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ABSTRACT 
 
 

Bottomley and Holden (2001) conducted a secondary analysis of Aaker and Keller’s 

(1990) seminal brand extension study and seven other close replications, generated several 

empirical generalizations, and hence called for a revision of the extant understanding of brand 

extension evaluations. We re-examine Bottomley and Holden’s conclusions.  We prove 

analytically that the residual-centering approach used by them to alleviate collinearity problems 

is inappropriate, thereby rendering their generalizations suspect.  We re-analyze the same data, 

and our new results clarify the understanding of how consumers indeed evaluate extensions.  

Specifically, we find that, although the simple effects of neither parent brand quality nor 

measures of fit affect evaluations of brand extensions, the interaction effects of parent brand 

quality with fit are important determinants of brand extension evaluations. We discuss the 

substantive implications of our findings and offer directions for future research. 
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INTRODUCTION 

Consumer evaluations of brand extensions have attracted considerable attention from 

marketing scholars in the last decade (e.g., Aaker and Keller, 1990; Bottomley and Doyle, 1996; 

Sunde and Brodie, 1993).  Aaker and Keller's (1990) seminal study (henceforth A&K) forms the 

bedrock for subsequent consumer-based brand extension research (for example, see Bottomley 

and Holden 2001). Given the importance of the A&K study to brand extension research, 

numerous replications have been conducted to examine the empirical generalizability of A&K’s 

results (e.g., Sunde and Brodie, 1993; Bottomley and Doyle, 1996; Holden and Barwise, 1996); 

however, these various replications have generated disparate results. Such failures to replicate 

A&K’s findings raise questions about the validity of our collective knowledge on how 

consumers evaluate brand extensions.  

Given this scenario, Bottomley and Holden’s (2001) (henceforth B&H) efforts to develop 

valid empirical generalizations about how consumers evaluate brand extensions should be 

lauded.  As noted by Hubbard and Armstrong (1994) and Mick (2001), replications play a 

valuable role in ensuring the integrity of a discipline’s generalizable results and guarding against 

the perpetuation of erroneous results.  B&H re-analyzed a comprehensive dataset that included 

the original A&K data set and the data sets of seven other close replications of A&K.  B&H 

contended that previous brand extension studies were beset with multicollinearity problems, and 

suggested that the differences between studies were more likely to be an artifact of 

multicollinearity.  To this effect, B&H re-examined these data by using a residual centering 

method proposed by Lance (1988) to mitigate collinearity related problems, and concluded that 

the results of their re-analysis exhibited “significant sameness” (emphasis added) in terms of 

significant, generalizable results.   
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 Prima facie, these generalizable results obtained by B&H are appealing as they would 

promote a firm understanding of how brand extensions are evaluated.  However, the robustness 

of these results hinge on the appropriateness of the residual-centering technique.  Therefore, it is 

imperative for us, as a discipline, to evaluate the appropriateness of this residual-centering 

approach in alleviating collinearity problems before we can recognize the generalizability of 

B&H’s results.  We do so here.  By examining the appropriateness of the residual-centering 

approach in mitigating collinearity problems, we engage in a re-examination of the empirical 

generalizations generated by prior scholarship.  

Our examination of the residual-centering approach reveals that it is not an appropriate 

solution to the problem of multicollinearity.    We analytically show that the residual centering 

makes the simple effects uninterpretable and that the tests of inference applied to these parameter 

estimates are invalid.  Therefore, we caution against the use of the residual-centering method as a 

solution to multicollinearity related problems.  Because B&H’s results depend entirely on the use 

of residual centering to alleviate multicollinearity, our paper cautions against accepting B&H’s 

revision of the current understanding of how consumers evaluate brand extensions. We re-

analyze B&H’s data by utilizing appropriate statistical techniques and our findings provide 

insights into the determinants of brand extension evaluations by consumers.   

The format of the paper is as follows.  We briefly review the substantive conclusions 

from previous brand extension studies.  Next, we review the statistical underpinnings of the 

residual-centering method, and provide details of the proof.  Finally, we re-analyze the data 

presented in B&H, and then conclude by discussing the implications of our results for the 

understanding of both how consumers evaluate brand extensions and how researchers should 

handle multicollinearity concerns in moderated regression models.  
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OVERVIEW OF THE BRAND EXTENSION LITERATURE 

A&K explored the determinants of attitudes toward brand extensions and posited an 

interaction model.  They estimated a moderated regression model to test their hypotheses.  Their 

findings demonstrated that consumers’ evaluations of brand extensions are based primarily on: 

(a) the extent of the fit between the original and the extension product categories, (b) the 

interaction of the quality of the parent brand (Quality) with the degree of fit between the original 

and the extension product categories, and (c) the perceived difficulty (Difficulty) of creating the 

extension product category.  A&K considered three measures of fit: transferability (Transfer) of 

skills from the parent to the extension category, complementarity (Complement), and 

substitutability (Substitute) of the parent and the extension categories.  While A&K found 

support for the majority of their hypothesized relationships, they also showed that Quality per se 

did not impact the consumer evaluations of the brand extensions.  

Several authors conducted numerous replications of the A&K study to confirm the scope 

of A&K’s findings (e.g., Bottomley and Doyle, 1996; Holden and Barwise, 1996; Sunde and 

Brodie, 1993).  Following the initial replication by Sunde & Brodie (1993) (henceforth S&B) 

that yielded different results from the original A&K study, Bottomley & Doyle (1996) 

(henceforth B&D) suggested that the presence of high degrees of multicollinearity between the 

simple effects and the cross-product interaction terms may be responsible for these disparate 

results.  B&D collected new data and also conducted new analysis on S&B’s data by utilizing 

Lance’s (1988) residual-centering method to correct for purported problems related to 

multicollinearity.  Their paper demonstrated major differences in substantive findings between 

the OLS results (without accounting for multicollinearity) of A&K and S&B, and the residual-
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centered analysis. Using the residual-centered analysis, B&D found strong support for a majority 

of A&K’s hypotheses and also suggested that a main effects model is more appropriate than a 

full effects model.  

Following up on B&D’s study, B&H conducted a comprehensive re-analysis to generate 

empirical generalizations by using eight different datasets comprised of close replications of the 

A&K study.  Specifically, B&H conducted two sets of statistical analyses to generate the 

empirical generalizations. While the first set focused on generalizing the results across the eight 

studies, the second set focused on analyzing disaggregate brand extension-level data.  In other 

words, the focus of the second set of analysis was on generalizability across the "population" of 

brand extensions (see B&H, p. 497). B&H also echoed B&D’s views that A&K and S&B did not 

account for multicollinearity among variables and that this untreated collinearity may have 

confounded the results of the simple effects.  Following B&D’s lead, B&H utilized the residual-

centering approach to alleviate the deleterious effects of multicollinearity.   

