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Abstract 

Are location-specific factors—such as the education and attitude of the local workforce, supplier 
networks, institutional infrastructure, and local “culture”—important for understanding persistent 
heterogeneities among firms? We address this question in the context of the automobile industry. 
Using a unique data set of over 565,000 used-car transactions at wholesale auctions, we test whether 
the long-run value and quality of otherwise identical cars depends on the country of assembly. We 
exploit the fact that the most popular Japanese car models are assembled (for the U.S. market) both in 
Japan and the U.S. We find that the Japan-assembled cars on average sell for more than those built in 
the U.S., but the estimated difference is only $62. The average differences are driven almost entirely 
by older-model Toyotas, for which we find a more meaningful quality gap between the Japanese and 
U.S. built cars. For Hondas and more recent models of Toyotas, the Japan-built cars are no more 
valuable than those built in the U.S. These results suggest that Japanese automakers have been 
successful, though perhaps with some lag, at transferring their high-quality practices to their U.S. 
transplants. Historical accounts are also consistent with the quality convergence at Toyota being the 
results of conscious effort and not just of cumulative production over time. Our findings also suggest 
that there is not an inherent limitation to the U.S. manufacturing environment that prevents the 
production of high-quality cars in America. 
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1. Introduction 

Systematic differences in important measures of performance, such as productivity and profitability, even 

between seemingly similar companies, have been documented by a vast literature. Syverson (2011) 

reviews studies documenting productivity differences, and Van Reenen (2010) identifies understanding 

the sources of firm heterogeneity as one of the major challenges in the social sciences.1 Although the 

literature has long focused on assessing the relative influence of firm- vs. industry-specific factors,2 a few 

studies have suggested that some of the sources of a firm’s advantage or disadvantage might be location-

specific. Bloom, Sadun and Van Reenen (2012) distinguish between a “natural” (or location-specific) 

advantage hypothesis versus a “management” hypothesis about the sources of differential performance, 

and other studies suggest that there may be important country-level influences on firm outcomes, such 

as the education and attitude of the local workforce, supplier networks, and, more broadly, institutions 

and “culture.”3 Grossman and Maggi (2000), for example, posit that the diversity of talent within 

countries may explain the advantage of different economies in products whose success depend on the 

outstanding performance of a few individuals (e.g., software in the U.S.) or on many complementary 

parts and quality control (e.g., automobiles in Japan). 

Understanding the role that location plays in firm performance is particularly relevant because of the 

increasing role of multinational companies. The ability of these companies to transfer their practices 

across borders is a subject of great interest. Some studies show convergence in organizational practices 

and productivity across plants in different countries whereas others find that firms have difficulty 

replicating abroad the practices of the home country’s plants.4 It is often challenging, however, to 

empirically identify the effect of location-specific factors on firm outcomes because it is difficult to 

separate their role from other aspects of the firm. Moreover, even if firm and industry-specific factors 

are controlled for, companies might produce different products (and for different markets) in different 

places, thus making the comparison of outcomes across locations hard to interpret. 

In this paper, we examine the question of location-specific production effects in the context of the 

automobile market. We take advantage of the presence of assembly plants of Japanese auto-

manufacturers in the U.S. In addition to producing in their home-country, Japanese companies 

                                                           
1 Other theoretical and empirical studies include Aghion and Howitt, 2009; Argote and Epple, 1990; Gibbons and Henderson, 
2012; Hayes and Clark, 1985; Helpman, Melitz and Yeaple, 2004; Ichniowski, Shaw, and Prennushi, 1997; Jovanovic, 1982; 
Leibenstein, 1987; Lippman and Rumelt, 1982; Nelson and Winter, 1982; Redding, 2011; Syverson, 2004. 
2 McGahan and Porter 1997, 1999; Rumelt, 1991; Schmalensee, 1985. 
3 Bartelsman, Haskel and Martin, 2008; Barrell and Pain, 1999; Council of Competitiveness and Deloitte, 2010; Khanna and 
Rivkin, 2001; Makino, Isobe and Chan, 2004; Pisano and Shih, 2009; Porter, 1998; Rutherford and Gertler, 2002; Siegel and 
Zepp Larson, 2009. 
4 Abo, 1994; Beechler and Yang 1994; Doeringer, Lorenz and Terkla, 2003; Freeman and Shaw, 2009; Gertler, 2001; Liker, 
Fruin and Adler, 1999; Lowe, Morris and Wilkinson, 2000; McGahan and Victer, 2010; Siegel and Zepp Larson, 2009. 
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established production plants in the U.S. in response to exchange-rate fluctuations and the Voluntary 

Export Restraints of the early 1980s (Russ, 2009). As explained in more detail below, this process can be 

characterized as largely an experiment in transplanting uniquely Japanese manufacturing practices to the 

United States. Because a number of Japanese cars, including some very popular, high-volume models, are 

produced in both Japan-based and U.S.-based plants (e.g., Honda Accord, Toyota Camry), it is possible 

to assess whether the short- and long-run quality of cars is affected by the country of production, 

holding fixed industry and company-level factors, as well as observable features of the products.  

We use a unique dataset from a leading provider of wholesale used car auctions in the U.S., which 

includes over 565,000 Japanese-make used cars brought to auction between 2002 and 2008. We focus on 

Japanese car models produced both in the U.S. and Japan, and sold in the American market. The level of 

detail of the data includes, in addition to car types, also the Vehicle Identification Number (VIN) that 

lists the country of manufacture for each vehicle. Furthermore, we have information on the location of 

each auction, therefore we can also control for geographical factors. This we can identify, for example, 

essentially identical cars such as the sample of 2002 Honda Accord SE 4-door sedans with 4-cylinder 

engines sold in 2005 at the auction site in Chicago, and test whether there are long-run quality 

differences for depending on whether they were assembled in the U.S. or Japan. The idea behind this 

empirical strategy is similar to that adopted by Bloom et al. (2012), who analyze differences in the impact 

of IT adoption on productivity between U.S.-owned and non-U.S.-owned “observationally identical” 

plants in the U.K. Our approach is also similar to that adopted by Mas (2008), who uses data from 

construction equipment resale markets to study differences in production quality across plants. The 

primary measure of quality is the sale price, and we also consider additional, direct quality measures such 

as an estimate of the costs to recondition the car provided by the auction company, whether it was 

auctioned with announced defects, whether it sold at the auction, and, conditional on selling, whether 

there was a problem with the car that resulted in after-sale arbitration between the buyer and seller. 

For the average car model in our sample, we find a statistically significant yet very modest difference 

in sale prices, with cars assembled in Japan selling for an estimated $62 more than their U.S.-produced 

counterparts. Compared to the average sale price of $8,545, this estimate implies that Japanese-built cars 

sell for around 1% more. At the 95% confidence level, we can rule out that the average difference is any 

more than $77. We also find no significant differences between Japan- and U.S.-built Japanese cars along 

any of the other quality dimensions. The only statistically significant differences are that Japanese-built 

cars are approximately one percentage point more likely to sell at auction and 1 percentage point more 

likely to receive a good condition report; these are, again, modest effects off of a base rate of 64%, and 

78%, respectively.  
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The average estimates do, however, hide some interesting heterogeneity. Our dataset is dominated by 

two car makers, Honda and Toyota, and looking at the two companies separately reveals rather different 

patterns. We find little or no differences in the sale prices of Hondas produced in Japan versus the U.S., 

whereas differences are more marked for Toyotas (approximately $99 in favor of Japanese-assembled 

cars). We further explore whether these differences have evolved over time, mostly focusing on the two 

models that dominate our sample: the Honda Accord and the Toyota Camry, which are consistently two 

of the top-selling vehicles in the U.S. market. For Honda Accords produced from 1999 through 2004, 

we see essentially no difference in resale values across Japanese and U.S.-produced models, even for cars 

as old as 8 years. For Accords produced in the early 1990s, which are generally over 10 years old by the 

time they reach auctions in our dataset, some (imprecisely estimated) differences begin to emerge, with 

Japanese cars selling for roughly 4% more. Toyota Camrys produced between 1993 and 2001 show 

average differences between Japanese and American assembled cars of approximately 3%, which can be 

as much as a few hundred dollars for 2- to 3-year old cars. There is also an important break in the 

pattern for Toyota that coincides with a substantial redesign of the Toyota Camry that took place starting 

with the 2002 model year. After the 2002 redesign, the Japanese-built advantage disappeared and actually 

seems to have reversed, with the American-built Camrys showing 1-2% higher resale values. Similar 

patterns are documented for the other quality measures.  

Taken together, our results suggest that Honda and Toyota were largely able to transfer their quality-

production techniques to their U.S. plants. For Honda in particular, which began production in the U.S. 

approximately 5 years before Toyota, that transfer appears to have been completely successful by the late 

1990s. These results add a new dimension to a small literature that has attempted to assess, with mixed 

results, whether the Japanese transplants differ from the auto assembly plants in Japan in terms of 

productivity and the adoption of certain management practices.5 More broadly, our findings are 

consistent with others that documented the ability of multinationals to transfer their practices in multiple 

countries, such as Bloom et al. (2012). However, with the case of Toyota, we also see evidence that this 

transfer is not always complete and does not always occur quickly, which is consistent with Pil and 

MacDuffie (1999), who document that multinationals may at times need to work to adapt their practices 

to the host country. The case of Toyota, moreover, does not look consistent with gradual adaptation and 

convergence; rather, the transfer appears to have occurred suddenly after a major model redesign, 

changes in the production process informed by input from American workers, as well as an effort by 

Toyota to better communicate it production principles to their plants oversea and especially in the U.S.  

                                                           
5 These studies include Fucini and Fucini, 1990; Graham, 1995: Hashimoto, 1994: Kenney and Florida, 1995: Pil and 
MacDuffie, 1999: and Shibata, 2001. 
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The results here also speak to the broader debate about the state of auto manufacturing in the U.S. 

In the wake of the recent crisis and government intervention in the U.S. automotive industry, there has 

been renewed interest in understanding the origins of performance differentials between American and 

Japanese car manufacturers. Japanese cars are generally perceived to be of higher quality and more 

reliable, and many scholars have argued that this quality premium is the key to the success of Japanese 

brands in the North American market. Figure 1, which is based on a large sample of popular Japanese-

make and U.S.-make cars sold at the wholesale auctions, confirms that these perceived quality differences 

are reflected in resale prices of cars from the two countries. The resale values of Japanese cars produced 

in the 1990s and early 2000s fell much slower as cars aged than did those of cars produced by U.S. 

manufacturers during this period. Better design, management practices, and corporate culture in Japanese 

firms have long been identified as the main determinants of this quality differential (Womack et al., 1990; 

Yates, 1983). However, some studies have highlighted location-specific characteristics of the American 

environment itself (e.g., labor relations, supplier networks, and workers’ attitudes and education) that 

might affect the ability to produce high-quality cars (Dassbach, 1994; Dore and Sako, 1998; Hashimoto, 

1994; Helper, 1991; Hofstede, 1984; Ingrassia and White, 1994; Sako and Helper, 1998).  There are limits 

to what our analysis can reveal about the sources of Japanese quality advantages. However, our findings 

that Honda and Toyota were able (though with a substantial lag for Toyota) to achieve similar levels of 

long-run quality for cars assembled in the U.S. suggest that it is possible for foreign manufacturers to 

produce high-quality cars in the U.S. Accordingly, the key sources of the Japanese quality advantage are 

unlikely to be strongly related to inherently location-specific features of the U.S. manufacturing 

environment. 

