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CHAPTER 1

INTRODUCTION

Tax credits, which are amounts that are allowed to be
applied directly against a tax liability, have been used
frequently in the United States within the past quarter
century as part of the income tax system. Often in the past,
Congress has enacted various tax credit measures solely under
the presumption or belief that the measures will be effective
in fulfilling the perceived or stated purpose. Over the
years, tax credit provisions have become a part of the law
for a number of reasons. They have been designed to, among
other things, stimulate the economy, provide equity among
taxpayers, or encourage some activity deemed beneficial by
Congress. One of those credits, the investment tax credit,
is the subject of the research in this paper.

The investment tax credit originally became part of the
income tax law in 1962 during the Kennedy administration.

The credit was proposed in and enacted by Congress based upon



the Dbelief that it would encourage the purchase of certain
types of business assets, which would result in a stimulation
of investment and growth within the U.S,. economy.
Additionally, Congress accepted the argument that the level
of unemployment would be reduced. Although beginning with
the period of its original enactment the primary goal of the
investment tax credit was to promote capital formation, the
credit was billed by its promoters as a panacea that would
mitigate many of the nation’s economic maladies.

The investment tax credit’s primary goal of promoting
capital formation is considered to be a worthwhile economic
goal. Although capital formation may give rise to many
complex social and economic consequences, Hickman [1975]
cited the following four primary reasons why increased

investment spending and capital formation are important:

1. Jobs. Increased ... capital constitute(s) the
gquickest and most direct way to put resources at the
disposal of those persons who will wuse them to

expand business operations and jobs....

2. Productivity. Increased .o capital make(s)
possible the increased productive capacity that
enables workers to turn out more goods and

services....



3. Real Wages. As increased ... 1investment permit(s)
workers to turn out more goods and services, there

is more to share and real wages can increase....

4., Inflation. Increased ... investment, by increasing
productivity and the amount of goods and services
produced, help(s) keep prices down. ([Hickman, 1975,
P. 282].

It appears that since the credit”s origin, the general
consensus among legislators has been that the investment tax
credit does provide a stimulus for an increased level of
investment spending for equipment by American business
entities. However, the credit was suspended one time because
it was considered too stimulative. It was abandonkd later
because it was considered too inflationary. Nonetheless, on
balance, it has been considered to be a necessary element
during about 18 of the last 21 years. The belief that the
credit has acted as a stimulant to investment spending is
also maintained by a number of researchers in the economnics
field. However, there is also the belief held by others that
the investment tax credit 1is not an effective tool for
stimulating growth in investment spending., This contrary
stance also appears in the scholarly 1literature on the
subject.

It seems in the past, particularly in the political

arena, that the issue of the investment tax credit has been




discussed basad upon theoretical and ideological views of
"interested persons" rather than upon factual empirical
evidence, The basic issues of proper policy, such as with
the investment tax credit, should be clarified by a series of
empirical analyses. The difference between what 1s supposed
to happen and the actual investment behavior needs to be
examined further ain order for more certainty to exist
surrounding the national tax policy relating to the

investment tax credit.

Statement 9£ the Problem and Research Purpose:

The poor performance of the American economy in

recent years has generated considerable interest in

the use of tax policy to stimulate economic growth.

Opinion regarding the possible effectiveness of tax

policy in achieving this objective differs sharply.

[Aaron and Pechman, 1981, p. viil.

The investment tax credit was originally enacted 1in
1962, when the economy of the United States was performing
far below its potential. The investment tax credit was
intended to spur lagging vreplacement and net additions to
capital in oxder to increase the national growth rate.
However, during the process of considering the investment tax
credit provisions, Congress accepted with little questioning

the purported benefits that would result from the enactment

of the provisaions. "... An examination of the 1legislative



history of the investment tax credit ... contains very little
evidence that Congress conducted any serious or thorough tax
analysis of the issues involved." [Klein, 1976, p. 507].
Nevertheless, the investment tax credit provisions became a
part of the tax law in the United States at that point, and
except for two interruptions (October 10, 1966 until March
10, 1967 and April 18, 1969 until August 16, 1971), these
provisions have been a part of the law for over twenty-one
years.

