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difference to be greater in the mid-score group and smaller in the two other 
groups. One might also expect the variation to be smaller in the biased group 
with the lowest scores, as this group would consist of those candidates with 
genuinely low scores and those with low scores as a result of bias, thus pushing 
the scores towards the lower boundary, and conversely the variation to be 
slightly greater in the biased group with highest scores.  

To investigate the feasibility of such a test, we conducted a small simulation 
study. In the study two groups of 99 candidates were constructed. Each candidate 
received a random score from a uniform distribution between 1 and 9. We 
calculated biased scores for the candidates from one of the groups using both (1) 
and (2). For comparison we also calculated biased scores with a constant bias, 
by subtracting 1 from all scores for one of the groups. (Biased scores below 1 
were set to 1, to stay within score range.) The difference in mean score was then 

Figure 1: Histograms of the difference in mean scores from 1000 simulations of two groups 
with 99 candidates each. The top row shows the difference in mean score for the 
candidates with lowest scores, the middle row shows the difference in mean score 
for the candidates with the middle scores, and the bottom row shows the candidates 
with the highest scores. 
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calculated for the 33 candidates with lowest, the middle, and the highest scores, 
respectively. Figure 1 shows the results of the simulation study. As expected, the 
mean differences are greater on average for the biased scores. One can see a clear 
difference between bias 1 and 2 on the one hand, and the constant bias on the 
other, in that for the latter, the mid-range values have a similar mean as the low 
and high values, while for the former there is a shift in mean value for the mid-
range values. One may also note that the ordering of the values seems to impact 
the distribution of the mean of the mid-range values the most, for both the 
unbiased and the biased cases, as this partition has the greatest variation. The 
standard deviations of the differences in mean scores are presented in Table 2. 
These may be compared to the standard deviation of the difference of the means 
of two random samples of 33 observations each from a uniform distribution 
which is "2(9 – 1)2/12/33	=	0.5685. As may be expected, the ordering reduces 
the variation, especially for the low and high values. As anticipated, the 
variation is smaller for the low biased values and slightly increased for the high 
biased values. 

We believe that a test created along these lines could be used to distinguish 
between different types of biases. However, several important issues remain to 
be studied. A fundamental task is to find an appropriate test statistic, and to 
determine its (approximate) distribution under the null and alternative 
hypotheses. A complicating factor is the fact that the samples are ordered, so 
the observations are conditioned on being the e.g. smallest third. Relating to 
this of course also the task to investigate the power of such tests. A more 
general question is to study the number of partitions. Is the number of partitions 
dependent on the shape of the bias or is there an optimal number of partitions? 
How does the number of partitions relate to the size of the history? From a 
power point of view, one could expect a practical minimum number of 
observations per partition, but is there a practical maximum number? Should 
the partitions increase as the size of the history increases? 

Table 2: Standard deviations of the difference of the means from simulation study. 

 Partition No bias Bias (1) Bias (2) Constant bias  

 Low 0.3300 0.2641 0.2557 0.2995  
 Mid 0.4982 0.5020 0.4987 0.4982  
 High 0.3317 0.4219 0.4379 0.3317  
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