[Figure 1 about here] 

The data and empirical approach in this study, finally, represent a substantial contribution to the 

literature on cross-plant performance differences. Much of the existing literature is based on small 

sample sizes and case studies. Furthermore, in many existing studies, the plants being analyzed may 

produce different products (or versions of a product), making comparisons harder to interpret. By 

contrast, our work is based on a dataset with half a million observations and allows us to compare 

products at a very granular level. Additionally, whereas most related studies focus on productivity as the 

outcome of interest, we examine whether there are differences in longer-run product quality. The data 

also allow us to explore whether quality differences emerge at various points in the products’ life cycle. 

These are important questions for the automobile sector and, more generally, for high-priced durable 

goods industries. 

In Section 2 we provide some background on Japanese automobile production and the issues at play 

for Japanese firms in making the decision to transplant production; we then describe the empirical 
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context where we test our questions, and our data. Section 3 describes our empirical strategy and our 

findings. We discuss the relevance and implications of our results in Section 4, and Section 5 concludes. 

 

2. Background and Data 

2.1 The Japanese Automakers’ Decisions to Transplant to the U.S. 

A reputation for high quality is a key part of the success and brand value of Japanese automakers, 

particularly Honda and Toyota.6 This production quality likely stems from a combination of engineering 

design specifications, the quality of component parts, and the assembly process. Whereas design 

specifications should be easily transferrable and largely unrelated to the location of manufacturing, both 

supplier relations and assembly processes can be influenced by location-specific factors.  

Japanese auto firms have long had very different organizational and assembly processes than those 

of U.S. automakers (Florida and Kenney, 1991; Kenney and Florida, 1995; Russ, 2009). Although 

Japanese firms varied in their practices between each other, they shared some distinct features, including: 

a) their workers are organized into teams with a relatively egalitarian management structure, b) workers 

rotate to different jobs in the assembly process and are not strictly specialized, c) all workers are 

responsible for routine maintenance to the production equipment and for quality control on the 

assembled products, and d) workers and managers routinely participate in collaborative quality circles.  

As the Japanese firms were considering establishing production in the U.S. in the late 1970s and early 

1980s, there was significant uncertainty about whether it would be possible to transfer these production 

practices to the U.S. These practices were not common in U.S. manufacturing and it was unclear whether 

they could be communicated well and fit with American culture. The Japanese firms also had well-

established ties to trusted trade schools, recruited many workers through referrals from long-time 

employees, and had little experience to guide them in recruiting workers for their system abroad (Russ, 

2009). There was also concern at the time that the education and temperament of American workers 

might not fit with the Japanese model. For example, a 1981 report of a Japanese research firm on the 

feasibility of transferring Japanese production to the U.S. stated that “In general, the quality of American 

(blue collar) workers is lower than that of Japanese workers in terms of education, ability, turnover and 

morale, and this is the biggest obstacle to the transfer of technology from Japan” (Russ, 2009). 

The Japanese firms also had strong ties to parts suppliers in Japan that ensured quality products and 

facilitated just-in-time production techniques. Toyota in particular had tightly intertwined relationships 

with its suppliers, who collaborated on designs and coordinated financing issues. There were social, 

                                                           
6 Barber and Darrough, 1996; Cusumano, 1988; Fujimoto, 2000; Helper, 1991; JD Power and Associates, 2010; Shimokawa, 
2010; Train and Winston, 2007; and Womak, Jones, and Roos, 1990. 
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familial, political, geographic, and logistic ties to suppliers that would be difficult if not impossible to 

reproduce in the same way in the U.S. (Russ, 2009). Honda sourced their parts from more independent 

suppliers and faced less of a change when considering production in the U.S.   

Despite these challenges and uncertainties, during the 1980s a combination of Voluntary Export 

Restraints, rising public dissatisfaction by Americans about the Japan-U.S. trade imbalance, a need to 

expand capacity to meet the growing American market, and most importantly fluctuating exchange rates 

that raised the cost of Japanese imports in the U.S., convinced the Japanese automakers to establish 

production facilities in the U.S. (Chung, Mitchell and Yeung, 2003; Russ, 2009).7 Honda began U.S. 

production in 1982 (Nissan also began U.S. production in 1982), whereas the more conservative (and 

much larger) Toyota began production in the U.S. in 1988. Both Honda and Toyota started U.S. 

production with their top-selling cars (the Accord and Camry) and quickly also introduced their compact 

cars. Honda established its plant in Marysville, Ohio and Toyota began assembly in Georgetown, 

Kentucky. Both companies chose locations in regions with a higher density of auto part suppliers and 

good transportation networks. However, they consciously chose more rural settings and avoided 

locations with histories of American automobile assembly. Although these locations were partly chosen 

to ensure a supply of “fresh” workers who could be trained in the Japanese system, and potentially to 

avoid the existing auto-workers unions, the specific locations were also heavily influenced by benefits 

and tax breaks these states provided (Russ, 2009). 

The Japanese companies imported their organizational and plant-level-managerial practices to their 

transplant operations (Florida and Kenney, 1991). When first established almost all of the engineers and 

most of the plant managers were Japanese, while the assembly workers were almost exclusively local 

Americans.  The recruitment for these employees was much more extensive than anything the domestic 

automakers usually did and included hours of testing focused on gauging attitude and teamwork skills 

(Russ, 2009).  Over time, these plants have increasingly relied on U.S.-based parts suppliers and 

progressively relied also on American plant managers (Abo, 1994; Chung et al., 2003; Dertouzos, Lester 

and Solow, 1989; Hashimoto, 1994; Klier and Rubenstein, 2008; Mishina, 1998; Russ, 2009). 

By examining whether long-run quality differences between otherwise identical cars assembled in 

Japan and the U.S., we are able to examine whether the Japanese were successful at transferring high-

quality production to the U.S. As the preceding description makes clear, this was largely an experiment in 

transplanting uniquely Japanese manufacturing practices (and in the case of Toyota supply chains) to the 

United States. The Japanese transplants fairly quickly obtained levels of productivity and input costs 

                                                           
7 Rob and Vettas (2003) propose a formal theory for why it is optimal for form to mix exports and foreign direct investments 
in presence or growing/uncertain demand. 
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comparable to the plants in Japan and most reports suggest that the Japanese companies have found 

their transplant operations to be incredibly successful (Florida and Kenney, 1991; Pil and MacDuffie, 

1999, Russ, 2009). Our study allows us to assess for the first time whether this transfer also achieved 

successful convergence in production quality over the lifespan of these vehicles. 

 

2.2 The Wholesale Automobile Auctions 

The data for this study come from one of the largest operators of wholesale used-car auctions in the 

United States.8 The wholesale auction process starts when a seller brings a used car to one of the 

company’s 89 auction facilities located throughout the U.S. Details of the car are registered into the 

company’s system. The seller can then purchase detailing or reconditioning services from the auction 

company before a car is auctioned. Examples of reconditioning would include body work or repainting. 

Auction sites typically hold auctions once or twice a week. On these auction days, licensed used-car 

dealers come to the auction to purchase cars for resale. Depending on the particular auction site, more 

than 2,000 transactions can occur in a day. Most auction sites have somewhere between 4 and 7 auction 

lanes operating simultaneously, through which cars are driven and put onto the auction block. Once on 

the auction block, the used-car dealers bid for them in a standard English (oral ascending-price) auction 

that lasts around 2 minutes per car. The highest bidder receives the car and can take it back to his used-

car lot himself (by driving it or placing it on a truck), or can arrange delivery through independent 

delivery agencies that operate at the auctions. After the auction ends, if the buyers find a significant 

defect that was not disclosed by the seller, the auction house provides an arbitration procedure that 

allows buyers to demand compensation from the seller and, potentially, to return the car for a refund. 

The auctions occur quickly; however, buyers can observe a lot about the car that might influence 

their willingness to pay. Upon arriving at the auction site, buyers can print off a list of the cars for sale 

that day that includes basic information about each car. The cars are available on the lots prior to being 

auctioned for inspection by the dealers. As the time approaches for the auction, the car is driven slowly 

to the auction block in a line with other vehicles. Dealers can walk along with the cars and inspect them 

as they roll through that line. Finally, when a car is on the auction block, there is a screen that shows 

information about the car, including disclosures that the sellers make about defects or features of the car. 

All of the buyers at the auctions are used-car dealers, while there is more diversity in the sellers. 

There are two major classes of sellers: car dealers and fleet/lease companies. A typical dealer sale might 

involve a new-car dealer bringing a car to auction that she received via trade-in and does not wish to (or 

                                                           
8 The wholesale used automobile market is comparable in size to the market for new vehicles. The National Auto Auction 
Association reports that in 2009, for example, 8.9 million used vehicles were sold at wholesale auctions in the U.S., compared 
to the overall sale of 10.4 million new cars. 
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cannot) sell on her own lot. The fleet/lease category includes cars from rental-car companies, university 

or corporate fleets, and cars returned to leasing companies at the end of the lease period. The important 

difference between these two types of sellers for our analysis is that the fleet/lease sellers tend to bring 

cars to the auction in large lots and set very low reservation prices whereas the dealers who sell cars at 

auction set higher reservation prices and sell a lower fraction of their cars. For the most part, therefore, 

there are fewer potential selection issues with cars brought to the auction by fleet/lease companies, 

which we investigate in robustness analyses for our regression results later in the paper. 

 

2.3 Data 

Our data contain information on the auction outcome and other details for each car brought to auction 

from January 2002 through September 2008. The full dataset has information on just over 27 million 

cars. We observe information about each car, including its make, model, body style, model year, and 

odometer mileage as well as an identifier for the buyer and the seller who brought the car to the auction.  

A number of variables in the dataset are useful as outcomes in our analysis. The data report whether 

the car was sold and, if so, the sale price. In addition to the probability of selling, we also observe a few 

other direct measures of quality for cars that arrive early enough at auctions to be inspected by the 

auction house (generally fleet/lease cars). These inspected cars are given a condition report by the 

auction company that assigns an overall condition level for the car. The auction company also generates 

an estimate of potential reconditioning expenses and offers reconditioning services to sellers. We 

observe these estimated reconditioning expenses. Again for the cars that were inspected, we also have 

information on whether the car had known defects at the time of the auction. Cars run through the 

auction using a system of lights that signal the level of known defects with a car.9 A green light indicates 

that the car has no known major defects. When a car is assigned a yellow light, some specific defects are 

listed. A car that is assigned a red light may have some significant defects and is sold “as is.” 10 Finally, 

after the transaction, a buyer has the possibility of using an arbitration procedure offered by the auction 

company if they find major defects with the car that were not reported by the seller during the auction. 