At the individual study level, the results of the interaction effects tested by B&H were 

identical to the results obtained from prior studies (see Table 1 from B&H, p. 496).  However, 

unlike some prior studies, all simple effects tested by B&H turned out to be significant 

determinants of extension evaluations.  One specific example is when, unlike A&K, B&H found 

that Quality was a significant and important predictor of how consumers evaluate extensions.  

Using a method of simple vote-counting of significant coefficients from both study-level and 

extension-level analyses, B&H derived some key generalizations from the brand extension 

literature. They found support that evaluations of brand extensions are determined by the quality 

of the parent brand and the fit between the parent and the extension brands. Also, they found 

mixed support for the interaction of Quality with each of the three fit variables. While the 
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interactions of Quality with Transfer and Complement were significant, they concluded that the 

interaction of Quality and Substitute was non-significant.  Based on their secondary analysis, 

they also recommended that the more parsimonious main effects model be considered as a viable 

model by future researchers as they are more likely to be more useful to both practitioners and 

researchers.  

In summary, based on this comprehensive re-analysis, B&H concluded that the residual-

centering method was indeed successful in substantially reducing the collinearity between the 

exogenous variables, thereby enabling the relative importance of the effects to be correctly 

identified, and in turn leading to valid generalizations of how consumers evaluate brand 

extensions.  The results of all the key previous studies and B&H’s generalizations are 

summarized in table 1.  

-------------------- Insert table 1 about here -------------------- 

 

EVALUATION OF LANCE’S RESIDUAL CENTERING APPROACH 

An interaction model can be written as:  

Y = β  + β X  + β0 1 1 2X  + β2 3X12 + u     (1) 

where X (n×k1 1) and X (n×k ) are two sets of independent variables, X2 2 12 = X X1 2 denotes the 

interaction term.1   

Given the fear of high correlations between X12 and X  (or X1 2), Lance (1988) (henceforth 

Lance) suggested the residual centering method.  This approach involves a two-step regression.  

In the first stage, the cross product (or the interaction term) is regressed on the individual 

independent variables (or main effects) from which it is constructed. The resulting residuals or 

                                                           
1 For simplicity, we assume that k1 = k2 = 1 such that each of X1 and X2 has only one regressor, but the results of the 
analytical proof can be generalized beyond this example. 
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cross-product residuals from the first stage reflect the interaction of the two independent 

variables after controlling for their separate linear relations to the dependent variable.  These 

cross-product residuals should be uncorrelated by construction with the simple effect terms (X1 

or X2) because the residuals in a regression are orthogonal to any regressor.  In the second step, 

these cross-product residuals replace the cross-product term in the full effects model. The 

interaction effect is then examined by using the usual t or LR tests on the significance of the 

cross-product residuals.   

Lance argued that the residual-centering method reduces the multicollinearity problem as 

evident from the lowered variance inflation factor (VIF) values, and smaller standard errors for 

α and α1 2.  If the collinearity problem was indeed alleviated by Lance’s method, we would 

expect to see changes in the values of model R2 2 and the t-values of the parameters.    We 

attempted analytically to evaluate the efficacy of the residual-centering approach in alleviating 

collinearity. The proofs for the results obtained are provided in the Appendix. The key results 

from the proofs and the substantive implications derived from the proofs are provided in table 2.  

-------------------- Insert table 2 about here -------------------- 

 

Summary of Key Conclusions from the Analytical Proofs  

From the results provided in table 2, the following points are clearly evident. Lance’s 

approach does not alleviate collinearity. It does not yield any change in the predictive power of a 

regression model.  Also, vis-à-vis uncentered models, there is no change with respect to the 

coefficient, standard error, and therefore, the t-value of the interaction term when Lance’s 

approach is used. The simple effects, however, are conceptually uninterpretable. These simple 
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effects are interpretable only when there is no significant interaction term in the model.  The 

standard errors of the simple effects in a residual-centered model are also invalid, thereby 

rendering the tests of significance invalid.   

Examination of the Interaction and Simple Effects from B&H’s Residual-Centered Model 

As expected from table 2, B&H’s residual-centered results (Table 1, p. 496) reveal that 

the interaction coefficients estimated by B&H are virtually identical to the interaction 

coefficients estimated by A&K, S&B, and B&D, using uncentered terms.  Also, the estimated 

standard errors and corresponding t-values for the interaction coefficients obtained from B&H’s 

residual-centered regressions are identical to those obtained in the prior studies.  

Regarding the simple effects, it is evident that the conclusions of both B&D and B&H 

regarding the significant effects for Quality and the three fit variables are incorrect.  Because the 

simple effects tested by both B&D and B&H are conceptually uninterpretable, it is clear that they 

can neither compare the simple effects obtained from uncentered models with, nor make 

substantive inferences about, the simple effects obtained from the residual-centered models.  

Therefore, the results for the simple effects call into question the generalizations of both B&D 

and B&H regarding the simple effects of Quality and the three fit variables on brand extension 

evaluations.  This leads us to the next question: are there any empirical generalizations at all?  

We revisit this issue of generalizations by re-analyzing B&H’s data using appropriate statistical 

techniques.  

 

 

                                                                                                                                                                                           
2 In the face of multicollinearity, OLS estimates tend to be unstable (c.f. Ofir and Khuri, 1986).  Also, collinearity 
may yield high R2 values in the face of insignificant t-values of parameters, and may lead to inflated standard errors 
thus leading to reduced t-values (Greene, 2003).    
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DATA RE-ANALYSIS 

 
B&H analyzed a comprehensive data set containing the original data sets collected by 

A&K, S&B, B&D, and Holden and Barwise (1996), to generate some empirical generalizations 

from the brand extension literature.  We re-analyzed the same data.3   As in B&H, Holden and 

Barwise’s (1996) three data sets are referred to by the universities where the data were collected. 

In each study, subjects responded to multiple items for a series of brand extensions.  At least 

three parent brands and three brand extensions per brand were used in the studies.  Each subject 

generated between 9 and 18 observations apiece. All items were measured on a 7-point scale and 

reflected consumers’ perceptions.  A&K, S&B, B&D and B&H estimated the following model 

using OLS regression to derive their results. 

