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Abstract

This article reports on a series of meta-analyses into the criterion validity of GMA and specific cognitive ability tests for predicting job performance ratings and training success in the European Community (EC). Meta-analyses were computed on a large European Community database examining the operational validity of GMA, and other specific cognitive abilities, including verbal, numerical, spatial/mechanical, perceptual and memory (N ranged from 946 to 16,065) across ten EC member countries. The results showed that tests of GMA and specific cognitive ability are very good predictors of job performance and training success across the EC. Evidence for the international validity generalization of GMA and specific cognitive abilities was presented. The results for the European Community meta-analyses showed a larger operational validity than previous meta-analyses in the USA for predicting job performance. For training success, the European and American results are very similar. Implications for the international generalizability of GMA test validities, practical use of cognitive ability tests for personnel selection, and directions for future research are discussed.

International Validity Generalization of GMA and Cognitive Abilities as Predictors of Work Behaviors: A European Community Meta-analysis


Tests of general mental ability (GMA) and specific cognitive ability are popular elements in organizational selection procedures in both the USA and the European Community (EC). Over the years many meta-analyses of the predictive or criterion-related validity of GMA tests have been performed in the USA (e.g. Hunter & Hunter, 1984; Hunter & Hirsh, 1987; Pearlman, Schmidt & Hunter, 1980; Levine, Spector, Menon, Narayanan & Cannon-Bowers, 1996; Schmitt, Gooding, Noe & Kirsch, 1984). These meta-analyses have found that GMA and cognitive ability tests are valid predictors of job performance and training success and furthermore, that validity generalizes across samples, criteria, and occupations (see Schmidt, 2002 for an extensive review of all major studies). For example, in a seminal article, Hunter and Hunter (1984) re-analyzed the results of previous studies consisting of 515 primary studies, and also reported the main results of a series of meta-analyses carried out with the USES database of the General Aptitude Test Battery (GATB) validity studies. The average corrected predictive validity of the ability composite was .53 for predicting job performance. Many other meta-analyses were published in the US in the last 25 years and the conclusions were convergent claiming that GMA measures are the best single predictors of job performance and training success (see Schmidt, 2002 for a review of these findings; Schmidt & Hunter, 1998).  In this sense, Murphy (2002) has suggested that GMA measures are likely to be correlated with performance in virtually any job.

The criterion validity of specific cognitive abilities (i.e. verbal, numerical, spatial, and memory) was a further issue examined in previous meta-analyses of the validity studies conducted in civil settings and in large-sample validity studies conducted with military samples in the US. For example, meta-analyses by Schmidt, Hunter and their colleagues (Hunter and Hunter, 1984; Pearlman, Schmidt, & Hunter, 1980; Schmidt Hunter & Caplan, 1981; Schmidt, Hunter & Pearlman, 1981; Schmidt, Hunter, Pearlman, & Shane, 1981) demonstrated that specific abilities showed small validity over and beyond GMA measures or cognitive composites. Ree and his colleagues have examined the validity of the specific ablities for predicting job performance and training success using large military samples (Carretta & Ree, 1997, 2000, 2001; Olea & Ree, 1994; Ree & Earles, 1991; Ree, Earles, & Teachout, 1994). They found that the specific abilities showed very small contributions over GMA for predicting these two criteria. However, some authors have suggested that the use of specific abilities can have important implications for personnel selection. For example, Kehoe (2002) has suggested that if the selection decision was based on specific abilities rather than on GMA measures, the specific abilities can reduce the group differences and may result in more positive applicant reactions. Murphy (2002) has suggested that different applicants may be selected depending on the specific abilities emphasized. Consequently, these are compelling reasons for examining the magnitude of the specific abilities in the European Community.


Even in the light of their important findings, these meta-analyses still contain several characteristics that limit the generalized applicability of their findings. For example, (a) they only included American primary studies, and therefore the international validity generalization was not examined, (b) they did examine the predictive validity of specific cognitive abilities (e.g. verbal, numerical, spatial), but due to the differential characteristics of the EC, the magnitude of the relations between the specific cognitive abilities and performance might be different from the relations found in the US. These two characteristics are particularly relevant, as the international validity generalization of these findings cannot be taken for granted based on these data sets. Therefore, it is particularly important to establish the criterion-related validity of GMA tests in countries other than the USA in order to demonstrate international validity generalization regardless of cultural, economic, social and legislative differences between the US and European Community countries (Herriot & Anderson, 1997). As Newell and Tansley (2001) point out, societal effects, institutional networks, national regulatory environment, economic factors, and national culture, may all have impact upon the use and criterion-related validity of personnel selection methods.

GMA and Cognitive Ability Testing in the EC

The international validity generalization of GMA and cognitive ability tests for predicting job performance and training success is an area of particular relevance for EC countries. According to different surveys (see Salgado & Anderson, 2002 for a review), cognitive ability tests are, in general, more prevalently used for selection purposes in the EC than in the USA. The European Community is a large multi-national and multi-cultural community consisting at present of 15 member countries, including Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Portugal, Spain, Sweden, United Kingdom, and The Netherlands, but with a large number of other countries waiting to become new members in the near future. The current population is over 400 million people. An illustration of the diversity within the EC is the co-existence of a number of individualistic cultures (e.g. United Kingdom, Germany, The Netherlands) and collectivist cultures (e.g. France, Italy, Spain, Portugal, Greece) (see Hofstede, 1980, Spector et al., 2001). In some countries (e.g. United Kingdom, The Netherlands) the Protestant religion is dominant, while in others, the Catholic religion  (e.g. Austria, Italy, Spain, Portugal) or other religions (e.g. the Orthodox religion in Greece) are more prevalent. Consequently, such a mix of typographies could produce a differential effect on the validity of GMA and other cognitive abilities (e.g. verbal, numerical, spatial), due to the fact that different systems of values, approaches to power, supervision styles, and interpersonal communication may be operating simultaneously within the EC. 