Crucial for this study, the data also report the Vehicle Identification Number (VIN) for each car. 

The 17-digit VIN of a car uniquely identifies a vehicle by its make, model, model year, body style, 

production year, production number on an assembly line, assembly plant, and, as indicated by the first 

digit of the VIN, the country where a car was assembled. For example, a number 1, 4, or 5 in the first 

                                                           
9 All cars run through with the light system, but only inspected cars have this indicator reliably recorded in the data. 
10 The reasons that might cause a car to run under a yellow or red light would include transmission problems, exhaust-system 
issues, structural damage from an accident, and so on. 
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digit of the VIN indicates that the car was assembled in the U.S. whereas the letter “J” indicates that it 

was assembled in Japan. On the auction day, the VIN of the car is reported on a screen above the 

auction block along with a range of other information about the car. The used-car dealers bidding at the 

auctions could determine the country of assembly for a car by looking at the VIN number. For this 

reason, any differences that we find in the average selling price of the cars assembled in different 

countries could reflect quality differences that the dealers observe at the auctions or their perceptions of 

the difference in value across country of production. Of course, if dealers systematically discount cars 

based solely on their observation of the country of assembly from the VIN number, and not from 

observed defects of the car, it must be that they anticipate lower value of those cars in the resale market. 

We focus on differences in value at the auctions and remain largely indifferent about the degree to which 

dealers are using direct information about the VIN in their auction purchase decisions. However, our 

anecdotal observations of the auction process and discussions with managers at the auction company do 

not give us any reason to suspect that dealers are systematically reacting to information in the VIN about 

the country of assembly. We also doubt that many retail used-car buyers look for this information 

because very few people are familiar with VIN decoding. For these reasons, we suspect that any 

differences we might observe in pricing dependent on the location of production reflect observable 

quality differences (e.g., rust, engine noise, worn interiors, etc.) of the car at the time of auction. 

In order to perform a meaningful analysis of comparable cars, we isolate all vehicles that were 

assembled in both the U.S. and Japan as identified by make, model, model year, and body style. The need 

to focus on comparable cars assembled in both countries clearly places constraints on the analysis, since 

any inference on quality and value differences (or lack thereof) related to production location are limited 

to the cars actually produced in both countries. However, as described below, these cars include the 

most popular vehicles by the major Japanese automakers, on which the reputation of these companies is 

mostly based. In the conclusion we discuss further the interpretation of our results in light of the fact 

that the Japanese companies do not attempt to produce all of their different car models in the U.S. We 

limit the analysis to car types in which at least 5% and no more than 95% of the cars were assembled in 

Japan. Because our analysis uses fine-grained fixed effects, we also limit our analysis to cars for which we 

have at least 20 observations of the same car in a given auction location and sold by the same category of 

seller (fleet/lease vs. dealer). We further focus on cars between 0 and 14 years of age and with at least 

1,000 miles and less than 250,000 miles on the odometer. 

Overall, the sample of multi-country models includes 565,652 cars. The vast majority of the cars are 

Hondas (37%) and Toyotas (62%). The fraction of cars assembled in Japan is approximately 26% and is 

nearly identical for both Honda and Toyota cars. The cars that appear most frequently in our data are 

Honda Accords and Toyota Camrys (both with four-cylinder engines). Table 1 reports summary 
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statistics. The average used car at an auction is just under 5 years old with a little less than 73,000 miles 

on the odometer. Approximately 64% of all cars brought to the auction sell, with an average selling price 

of roughly $8,545. In this table and throughout the analysis when focusing on quality metrics of 

estimated reconditioning expenses, good condition reports and cars running through the auctions under 

green lights (i.e., no stated defects), we limit the analysis to fleet/lease cars, as relatively few dealer cars 

are brought the auction early enough to receive an inspection. This table also shows how these basic 

summary statistics vary by whether the car was assembled in the U.S. or Japan. For most variables, there 

is little difference between the U.S.- and Japan-assembled cars. In particular, once the sample is limited 

to comparable cars produced in both countries, the average price and quality are very similar, already 

suggesting a limited impact of the location of production. The slightly higher average price for cars 

produced in the U.S. is mainly due to the lower average age and mileage of U.S.-assembled cars (in the 

regressions below, when we control for these factors and add fixed effects, this difference will, in fact, 

reverse). A large difference that stands out in the raw data is that the Japan-built cars are (not 

surprisingly) more likely to appear in auctions in western states.11 

[Table 1 about here] 

3. Empirical Analysis 

Our goal is to assess whether the country of assembly of cars affects their long-term value differences. 

The challenge for this analysis is how to measure long-run quality and value since there is no simple one-

dimensional index of quality. The baseline approach that we adopt is to determine whether the prices of 

cars differ depending on whether they were produced in the U.S. or Japan holding all other relevant 

variables constant. The bidders at wholesale auctions are used-car dealers who intend to resell cars to 

final customers. Once we isolate a particular car type and control for key observables, such as mileage, 

the variation in prices at the auction will reflect some combination of noise, local-market fluctuations, 

and any quality differences in the cars that are observable to the buyers at the auction. It is this last 

source of variation in which we are interested because it should reflect aspects of cars that are not 

captured in any quantitative datasets, such as visual appearance, engine noise, and rust.  

We also assess the presence of value differences using five more direct measures of quality as 

outcome variables that are available in the dataset: whether the car was sold at the auction; whether an 

arbitration procedure was requested by the buyer after the car had been sold; the estimated cost to 

recondition the car provided by the auction company; whether the car was given a positive condition 

report by the auction company; and whether the car was assigned a “green light” on the auction block, 

                                                           
11 Of the states represented in the auction, we include AZ, CA, CO, HI, NV, NM, OR, UT, and WA as western states. 
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denoting no major defects. The first two of these measures are available for all cars (conditional on sale 

in the case of arbitration). As mentioned in Section 2, the other measures are generally only available for 

cars that undergo inspection by the auction house, which in practical terms leads us to restrict analysis to 

the fleet/lease sellers for these measures. The condition report by the auction company and any 

reconditioning that the seller chooses to have performed are conducted prior to the auction. The light 

system, indicating defects, is displayed prominently for all cars that run through the auction blocks and 

provides perhaps the cleanest measure of known major defects for a car. A significant fraction of cars 

(36%) fail to sell at the auction, which raises the possibility that some problems with cars could lead to a 

failure to sell rather than simply a reduction in sale price. For this reason, we also use the information on 

whether the car sold as an indicator of quality. Finally, the company has an arbitration procedure to aid 

buyers who, after the car has been sold, find major defects that were not disclosed. We use data on the 

prevalence of arbitration as well. 

The main hypothesis that we test is simple. If the country of production has a major effect on the 

value and quality of goods, then we should observe systematic differences in value and quality for 

otherwise identical goods produced in different countries. In the case of the automobile industry, if the 

perceived superiority of Japanese cars, as compared to American cars, is related to the production 

environment in Japan, then the vehicles produced by Japanese companies on the American soil should 

be of lower value and quality than the otherwise identical ones produced in Japan (for the U.S. market). 

 

3.1 Graphical analysis 

We begin our comparison of cars assembled in Japan with their U.S. counterparts with some simple 

graphs of average sale prices across a range of ages. First, Figure 2 plots the average prices for all cars in 

the sample of 565,652 vehicles, for different ages, splitting by country of assembly. The lines for 

Japanese-assembled and U.S.-assembled cars lie on top of each other for the most part, and where 

differences exist, they are generally on the order of a $100 premium for cars assembled in Japan. Second, 

in Figure 3, we further exploit the detail and size of our dataset to focus on the two most popular car 

models in our dataset.  Panel A shows average prices for the Toyota Camry 4C 4D Sedan LE produced 

in 1999 (N = 47,804) and 2002  (N = 31,235) whereas Panel B shows average prices for the Honda 

Accord 4C 4D Sedan EX Auto again produced in 1999 (N = 17,907) and 2002 (N = 11,104).12 The 

price-by-age lines for the American and Japanese assembled cars are very close in all four cases across 

the full range of available ages. Interestingly, whereas for the two older models (1999) there seems to be 

                                                           
12 More precisely, we ranked car models (defined by the combination of make, model, body style, and model year) by number 
of observations. We then selected the first Toyota and first Honda models that we observe for two model years. 
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a slight price premium for those assembled in Japan, the opposite is true for the newer models (2002), 

with the U.S.-assembled models selling for slightly higher prices than the equivalent models assembled in 

Japan. This is particularly the case for the Toyota Camry. Taken together, these graphs provide our first 

suggestive evidence that there is very little difference in the prices of used cars based on location of 

assembly, and that, if any, the difference has decreased for more recent models. 

[Figures 2 and 3 about here] 

 

3.2 Main findings on average differences 

3.2.1 Price regressions 

We now estimate versions of the following model: 
 

                    (   )        ,   (1)

  

where j indexes a particular “car type” and i indicates individual observations of that car. The dependent 

variable in Equation (1) is the sale price conditional on selling. Depending on the specification, we use 

this variable in either levels or in natural logarithm. We regress prices on an indicator for whether the car 

was assembled in Japan (JAPAN); thus our primary estimate of interest is  ̂. We control for 

characteristics of the individual car, denoted by the matrix Xi, such as a third-order polynomial in miles 

and the interaction of this polynomial with a car’s age.13 Finally, and crucially for the inferences that we 

will be able to make, we include fixed effects for the car type, expressed by    in Equation (1). Given the 

richness and size of our dataset, and to help us perform the best possible “apples-to-apples” comparison, 

the car type is defined at a very fine level. For all of our specifications, this car type includes the 

combination (cross product) of make, model, body style, model year of the car, and auction year.14 

Accounting for these characteristics is important because models within the sample are produced in the 

U.S. and in Japan at different rates.  

Table 2 reports the price-regression results. In Column (1), we include the basic fixed effect for car 

type in the regression, but do not control for auction location. The estimated price difference between 

Japan- and U.S.-produced cars is $125, implying a price differential of about 2% on average. Not 

controlling for auction location, however, likely biases up the Japanese–U.S. price differential. Due to 

transportation costs, for any particular car model, the units assembled in Japan are more likely to be sold 

on the west coast than elsewhere in the country. This fact is relevant for our analysis because cars 

                                                           
13 On average (see Table 1), Japan-assembled cars have about 4,000 more miles and are about 3 months older. When running 
regressions of miles and age on the JAPAN dummy and car-type fixed effects, the differences (estimated parameter on 
JAPAN) reduce to less than 1,000 miles and just a few days. 
14 Because the fixed effect includes both the model year and the auction year, we cannot include a direct term for age among 
the controls in Xi. 
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depreciate more quickly in places that have snowy winters (due to increased accidents and the use of 

road salt); thus, used cars sold in the Midwest (where there is a greater concentration of U.S.-assembled 

models) will have lower value for reasons not related to the country of assembly. More generally, there 

may also be different price levels in different local markets, which again could bias the results. 

