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Abstract: The purpose of this paper is to propose a new measuring method of human performance in context of competitiveness of two similar companies. It is not enough to calculate the mean of individuals perfomance. The analize should be focus on performance inequality, inequality in a company or inequality between two or more companies.     
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1. INTRODUCTION

We usually associate the terms of competitiveness and performance together. Whenever we are interested in the competitiveness of a company and how can we compare it competitiveness with similar companies, we are also interested in the performance of its human components, of how can we improve the individual performance, the overall one and therefore the competitiveness of the company we are interested in.

If we think about the competitiveness of a company X, there are several questions that come to mind: How well is the company X performing if compared to other companies? How well has the company X performed on the market? Are we doing the best we can in terms of management or human performance? (Kaplow, 2005, pg.68-71)

From our point of view, to answer the question of how well is company X performing, when compared to other companies, we should focus not only on the trading part, but also on how much has the company grown over a specified period of time, on the incomes of its employees, the income inequality and living standards. It is important here to decide on a scale of quantifying the above criteria, on a measure or measures that can be used.

There are two aspects of interest here, to look at individual performance (same individuals) at two or more periods of time and see what the differences are, see if the individuals perform better or not over time. If we only want to see if in average, one company performs better than the other, we can make statistical inference about various parameters of interest: they can be means, medians and variances. These well used statistical measures of center – like the mean – are useful in some instances, but they may not be particularly relevant when, for example, we have outliers and/or skewed distributions. (For example we have individuals with outstanding performances). Other important issues may also arise. We need measures and indices that would not mask the important information in data sets. We need to know if the less productive individuals earn the lowest incomes. Or if over time we have the same group of individuals underperforming. This is what we can call “within competitiveness”, based exclusively on individuals performance. 

The second component is the one of the “in-between competitiveness”, when for two similar companies we compare the performances, incomes, inequality between two representative groups from each company.

In each of the two cases presented above we are interested in the performance inequality, inequality in a company or inequality when we compare two or more companies.

2. INFORMATION 

In this paper we will focus on the measure of performance and present several cases of interest. After we discuss these cases, the last section of the paper will make the connection between the performance and competitiveness and what we consider that is of interest. In the Appendix we present a simulation that considers 50 individuals for which we calculate the performances and apply our theory. 

To evaluate single performance we have to decide in advance what would be an acceptable level of performance. As we mentioned above, by calculating the mean we find out the average performance in a group, but we have no idea about each individual. Do we have individuals with exceptional performances? Do we have individuals with very low performances that we should concentrate on helping them improve their performances? 

If we have n individuals in our company, let’s quantify each individual performance in a random variable x1 with i = 1,2…, n. We assume that the performances are ordered in an ascending order: x1 ≤x2 ≤ … ≤xn. Each performance value is, for convenience, a value between 0 and 100.

We need one measure of inequality that can characterize every possible set xi with regard to inequality. Let’s say that this measure is P.

This measure needs some properties. For instance, the measure should be zero when all individuals have the same performance and positive when there are at least two different performances.

There are two other properties that we will exemplify below. If we have three individuals with performances 5, 15 and 50 it is obvious that there is a big difference among their performances. However, if we add a value of 50 to each performance, we now have 55, 65 and 100. There is still some inequality among them, but not as big as before, the inequality between their performances declined. The measure that we propose, should reflect this situation, which means that P(x) ≠ P(x=a), for each performance value x and constant a, (Allison, 1978, p. 872).

The measure P is defined as follows (Atkinson, 1970, p. 253):  
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where n is the number of individuals, 
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 is the average performance and a is a parameter.

We consider a vector of performances x and y a vector of performances that is similar with x, the only change is that an individual j that had a low performances provides some help to an individual i that has a high level of performance and all the others are the same. In this case the measure of performance P (x’) > P(x), because the individual that had a low performance will have an even lower level and the inequality among then increases.

The parameter a from our measure reflects our preference for equality and can take values ranging from zero to infinity. As a increases, P becomes more sensitive to transfers at the lower end of the performances and less sensitive to transfers among larger performances. This parameter allows us to concentrate on that segment of distribution that we are interested in. We can emphasize the individuals with low performance, high performance or middle performance, based on the value of a.

As the parameter approaches its lower limit, the measure gives more weight to the upper end of the distribution, individuals with higher performances. However, as the parameter approaches its upper limit, the measure gives more weight to the lower end of the distribution, individuals with low performances. 

Using the definition presented above and the theory developed in (Paun, 2006, p.49), we can rewrite our measure as:
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,with E(Xa) <∞ and the mean of X is µ and 0 < µ <∞.