According to Levy-Leboyer (1994), there are important differences between the US and the Europe Community in personnel selection practices.  For example, the American selection psychologists “have been strongly influenced by lawsuits requiring proofs of the validity decisions that were made based on test results, so that work psychologists in the United States have concentrated on legitimizing their selection procedures by showing non-discrimination. European work psychologists were (and still are) much more concerned than US psychologists with the need to protect applicants by defending their privacy; they see selection as a participative process, where both the applicant and the organization must have their interest represented. In Europe, public action is focused on limiting an organization’s right to access an applicant’s privacy (Levy-Leboyer, 1994, pp183-184).” Other researchers have also shown that the meaning of selection is different in the European Community and the United States. For example, Roe (1989) pointed out that the European view is not limited to the classical psychometric model of prediction (i.e. the validity of the procedure) and the whole selection process is characterized as a negotiation between employers and applicants in which they must make a decision considering the cost and the benefits, taking into account the societal context of selection, such as legal regulations and the labor market conditions (e.g. unemployment rates; degree of diversity in the countries). Indeed, the 15 current members of the European Community are not completely homogenous in their practices of personnel selection, but as Viswesvaran and Ones (2002) also pointed out, the European Community countries individually considered are relatively homogenous in comparison with the US as they have less within-country diversity. Other relevant differences between the US and the European Community are, for example, unemployment rates larger in the EC than in the US, large variability in the educational systems, and differences in the demographics. For example, the differences in demographic variables within the countries can also have effects on the answers to the test items, reflecting such socio-demographic differences.

Why EC validities may be lower?.

There are also differences between the US and the EC with regard to the meaning of job performance. Companies in the European Community may be more interested in the contextual dimensions of job performance than in task performance dimensions (Borman et al., 2001). This may be attributed to the effects of the collectivistic values of some national cultures (e.g. Spain, France, Belgium, Portugal) and the European view of the personnel selection process as one of negotiation in which the personal characteristics are particularly relevant. Murphy and Shiarella (1997) have suggested that organizations may differ in their definitions of what constitutes good job performance and the differences in the definitions have implications for the validity of selection tests. For example, as Borman et al. (2001) have speculated that GMA measures would show lower validity for predicting contextual performance than for task performance. Therefore, if the European conceptualization of what is good job performance included more contextual connotations relative to the conceptualization in the US, then one would expect that GMA and cognitive ability measures show lower predictive validity in Europe than in the US. 

With regard to the measurement of training performance, there are also remarkable differences. In the European Community the majority of the studies assess training success using supervisory ratings rather than using objective tests, as it is typical in the US studies. The objective measures used in training studies are often assessments of job knowledge while the ratings are assessments of job performance. This is a relevant difference between the EC and the US, because it is well known that there are larger differences in reliability in these two types of measures. Furthermore, the American studies may be interested in the maximal performance of the individuals as it is assessed with objective measures while the European studies may be more interested in the typical performance, as it is assessed with ratings (Ackerman, 1994; Ackerman & Humphreys, 1991). Consequently, one would expect that the validity for training success would be lower in the EC than in the US.

Moreover all these contextual and conceptual differences between the US and the European view of the personnel selection process allow to speculate that there may exist other factors producing differences in the magnitude of the relations between GMA-work performance in the European Community.  For example, there could exist differences in the reliability of performance measures and these differences would affect the criterion-related valdity. Also, the differences in the unemployment rates could produce differences in the selection ratio that would produce differences in the restriction of range in the GMA measures and, subsequently, the range restriction underestimates the criterion validity differentially. Therefore, the magnitude of GMA validity could be lower in the EC than in the US. Furthermore, as the European approach is more concerned with the societal effects than with the predictive validity of the personnel selection processes, there will exist less validity studies in the European Community than in the US.

Why EC validities may be higher?.

Currently, over 20 different languages are spoken throughout the current member countries but the number of languages may be doubled, or even tripled, with the imminent joining of new member states. This phenomenon together with the powerful cultural differences within the EC countries relative to the smaller differences within the US regions could make working in the EC more complex, and hence increasing the demand for GMA. Furthermore, as a whole, the majority of jobs included in these studies are medium or high complexity jobs. Hunter and Hunter (1984) demonstrated that job complexity is a powerful moderator of GMA validity and they found that GMA validity is remarkably larger for high complex jobs relative to low complexity ones. Consequently, it is possible that these two factors (i.e. many languages and more complex jobs) operate to produce a larger operational validity in the EC than in the USA,


While it is true that international validity generalization may exist, as Schmidt, Ones, and Hunter (1992) and Salgado (1997) firstly conjectured, and that the findings may be transferable to other countries, there is no empirical support for this claim because there are only American meta-analyses carried out exclusively with American primary studies. Therefore, a meta-analytic review of the validity studies conducted in the European Community is called for. Such a study would make three important contributions: (a) to report the results for the European Community countries, (b) to compare the European Community findings with the American ones, and (c) to explore if there is international validity generalization for GMA and specific cognitive measures. In view of this, this paper reports the results of new meta-analyses conducted on a very large database of validity studies of GMA and specific cognitive abilities conducted in EC member countries. Provided the considerations stated previously, our study has two main objectives: (a) to present the results of a European quantitative synthesis on the relationship between GMA and job performance and training success; and (b) to examine the magnitude of the predictive validity of specific abilities for predicting job performance and training success. 

Method

Search for Studies


Based on the goals of this research, a database was developed containing European validity studies. These studies had to meet three criteria in order to be included within the data base: a) to report on validity coefficients between job performance and training success measures and cognitive ability measures; b) the samples should be applicants, employees or trainees, but not students; c) only civilian jobs would be considered, excluding military occupations, in order to compare the present meta-analytic results with previous American findings.