[Table 2 about here] 

In the remaining columns of the table, and throughout the rest of the analysis, we include the 

auction location within our “car type” fixed effect. Adding that control in Column (2) reduces the Japan 

effect by about half, with the estimates showing that, all else equal, cars assembled in Japan sell for $64 

more than their U.S.-built counterparts. The estimate is statistically significant (not surprising with our 

large sample size) but modest in size when compared to the average sale price of $8,545. The 95% 

confidence interval around the estimate (using robust standard errors clustered at the fixed-effect level) 

ranges from $48 to $77. In Column (3), we also add among the controls an indicator for the type of 

seller (dealer vs. fleet/lease), whereas in Column (4) we report the estimates from a specification where 

the indicator for the seller type is part of the combined car-type fixed effect. The estimates are essentially 

unchanged – about $62 in column (4). Column (5) displays estimates from the same specification as in 

column (4) but with the natural log of price as the outcome variable. The estimates imply a price 

differential of about 1% on average. Given the size of the dataset, we can rule out at the 95% confidence 

level that this difference is more than 1.3%. 

 

3.2.2 Quality-metrics regressions 

We then consider the five variables of a car’s quality described above and conduct essentially the same 

analysis that we did for prices: 

                (   )        ,   (2)

 where Yj is, in turn, one of the five quality variables described above. In addition to providing additional 

metrics to evaluate the presence of systematic heterogeneities related to the location of production, the 

use of quality measures might also address some potential issues in the application and interpretation of 

the price results. First, the price regressions are based on only the sample of sold cars whereas, for some 

of the quality measures, we can use the full sample of sold and unsold vehicles, thus addressing some 

selection concerns (as further discussed below). Second, some of the quality metrics (the condition 

report, the estimated reconditioning expenses, and the lights) are determined by the auction company 

and are independent of some factors that might determine market prices in ways that might obscure 

value and quality difference. For example, imagine that there is a strong “brand effect,” such that it is 

expected that final buyers only care about a car being of a certain make, and do not pay attention to 
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some quality details. This might lead to compressing the price differential, but it would not affect the 

quality assessments made by the auction company. 

In Table 3, we first report the estimates from regressions using the full sample of cars (where the 

outcome is the probability of selling and of being arbitrated, conditional on selling), and then the sample 

of fleet/lease cars for the quality outcomes available only for this subset. With the exception of the 

estimated reconditioning costs, the other outcome variables are dichotomous. In these cases we use 

linear estimation rather than a discrete-choice model like Probit or Logit for the binary variables because 

we control for car types using a large number of fixed effects, and nonlinear models would suffer from 

incidental parameter biases (Angrist and Pischke, 2009).15 The fixed effect δi that is used in these 

regressions is the combination of make, model, body style, auction year, model year, auction location, 

and seller type, as in Columns (4) and (5) of Table 2.  

[Table 3 about here] 

Although the point estimates go in the direction of higher quality for Japanese-assembled cars, we do 

not find any economically relevant difference. The Japanese cars are 1 percentage points more likely to 

sell at auction than are their U.S.-assembled counterparts, but again this is a modest difference compared 

with the baseline probability of selling of 1%, and 1 percentage point more likely to receive a good 

condition report, off of an average of 78%; although these two differences are statistically significant, just 

as in the case of prices they are economically very modest. 

 

3.2.3 Robustness tests  

The findings reported above indicate that “otherwise identical” cars produced in Japan and the U.S. do 

not, on average, have major value differences. In this section, we investigate whether these results are 

robust to potential alternative explanations and specifications that would, instead, indicate a larger role 

for the country of production in ways that our baseline empirical strategy does not capture.  

Selection issues. One potential concern with the price analyses is that they are based on cars that 

eventually sold at an auction.16 Unsold cars might be of systematically low quality. If these low-quality 

cars were disproportionally assembled in one of the two countries, then the estimates in Table 2 would 

not be reliable. However, the fact that there are very small differences in selling probability between cars 

                                                           
15 We have performed the same analyses as reported here using probit models for the binary outcomes, but in order to avoid 
using a large number of fixed effects in one single binary regression, we ran separate regressions for each car type. We then 
calculated the average of the estimates, weighted by the number of observations per car type. All of the results in Table 3 are 
very similar using this alternative procedure. For example, the estimated coefficient on the probability of sale using these 
weighted probit estimates is 0.012 virtually identical to the 0.010 estimate in Table 3. These results are available on request. 
16 The dataset contains also some information on the “highest bid” for unsold cars. In principle, this could be used as an 
indication of the value of unsold cars, too. However, this information is likely to be very noisy because it is available in a 
meaningful way only for very recent years, whereas for most of the observations it is not available. 
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assembled in the U.S. and Japan (Table 3) is reassuring that the price regressions described above are not 

substantially affected by this type of selection bias. Note also that, in the regressions reported in Table 3, 

where we analyze direct quality measures, in all cases except for the probability of arbitration, the models 

are estimated on both sold and unsold cars, and no differences are found.17 

Somewhat more fundamentally, our sample is selected in that cars brought to auction are not 

necessarily representative of all used cars transacted in different markets (Genesove, 1993). Not all used 

cars go through the wholesale auction process, and it may be that quality (either good or bad) is a driver 

of whether cars appear at the auction in the first place. This presents a potential challenge to the external 

validity of our results. For example, suppose that only very low-quality cars are transacted at wholesale 

auctions. This would lead us to find only small differences in quality by country of production even if 

there were large differences in the universe of used cars. One way that we can address this concern is to 

exploit the differences in behavior between our different seller types. Recall that the fleet/lease sellers 

(e.g., rental-car companies) tend to sell their entire aging fleets in large lots at the auctions. There is 

plausibly very little or no selection in the cars that these sellers bring. On the other hand, the dealer 

sellers have a fair amount of discretion on which cars they bring to auction rather than selling on their 

own lots. Columns (1) through (4) of Table 4 report estimates from the same specification as in our 

preferred specification from Columns (4) and (5) of Table 2, with the sample of sold cars broken into 

fleet/lease sellers and dealer only sellers. The differences between U.S.- and Japan-assembled cars are 

somewhat larger for the fleet/lease sellers, but this is mostly due to the higher average prices for the 

fleet/lease cars (they tend to be younger and with lower mileage).  The log difference between U.S.- and 

Japan-assembled vehicles is estimated to be the same for fleet/lease and dealer cars. Furthermore, when 

we look at the probability that a car was built in Japan (not reported here), we find that there is very little 

difference between the probabilities for fleet/lease versus dealer cars. 

[Table 4 about here] 

Another approach to explore whether selection on which cars appear at wholesale auctions could be 

affecting our results is to compare the distribution of country of assembly in our auction data to the 

fraction produced in each country when the cars were sold new. Although the auction locations for this 

company do not cover the country in a representative fashion, given the large scale of the auction data 

here, we could expect that, in the absence of quality selection into the auction, the distribution at the 

auctions would roughly match the production data. However, if only low-quality cars are brought to 

auction and there are systematic differences in quality by country-of-assembly, then the ratios of 

Japanese to U.S. cars should be different in the auction data than in the underlying production runs for 

                                                           
17 The estimates on the sample of only sold cars are very similar to those on the full sample, for all of these variables. 
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the cars. To address this issue, we collected data from Ward’s Automotive Yearbook, a leading automobile 

trade publication, on the fraction of new-car sales in North America that were imports (i.e., assembled in 

Japan) versus domestically produced by make, model, and model year for the cars in our sample. In 

Figure 4, we graph the fraction of cars for each model that were assembled in Japan in the auction data 

against the fraction imported from Japan based on the new-sales data from Ward’s Automotive Yearbook. 

Our data are quite closely related to the fraction of imports when cars were new. In particular, the scatter 

of points is not systematically shifted on one side of the 45-degree line or the other, suggesting that there 

is no strong country-of-assembly selection bias in which cars come to the auction. In fact, a regression of 

the relationship (with a constraint to pass through the origin) has a coefficient of 1.05.   

[Figure 4 about here] 

This comparison with production statistics also gives us another robustness test for the price 

regressions. If selection is a concern, then we would expect our results to change if we focused only on 

models for which the country-of-assembly fractions at the auctions were similar to those in the 

production data. In Columns (5) and (6) of Table 4, we estimate our basic price regressions, limited to 

the vehicles (make, model, and model year) for which we have information in both our data and the 

Ward’s Automotive Yearbook, with the exclusion of the models for which the difference in fraction of 

imports between our data and the Ward’s data is greater, in absolute value, than 15 percentage points.18 

This cut does not change the results from the full sample. This suggests that substantial differential 

selection into the auctions by country of production is unlikely to be a problem for our analysis.19 

Under-specification and specific car options. Although we control for fine-grained fixed effects, 

it is possible that our controls miss something that varies systematically between Japan and U.S. 

assembled cars other than quality. Columns (7) through (10) in Table 4 address this possibility.  First, 

although we did not observe large differences in objective quality metrics in Table 3, it may still be worth 

exploring whether the price effects that we observe are driven by these metrics, since some of the 

variation in these measures could be related to issues unrelated to original build quality. In Columns (7) 

and (8) we include these measures (again restricting to inspected fleet/lease cars) and find very similar 

results. A second concern might be that, despite our fine-level fixed effect, there could be systematic 

                                                           
18 These are the 1987, 1993, 1997, 1998, and 2000 models of the Honda Civic; the 1990 and 2001 Honda Accord; and the 2006 
Toyota Camry. 
19 It is also possible to use the Ward’s data to do a Heckman-style correction. The Ward’s data allow us to estimate, for each 
make/model/model-year combination, the fraction of cars assembled that year in each country that eventually appear in our 
auction data. Those fractions give us an estimate of the probability that particular car models assembled in each country will be 
observed in the auction dataset and is roughly analogous to the first-stage estimates in a Heckman procedure. We can then use 
those probabilities of being observed to create an inverse Mills ratio (at the make/model/model-year by country-of-assembly 
level) and include that in our main regression specifications. We find that including the inverse Mills ratio generates a modest 
increase in the size of the Japan coefficient in our regressions, but the Japanese difference is still consistently within the $100 
range and none of the results change in a qualitatively meaningful way when including this correction procedure. 
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variation in the features included in models assembled in the U.S. versus Japan. Unlike American 

automakers, who during this period gave customers numerous options, Honda and Toyota are well-

known for producing a limited number of trim levels for a car and avoiding optional features. Therefore, 

hidden features are unlikely to be a large issue here. However, we do have some limited information 

about optional features that the auction company started recording for auctions conducted in 2006 and 

later. In Columns (9) and (10) , we examine fleet/lease and dealer cars and add indicators for a range of 

car features, such as sunroof, anti-lock brakes, automatic windows, etc. Adding these controls results in a 

coefficient estimate of 0.9% in the log specification, again not distinguishable from our original estimate. 

