheere-Terpstra test for the 
lth block. Moreover, the covariance term can be obtained from Equation (11). The standardized version of 
����� test is written as 
 

 
              ������ =

����� − �(�����)

����(�����)
                                               (24) 

 
where ����� is defined as the unstandardized version of the summation of the new modified Jonckheere-
Terpstra test for the entire blocks. Under H0, as min(��,��,… ��) tends to infinity, 
 

                  ������

�
→�(0,1) 

 
Therefore, the first proposed method for the nondecreasing ordered alternatives in a mixed design is written 
as follows: 
 

 
               �� =  

����� +  ������

√2
                           (25) 

 
Here, we added the standardized version of ���� and ����� together first, and then we standardized the 
two tests by subtracting the means and divided by the standard deviations.  
 
Under H0, for large sample sizes, this method will follow an asymptotic normal distribution since it is a 
combination of two tests which follow a standard normal distribution. Thus, the null hypothesis, H0, will be 

rejected when  �� ≥  �� where �� is the upper � quantile of the standard normal distribution.  
 

2.2 Second proposed method 
 
The second method we are proposing for the nondecreasing ordered alternatives in a mixed design is 
designed as follows: 
 

 
              �� =  

��
∗ −  [�(����)+ �(�����)]

��(����)+ �(�����)
            (26) 

 
where 
 

 
              ��

∗ = ���� + ����� = � � �(� − �)���

�

�����

���

���

+ ������

�

���

       (27) 

 
Here, k is the number of treatments, and b is the number of blocks. ���� is the new modified Jonckheere-
Terpstra test for the lth block.  Under H0, for large sample sizes, this test will also follow an asymptotic 

normal distribution. The null hypothesis, H0, will be rejected when  �� ≥  �� . 
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It is noted that versions of the Jonckheere-Terpstra test are being developed for other types of designs such 
as a two-stage nested design [12].  
 

2.3 Simulation study 
 
The aim of this section is to describe in detail the Monte Carlo simulation study that is used to investigate 
the performance of the proposed tests and to compare them to each other and with the tests proposed by 
Magel et al. [11]. The performance of the tests is evaluated by the estimated powers and whether or not they 
maintain the stated level of significance (α). The power of a test can be defined as the probability of rejecting 
a false H0. Likewise, the level of significance (α) is defined as the probability of rejecting a true H0. 
 
In this study, three underlying distributions are used including, the standard normal distribution, the 
exponential distribution with mean one, and t-distribution with DF = 3. For each distribution, we consider 
three scenarios of proportions of the number of blocks in the RCBD portion to the sample size in the CRD 
portion, namely, assuming that the portion of the number of blocks in RCBD is larger, equal, and smaller 
than the portion of the sample size in the CRD. However, regarding the CRD portion, we consider cases 
where the sample sizes are equal.  
 
Based on 5000 iterations, the study is conducted for each combination of distributions with nondecreasing 
location parameters at 0.05 level of significance. The level of significance is estimated for each test by 
generating 5,000 sets of samples from the populations when the null hypothesis is true (i.e., the location 
parameter arrangements are the same for all treatments) and counting the number of times the null 
hypothesis is rejected, dividing by the number of iterations. Similarly, the power for each test is estimated by 
generating 5,000 sets of samples from the populations when the alternative hypothesis is true (i.e., the 
location parameter arrangements are different for at least one treatment) and count the number of times the 
null hypothesis is rejected, divided by the number of iterations. All the simulations are performed using the 
statistical program SAS9.4. 
 
Moreover, powers are estimated based on a variety of location parameter arrangements. In particular, we 
considered cases when there is an equal distance between the parameters; cases where the distances between 
the parameters are distinct; cases where the some parameters are equal and the rest were different; cases 
where the distance between the some parameters is twice as large as the distance of others; and cases where 
the distance between the first two parameters are chosen to be the same as the distance between the last 
parameters. The location parameters are denoted by ��, ��, ��, ��, and �� for treatment one, two, three, four, 
and five, respectively.  
 

