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Re-examining Intra-Industry Information Transfers: Did “Bad News” for
Nortel Networks Corportation Imply Bad News for Other Canadian

Technology Firms?

Vincent V. Richman, Sonoma State University

Michael R. Santos, Nichols College

Introduction

This paper revisits the common stock market wisdom
that the financial performance of key stocks is an impor-
tant early barometer of the future stock market perfor-
mance of their respective industry sectors. It is gener-
ally accepted by the popular financial press, investment
analysts and portfolio managers, that the performance
of key industry players foretells the stock market perfor-
mance of the other stocks in that industry sector. Is this
common wisdom always correct? We investigated the
stock market impact of Nortel’s earnings announcement
on October 24, 2000. Nortel announced quarterly earn-
ings that were less than those expected. Since that time,
there has been a recession. Nortel has had major losses
and massive layoffs. How did the stocks within the tech-
nology industry sector react to Nortel’s bad news and
what are the implications for portfolio managers?

In this paper, we focus exclusively on earnings-related
announcements as a mechanism for information dissemi-
nation and on one earnings announcement in particular.
Foster (1981) classifies the following information as
determinants of a firm’s earnings: (1) general economic
information, (2) industry-wide information, and (3)
firm-specific information. In general, many firms’ earn-
ings announcements contain only firm-specific informa-
tion and reveal little or no information generalizable to
the industry sector. However, when the large industry
players, such as Microsoft, IBM, Nortel, Intel, Motorola,
Nokia, Ericsson, Marconi, General Motors, Citibank,
etc., release information about their operations or fi-

nancial statements, both the industry and firm-specific
types of information might be present in their announce-
ments.

Information announcements from large industry play-
ers could affect the market reaction of their industry
sector in two different and opposite directions. If the
announcement is believed to reflect general industry
information, then one would expect the other industry
players to be similarly affected and for their stock prices
to reflect a contagion effect. If on the other hand, the
announcement is believed to reflect firm-specific infor-
mation, then one would expect the other competing
industry players to be affected in the opposite manner,
demonstrating a competition effect. A large industry
player reporting major production difficulties would
strongly suggest increased sales and improved stock
prices for their competitors. In addition to affecting
their specific industry sectors, large industry players may
also affect entire financial markets, causing substantial

impacts on economic and financial indicators.'

Nortel was (and still may be) a major player in the
technology sector, and the financial media provided
ample coverage of its daily operations. Furthermore, the
financial gurus on Bay Street, as well as the average in-
vestors, perceived Nortel’s financial performance as the
barometer of technology sector to judge future business
prospects.” Nortel's quarterly earnings announcement
on October 24, 2000 came at a time of economic un-
certainty when analysts were trying to determine where
the economies in Canada and the US were heading after
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having the longest economic expansions to date. The day
after Nortel’s announcement, October 25, 2000, the
TSE 300 index fell 840 points, the largest daily point
loss in the Toronto stock exchange history. The financial
media reported the news with big headlines indicating a
common belief that Nortel’s bad news was also bad news
for the entire technology sector. We investigated the va-
lidity of the prevailing belief among money and portfolio
managers in Canada that Nortel represented the health
and direction of the industry.?

This paper investigates the fundamental concept of
intra-industry information transfers within the meth-
odological context of Seemingly Unrelated Regressions
(SUR). Our objective was to document stock price reac-
tion among competitors to the specific event analyzed.
Although a variety of intra-industry information trans-
fers have been investigated within the finance literature,
we have found no studies of earnings announcements.
The finance literature reports studies on intra-industry
information transfers within the areas of mergers and
acquisitions, market structure and competition, regula-
tory changes and dividend announcements. Examples
of such studies include those by Akhigbe and Madura
(1999), Eckbo (1985), and Saunders and Smirlock (1987)
on mergers and acquisitions; Laux et al. (1998), Slovin
et al. (1991), and Szewczyk (1992) on market structure
and competition; Madeo and Pincus (1985), Asness and
Smirlock (1991), and Schipper and Thompson (1983) on
regulatory changes.*

Our study is methodologically similar to that of Saun-
ders and Smirlock who analyze the takeover of a securi-
ties firm by a bank and its effects on other firms in the
same industry. Saunders and Smirlock analyzed a single
announcement that originated from a single firm within
the industry by employing the methodology of Seeming-
ly Unrelated Regressions (SUR). This paper also focuses
on a large industry leader, Nortel Networks Corp., and
the spillover effects of the earnings announcement on the
other firms in the technology sector in Canada.

In Section II, we present our methodology and explain
the functions of our system restrictions on the coefficient
estimates for the event parameters in a generalized re-

gression system. In section III, we explain our empirical
findings and discuss the implications in the context of
intra-industry contagion effects. Finally, Section IV pres-
ents the summary and conclusions.

Data and Methodology

We investigate Nortel and 25 other Canadian technol-
ogy firms included in the S&P/TSE CDN Info Tech
Index.’ The daily stock prices of the firms in the index
were obtained from Yahoo Inc. for a period of 120 trad-
ing days that extends from July 26, 2000 to January 19,
2001.°

According to the Fama et al. (1969) and Brown and
Warner (1989), the traditional event study methods
based on abnormal returns are not appropriate for the
analysis of intra-industry information transfers because
the residuals are expected to be contemporancously cor-
related. The reason for this assessment is that firms re-
ceive information common to all firms in the industry at
the same time.” Therefore, we used Seemingly Unrelated
Regressions (SUR) as it had also been applied to event
studies of this nature in Asness and Smirlock (1991),
Saunders and Smirlock (1987), and Schipper and Thom-
son (1983).* The SUR method overcomes contempora-
neous correlations in residuals by estimating equations
jointly as a generalized regression. We used the following
system of equations to obtain our results:
Rll:u|+BlRMl+B’l RMI-I+B”)R.\-11+1+YDI +XPIRMI+CII

R,=a+B R, +B, R, +B" R . +8.D + QPR +e,

27 "ML

R"Zﬁ(:a26+BZGRMl+B'ZO RM(-I+BI’26RM1+]+626DI+Q26PIRMI+e2()l

In this system of equations, R represents the return
on the stock of firm i on day t, and R, represents the
return on the Toronto Stock Exchange (TSE 300) index
in Canada. Two additional control variables, R,  and
R (the stock market return of the TSE 300 index on
the day before and the day after day t), are also used in
the model to avoid nonsychronous trading effects as it is
shown in Scholes and Williams (1977). D_is a dummy
variable and takes a value of 1 on the announcement
date and 0 otherwise. P_is also a dummy variable that
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takes the value of 1 for the event day and for the entire
post-event period, and O otherwise. There are 26 return
generating equations in the system with the first equa-
tion representing Nortel’s return, and the following
equations from 2nd to 26th representing the remaining
25 firms in our sample.’ Every equation is composed of
two components, a control and an event component. A
market model, R =a+BR +B" R, +B"Ry .,
cludes contemporaneous, lagged, and lead returns from

which in-

the market index, establishes the control component of
the system of equations.

The second component of the equation includes event
study parameters, (YD +AP+R,, ) for Nortel and (8D,
+ QP 4R, ) for the other 25 firms. The parameters, &
and Q, capture event day effects on the other 25 firms
as a group. These two coefficients provide information
on intra-industry information. A statistically significant
estimation for & implies that Nortel’s announcement has
resulted in an intra-industry information transfer (from
Nortel to the other firms) that is return related. A sig-
nificant coefficient estimate for 2 indicates that the an-
nouncement has affected the level of uncertainty about
(variability in) stock prices within the industry. Specifi-
cally, there has been an intra-industry information trans-
fers (from Nortel to other firms) of systematic risk. If the
hypothesis of “bad news” to Nortel is also bad news to
other firms in the industry, then one would expect lower
average returns in the industry (indicated by & > 0) and
higher average systematic risk (higher variability in stock
prices) in the industry (indicated by €2 > 0).

We organized our event study into two sections. In the
first section, we run a system of equations for Nortel and
for the remaining 25 firms with the restrictions of (8, =
.. =98, )and (Q, = ... = Q,). The restriction on coef-
ficient estimations in the group forces the event param-
eters to take the same value and, therefore provide an
average group reaction estimate to Nortel’s announce-
ment rather than reflect each individual firm'’s reaction.
Nortel’s own event parameters are left without group
restrictions (Y # & and A # ), so that ¥ and A measure
only Nortel’s reaction to the announcement. If Nortel's
announcement releases news on lower profitability and
lower total sales than the initially expected forecasts, we

should expect negative reactions from investors and find
¥ < 0. Also, if we find A > 0, it implies an increase in
Nortel’s systematic risk.

In the second section, we divide all firms into two
groups, technology-hardware and technology-software
to establish groups with a more homogeneous line of
business. Our goal is to investigate whether intra-indus-
try firm differences, namely hardware versus software
product lines, are significant factors for the information
transfers. Since Nortel could be classified within hard-
ware group, the announcement effects of Nortel should
be more strongly felt in the hardware group (subscripts 2
through 16) more than the software group (subscripts 17
through 26). We establish the following restrictions on
coefficients to force the firms within either the hardware
or software industry groups to take the same coefficient
estimates, thus providing average group reactions to the
earnings announcement being analyzed. Thus, we run
a system of equations with the restrictions of (8, = ...
=8, 0,00, = s = 0,0, (8, = .. = Q) and (G, =

.= Q). The first group of restrictions, (8, = ... =
616) and (5]7 = s = 526), ensure that event day coef-
ficient estimates are to be the same across firms within
each group. The second set of restrictions, (2, = ... =
QJad @ = .. = Q,) ensures that the coefficient
estimates for systematic risk to be the same across firms
within each group.

Empirical Results

The empirical findings from the SUR equation system
are reported in Tables 1 and 2. Table 1 presents the coef-
ficient estimates for the contemporaneous, lagged, and
lead variables representing the TSE 300 index returns.
The summation of these coefficients provides the overall
systematic risk measure for the firms. The mean of con-
temporaneous systematic risk estimates for the hardware
and software groups are 1.31 and 0.95 respectively, im-
plying a higher systematic risk factor for the hardware
firms on the average.

