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ONLINE APPENDIX

The Impact of Product Architecture and Organization Structure on
Quality in Complex Product Development

by: Gokpinar, Hopp and Iravani

1 Robustness of Inverted-U Relationship between Product Archi-
tecture Centrality and Warranty Claims

We performed additional analysis to check the validity of our proposed inverted-U relationship be-

tween the centrality of a subsystem in the product architecture network and warranty claims.

First, we considered the location of the inflection point (i.e., the level of subsystem centrality

where the warranty claims reach its maximum). Technically, this point is where the first partial

derivative of the regression equation with respect to subsystem centrality is equal to zero. To identify

the inflection point, we set the partial derivative (with respect to the subsystem centrality) of the

regression equation of Model 2 equal to zero. Solving 3.78 − 2(6.07)x = 0 for x, we found that the

inflection point is located at a level of subsystem centrality equal to 0.311.

We also divided the sample into deciles and for each sub-sample we conducted separate regressions

and examined the coefficient of subsystem centrality.

Table A.1. Coefficients of Subsystem Centrality for Each Decile

Decile 1 Decile 2 Decile 3 Decile 4 Decile 5 Decile 6 Decile 7 Decile 8 Decile 9 Decile 10
β: 1.09 3.65 4.29 3.86 1.61 1.53 0.41 −0.68 −1.33 −1.82

Table A.1 shows the coefficients of these separate regressions. Note that the coefficients are

positive for the deciles below decile 7 where the inflection occurs, and negative for the deciles above it.

These robustness checks verify and confirm the inverted U relationship between subsystem centrality

and warranty claims.

2 Replicating the Analysis for 2006 Model Year

We have duplicated our empirical analysis (which was originally for the 2005 model year) for the

2006 model year. Comparing two data sets from the same group representing two different time
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periods has been likened to a quasi experiment in a natural setting (Lee 1987), and was applied

successfully in examining individual performance and centrality in virtual R&D groups (Ahuja et

al. 2003). Clark and Fujimoto (1991) also used two different years to verify the stability of their

regression results in an automotive product development environment.

Table A.2 presents the descriptive statistics and bivariate correlations between the variables for

the 2006 model year. Note that, the general pattern of the bivariate correlations is quite similar

to that for the 2005 model year. One significant difference is the increase in correlation between

subsystem centrality and coordination deficit from 0.461 to 0.518 for the 2006 model year.

Table A.3. Random-effects Model of Warranty Incidents For Product Subsystems
Model 1 Model 2 Model 3

Variable (Controls) (Architecture) (Deficit)
Warranty incidents for 2004 0.661*** (0.071) 0.653*** (0.069) 0.687*** (0.074)
Number of parts 0.0052 (0.011) 0.044 (0.012) 0.0033 (0.014)
Number of design engineers -0.0071* (0.004) -0.0063* (0.004) -0.0070* (0.004)
Number of ECO’s 0.0047 (0.003) 0.0052 (0.003) 0.0042 (0.003)
Fraction of new parts 2.649** (1.215) 2.887** (1.237) 2.963** (1.314)
Fraction of problematic ECO’s 6.345** (3.112) 6.773** (3.006) 6.555** (3.104)
Average ECO tardiness -0.234** (0.109) -0.217** (0.0098) -0.211** (0.0094)

Centrality of a subsystem 2.96*** (0.913)
Centrality squared of a subsystem -4.13*** (1.880)

Coordination deficit 2.4412*** (0.895)
R-squared 64.28% 67.13% 69.71%
Adjusted R-squared 64.19% 66.92% 69.51%
N 3159 3159 3159
*p < 0.1, **p < 0.05, ***p < 0.01

We provide the results of the random-effects model in Table A.3. We observe that almost all

of the proposed associations for the 2005 model year holds for the 2006 model year. We note that

our main variables of interest, which are: (a) centrality in the product architecture network, (b)

the quadratic term for centrality in the product architecture network, and (c) coordination deficit,

are all significant at the 0.01 level. The variation in 2006 warranty claims explained by the models

(as indicated by R-squared values of 64.19%, 66.92% and 69.51%) is also slightly lower than in the

original study, but nevertheless the explanatory power of the models is still quite large. Similar to
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the 2005 model year, we examined the robustness of the inverted-U relationship (following the steps

outlined in Section A of the Appendix) as well as the potential endogeneity issues (as outlined in

Section 5.3 of the paper) for this model. We found that the inverted-U relationship is robust and

that endogeneity is not a problem.
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