The search was made using seven strategies. First, a computer search was conducted in the PsycLit database. Second, an article-by-article manual search was carried out in a large number of European journals. This list includes: Journal of Occupational and Organizational Psychology, Journal of the National Institute of Industrial Psychology, Human Factor, Occupational Psychology, British Journal of Psychology, The Occupational Psychologists, International Journal of Selection and Assessment, Revista de Psicología General y Aplicada, Psicotecnia, Revista de Psicología del Trabajo y las Organizaciones, Bolletino di Psicologia Applicata, Travail Humain, Bulletin du CERP, BINOP, Review de Psychologie Appliquee, Journal of Organizational Behavior, Zeitschrift fur Argewande Psychologie, Praktische Psychologie, Industrielle Psychotechnik, Ergonomics, Applied Psychology: An International Review, Annals de l'Institut de Orientacio, L'Annee Psychologique, Irish Journal of Psychology, Reports of the Industrial Fatigue Research Board, Reports of the Industrial Health Research Board, Scandinavian Journal of Psychology, Revue Belge de Psychologie et Pedagogie, Psychologica Belgica, Nederlands Tijdschrift voor Psychologie, International Journal of Aviation Psychology, Accidents Analysis and Prevention, Transport Journal. We also reviewed the following American journals: Journal of Applied Psychology, Personnel Psychology, Journal of Personnel Research, Industrial Psychology, Psychological Bulletin. Third, we reviewed the Proceedings of the Congress of the International Association of Psychotechnique (later called International Association of Applied Psychology) since 1920 to 1998. Fourth, test manuals were checked looking for criterion validity studies. Fifth, several test publishing companies were contacted and asked for reports in which validity studies were reported. Sixth, the reference sections of articles obtained were checked to identify further papers. Finally, several well-know European researchers were contacted in order to obtain additional papers and supplementary information related to published papers (e.g. complete matrix of correlation coefficients).  


The literature search resulted in 102 papers, including 234 independent samples. These papers consisted of 80 (163 samples) published and 22 (71 samples) unpublished studies. Combining the published and unpublished studies conducted across the European Community, the final database contained 142 independent samples with training success as the criterion and 120 samples with job performance as criterion. Training success and job performance were simultaneously used within 14 samples. The following countries contributed studies to the database: Belgium (3), France (18), Germany (9), Ireland (1), The Netherlands (13), Portugal (1), Scandinavian Countries (2), Spain (18), and the United Kingdom (37). Consequently, not all the current members of the EC are represented in the database. Specifically, we have not found studies from Austria, Italy, Greece and Luxembourg. The reasons are different for the various countries. For example, cognitive ability tests are rarely or not at all used in Italy or Greece (see Ryan, MacFraland, Baron, & Page, 1999) and studies are not published in Finland (Levy-Leboyer, 1994; Petteri Niitamo, personal communication).  The total population of the five countries represents less than 20% of the population of the European Community.

Procedure


Two researchers served as judges, working independently to code every study. Each researcher was given a list and a definition of the abilities. The abilities used in this research were general mental ability (GMA), verbal ability, numerical ability, spatial/mechanical ability, perceptual ability, and memory. Examples of the tests included in each ability category are given in Table 1. If the two researchers agreed on the ability, the test was coded in that ability category. Disagreements were solved through discussion until the researchers agreed on the classification of the ability. The studies conducted in the United Kingdom (36% of the total) were used to examine the reliability of the coding process. Agreement between researchers (prior to the consensus) was .94, .90, .93, .87, .85, and 1 for general mental ability, verbal ability, numerical ability, spatial/mechanical ability, perceptual ability, and memory, respectively. All single tests were then assigned to a single ability. Only one overall validity coefficient was used per sample for each ability condition. In situations in which we found more than one coefficient for each ability (e.g. several tests were used to assess the same ability), they were considered as conceptual replications and linear composites with unit weights for the components were formed. Linear composites provide more construct valid estimates than the use of the average correlation. Nunnally (1978, pp. 166-168) and Hunter and Schmidt (1990, pp. 457-463) provide formulas for the correlation of variables with composites.

Insert Table 1 about here


After the studies were collated and their characteristics recorded, the following step was to apply the psychometric meta-analytic formulas of Hunter and Schmidt (1990). Psychometric meta-analysis estimates how much of the observed variance of findings across studies is due to artifactual errors. The artifacts considered here were sampling error, criterion and predictor reliability and range restriction in ability scores. Some of these artifacts reduce the correlation below its operational value (e.g. criterion reliability and range restriction) and all of them produce artifactual variability in the observed validity. In our analyses, we corrected the observed mean validity for criterion reliability and range restriction in the predictor. In order to correct the empirical validity for these last three artifacts the most common strategy is to develop specific distributions for each of them.

Predictor Reliability


According to Schmidt and Hunter (1999), the ideal reliability coefficient is the coefficient of equivalence and stability, which is estimated as the correlation between two parallel forms given on different occasions. However, since this type of coefficient was not reported in any of the studies, test-retest reliability was used. This affords an accurate alternative since it is only consequential in the estimation of the variability in rho, if at all. Consequently, the reliability of predictors was estimated: (1) from the coefficients reported in the studies included in the meta-analysis, and (2) using the coefficients published in the various test manuals. For each ability, an empirical distribution of test-retest reliability was developed (see Table 2). The average reliabilities were .83, .83, .85, .77, .67, and .64 for GMA, verbal ability, numerical ability, spatial/mechanical ability, perceptual ability, and memory, respectively. As the interest is in the operational validity of the cognitive abilities and not in its theoretical value, predictor reliability estimates are only used to eliminate artifactual variability in SDrho. 