Table 2 reports the event study parameter estimates for
Nortel, all firms together, and the hardware and soft-
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Table 1
Firm-Specific Parameter Estimates of Control Variables for the

SUR Equation System At the Event Date: October 24, 2000*
Firm »
No. o B, B, B,

Tech-Hardware

1 -0.0009 H205%* -0.2006 =0,1397
2 =0,0015 0.4183* ~=0,.1212 0. 2270
3 00073 0 BRE %% 0.0995 0.0975
4 00025 2. 0700%% 0.6108 0. 1215
5 0.0049 1.3800 %% 0.22386 0.1003
[ 0.0025 1.4637%* 0. 3509* 0.2374
) 0.0060 2.5603** 0.2031 0.2457
8 0.0005 0.,.2985 -0.0082 0,2833
9 -0.0007 0.6802* 0.1331 0,4939
10 00,0028 1.1680*> 0, 102 e%x* 0,4455
i 3] 0.0018 0.7324%* 0.1882 =0..0518
1.2 0.0077 2,613 3% -0,0989 -0.3263
13 0.0029 1..2]60** 0.17275 -0.,0406
14 00022 QB3 %E* 0.:2930 -0.3243
15 0.0033 0..7036xx (6 07 0741516 R.ip.d 0.5124%
16 ~0.0105 o Y W A bl =0 2973 0,0731
MEAN 0.0019 1. 3095 0.1876 0.1218
Tech-Software
17 0.0049 0.6537 0.1381 0.7615
18 0.0037 0. 7554 %% -0.0205 0.0447
19 -0.0004 0.9600** -0.0787 G.1117
20 0.0037 2.:2046%* 0.0043 0.0475
21 00,0020 0.2046 [ 0.4501
22 0.0017 0.3358 -0.1481 =0.1981
73 -0.0019 ] P 15 M3 =0.1331 015
24 0.0054 0.8666** 0.0936 0. LA 77
25 00,0036 L 4282 %% 0,.6433%* 0. 7154 %
26 0.0037 0.9410* 0.:5972 =0.2220
MEAN 0.0026 0.9457 01514 0,200

* The above coefficient estimates are obtained from a market model
representing the control component, R = a + BR, + B R
+ B R,,,,, with contemporaneous, lagged, and lead returns of TSE
300 index.
*Estimated coefficient is significant at the $ percent level (two-
tailed test).
**Estimated coefficient is significant at the 1 percent level (two-
tailed test)
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Table 2
Event Study Parameter Estimates for the SUR Equation System**
\ A o) Q
Nortel = 0 30
Networks 0.0406* (2.05) -—— -———
(-2.04)
ATl Firms e === 0% 0300* 0.4185*%
(2.20) (3.16)
Hardware = === 0./0303% UL 452 1%*
{2103 (3:22)
Software I =i 050231 0. 3264
(1.54) (1.78)

*The above event parameter estimates are obtained from a model for Noreel, y D,
+ L P R, and for the other remaining tirms, (3 D, + Q P R). The y cocfficient
shows the announcement effect on Nortel's own common stock returns, and A
measures if Nortel’s risk has also been affected by cthe announcement. In contrase, 8

measures the other firms’ return reactions as a group, and € measures the average

systematic risk changes in the industry.

b t-statistics are below the coefficient estimates.
*Estimated coefficient is significant at the 5 percenc level (ewo-tailed cest).
##Estimated cocfficient is significant ac the 1 percent level (two-tailed test).

ware groups separately. Our empirical findings suggest
that Nortel had experienced a 4.06 % reduction in its
common stock valuation on the event day. Furthermore,
the systematic risk factor for Nortel stock has increased
frotns 2.33 to 2.93(2.33 + 0-40).

Contrary to the hypothesis that Nortel's “bad news” is
bad news to others, we found 3.00 % increase in the
overall portfolio value representing the remaining 25

firms in the industry."

The intra-industry effect is the
opposite of the commonly believed “Nortel is the indus-
try” motto. The reason for this overall portfolio value in-
crease for firms other than Nortel could be explained in

two ways. First, Nortel could have dragged the TSE300

down disproportionably with its heavy weighting in the
TSE300 index, chus causing other firms in the industry
to realize relative gains due to the distortion created in
the market index.'" Second, other news releases in the
industry might cause the remaining firms to realize
price advances.” Although the firse form of intra-indus-
try information transfers did not occur, there were not
lower average recurns for the industry, the second form
of intra-industry informacion cransfers from Nortel to
the other firms did occur, the average systematic risk in
the industry increased from 1.31 to 1.73 (1.31 + 0.42).
This increase in systematic risk (defined as an increase
in variability in stock prices) reflects increasing levels of
uncereainty.
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We investigated intra-industry firm differences by di-
viding firms into hardware and software groups.!* The
results show that Nortel’s announcement did not affect
software firms’ common stock returns and systematic
risk factor as a single group. In contrast, the hardware
firms’ portfolio value as a single group has been increased
by 3.03 %. Furthermore, the systematic risk in hardware
group has been also increased by a factor of 0.4521."

In order to reflect business risks effectively, other risk
measures have also been proposed in the literature as
complements to the standard systematic risk measure
obtained from a market model. James (1984) and As-
ness and Smirlock (1991) use the variance of total stock
returns as a measure of bankruptcy risk. We applied this
measure to our study and present the results in Table
3. In order to find the bankruptcy risk measure, we
calculated two variances of stock returns; the first was
for a period of 60-trading days prior to the event, and
the second was for a period of 60-trading days following
the event. Then, we summed up the variances for the
pre-event and post-event periods across the firms and
calculated the group averages. The F-tests for Nortel
and other groups are all statistically significant at the 1
percent level, implying higher bankruptcy risk for the
industry after the announcement. This finding is consis-
tent with our results of increasing systematic risk in the
hardware group after the announcement.

In Table 4, we examined the existence of information
leakages and market efficiency surrounding the an-
nouncement date by using six additional dummies cor-
responding to three days preceding the event, and the
three days following the event. The coefficient estimates
for the dummies and their corresponding standard
deviations are added up over three-day periods, and
the figures in Table 4 are obtained. None of the coef-
ficient estimates corresponding to the three-day dum-
mies preceding the event are statistically significant,
thus implying that no information leakages occurred
before the announcement. In contrast, the coefficient
estimates for the three dummies following the event are
all statistically significant, except for Nortel’s, implying
inefficiencies in the financial markets for the three-day

post-event period. Nortel's announcement came on Oc-
tober 24, 2000, late in the late afternoon. Nortel’s stock
contihued to trade the following day until trading was
halted at midday due to the enormous quantity of sell
orders. Therefore, the announcement effects have been
studied over three-day periods.'® The existence of mar-
ket inefficiencies in the trading of Nortel's shares due to
a mismatch of supply and demand, during the three-day
period after the announcement, does not provide any
support for the hypothesis of “bad news” to Nortel is
bad news to other Canadian technology firms.

Summary and Conclusions

This study has examined the evidence for the accepted
stock market wisdom that the stock market performance
of key stocks is an important early barometer of the
stock market performance of their respective industry
sectors. We have found that in the case of Nortels earn-
ings announcement of October 20, 2000, the evidence
does not support the commonly accepted wisdom, . We
found significant negative common stock return reaction
for Nortel, but failed to find negative returns for a port-
folio of the remaining 25 firms in the industry. However,
there were intra-industry effects in the form of higher
systematic risk in the industry indicating higher levels of
economic uncertainty as reflected by higher variability
in stock prices of firms within the technology hardware
group.

These results suggest a re-examination of the common
wisdom about stock market leaders is necessary; these
stocks do not always affect technology sector stock
prices in a predictable manner. The model of how in-
tra-industry information transfers affect industry sector
stock prices requires additional complexity. This paper
provides a specific example in Nortel that documents
a two dimensional intra-industry effect in which the
characteristics of changes in stock market values (means)
are absent and changes in systematic risk (variance) are
present.

We acknowledge that our study has the limitations of
examining one earnings announcement, of one company,
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in one environment. However, it must be borne in mind
that Nortel was a key technology sector company that
had the reputation of being well managed and having
a technologically sophisticated portfolio of products.
If there was no industry effect at this time, then when
could one expect such an effect?

These findings raise questions about the validity of the
common belief of key industry players foretelling the
stock market reaction of the industry sector. Further
research remains to be done. First, this study should be
duplicated to determine whether this phenomenon oc-

curs frequently or is peculiar to Canada. Second, there is
the issue of time frame. Is the failure to achieve statisti-
cally significant abnormal returns an anomalous result
of the time horizon. Third, the study focused on stock
market returns, not accounting income. In between the
reporting of financial accounting performance and stock
market results, there is the intervening step of investor
perceptions and the little understood role of mass psy-
chology and behavioral finance. We did not investigate
what occurred to accounting earnings, we focused exclu-
sively on stock market returns.

Table 3
Average Variance Before and After the Event Date
Average Varilance Average
60-Days Before Variance F-test
\% 60-Days After
Nortel
Networks 0.1640 0.4235 2 DBEY
All Firms 02019 0.4688 A Ll
Hardware 0.1785 0.4645 2. 60*
Software 00,2395 0.4857 Zi D 3%H

“Variance multiplied by 100.