3 Results and Discussion 
 
The results of the simulation study play a significant role in evaluating the performance of the proposed tests 
compared to each other and to those proposed by Magel et al. [11]. Thus, the aim of this section is to 
introduce the results of the simulation study described in the previous section. The proposed tests are 
designed to analyze data in a mixed design of a CRD and a RCBD. 
 
In each table, the results of the simulation study are defined based on number of treatments (k), the 
distribution used to simulate the data, the sample size in the CRD portion, and the number of blocks in the 
RCBD portion. Besides, a variety of location parameter arrangements, shifts, are considered on k = 3, 4, and 
5 treatments. The estimated level of significance (α) and the estimated power for each test are given so that 
the first entry of each table represents the estimated α-level; however, the rest represent the estimated 
powers.  
 
Results as to which test did better in particular situation are consistent regardless of the number of treatments 
(namely, 3, 4, or 5) and the different distributions considered. Results are shown in Tables 1 and 2 for cases 
when we have four treatments (k = 4) and the number of blocks in the randomized complete block design 
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(RCBD) portion is larger than the sample sizes in the completely randomized design (CRD) portion. These 
results are for the standard normal and standard exponential distributions. It can be seen that the first 
proposed test (T1) has higher powers in cases where the arrangements of location parameters follow the 
pattern that the first two parameters are equal and the last two parameters are different such as (0, 0, 0.05, 
0.3), cases where the arrangements of location parameters following the pattern that distance between the 
first two parameter is equal to the distance between the last two parameters such as (0, 0.5, 0.5, 1), and lastly 
cases where the arrangements of location parameters follow the pattern that the distance between the fourth 
and third parameters is twice as large as the distance between the third and the second, while the distance 
between the third and the second parameters is twice as large as the distance between the second and the first 
such as (0, 0.1, 0.3, 0.7). 
 

Table 1. Percentage of rejection for k = 4; Exponential distribution: Block = 16 and n = 8 
 

µ1 µ2 µ3 µ4 C1 C2 T1 T2 

0 0 0 0 5.46 4.96 5.32 5.04 

0 0.1 0.2 0.3 47.44 38.36 43.56 29.48 

0 0 0.25 0.25 47.22 37.30 44.64 30.54 

0 0.125 0.25 0.25 40.18 32.42 31.44 22.04 

0 0 0 0.5 67.54 56.12 81.80 60.38 

0.05 0.1 0.3 0.5 74.88 64.76 76.68 56.02 
0 0.25 0.5 0.5 80.66 71.60 69.94 50.62 

0 0.5 0.5 1 98.84 96.24 99.08 90.26 

0.1 0.2 0.6 1 99.42 97.64 99.50 94.22 

0.25 0.25 0.5 0.5 47.22 37.30 43.46 29.76 

0 0.1 0.3 0.7 94.54 88.52 96.24 83.78 

0 0.05 0.15 0.35 55.40 44.96 57.38 38.74 

0 0.15 0.2 0.5 74.84 64.26 76.14 54.54 

0 0 0.05 0.3 42.26 33.54 48.24 33.06 

0 0 0.1 0.6 85.60 75.74 92.66 74.76 
 

Table 2. Percentage of rejection for k = 4; Normal distribution: Block = 32 and n = 8 
 