QUALEXTN = b0 + b1 Quality + b2 Transfer + b3 Complement + b4 Substitute + b5 
Quality * Transfer + b6 Quality * Complement + b7 Quality * Substitute + b8 
Difficulty + error      (2) 

 
where QUALEXTN refers to the attitudes towards the extension brand.  

An examination of bivariate correlations across the multiple studies revealed that some 

correlations were in excess of 0.7, thereby indicating potential collinearity problems (Ofir and 

Khuri 1986).  To ascertain whether collinearity was indeed the reason for these disparate results 

between studies, we randomly sampled observations from each data set and estimated multiple 

OLS models.  The coefficients of the simple effects and the standard errors were stable in all 

cases.  In other words, despite the diagnostics indicating potential collinearity problems, the 

stability of the coefficients was never an issue.  If the culprit is not multicollinearity, what then 

could explain the disparate results between A&K and the subsequent studies?  As explained by 

Aaker and Keller (1993), the differences in results may be attributed to a variety of reasons: 
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variations in the brands used as stimuli, experimental conditions employed, the nature of the 

samples, and the cross-cultural differences between the study subjects, to name a few.  To the 

extent possible, we attempted to control for these extraneous influences in our re-analysis by 

using control variables and utilizing appropriate statistical techniques.  

Given that each respondent evaluates multiple brand extensions, there is a possibility that 

these evaluations may be correlated because of individual-specific factors.  Failure to incorporate 

these correlations can lead to biased estimates of the regression coefficients and incorrect 

inferences about the regression estimates due to underestimated standard errors, particularly 

when such within-respondent correlations are non-zero (Diggle, Heagerty, Liang, & Zeger, 

2002). Furthermore, Ballinger (2004) notes that the OLS estimates are less efficient than they 

would otherwise be if these within-respondent correlations were incorporated into the analysis. 

Because OLS regression assumes independence of observations, its use is clearly inappropriate 

in our analysis.  

We used mixed effect models to analyze our data. A basic characteristic of these mixed 

effect models is the inclusion of respondent-specific effects into regression models in order to 

accommodate the within-subject correlated responses.  In all, fourteen parent brands were used 

across the various studies in the sample to generate the various brand extensions. Since the same 

parent brand was used to generate multiple extensions, there is a distinct possibility that the 

evaluations for the various extensions from the same parent brand may be more similar among 

themselves than any other two evaluations taken at random. These positive correlations may 

arise because of brand-specific characteristics. A key feature of mixed models is that both 

random effects and fixed effects can be specified to extract multiple sources of variation. We 

                                                                                                                                                                                           
3 We thank Stephen Holden for providing us with seven of the eight data sets used in B&H’s analysis. Because 
Alexandre-Bourhis’ data did not possess individual identifiers, we used only six data sets in our analysis.  
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modeled individual-specific heterogeneity as random effects and controlled for brand-specific 

differences by specifying them as fixed effects. The mixed effects model has the following form: 

yij = Xijβ + Z b  + W c  + εi i j j ij     (3) 
    

bi ~ N (0,Ψ)       (4) q
 

2εij ~ NN (0,σ Λij)      (5) 
 
where yij is the dependent variable vector containing the observation of the ith respondent for the 

jth brand extension. Xij is the N × p model matrix corresponding to the fixed effects. β is the p × 1 

vector of fixed-effect coefficients. Zi is the N × q model matrix for the random effects for 

observations in group i. b  is the q × 1 vector of random-effect coefficients for group i. εi ij is the N 

× 1 vector of errors for each observation.  Ψ is the q × q covariance matrix for the respondent 

random effects. Finally σ2Λij is the N × N covariance matrix for the errors. 

 Specifically, we used three distinct sets of variables in Xij. First, Xij is comprised of 

Quality, the three fit variables, Complement, Transfer, and Substitute, and the cross-products of 

Quality with the fit variables. The second set contains the Difficult variables which measures the 

level of perceived difficulty in making the extension. The last set is comprised of dummy 

variables that control for the brand-specific characteristics. In all, 13 brand-specific dummy 

variables were used in the model. We modeled individual-specific heterogeneity by using a 

random effects specification. Specifically, we allowed both the intercept and the slopes of the 

simple effects to vary across respondents with an unstructured covariance matrix Ψ. Finally we 

set Λij  as an identity matrix.  

We estimated mixed-effect regression models using restricted maximum likelihood 

(REML) estimation methods. REML estimators are obtained not from maximizing the complete 

likelihood function, but maximizing only that part that is invariant to the fixed effects part of the 
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linear model. As a result, REML estimators take into account the loss of degrees of freedom in 

estimating the mean and therefore, produce unbiased estimators for the variance parameters 

(Smyth and Verbyla 1996).  Because of the large sample sizes in each study, we evaluated the 

significance at an alpha level of 0.01.  Note that B&H tested their hypotheses at an alpha of 0.05.   

Table 3 provides both the results of the mixed effects regression models with uncentered terms, 

and the results from B&H’s residual-centered analysis.  The dispersion of random effects is 

represented by a variance-covariance matrix of slopes and intercepts.  The variance estimates are 

given in table 4.  In addition, we compiled a simple vote count of the significant coefficients 

across the various studies.  These results along with B&H’s vote count results are given in table 

5. 

-------------------- Insert tables 3, 4 & 5 about here -------------------- 

After controlling for brand-specific and individual-specific heterogeneity, table 3 reveals 

that the results from uncentered ME models exhibit similarities and differences from the 

residual-centered OLS models estimated by B&H.   With respect to the interactions, our analysis 

supports two of B&H’s results – the statistically significant interaction of Quality with Transfer 

and the non-significant interaction of Quality with Substitute.  Unlike B&H’s finding of a 

significant interaction of Quality with Complement, we find that this interaction is significant in 

only three of the six studies.  This finding was surprising given our a priori expectation, from 

Result 3 in table 2, that the substantive implications obtained from the interaction effects tested 

should be similar across both the uncentered and residual-centered models.  If so, what could 

explain the different substantive conclusions for the interaction of Quality with Complement?  A 

careful reading of B&H’s paper reveals that B&H’s interaction result of Quality with 

Complement was significant in only one out of eight studies at a significance level of 0.01 (see 
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B&H table 1, p. 496), and in only nine out of 131 brand extensions at a significance level of 0.05 

(see B&H table 2, p. 497).   B&H then performed a series of sign tests using the binomial test by 

considering non-significant findings that are in the right direction, and then concluded that the 

interaction of Quality with Complement was statistically significant. In other words, despite high 

sample sizes and a liberal significance level, the interaction of Quality with Complement never 

passed the statistical significance test, and should never qualified as a generalization by B&H.  