*Estimated coefficient is significant at the 5 percent level (two-tailed test).
**Estimated coefficient is significant at the 1 percent level (two-tailed test).
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Table 4

Information Leakages and Market Efficiency Surrounding the Event Date*

3-Day Period
Before the Event

3-Day Period
After the Event

Y
ortel Networks -0.0003 -0.0506
(-0.05) (-0.85)
ATl Firms 0.0101 D 1202%%
(0.29) (3.36}
ardware 0.0Z406 0. 1032%
(0.65) (2.55)
oftware -0.0258 U Lg 3™
(-0.52) (3.46)

* t-statistics are below the coefficient estimates.
*Estimated coefficient is significant at the 5 percent level (two-tailed test).
”Emmmdcmﬁmmﬂmgm&mumdwlmmmdwduw&mkdwﬂ)




RE-EXAMINING INTRA-INDSUTRY INFORMATION TRANSFERS

Table 5
Firms in S&P/TSE CDN Info Tech Index*
Firm Ticker Revenues L
No. Firm Name Symbol (000) CRISTEER
(S000)
Tech-Hardware
i 4 Nortel Networks Corp NT.TO 31,401,000 42, 227, Q00
2 ATI Technologies ATY.TQO 1,387,268 1,006,001
3 COM DEV International CDV,.TO 200,022 243, 739
4 Certicom Corp CIC. TO 12,040 40,533
5 Celestica Inc CLS.TO 9,788,825 5,937,085
0 C-Mac Industries CMS . TO 25755 508 3,020,068
7 EXFQ Flectro-Optical Fngineering EXF.TQ 73,119 219 923
8 Leitch Technology LTV.TO 163,953 231,419
9 Mitel Corp MLT,TQ 686,700 835,600
10 MOSAID Technologie MSD.TO 48,100 14,283
kil Onex Corporation OCX.TO 24,917,000 19, 719, Q00
12 Research Tn Motion RIM.TO 244,248 970,063
13 Sierra Wireless SW,TO 57,450 136,815
14 360networks T8X. . TO 568,000 2,602,000
15 Tundra Semiconductor TUN,TO 42,298 58,167
16 Wi-Tan Inc WIN,TOQ £6, 370 136,191
Tech-Software
1.7 Corel COR,TO 1720792 218,58
18 Creo Products CRE.TO 453,625 953, 200
19 Cognos Inc CSN,.TO 508,038 393,099
20 Descartes Systems DSG.TO 15,051 413,119
21 CGI Group GIBA.TOQ 1,439,900 920,873
22 Hummingbird Ltd HUM, TOQ 238,024 372,791
23, BCE Emergis IFM.TO 473,560 1,316,310
24 Open Text OFC.TO 119, 338 102,818
25 724 Solutions SVN, TQ 33,775 287 :316
26 Zi Corp ZLCCT 516 62,853
“Financial figures (total assets and revenues) are obtained from Globe and Mail based on September 30,
2000 estimates, and all figures are in Canadian dollars.

9
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Notes

' For example, After Marconi’s profit warning in the
U.K., FTSE 100 index fell sharply, and Burns reported in
The Investment Dealer’s Digest on July 9, 2001 that “While
the European market has had its fair share of profit
warnings in recent weeks, this is the most shocking yet,
wiping some £3.5 billion, or 54% of the total value of
Marconi shares, in what traders say is the worst one-
day fall in the history of FTSE 100 index.” Also, after
Nortel’s earnings announcement, Browning reported in
The Wall Street Journal on October 26, 2000 that Nasdaq
Composite Index fell 5.56% and was “knocked down by
a stock that isn’t even part of the index.” Browning also
reported a year earlier in The Wall Streer Journal on Oc-
tober 22, 1999 to illustrate IBM’s effect on the market
with a headline “IBM Pulls Down Blue-Chip Index.”

Dignan reports on CNET News.com on June 12, 2001
that “technology stocks shake off the effects of a Nokia-
inspired sell-off.” Barret also reports on CNET News.com
on February 16, 2001 that “The effects of Nortel’s
pre-announcement spilled across the tech sector Friday,
sending networking and fiber-optic stocks tumbling.”
Klayman reports on Reuters on July 8, 2001 that “Mo-
torola a tech barometer - Motorola is a bellwether stock
for the technology industry because of its broad array of
products.” BBC News Online reports on April 18, 2001
that “Intel, which is seen as a key market barometer...”
Carrick reports on Globe and Mail on August 26, 2000
that “Live by Nortel, die by Nortel.”

2 For example, Chapman from Westminster Securities
Inc. reports on June 18, 2001 that “But for some reason
or other we seem to have an over fixation on Nortel as
some sort of measurement of the health of the Canadian
economy.” Also, Porter from BMO Nesbitt Burns de-
scribes Nortel as “Canada’s technology bellwether” on
February 19, 2001.

3 For example, Franklin Templeton Investment Corp. re-
ports in the Quarterly Market Recaps-Canadian Equity
section of Second Quarter of 2001 that “The nemesis,
as usual, is the technology sector, which to many Ca-
nadian investors means Nortel.” Also, Richard Croft,
the president of R.N. Croft Financial Group reports on
Quicken.ca on February 19, 2000 that “Like or not, the
Canadian economy is inexorably tied to the fortunes of
Nortel...That the market valued Nortel as the main en-
gine in the Canadian economy was, rightly or wrongly,
the best unbiased view we have of what the company was
really worth. And more importantly, it was an unbiased
opinion as to what was driving the Canadian economy.”
Furthermore Coomber and Lazarus reports on the All
Canadian Mutual Fund Guide Online on Winter 2000
issue that “However, Andrew Smith, an investment ana-
lyst with Spectrum United Funds in Toronto points out
that selling off Nortel is also a bet against the market.”

4 Binder (1985) provides why the application of a
multivariate regression model in event studies is more
appropriate method than the traditional event study
methods.
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> All the firms in S&P/TSE CDN Info Tech Index are also
included in the TSE technology-hardware and software
sub indices except Onex Corporation. We examined
firms’ product line and found that it is a better match in
technology-hardware classification.

® Two additional trading days were also added to com-
pensate the variables in the market model for the time
periods of t-1 and t+1.

7 See also Brown Warner (1980), Dale (1981), Dodd
(1980), and Firth (1976) and (1996) for the further

treatment of traditional event study methods.

8 Greene (1990) explains the Seemingly Unrelated Re-
gressions (SUR) in the framework of the Generalised
Least Squares. The equation system,y=X[+¢, represents
our 26 equations in a compact form, and the following
matrix provides how each equation is presented in a
Generalised Least Squares framework:

32 X1 0 0 B1 g
j A N g X . @i " €,
Yo 0 0 X26 Bza €

For example, X from the above matrix includes the
independent variables in the market model as a part
of the overall equation system, and represents the de-
terminants of Nortel's returns. The is for the first firm
(Nortel) in the overall system, and has 120 observations
(trading days) in its time dimension. The remaining
X 's corresponds the same return generation process in
the market model for the remaining 25 firms. The vari-

ance-covariance matrix of the equation system,

Gy O G126

Gy Op G126
el ¢

G O G266

could be also written with identity matrix as the follow-
ing:

0-111 6121 01261
Gyl Opld O el
02611 0-2621 02661

Furthermore, the inverse of the Vmatrix can be used to
derive B estimation, and provides efficiency gains ex-
ploited from the correlations of error terms:

The  estimation depends on > but since it is unknown
in empirical studies, it is estimated from the least squares
regression residuals, and used to find an estimation for
B3. This initial process is called Feasible Generalised Least
Squares estimation.

? Table 5 presents the firms included in our study from 1 to 26
and their revenues and assets figures for the year 2000.

' The farge change in TSE 300 was due to Nortel’s heavy
weighting in the TSE 300 index calculation. Not surprisingly, we
found a high correlation coefficient of 0.91 for the Nortel's com-
mon stock returns and the TSE 300 index returns (significanc at
1 percent level) for our sample period

"' Simon reported in The New York Times on July 26, 2001 that
Nortel's index weighting has reached to more than 36% of
TSE300 at the peck of its prices between June-August 2000.
Also, Heinzl and Cherney reported in The Will Street Journal on
August 30, 2000 indicating a 35 percent of Nortel’s share in the
index and defined the Canadian TSE by writing, “Canada’s stock
market amaong the most lopsided in the word due to the impact
of a single company.”

12 Serant reports in Electronic Buyer’s News on October 30.
2000 that price gains among the other semiconductor
firms in the industry was due to positive results from
many chip makers.

1 W also separated 26 firms into two groups by revenue
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and total assets of firms. There were 11 large firms with
either revenues or total assets larger than $500 million,
and 15 small firms below this figure. The empirical
findings from the SUR regressions with small and large
group coefficient restrictions showed that the small and
large firm group reactions were not statistically different
from each other.

4 Foster (1981) also finds a similar result for the mpact
of the earnings releases on the other firms in industry.
He iterates that “The magnitude of this impact is more
significant for a sample of firms which have a larger per-
centage of their revenues in the same line of business as
the carnings release firm vis-d-vis a sample wich a lower
percentage of their revenues from the same line of busi-
ness.”

'¥ Karmin and Cherney reported in The Wall Street Journal
on October 26, 2000 that “Trading in Nortel, ..., had to
be halted at midday after a bombardment of sell orders
overwhelmed the Toronto exchange's trading system.”
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The Impact of Advanced Manufacturlng Technology on Job Satisfaction

and Work Design

Charles D. Bultena, Midwestern State University

Introduction

One of the most important issues currently facing manu-
facturing organizations is the exploitation of recent de-
velopments in computer-based production technology
or advanced manufacturing technology (AMT). Wall,
Clegg, and Kemp (1987) describe the core technologies
of AMT as ranging from standalone computer numeri-
cally controlled (CNC) machines and robotic installa-
tions to larger scale flexible manufacturing systems
(FMS) and fully computer-integrated manufacturing
(CIM). Common to all forms of AMT is computerized
control over the production process. The rapid develop-
ment and implementation of AMT is revolutionizing
manufacturing work and has important implications
for job design and job satisfaction (Forester, 1985; Wall,
Corbett, Clegg, Jackson, and Martin, 1990a).