The empirical estimator of our measure is Pn and is defined as follows:
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In practice we want to be able to calculate confidence intervals and see if the performances that we analyze are inside the calculated confidence intervals. It was demonstrated in (Paun, 2006, p.64) how to calculate the variances and the confidence intervals for such a measure.

Let’s mention that we have two approaches, an asymptotic method and a bootstrap method. Both methods cover the parametric and nonparametric cases and can be applied in analysis with small number of individuals or large number of individuals.

 
For the competitiveness analysis we compare the two performance measures PF and PG, corresponding to two populations of performances, with distribution functions F and G.
We aim is to construct direct (parametric and nonparametric) tests that, given empirical evidence, would allow the practitioner to decide (at a prescribed confidence or significance level) whether PF and PG are equal or not under various alternatives, and to also construct confidence intervals for the difference PF - PG.

Assume we have m individuals from one company with performances X1, X2, … ,Xm and another n individuals from another company with performances Y1, Y2, …, Yn. All random variables in the set of incomes are independent and distribution free.

For the first population, the measure PF measures the inequality of the performances

X1, X2, … ,Xm and  for the second population, the measure  PG measures the inequality of the performances Y1, Y2, …, Yn. We wish to determine the magnitude of the difference between the two measures.

For this case see (Paun, 2006, p.101), the bootstrap method gives an easier formula for the confidence intervals of the difference between the two measures PF – PG, formula that we present below:
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where Pn[X] and Pn[Y] are the empirical measures corresponding to the theoretical measures PF  and PG, respectively.

In the paired case we look at the performance of a company in two different years, using the same individuals and we record their performances after each assessment. What is of interest here is to see how each individual performing over a specified period of time is? Are the individuals performing in the same manner or not? What measures should we take to improve the performance of the individuals that do not perform well?

For this case see (Paun, 2006, p.103), the bootstrap method gives an easier formula for the confidence intervals of the difference between the two measures PF – PG, formula that we present below
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3. APPENDIX

We will present a case of 50 performance ratings in a year in a given company A:

(51.280325, 23.348770, 33.713298, 21.583153, 14.678803, 70.501277, 21.576877, 99.337521,

 69.315334, 3.733524, 83.107807, 83.329181, 3.290603, 65.490302, 53.138356, 45.420519,

 89.927661, 88.657357, 72.870077, 85.959976, 58.994289, 95.757884, 65.781196, 52.443098,

 7.330256, 61.624422, 87.950940, 74.173049, 80.981905, 9.289965, 76.748601, 95.160347,

 37.748041, 23.936819, 14.615606, 97.669417, 66.381957, 93.325992, 45.117745, 79.273768,

 85.257948, 31.028537, 62.144007, 92.996139, 61.896624, 16.922587, 79.560257, 39.250409, 2.179806, 59.282896)

After the assessment the minimum score an employee obtained is 2.1798, the maximum score is 99.3375 and the average is 56.7017.

After a year another assessment is performed on the same group of employees and we obtain:

(51.280325, 3.348770, 33.713298, 21.583153, 14.678803, 70.501277, 21.576877, 99.337521,

 69.315334, 3.733524, 83.107807, 83.329181, 3.290603, 65.490302, 58.138356, 45.420519,

 89.927661, 88.657357, 72.870077, 85.959976, 55.994289, 95.757884, 65.781196, 52.443098,

 7.330256, 64.624422, 87.950940, 74.173049, 80.981905, 9.289965, 76.748601, 95.160347,

 37.748041, 13.936819, 14.615606, 97.669417, 66.381957, 93.325992, 45.117745, 79.273768,

 80.257948, 31.028537, 72.144007, 92.996139, 81.896624, 16.922587, 79.560257, 39.250409, 2.179806, 59.282896)

The minimum score an employee obtained is 2.1798, the maximum score is 99.3375 and the average is 56.7017.

Can we conclude that there is no change in their performances? That each employee performs the same each year? As we mentioned before, the mean is not relevant in all cases.

In the first year we have 8 employees that receive a score less than 20 and in the second we have 10 employees that receive a score less than 20. In the first year we have 16 employees with a score greater than 79 and in the second year we have 17 employees with a score grater than 79.

Let’s use out measure for both years. In the first year our measure has a value of P = 0 .8669.and in the second year P = 0.8826.

Both measures are close to 1, which means that we have enough inequality among the scores, as we can also see from the two plots.  The second year has a greater inequality, which means the inequality among the performances increased.

Using our measure we and giving different values to the parameter a, we can look more closely to the lower scores or the upper scores, depending what we want to emphasize from our analysis. We may want, for example, to identify the individuals with lower income and to improve their performance; or look at the individuals to high performances and decide to give them harder tasks. As we mentioned before, we only want to provide a tool, to assist the researchers in their analysis.
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