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and South Korean. The paper seeks to uncover global auto industry’s productivity changes during the early 
1990s economic recession. Data envelopment analysis (DEA) is used to identify the empirical performance 
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that affected U.S., European, and Asian automobile manufacturers. In particular, the U.S. auto industry is 
still on a slow road to recovery. The crisis raises questions about whether the U.S. auto industry will survive 
the recession and how the U.S., European, and Asian automobile manufacturers were performing during and 
after the economic recession of early 1990s.
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(GM, Ford, and Chrysler) are facing a challenge to break bottlenecks and squeeze out more production without 
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carmakers, how to obtain productivity gain from the workforce is a tough challenge for the Big Three.
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developments in Swedish hospitals, and Löthgren and Tambour (1999) studied productivity change in the 
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Organization for Economic Co-operation and Development (OECD) countries (Maudos, Pastor, & Serrano, 
1999), among others.
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Malmquist Productivity Index
Suppose n������x�	��������������������	������������#�	!�%��
������� inputs, ix , (i��H���!���) to 

produce � outputs ry  (����H������). Suppose a production function in time period t as well as period �S:	is ap-
�����	!�'
������>��	����#��������	�����>�����	$������������������	$���#�����������������!�'
��	$��
�������������������������/���/	�����/�������	
��__\��%&��������_
������_���������\
������H=?@�[



H�?���� �������	��	" ����(��	*�� ������	 ���+	���	�
�N ���	*���)O	��������	����	���	�
��	��������	���������

t
o

1

1

D ( , ) Min 
s.t.   

, 1, 2,..., ,

, 1 2 ,

0, 1 2 .             

ij io

rj ro

t t
o o

n
t t

j
j

n
t t

j
j

j

x y

ë x x i m

y y r , ,...,s

 j , ,...,n

�

�

�

�

�

�

�

� �

� �

� �

	

	

           (1)

where, t
iox  is the ith input and t
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7�����̀ ����������6������������\�����H==;��������	��� oM  > 1 indicates productivity gain; oM ���H�����	���
productivity loss; and oM ���H�����������
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concluded the technology of >��o moves from a negative shift facet towards a positive shift facet. In addition, 
a change occurs in the tradeoff between the two inputs. Furthermore, ?#o > 1 indicates the change resulting 
from the positive shift facet is larger than is the negative shift facet, and on average, the technology of >��o 
progresses. ?#o���H������	���	
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concluded the technology of >��o moves from a positive shift facet towards a negative shift facet. In addi-
tion, a shift occurs in the tradeoff between the two inputs. Similar to case (c), ?#o > 1 indicates, on average, 
the technology of >��o progresses. ?#o���H������	����������������	
��	��
����������>��o declines. ?#o���
1 indicates, on average, the technology of >��o remains the same.

For the last two cases (c) and (d), it can be said >��o changed its strategy because a change in the tradeoff 
between the two inputs occurred. From a productivity point of view, (c) is a more favorable situation for >��o 
than is (d). In this case, DMU represents the individual automaker.

Data and Results
In ?��� ��	�
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Japanese companies, nine European companies, and one South Korean company represented the automobile 
industry. ?��� ��	�
+
/��� published a set of measures to characterize the performances of the companies. 
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Y	 ����� ��O	Sales revenues in the annual income statement
Y	 ������O	��	�������/�������#	����������	�������������	����������	������	
����������������

statement
Y	 "�����O	Total assets in the annual balance sheet, including total current assets and non-current assets
Y	 �N ���O	Total equity in the annual balance sheet, which is equal to total assets minus total liabilities
Y	 ��,�����O	���/������������������	
��������������������������������������������/��
���/��	
��

corporation.
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Although the currencies of the countries considered in this paper are different, such differences do not 
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accounting measures popularly used in the business world.