Theoretical Background

Job Characteristics Model

The dominant model of job design is the Job Charac-
teristics Model (JCM: Hackman and Oldham, 1975).
According to the JCM, shown in Figure 1, high levels
of five core job characteristics (skill variety, task iden-
tity, task significance, autonomy, and feedback) lead
to three critical psychological states (meaningfulness,
responsibility, and knowledge of results) which, in turn,
lead to positive work outcomes, like higher motivation,
performance, satisfaction. All the linkages in the JCM
are moderated by growth need strength—the strength
of one’s desire for self-improvement and growth in the

Figure 1
Core Job p c;ig:a‘: - .| Personai and
Dimensions H TEEreNagiee Waork Outcomes
States
Ski# Varsety
Experienced High Internal
Task [dertity e Meaningfulne ss Work Motivation
of the Work
Task Significance
High Quality
Experienced
AULOROMY oo REPSPONSIDIELY
For Ouicomes
of the Work High Satisfaction
With the Work
Knowlegge of the
Feedback oo Actiat Results of Low Absenteeism

*.\ the Work Activities and Turnover
X
\\ ;
Employee Growah
Need Strength

workplace (Hackman and Oldham, 1976).

Unfortunately, Tabor and Taylor’s (1990) review of over
200 studies involving the JCM revealed that the five core
job dimensions of the JCM do not “span the range of
conceptual categories workers actually use when think-
ing about their jobs” (p. 492). They recognized the need
to investigate alternative job characteristics not included
in the JCM. Nowhere is this need more apparent than in
the emergence of advanced manufacturing technology.
According to Wall et al. (1990a), the AMT environ-
ment calls for the recognition of several important job
characteristics that have received little attention among
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organizational researchers. They developed a model con-
sisting of four AMT job characteristics (control, cogni-
tive demand, responsibility, and social interaction) that
impact the psychological well-being of AMT workers.
The present study examines the extent to which these
AMT job characteristics account for differences in job
satisfaction among shopfloor workers in a variety of jobs

in an AMT plant.
Advanced Manufacturing Technology (AMT) Model

Research into the effects of AMT on employee psycho-
logical well-being is sorely lacking in the literature. A
notable exception is a stream of research conducted
by the Social and Applied Psychology Unit of the
University of Sheffield in Great Britain. This group of
researchers conducted several key field investigations
in AMT plants. Findings from these studies provided
considerable insight into the unique characteristics of
AMT jobs and their effects on psychological well-be-
ing, particularly job satisfaction (Corbett, 1987; Martin
and Jackson, 1988; Corbett, Martin, Wall, Clegg, 1989;
Wall, Corbett, Clegg, Jackson, and Martin, 1990a; Wall,
Corbett, Martin, Clegg, and Jackson, 1990b).

Noting a lack of theoretical integration in the AMT
literature, Wall et al. (1990a) developed a theoretical
framework to guide research into the psychological ef-
fects of AMT on shopfloor operators. Their model, which
is the AMT equivalent of the Job Characteristics Model
(JCM), identifies four key job characteristics which are
relevant to AMT work and predicts how these charac-
teristics differentially impact performance, job-related
strain, and job satisfaction. The AMT job characteristics,
shown in Table 1, include control, cognitive demand,
responsibility, and social interaction.

The most common concern regarding the job content
implications of AMT is the extent to which the opera-
tor has control over the work. The fact that AMT has
the potential to reduce operator control is well docu-
mented (Sinclair, 1986; Perrow, 1983; Blumberg and
Gerwin, 1984). The AMT model specifies three aspects
of control: timing control, method control, and bound-
ary control. Timing control is similar to the notion of
machine-pacing. The negative effects of timing control
are well documented in research on repetitive work and

Table 1
Category I Characteristic l Definition
Control Timing Control Extent to which the individual can decide when to carry out given tasks,

rather than having to respond when the technology requires.

Method Control

Extent to which the individual can carry out the work in his or her own way,

rather than work being externally prescribed by the technology or proce-

dures.

Boundry Control

Extent to which the individual, racher than others, has responsibility for sec-

ondary activities completed in support of the primary operating tasks.

Cognitive Demand Monitoring Demand

Extent to which the individual is required to pay close and constant attention

to work processes or activities.

Problem-Solving Demand

Responsibility Production Responsibility

Extent to which the individual is required to diagnose and solve problems.

Extent to which errors by the individual may result in serious damage to

production equipment or considerable loss of output.

Social Interaction Social Contact

Extent to which the individual has opportunity for social contact with others,

rather than working in isolation from others.

Social Support

Extent to which the individual has opportunity to build quality

relationships with others.

Source: Wall, Corbett, Clegg, Jackson, and Martin, 1990
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machine pacing (e.g., Blauner, 1964; Hurrell 1981). It
varies widely across the spectrum of AMT technology
and is not addressed by the JCM (Wall et al., 1990a).
Method control refers to individual choice in how to
complete given tasks. It is generally related to concept
of autonomy in the JCM and varies according to the
particular AMT technology used and the organization
of the job. Finally, boundary control refers to operator
responsibility for secondary activities, such as machine
maintenance, modifying programs, ordering supplies,
inspection, and quality control (Wall et al., 1990a). It is
not addressed by the JCM, but may impact task identity
and skill variety in the JCM.

Cognitive demand refers to the need for mental rather
than physical activity (Wall et al., 1990a). The most
frequently mentioned aspect of cognitive demand is
monitoring or attentional demand. Van Cotr (1985)
argues that AMT has changed the role of the operator
from an “active element to one of passive monitoring”
(p. 48). Monitoring demand varies considerably across
AMT applications (Wall et al., 1990a). A second aspect
of cognitive demand, problem-solving demand, refers to
the need to prevent or address errors. Problem-solving
demand also varies according to the AMT job design.
Neither characteristic is addressed in the JCM.

Production responsibility refers to the extent to which
errors by an operator result in serious damage to pro-
duction equipment or considerable loss of output (Wall
et al., 1990a). It is often high in AMT systems due the
extreme cost of computer-controlled production equip-
ment and the serious consequences of operator errors
and downtime (Wall et al., 1990a). This conception of
production responsibility is not addressed in the JCM.
It differs considerably from the notion of autonomy in
the JCM, which emphasizes freedom, independence, and
discretion in carrying out work tasks (cf. Hackman and

Oldham, 19795).

The final AMT job characteristic is social interaction.
Social interaction is the most neglected of the four AMT
job characteristics (Wall et al., 1990a). Social contact
refers to the amount of social contact operators experi-
ence at work. Social contact was originally included in

Turner and Lawrence’s (1965) Requisite Task Attributes
scale as a determinant of satisfaction. This relationship
was confirmed by Hackman and Lawler (1971), but so-
cial contact was not included as a core job dimension in
the JCM. Highly automated AMT systems which place
operators in relative isolation from one another, applica-
tions with high monitoring demands, and those which
require operators to tend multiple machines severely
limit social contact. Social support refers to the quality
of social interaction which can also be limited by AMT
technology (Wall et al., 1990a). Neither social contact

nor social support is included in the core job dimensions
of the JCM.

According to Wall et al. (1990a), the AMT job character-
istics affect job satisfaction in a relatively straightforward
manner. They propose that job satisfaction in AMT work
increases as an additive function of greater timing, meth-
od, and boundary control, lower monitoring demand,
higher problem-solving demand, cost responsibility,
social contact, and social support. Thus, the theoretical
model of AMT job characteristics identifies key charac-
teristics of AMT work and offers testable propositions as
to how each characteristic impacts job satisfaction. Wall
et al. (1990a) admit, however, that the model is far from
complete and in need of empirical testing.

Purpose of The Study

By and large, the AMT model of job characteristics
remains untested. No large-scale test of the model in
an AMT plant has been documented to date. Wall et
al. (1990a) state that the model can be applied across a
wide range of shopfloor jobs and production technolo-
gies. This study provides a preliminary test of the AMT
model among a relatively large sample of shopfloor
employees working in a wide variety of jobs in an AMT
plant. Jobs were classified according to Blauner’s (1964)
four distinct forms of production technology to yield
four distinct job types (process control, machine tend-
ing, assembly/packaging, and maintenance or craft). Job
satisfaction among shopfloor workers in each of these
distinct job types was assessed to determine whether job
satisfaction differs by job type and to determine whether
these differences are consistent with the predictions of
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the AMT model. Specifically, three hypotheses were
tested:

Hypothesis 1: Job type will emerge as the most
important predictor of job satisfaction.

Hypothesis 2: Job type will explain significant vari-
ance in job satisfaction scores beyond the variance
explained by key demographic factors.

Hypothesis 3: Intrinsic job satisfaction will differ
significantly among the four job types. Differences
will be consistent with the predictions of the AMT
model. Jobs rated lowest in motivating potential
based on the AMT job characteristics will be the
least satisfying and those rated highest in motivat-
ing potential based on the AMT job characteristics
will be the most satisfying.

Methods

Site and Respondents

The study was conducted among shopfloor employees
in a large manufacturing plant located in the southern
United States that is involved in the production of glass
fibers. Plant operations are centered around three basic
forms of AMT. Computer integrated manufacturing
(CIM) is used to control glass furnaces and specialized
equipment used to extrude glass fibers from molten
glass. A large number of standalone computer-con-
trolled machines are used for drying, winding, and chop-
ping glass fibers. Finally, automated conveyor systems,
robots, and automated packaging equipment are used in
assembling, accumulating, and packaging the finished
product.

A total of 642 shopfloor employees were directly in-
volved in operating and supporting the manufacturing
operation. A total of 525 shopfloor employees attended
paid pre-shift meetings during which participation in the
study was encouraged but not required. A total of 50
surveys were excluded from the study due to errors or
incomplete responses, leaving 475 usable surveys for a
net response rate of 74 percent.

Demographic analysis of respondents revealed that the
workforce is largely male (72 percent) and under 40 years
of age (76 percent). Most of the respondents had a high
school diploma (82 percent) and 40 percent had com-
pleted some college courses. Plant tenure was bimodal
with two distinct groups--one concentrated in the 4 to
6 year range and another concentrated at the 10 to 15
year range. Nearly half of the respondents were machine
operators (48 percent) while the balance were involved
in process control (16 percent), assembly/packaging (18
percent), and maintenance (18 percent).