Despite this experience period of over two decades, it
is still debatable whether the investment tax credit is an
appropriate means (in terms of cost and benefits and relative
efficiency) for achieving the increase in the economy as a
whole. But perhaps more significant, it 1s still debatable
whether the investment tax credit even 1is effective in
meeting its primary goal of stimulating investment. In the
meantime, the provisions have cost the United States Treasury
billions of dollars in terms of lost revenues (estimated to
be $19.255 billion in fiscal year 1982 and $17.170 billion in
fiscal year 1983 for the regular investment tax credit.
[Executive Office of the President, 1983, pp. G-27].)
Further, "estimates of the effect on investment vary widely.
These questions (relating to the effectiveness and efficiency
of the credit) are still unsettled." [Fromm, 1971, p. viil].

A number of empirical studies have been generated over

the past two decades relating to the impact of the investment
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tax credit provisions on the level oFf investment spending
within the United States. Both simplistic and sophisticated
research efforts have been performed examining the issue of
the impact or effectiveness of the inveslment tax ccedit, vet
in retrospect it seems that none of the efforts have proven
to be totally satisfactory. However, the z2ffectiveness of
the investment tax credit as an incentive to 1nvestment
spending is very difficult to evaluate ©because many
influences impinge directly and indirectly on capital
outlays.,

These issues surrounding the investment tax credit are
too important to our national economy to remain unsettled.
Therefore, it is appropriate to examine one of these issues
again. The purpose of this research is to examine the impact
of the investment tax credit as a stimulant to investment
spending in the United States economy. Moreover, a research
methodology is utilized that has not been formerly reported

in the literature with respect to this topic.

Specific Topic of the Research:

The specific research questions to be examined are:

1. Has the availability of the investment tax credit
provisions given rise to an increased 1level of
investment expenditures within the United States
economy over the level of investment expenditures
that would  Thave been  expected without the
availability of the provisions, and




2. Has an increase in the rate of the investment tax
credit given rise to an increased level of
investment expenditures within the United States
economy over the level of investment expenditures
that would have bazen expected had the investment tax
credit rate not been increased?

In examining the first research question, a time-period
surrounding January 1, 1962 is tested. January 1, 1962 was
the effective date of the legislation which first allowed the
investment tax c¢redit. In examining the second research
question, a time-period surrounding January 21, 1975 1is
tested, January 21, 1975 was the effective date for
legislation that allowed an increaszs 1in the rate of the
investment tax credit from seven to ten percent.

The main null and alternative hypotheses that result

from these research questions are:

Hol: The availability of the investment tax credit pro-
visions has not increased the level of investment
spending within the United States economy over the
level of investment spending that would have been
expected without the availability of the invest-
ment tax credit.

Hal: The availability of the investment tax credit pro-
visions has increased the level of investment
spending within the United States economy over the
level of investment spending that would have been
expected without the availability of the invest-
ment tax credit.

Ho2: The increased investment tax credit rate has not
increased the level of investment spending within
the United States economy over the level of in-
vestment spending that would have been expected
had the investment tax credit rate not been in-
creaced.

Ha2: The increased investment tax credit rate has in-



creased the level of investment spending within
the United States economy over the level of in-
vestment spending that would have been expected
had the investment tax credilt rate not been in-

creased.

The study is limited to the

rzlating specifically to the

affect

of the provisions

regular investment tax cvredit as

described in sections 38 and 48 of the Internal Revenue Code.

Accordingly, the effect of
energy tax credit and rehabilitation
available when making

will not be included in the research.

Additionally, only domestic
considered 1in the
intended to stimulate investment

predominantly 1in the United States.

investments made during the periods

included.