Reported individual measures and simple ratios, such as return-on-assets and earnings-per-share, do not 
provide an assessment as comprehensive as possible when several measures are taken into account simultane-
ously, and sometimes, they may even give misleading signals for continuous improvement and innovation. 
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CCR model with “assets, “equity,” and “employees” as the three inputs and “revenues” as the only output. 
Note the Malmquist approach used is based upon the CCR model, not the BCC model of Banker, Charnes, 
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whether a company generates healthy revenues with respect to these resources.
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recession of 1991 had a strong impact on motor vehicle sales. The sharp sales decline in sales made numerous 
North American plants among the Big Three close temporarily for inventory correction, and car production 
was below planned levels in that year. Along with the recovery of the USA economy, sales of domestically 
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16.3% for TRW to 54.4% for GM in terms of resource utilization. During the same period, Table 9 indicates 
the range of the Malmquist productivity improvement for the four American companies varies from 4.5% for 
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recent capacity addition in North America, Asia, and the United Kingdom, and (b) the failure of GM to reduce 
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reason for the negative technology frontier shifts.

In 1993, U.S. automakers were in a better position to aggressively compete with foreign automakers in 
general and with Japanese automakers in particular because of (a) the strengthening of the U.S. economy; (b) 
rapid growth in the demand for light trucks (a market segment dominated by the Big Three); (c) a sharp rise 
in the value of the Japanese yen versus the U.S. dollar, which left Japanese automakers at a severe competi-
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Malmquist productivity gain, but only Chrysler is in the most desirable situation. The productivity gain of 
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due to two strikes by the United Auto Workers (UAW) union at the GM plants during the third quarter of 1994. 
The strikes forced GM to stop production at a number of assembly plants for several days.

Meanwhile, note that Chrysler’s Malmquist productivity improves. The gain is the result of the positive 
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the regressed technology frontier facet. This is the most undesirable case because it indicates not only an un-
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Despite the long-term worldwide capacity situation, in 1994, overcapacity in the North American market 
was beginning to decline. This is because of (a) the improving market demand in North America, (b) increased 
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terms of resource utilization, which is strongly associated with the capacity utilization.
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abated in the 1994-1996 period, because the cyclical upturn in vehicle sales in the USA along with a market 
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years, Standard and Poor claimed in 1996 political shifts and socioeconomic change around the world would 
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during this particular period, GM’s efforts to reduce the number of workers required to accomplish a given 
production level was facing increased resistance from the UAW. The continuous strike organized by UAW 
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workers required to accomplish a given production level and redesigned vehicles so that fewer parts and less 
time to manufacture were required. Tables 9 and 10 indicate this strategy shift. The analysis shows that GM’s 
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shift, and the frontier moved from a negative shift facet to a positive shift facet. The analysis indicates this 
strategy shift is a desirable one.

~	
�������	�	������������	�x�	�������	��	�����
�	�����/�����	�������������	���������������������	������
������������#�������'�/�������������
�$�	
���!?��������	�	����������'\~�������	
��H==��H==?���������
�����	��
�����������������������	��#���$	
�	
���������	����	��
�����������	����$
�
��
�	��������
a negative shift facet to a positive shift facet. This indicates the strategy shift is a desirable one. Furthermore, 
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resource utilization. In fact, for the Big Three, the degree of reliance on independent parts suppliers varies 
greatly. GM purchases only 30% of its vehicle content from independent original equipment manufacturers 
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its outsource level is much lower than that of its competitors, GM is seeking to reduce costs and improve ef-
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Conclusions
Compared to Fortune 500 rankings and single ratio measures, more comprehensive information about 

	
������������������������	�������������������/�������������������������	�x�	���������/������������
��������!�'
������>��	�������	�	�����#��������	�������������������	�	��	�������������	�����������-
panies, but also identify the strategy shifts of companies over time and furthermore, provide information on 
$
�	
����
�	������/�������!

Managerial information about strategy shifts obtained from the analysis of components of the Malmquist 
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internal factors are constantly changing.