The estimates of other quality metric differences from Table 3 are also essentially unchanged if we 

include controls for optional features.20 

Residual variation. One might also be concerned that the high R-squared values in the price 

regressions imply that there is little variation in auction prices once basic observables have been 

controlled for, and that this is the reason why we find only modest differences. For instance, imagine 

that, for efficiency reasons, dealers bought used cars based on an explicit formula that used inputs of the 

car type and mileage and ignored all other observations about the car. In such a setting, even if there 

were underlying differences in value due to the country of production, the market would not be pricing 

them in, and the absence of a difference in value related to the country of production would not emerge 

in our analysis. We are not concerned, however, that this is the case here. First, variables such as a poor 

condition report or defects listed in the light system have very large estimated impacts on prices. For 

example, all else equal, a car listed with a green light sells for a significant $950 more than a car with 

indicated defects (red light or yellow light). Each dollar expected to be spent for reconditioning translates 

into a price reduction of $0.37. Cars with positive condition reports sell for $1,000 more all else equal 

than cars with negative condition reports.  In addition, the residuals from a regression specification such 

as that in Column (2) in Table 2, dropping the Japanese dummy, range by over $2,100 from the 10th to 

90th percentiles, suggesting that there is significant variation in auction prices that is not captured by 

controlling for car characteristics and local-market conditions. 

Differences across the value distribution. The analyses above are conducted on means. When 

considering the formation of perceptions of long-run quality, however, it may also be worth looking at 

the extremes of the value distribution. In particular, it could be that the chance of buying a car of very 

low value is what most significantly influences perceptions of long-run quality. To the extent that cars 

whose value is in the left tail of the distribution are disproportionately produced in one country (for 

example, in the U.S.), an analysis based also on mean values might obscure this effect. To investigate this 

                                                           
20

 These results are available upon request.   
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possibility, we consider the estimated Japanese–U.S. differences at different quantiles of the price 

distribution. To handle the large number of fixed effects in our analysis, we employ the following 

procedure. First, for each car type (defined by the combination of make, model, body style, model year, 

auction year, and auction location), we estimate parameters from the following specification:  

                                    (       |               )                    , (3) 

where j is each specific car type and the estimates are made at the  th quantile; 

                         ;         is a third-order polynomial in miles, with the parameters allowed to 

differ at each quantile  . Then, for each  , we compute the weighted average of  ̂  over all car types j, 

with the weight being the relative sample size of each car type (number of observations over total 

number of observations). We limit the analysis to car types for which we have at least 20 vehicles sold. 

We use a bootstrap procedure (with 200 replications) to estimate the standard errors of these weighted-

average regression estimates. The results are reported graphically in Figure 5, and compared to the OLS 

parameter estimate on JAPAN (the standard errors for the OLS estimates are derived from a 

bootstrapping procedure like the one described above). 

[Figure 5 about here] 

There is a slightly higher estimate of the difference between Japan- and U.S.-assembled cars for the 

lower percentiles, indicating that prices might be picking up some differences for cars of lowest values, 

and the differences are smaller for high-percentile values. Overall, however, these quantile estimates are 

comparable to the average OLS results.  

 

3.3 Exploring firm-specific patterns and dynamics  

The results presented above focus on the average difference between Japanese- and U.S.-assembled cars 

in our dataset. Although we document modest average differences, those averages may obscure 

important heterogeneities across two key aspects: car makers (Honda and Toyota) and time. The analyses 

by car makers and for different model “vintages” bear important elements of interest on their own. First, 

Honda and Toyota might have followed different paths in their process of transferring their practices 

from Japan to the U.S. These two companies are sometimes described as adopting the same production 

system; however a number of accounts have stressed major differences in the organization of production 

and overall “culture” between the firms. For example, some components of the Toyota production 

system, such as allowing for different car models or trims to be on the same assembly line, were not 

shared by Honda, where a more standard “assembly-line” organization prevailed. The Toyota approach 

relied on stronger complementarities among different practices, and has been described as more 

centralized than Honda, which was leaving more flexibility, for example, to transplants (Mair, 1999; 
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Maxwell et al., 1998; Mishina 1995; Russ, 2009; Sako, 2004). These differences might also have affected 

each company’s ability to achieve similar levels of quality in different countries.  

In Table 5, we repeat our main regression analyses above, but split the sample into Toyota (Panel A) 

and Honda cars (Panel B). For each make, we use both the level and natural log of price as outcome 

variable; we also split the sample by type of seller. Overall, The Japanese-assembled Toyotas have 

average sale prices $99 higher than their American-assembled counterparts, whereas the Hondas 

produced in Japan sell for only a statistically insignificant $7 more than the U.S.-built Hondas. When 

using the natural log of price as the outcome variable (Columns 2 and 4), the estimate on the JAPAN 

dummy is significant also for Honda, although only about a third the size of the estimate for Toyota.  

Thus, we see that almost all of the Japanese–U.S. differences that have been observed above come from 

Toyota cars. The largest difference between the two makes appear for the fleet/lease cars, which tend to 

be newer (and hence higher value) than the dealer cars. 

[Table 5 about here] 

Although the differences between the companies’ performance could be due to the broader 

differences in corporate operations and culture mentioned above, it is also possible that they are related 

to the length of time the two firms have been operating in the U.S.  Honda set its first plant in the U.S. 6 

years before Toyota started production at the Georgetown, KY plant (where the most popular Toyota 

model, the Camry, is assembled).21 Therefore, a “learning by doing” story would imply that the longer 

period that the car has been available (and the higher the cumulative production), the more successful 

the application of high-quality production processes would be.22 We investigate this possibility, and more 

generally, we exploit the fact that we have information on both recent and older models to assess the 

pattern of convergence, as well as its shape.  

In Figure 6, we explore the estimated Japanese-U.S. differences for different model years in order to 

assess the presence and shape of any pattern of convergence or successful transfer. The horizontal axis 

in the graph reports the model years, and the vertical axis the estimated coefficients on the coefficient on 

the interaction terms between the Japan dummy and indicators for different model years, with the 

regression framework being otherwise as in Equation (1) above, with the natural log of price as the 

outcome variable. In Panel A, we graph these patterns for the full sample and find that the price 

premium for Japan-assembled vehicles shows what looks like a structural break around the 2002 model 

years. For cars produced before 2002 we observe average price differences around 2%, but starting in 

2002 the differences between US- and Japan-assembled cars become much smaller and not 

                                                           
21 Honda had also set a motorcycle assembly plant in the U.S. in the late 1970s. On the other hand, Toyota had some previous 
experience with production in the U.S. through the NUMMI plant (Russ, 2009). 
22 Levitt, List and Syverson (2013) have recently explored learning by doing in an auto assembly plant. 
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distinguishable from zero. In Panels B and C we explore these patterns separately for Honda and 

Toyota. We consider the two most popular cars in the data: the four-cylinder versions of the Toyota 

Camry and the Honda Accord, which represent about 85% of the sold cars in the dataset. These graphs 

show that most of the pre-2002 Japan premium, and the discrete reduction in differences afterwards, are 

due to the dynamics of the Toyota Camry. Camry Models produced before 2002 have somewhat sizeable 

estimated differences between Japan-assembled and U.S.-assembled cars (2-3%). As of 2002, however, 

that Japanese-assembly advantage disappears and, in fact, reverses, with Camrys assembled for the 2002 

model years and later showing average differences in favor of the U.S.-assembled cars of around 1%. 

This pattern of discrete change for Toyota does not appear consistent with a “learning by doing” 

perspective. For the Honda Accord, the patterns are more stable. For models produced prior to 1995, 

there is a large estimated log-price difference on the order of 3-4%, but these estimates are not precise 

and the 95% confidence interval includes 0 for many of these model years. For model years 1999 and on, 

for which the estimates are very precise, there is essentially no difference between the Japan-assembled 

and U.S.-assembled Honda models. The point estimates suggest larger differences for very early model-

year Hondas, which could be consistent with patterns of learning by doing, but those estimates are noisy.  

[Figure 6 about here] 

What might explain the observed patterns of quality differentials for Toyota Camrys? Although our 

analysis cannot directly address this issue, studies in the management and manufacturing literatures can 

shed light on this process. There are, in particular, several accounts of an effort by Toyota, toward the 

end of the 1990s, to facilitate the transfer of the main principles of its production system overseas. The 

company put in place a number of communication efforts (e.g. the Toyota Way “manifesto” in 2001) as 

well as investments in the transplants, with the main plants in the U.S at Georgetown, producing the 

Camry, being a key target of these initiatives (Chappel, 2002; Liker and Hosseus, 2008). These efforts 

suggest that Toyota was aware of challenges in its ability to transfer practices during the 1990s and 

actively took steps to improve corporate communication around the time of the observed quality shift in 

our data. Even more tellingly, Toyota engaged in a substantial redesign of the Camry, with the 2002 

model being based on a new platform for the first time in 10 years and undergoing a number of 

substantial changes (Boe, 2002; Brim, 2001; Chappel, 2002; Job, 2001; Shirozu and Moffett, 2004; 

Yoxon, 2002). The Georgetown plant was heavily involved in these discussions and the firm altered a 

number of features of the production process to address worker concerns, including introducing 

different ergonomic practices and changing the body shop to generate a “increased sense of airiness and 

openness” (Chappel, 2002). While certainly not conclusive, these accounts suggest that the abrupt shift 

in quality differentials observed for Toyota could have been generated by a conscious effort to tailor 

production processes to the American environment. 
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The following historical anecdote also gives an example of the forces that could be at play here. The 

National Highway Traffic Safety Administration issued a recall for Toyota Camrys early in 2001 due to a 

problem with accelerator cables.23 The recall covered 1998 through 2001 model year V6 Camrys, but 

only those produced in the Georgetown plant, not the ones from Japan. The problem was caused by a 

line operator at the Georgetown plant who “had been pulling on the accelerator cable incorrectly during 

the routing process…” and “the cable could be deformed as a result”. As a result of this incident, Toyota 

changed the procedure for installing this cable in the Kentucky plant. Of course, we cannot infer too 

much from a single incident and a thorough analysis of the massive amounts of information in all recall 

findings is beyond the scope of this paper. However, this provides a clear example of how assembly 

processes can materially affect the quality of automobile production and also of how transplant 

operations for Toyota may not have always perfectly replicated the practices of home plants. 

