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Abstract: Noncentral distributions are probability distributions that are used to model a random variable where a 
noncentrality parameter determines the location of this distribution. These distributions are used in statistics, especially 
in hypothesis testing to compute the power of a test. The manuscript aims to compute cumulative distribution for 
noncentral t distribution using built-in functions in Microsoft Excel. The results obtained were found to be comparable to 
reported values. 
  
1 Introduction 

The noncentral t distribution has two parameters, 
namely υ (degrees of freedom) and δ (noncentrality 
parameter), that exhibits a unimodal density. When the 
value of δ is zero, the distribution becomes Student’s t 
distribution. Degrees of freedom is usually a positive 
integer, but when calculated using the Welch or 
Satterthwaite equation [1] it can be any positive value (1). 
If X and Y are independent random variables such that X is 
normally distributed N(δ,1) and Y follows χ2 distribution 
with υ degrees of freedom, then the ratio follows a 
noncentral t distribution with δ as the noncentrality 
parameter having υ degrees of freedom. 

 �
�� ��  

(1) 

 
The most important application of the noncentral t 

distribution is to compute of power of the t test [2]. Power 
of a t-test is probability that a t-test will correctly reject a 
false null hypothesis with mean of a normal population 
N(μ, σ2). The test of the null hypothesis is H0: μ ≤ μ0 against 
the alternative HA: μ > μ0 based on a sample from this 
normal population, where the population mean μ is greater 
than μ0 [3]. The noncentrality parameter is the normalized 
difference between μ0 and μ [4] (2). 
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The existing algorithms to compute the cumulative 

distribution function (cdf) involve different expansion and 
or recurrence [5]. The manuscript aims to use Microsoft 
Excel to compute cdf by using normal and chi-square 
distributions. This is achieved by generating random 
variates from the noncentral t distribution of specified δ 
and υ values as a ratio normal distribution of specified 
mean which, corresponds to υ and a standard deviation of 
1 and a chi-square distribution with degrees of freedom 
corresponding to δ. Simulation using the data table 
function in Microsoft Excel was performed to obtain a 
more precise estimate of the cdf.  

    
2 Methodology 
2.1 Visualize noncentral distribution 

To visualize noncentral t distribution random variates 
from the noncentral t distribution as described [6], the 
random variates were generated using built-in function in 
Microsoft Excel. To generate a noncentral t distribution 
with 6 degrees of freedom and a noncentrality parameter of 
4, 10000 normal random numbers of mean 4 and standard 
deviation 1 and chi-square random numbers with 6 degrees 
of freedom obtained using NORM.INV and CHISQ.INV 
functions respectively. Then the by using Equation 1, 
noncentral t distribution random variates were obtained. A 
plot of the histogram of these values as shown in Figure 1 
represents the density estimate of a noncentral t distribution 
with 6 degrees of freedom and a noncentrality parameter 
value of 4.
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Figure 1 Computation of random variates of noncentral t distribution using Microsoft Excel. Histogram shown corresponds to 

noncentral t distribution density with 6 degrees of freedom and a noncentrality parameter value of 4 
 
 
 

2.2 Power of t test 

Power was determined for one sample t test using the 
data described here [7]. Simulation was performed using 

the Data Table function in Microsoft Excel [8]. The results 
are shown in  

Table 1. The Data Table can perform calculations at 
once without the need for any programming code. An 
introduction to the application of Data Table can be found 
here [9]. Power calculation for one sample t test using 

noncentral t distribution density plot is shown in Figure 2. 
Two sample t tests can be divided into two categories as 
shown in Figure 3.

  
 

Table 1 One sample t test power calculation 
μ0 850 
µ 810 
σ 50 
N 19 
δ = (850-810)/(50/√19) = 3.487119 
α 5% 
degrees of freedom = 19 – 1 = 18 
critical t (Formula in Microsoft Excel) = T.INV(1-5%/2,18) = 2.100922 
Power [7] 0.909207  
Power obtained from this method 0.909226 (after 2000 simulations) 
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Figure 2 Power calculation using Microsoft Excel for example described [7] 

 

 
Figure 3 Different types of t tests 

 
In case of one sample t tests and two sample t tests with 

equal variances, the degrees of freedom is always a positive 
integer. The noncentrality parameter for two sample t test 
with equal variances in given by (3) 
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(3) 

where (4) 
 

� �  ���� � �� ∗ ��� � ��� � �� ∗ ������ � �� � ��  (4) 

 
 

σ is the pooled standard deviation  �� is the standard deviation for the first sample �� is the standard deviation for the second sample �� and �� are the sample size for first and second sample 
respectively. 
and the degrees of freedom is given by [10] (5) 
 � !" �� #$ $"  �#% � �� � �� � � (5) 
 

For two sample t tests with unequal variances, the 
degrees of freedom can be approximated by Satterthwaite 
formula [1], which might result in fractional degrees of 
freedom (6). 
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where, '� is the standard deviation for the first sample '� is the standard deviation for the second sample (� and (� are the sample size for first and second samples 
respectively. 
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The noncentrality parameter is given by (7) 
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(6) 

where, 
μ1 and μ2 are the means for first and second sample 
respectively [11]. The main limitation of using Microsoft 
Excel for power estimation for two sample t tests with 

unequal variances using the method described here is that 
there is no built-in function which can calculate t-value 
with fractional degrees of freedom.  
 
3 Results and discussion 

The accuracy method described here was determined 
by comparing it with the cdf for reported values [12], and 
the results are shown in Table 2. Figure 4 shows the 
combination plot of cdf and the noncentral t distribution. 

 

 
Figure 4 Plot showing cdf computed at 23 for a noncentral t distribution with 20 degrees of freedom, and a noncentrality parameter 

value of 23 
 
 

Table 2 Comparison of reported cdf values vs obtained from the method described in the manuscript. x corresponds to the value at 
which cdf is computed (*1000 simulations) 

X ν δ Reported [12] Obtained* 
2.34 3 1 0.801888999613917 0.8020529 
-4.33 126 -2 1.252846196792878d-2 0.0125672 
23 20 23 0.460134400391924 0.4601409 
34 20 33 0.532008386378725 0.5319548 
39 12 38 0.495868184917805 0.4958221 
39 12 39 0.446304024668836 0.4462393 
39 200 38 0.666194209961795 0.6664283 
40 200 42 0.179292265426085 0.1793178 

4 Conclusions 
The existing algorithms used to compute cdf are 

complicated and most users use black box approach to 
compute cdf using statistical software. The method 
described in manuscript provides a way of computing cdf 

which is conceptually easy to understand and can be 
readily implemented using and any spreadsheet program 
like Microsoft Excel without the need for any complicated 
code. This method can also be extended to compute cdf of 
noncentral χ2 distribution and noncentral F distribution. 
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