Measures

The complete Job Descriptive Index (Smith, Kendall,
and Hulin, 1969, 1985; Balzer and Smith, 1990) was
used to assess job satisfaction. The Job Descriptive Index
(JDI) is the most popular and carefully developed mea-
sure of job satisfaction in use today (Locke, 1988; De-
Meuse, 1986; Zedeck, 1987). It was selected for use in
the current study due to its high reliability, low reading
level, ease of administration, and its ability to measure
several distinct facets of satisfaction. The JDI is com-
prised of six scales designed to measure satisfaction with
the Work Itself, Present Pay, Opportunities for Promo-
tion, Supervision, Coworkers, and Job in General (JIG).
Because the current investigation is concerned with the
effects of job design on intrinsic job satisfaction, the
Work Itself (Work) scale and the Job in General (JIG)
scale are the primary focus of the study.

The Work scale, which measures satisfaction with intrin-
sic qualities of the work itself, is by definition a relevant
measure of intrinsic job satisfaction. The JIG scale,
which measures general, non-specific perceptions of job
satisfaction, is often highly correlated with the Work
scale (cf. Mathieu and Zajac, 1990) and also serves as a
useful measure of intrinsic job satisfaction. The remain-
ing scales of the JDI, which measure satisfaction with
various extrinsic facets of satisfaction (e.g., pay, promo-
tional opportunities, supervision, and coworkers), are
not directly related to job design, but are included in the
study to provide a more complete picture of employee
job satisfaction.
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Procedure

Classification of Jobs

Jobs in the plant were organized around the operation
of a large number of computer-controlled machines. The
plant operated primarily under specialist control (Wall
et al., 1990b) which restricts machine operator activities
to basic machine tending and assigns responsibility for
maintenance, reprogramming, and resolution of operat-
ing problems to support personnel. Jobs were classified
according to Blauner’s (1964) four distinct forms of pro-
duction technology to yield four distinct job types (pro-
cess control, machine tending, assembly/packaging, and
maintenance or craft). This job classification scheme and
the primary activities associated with each of the four job
types is outlined Table 2.

Job Ratings

The four distinct job types were evaluated in terms of
Wall et al.’s (1990a) AMT job characteristics. Each job
type was rated on the AMT job characteristics to yield
a motivating potential score, just as is done in the JCM.
Because the instrumentation to measure AMT job char-
acteristics has not yet been developed, the researcher,
who was familiar with the activities of shopfloor em-
ployees, worked closely with company engineers and
supervisors to produce ratings of each job type. General
ratings were provided to indicate low (1), medium (2),

Table 2: Job Classification Scheme

or high (3) levels of each AMT job characteristic for each
job type. These ratings were not intended to be highly
precise or scientific. Rather, they reflect a general evalu-
ation of objective characteristics of the work performed
by those in each job type. These ratings are presented
in Table 3. Ratings for monitoring demand were reverse
scored because the AMT model predicts a negative rela-
tionship between monitoring demand and job satisfac-
tion. In keeping with Wall et al.’s (1990a) recommenda-
tion, an additive motivating potential score for each job
type was computed. First, an average score for each job
characteristic category was computed by averaging rat-
ings for its subcomponents (e.g., timing control, method
control, and boundary control). Then, the average scores
for each category were totaled to yield the motivating
potential score. Motivating potential scores may range
from a minimum of 4 to a maximum of 12.

Maintenance and process control jobs were rated high-
est in AMT motivating potential followed by assembly/
packaging and machine tending jobs. Therefore, based
on Hypothesis 3, maintenance and process control jobs
should stand out as the most satisfying jobs and machine
tending jobs should stand out as the least satisfying jobs,
particularly on the two measures of intrinsic job satisfac-
tion--the Work and JIG scales.

Job Type

Primary Activities Involved

Process Control

All technical support required to monitor and control automated ma-

chines. Includes troubleshooting, testing, setup, and reprogramming.

Machine Tending

All machine tending and monitoring activities required during the regular

production cycle of the machine.

Assembly/Packaginig
of finished goods.

Maintenance

All activities required for final preparation, accumulation, and packaging

All mechanical and electrical repairs and preventive maintenance required

to maintain machine operation.

19



MIDWESTERN BusINESs AND ECONOMIC ReviEw

SeriNG 2002

Analysis

Analysis of the data proceeded in three phases. First, a
correlation matrix was constructed to examine relation-
ships between demographic variables and scores on the
six JDI scales. Then, an unbalanced ANOVA procedure
was performed to determine the relative importance
of demographic variables and job type (Hypothesis
1). Next, multiple linear regression with dummy vari-
able coding was used to partial out the effects of key
demographic variables to determine whether job type
explained significant variance beyond that accounted
for by variables, like age and education (Hypothesis
2). Finally, multiple comparison tests were conducted
to determine whether intrinsic job satisfaction was, in
fact, significantly higher or lower in certain job types as
predicted by the AMT model (Hypothesis 3).

Results

Pearson product-moment correlations presented in Table
4 reveal significant relationships between age and most
job satisfaction scales. This is expected as overall job
satisfaction typically rises with age (Locke, 1988). Plant
tenure is strongly correlated with age and moderately
correlated with the Work and Job in General scales.
The strong correlation between age and plant tenure

Table 3: Ratings of Job Types on the AMT Job Characteristics

is expected since long-tenured employees, by defini-
tion, are older. Weaker, yet significant, correlations,
were also found between education and the Work and
Promotion scales. Higher educated employees are less
satisfied with the work and promotional opportunities.
Age, education, and plant tenure are the most important
demographic variables affecting job satisfaction. Moder-
ate intercorrelation between the JDI scales was also
evident in Table 4. The strong correlation (.71) between
the Work scale and the Job in General scale is consistent
with findings in Mathieu and Zajac's (1990) extensive
meta-analysis and supports the notion that both the
Work and JIG scales measure related constructs, namely
intrinsic job satisfaction.

Hypothesis 1 was tested using a specialized unbalanced
ANOVA procedure because the analysis involved several
categorical variables (gender, education, and job type)
with unequal group size. Analysis of variance results
presented in Table 5 clearly indicate the importance of
job type as a predictor of job satisfaction. Significant
main effects (p<.01) were obtained for the relationship
between job type and all job satisfaction scales, except
promotion. Few demographic factors had significant
main effects. Two exceptions were significant relation-
ships between gender and both pay (p<.05) and pro-

Job Type
Category I Characteristic Process Control J Machine Tending | Assembly/Packaging Maintenance
Control Timing Control 3 1 2 3
Method Control 2 1 2 3
Boundry Control 2 1 2 3
Cognitive Demand ~ Monitoring Demand (R) 2 1 2 3
Problem-Solving Demand 3 1 2 3
Responsibility Production Responsibility 3 2 1 3
Social Interaction Social Contact 3 1 2 3
Social Support 3 1 2 3
Motivating Potential 10.8 5.0 7.0 12

Rating Scores: 1 = Low; 2 = Moderate; 3 = High
(R) denotes reverse scoring

Motivating Potential Score is the sum of the average score for all items in each of the four categories.
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motion (p<.01) and between education and both work
(p<.01) and promotion (p<.01). With the exception of
the promotion scale, job type was the dominant predic-
tor of all satisfaction scales offering strong support for
Hypothesis 1.

As stated previously, correlation analysis revealed that
education, age, and tenure were key demographic vari-
ables affecting job satisfaction. The strong correlation
between age and plant tenure is expected since long-
tenured employees are, by definition, older. To avoid
redundancy, only the more influential age variable was
retained in regression analyses used to test Hypothesis

Table 4: Correlation Matrix and Reliabilities®

2. The purpose of this analysis is to determine whether
job type explains variance in job satisfaction above and
beyond the effects of the key demographic factors of age
and education. Therefore, the effects of age and educa-
tion were partialled in the analysis. Since education and
job type are categorical variables, they were represented
as indicator or dummy variables. Results of the analysis
in Table 6 reveal significant effects for job type (p<.01)
among all job satisfaction scales, except promotion. Ef-
fect size (R2) was moderate for intrinsic job satisfaction
scales, like the Work and Job in General scales, but
weaker for pay, supervision, and coworkers. The fact that

Variable [ Mar | sp |1 | 2 | 3 | 4 E | 6 | 7 | s | 9 10
1. Age 35.8 89 ==
2. Gender* 1.26 44 15 ** -
3. Education! 2.36 85 .04 1B -
4. Plant Tenure 7.33 3.46 46 ** .09 .06 =
5. Work 22.22 11.63 .24 ** .02 =14 *% 27 *% .85
6. Pay 29.68  14.69 .05 .02 .02 .02 33 = .82
7. Promotion 10.85 12.46 .08 -.07 =19 ** 06 41 #% 22 W% 86
8. Supervision 30.19  14.56 .13 ** .03 -.06 .04 A0 ** 2] *% 28 *F 82
9. Coworkers 2992 1466 .19 ** .00 .00 .00 41 ®E Py kR 3 #E 4G ok 83
10. Job in General 3137 13.10 .24 ** 05 -.05 20 ** J EE G5 AR a5 RE 4] e 46 ** .87
* Reliabilities are presented on the diagonal "N = 475 ‘Male = 1; Female = 2
41 = no hs diploma; 2 = hs diploma; 3 = some college; 4 = bachelor’s; 5 = master’s
*p < .05, **p<.0l(2-tailed)
Table 5: Unbalanced Analysis of Variance - Main Effects
Work Itself Pay Promotion Supervision Coworkers Job in General
Source E I p k p F p B p F p F p
Age 901 .655 815 795 .804 812 1.056  .380 1221 .166 .888 677
Gender* 203 653 6.465 D11 ** 12.513 000 X 165 .685 053 818 .001 976
Education” 4.367 .002 ** d23 575 5.901 000 H** 1382 239 299 879 2.081 .082
Plant Tenure 740 724 955 .495 .891 562 1.078 .377 1.493 116 .873 582
Job Type 21.910 .000 ***  10.287 00 A% 2414 .066 4.603  .004 ** 8.751 000 kx* 11.938 000 **x

* Male = 1; Female = 2;

1 = no hs diploma; 2 = hs diploma; 3 = some college; 4 = bachelor’s; 5 = master’s

¢1=process control, 2=machine tending, 3=assembly/packaging, 4=maintenance

*p <05 *p< Ol **kp< 001 (2-tailed)
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job type affects satisfaction with pay is not surprising,
because pay levels differ among the job types. What is
surprising, however, is the effect of job type on satisfac-
tion with supervision and coworkers. This implies that
the unique nature of the production technology among
the four job types impacts employee interaction with
their supervisor and their coworkers. Overall, these find-
ings offer clear support for Hypothesis 2.