Insert Table 2 about here

Criterion Reliability


In the present research, only validity studies in which job performance ratings and training success were used as criterion were considered. This choice was based on two arguments: (1) American meta-analyses have only used these two criteria and one of our objectives is to provide a comparison with those meta-analyses; (2) other criteria such as tenure, turnover, promotions or output have been used in only a very small number of studies and not with all cognitive abilities, therefore, we would not be able to carry out meta-analyses for all abilities. Since not all of the studies provided information regarding the criterion reliability, empirical distributions were developed to estimate criterion reliability for both these criteria. These were developed using those reliability coefficients reported in a number of studies, and are presented in Table 3.


For job performance ratings, the inter-rater reliability coefficient is the one of interest (Hunter, 1986; Schmidt and Hunter, 1996) since this type of reliability corrects for most of the unsystematic error in supervisor ratings (Hunter and Hirsh, 1987). We found 19 studies reporting inter-rater coefficients of job performance ratings, producing an average coefficient weighted by sample size of .52. This coefficient is slightly lower than the coefficient used by Hunter and Hunter (1984), but interestingly, it is exactly the same as the coefficient found by Viswesvaran, Ones, and Schmidt (1996) in their meta-analysis of the inter-rater reliability of job performance ratings. All the coefficients included in Viswesvaran et al’s database are computed using American studies. Consequently, it is interesting to note that we arrived at the same value using an independent data set. Additionally Rothstein (1990) showed that the asymptotic value for job performance ratings was .52.


In the case of training success, ratings by trainers or supervisors were used in the majority of primary studies included in our meta-analyses. A small number of primary studies used pass/fail qualifications given by the supervisor or the ratings given by trainers or external examiners in both theoretical and practical examinations. Therefore, all training success scores used in the present meta-analysis can be considered as a form of ratings. In fact, when a theoretical and a practical examination were given to the trainees, the correlation between examination ratings ranged from .46 to .73. 15 studies reporting training success reliability were found in total, leading to a weighted sample-size average reliability of .56. This figure is remarkably lower than the value of .81 used by Hunter and Hunter (1984). However, we considered our estimate to be representative of training success reliability in the EC. The difference with Hunter and Hunter’s estimate is due to three reasons: (1) it was empirically developed using civilian studies while Hunter and Hunter’s estimate was an assumed one; (2) Hunter’s estimate was found for training success measures in the USA Navy (Hunter, 1986) and these measures typically consisted of objective examinations (Vineberg & Joyner, 1989), (3) all the coefficients found in this research were calculated using ratings given by trainers or supervisors while objective examinations may be more frequent in the USA.


Insert Table 3 about here

Range Restriction Distribution


The distribution for range restriction was based on two strategies: (a) some range restriction coefficients were obtained from the studies that reported both restricted and unrestricted standard deviation data, and (b) another group of range restriction coefficients was obtained using the reported selection ratio. In order to use the reported selection ratio, we used the formula reported by Schmidt, Hunter and Urry (1976). This double strategy produced a large number of range restriction estimates. We coded these estimates according to the criterion used in the study and used only one coefficient for each sample. In cases where we had several estimates for the same sample, the average was calculated and this figure was used for computing the empirical distributions. The descriptive statistics of the two distributions appear in Table 4. We found a range restriction ratio (u) of .67 for training success and .62 for job performance. These figures are very similar to those found by Hunter and Hunter (1984) in the USA studies, since they found .60 for training and .67 for job performance ratings. In order to be sure that the two empirical distributions are representative of the restriction in the abilities, we also developed specific empirical distributions for each ability, and the results were very similar (although calculated on a smaller number of estimates).


Insert Table 4 about here

Results

Validity of GMA and Cognitive Abilities to Predict Job Performance Ratings.

The meta-analytic results of the relationship between general mental ability and other cognitive abilities and job performance appear in Table 5. From left to right, the first two columns show the number of validity coefficients and the total sample size. The next four columns list the average observed validity weighted by the sample size, the observed variance weighted by the sample size, the sampling error variance, and the observed standard deviation weighted by the sample size. The following two columns show the operational validity (observed validity corrected by criterion reliability and predictor range restriction) and the standard deviation of the operational validity. The next two columns indicate the percentage of variance accounted for by artifactual errors (i.e., predictor and criterion reliability, predictor range restriction, and sampling error) and the 90% credibility value (i.e. minimum value expectable for the 90% of the coefficients included in the distribution). The operational validity was estimated as the observed validity corrected for criterion unreliability and range restriction. 

A large number of studies were found for each ability examined, except memory, for which only 14 studies were found. Despite this, the number of studies is still an acceptable number of coefficients upon which to carry out a meta-analysis. With regard to this point, Ashworth, Osburn, Callender, and Boyle (1992) have developed a method for assessing the vulnerability of validity generalization results to unrepresented or missing studies. Ashworth et al. (1992) suggested calculating the effects on validity when 10% of studies are missing and their validity is zero. Therefore, we calculated additional estimates, to represent what the validity would be if we were unable to locate 10% of the studies carried out and if these studies showed 0 validity. The last three columns report these new estimates: lowest rho value, standard deviation and the 90% credibility value.
Insert Table 5 about here


The results for general mental ability were exceptionally good. The operational validity was .62, which means that GMA is an excellent predictor of job performance ratings. To our knowledge, as reported at present in the scientific literature, no meta-analyses for any single personnel selection procedure shows an operational validity of this magnitude. This finding confirms Schmidt and Hunter’s (1998) suggestion that GMA is the best predictor of job performance ratings. The 90% credibility value found in the European Community indicates that GMA has generalized validity across samples, occupations, measures, and European countries for the job performance criterion. With regard to the percentage of explained variance, we found that 75% of the observed variance is accounted for by the four artifactual errors considered here. This estimate is very close to the figure of 75% initially suggested by Schmidt and Hunter (1977), as the percentage of variance explained by artifactual errors in the case of cognitive tests. Moreover, this magnitude of explained variance suggests that the remaining variability may be accounted for by other artifactual errors not considered here (e.g. range restriction in the criterion, imperfect construct measurement of X and Y, typographical and clerical errors, and so on; see Hunter and Schmidt, (1990) for a list of these possible errors). 