We conducted additional analyses and robustness checks to further explore these time patterns 

between Honda and Toyota. Figure 7 offers our most detailed investigation into the heterogeneity in 

Japanese–U.S. production differences. The graphs plot the estimated Japan–U.S. difference from our 

standard log-price regression specification, but now run separately by four Camrys and Accords by 

model year and including interactions between the Japan dummy and the age of the car.24  Each line in 

these graphs represents a different model year (labels shown at the right end of the line) with estimates 

of the Japan coefficient for each age of that model year observed in the auction data.25 Panel A shows 

the results for the four-cylinder Toyota Camry and Panel B the results for the four-cylinder Honda 

Accord. These graphs largely confirm the patterns from Figure 6. In particular, there is a clear break in 

the level of the Japanese–U.S. difference between the 2001 and 2002 model years for the Toyota Camry 

whereas the Honda Accord only shows sizeable differences for very old cars in the dataset. Looking at 

the slopes of the lines, however, reveals some new information. For Toyota Camrys produced prior to 

2002, most of the lines are quite flat, suggesting that the log-price differentials in favor of the Japanese-

assembled cars had appeared within the first couple years of the cars’ lives and that the differences (in 

percentage terms) persist as these cars age. For the Honda Accord, we see little difference for cars that 

are roughly 8 years old or younger. For older cars, however, there is at least the suggestion of a positive 

slope to these lines.  Because estimates for very old cars are noisy, we are cautious in interpreting these 

                                                           
23 http://www-odi.nhtsa.dot.gov/acms/cs/jaxrs/download/doc/ACM4411687/RCDNN-01V012-9198.PDF 
24 We account for body-style in these price regressions but estimate the Japan differences aggregated across body styles for that 
make and model year (i.e., without interactions with body style).   
25 For example, if we take the case of the 1999 Toyota Camry, we observe those cars at ages 3-9 in our auction data that run 
from 2002-2008.   
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differences, but to the extent that they exist, they might be consistent with some quality differences that 

increase in favor of the Japanese-assembled models as the cars become very old.  

[Figure 7 about here] 

These time patterns are also reported in Table 6 where we include an interaction between the 

JAPAN dummy and an indicator for model years earlier than 2002. We also separate the sample by type 

of sellers, and add specifications where we also control for optional features (as in Column 8 of Table 4); 

these additional controls are meant to address the possibility that any different result before and after 

2002 is driven by systematic changes in the features of cars, correlated with the country of assembly. For 

Toyota models produced after 2002, the American-built cars have predicted sale prices 0.6% higher than 

the Japan-assembled ones, up to 1% for fleet/lease cars, whereas those produced before 2002 show a 

roughly 2.5% advantage for the Japan-assembled cars. For Honda, differences are more modest (if 

significant at all). The addition of the controls for the optional features do not change the results in any 

substantial way; in some case, the reduction in sample size (due to the availability of information on 

features only from 2006) reduces statistical significance but the point estimates are nearly identical. 

[Table 6 about here] 

In Table 7 we find similar results when looking at the other quality metrics as outcome variables. 

This table essentially repeats Table 3, but now splits by Honda and Toyota separately and includes an 

interaction term forpre-2002 model years.  The observed quality differentials, small as they generally are, 

tend to be concentrated on the pre-2002 Toyota models. The slightly higher sales probability for 

Japanese cars is driven by pre-2002 Toyota models, and these older Toyota models were substantially 

more likely to have a good reconditioning report and had substantially lower estimated reconditioning 

expenses. The fact that the results when using these alternative quality measures are consistent with the 

price regression results also allays concern about potential confounds explaining the price results.  

[Table 7 about here] 

 

4. Discussion 

Overall, we see our findings as largely consistent with the idea that the two dominant Japanese 

automakers, although different from each other in many respects, have both been successful in 

transferring their high-quality production to their U.S. transplants. On the one hand, this is consistent 

with models of foreign investments that assume perfect and costless transferability of practices and 

performance levels (Markusen, 1984). The fact that Japanese car companies have been largely successful 

at exporting their organizational capital might also indicate an overall ability to export capital in general, 

and, for this reason, our results may inform the debate on the trade-offs between importing labor and 
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exporting capital in response to demographic changes (Higgins and Williamson, 1997; Yashiro, 2001). 

On the other hand, given the reputation of Honda and Toyota as well-managed companies, the findings 

are also consistent with more recent trade models that allow for firm heterogeneity and predict that 

companies producing in foreign countries are those with better management skills (Helpman, Melitz and 

Yeaple, 2004). Honda and Toyota made a very concerted effort to transfer their practices to the U.S. 

environment, including serious consideration of production location and extensive recruitment efforts 

(Russ, 2009). Our results suggest that those efforts were largely successful (especially for Honda), but 

leave open the possibility that companies with poorer management practices or engaging in a less serious 

effort to transfer practices could struggle with foreign transplant operations. 

Our findings about Toyota further suggest that the ability to transfer quality production is not 

automatic, but is rather firm-specific and might take time. Our estimates imply that for cars built through 

2001, the U.S.-assembled Toyotas had somewhat lower long-run quality than did their Japanese-

assembled counterparts. When one considers that Honda established its first plant in the U.S. about 5 

years before Toyota did, the fact that Honda seems to have had a better convergence in the U.S. and 

Japanese build quality might be consistent with a “learning by doing” story. Yet, by 2000, Toyota had 

been building the Toyota Camry in Kentucky for 12 years. The fact that the U.S.-built Camrys 

manufactured at that time show 2-3% lower resale values than do the Japanese-built ones suggests that 

convergence in practices is not always complete, even for highly successful and well-run firms like 

Toyota. The shift in resale-value differences with the overhaul of the design of Toyota’s flagship car for 

2002 also seems significant. It suggests to us that convergence in production practices (or at least 

production quality) may be difficult to achieve through gradual incremental change and may instead 

require larger changes to production and management practices, similar to what a plant would see when 

launching a fully redesigned product. Our study—based as it is on observing used-car transactions—

cannot speak to the sources of these management and production changes, or to the specific origins of 

the different patterns for Honda and Toyota in detail. However, the historical accounts reported above 

do point at some key decisions and events that might help explaining the nature of these changes. To our 

knowledge, ours is the first study that has been able to provide an empirical analysis on the temporal 

patterns of quality transfer using a large data set. Our hope is that our observations here may generate an 

interesting avenue of further exploration for management scholars. 

Because convergence does not appear, at least in this case, to be entirely fast or smooth, the 

successful transfer of practices and performance levels may be a powerful strategic lever to obtain 

competitive advantage (Thompson, 2012). The management literature has indeed argued that replication 

of practices even within the same firm is difficult and heterogeneous across companies (Szulanski, 1996). 

The fact that more technologically advanced and luxury cars, such as the Prius and the Lexus line, have 
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begun being produced also in North America only in recent years, is further consistent with the transfer 

of practices and performance levels being achievable but requiring time. 

Even more difficult than replication within companies is imitation between competitors (Gibbons and 

Henderson, 2012; Rivkin, 2001; Szulanski, 1996), as witnessed by the persistent depreciation gap 

documented in Figure 1 between cars of American and Japanese makers. On this difference, we believe 

that our evidence helps distinguishing between the role of company-specific versus location-specific factors, and 

is most consistent with the interpretation that if U.S. car makers struggle to produce cars of comparable 

quality to their foreign competitors, that competitive disadvantage is unlikely to be primarily a result of 

location-specific factors, such as worker ability, plant-level management skills (given that managers at the 

plant level were increasingly American also in Japanese plants), available supplier networks,26 and general 

American “work culture.” Any disadvantage is more likely to stem, instead, from company-specific factors, 

such as design and management practices defined at the corporate level. The one obvious caveat, however, 

is that the Japanese plants we observe are not unionized whereas workers are generally unionized at the 

production plants of the American automakers. Although our results cannot speak one way or another 

to whether unionization affects production quality for the American automakers, they do clearly show 

that there is nothing inherently or fundamentally limiting in the American manufacturing environment 

that prevents quality automobile production.27 In fact, if Toyota struggled somewhat to fully incorporate 

its practices at its own plants in the U.S., then it is perhaps less surprising that the American automakers 

struggled throughout this period to adopt the successful practices of their Japanese competitors. 

 

5. Conclusion 

In this paper, we use a dataset with information on over 565,000 used automobiles brought to wholesale 

auctions to examine whether the prices of “otherwise identical” Japanese-make cars (i.e., cars of the same 

make, model, model year, and body style that were transacted in the same year at the same auction site 

where they were brought by the same type of seller) vary depending on whether the car was assembled in 

the U.S. or Japan. We find that on average the Japan-assembled versions sell for slightly more than their 

U.S.-built counterparts. For recent model years, we find no advantage for the Japan-built cars whereas 

for older model years, especially for Toyota models produced prior to 2002, there are somewhat more 

substantial differences. 

                                                           
26 Interestingly, American and Japanese automakers partially relied on the same part suppliers, although with different 
performance outcomes in terms of part defects (Dyer and Hatch, 1996). 
27 For recent discussions on producing high-quality manufacturing in the U.S., see for example: Economist, 2013; Engardio, 
2009; Fishman, 2012; Helper, Krueger and Wiel, 2012; National Economic Council, 2011; Porter and Rivkin, 2012. 
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Despite the large sample size, our ability to control for observables and very fine-grained car fixed 

effects, and the several robustness checks we performed, there are perhaps a few other issues that could 

affect the interpretation of our results that are worth discussing and may represent avenues for further 

investigations. For example, we do not have direct information on production costs. It is possible that 

the broad similarities in the outcome measures we observe (especially for recent model years) might hide 

differences on the input side. It is also possible that the relative newness of the U.S. plants for the 

Japanese firms allowed them to incorporate different technologies than those in the home plants that 

improved quality and compensated for any differences in worker-related production quality. However, 

previous studies such as Pil and MacDuffie (1999), have documented that input costs (and also, for 

example, investments in safety) in Japanese plants and in the U.S. transplants are highly comparable.  

The historical accounts of the transfer also do not highlight any significant technology differences across 

the plants. Also, we cannot account for some specific tastes of final users that might be related to the 

country of assembly of a car. American consumers might put a premium on buying vehicles actually 

produced in the U.S. Such a preference might lower the price of Japanese-assembled cars and thereby 

counteract a higher premium that would otherwise be associated with Japanese-built cars because of built 

quality. Although we cannot rule out such an effect, as mentioned above customers typically do not 

know how to decode VINs and are unlikely to actually know where their Japanese brand car was 

assembled. Our analysis of direct quality measures also suggests that this type of story is unlikely to be 

affecting our results. The quality assessments are made, for the most part, by the auction company and 

prior to the transactions occurring, and we find no meaningful differences (on average) related to the 

country of assembly. 