The final phase of data analysis involved multiple com-
parisons to determine which specific job types are sig-
nificantly different in terms of job satisfaction (Hypoth-
esis 3). Differences in job satisfaction among the four
job types is graphically depicted in Figures 2 through
7. Machine tending jobs have the lowest levels of job
satisfaction on five of the six scales while maintenance
and process control jobs have the highest levels of job
satisfaction on all scales, except the promotion scale.
Satisfaction with promotion was low for all job types,
indicating that most employees see little opportunity for
promotion. Overall, graphical analysis clearly supports
Hypothesis 3. Job satisfaction clearly differs by job type
with higher scores among workers in jobs with the high-
est AMT motivating potential (maintenance) and lower
scores among those in jobs with the lowest AMT moti-
vating potential (machine tending).

Despite, the clarity of the graphical analysis, one must
determine whether differences in satisfaction scores
among job types is statistically significant. This requires

multiple comparison tests of mean differences between
satisfaction scores among the job types. Dunett’s T3
multiple comparison test was chosen for this analysis
because it does not assume equal group size as do more
popular multiple comparison tests, like Tukey HSD.
Group size varies considerably among job types from
only 78 employees in process control jobs to 227 em-
ployees in machine tending jobs. Since, intrinsic job sat-
isfaction was of interest in Hypothesis 3, multiple com-
parisons were performed for only the Work and Job in
General scales. Significant p-values (p<.01) were found
for all comparisons involving machine tending jobs. No
other comparisons emerged as significant. Therefore,
only machine tending jobs stand out as having statisti-
cally different job satisfaction scores. Higher scores on
maintenance jobs are overshadowed by dramatically
lower machine tending scores. This analysis offers partial
support for Hypothesis 3. Jobs that were rated lowest
in AMT motivating potential in Table 3 (machine tend-
ing jobs) are, in fact, the least satisfying jobs. Higher
satisfaction scores among those rated highest in AMT
motivating potential (maintenance jobs) did not reach
statistical significance.

Discussion

The purpose of this study was to provide a preliminary
test of the AMT model proposed by Wall et al. (1990a)

Table 6: Regression Statistics for Job Type Controlling for Age and Education

Job Type

JDI Scale Process Machine | Assembly/ | Mainte-

Control Tending Packaging nance F R? R P

(N=78) (N=227) (N=85) (N=85)
Work 28.9 16.9 249 27.6 30.232 .149 .386 000 k%
Pay 30.3 28.6 2589 35.8 6.902 .042 .205 000 ok
Promotion 12.5 9.7 13.5 9.8 0.804 .005 071 102
Supervisors 29.1 28.3 31.6 34.9 3.899 .024 AD5 0D0G Xk
Coworkers 3.7 26.5 31.3 36.0 6.026 036 190 000 ®Ek
Job in General 37.3 26.5 34.6 35.6 15.736 .086 295 000 kxk
¥p< .05 **p< .0l *p< 001 (2-tailed)
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among a large sample of shopfloor employees working in
variety of jobs in an AMT plant. Specifically, the study
was designed to determine whether job satisfaction dif-
fered significantly among four distinct types of factory
jobs and to determine whether differences in intrinsic job
satisfaction among these job types was consistent with
predictions of the AMT model. Overall, findings in this
study demonstrated that job satisfaction differs greatly
among the four types of factory jobs, accounting for sig-
nificant variance beyond the effects of demographic fac-
tors. Significant differences in mean levels of intrinsic job
satisfaction reflected in the JDI Work and Job in General
scales were consistent with the predictions of the AMT
model. Workers in machine tending jobs, which had the
lowest AMT motivating potential ratings, had, by far,
the lowest satisfaction scores.

The primary implication of this study is that it confirms
the major propositions of Wall et al.’s (1990a) AMT
model which proposes that intrinsic job satisfaction in-
creases or decreases in AMT work as an additive function
of the AMT job characteristics. Findings confirm that
AMT jobs with little control over timing, methods, and
boundary conditions, high monitoring demands, low
problem-solving demands, low levels of cost responsibil-
ity, little opportunity for social contact, and low levels
of social support are clearly the least satisfying jobs on
the shopfloor. Jobs with the most satisfying levels of
the AMT job characteristics, on the other hand, did not
stand out in multiple comparisons. This implies that
there may be threshold levels of AMT job characteristics
that must be met to avoid dissatisfaction among shop-
floor employees. Failure to meet threshold levels of these
job characteristics leads to dissatisfaction while efforts to
exceed threshold levels may yield only modest increases
in intrinsic job satisfaction. Thus, the greatest benefit of
the AMT model may rest in its potential for identifying
dissatisfying work designs in AMT systems.

Dissatisfaction among machine operators in the pres-
ent study highlights the need for effective job design
in AMT systems. The same technology can be used to
enrich or to de-skill jobs depending on the tasks included
in the AMT operator’s job (Martin and Jackson, 1988).
Machine operator dissatisfaction in this study may arise
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from the firm’s heavy reliance on specialist control.
Specialist control restricts machine operators to the
mundane rigor of basic machine tending duties leaving
responsibility for problem solving, reprogramming, and
repair in the hands of specialists. Specialist control is as-
sociated with the most dissatisfying levels of the AMT
job characteristics (Wall et al., 1990a) and the lowest lev-
els of intrinsic job satisfaction (Wall et al., 1990b). This
study demonstrates the potential usefulness of the AMT
model in job redesign. Findings in this study indicate
that machine operators are in need of some combination
of enhanced control over the process, reduced demand
for machine monitoring, and increased opportunity for
problem solving, responsibility, and social interaction.
Movement from the present reliance on specialist control
to operator control as described by Wall et al. (1990b)
would certainly be a step in the right direction.

This study represents a first step toward using the AMT
model to evaluate job design. The technique used to
evaluate, score, and derive AMT motivating potential
scores for the jobs in this study may be applied to a va-
riety of AMT jobs. The greatest limitation of this study,
however, is the lack of objective or perceived measures of
the AMT job characteristics. While assessment of these
job characteristics is relatively straightforward, the qual-
ity of researcher ratings is dependent on the experience,
knowledge, and judgment of the rater. The researcher
and company officials in the present study were very fa-
miliar with the manufacturing processes and the design
of the various shopfloor jobs. Ratings of the AMT job
characteristics were used only to rank the motivating
potential of each job type for the purpose of predicting
the most and least satisfying job types. No attempt was
made to assess the direct relationship between individual
AMT job characteristics and job satisfaction based on
these ratings. Such assessments should not be attempted
until standardized procedures are developed to measure
objective or perceived AMT job characteristics. Develop-
ment of reliable measures of the AMT job characteristics
is perhaps the greatest priority for future work in this
stream of research.

This study confirms Blauner’s (1964) argument that
the nature of the production technology employed on

the job greatly influences the work environment and
employee reactions to it. Moreover, this study offers
preliminary evidence that the AMT job characteristics
proposed by Wall et al. (1990a) are useful in predicting
work attitudes in today’s advanced factories. This sug-
gests a need to update the Job Characteristics Model
(Hackman and Oldham, 1975) in favor of an integrative
model that incorporates new job characteristics that are
more relevant to the advanced, computer-controlled fac-
tory of the 21st century. Future research should seek to
develop valid measures of the AMT job characteristics
proposed by Wall et al. (1990a) which will enable re-
searchers to begin the process of developing and testing
an integrative model of job design.

In summary, the present study provides preliminary sup-
port for the AMT model in a large-scale study of shop-
floor employees in an AMT plant. Correspondence be-
tween satisfaction scores and ratings of AMT motivating
potential demonstrate the potential usefulness of these
job characteristics in designing AMT jobs. The relatively
low satisfaction scores of a large group of AMT machine
operators in the present study indicates that problems
with AMT job design may be widespread. These factors
coupled with the rapid proliferation of AMT systems in
manufacturing testify to the enormous potential of this
stream of research. Hopefully, this study will spark re-
newed interest in the AMT model that will lead to the
development of reliable measures of AMT job charac-
teristics which, in turn, will facilicate further theoretical
development and application of the model to effective

AMT job design.
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Covenants Not to Compete: Louisiana vs. Texas

Mitchell R. Theriot, Nicholls State University

K.R. Tilker, Midwestern State University

Introduction

In many businesses, employers and employees enter into
covenants not to compete; this is not a new concept.
However, covenants not to compete continue to pose
legal obstacles to the parties. An employer has an interest
in protecting the significanc value of proprietary and
confidential information. He does not want an employee
to take this information and compete against him. On che
other hand, it is part of the American dream in our free-
enterprise economic system for an employee to be able to
walk away from his employer and start his own business.
How does the legal system strike a fair balance between the
two competing interests?

In 1989, both the Louisiana Legislature and the Texas
Legislature made significant changes in their respective
statuses pertaining to covenants not to compete. This
paper will compare how Louisiana differs from Texas in
its attempt to strike a balance between the competing
interests of an employer and employee. The paper is limited
to a discussion of an employee/employer relationship, not
to the circumstances surrounding the sale of a business and
an agreement not to compete executed along wich the sale.
Both statutory and common-law differences among the
states will be analyzed. Remedies available under Texas
and Louisiana statutes also are examined and compared.
Current statutory law is presented with noted case law
interpretation an insight.