The second meta-analysis was carried out for verbal ability. Here, the results showed an operational validity of .35, which is remarkably lower than the operational validity of GMA. The 90% credibility value was .04 and the explained variance was 53%. These last two results indicate that validity may be moderated by other variables. The results may partially reflect the effects of an outlier with a large sample size. In effect, we found a study for managers, reporting a value of -.02 with a sample size of 437 individuals. When this coefficient is removed, the new operational validity is .39, the 90% CV is .11 and the explained variance is 62%. An anonymous reviewer suggested another explanation for the lower validity of verbal ability. Tests of verbal ability are in different languages across the countries included in the meta-analysis. Different language-based test complexity across countries may be responsible for these results. Other tests, such as numerical, spatial or perceptual, are probably less prone to this effect due to the better equivalence accross different languages than between tests of verbal ability in different languages. Because GMA is defined as the higher order factor to all specific abilities, the `equivalence´issue would affect GMA tests less than purely verbal tests.


For numerical ability, the operational validity was .52, and all the observed variance was explained by artifactual errors. These results indicate that numerical ability is a good predictor of job performance and that it has generalized validity across samples and countries. In this case, the predicted variance exceeds the observed variance due to second-order sampling error (Hunter and Schmidt, 1990) and it was rounded to 100% of the variance accounted for. The second-order sampling error is due to the fact that the available studies are not completely randomly distributed and, consequently, by chance the average validity and the standard deviation may differ slightly by some amount from the average effect size (and SD) for the entire research domain.


Spatial/mechanical ability was the next ability analyzed. We found an operational validity of .51. This figure shows that spatial/mechanical aptitude predicts job performance very well, to a similar extent as numerical ability. The 90% credibility value indicates that spatial/mechanical ability has generalized validity but its magnitude is small. This result, together with that of the percentage of explained variance (52%), suggests that some moderator may affect the operational validity.


Perceptual ability showed an operational validity of similar magnitude to those of numerical ability and spatial/mechanical ability. The operational validity was .52 and the 90% credibility value was .28. These two results indicate that perceptual ability is a good predictor of job performance and has generalized validity across samples, occupations and countries. The magnitude of the explained variance was 73%, similar to the one found for GMA, thus suggesting that the remaining variability may be due to other artifactual errors not considered here.


The results for memory suggest that this ability is the second best cognitive predictor of job performance. The operational validity found was .56 and all the variability was accounted for by artifactual errors. Therefore, memory demonstrated generalized validity across samples, occupations and countries. However, as in the case of numerical ability, there is evidence of second-order sampling error, suggesting that the number of studies located may not completely be representative of the total population. Additionally, it should be considered that the total sample size of this meta-analysis is the lowest, being only one-tenth of the size of the GMA sample. Nevertheless, Verive and McDaniel (1996) have also shown that memory tests are valid predictors of job performance.


As a whole, the results of the meta-analyses carried out for GMA and cognitive abilities for predicting job performance ratings showed that GMA is the best predictor and has generalized validity across samples, occupations and European Community countries. The other cognitive abilities also predict job performance, showing large operational validities, although lower than that of GMA. Finally, the magnitude of the operational validity for the European studies is remarkably larger than the magnitude reported in the American meta-analyses (e.g. Hartigan & Wigdor, 1989; Hunter & Hunter, 1984, Levine et al., 1996; Schmitt et al., 1984).


Despite the relevance of the latter findings, the overriding point is that our results suggest that GMA and specific cognitive abilities show international validity generalization for predicting job performance. In effect, our results indicate that GMA and cognitive abilities have generalized validity across the European Community countries, and the minimum magnitude of validity generalization is considerable, since the 90%CV for GMA was .37. This value is larger than the operational validity found for the majority of personnel selection procedures. For example, according to Schmidt and Hunter (1998), in American studies, work-sample tests and GMA tests are the predictors with the largest operational validity figures, showing an average validity of .54 and .51 respectively (see Salgado, 1999; Salgado, Ones, & Viswesvaran, 2001; and Schmidt & Hunter, 1998; for reviews). This finding, together with the validity generalization findings found in the American meta-analyses, strongly supports the hypothesis that there is international validity generalization for GMA in Europe and America. Our results also show that, for specific cognitive abilities, validity generalization is also evident across European Community countries, although to a lower magnitude. 

Validity of GMA and Cognitive Abilities for Predicting Training Success.


The results of the meta-analyses of validity studies of GMA and cognitive abilities for predicting training success as criterion appear in Table 6. As in the case of the job performance criterion, the meta-analyses for training success were also carried out with a large number of studies, and large total sample sizes, in all cases. 

Insert Table 6 about here


GMA showed an operational validity of .54 and was the best cognitive predictor for training success. This figure is the same as the one found by Hunter and Hunter (1984) for the USES database. Therefore, GMA showed that it is an excellent predictor of training success. The 90% CV was .29 and, consequently, GMA had generalized validity across samples, occupations and European Community countries.


Verbal ability showed an operational validity of .44 and a 90%CV of .20. These two findings indicate that verbal ability is a good predictor of training success and that its validity generalizes in the European Community. The percentage of explained variance is similar to that found for GMA. Numerical ability showed an operational validity of .48 and was the second best cognitive predictor of training success. According to its 90%CV, which was the second largest, numerical ability also demonstrated generalized validity across studies. Spatial/mechanical ability showed an operational validity equal to .40 and they also showed validity generalization since its 90%CV was .16. The four artifacts considered here accounted for 43% to 47% of the observed variance of these four abilities. 