µ1 µ2 µ3 µ4 C1 C2 T1 T2 

0 0 0 0 4.78 5.32 5.00 4.86 

0 0.1 0.2 0.3 33.84 28.40 31.24 20.68 

0 0 0.25 0.25 33.58 28.18 31.88 21.08 

0 0.125 0.25 0.25 28.84 24.18 22.54 15.86 

0 0 0 0.5 55.48 47.06 68.00 45.72 

0.05 0.1 0.3 0.5 59.14 49.76 59.34 38.16 

0 0.25 0.5 0.5 67.10 58.12 55.18 36.58 

0 0.5 0.5 1 97.14 93.06 95.26 77.86 

0.1 0.2 0.6 1 97.80 94.56 98.12 86.34 

0.25 0.25 0.5 0.5 33.58 28.18 31.70 21.60 
0 0.1 0.3 0.7 85.56 77.40 89.26 67.12 

0 0.05 0.15 0.35 40.08 33.68 42.32 27.36 

0 0.15 0.2 0.5 59.00 50.32 58.60 39.26 

0 0 0.05 0.3 31.28 26.88 35.98 24.52 

0 0 0.1 0.6 72.80 63.10 83.18 58.68 
 
Tables 3 and 4 show the results of the simulation study for cases when k = 4, and the number of blocks in the 
RCBD portion is equal relative to the sample sizes in the CRD portion. When one of the parameters is quite 
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a bit larger relative to the other parameters, the first proposed test (T1) has the highest powers. As an 
example of this, consider the case where the first two parameters are equal and the last two are distinct such 
as (0, 0, 0.1, 0.6). When the parameters are equally spaced, or the last two parameters are equal to each 
other, C1          has the highest powers. The test C1 was one of the tests proposed by Magel et al. [11] and 
given in Equation (13). 
 

Table 3. Percentage of rejection for k = 4; Exponential distribution: Block = 10 and n = 10 
 

µ1 µ2 µ3 µ4 C1 C2 T1 T2 

0 0 0 0 5.26 5.00 4.88 5.04 

0 0.1 0.2 0.3 42.36 35.24 38.36 28.80 

0 0 0.25 0.25 41.70 35.80 40.60 31.66 

0 0.125 0.25 0.25 36.12 31.04 29.50 23.26 

0 0 0 0.5 62.86 52.34 76.82 60.74 
0.05 0.1 0.3 0.5 69.52 60.74 72.60 57.36 

0 0.25 0.5 0.5 76.84 67.42 66.26 51.62 

0 0.5 0.5 1 98.08 94.84 97.32 90.84 

0.1 0.2 0.6 1 98.76 96.44 99.20 95.48 

0.25 0.25 0.5 0.5 41.64 34.92 40.44 31.12 

0 0.1 0.3 0.7 92.10 85.46 94.96 84.32 

0 0.05 0.15 0.35 51.64 43.26 53.28 40.66 

0 0.15 0.2 0.5 69.10 59.52 70.60 54.58 

0 0 0.05 0.3 39.72 31.58 46.56 33.36 

0 0 0.1 0.6 80.86 70.32 89.16 74.68 
 

Table 4. Percentage of rejection for k = 4; Normal distribution: Block = 20 and n = 20 
 

µ1 µ2 µ3 µ4 C1 C2 T1 T2 

0 0 0 0 4.46 5.08 4.68 5.16 

0 0.1 0.2 0.3 35.22 27.38 32.92 24.40 

0 0 0.25 0.25 37.24 27.72 34.82 25.12 

0 0.125 0.25 0.25 31.24 24.10 25.74 19.04 

0 0 0 0.5 61.36 46.78 73.12 53.98 

0.05 0.1 0.3 0.5 63.34 49.48 64.60 47.76 

0 0.25 0.5 0.5 73.80 56.50 60.36 42.82 

0 0.5 0.5 1 98.78 93.06 97.50 87.28 

0.1 0.2 0.6 1 99.10 94.78 99.40 94.24 
0.25 0.25 0.5 0.5 36.48 28.28 34.80 25.48 

0 0.1 0.3 0.7 90.90 78.30 92.10 77.94 

0 0.05 0.15 0.35 44.28 34.06 46.22 33.30 

0 0.15 0.2 0.5 63.84 49.10 65.02 47.02 

0 0 0.05 0.3 34.18 25.80 40.46 28.96 

0 0 0.1 0.6 79.74 64.04 87.98 70.48 
 
Tables 5 and 6 show the results of the proposed tests and the tests proposed by Magel et al. [11] in terms of 
the estimated level of significance and the estimated powers for the normal, exponential, and student's t 
distributions for four treatments (k = 4) when the proportion of the RCBD portion is smaller, than the CRD 
portion. Results were the same as when the CRD and RCBD portions were equal as to which test performed 
better when the RCBD portion was 1/2 the CRD portion (Table 5).  
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When the proportion of the number of blocks in the RCBD is one-eighth the sample size in the CRD portion 
(Table 6), the proposed test T2 tends to have higher estimated powers then the others under the following 
location parameters arrangements: (0, 0, 0, 0.5), (0.05, 0.1, 0.3, 0.5), (0, 0.1, 0.3, 0.7), (0, 0.05, 0.15, 0.35) 
and (0, 0, 0.05, 0.3). Note that in this case, it is the second versions of the test statistics that perform better. 
 