The application in this paper uses ?��� �� �
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/���Z�	Global 500 data. Despite the limitations of the 
available data, the empirical study demonstrates the applicability of the new framework of productivity as-
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It should be acknowledged the automobile industry is currently undergoing a completely new phase due 
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Appendix

Table 1
���� ���	����/
����	*���)	���	" ��	*�� ����	��	�������
	���������	��
�+�

Company =;�=H =��=; =��=� =j�=� =��=j =?�=�
Chrysler 1.4051 H!H�@� <!=@j< <!�@�j H!;�H@ 1.0545
Ford H!;@;? <!@?�H <!=@;� <!@��= <!=@<� 1.1039
GM H!jH?? H!j�?H <!j�;� <!@�<� <!===? H!;jH<
TRW H!?@�= 1.0000 1.0000 1.0000 <!j=;j H!<�?=
7�*
���� 1.6606 <!==?= 1.0443 1.0000 1.0000 1.0000
Honda H!;��� H!<��? <!@?;H <!@?H@ H!<�?? H!H?=j
Isuzu 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Mazda 1.0000 1.0000 1.0000 <!?@?= H!H;=@ H!<?��
Mitsubishi H!<??� 0.9019 H!H<@@ 1.0000 <!@<<� H!;�=<
Nissan H!H��; <!=;@H 0.9011 1.1393 H!<?=? H!<H?@
Suzuki H!;�?H 1.0000 1.0000 1.0000 1.0000 1.0000
Toyota 1.0000 0.6144 1.0565 <!=;;j 0.9939 <!=�?@
Peugeot H!j?�< H!<�H? 0.9306 <!?@;� <!@?j� 1.1595
Renault ;!<�=j 0.6961 <!@�=H <!@;<H 1.0430 1.1906
Bosch H!?;<; <!=?H@ <!@=�H <!=;�= <!?<�= 1.0511
Benz 1.5410 H!<;?? <!@�?� <!?j?@ <!@�H? H!Hj;�
BMW H!@H?j <!?;?� 0.4014 ;!;�@? 0.9399 H!H�H;
Man 1.1040 H!;<?� <!?@=? H!H;=� <!@jH@ H!<?;=
Volkswagen H!�@Hj 0.9060 <!?�?� <!=�<@ H!<�@= 1.1534
Volvo 1.6910 1.0645 H!<=H; <!??@< <!@=�? H!;@�H
Fiat H!?��j <!@@�H <!=�@� <!@;�@ 0.9356 H!;�;<
Hyundai H!�<?< H!<�;� 1.1119 <!@<�� 0.9400 H!�?@@
Industry ave. H!��?? <!=@�H 0.9139 0.9596 0.9543 H!H;�H

	����B	]	Industry average is the average of the sample.

'�/���;
�
(��	���������	*���)	���	" ��	*�� ����	��	�������
	���������	��
�+�

Company =;�=H =��=; =��=� =j�=� =��=j =?�=�
Chrysler <!@��� <!@H�j 1.0343 H!H@=� H!H;�@ H!H?H<
Ford <!=j?< <!@H�; <!@=�� H!;;Hj H!<?<� 1.1143
GM <!=��@ <!?�=? 0.9333 H!;H<H H!H@=; H!<@�j
TRW H!;H?� <!??�� <!=<?; 1.1401 H!H��? <!@�@j
7�*
���� 1.6336 <!@?@; <!@==? <!=�<? <!@�=� H!<�;?
Honda H!<?<< <!@�;� <!=?<� H!<j?@ 1.1113 H!<?HH
Isuzu H!Hj�; H!j<�@ <!@��? H!Hj?@ 1.0000 1.0000
Mazda 0.5955 H!;jj� <!@;j? <!@@<� 1.3409 <!@�@<
Mitsubishi H!H@;= <!?@j< 1.6455 1.0000 1.0000 1.0000
Nissan 1.1933 <!@@j� 0.9336 0.9641 <!==j@ H!<H;�
Suzuki H!H?�� <!@@�H H!?�j� H!<?H< H!<H�; H!<;�;
Toyota 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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Peugeot H!H;H< <!??H@ 1.0661 H!;��? H!<?�� H!<H?=
Renault <!?Hj� <!@?�� <!==;j H!;��j <!=j�? 1.0003
Bosch H!H@H� <!??<� 0.9369 H!;<�� H!<;;= H!<??=
Benz 1.1145 <!?;=H H!<H@@ H!;<@j H!�;@H 1.1090
BMW 1.4455 0.5331 H!��j; 0.6644 H!<=j; H!<@��
Man 1.1114 <!?�H� <!@j�� 1.1441 H!H�;= 0.9594
Volkswagen H!<�?H <!�@�? <!=@�� H!;?;H H!<;;; <!=H@<
Volvo <!@�=� <!j=j@ H!�j@� H!<�;? H!;j?= H!<�@H
Fiat <!?j@? <!?H@= H!<�;� 1.3396 H!H?�= 1.0346
Hyundai H!<<<? <!@??j <!=�?� H!H�?< H!<�j? <!=<=;
Industry ave. 1.0591 <!@�;H 1.0590 H!H<j; 1.0949 H!<H?�

	����B	]	Industry average is the average of the sample.

Table 3
���� ���	����/
����	*���)	���	" ��	*�� ����	��	�������+�	?�������	��
�+�

Company =;�=H =��=; =��=� =j�=� =��=j =?�=�
Chrysler <!@?@? <!=?�j H!<�?; H!�@�� <!@=;� <!=H;;
Ford <!=?j� 1.1656 H!<?=� 1.1416 1.0136 <!@=��
GM H!<H?� <!?;@� H!�<?� H!<@�� 1.0011 <!@�<<
TRW <!�jH@ <!=�?� H!<?�; H!<?=@ H!?<�H <!==@=
7�*
���� <!@��� 1.1414 H!H<;H H!;<j� <!=�;? 0.9005
Honda <!?��H <!=�?; 1.0340 1.3515 <!==;� <!@H=�
Isuzu H!<=j; 1.3406 <!=?=� 1.0535 H!<��; <!@?�;
Mazda <!??=� <!==?< <!=@H� H!�jj; <!@=@@ <!@=�@
Mitsubishi <!@@;H H!<@?� <!=H?? H!H=�? H!H=j@ <!@j�;
Nissan <!@H<; 1.1000 1.0491 H!H�?? <!=�?< <!=<?�
Suzuki <!?�@@ <!=?�@ <!=�j; H!;<�= 0.9911 <!=�;;
Toyota <!=;=; 1.5554 <!@@== H!;�j@ H!<;�� <!=;j�
Peugeot <!��@= <!=;Hj H!<j�; H!;��� H!;�=H <!@HH�
Renault <!?@<� <!=jH@ H!<?=H H!;@=� H!<Hj; <!@?j=
Bosch 0.6419 0.9455 H!<��@ H!H��; H!�?�@ 0.9561
Benz <!?<;H <!=�?@ 1.1145 H!;j�; 1.0350 <!@H��
BMW <!?�;; 0.9561 1.0141 H!;?�� H!H;;j <!@�j�
Man <!?jj= <!=�@; 1.1030 H!;�;= H!�@;= <!=;<?
Volkswagen <!?j<� 0.9536 H!;=<; H!;<�? <!=?j? <!@�@H
Volvo <!?@<? 0.9591 H!<�?; H!�H�@ 1.0913 <!@H�j
Fiat <!?��� <!=j;< H!<�j; H!;j=j 1.0640 <!@j@=
Hyundai <!?��� <!=�=? 1.0395 H!;H@; H!<@=@ <!=<j?
Industry ave. <!?=?; 1.0106 H!<jH; H!;H=? H!<@�< <!@@;�

	����B	]	Industry average equals to geometrical mean of the sample.
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Table 5
�
(��	���������	*���)	���	" ��	*�� ����	��	�������+�	?�������	��
�+�

Company =;�=H =��=; =��=� =j�=� =��=j =?�=�
Chrysler 1.1060 H!�H;< H!;HH� <!@j=? 0.9315 0.9365
Ford 1.1060 1.3655 H!H@;? <!@@�< <!=�;� <!=?@@
GM 1.1060 H!�@�? 1.1650 <!@@jj <!=�;� 0.9936
TRW <!=j=? H!�<�? H!;H<; 0.9665 0.9099 0.9103
7�*
���� H!<@HH H!���@ H!H=�@ H!<?=? <!=;H; <!@=@@
Honda <!=j=? H!;�j< H!Hj=? 0.9309 0.9119 0.9111
Isuzu <!=?�@ 1.4331 H!H�j; 0.9549 <!=�@� <!=j@<
Mazda <!=j=? 1.3116 H!;;@� 1.0054 0.9053 0.9050
Mitsubishi <!=j=? 1.3393 H!;;== 0.9666 <!=;;? <!=�j?
Nissan 1.1060 H!;@<j H!;<?j <!@j?@ <!=�;� 0.9346
Suzuki <!=j=? H!;�@? H!H?�� <!=�@� 0.9096 <!=;<<
Toyota H!<�<; H!H�j@ H!<?�< <!@H<� 0.9101 <!=;H<
Peugeot <!=j=? H!H@=� 1.1310 0.9000 <!=H@H <!=;�<
Renault H!<�<; H!�HH? H!;H@H <!@j@� <!=�;j <!=�j;
Bosch <!=j=? H!;��j H!H?=j 0.9461 <!=H<? <!=<@j
Benz <!=@;< H!�<=@ H!;H?� 0.9046 0.9369 0.9400
BMW H!<H;< H!;=�< H!Hj<@ <!@j<� <!=�H@ 0.9114
Man H!<�H@ 1.3110 H!;;�< <!=H<? <!=<@H <!=<?@
Volkswagen H!<�<; 1.3315 H!;<=� <!@?=� 0.9431 0.9539
Volvo 1.1060 H!;=H; H!H@H@ <!@=�� <!=H?@ <!@===
Fiat 1.1060 H!;=<� H!;<jH <!@j�= 0.9311 <!=�??
Hyundai 1.0164 1.3133 H!;;�j 1.0109 <!=<�; 0.9049
Industry ave. H!<;�H H!;==? H!H@�? <!=H�; <!=;�� <!=;@H

	����B	]	Industry average equals to geometrical mean of the sample.
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�N ���	*���)O	��������	����	���	�
��	��������	���������

'�/���?
���� ���	����/
����	*���)	���	" ��	*�� ����	��	�
�N ���	���� �������	��
�+�

Company =;�=H =��=; =��=� =j�=� =��=j =?�=�
Chrysler H!;��? H!H�?� H!<;H� 0.9455 H!H;j= 0.9619
Ford H!;jH< H!<;HH 1.0603 <!=@?� <!==�? <!=@?�
GM 1.5440 H!H;?< <!?<=; 0.9004 H!<<<@ H!<j<@
TRW 1.1635 <!=�?� H!<?�; H!<?=@ 1.0091 H!<��@
7�*
���� H!�@�� 1.1390 1.1509 H!;<j� <!=�;? 0.9005
Honda <!=�H; H!<<;? <!=<H@ H!H?@; H!<;=� 0.9664
Isuzu H!<=j; 1.3406 <!=?=� 1.0535 H!<��; <!@?�;
Mazda <!??=� <!==?< <!=@H� H!<�?@ 1.0154 <!=�;�
Mitsubishi 0.9503 <!=@<� H!<H?j H!H=�? <!=j?� 1.0669
Nissan 0.9449 H!<;<= 0.9454 1.3303 H!<HH? <!=;�@
Suzuki <!=;H� <!=?�@ <!=�j; H!;<�= 0.9911 <!=�;;
Toyota <!=;=; <!=jj? 0.9401 1.1401 H!<;<� <!@�@<
Peugeot H!<j;H 0.9599 <!=@<H <!=?�j H!<@�� 0.9409
Renault H!j==@ <!��;� 0.9055 H!<j?� H!<j@= H!<�;=
Bosch 1.1043 <!=H@= 0.9363 H!<�=? H!<�@= 1.0050
Benz H!<@H= <!=?�< 0.9666 0.9504 <!@=H@ <!=�?j
BMW H!�@j� 0.6954 <!�<?< ;!@?<? 1.0551 <!=@?j
Man <!@��j H!H��? <!@?H< 1.4036 H!H??= <!=@?@
Volkswagen H!;�H? <!@��< 0.9513 H!H�;� H!<�;= H!<<H;
Volvo H!�;<H H!<;H< H!H�;@ H!<;�j <!=?@� H!<�j@
Fiat H!�;?� <!@�<? 0.9915 H!<�?� 0.9954 H!<j@;
Hyundai <!==?? <!=@<? H!Hjj@ <!=@;� H!<;�� H!;�@@
Industry ave. H!H;<� <!=?�� <!=�@� H!H�;? H!<;;j <!=@??