The Texas Approach

Before 1989, Texas statutory law and case law were confused

as to the validity and purpose of employment covemints
not to compete. In an effore co stay che contusion, the Texas
Legislacure passed the 1989 Covenant Not to Compete Act,
a bill adding Sections 15.50 and 15.51 to che Texas Business
and Commerce Code.' In 1993, che Texas Legislature
amended Section 15.51 co apply to employment at will.
It also added co the act Section 15.52, making it clear that
the Covenant Not To Compete Act supplanted che Texas
common law relating to covenants not to compete and
chat the ace was to be applied recroactively.” Section 15.50
of Subchapter E Covenants Not To Compete of the Texas
Business and Commerce Code provides in pertinent part:

(2) Notwithstanding Section 15.006 of this code, and
subject to any applicable provision of Subsection (b),
a covenant not to compete is enforceable it it is ancil-
lary to or part of an otherwise enforceable agreement
at the time the agreement is made to the extent that
it is ancillary to or part of an otherwise enforceable
agreement at the time the agreement is made to the
extent that it contains limitations as to time, geo-
graphical arca, and scope of activity to be restrained
that are reasonable and do not impose a greater
restraint that is necessary to protect the goodwill or

other business interest of the promisee.

The Louisiana Approach

In  reaction to che Louisiana  courts’  restrictive

interpretation of the covenants not to compete statuees,
the Louisiana Legislacure completely redrafeed the stace’s
non-competition statute in July 1989. Change proponents
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of the changes argued that the amendments were needed
to rectify the court’s flawed interpretation of La. R.S. 23:
921. The new statute consists of a general prohibition of
all non-competitive agreements. The general prohibition
is followed by four specific exceptions under which non-
competing agreements are enforceable. Additionally, the
statute sets forth the relief available for the breach of such
an agreement. The current statute provides in pertinent
part:

A. Every contract or agreement, or provision thereof,
by which anyone is restrained from exercising a
lawful profession, trade or business of any kind,
except as provided in this Section, shall be null and
void.

C. Any person, including a corporation and the
individual shareholders of such corporation, who
is employed as an agent, servant, or employee may
agree with his employer to refrain from carrying
on or engaging in a business similar to that of
the employer and/or from soliciting customers of
the employer within a specific parish or parishes,
municipality or municipalities, or parts thereof,
so long as the employer carries on a like business
therein, not to exceed a period of two years from
termination of employment. An independent
contractor, whose work is performed pursuant to a
written contract, may enter into an agreement to
refrain from carrying on or engaging in a business
similar to the business of the person with whom
the independent contractor were an employee, for
a period not to exceed two years from the date
of the last work performed under the written
contract.

D. Upon or in anticipation of a dissolution of the
partnership, the partnership and the individual
partners, including a corporation and the individual
shareholders if the corporation is a partner, may
agree that one of the partners will carry on a
similar business within the same parish or parishes,
municipality or municipalities, or within specified
parts thereof, where the partnership business has

been transacted, not to exceed a period of two
years from the date of dissolution.

G. Any agreement covered by Subsection B, C, D,
E, or G of this Section shall be considered an
obligation not to do, and failure to perform may
entitle the oblige to recover damages for the
loss sustained and the profit of which has been
deprived. In addition, upon proof of the obligor’s
failure to perform, and without the necessity of
proving irreparable injury, a court of competent
jurisdiction shall order injunctive relief enforcing

the terms of the agreement ?

The new statute vastly expands the scope of the legislative
prohibition of non-competition agreements. Unlike the
former statute, which prohibited only non-competition
agreements between an employer and an employee,
Subsection A of the new statute prohibits “every contract
or agreement” that restrains competition except those
specifically provided for in subsections B, C, D and E. The
statute the exempts from this prohibition only those non-
competition agreements that are made by an employer and
employee, a buyer and seller of a business’ goodwill, and
the members of a partnership.*

A 1993 amendment to this statute added independent
contractors to the list of exceptions, and a 1995 amendment
added computer programmers. All other non-competition

agreements are prohibited by the statuce.’

Time Geographical Area and Scope of
Activity Limitation

It has long been the common law in both Texas and
Louisiana that covenants not to compete must contain
reasonable limitations as to time, geographical area, and
scope of activity. However, the Louisiana Legislature
specifically has stated limitations as to time and geographic
area in the statute itself.® Texas, on the other hand, simply
requires that the particular limitation “not impose a greater
restraint than is necessary to protect the goodwill or other

business interest of the promise.”’
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Time

Texas courts usually have upheld time restrictions of one
or two years.® In making such a determination, the main
factor considered is whether the covenant imposes upon the
employee a greater constraint than is necessary to protect
the business and goodwill of the employer.’ In Investors
Diversified Services v. McElroy'®, the court upheld a
covenant not to compete by selling securities for one year
that was limited to current company customers.'' Also
upheld in Travel Masters v. Star Tours,'” a covenant not to
compete in the travel agency industry for two years that
was limited to the travel agency’s clients and customers
list." Regardless of the industry, the time restraint must
be specific. In Emergicare Systems Corp. v. Bourbon,'* a
covenant not to compete for one year was not enforced
because of an indefinite starting time."> Therefore, with
respect to time, the Texas courts determine on a case-
by-case basis whether the agreement not to compete
constitutes a reasonable restraint of trade.

The Louisiana Legislature specifically placed a maximum
time limit of two years in the statute.'® Contracts seeking
to extend non-competition agreements beyond the two-
year statutory limit are null and void."” The two-year
limitation begins to run immediately upon the termination
of employment.' Unlike their counterparts in Texas,
Louisiana judges do not have the discretion to determine
whether a covenant not to compete for a period greater
than two years is reasonable. The Louisiana Legislature has
clearly stated any covenant not to compete in excess of two

years is illegal."’

Geographical Area

As with time restriction, Texas and Louisiana law differ
regarding geographical limitation. The Texas Legislature
adoprted the general language that geographical limitations
are valid as long as the covenant not to compete does not
impose upon the employee a geographical restraint greater
than what is reasonably necessary to protect the business
and goodwill of the employer. As with other elements
of the covenant, the determination of reasonableness is
decided on a case-by-case basis. For example, the limitation
of a twelve-mile radius of an animal hospital in Irving,
Texas, was found to be unreasonable and unnecessary;

evidence was introduced that showing pet owner’s travel,
on average, two miles for pet care in the Irving area.”’ An
example of a geographical area that was deemed reasonable
by the Texas courts was a fifty-mile radius in Houston,
Texas when the covenant concerned an automobile muffler

. i .
franchise.”!

The Louisiana Legislature, on the other hand, specifically
mentions in its statute that an employee may agree to
restrain from carrying on like a business within a specified
parish or parishes, municipality or municipalities, or parts
thereof.™ It is well settled in the Louisiana First, Second,
Fourth, and Fifth Circuit Courts of Appeal, that non-
competition agreements that fail to specify “parish or
parishes, municipality or municipalities, or parts thereof
in which the employer carries on a similar business” are

<=
unenforceable.”

The Louisiana courts’ interpretation is so restrictive that
savings clauses in non-competition agreements  have
been declared invalid and unenforceable. For example,
in one case, a geographical area encompassed within a
non-competition agreement covering seventy-five mile
radius of Shreveport or Bossier City made the employment
agreement overly broad; the agreement could not rewritten
to limit it to the geographical area allowed by statute.™
Furthermore, in Comet Industries, Inc.,” the Louisiana
Second Circuit Court of Appeals held chat a lack of
geographical restriction in an employce’s non-competition
agreement with an employer was not remedied by an
The
provided that if any provision in a non-competition

employment agreement’s “savings clause.” clause
paragraph was “excessively broad,” it would be limited and
reduced to make it compatible with applicable law.

Only the Louisiana Third Circuit Court of Appeals has
maintained a broad interpretation of enforcement of non-
competition agreements. The court held an agreement does
not have to specify the parishes of applicability if they are
identifiable.”® The discrepancy among the circuit courts
will remain until the Louisiana Supreme Court rules on
the issue.
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Scope of Activity

Generally two types of scope-of-activity limitations exist:
those that prohibit the employee from soliciting the
employer’s customers and those that prohibit the employee
from engaging in any competitive business. Texas and
Louisiana common law are similar when it comes to scope
of activity.

Texas courts have ruled that “reasonable” limitations
on customer solicitation are  valid and enforceable.?’
However, the Texas courts have limited their view on what
is considered to be solicitation. Accordingly, the courts
consider covenants that bar all types of solicitation to be
overbroad and unreasonable.?® To be considered reasonable,
the limitation must be based on “ a connection between the
personal involvement of the former firm member and the
client.”* Covenants against solicitation should be limited
to customers with whom the employee had contact during
the employment. If the covenant is not limited in this way,
the Texas courts will find it overbroad.
In dealing with the limitations that prohibit any
competitive activity, the Texas courts generally uphold
the limitations when the employer is engaged in a single
type of business.** When the employer is engaged in
multiple business types, the limitation is unreasonable
unless it is limited to the specific type of business in which
the employee worked for the employer at the time.*' In
one Texas case, a recruiter specialized in placing only data
processors Her covenant not to compete provided that she
could not work for any other placement agency within a
fifty-mile radius of any city in which the firm operated
an office. After she was terminated, she went to work for
another placement agency but recruited only employees
for underwriting positions with insurance companies.
The court held that the scope-of-activity limitation in her

N
covenant was overbroad and unreasonable.®

Similar to Texas, Louisiana courts have upheld non-
solicitation agreements as long as they were limited to
the customers for items the employces sold.** Otherwise,
deemed  overbroad and

the agreements would Dbe

unenforceable.

In dealing with limitations that prohibit any competitive
activity, Louisiana courts have differing views. In one
case, a production manager for a construction company
signed an agreement not to directly or indirectly engage
in competition with the employer. Within one year of
the agreement, the employee resigned and accepted
a job with a competicor. The court held that the non-
competition provision in the former employee’s contract
was overbroad under the non-competition statute and
thus unenforceable.® In another Louisiana case, the court
upheld that a covenant not to compete can be prohibited
by non-competition agreement regardless of whether it
is the employee’s own business or whether the employce

works for another.>

Enforcement

Both Texas and Louisiana law allow for injunctive relief,
damages, or both. Texas law states that under a covenant
not to compete, a court may award the promisee damages,
injunctive relief, or for a covenant breach by the promisor.®
Although the Louisiana statuce does not specify injunctive
relief, it does allow it. The legislature designated non-
competition agreements as obligations not to do so.*” This
designation brings such agreements within the realm of
Louisiana Civil Code Article 1987, which has been held
to allow injunctive relief without the usual requirement of
proving irreparable harm.