Our re-analysis results corroborate this view point.  

Regarding the simple effects, it is quite a different story.  As shown analytically, B&H’s 

results for the simple effects are uninterpretable and inappropriate. Our results, as shown in table 

5, show that the lack of statistical significance for the simple effects of Quality, Difficulty, and 

the three fit variables seems to be the norm.  In other words, after controlling for individual- and 

brand-specific characteristics, the simple effects of all the variables considered are non-

significant.   

In summary, of the eight effects estimated, the vote count based on our re-analysis 

supports only one hypothesis – the interaction effect of Quality with Transfer. The two other 

interaction effects and all the simple effects are non-significant. Collectively, these re-analysis 

results may suggest a failing of adequate theoretical development. There is, of course, another 

possibility.  Could these results imply that the effects did exist but were just not detected? 

Although, the sample sizes were large (over 1000 observations), all measurement items were 

single item measures with an assumption of zero measurement error.  Given that statistical 

power, in general, is impacted by small effect sizes, random measurement error, and low 

reliabilities, we could be facing statistical power-limiting conditions.  For example, given the 

large sample sizes, moderate effect sizes, and single items used in our re-analysis, Arroniz, 
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Echambadi, and Arnold (2006) show that statistical power could be as low as 20% in moderated 

models. To alleviate this condition, we pooled all the six studies into a comprehensive data set 

(referred to as ‘Comp’ in table 3) so that statistical power could be enhanced.  Recall the data 

used in this study were collected from four different countries: France, New Zealand, the United 

States, and the United Kingdom, leading to the possibility that there may be country-specific 

idiosyncratic differences. We used three dummy variables to control for controlling these 

country-specific differences. 

An examination of the “Comp” column in table 3 shows that all the three interaction 

effects are indeed positive and significant at the 0.01 level. These results imply that the 

relationship between each of the fit variables and extension evaluations is strengthened at higher 

levels of Quality. In other words, an extension from a higher quality parent brand to a brand 

extension category that is perceived as a ‘fit’ tends to be received more favorably than an 

extension from a lower quality parent brand. We then conducted post hoc tests to evaluate the 

relative importance of these interactions by examining the statistical differences between the 

unstandardized coefficients.4 Our results suggest that the interaction of Quality with Transfer is 

relatively more important than the other two interactions. There is no statistical difference 

between the interactions of Quality with Complement and Quality with Substitute variables 

indicating that both these interactions are similar in terms of relative importance in explaining 

extension evaluations.  Thus, the synergistic effects of parent brand quality and fit have more of 

an impact on brand extension evaluations when fit is based on transferability than when fit is 

based on complementarity or substitutability. However, for a parent brand with given level of 
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quality, picking an extension that is either complementary or a substitute does not make a 

difference in extension evaluations. 

Unlike B&H’s results, we find that the difficulty of making the extension, Difficulty, is a 

significant predictor of extension evaluations.  As noted by A&K, an extremely easy-to-make 

extension is more likely viewed as a trivial extension and therefore decreases extension 

evaluations.  In order to ascertain whether a high quality parent brand could extend into easy-to-

make extension categories, we created and estimated the interaction effect of Quality with 

Difficulty. Results reveal a non-significant moderating effect indicating that higher quality parent 

brand extending into an easy-to-make extension did not enjoy higher extension evaluations than 

lower quality brands.  

Despite increased sample sizes, the simple effects of Quality and the three fit variables 

are found to be non-significant in terms of affecting brand extension evaluations.  However, 

researchers must be cautious about the interpretation. For example, in this uncentered model, 

interpretation of the Quality simple effect implies that the one possible effect of Quality, at zero 

levels of the other exogenous variables, on extension evaluations is non-significant.   Although 

these two variables by themselves are not solely responsible, however, it must be noted that the 

joint effects of these two variables, as evidenced by the significant interaction terms, are critical 

for the acceptance of brand evaluations.5   

 

 

                                                                                                                                                                                           
4 If b and c are the two regression coefficients to be compared, the t-statistic to test the hypothesis that these two 

coefficients are equal, can be written as:  

)c,bcov(2)cvar()bvar(

0)cb(
t

∧∧∧∧

∧∧

++

−−
=  

5 We thank an anonymous reviewer for pointing this out and helping us refine our substantive conclusions.   
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Summary of Findings from the Comprehensive Analysis 

After controlling for individual-specific, brand-specific, and culture-specific differences, 

the results of our re-analysis using the comprehensive database, established the following robust 

findings about how consumers evaluate brand extensions.  

a. The quality of the parent brand alone does not have a significant impact on extension 

evaluations. Similarly, the direct impact of the three dimensions of fit between the 

original and extension product category – transferability, complementarity, and 

substitutability – on extension evaluations are also non-significant.    

b. Although the simple effects of quality and the three dimensions of fit are non-significant 

by themselves, the joint interactive effects of quality with all three fit variables are 

positive and significant.  Thus, for higher quality brands, the relationships with brand 

extension evaluations are enhanced in the presence of fit between the original and 

extension product categories vis-à-vis lower quality brands.  This implies that a brand 

with high quality perceptions would be more successful at introducing an extension only 

if the category fits the parent brand but not otherwise.  

c. The usefulness of the contingency framework in developing theories of how consumers 

evaluate brand extensions is confirmed. These findings also suggest that a “full effects” 

model is more appropriate than a parsimonious “main effects only” model advocated by 

both B&D and B&H.   

d. Although all three interaction effects of quality with the fit variables are significant, a 

rank-ordering of the relative importance of the interaction effects reveals interesting 

insights.  Specifically, the interaction effect of the quality of the parent brand with 

transferability is more important as a predictor than the interaction effects of parent brand 
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quality with either substitutability or complementarity. Thus, for a high quality parent 

brand extending into a new category, fit on the transferability dimension is valued more, 

in terms of extension evaluations, than fit on either of the other two dimensions.  

e. Perceived difficulty of making the extension had a significant positive relationship with 

extension evaluations, supporting A&K’s hypothesis that an easy-to-make extension is 

less likely to be accepted by the consumers. The interaction effect of the perceived 

quality of the parent brand and perceived difficulty did not matter such that easy-to-make 

extensions of both high and low quality brands were evaluated similarly by consumers.  