The last two cognitive abilities, perceptual and memory, showed the lowest operational validities. The validity for perceptual ability was .25, which is a value very similar to the figure found by Hunter and Hunter (1984) and lower than the value found by Hartigan and Wigdor (1989) and Levine et al. (1996). Furthermore, the 90%CV for perceptual ability was 0, indicating that the validity for training success does not generalize in the European Community. Memory showed an operational validity of .34 and its 90%CV was only .08. This last value indicates that the validity for memory tests generalizes to some extent. The explained variance for perceptual ability and memory was very similar, .34 and .35, respectively.


In summary, the results of the European Community meta-analysis of GMA and cognitive abilities as predictors of training success showed that GMA is the best cognitive predictor for this criterion. Its operational validity is similar to the value found in the American meta-analyses. The variance accounted for by artifactual errors is also similar in American and European studies. The results for perceptual ability are also similar in both continents. However, no comparisons are possible for verbal, numerical, spatial/mechanical, and memory.  


Similarly to job performance, GMA has shown validity generalization for training success across the European Community countries and across the American studies. Therefore, the hypothesis of the international validity generalization is also well supported for this criterion. The international validity generalization is also supported for some specific abilities (i.e. verbal, numerical, and spatial/mechanical), although it is not supported for perceptual ability. In the case of memory, international validity generalization also exists but it is of a very small magnitude. 

Discussion


The major finding of the present meta-analytic investigation is that the criterion-related validity of GMA tests in the USA and the EC is notably similar for different criteria, and that the reported validity coefficients generalize internationally. This has important implications for the use of such tests in employee selection on both continents and also for the on-going debate between validity generalization and situational specificity alluded to earlier in this paper. As evidenced here, validity generalized internationally for GMA and cognitive ability tests for predicting job performance and training success, disconfirming the situational specificity hypothesis. 

Validity Generalization of GMA and Specific Cognitive Abilities


The European Community data set collected here contained validity studies carried out in ten member countries of the European Community, all conducted using civilian samples. Regarding the operational validity of GMA, we found it to be .62 for predicting job performance and .54 for predicting training success. These values are some of the largest reported in the meta-analytic literature of personnel selection. These results lead us to conclude that, in comparison with other personnel selection procedures, GMA measures are the best predictors of job performance and training success in the European Community, regardless of the country in question (Barrick, Mount, & Judge, 2001; Salgado, 1997, 2002; Salgado & Anderson, 2002; Salgado, Viswesvaran, & Ones, 2001). The validity of the specific cognitive abilities was also large for both criteria. In the case of job performance, validity ranged from .35 (.39 if we excluded the possible outlier) for verbal ability to .56 for memory. For training success, validity ranged from .25 for perceptual ability to .48 for numerical ability. Consequently, the second conclusion is that specific cognitive abilities are good predictors for job performance and training success, although the magnitude of their validities is lower than that of GMA.

Regarding the validity generalization of GMA and specific cognitive abilities, our findings fully support the hypothesis that these measures have generalized validity across settings. For job performance, the 90%CV of GMA was .37, a very large value, and the 90%CV’s for numerical ability and memory tests were even larger, .52 and .56, respectively. However, these last two estimates may have been affected by second-order sampling error, in which case they could vary slightly. Similarly, for training success, all cognitive measures also showed validity generalization with the exception of perceptual ability. The 90%CV’s ranged from .29 for GMA to .08 for memory. The 90%CV for perceptual ability was 0 and, consequently, measures of perceptual ability did not show validity generalization. 

These results together with the American results, they suggest our third and more relevant and robust conclusion: There is international validity generalization for GMA and specific cognitive abilities for predicting job performance and training success. In other words, the criterion validity of cognitive measures generalizes across different conceptualizations of job performance and training, differences in unemployment rates, differences in tests used, and differences in cultural values, demographics, and languages. The only exception found within the current investigation was for perceptual ability tests as predictors of training success. 
Similarities and Differences Between American and European Community Findings


It is also of interest to comment on the similarities and differences between the American and the European Community findings. There is a very close agreement for training success, as the magnitude of the operational validity is almost similar in both continents. There is also a similarity between our findings and the results of a recent meta-analysis by Kuncel, Hezlett and Ones (2001) on the validity of cognitive abilities for predicting educational criteria. Specifically, the results in both meta-analyses are similar when we compare our results for training success with Kuncel et al’ results for the faculty rating criterion. For example, we found an operational validity of .44 and .48 for verbal and numerical abilities, respectively, and Kuncel et al., (2001) found an operational validity of .42 and .47 for the same abilities. 

However, there are important differences in the case of job performance. The magnitude of the validity for GMA in the Europe Community is larger than the validity found in the American studies. Furthermore, GMA predicts job performance better than training success in the European Community, while GMA predicts training success better than job performance in the USA. These differences suggest that job performance may be predicted differentially in the European Community compared to the USA. A possible explanation is that training success is assessed as typical performance in the EC while it is assessed as maximal performance in the US (Ackerman, 1994; Ackerman & Humphryes, 1991). Also, it is possible that objective measures of training success and ratings are assessing different constructs. In the case of the European studies, as the majority of them used ratings, the construct assessed may be job performance while in the case of the USA studies the construct examined could be job knowledge (i.e. declarative knowledge). A third possible explanation is of methodological order. Many European studies have used a dichotomous criterion for assessing training. This is an artifactual error that produces an underestimation of the real validity. The magnitude of the underestimation depends on the proportion of cases in the successful and unsuccessful groups. For example, if the proportion is .50, then the understimation would produce a figure which is 80% of the real validity. However, the underestimation could be as dramatic as only producing 25% of the real value. Another explanation for these different findings is that the data set consisted of different proportions of studies containing more complex jobs in the European Community than in the USA. 