	����B	]	Industry average equals to geometrical mean of the sample.
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'�/���@
���� ���	����/
����	*���)	���	" ��	*�� ����	��	���,�����	*�����
����	��	�
�N ���	���� �������	��
�+�

Time =;�=H =��=; =��=� =j�=� =��=j =?�=�
Ratios 1 ; 3 4 1 ; 3 4 1 ; 3 4 1 ; 3 4 1 ; 3 4 1 ; 3 4
Chrysler �H �H >1 >1 �H �H >1 >1 �H >1 �H >1 >1 >1 �H �H �H �H >1 >1 �H �H >1 �H
Ford >1 �H >1 >1 >1 >1 �H >1 >1 >1 �H >1 >1 >1 �H �H >1 >1 �H �H �H �H >1 �H
GM >1 �H >1 >1 �H �H >1 >1 >1 >1 �H �H >1 >1 �H �H >1 �H �H >1 �H �H >1 >1
TRW �H �H >1 >1 �H �H �H �H >1 >1 �H >1 >1 >1 �H >1 >1 >1 �H >1 >1 �H >1 >1
7�*
���� �H �H >1 >1 >1 >1 �H >1 >1 >1 >1 >1 >1 >1 �H >1 �H �H �H �H �H �H �H �H
Honda �H �H >1 �H �H �H >1 >1 >1 >1 �H �H >1 >1 �H >1 �H �H >1 >1 �H �H >1 �H
Isuzu >1 >1 �H >1 >1 >1 �H >1 �H �H �H �H >1 �H �H >1 >1 >1 �H >1 �H �H �H �H
Mazda �H �H �H �H >1 �H �H �H �H �H �H �H >1 >1 �H >1 �H �H >1 >1 �H �H >1 �H
Mitsubishi �H �H >1 �H >1 >1 �H �H �H >1 >1 >1 >1 >1 �H >1 >1 >1 �H �H �H �H >1 >1
Nissan �H �H >1 �H >1 >1 �H >1 >1 >1 �H �H >1 >1 >1 >1 �H �H >1 >1 �H �H >1 �H
Suzuki �H �H >1 �H �H �H �H �H �H >1 �H �H >1 >1 �H >1 �H �H �H �H �H �H �H �H
Toyota �H �H �H �H >1 >1 �H �H �H �H >1 �H >1 >1 �H >1 >1 >1 �H >1 �H �H �H �H
Peugeot �H �H >1 >1 �H �H >1 �H >1 >1 �H �H >1 >1 �H �H >1 >1 �H >1 �H �H >1 �H
Renault �H �H >1 >1 �H �H �H �H >1 >1 �H �H >1 >1 �H >1 >1 �H >1 >1 �H �H >1 >1
Bosch �H �H >1 >1 �H �H �H �H >1 >1 �H �H >1 >1 �H >1 >1 >1 �H >1 �H �H >1 >1
Benz �H �H >1 >1 �H �H >1 �H >1 >1 �H �H >1 >1 �H �H >1 �H �H �H �H �H >1 �H
BMW �H �H >1 >1 �H �H �H �H >1 >1 �H �H >1 >1 >1 >1 �H �H �H >1 �H �H >1 �H
Man �H �H >1 �H �H �H >1 >1 >1 >1 �H �H >1 >1 >1 >1 >1 �H �H >1 �H �H >1 �H
Volkswagen �H �H >1 >1 �H �H �H �H >1 >1 �H �H >1 >1 �H >1 >1 >1 >1 >1 �H �H >1 >1
Volvo �H �H >1 >1 �H �H >1 >1 >1 >1 >1 >1 >1 >1 �H >1 >1 >1 �H �H �H �H >1 >1
Fiat �H �H >1 >1 �H �H �H �H >1 >1 �H �H >1 >1 �H >1 >1 >1 �H �H �H �H >1 >1
Hyundai �H �H >1 �H �H >1 >1 �H >1 >1 >1 >1 >1 >1 �H �H >1 >1 �H >1 �H �H >1 >1
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Table 9
�
(��	���������	*���)	���	" ��	*�� ����	���	���	�
�N ���	���� �������	��
�+�

Company =;�=H =��=; =��=� =j�=� =��=j =?�=�
Chrysler <!=�;? H!<?H� H!;j�H H!<;;j H!<�?? H!<=�?
Ford H!<j@j H!HHH? 1.0566 H!<?=@ H!<<@@ 1.0906
GM 1.0450 1.0396 H!<@?� H!<?Hj H!H;<@ H!<?��
TRW H!H�@� 1.0091 H!<=?= 1.1019 1.0315 <!??;�
7�*
���� H!?��; H!H@<; H!<?�< H!<Hj? <!@<<@ <!=jj;
Honda H!<;�@ 1.0653 H!H;j� <!=@�? 1.0133 <!=?�<
Isuzu H!H;�j ;!HjjH <!=@=; 1.1056 <!=�@� <!=j@<
Mazda <!j?Hj 1.6466 1.0144 <!@@j< H!;H�< <!?�?j
Mitsubishi H!H�j; 1.0513 ;!<;�@ 0.9666 <!=;;? <!=�j?
Nissan H!�H=@ 1.1341 H!H;?� <!@;?< <!=;@� 0.9463
Suzuki H!H;�< H!H;<� ;!<?H@ H!<Hj? <!=;�� 0.9441
Toyota H!<�<; H!H�j@ H!<?�< <!@H<� 0.9101 <!=;H<
Peugeot H!<?j@ <!=H@H H!;<j@ 1.1103 <!=@@� 0.9395
Renault <!?�?H H!H�=@ H!;<=< H!<?<< <!@=;H 0.9355
Bosch 1.1339 <!=?�j 1.1051 H!H�@? 0.9316 <!=?=;
Benz 1.0945 0.9550 H!;�<; H!<=�; H!��@H H!<�;�
BMW H!��;@ 0.6909 1.6515 0.5650 H!<;<� <!=@@;
Man H!H��@ <!==@; 1.0440 H!<�;< H!<;@@ <!@?H<
Volkswagen H!<�@j 0.9116 1.1904 H!HH@j 0.9640 <!@?j?
Volvo 0.9394 <!?�=; 1.6056 <!=;;@ 1.1545 <!=��;
Fiat <!@�=H <!=;?@ H!;j�� 1.1439 H!<=j@ <!=?<;
Hyundai H!<H?H H!Hj;� 1.1469 1.1494 <!=�;� <!@;;@
Industry ave. H!<j@< H!<�@j H!;;@� 0.9996 1.0049 0.9414

	����B	]	Industry average equals to geometrical mean of the sample.
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Table 10
�
(��	���������	*���)	���	" ��	*�� ����	��	���,�����	*�����
����	��	���	�
�N ���	���� �������	��
�+�

Time =;�=H =��=; =��=� =j�=� =��=j =?�=�
Ratios 1 ; 3 4 1 ; 3 4 1 ; 3 4 1 ; 3 4 1 ; 3 4 1 ; 3 4
Chrysler >1 >1 �H �H >1 >1 �H >1 >1 >1 >1 >1 �H �H >1 >1 �H �H >1 >1 �H �H >1 >1
Ford >1 >1 �H >1 >1 >1 �H >1 >1 >1 �H >1 �H �H >1 >1 �H �H >1 >1 �H �H >1 >1
Gm >1 >1 �H >1 >1 >1 �H >1 >1 >1 �H >1 �H �H >1 >1 �H �H >1 >1 >1 �H >1 >1
Trw �H �H >1 >1 >1 >1 �H >1 >1 >1 �H >1 �H �H >1 >1 �H �H >1 >1 �H �H �H �H
7�*
���� >1 >1 >1 >1 >1 >1 �H >1 >1 >1 �H >1 >1 >1 >1 >1 �H �H �H �H �H �H >1 �H
Honda �H �H >1 >1 >1 >1 �H >1 >1 >1 �H >1 �H �H >1 �H �H �H >1 >1 �H �H >1 �H
Isuzu �H �H >1 >1 >1 >1 >1 >1 >1 >1 �H �H >1 �H >1 >1 �H �H �H �H >1 �H �H �H
Mazda �H �H �H �H >1 >1 >1 >1 >1 >1 �H >1 >1 �H >1 �H �H �H >1 >1 �H �H �H �H
Mitsubishi �H �H >1 >1 >1 >1 �H >1 >1 >1 >1 >1 >1 �H �H �H �H �H �H �H �H �H �H �H
Nissan >1 >1 >1 >1 >1 >1 �H >1 >1 >1 �H >1 �H �H >1 �H �H �H �H �H �H �H >1 �H
Suzuki �H �H >1 >1 >1 >1 �H >1 >1 >1 >1 >1 �H �H >1 >1 �H �H >1 �H �H �H >1 �H
Toyota >1 �H �H >1 >1 >1 �H >1 >1 >1 �H >1 �H �H �H �H �H �H �H �H �H �H �H �H
Peugeot �H �H >1 >1 >1 >1 �H �H >1 >1 >1 >1 �H �H >1 >1 �H �H >1 �H �H �H >1 �H
Renault �H >1 �H �H >1 >1 �H >1 >1 >1 �H >1 �H �H >1 >1 �H �H �H �H �H �H >1 �H
Bosch �H �H >1 >1 >1 >1 �H �H >1 >1 �H >1 �H �H >1 >1 �H �H >1 >1 �H �H >1 �H
Benz �H �H >1 >1 >1 >1 �H �H >1 >1 >1 >1 �H �H >1 >1 �H �H >1 >1 �H �H >1 �H
Bmw �H >1 >1 >1 >1 >1 �H �H >1 >1 >1 >1 �H �H >1 �H �H �H >1 >1 �H �H >1 >1
Man >1 �H >1 >1 >1 >1 �H �H >1 >1 �H >1 �H �H >1 >1 �H �H >1 �H �H �H �H �H
Volkswagen �H >1 >1 >1 >1 >1 �H �H >1 >1 �H >1 �H �H >1 >1 �H �H >1 >1 �H �H �H �H
Volvo >1 >1 �H �H >1 >1 �H �H >1 >1 >1 >1 �H �H >1 �H �H �H >1 >1 �H �H >1 �H
Fiat >1 >1 �H �H >1 >1 �H >1 >1 >1 >1 >1 �H �H >1 >1 �H �H >1 �H �H �H >1 �H
Hyundai >1 >1 >1 >1 >1 >1 �H >1 >1 >1 �H >1 �H �H >1 >1 �H �H >1 >1 �H �H �H �H
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