The Texas Legislature allows a court to reform a covenant
not to compete that is deemed overbroad as t time,
geographical area, or scope of activity that is not greater
than necessary to protect the goodwill or other business
interest of the promisce.™® The Louisiana Legislature
does not mention reformation in the statute.’” A review
of jurisprudence since 1989 shows that Louisiana courts
have beea reluctant to reform covenant not to compete

agreements.

Conclusion

It is interesting to observe how state governments differ
in addressing a common issue such as covenants not to
compete. The approaches taken by the Texas Legislacure
and Louisiana Legislature to satisfy competing interests
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of employers and employees demonstrates the problem’s
complexity. The Texas approach allows courts more
flexibility to determine whether a covenant not to compete
should be enforced, reformed, or judged invalid. Texas
courts have the freedom to reform an overbroad covenant
not to compete and to make it reasonable as it relates to
time, area, and scope of activity.

The Louisiana Legislature has approached the issue
differencly. The state’s statute is more restrictive that is
Texas’. Louisiana courts do not have the flexibility that Texas
courts do. While Texas law states a reasonable restraint as
to time and geographic area, Louisiana specifically limits
its covenants to a maximum of two years and requires an
enumeration of the geographical area. Both states’ courts
treat the scope of activity requirements similarly.

The enforcement provisions of the respective statutes also
differ. Although the two states allow for injunctive relief,
damages, or both, Texas okays reformation while Louisiana
is silent on the matter. Again, the approach by Texas allows
its courts greater flexibility than Louisiana’s are given.
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Is Economic Freedom Good or Bad for the Economy

Chris Manner, Lambuth University

Introduction

Economists have long argued that the freedom to own
property, trade, and carn a profit are essential ingredi-
ents for economic progress. Indeed, a number of recent
empirical studies have found a positive relationship be-
tween economic freedom and growth (see, ¢.g., Barro
1991: Barro 1994; Scully and Slotgye, 1991; Vanssay
and Spindler, 1994; Torstensson, 1994). It seems that
economic freedom generates the proper incentives for
entreprencurial activity, hard work, and the efficient use
of resources. On the other hand, it is generally believed
that the efficiency and wealth created by the free market
system comes at the expense of other social goals, such
as economic equality and a clean environment. The pur-
pose of this study is to investigate the second concern.
Specifically, a cross-country analysis is used to determine
the effect of various types of cconomic freedom on per
capita CO, emissions. Since the greenhouse effect and
global warming are major environmental concerns and
since economic freedom is considered vital for economic
growth, the link between the two is of great impor-

tance.

The paper is organized as follows. The second section
provides some theoretical considerations on the relation-
ship between economic freedom and the environment.
The data are presented nexe, followed by the estimation
results. The paper ends with a brief summary of the main
points.

Some Theoretical Considerations

The relationship between economic freedom
and the environment is complex. CO | s a global pollut-
ant. As such, there is a free-rider problem that compli-
cates the reduction of emissions. In addition, there are
several components of economic freedom that may be
important for environmental quality. Three simplified

hypotheses may help in our understanding of che issuc.

First, a quadratic, or inverted U-shaped, relationship
may cxist between CO | emissions and  government
intervention in the economy. In countries with licele
government involvement, tncreases in public expendi-
tures are likely to focus on industry and infrascructure
development. Naturally, these projects will mvolve an
increase in environmental degradation. At higher levels
of government intervention, however, the public secror
takes on a greater role as a redistributive agent, which
results in increased income equality. This, in turn, has a
positive effect on the demand for environmental qualicy
(Magnani, 2000). Also, to the extent that a clean envi-
ronment is a luxury good, it is likely that this good will
only be demanded when the demand for other public
goods has been satisfied. This is most likely to occur at

high levels of government intervention.

Sccond, lower inflation rates and a stable macrocconomic
environment lead to more efficient invesement decisions
and encourage long-term investments. Lack of price
stability is a scrious problem for development since in-

vestment declines when price signals are not clear. Most
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environmental investments involve long time horizons
and will not be made without a belief that the economy
will be stable until the payoffs are received. As a result,
a stable macroeconomic environment can have a positive
effect on the environment.

A third component of economic freedom that is likely
to impact CO, emissions is the extent to which environ-
mental regulations are imposed on industry. These regu-
lations may take the form of direct control of pollution
by the state or indirect control through a system of tax
incentives. In either case, greater regulatory burdens on
business are expected to reduce CO, emissions.

The Data

The data, except for the freedom measures, come from
World Development  Report 2000/2001. CO, emissions,
measured in metric tons per capita, are emissions stem-
ming from the burning of fossil fuels and the manufac-
ture of cement. They include contributions to the carbon
dioxide flux from solid fuels, liquid fuels, gas fuels, and
gas flaring. The GDP per capita data is converted into
international dollars using purchasing power parity.

The data on economic freedom are obtained from the
Heritage Foundation's Index of Economic Freedom. To

Table 1: Description of Freedom Categories

measure economic freedom and rate each country, the
authors of the, Index study 50 independent economic
variables. These variables fall into 10 broad categories,
or factors, of economic freedom: trade policy, taxation,
government intervention in the economy, monetary pol-
icy, capital flows and foreign investment, banking, wage
and price controls, property rights, regulation, and black
market. Each country is rated for every category on a
scale between one and five. Three of the categories are
used to test the hypotheses described in section 2: gov-
ernment intervention in the economy, monetary policy,
and regulation. A brief description of these categories is
given in Table 1.

The sample includes 135 countries and all data are re-
ported for the year 1999. Descriptive statistics are pre-
sented in Table 2 and the correlation matrix is presented
in Table 3. Note that all variables except Government
Intervention are positively correlated with CO, and all of

the freedom variables are positively correlated with Per
Capita GDP.

Empirical Analysis

In an effort to answer the question hew economic free-
dom relates to the environment, a linear regression mod-
el is used. CO, emissions are assumed to be a function of

Category Description

Government Intervention

ership of property

* Government consumption as a percentage of the economy
* Government ownership of businesses and industries
*Share of government revenues from state-owned enterprices and government own-

* Economic output produced by the government

Monetary Policy

* Average inflation rate from 1991 to 1999

Regulation

* Labor regulations

* Licensing requirements to operate a business
¢ Ease of obtaining a business license
¢ Corruption withing the bureaucracy

* Environmental, consumer safety, and worker health regulations
* Regulations that impose a burden on businesses
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Table 2: Descriptive Statistics

Mean Std. Deviation Minimum Maximum
CO, 1.38 291 0 22,00
Per Capita GDP 7477.68 821229 414 38247
Government  Interen- 3.27 0.87 I 5
tion
Monetary Policy 291 1.5+ 1 5
Regulation 2.58 0.92 1 5
Table 3: Correlation Matrix
CO, Per Capita Government  Monerary Regulation
GDP [nterention Policy
Co, |
Per Capita GDP A DR l
Government Interention -0.079 18D * |
Monetary Policy RIS SR7* 0.101 1
Regulation RSk HOI** Y2 HAW R 1

Table -i: Resules of Regression Analysis

Variable Coctticient
Per Capita GDP 0821
(10.9-10)¥**
Government Intervention 0.407
(1.0OSY*
(Government Intervention)” 01541
-L.oaD*
Monectary Policy -0.189
(-2.98 [)F
Regulation 0.130
(LY39)y*
N =135
R° = 0.667

Adjusted R* = 0651
F-test 52.004

Notes:

t-values are reported in parenthesis
wdx Significant at the 0.01 level
*3# Significant at the 0.09 level

* Significanc acthe 0.10 level
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per capita GDP and the various measures of economic
freedom. The squared term of the variable Government
Intervention is included in the model to test the possibility
of a quadratic relationship.

Table 4 presents the results of the regression model. Con-
sistent with other studies, the model indicates a positive
relationship between Per Capita GDP and CO, emis-
sions. The estimated coefficients for the Government Inter-
ventzon variables imply an inverted U-shaped relationship
between the freedom variable and CO, emissions, with
a turning point at an index value of 3.1. Consequently,
in economies with relatively low levels of government
intervention, an increase in freedom (less government in-
tervention) reduces emissions, while the opposite is true
at high levels of government intervention.

Regarding the other economic freedom variables, the
estimated coefficients support the original hypotheses.
Price stability has a negative impact on CO, emissions.
This is consistent with an earlier finding by Munasinghe
and Cruz (1995) that removal of price distortions con-
tributes to both economic and environmental gains.
Furthermore, CO, emissions are an increasing function
of regulatory freedom. In countries that impose fewer
business regulations, CO, emissions tend to be higher.

Conclusions

The results in the previous section should be interpreted
with some care. Economic freedom is difficult to quanti-
fy. The Index of Economic Freedom used in this study, while
consistent with other measures of economic freedom,
may be conceptually flawed. Moreover, it is not possible
to directly relate the economic freedom indices to the
hypotheses described in section 2. As is often the case, it
is difficult to know exactly what drives the results. Still,
there are some interesting findings.

The study predicts a positive relationship between CO,
emissions and per capita GDP, which supports earlier
studies. Increased economic freedom, in the form of less
government intervention, decreases CO, emissions when
the level of government intervention is low but increases
emissions when intervention is high. Increased price sta-

bility and greater environmental regulation reduces CO,
emissions. Hence, the relationship between economic
freedom and the environment is complex. Depending on
the type of freedom and the extent to which that freedom
is guaranteed the effect may be positive or negative.

It would be desirable to extend this analysis to other
types of environmental measures and to compare the re-
sults using alternative indices of economic freedom. But
these are tasks for the future.
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