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SUMMARIZING WEALTH  BY  ITEM  RESPONSE MODELLING. A METHODOLOGICAL APPROACH
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Abstract: Lately, different models have been advanced in the analysis and measurement of wealth. This paper has a methodological focus and is aimed to compare a number of models which are based on the concept of summarizing scale. We propose the Item Response Theory (IRT) as an innovative methodology that could be used whenever we need to summarize a number of indicators into a measurement scale and score. Although the IRT is a traditional technique of educational and psychological measurement, it can be also used as an alternative framework for the analysis of wealth and well-being. This model is compared with the sum-score approach and the multivariate probit regression, as to point out different methodological aspects. 
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1. INTRODUCTION
In literature, wealth can be analyzed and measured by using scales of wealth. The unidimensional scales are more common, but they do not account for heterogeneity among people. In general, the scales derived from measurement models which include covariates, also control for heterogeneity. Some papers use scores or indexes to measure wealth, while other examine each item of wealth separately, in order to avoid the use of latent scales. The selection of the most appropriate approach to wealth is the first step in finding the most appropriate measurement method.
The broad methodological framework given by the Item Response Theory model (IRT) has recently been applied to the construction of wealth scales, as well. Even though this method is often used in the field of educational and psychological measurement, it was also recently applied to the analysis of deprivation (Dickes and Fusco, 2006; Cappellari and Jenkins, 2006). This paper proposes an extension of this methodology to the analysis and measurement of wealth. The main focus of the paper is the investigation of the IRT model, compared to the sum score approach and the weighting sum score approach, in the context of the static approach to wealth. In particular, these three models may be applied as to derive wealth scales and wealth scores, as well as to find out the causes of wealth.

The paper analyzes several models but it particularly highlights the IRT (especially the two- parameter IRT model).  We consider that we may contribute to literature in several regards:  
(1) This methodology has not be used before in finance, so in this field it may be advanced as an innovative methodology;
(2) IRT can be used as an alternative to the sum-score approach and multivariate regression whenever we need to summarize different variables/ items into an index or score.

2. METHODOLOGICAL ASPECTS
As the paper has a “pure” methodological focus, we give in this section a general overview on the methodologies that will be compared. We investigate here whether and with what results the models can be used in both the construction of wealth scales and the analysis of wealth determinants.

There is a condition that the variables defining the scale should meet. All variables of the summarizing scale should be pre-defined as dichotomous. Generally, the value 0 attests the lack of wealth while the value 1 attests the presence of wealth.
a) IRT model

In literature, the IRT models have been defined and applied as a technique of educational and psychological measurement. In fact, IRT is an extension of the classical test theory (CTT), which is one of the earliest measurement theories. We choose to place the analysis and measurement of wealth indicators in the framework of the CTT. It is because the indexes of wealth are latent variables, and also because the measurement of wealth could involve large errors. 
According to the CTT, the observed scores are recorded with measurement error:

χi = γi + ζi





(1)
​​Where, γi is the latent score and ζi is the measurement error.

The IRT is basically derived from the item-based test theory, that itself originally belongs to the wide field of psychological measurement. Over time, the IRT has been continuously developed, which has led to its acceptance as a specific technique of psychological measurement. 
The IRT allows us estimating, through parameters, the magnitude of the latent trait attributable to the persons and items. The IRT is also known as the latent trait theory or the strong true score theory. The latent trait could be the attitude, cognitive ability, physical ability, skill, knowledge, attitude, personality or characteristic measured by the test. Thus, in the field of psychometrics, the aim of the IRT is to measure abilities and attitudes. But the IRT is also used in other areas of research, such as in the developmental, social and educational psychology, as well as in the medical research, demography and other social science settings.
The IRT models mainly calculate a score for each individual. In most cases, the correlation between the score provided by IRT and the traditional score is very high (higher than 90%). The graphical analysis shows that, compared to the traditional score, the IRT estimates discriminates between individuals at the borders of the range more than in the middle.