In Tables 7 and 8, the RCBD portion is larger than the CRD portion. The results in this case are the same as 
the results when the RCBD portion is equal to the CRD portion. The first versions of the test statistics have 
larger powers. The first newly proposed test statistic has larger powers when there is a relatively large 
difference between the last two location parameters. When the parameters are equally spaced or fairly close 
to each other, C1 (one of the tests in Magel et al. [11]) has higher powers. In Table 7, k = 3 and in Table 8, k 
= 5. The number of populations did not affect the result as to which test statistic had higher powers, but the 
spacing between the last two parameters did. 
 

Table 5. Percentage of rejection for k = 4; Exponential distribution: Block = 8 and n = 16 
 

µ1 µ2 µ3 µ4 C1 C2 T1 T2 

0 0 0 0 5.00 4.72 4.68 4.50 

0 0.1 0.2 0.3 49.48 44.84 46.14 39.62 

0 0 0.25 0.25 47.62 42.34 44.96 39.12 

0 0.125 0.25 0.25 40.94 36.76 32.36 27.86 
0 0 0 0.5 69.84 62.88 83.86 75.62 

0.05 0.1 0.3 0.5 77.68 70.96 79.70 70.98 

0 0.25 0.5 0.5 83.06 76.72 72.40 64.06 

0 0.5 0.5 1 99.40 98.22 99.08 96.88 

0.1 0.2 0.6 1 99.58 98.90 99.88 99.14 

0.25 0.25 0.5 0.5 46.10 41.28 43.28 37.70 

0 0.1 0.3 0.7 95.84 92.14 97.44 93.56 

0 0.05 0.15 0.35 56.50 50.82 59.92 50.76 

0 0.15 0.2 0.5 76.32 70.08 78.42 69.04 

0 0 0.05 0.3 43.66 37.30 51.80 42.40 

0 0 0.1 0.6 86.58 81.58 93.80 88.44 
 

Table 6. Percentage of rejection for k = 4; Normal distribution: Block = 4 and n = 32 
 

µ1 µ2 µ3 µ4 C1 C2 T1 T2 

0 0 0 0 4.76 4.84 5.26 5.16 

0 0.1 0.2 0.3 31.10 34.60 29.88 32.32 

0 0 0.25 0.25 31.20 34.04 29.90 32.24 

0 0.125 0.25 0.25 25.58 27.62 21.04 23.26 

0 0 0 0.5 52.04 56.78 63.36 68.78 
0.05 0.1 0.3 0.5 54.36 59.78 55.38 61.34 
0 0.25 0.5 0.5 64.84 69.18 52.80 56.84 

0 0.5 0.5 1 96.50 97.80 93.68 96.46 

0.1 0.2 0.6 1 97.08 98.46 97.34 98.60 
0.25 0.25 0.5 0.5 30.42 34.58 29.54 32.88 

0 0.1 0.3 0.7 84.74 88.54 86.80 90.86 
0 0.05 0.15 0.35 36.52 41.76 39.52 43.92 
0 0.15 0.2 0.5 54.80 61.02 55.30 61.34 
0 0 0.05 0.3 29.58 31.78 35.20 37.54 
0 0 0.1 0.6 69.60 75.26 78.96 83.08 
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Table 7. Percentage of rejection for k = 3; Normal distribution: Block = 16 and n = 4 
 