 

DISCUSSION AND CONCLUSION 

Given that A&K’s study is an influential article in the domain of brand extensions, 

multiple researchers have attempted various replications and obtained differing results.  B&H re-

examined the generalizability of A&K's model by analyzing the data both from the original study 

and seven other close replications, and generated several empirical generalizations.  B&H’s 

efforts to move away from the often seen “one-off” results in the literature towards looking for 

significant patterns of regularities of results, in multiple data sets, must be lauded.  Such an 

exercise, if successful, can further the research agenda in the brand extensions area; however, 

before we accept their results with confidence, it is necessary for us to critically examine B&H’s 

findings. We do so here.  

We question the assertions of both B&D and B&H that multicollinearity problems caused 

the disparate results across studies.  We have shown through analytical proofs and our re-

analysis that multicollinearity had nothing to do with the disparate results. Also, the simple 

effects estimated by both B&D and B&H are conceptually uninterpretable. We suggest that the 
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disparate results among the different studies could have arisen because of two different reasons. 

First, extraneous factors such as individual-specific differences, cross-cultural differences, as 

well as the type and nature of parent brands used may have caused such differences in results. 

We used mixed-effect regression models which enabled us to control for individual- and brand-

specific differences.  Second, we suggest that the differences may be a byproduct of statistical 

power issues. To achieve higher power, we pooled the data into a comprehensive data set.  After 

statistically controlling for individual- and brand-specific differences, the results of our re-

analysis, using the comprehensive database, rejected most of B&H’s generalizations, established 

robust findings about how consumers evaluate brand extensions, and thereby shed new light on 

how brand extensions are indeed evaluated.  

With respect to the simple effects, our re-analysis reveals consistent results across 

studies. We find that neither the quality of the parent brand nor the fit between the parent and 

extension product categories by themselves affects extension evaluations.  Our results run 

counter to B&H’s generalizations that evaluations of extensions are primarily determined by the 

quality of the parent brand and the fit variables.  Because the simple effects obtained by B&H 

after residual-centering are conceptually uninterpretable, we suggest that B&H’s generalizations 

of the simple effects pertaining to the quality of the parent brand and the fit variables are 

incorrect.    

We find that perceived difficulty of making the extension is a significant determinant of 

extension evaluations. An easy-to-make extension is less likely to be accepted by the consumers. 

Also, perceived high quality of the parent brand did not seem to inoculate an easy-to-make 

extension from harsh evaluations. Extensions from both high and low quality parent brands were 

evaluated similarly by consumers.  
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Unlike B&H’s results that suggest only the interactions of Quality with Transfer and 

Complement are empirical generalizations, our re-analysis indicates that all three interaction 

terms of Quality with fit variables are significant. These results, taken together with the non-

significance of the simple effects of Quality and fit, reveal that the joint effects of Quality and fit 

are critical for the acceptance of brand evaluations.  High parent brand quality, in the presence of 

fit with the product category, elicits high evaluations for the brand extensions; however, high 

quality does not provide a free license to extend the parent brand with no regard for fit issues.   

A fine-grained analysis of the relative importance of the three interaction effects with 

Quality indicates that the interaction of Quality with transferability is more important than the 

other two.  Given the level of parent brand quality, choosing a brand extension based on 

transferability engenders higher evaluations than when fit is based on either complementarity or 

substitutability. However, for a lower quality brand, choosing a brand extension that enables the 

transferability of skills may not help overcome its low perceived quality perceptions and thereby, 

the extension evaluations are likely to be lower. 

Overall, our empirical findings uphold the usefulness of a contingent framework in 

evaluating brand extensions as hypothesized by A&K. Both B&D and B&H suggest that future 

research must explicitly consider the “main effects only” model given that these parsimonious 

models are likely to be more useful to both managers and researchers. We respectfully disagree 

with this view.  We suggest that researchers use theory to hypothesize interaction effects and not 

use empirical results to rationalize the absence of interactions.6  Based on our results, we reject 

                                                           
6 From an empirical perspective, estimating and interpreting a “main effects only” model in lieu of a “full” model, as 
specified by theory, will constitute a theoretical misspecification, and hence, would bias the estimates if the 
coefficient of the interaction term is not zero and/or if any of the interactions are correlated with the set of the 
regressors in the “main effects only” model.   
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B&H’s call for further consideration of the “main effects only” model given that the “full 

effects” moderated model does appear to provide meaningful insights into extension evaluations.   

B&D’s analysis and B&H’s secondary analysis of the data presented the residual-

centering approach as a viable approach to alleviating collinearity concerns.  Results from the 

proofs indicate that the interaction effect estimated by the residual-centering approach is 

interpretable; however, the estimated simple effects and their standard errors are uninterpretable 

and invalid, respectively.7 The simple effects become interpretable only when there is a null 

interaction effect. Most importantly, Lance’s approach does not alleviate collinearity at all. 

Although bivariate correlations among the independent variables are affected after residual-

centering, the determinant of the X’X matrix remains exactly identical.8  In other words, while 

Lance’s approach provides no cure for multicollinearity related problems, it may actually distort 

inferences drawn from simple effects. Therefore, we advocate against its use in moderated 

regression models. To our knowledge, our paper is the first paper in the literature to highlight the 

problems associated with using Lance’s approach to alleviate collinearity concerns.  

Multicollinearity is an issue of “degree.”  We reiterate the cautionary note sounded by 

Grewal, Cote, and Baumgartner (2004) that researchers should be careful about relying on 

available diagnostics and on rules of thumb for what constitutes different levels of collinearity.  

A casual check of our journals reveals that bivariate correlations and VIFs are currently the most 

commonly used tools to diagnose multicollinearity.  Bivariate correlations may provide no 

insight into complex multivariate relationships (Judge et al. 1988) and are neither necessary nor 

sufficient conditions of multicollinearity (Ofir and Khuri, 1986). Similarly, as shown by Belsley 

(1984), diagnostic measures of collinearity, such as the VIF, can be misleading after data 

                                                           
7 In general, the highest order interaction term in the model is interpretable when residual–centering approach is 
used. However, the lower order terms become uniterpretable.  
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transformations and may provide no diagnostic value at all.  Therefore, researchers must not rely 

on using a single diagnostic tool to assess collinearity as it may be misleading (Mela and Kopalle 

2002), but instead use multiple methods to diagnose potential collinearity problems before 

attempting to remedy those problems. Otherwise, this may result in collinearity problems being 

raised by researchers without sufficient empirical evidence. 