We also feel that our use of a large auction dataset in this analysis represents a useful methodological 

contribution to the broad literature on productivity. Auction settings offer high-frequency data and 

information from competitive markets where prices are highly informative of all of the (observable) 

characteristics of a product. In wholesale auctions, in particular, both the demand and supply side are 

composed of sophisticated agents with knowledge and experience on how to “correctly” value different 

attributes of a good. Analyzing these types of data to better understand production values, especially for 

aging durable goods, is a promising direction for future work in this vein. For example, auction 

outcomes could provide a “laboratory” for additional studies of how otherwise identical products differ 

in quality according to their location of production. This would be particularly interesting because firms 

from large emerging economies, such as China and India, are gaining a foothold in international markets 

(and, vice versa, Western multinationals are increasingly producing in plants in these and other emerging 
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countries). The approach in this paper could also be used to study differences across identical products 

manufactured in multiple plants within a country;28 this could provide a means for assessing questions 

such as plant-specific quality, the role of local/regional factors (see, for example, Shaver and Flyer, 2000 

on geographic clustering and performance of foreign greenfield investments in the U.S.), as well as the 

effect of events such as labor disputes and unrest (see, for example, Mas, 2008). 
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Figure 1: Resale values by car age for Japanese vs. U.S. automakers 
 

This figure graphs the average estimated resale value for the top 45 car models produced by either American or Japanese 
car manufacturers that appear in the wholesale auction sample between 2002 and 2008. For cars sold during the same 
year as their listed model year, the estimate is based on a representative car with 10,000 miles on the odometer.  Each 
subsequent year increases the mileage by 14,000.  The figure plots the ratio of the estimated price for cars of that age and 
mileage as a fraction of the estimated “near new” value for that car at 0 years and 10,000 miles.  Estimates are obtained 
separately for each car model (e.g., Ford Taurus or Honda Accord) from regressions that control for fourth-order 
polynomials in age and mileage as well as fixed effects for body style and auction location.  The curves here are the 
weighted average of these depreciation curves for the cars produced by automakers from the respective country.    
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Figure 2: Average price by age, all cars in sample, by country of assembly 
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Figure 3: Average price by age for specific models 
 

A. Toyota Camry 4C 4D Sedan LE 

 

B. Honda Accord 4C 4D Sedan LX Auto 
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Figure 4: Comparison of fraction of cars assembled in Japan in auction data vs. production 
data 
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Figure 5: Quantile price difference analysis 
 
The black solid line reports the estimates of Japan-U.S. assembly price differences at different quantiles of the price 
distribution. The estimates are obtained as follows. First, we estimate quantile regressions of price on an indicator for the 
car being assembled in Japan and a mileage polynomial, separately for each car type (defined by the combination of 
make, model, body style, model year, auction year, and auction location). For each of the 10th, 25th,   50th, 75th and 90th 
quantiles, an average of the estimates is obtained by weighting the estimates for each car type by the number of 
observations for that car type. The full set of observations is then re-sampled 200 and the procedure is repeated in order 
to derive the standard errors, from which the confidence intervals (black dotted lines) are obtained. The grey solid line 
reports the OLS estimate, and the grey dotted lines are the confidence intervals obtained through the same 
bootstrapping procedure described above. 
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Figure 6: Price differences by country of assembly and model year 
 

The solid line in the two graphs below reports the estimates of the parameters    from the following regression model: 

               ∑   
    
                           where ln(PRICE) is the natural log of price for a car i of type 

j, , and               ∑        
   . The fixed effect j is the combination of make, model, model year, auction 

year, auction location, and seller type. The dotted lines represent the confidence intervals. 
 

A. Full sample 

 

B. Toyota Camry  
 

 

C. Honda Accord 
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Figure 7: Estimated Japanese vs. U.S. resale differences by model year and age 
 

The lines in these graphs show the estimated differences in sale prices for Japanese-built cars relative to U.S. assembled 
cars.  Each line comes from a regression of cars from that model year (model year labeled for each line) and plots the 
coefficient estimates on an interaction between the Japan dummy and the car's age when auctioned.  Each regression 
controls for a fixed effect that is the combination of the make, model, body style, model year, and auction location as 
well as a fourth-order polynomial in mileage.   
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Table 1: Summary Statistics 
 

 
 

Note: Standard deviations in parentheses. 

  

US-assembled Japan Assembled

obs mean mean mean

Full Sample

Model year 565,652 1,999.64 1,999.81 1,999.16

(3.79) 3.80 (3.71)

Miles (in '000) 565,652 72.67 71.62 75.67

(48.1) (47.61) (49.35)

Age (years) 565,652 4.76 4.69 4.95

(3.33) (3.31) (3.38)

Fraction of Honda 565,652 0.37 0.36 0.39

Fraction of Toyota 565,652 0.62 0.63 0.60

Fraction sold by dealers 565,652 0.64 0.65 0.62

Fraction in Western states 565,652 0.23 0.16 0.41

Fraction sold 565,652 0.64 0.63 0.66

Fraction assembled in Japan 565,652 0.26

Sold Cars

Price ($) 360,774 8,545.89 8,579.16 8,455.01

(4169.07) (4192.88) (4101.95)

Fraction arbitrated 360,774 0.03 0.03 0.03

Fleet/Lease Cars (Sold & Unsold)

Estimated reconditioning expenses ($) 172,481 620.99 623.74 612.93

(718.73) (718.86) (718.30)

Fraction classified in good condition 125,368 0.78 0.78 0.77

Fraction reported with green light 38,741 0.75 0.76 0.72

Full sample
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Table 2: Regression Results for Sale Price by Japan vs. U.S. Assembly 
 

This table reports the estimates of price differences from the following linear model:                    

 (   )          where PRICE is in either level or natural log, and                ∑        
   . The 

composition (cross product) of the fixed effect j is described in the table. All regressions were run on the full sample. 
Robust standard errors adjusted for clustering at the fixed-effect level (make, model, body style, model year, year at 
auction, auction location, seller type) are in parentheses. Significance: *** p < .01, ** p < .05, * p < .1. 
 

 
 

 

(1) (2) (3) (4) (5)

Dep. Var. Price Price Price Price ln(Price)

Mean of Price 8,545.89 8,545.89 8,545.89 8,545.89 8,545.89

JAPAN 125.06*** 63.96*** 64.74*** 61.66*** 0.011***

(8.90) (7.47) (7.46) (7.50) (0.001)

JAPAN*pre-2002 model

Additional controls:
seller-type 

dummy

Fixed effects include: 

Make, model, model 

year, body style, auction 

year

X X X X X

Fixed effects also include
Auction 

location

Auction 

location

Auction 

location, 

seller type

Auction 

location, 

seller type

Observations 360,774 360,774 360,774 360,774 360,774

Adjusted R-squared 0.94 0.95 0.95 0.95 0.93

Number of clusters 9730 9730 9730 9730 9730
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Table 3: Regression Results for Alternative Quality Measures 

This table reports the estimates of price differences from the following model:                 (   )    

    , where                ∑        
    and the composition (cross product) of the fixed effect j is described in 

the table. In columns (1), (2), (4) and (5) the dependent variables are 0-1 indicators and linear probability regressions are 
run. The table also specifies the sample restrictions in terms of the sample being conditional on sale, and what seller type 
is included. Once sold, cars may enter arbitration if the buyer feels the car was misrepresented by the seller during the 
auction. Only sold cars can be arbitrated, which is why the sample is limited to sold cars in column 2. In column 4, the 
dependent variable is 1 if the car received a good condition report and 0 if the car either received a poor report or was 
not given a report. Cars that ran under a green light (column 5) were advertised with no major defects, which contrasts 
with yellow lights (some stated defects) and red lights (sold “as is”). Data on the lights are available from 2005 and 
thereafter, and for fleet/lease cars only, which is why the number of observations is lower. Robust standard errors 
adjusted for clustering at the fixed-effect level are in parentheses. Significance: *** p < .01, ** p < .05, * p < .1.  
 

 
 

(1) (2) (3) (4) (5)

Dependent variable: Sold Not Arbitrated

Estimated 

reconditioning 

expenses

Good condition 

report
Green light

Seller type restriction: all all fleet/lease only fleet/lease only fleet/lease only

Conditional on sale: no yes no no no

Mean of dependent variable: 0.64 0.97 620.99 0.78 0.75

JAPAN 0.010*** 0.001 -10.29 0.014*** 0.004

(0.002) (0.0008) (6.25) (0.004) (0.007)

Fixed effects include: Make, model, 

model year, body style, auction year
X X X X X

Fixed effects also include
Auction location, 

seller type

Auction location, 

seller type
Auction location Auction location Auction location

Observations 565,652 360,774 172,481 125,692 41,278

Adjusted R-squared 0.15 0.06 0.25 0.14 0.28

Number of clusters 9732 9730 2302 1830 726
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Table 4: Additional robustness tests 

This table presents specifications, as in Table 2, on subsamples of the data and with the addition of further controls. In columns 1 to 4, the sample is split according to 
the type of seller: Fleet/lease and Dealers. In columns 5-6, the sample excludes the car models for which the fraction of imports from Japan is different (in absolute 
value) by more than 15% than from the fraction of imports of new Japanese cars as reported in the Ward’s Automotive Yearbook (see Section 3.2.3 for details). In column 
7 and 8, the quality measures used as outcome variables in Table 3 have been added as regressors. The omitted category for the dummies on the condition report is 
cars with no condition report. Cars that run under a yellow light have some stated defects and can only be challenged in arbitration for unannounced defects. Cars 
running under red lights are sold “as is.” The omitted category for the light variables is given by cars that run under green lights, announcing no major defects. Data on 
lights are available only from 2005, and the sample is restricted to fleet/lease sellers. In columns 9 and 10, dummies for some specific options are added as controls. 
The sample size is smaller here as well because information on the options is available only from 2006. Robust standard errors adjusted for clustering at the fixed-effect 
level are in parentheses. Significance: *** p < .01, ** p < .05, * p < .1. 