Other relevant similarities were found for job performance reliability and the range restriction of scores in the cognitive predictors. We found that the average inter-rater reliability for job performance ratings was .52.  This was exactly the same estimate found in the large-scale meta-analysis carried out by Viswesvaran et al. (1996), using studies mainly conducted in the USA. This convergence in the inter-rater reliability for job performance ratings shows that reliability is independent of the type of scale and is not nationally limited. Our results, as also shown by Viswesvaran et al. (1996), support the value used by Hunter and Hunter (1984) in their meta-analysis of the GATB validity and contradicts the position of the National Science Council Panel (Hartigan and Wigdor, 1989), when this last considered that .60 (i.e. Hunter's value) was an unrealistic value for job performance ratings. In fact, our results suggest that Hunter's estimate was a conservative one. Another similarity was found regarding the magnitude of the range restriction estimates. Hunter (1986; Hunter and Hunter, 1984) used a value of .67 as the range restriction ratio of GMA scores in studies carried out in civil occupations when predicting job performance and .60 for studies using training success. In our studies we found a range restriction ratio of .62 for studies using job performance and .67 for studies using training success. Therefore, there is a small difference between Hunter's estimates and our estimates.

Implications for the Theory and Practice of Personnel Selection


The findings of this research have important implications for the theory and practice of personnel selection. Crucially, our findings contradict the view that criterion-related validity for GMA tests is moderated by country culture, religion, language, socio-economic, or employment legislation differences (e.g. Herriot & Anderson, 1997; Newell & Tansley, 2001). At least across EC countries, these results demonstrate unequivocal international generalizability for cognitive ability tests. By implication, these findings hint at the scientific feasibility of a general theory of personnel selection, applicable at least to the USA and EC countries and probably all over the world. In such a theory, GMA would have a core position, as the magnitude of its validity appears to be the largest of all personnel selection procedures. However, caution is warranted toward claiming wider, global generalizability, as Europe and the US do share aspects of cultural similarity, which may not be equally shared by all cultures. 

From a practical point of view, our findings scientifically support the use of GMA and cognitive measures for selection purposes for all kinds of occupations in the EC and USA. The findings also suggest that the evidence from European surveys regarding the wide use of cognitive measures in personnel selection for all jobs in all countries has a scientific basis. There is now unequivocal evidence to indicate that GMA tests are very good predictors of job performance and training success across the US and the EC, and therefore, the transfer of such findings to organizational practices in employee selection is important (Anderson, Herriot & Hodgkinson, 2001). While some selection practitioners may believe that tests of specific cognitive abilities produce superior criterion-related validity than GMA, our results refute this notion. That is, tests of specific abilities such as verbal, numerical, spatial/mechanical, perceptual and memory, failed to demonstrate higher validity than GMA measures. It is thus prudent to reiterate the main practical implication of this finding that GMA tests predicted these two criteria most successfully. 

Some Limitations of the Present Research

This research has some limitations. Firstly, only two criteria were considered, yet job activity is a multi-dimensional construct, which incorporates both actions and omissions related to work goals. In this sense, job performance and training success are only facets of job activity, but job activity includes both productive actions (e.g. job performance, training success, outputs, career advancement, citizen behavior, knowledge sharing) and counter-productive actions (e.g. thefts, accidents, absences, norm violations, etc) (see Campbell, McHenry, & Wise, 1990; Sackett, 2002; Viswesvaran, 2002; Viswesvaran & Ones, 2000). Another limitation is related to possible group differences in GMA. In the European Community context, scarce research has addressed this issue. However, some studies have suggested that there is evidence of no differential prediction for minority groups (te Nijenhuis & van der Flier, 1997). A third limitation is that we have not examined whether the criterion-related validity of GMA and specific cognitive abilities is moderated by occupation type. In spite of these three main limitations noted, the present research focused upon, as an initial investigation, somewhat more restricted questions into the international validity generalization of GMA tests in personnel selection in the countries of the European Community. A call for future research to address these limitations is therefore warranted. In addition, similar meta-analytic validity studies should also be conducted on data sets obtained from Africa and Asia, and the American countries not represented in the US meta-analyses.
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Table 1. Examples of Tests Contributing Validity Coefficients in each Ability Category.

______________________________________________________________________

Ability





Test

______________________________________________________________________

GMA
Definition: A general capacity of an individual consciously to adjust
his thinking to new requirements; it is general mental adaptability to new problems and conditions of life.
Examples: DAT (USA), GATB (USA), T2 (UK), ASDIC

(UK), IST-70 (D), WIT (D), GVK (UK), PMA (USA), 





AMPE (E), Matrix (UK), Factor G (UK), Otis (USA),

Alpha Test (USA), Intelligence Logique (F)





CERP-14 (F), Domino (UK), NIIP33 (UK)

Verbal
Definition: Ability to understand meaning of words and using them effectively; ability to comprehend language, to understand relationship between words, and to understand meanings of whole sentences and paragraphs.
Examples: IST-70 WA (D), DAT-VR (USA), GATB-Vocabulary (USA), Reading Comprehension Test (UK), Mill-Hill Vocabulary Test (UK)

Numerical
Definition: Ability to understand numerical relations and using numbers effectively; ability to comprehend quantitative material.




Examples: IST-70 RA (D), DAT-NR (USA), ATS Arithmetic (UK), Mathematical Test (UK), Arithmetic Test (UK), Arithmetic Reasoning (UK), Vernon's Arithmetic Test (UK)

Spatial/Mechanical
Definition: Ability to understand and managing objects in 

in a two-dimensional and three-dimensional space; ability to comprehend relations between objects.