Wherever multicollinearity is suspected based on multiple diagnostic measures, one good 

practice would be to randomly estimate subsets of the data to test the stability and plausibility of 

coefficients.  Problems of “bouncing betas” across these subsets of data may confirm 

multicollinearity problems.  Our re-analysis results showed that the stability of the coefficients 

was never an issue which clearly demonstrates that collinearity is not the problem that plagued 

previous studies. 

If the data were indeed plagued by collinearity, what could a researcher do?  One 

alternative prevalent in the literature is to use the mean-centering approach proposed by Aiken 

and West (1991); however, Kromrey and Foster-Johnson (1998) show that mean-centering does 

nothing to alleviate collinearity problems.  Another possible solution is to obtain more and better 

data (Judge et al. 1988, p. 874).  Harmful effects of high levels of collinearity may be offset in 

the presence of sufficient power (Mason and Perrault 1991). Because multicollinearity problems 

are hard to correct once the data are collected, one possibility is to address these collinearity 

concerns ex-ante by using data collection procedures, i.e. experiments, which isolate the 

hypothesized interaction effects. 

Future Research 

 

                                                                                                                                                                                           
8 We thank the Editor for clarifying this point. 
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Extant literature has focused on the interactive effects of Quality on the three dimensions 

of fit while ignoring the inter-relationships between the fit variables themselves.9  However, 

certain key issues remain. How do these fit variables interact with one another? Are these effects 

synergistic or compensating effects? An understanding of these inter-relationships between the 

fit variables would inform us about the optimal configuration of fit across these three dimensions 

in developing brand extensions. An additional issue worthy of consideration would to examine 

whether these inter-relationships between the various fit variables vary across the quality levels 

of the parent brand.   

Another promising area of research is the investigation of the moderating role of fit on 

the relationship between perceived difficulty and extension evaluations. Do transferable skills 

between the original and the extension brand categories mitigate the problems of extending into 

an easy-to-make extension? Is the nature of the relationship between difficulty of making an 

extension and extension evaluations different for complementary and substitute products? Future 

research could also examine whether these moderating effects of difficulty with fit variables 

change across the levels of the quality of the original brands.  

While the focus thus far in the brand extension literature has been on the notion of “fit as 

moderation” (Venkatraman 1989), the concept of “fit as matching” has not yet been examined. 

Venkatraman (1989) defines “fit as matching” as a theoretically defined match between two 

related variables. For instance, in the case of brand extensions, we could think of fit as the 

congruence between the quality levels of the parent and extension brands in a two-dimensional 

space. Therefore, congruence is not just a point, but instead can be visualized as a line along 

which the two quality measures are equal. Incongruence can then be conceptualized as being 

                                                           
9 A notable exception is A&K who examined only the interactive effect of Complement and Transfer. They found a 
negative effect which suggested that fit on one of these two variables is adequate. 
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perpendicular to this line of congruence.  Research could then examine the relationship between 

congruence (or incongruence, as the case may be) on behavioral outcomes. In addition, one 

could also examine the moderating roles of fit on the relationship between congruence in quality 

between the parent and the extension brands on behavioral outcomes.  

In summary, based on the proofs and the results of the re-analysis, we conclude that 

B&H’s generalizations regarding the simple effects are unsupported and their generalizations 

regarding interaction effects are understated. Our findings, based on a larger sample and use of 

appropriate statistical techniques that allowed for controlling for specific individual-, culture- 

and brand-specific influences, provide a finer-grained understanding of the factors that contribute 

to the overall collective knowledge on how brand extensions are evaluated.  We hope that our 

results clarify the understanding of the determinants of the evaluations of brand extensions. We 

suggest that researchers use our findings as a basis for future research, and consider alternative 

approaches and different methods to understand how consumers really evaluate brand 

extensions.  
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Appendix 

Analytic Proof for Evaluating the Efficacy of Lance’s Approach 

 
We use the notations, Z1 = (X1, X2), Z2 = X1×X2 = X12, Z = (Z1, Z2) in this Appendix.  Let  

M = I – Z(Z′Z)-1Z′, M1 = I – Z1(Z1′Z1)-1Z1′ and Z2
* = M1Z2.    (A1.1)   

Then, from Amemiya (1985, p. 461), it is known that:  

 Z(Z′Z)-1Z′ = Z1(Z1′Z1)-1Z1′ + Z2
*(Z2

*′Z2
*)-1Z2

*′.     (A1.2) 

Thus, the residuals from equation (2) in the paper are given as: 

 ε,^ = (ε,^1,.., ε,^n)′ = My = [I – Z1(Z1′Z1)-1 Z1′ − Z2
*(Z2

*′Z2
*)-1Z2

*′]y  (A1.3) 

For the residuals from equation (4) in the paper, we have x,∼12,  = M1Z2 = Z2
*.  We let Z* = (Z1, 

Z2
*), and M* = I – Z*(Z*′Z*)-1Z*′.  Then, we can show that:  

 u,^ = (u,^1,.., u,^n)′ = M*y = [I – Z1(Z1′Z1)-1 Z1′ −  (Μ1Z2
*)[(Μ1Z2

*)′ (Μ1Z2
*)]−1(Μ1Z2

*)′] y 

    = [I – Z1(Z1′Z1)-1 Z1′ −  (Μ1Z2)[(Μ1Z2)′ (Μ1Z2)]−1(Μ1Z2)′] y 

= [I – Z1(Z1′Z1)-1 Z1′ − Z2
*(Z2

*′Z2
*)-1Z2

*′]y     (A1.4) 

because Μ1Z2
* = M1Z2 = Z2

*.  This expression is the same as that for ε,^ as given in (A1.3).  

Therefore, it is evident that Result 2 holds, and it is obvious that the R2 for the two regressions 

obtained from Equations (2) and (4) are the same, implying that Result 1 also holds. 

For equation (1), we let b,^ = ( )b,^1,b,^2  = (Z1′Z1)-1Z1′y, with Z1 = (X1, X2).  For 

equation (4), we let M2
* = I – Z2

*(Z2
*′Z2

*)-1Z2
*′ and Z2

* = M1Z2 = M1X12.  Then, it is easy to 

show that:  

 α,^ = ( )α,^1,α,^2  = (Z1′M2*Z1)-1Z1′M2
*y       (A1.5) 

= {Z1′[Ι−Μ1X12(X12′M1X12)-1X12′M1]Z1}-1 Z1′[Ι−Μ1X12(X12′M1X12)-1X12′M1]y  



 

6

= [(Z1′–0)Z1]-1[Z1–0]y = (Z1′Z1)-1Z1′y, 

where 0 is the null matrix.  In the above derivation, we used the result Z1′M

.  