 
 

Sample

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Dep Var. Price ln(Price) Price ln(Price) Price ln(Price) Price ln(Price) Price ln(Price)

Mean of Price 10802.32 10802.32 6666.1 6666.1 8273.62 8273.62 8678.29 8678.29 8621.91 8621.91

JAPAN 84.55*** 0.011*** 42.66*** 0.012*** 57.06*** 0.011*** 52.05*** 0.008*** 9.94 0.009***

(14.37) (0.002) (6.080) (0.001) (8.364) (0.001) (10.74) (0.001) (9.65) (0.002)

Controls for quality measures 

included X X

Controls for options measures 

included X X

Fixed effects include: Make, 

model, model year, body style, 

auction year

X X X X X X X X X X

Fixed effects also include Auction location Auction location Auction location Auction location
Auction location, 

seller type

Auction location, 

seller type
Auction location Auction location, 

Auction location, 

seller type

Auction location, 

seller type

Observations 163,961 163,961 196,813 196,813 310,381 310,381 104,844 104,844 110,588 110,588

Adjusted R-squared 0.85 0.84 0.96 0.93 0.94 0.93 0.90 0.88 0.96 0.94

Number of clusters 2316 2316 7414 7414 8030 8030 1828 1828 3488 3488

Full with optional features controlsFull excluding "wards' outliers"Fleet/lease sellers Dealer sellers Fleet/lease with quality controls
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Sample

(1) (2) (3) (4) (5) (6) (7) (8)

Dep Var. Price ln(Price) Price ln(Price) Price ln(Price) ln(Price) ln(Price)

Mean of Price 10802.32 10802.32 6666.1 6666.1 8273.62 8273.62 8678.29 8621.91

JAPAN 84.55*** 0.011*** 42.66*** 0.012*** 57.06*** 0.011*** 0.008*** 0.009***

(14.37) (0.002) (6.080) (0.001) (8.364) (0.001) (0.001) (0.002)

Controls for quality measures 

included X

Controls for options measures 

included X

Fixed effects include: Make, 

model, model year, body style, 

auction year

X X X X X X X X

Fixed effects also include
Auction location, 

seller type

Auction location, 

seller type

Auction location, 

seller type

Auction location, 

seller type

Auction location, 

seller type

Auction location, 

seller type

Auction location, 

seller type

Auction location, 

seller type

Observations 163,961 163,961 196,813 196,813 310,381 310,381 104,844 110,588

Adjusted R-squared 0.85 0.84 0.96 0.93 0.94 0.93 0.88 0.94

Number of clusters 2316 2316 7414 7414 8030 8030 1828 3488

Excluding "wards' outliers" Full sampleFleet/lease sellers Dealer sellers
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Table 5: Exploring heterogeneity across makes: Price regressions 
 

This table reports the estimates of price differences similar to what was reported in Table 2:                

 (   )        , where PRICE is in either level or natural log,                ∑        
   , and the 

composition (cross product) of the fixed effect j is described in the table. The sample is split between the two major car 
makers in our sample (Toyota and Honda). Robust standard errors adjusted for clustering at the fixed-effect level (make, 
model, body style, model year, year at auction, auction location, seller type) are in parentheses. Significance: *** p < .01, 
** p < .05, * p < .1. 
 

 
 

Sample:

(1) (2) (3) (4) (5) (6)

Dependent Variable: Price ln(Price) Price ln(Price) Price ln(Price)

Mean of Price: 8,090.49 8,090.49 6,302.68 6,302.68 10,440.28 10,440.28

JAPAN 99.08*** 0.015*** 54.33*** 0.011*** 158.04*** 0.019***

(9.24) (0.001) (7.95) (0.002) (16.30) (0.002)

Fixed effects include: Make, 

model, model year, body style, 

auction year

X X X X X X

Fixed effects also include

Auction 

location, seller 

type

Auction 

location, seller 

type

Auction 

location, seller 

type

Auction 

location, seller 

type

Auction 

location, seller 

type

Auction 

location, seller 

type

Observations 226,574 226,574 128,674 128,674 97,900 97,900

Adjusted R-squared 0.95 0.93 0.96 0.92 0.86 0.84

Number of clusters 5769 5769 4301 4301 1468 1468

Sample

(1) (2) (3) (4) (5) (6)

Dep. Var. Price ln(Price) Price ln(Price) Price ln(Price)

Mean of Price 9,514.85 9,514.85 7,633.54 7,633.54 11,373.00 11,373.00

JAPAN 6.99 0.005*** 30.11*** 0.011*** -16.59 -0.001

(10.63) (0.002) (9.43) (0.002) (19.10) (0.001)

Fixed effects include: Make, 

model, model year, body style, 

auction year

X X X X X X

Fixed effects also include

Auction 

location, seller 

type

Auction 

location, seller 

type

Auction 

location, seller 

type

Auction 

location, seller 

type

Auction 

location, seller 

type

Auction 

location, seller 

type

Observations 130,852 130,852 65,021 65,021 65,831 65,831

Adjusted R-squared 0.94 0.94 0.97 0.93 0.82 0.80

Number of clusters 3776 3776 2939 2939 837 837

Overall Dealer Fleet/Lease

Panel A.  Toyota

Panel B.  Honda

Overall Dealer Fleet/Lease
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Table 6: Exploring heterogeneity over time, overall and by make: Price regressions 
 

This table reports the estimates of price differences similar to what was reported in Table 2:                                                  

 (   )          where PRICE is in either level or natural log,                ∑        
    and the composition of the fixed effect j is described in the table. 

The sample is split between the two major car makers in our sample (Toyota and Honda). In addition to the JAPAN indicator, we add the interaction         

                  to assess any changes in the Japan-U.S. difference in older and more recent models. Therefore, the estimate  ̂  gives the difference for models 

from 2002 onward, and  ̂   ̂  is the estimated difference for models before 2002. Robust standard errors adjusted for clustering at the fixed-effect level (make, 
model, body style, model year, year at auction, auction location, seller type) are in parentheses. Significance: *** p < .01, ** p < .05, * p < .1. 
 

Panel A: Toyota 

 

 
              (continues in next page) 
 

  

Sample:

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Dependent Variable: Price ln(Price) ln(Price) Price ln(Price) ln(Price) Price ln(Price) ln(Price)

Mean of Price: 8,090.49 8,090.49 7,970.47 6,302.68 6,302.68 6,565.14 10,440.28 10,440.28 11,546.96

JAPAN -68.25*** -0.006*** -0.005** -115.59*** -0.011*** -0.010*** -18.86 -0.002 0.001

(16.59) (0.002) (0.002) (19.31) (0.002) (0.003) (24.73) (0.003) (0.003)

JAPAN*pre-2002 model 235.90*** 0.030*** 0.036*** 224.26*** 0.030*** 0.040*** 274.78*** 0.032*** 0.033

(19.13) (0.002) (0.005) (20.85) (0.003) (0.005) (30.31) (0.003) (0.023)

Controls for optional features X X X

Fixed effects include: Make, 

model, model year, body style, 

auction year

X X X X X X X X X

Fixed effects also include

Auction 

location, seller 

type

Auction 

location, seller 

type

Auction 

location, seller 

type

Auction 

location

Auction 

location

Auction 

location

Auction 

location

Auction 

location

Auction 

location

Observations 226,574 226,574 73,705 128,674 128,674 52,912 97,900 97,900 20,793

Adjusted R-squared 0.94 0.93 0.93 0.96 0.92 0.92 0.86 0.84 0.86

Number of clusters 5769 5769 2252 4301 4301 1779 1468 1468 473

Overall Dealer Fleet/Lease



44 

 

Panel B: Honda 

 

 

Sample

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Dep. Var. Price ln(Price) ln(Price) Price ln(Price) ln(Price) Price ln(Price) ln(Price)

Mean of Price 9,514.85 9,514.85 9,973.22 7,633.54 7,633.54 7,887.10 11,373.00 11,373.00 12,820.70

JAPAN -6.71 0.001 -0.002 -24.41 -0.0003 -0.0003 1.16 0.002 -0.003

(14.84) (0.001) (0.002) (20.64) (0.002) (0.003) (20.91) (0.002) (0.002)

JAPAN*pre-2002 model 20.45 0.006** 0.021*** 74.18*** 0.016*** 0.020*** -29.51 -0.005 -0.001

(20.72) (0.003) (0.007) (23.06) (0.004) (0.007) (35.63) (0.003) (0.027)

Controls for optional features X X X

Fixed effects include: Make, 

model, model year, body style, 

auction year

X X X X X X X X X

Fixed effects also include

Auction 

location, seller 

type

Auction 

location, seller 

type

Auction 

location, seller 

type

Auction 

location

Auction 

location

Auction 

location

Auction 

location

Auction 

location

Auction 

location

Observations 130,852 130,852 36,664 65,021 65,021 21,161 65,831 65,831 15,503

Adjusted R-squared 0.94 0.94 0.94 0.97 0.93 0.93 0.82 0.80 0.80

Number of clusters 3776 3776 1219 2939 2939 967 837 837 252

Overall Dealer Fleet/Lease
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Table 7: Exploring heterogeneity across makes and over time: Alternative quality measures 
 

This table reports the estimates of quality differences similar to what was reported in Table 3, with the addition of an 
interaction term between the Japan indicator and an indicator of pre-2002 models, as well as separately for Honda and 
Toyota vehicles. Robust standard errors adjusted for clustering at the fixed-effect level (make, model, body style, model 
year, year at auction, auction location, seller type) are in parentheses. Significance: *** p < .01, ** p < .05, * p < .1. 
 

 

(1) (2) (3) (4) (5)

Dep. Var. Sold Not Arbitrated

Estimated 

reconditioning 

expenses

Good condition 

report
Green light

Seller type restriction: all all fleet/lease only fleet/lease only fleet/lease only

Conditional on sale: no yes no no no

Mean of dependent variable: 0.64 0.97 620.23 0.79 0.76

JAPAN 0.005 -0.001 17.01 -0.006 0.002

(0.005) (0.002) (14.03) (0.007) (0.009)

JAPAN*pre-2002 model 0.011* 0.003 -102.82*** 0.054*** -0.020

(0.006) (0.002) (18.65) (0.002) (0.058)

Fixed effects include: Make, model, 

model year, body style, auction year
Y Y Y Y Y

Fixed effects also include
Auction location, 

seller type

Auction location, 

seller type
Auction location Auction location Auction location

Observations 352,508 226,574 95,158 71,519 25,566

Adjusted R-squared 0.14 0.05 0.25 0.14 0.29

Number of clusters 5771 5769 1455 1180 474

(1) (2) (3) (4) (5)

Dep. Var. Sold Not Arbitrated

Estimated 

reconditioning 

expenses

Good condition 

report
Green light

Seller type restriction: all all fleet/lease only fleet/lease only fleet/lease only

Conditional on sale: no yes no no no

Mean of dependent variable: 0.63 0.97 619.68 0.76 0.75

JAPAN -0.0002 0.0008 14.75 0.008 0.009

(0.006) (0.002) (10.42) (0.007) (0.010)

JAPAN*pre-2002 model 0.008 0.0007 28.06** -0.0006 0.046

(0.007) (0.002) (13.92) (0.011) (0.044)

Fixed effects include: Make, model, 

model year, body style, auction year
Y Y Y Y Y

Fixed effects also include
Auction location, 

seller type

Auction location, 

seller type
Auction location Auction location Auction location

Observations 206,869 130,852 77,091 54,140 15,712

Adjusted R-squared 0.18 0.07 0.25 0.14 0.26

Number of clusters 3776 3776 836 648 252

Panel A.  Toyota

Panel B.  Honda