The IRT models can be used whenever we need to model binary (in our case) or categorical variables (ordered or polytomous). The underlying mathematical function allows us finding the probability of a discrete outcome, such as the correct answer to an item, according to person parameters. The parameters may represent the discrimination of items, the item difficulty or the effects of guessing on the probability of a correct response. In other worlds, the function shows us how a person with a higher standing on a trait is likely to provide a response in a different response category to a person with a low standing on the trait.
The IRT mathematical function has usually a logistic ogive. In this case, it requests the estimation of two parameters: (i) the location parameter, which describes where along the trait continuum the function is centred, (ii) the parameter which indicates how well an item discriminates among people along the trait continuum.
The simplest IRT is the one parameter model, which models the log odds of individual j giving a correct answer to item i. In our analysis, the variables of a certain dimension of wealth are modelled through a system of simultaneous equations, as to provide a wealth scale and a wealth score. The constant of the IRT equation reflects the intrinsic meaning of that dimension of wealth.
The general form of the one parameter IRT equation is: 
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(2)
When IRT is applied to analysis of wealth, the measurement model is: 
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Where, Vij* is the latent indicator of wealth for the item i and individual j, (i represents the “difficulty” of the item i and (j denotes the ability of the individual j. 
In the equation above, the mean of the error term is zero and the variance is common and fixed. If we treat Dj* as random individual effects, then the standard maximum likelihood provides estimates of both, the parameters (i and the wealth score Dj*. Although the wealth scores can be estimated by using empirical Bayes methods, this could raise some methodological problems. First, an accurate prediction is conditioned by a large number of wealth indicators. But if a large number of wealth indicators will be included in analysis, it will be difficult to estimate the model. Second, as the estimates of the EB predictions and the sum-score method are closely related, the results provided by the IRT model could not reveal significant new patterns or a new scale of wealth.
A well known one parameter IRT model is the Rasch model where (j are parameters, and not random variables, and where the error term has a logistic distribution. In this case, the total score is proved to be a sufficient statistic of the individual ability parameter. This means that the simple aggregation of the indicators respecting the Rasch model assumptions gives the wealth score. The most difficult part here is to find those indicators which respect this restrictive condition. It is not only the Rash model, but it is the one parameter IRT model in general, that imposes strong assumptions, like the equi-correlation between any pair of wealth items. In the two- parameter IRT model, this strong assumption is not anymore a condition.

For some reasons, the use of the two parameter IRT model carries some advantages, in comparison with the one parameter model. By the same system of simultaneous equations, we can estimate not only the intrinsic content of the wealth indicators, but also individual wealth scores, as well as a second parameter, (i. This parameter reflects how the indicators discriminate between individuals. With the two parameter IRT model, the propriety of sufficiency of the score on the latent trait does not hold anymore.
The general form of the two- parameter IRT equations is:

​​
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(5)
When applied to wealth, the two- parameter IRT equation takes the following form:
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(6)
As the wealth variables are created as dichotomous variables, they take in this model either the value 0, if the individual doesn’t experience that symptom of wealth, or the value 1 if he does.
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(7)
In the context of wealth analysis, the one- parameter IRT is generally used to only derive a wealth scale, while the two- parameter IRT model provides a broad application: derivation of a wealth scale, calculation of a wealth score and analysis of wealth determinants. 

When the model is used as to examine the determinants, a structural equation is incorporated into the measurement component of the IRT model. The structural equation introduces the covariates which explain the latent score of wealth. With the two equations which form together a MIMIC model, we are in the space of structural equations modelling. The structural equation is in this case:
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(8)
Where, ξi is a normally distributed normal term with mean zero and fixed variance.

b) Multivariate probit regression

There are situations when binary correlated data ranging from multivariate analyses need to be modelled through a single model. In such case, the multivariate probit regression makes possible to regress a vector of correlated variables on a set of continuous and discrete predictors. Cappellari and Jenkins (2003, 2004) bring an innovative contribution to the wealth scale approach, by introducing a special form of multivariate probit model. This new model generalizes the classical measurement model, allows for heterogeneity in the measurement model and recognizes the dichotomous nature of wealth indicators. The multivariate probit model proposed by Cappellari and Jenkins is a special form of the conventional model in the sense that the correlation between the errors is equal to the variance of the latent wealth scale. The model is very close to the Rasch model. It does not lead directly to an additive wealth scale, but points out the importance of assumptions in the measurement of wealth. The main outcome of the model is that it generates predictions of the joint probabilities of observed wealth indicators.