1 = 0.  We note that 

the last equation has the same expression for b,^ Thus, this equivalence implies that α,^1 = b,^1, 

α,^2 = b,^2.  Following the same procedure, it is easy to show that α,^3 β,^= 3.  To see this, we 

note that:  

 α,^3 = (Z2
*′M1Z2

*)-1 Z2
*′M1y = (X12′M1X12)

hi

-1X12′M1y,    (A1.6) 

which is the expression obtained for β,^3 from equation (2).  Therefore, t s result implies α,^3 = 

β,^3 and Result 3 holds.  Because α,^1 and α,^2 re the same as b,^ a

rm

,^

btain s

 As noted in the paper, it is important to note that the standard errors of α,^

1 and b,^2 obtained from the 

restricted model that excludes the interaction te , X12, these estimators are obviously incorrect 

when the interaction effect is significant.  Furthermore, since ε,^i = u i from Result 2, it is 

obvious that σ,^4
2  = σ,^2

2.  Therefore, we also o (α,^3) = s(β,^3) and  tα,
^
3  = tβ,

^
3, implying 

that Result 4 holds. 

1 and α,^2 are 

close to those in regression (1).  To see this, we let Z1 = (X1, X2), Z2
* = x,∼12,  and Z* = (Z1, Z2

*), 
and note that Z*′Z* is block-diagonal:  Z*′Z* = 
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⎟

.  Then, we can show 

 Var ( )α,^1,α,^2  = σ,^ , and Var ( )b,^1,b,^2  = σ,^

⎜ ⎟

4
2(Z1′Z1)-1 2

1 (Z1′Z )-1
1 ,    

 (A1.7) 

where σ,^  = ε,^′ε,^ / (n-k -1), and ε,^ are the residuals in regression (4).  σ,^4
2 2

1-k2 1  is similarly 

obtained from regression (1).  The difference in these expressions lies in the first term, which 

reflects the estimate of the squared standard error of regression.  Except for this, the standard 

 2



 

errors of the estimated coefficients are the same as those from the restricted model that excludes 

the interaction term.  This implies that the standard errors of α,^ and α,^  are also incorrect.   1 2
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Table 1 
Summary of results of the key brand extension studies 

Hypotheses Tested Aaker & Keller 
(1990) 

Sunde & Brodie 
(1993) 

Bottomley & 
Doyle (1996) 

Bottomley & Doyle  Generalizations from  
a (1996) b Bottomley & Holden (2001)  

Not supported. Supported. Not supported. Supported. Supported. 1. The quality of the parent brand has 
a direct, positive influence on the 
evaluations of brand extensions (b1 > 
0). 

    The quality of the parent brand 
is a significant predictor of how 
consumers evaluate brand 
extensions.  
Supported. Supported. Not supported.  Partial support. Partial support.  2. The fit between product classes has 

a direct, positive influence on the 
evaluations of extensions (b2 > 0; b3 
> 0; b4 > 0). 

     
All three fit variables -- 
transferability, complementarity 
and substitutability -- are 
significant predictors of how 
consumers evaluate brand 
extensions.  

All three fit variables 
are significant 
predictors of how 
consumers evaluate 
brand extensions.  

None of the fit 
variables are 
significant. 

Only b4 is 
significant.  

Only b2 is 
significant. 

  

Partial support. Partial support.  Partial support. Partial support.  Not supported.  3. The quality of the parent brand 
interacts with the fit (between the 
parent brand and the extension) to 
create synergistic effects on extension 
evaluations  

     
The interactions of the quality 
of the parent brand with 
transferability (b5) and 
complementarity (b6) are 
significant. The interaction of 
quality and substitutability is 
not significant. 

Only b5 and b6 are 
significant.  

Identical results to 
uncentered analysis. 
Only b5 and b6 are 
significant.  

Only b6 and b7 are 
significant.  

However, b7 is 
negative and 
significant contrary 
to the hypothesis.  

  
(b5 > 0; b6 > 0; b7 > 0).  

 

4. The relationship between the 
difficulty of making the product class 
and evaluations of the extensions is 
positive (b8 > 0). 

Supported. Supported. Not supported.  Not supported.  Supported. 
   

Perceived difficulty of making 
the extension matters in 
consumer evaluations of brand 
extensions.  

a Results pertain to OLS analysis done using uncentered terms on the data collected in the U.K. 
b Results pertain to residual-centered analysis done on the data collected in the U.K. 
Equation: QUALEXTN = b0 + b1 Quality + b2 Transfer + b3 Complement + b4 Substitute + b5 Quality * Transfer +   

b6 Quality *  Complement + b7 Quality * Substitute + b8 Difficulty + error 
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Table 2 
Summary of results from the analytical proof and implications  

 
Results Implications for Researchers 

2 2 2 21. R2 = R4 where R2  and R4  are R2 values obtained from the 
regressions estimated from Eq. 1 and Eq. 2,respectively. 

No change in model R2 between Lance’s residual-centered regression (Eq. 4), when 
compared with the original regression with uncentered terms (Eq. 2). 

  
The resulting residuals, as well as the predicted values from equation (4), are the 
same as those from equation (2).   2. ε,^i = u,^i where ε,^i and u,^i are residuals obtained from the 

regressions estimated from Eq. 2 and Eq. 4, respectively.   
The interaction effects obtained from the uncentered and residual-centered analyses 
are identical.  3. α,^1 = b,^ α,^1, 2 = b,^2, but α,^3 = β,^ , where α,^3 1, b,^1, α,^2, 

b,^2, α,^ , and β,^3 3 are estimated coefficients of corresponding 
parameters from Eq. 1, Eq. 2. and Eq. 4   

The estimated simple effects from Lance’s regression in Eq.4 are simply the 
mixture of two regression results, and are the same as those coefficients from the 
regression estimated in Eq.1 without the interaction term. Therefore, the simple 
effects are uninterpretable. The standard errors of the simple effects are also 
invalid, thereby rendering the tests of significance of simple effects invalid also.  