µ1 µ2 µ3 C1 C2 T1 T2 
0 0 0 4.88 4.98 4.74 4.36 
0 0 0.5 36.52 35.58 41.28 33.70 
0 0.5 0.5 36.32 35.68 27.48 23.18 
0.05 0.25 0.5 31.92 30.96 32.14 26.18 
0 0.3 0.5 37.10 36.14 33.76 27.90 
0 0 1 80.92 78.96 88.84 80.40 
0 1 1 80.86 78.92 66.56 56.16 
0 0.5 1 81.86 80.32 80.62 70.96 
0.5 0.5 1 36.52 35.58 41.70 34.44 
0.5 1 1 36.22 35.68 29.34 23.98 
0.1 0.5 1 74.12 72.38 75.36 64.90 
0.1 0.3 0.7 46.30 44.92 47.60 38.78 
0 0.25 0.5 36.88 35.94 35.32 29.52 
0.2 0.5 0.8 46.12 44.96 43.98 36.38 
0 0.1 0.8 65.68 63.34 71.64 61.24 

 

Table 8. Percentage of rejection for k = 5; Normal distribution: Block = 16 and n = 8 
 

µ1 µ2 µ3 µ4 µ5 C1 C2 T1 T2 
0 0 0 0 0 5.38 4.86 5.06 4.78 
0.05 0.15 0.25 0.35 0.45 40.76 35.06 37.22 26.12 
0 0.025 0.075 0.175 0.375 34.90 30.04 39.42 27.02 
0 0 0 0 0.5 39.86 33.24 51.70 35.72 
0 0 0.125 0.25 0.25 27.70 23.74 25.48 19.02 
0 0.05 0.05 0.3 0.3 32.62 27.78 31.02 21.82 
0.05 0.2 0.3 0.4 0.5 45.74 39.62 41.16 28.78 
0 0 0 0.25 0.5 53.34 46.82 62.08 43.60 
0 0 0 0.35 0.35 42.90 37.00 46.80 32.04 
0 0 0.25 0.25 0.5 53.88 46.86 53.66 36.66 
0 0 0 0.1 0.3 25.42 22.06 30.28 20.30 
0 0 0 0.2 0.7 71.18 63.20 81.62 61.48 
0 0.1 0.1 0.6 0.6 76.70 69.10 76.76 56.04 
0 0.1 0.3 0.4 0.4 45.82 39.80 38.80 25.88 
0 0.05 0.2 0.4 0.4 48.64 42.20 43.76 29.74 

 

4 Conclusion 
 
In this paper, novel nonparametric methods for the nondecreasing ordered alternative are proposed for a 
mixed design consisting of a combination of a CRD and RCBD. Three cases were considered where the 
number of blocks were proportional to the sample sizes. In particular, the number of blocks in the RCBD 
portion are larger, equal, and smaller than the sample sizes in the CRD portion. In either case, from the 
findings of the simulation study, it was shown that both the proposed tests appear to maintain their type one 
errors. This was also true of the tests proposed in Magel et al. [11]. 
 

Moreover, the estimated powers for the method formed by standardized last idea (T2) are less than the 
method formed by standardized first idea (T1) under all distributions considered for all cases when the 
RCBD portion is at least 1/2 or greater of the CRD portion. When the number of blocks in the RCBD portion 
are one-eighth the sample sizes in the CRD portion, we found (T2) had higher powers than (T1). 
 

The simulation study has also shown that the estimated power for the proposed test (T1) is better than the test 
statistics proposed by Magel et al. [11] under the nondecreasing ordered alternative as long as a large jump is 
present between the last two adjacent location parameters such as (0, 0, 0.1, 0.6) and (0, 0, 0, 0.5) when the 
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RCBD portion was 1/2 or greater of the CRD portion. If the RCBD portion was only 1/8 that of the CRD 
portion, then T2 had the largest powers of all the test statistics. If there was not a large jump between the last 
two parameters, C1 had the largest powers when the RCBD portion was at least 1/2 of the CRD portion. If 
the RCBD portion was only 1/8 the CRD portion under this circumstance, then C2 had the larger powers. 
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