The measurement model is:
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(9)
Where Vi* is the latent indicator of wealth, D* and εi are assumed to be independent normally distributed with zero mean and εi independently distributed across households and items.

The relationship between the latent indicator Vi* and the observed indicator established by a supplementary model:
Vi = 1 if Vi* > 0 and Vi =0 otherwise.


(10)
c) Sum-score approach

The sum-score approach is a simple counting method, which results in the calculation of a sum-score index. It cannot be incorporated into the framework of the classical measurement model since the observed wealth indicators are binary variables and not continuous ones. 
The classical measurement model states that the average of observed indicators is equal to the latent wealth level, for each unit of analysis, when the number of wealth indicators is high enough.
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(11)
Where the measurement error term εij has zero mean, Dj* is the latent measure of wealth and βi is the intercept term.

3. CONCLUSIONS
As the analysis has been carried in two steps, the conclusions are organized in the same way.

1. The analysis of wealth can be done either by classifying individuals or households in terms of a score, which is given by a wealth scale, or by investigating each indicator in part. If one may be interested to calculate wealth scores rather than to separately follow different aspects of wealth, he definitely needs to use a wealth scale. Even though we have shown that both multivariate probit and IRT may provide close rankings of wealth items into a scale of wealth, we came at the conclusion that the IRT is more appropriate. This is because the two- parameter IRT makes possible to also derive wealth scores, through the EB estimates, while the one- parameter IRT and the multivariate probit regression do not.
2. The effect of a number of covariates on a wealth score should be the same, according to both IRT and sum-score. At this point we consider that the multivariate probit is not comparable to the IRT and sum-score, since it gives estimates for each indicator of wealth and not for a score. As Cappellari and Jenkins suggested (2004), one would prefer to avoid the use of a wealth scale, and in this case, the multivariate approach would be more appropriate. This is also because sometimes it is worth to target specific items instead of latent constructions.
To sum up so far, the IRT provides a methodological framework to provide wealth scales, to summarize the items of wealth into a score of wealth and to analyze the determinants of wealth. The results are comparable with those derived from the traditional methods, which are: (1) the sum- score for the construction of wealth scale and calculation of wealth score; (2) the ordered probit regression for explaining the determinants of wealth, according to the sum- score approach. The multivariate probit regression is a useful methodological approach especially when one would find of interest to separately analyze the items and not their average score.
In this paper, we have argued in the favour of using the IRT, as a complex methodological framework for the measurement and analysis of wealth. The measurement of wealth through the IRT can be extended in many directions, such as calculation of global wealth scores and use of polytomous IRT models. The extension of the IRT in a longitudinal perspective could also be of interest because it may give new insights to the dynamic measurement of wealth. It would be interesting to find if same conclusions rise when we move from a cross-sectional approach to a longitudinal one. We propose this as a future attempt.

REFERENCES
Baker, F.B., Item Response Theory: Parameter estimation techniques, New York: Marcel Dekker, 1992.

Cappellari, L. and Jenkins, S.P., Multivariate probit regression using simulated maximum likelihood, Stata Journal, no.3, 2003.

Cappellari, L., Jenkins, S., Summarizing multiple deprivation indicators, ISER Working Paper no.40, 2006.

Fraley, R., Waller, N., Brennan, K., An item response theory analysis of self report measures of adult attachment, Journal of personality and social psychology, no. 78, 2000.

Jansen, P. G., Roskam, E., Latent trait models and dichotomization of graded responses, Psychometrica, no.51, 1986.

McKinley, R., Mills, C., Item response theory. Advances in achievement and attitude measurement, in B. Thompson (ed.), Advances in social science methodology, CT:JAI, Greenwich, 1989.
_1243769770.unknown

_1243769938.unknown

_1243776472.unknown

_1243776434.unknown

_1243769838.unknown

_1243769422.unknown

_1243769537.unknown

_1243769275.unknown

_1239090728.unknown