 

The standard errors of the interaction effect obtained from the uncentered and 
residual-centered analyses are identical.  4. s(α,^3) = s(β,^3) and  tα,

^
3 β,

^
3 = t

 
Equations: 
 
Main effects model (uncentered terms):  Y = b  + b0 1X  + b X  + e       (Eq. 1) 1 2 2

Interaction model (raw uncentered terms):  Y = β  + β X  + β0 1 1 2X  + β2 3X12 + u, where X12 = X X    (Eq. 2) 1 2 

Lance: Stage I:      X12 = γ1X  + γ X  + error       (Eq. 3) 1 2 2

Lance: Stage II:     Y = α0 + α1X1 + α2X2 + α3 x,∼12,  + ε      (Eq. 4) 

where x,∼12,  = X12 - γ,^  - γ,^X1 1 2X2 
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Table 3 
Comparison of results of the re-analysis utilizing uncentered terms with B&H’s (2001) residual-centered analysis b

 

 Our Re-Analysis    Bottomley & Holden  (2001) 
 Mixed Effects Regression Model  Using Uncentered Terms      OLS Model Using Residual-Centered Terms 

Variables A&K B&D ESSEC Illinois LBS S&B Comp  A&K B&D ESSEC Illinois LBS S&B 
Quality (Q) -0.04 -0.04 0.08 0.21* 0.04 0.09 0.06*  0.22** 0.22** 0.46** 0.21** 0.39** 0.25** 

 (-0.75) (-0.66) (1.50) (2.62) (0.73) (1.85) (2.31)  (11.5 ) (11.4) (23.7) (7.5) (21.2) (13.1) 

Transfer (T) 0.09 0.09 0.07 0.13 -0.01 0.03 0.05  0.26** 0.31** 0.19** 0.07* 0.14** 0.27** 

 (1.55) (1.24) (1.20) (1.34) (-0.02) (0.50) (1.91)  (12.0) (13.8) (8.6) (2.3) (6.8) (12.6) 

Complement (C) 0.02 0.03 0.09 0.13 -0.03 0.16** 0.07*  0.17** 0.31** 0.15** 0.10** 0.09** 0.30** 

 (0.36) (0.47) (1.98) (1.72) (-0.61) (2.84) (2.24)  (8.2) (13.3) (7.9) (3.5) (4.8) (14.5) 

Substitute (S) -0.01 0.08 0.03 0.05 -0.01 0.12 0.04  0.07** 0.18** 0.15** 0.22** 0.18** 0.18** 

 (-0.04) (1.16) (0.53) (0.55) (-0.08) (1.65) (1.4)  (3.4) (7.6) (7.1) (6.8) (8.7) (8.4) 

Q * T  0.03** 0.03* 0.03** 0.01 0.03** 0.04** 0.03**  0.03 0.08** 0.05* 0.03 0.06** 0.08** 

 (2.88) (2.46) (2.99) (0.03) (2.79) (3.39) (6.51)  (1.4) (3.4) (2.2) (0.8) (3.0) (4.1) 

Q * C 0.03** 0.04** 0.01 -0.01 0.02** 0.01 0.02**  0.06** 0.05* 0.02 -0.02 0.05* 0.05* 

 (2.75) (2.80) (0.36) (-0.48) (2.62) (1.31)  (3.71)  (3.1) (2.3) (0.8) (-0.8) (2.5) (2.3) 

Q * S 0.02 0.01 0.01 0.02 0.03** 0.01 0.02**  0.05* 0.03 0.02 -0.01 0.03 -0.01 

 (1.87) (0.80) (1.31) (1.26) (2.61) (0.53) (3.80)  (2.2) (1.2) (1.0) (-0.4) (1.6) (-0.6) 

Difficulty 0.05** 0.02 0.06** 0.05 0.07** 0.03 0.05**  0.11** 0.01 0.07** 0.10** 0.12** 0.03 

 (2.98) (0.99) (3.54) (1.92) (3.66) (1.88) (6.19)  (5.4) (0.6) (3.6) (3.5) (6.2) (1.6) 

R2   .25 .49 .36 .17 .28 .44 

Sample Size 2106 1367 1802 1093 2219 1610 10202  2101 1358 1793 1086 2204 1559 
 

b   t values are given in parentheses 
*  p < .05   **  p < .01 
 

 



 

Table 4 
Variance parameter estimates from the mixed effects model c 

 
 

Variables A&K B&D ESSEC Illinois LBS S&B 
Comprehensive 

Dataset 
 Variances       

Intercept 0.04 1.24** 0.73* 0.79 0.62* 1.00** 0.75** 
 (0.23) (0.43) (0.37) (0.49) (0.35) (0.38) (0.15) 
Quality (Q) 0.03** 0.03** 0.04** 0.04* 0.04** 0.04** 0.037** 
 (0.01) (0.01) (0.01) (0.02) (0.01) (0.01) (0.01) 
Transfer (T) 0.02** 0.03** 0. 01* 0.03** 0.00 0.01* 0.01** 
 (0.01) (0.01) (0.00) (0.01) (0.00) (0.006) (0.01) 
Complement (C) 0.00 0.01 0.00 0.00 0.00 0.02** 0.01** 
 (0.00) (0.01) (0.00) (0.00) (0.00) (0.01) (0.00) 
Substitute (S) 0.02**  0.02* 0.00 0.03** 0.01* 0.02** 0.02** 
 (0.01) (0.007) (0.00) (0.01) (0.006) (0.01) (0.01) 
Residual 1.52** 0.86** 1.34** 1.47** 1.56** 0.83** 1.33** 
 (0.05) (0.04) (0.05) (0.07) (0.05) (0.034) (0.02) 
-2 Log Likelihood 7181.0 4072.7 5938.3 3779.9 7631.4 4784.8 33770.4 
BIC 7251.0 4153.4 6006.8 3882.6 7708.9 4868.1 33875.8 

 
c   Standard errors are given in parentheses 
** Significance at 0.01 level; * Significance at 0.05 level 
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Table 5 
A comparison of the re-analysis results with the results of B&D (1996) and B&H (2001)  

 
Number of Significant Results at α = 0.01 

   
 Support for 

Hypotheses based on 
re-analysis of the 
comprehensive data (n 
= 10,202) 

B&D’s (1996) Analysis  Vote Count of B&H’s 
(2001) Analysis   

Vote Count of Our 
Re-Analysis  using Residual-

Centered Terms using Residual-
Centered Terms 

using 
Variables Uncentered Terms 

 
Supported Quality (Q) 6 / 6 0 / 6 Not supported 

 
Supported Transfer (T) 5 / 6 0 / 6 Not supported 

 
Supported Complement (C) 6 / 6 1 / 6 Not supported 

 
Supported Substitute (S) 6 / 6 0 / 6 Not supported 

 
Supported Q * T 3 / 6 4 / 6 Supported 

 
Not supported Q * C 1 / 6 3 / 6 Supported 

 
Not supported Q * S 0 / 6 1 / 6 Supported 

 
Not supported Difficulty  4 / 6 3 / 6 Supported 
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