Spatial Tests Examples: IST-70 FA (D), Coordinate Reading (USA), Dial Reading (USA), WAIS Blocks (USA), DAT-SR (USA), Squares (UK), Spatial Intelligence (UK), Figures Rotation (E), Judgment of Distance (USA), Visualization Test (UK).

Mechanical Tests Examples: P. Rennes' Test of Mechanics (F), Bennett's Test (USA), DAT-MR (USA), TTB-MT4 (UK), Test of Lievers (F), APU Mechanical Comprehension (UK).

Perceptual
Definition: Ability for perceiving stimuli very quick and to give fast and accurate answers; 

Perceptual Tests Examples: DAT-CSA (USA), Toulouse-Pieron Test (F), Dichotic Attention Test (Israel), Stroop Test (USA), Cancelation Test (F), Caras (E), Selective Attention Test (F), Diffused Attention Test (F), Forster-Germain Test (E), Perceptotaquimetro (E), Instrument Reading (USA) D2 (D)

Memory
Definition: Ability to remember information presented in different perceptual modalities (e.g. visual, auditory);

IST-70 ME (D), Visual Memory Test (UK), Memory of

Words (F), Topographique Memory Test (F), Associative

Memory Test (F), Recognition Memory Test (USA),

______________________________________________________________________

Note. D= Germany; E=Spain; F=France; USA= United States of America; UK= United Kingdom.

Table 2. Empirical Distributions of Test-Retest Reliability of General Mental Ability 

and Specific Cognitive Abilities in European Studies of Criterion Validity.

______________________________________________________________________

Ability


num coef.
rxx
SDrxx
max
min
Interval Time (weeks) 

______________________________________________________________________

GMA
(+Battery)
31

.83
.09
.65
.95

24

Verbal


15

.83
.15
.97
.50

25

Numerical

22

.85
.10
.95
.64

24

Spatial


13

.77
.10
.88
.60

24

Perceptual

  5

.67
.18
.90
.52

37

Mechanical

14

.77
.07
.88
.64

24

Spatial+Mechanical
27

.77
.08
.88
.60

24

Memory

  1

.64
  --
  --
  --

78

______________________________________________________________________

Table 3. Empirical Distributions of Criteria Reliability in European Studies of Criterion 

Validity for General Mental Ability and Cognitive Abilities.

______________________________________________________________________

Criterion



K

N

ryy

SDryy
______________________________________________________________________

Job Performance Ratings

19

1,900

.52

.19

Training Success


15

2,897

.56

.09

______________________________________________________________________

Table 4. Empirical Distributions of Range Restriction Ratio for General Mental Ability 

and Cognitive Abilities (u = SDsample/SDpopulation).

______________________________________________________________________

Type



K

N

uw

SDw
______________________________________________________________________

Ability-JPR Studies

20

1,795

.62

.25

Ability-Training Studies
12

2,717

.67

.14

______________________________________________________________________

Note. JPR = Job Performance Ratings

Table 5. Meta-analysis of General Mental Ability and other Cognitive Ability Tests for Predicting Job Performance Ratings.

_______________________________________________________________________________________________________________________________

Source


K
N

r
S2r
S2e
SDr

Rho
SDrho

%VE
90%CV
LRHO
NSD
LCV

_______________________________________________________________________________________________________________________________

GMA


93
9,554

.29
.031
.008
.176

.62
.19

  75
.37

.56
.25
.24

Verbal


44
4,781

.16
.026
.009
.161

.35
.24

  53
.04

.32
.25
.00


Numerical

48
5,241

.24
.014
.008
.118

.52
.00

100
.52

.47
.15
.28

Spatial-Mechanical
40
3,750

.23
.038
.010
.195

.51
.29

  52
.13

.46
.31
.06

Perceptual

38
3,798

.24
.028
.009
.167

.52
.19

  73
.28

.47
.23
.17

Memory

14
  946

.26
.017
.013
.130

.56
.00

100
.56

.51
.16
.30

______________________________________________________________________________________________________________________________

Note. K=number of studies, N=total sample; r=observed mean validity; S2r=observed variance; S2e=sampling error variance; SDr= observed standard deviation; Rho=operational validity; Sdrho=standard deviation of the operational validity; %VE
= variance accounted for by artifactual errors; 

90%CV=credibility value; LRHO= lowest (hypothetical) rho; NSD= hypothetical standard deviation of LRHO;
LCV= lowest (hypothetical) credibility value. 

Table 6. Meta-analysis of General Mental Ability and Cognitive Ability Tests for Predicting Training Success.

_______________________________________________________________________________________________________________________________

Source


K
N

r
S2r
S2e
SDr

Rho
SDrho

%VE
90%CV
LRHO
NSD
LCV

_______________________________________________________________________________________________________________________________

GMA


97
16,065

.28
.020
.005
.141

.54
.19

  47
.29

.49
.24
.19

Verbal


58
11,123

.23
.017
.005
.130

.44
.19

  45
.20

.40
.22
.12


Numerical

58
10,860

.25
.017
.005
.130

.48
.18

  46
.24

.44
.22
.15

Spatial-Mechanical
84
15,834

.20
.017
.015
.130

.40
.19

  43
.16

.36
.21
.09

Perceptual

17
  3,935

.13
.015
.004
.122

.25
.20

  34
.00

.23
.20
-.03

Memory

15
  3,323

.17
.017
.004
.130

.34
.20

  35
.08

.31
.21
.03

_______________________________________________________________________________________________________________________________

Note. K=number of studies, N=total sample; r=observed mean validity; S2r=observed variance; S2e=sampling error variance; SDr= observed standard deviation; Rho=operational validity; Sdrho=standard deviation of the operational validity; %VE
= variance accounted for by artifactual errors; 

90%CV=credibility value; LRHO= lowest (hypothetical) rho; NSD= hypothetical standard deviation of LRHO;
LCV= lowest (hypothetical) credibility value. 