Research Design:

The selected methodology of the

investment

other types of tax credits (e.q.

credit) that are

other types of specific acquisitions

spending is

study since the investment tax credit is

in propercty used

Therefore, foreign

examined are not

research tests +the

impact of the tax policy "directly" rather than "indirectly,"

as suggested by Fisher [1971, p. 243].
in the past has taken the indirect
reasoning is made that tax policy

behavior, not independently,

Much of the

affects

research
approach where the

investment

but through variables such as



cost of capital, rate of return, 1liquidity, etc. The
conflicting raesults in previous resgarch reflect an
underlying lack of agreement among economists as to the
specific determinants of investment and their relationships
to each other and as to how the investment tax credit
variable interacts with these determinants of investment.
The authors approached the problem by analyzing the
determinants of investment rather than the effects of tax
policy on investment. According to Fisher [1971, p. 2441},
"the theoretical basis for such treatment of tax effects (the
“indirect’ method) 1is strong. Nevertheless, it seems a
dangerous way to proceed 1if the focus is on these very
effects."” The difficulty with the indirect approach is that
the results rest entirely on the assumption that the effects
of tax policy could be represented as occurring completely
and exclusively through the effects on the variables
specified 1n the investment models and as indistinguishable
from the effects of anything else causing the same changes on
these variables. That is, the assumption is made that the
only changes that occur in the investment function variables
is because of the change in tax policy.

The "direct" approach, which is utilized in this study,
considers the tax policy (the availability of investment tax
credit and an increase in the rate of the investment tax
credit) as an additional factor that is to be taken into

account by an investor when making an investment decision.
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Accordingly, in this study’s research design, the investment
tax credit is considered a part of the investment decision
just as are other influencing factors.

The research is performed by completing two major steps,
In the first step, multiple regression analysis is utilized
whereby the flow of orders for investment items is regressed
on the economic variables that are believed to influence the
level of investment activity. Three types of investment
orders series are included in the regression analyses:
qualified investment orders, which includes those assets that
may give rise to claiming the investment tax credit; total
investment orders; and nonqualified investment orders, which
includes those assets that can not give rise to claiming the
investment tax credit. In any period included in the study,
the sum of the qualified and nonqualified investment orders
equals the volume of the total investment orders.

As a result of this step, the £f£luctuation in the level
of investment can be attributed either to the economic
variables {(the ‘'"explained" portion) or to factors not
included in the regression equation (the "unexplained"
portion or residual). The purpose of the regression analysis
step 1is to isolate the level of the investment spending that
may be attributed to forces or influences other than the
specified determinants of investment (i.e., the residual).

The regression equation from the first step has an

implicit additive error term (the residual) that accounts for
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unexplained variance 1in the regression equation. By
subtracting the estimated talues of the flow of investment
from the actual values, the residual series results which

represents the unexplained movements in the investment flow.

In second step of the

analysis technique is

derived from the multiple

determine if
after the institution of the
and after the rate change in
from the series hefore the

available and Dbefore the

time-series experiment,

interrupted time-series

experiment" to evaluate governmental reform.[Glass et

37. The time-series

the evaluation of the intervention effects of the

tax credit, particularly
utilized previously with
"Interventions into

effect’ but

is considered to be

research design, a

performed

in this

experiment,

since this

societies...
‘an effect pattern’ across

valuable

time-series

on the residual series

regression analysis step to

the time-series pattern of the residual series

investment tax c¢redit in 1962

1975 are significantly different

investment tax c¢redit Dbecomes

rate changes, respectively. The

case, characterized as an

is an "unplanned

al p.

design offers a unique perspective on

investment
technique has not been

respect to this issue.

do not have merely ‘an

time." This technigue

in studying the impact on

investment after the institution of the investment tax credit

or after rate changes in the provisions in the sense that any

such effect can be observed as being

increasing or decaying, etc.

immediate or delayed,

[Glass et al p. 5].

. e s e
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The general time-series model adapted for this purpose

is based upon the Box-Jenkins [1976] (BJ) techniques. The BJ

methodology models a time-series of data using an
autoregressive-integrated-moving-average (ARIMA) format,
Using a minimization of least squares criterion, the

methodology fits the data to an autoregressive (AR) model
(which characterizes the data as a function of its previous
observations), a moving-average (MA) model (which
characterizes the data as a function of the previous random
shocks), or a combination of these two models. In order to
insure stability of the time~series around a given mean, the
data is fit either in the original form or in a differenced
form. The "I" (1n the abbreviation, ARIMA) represents the
degree to which the data is differenced. Additionally, the
BJ methodology adjusts for seasonality by forming the model
as a multiplicative combination of a seasonal model and an
adjacent period model.

An adaptation of the above BJ technique, called
intervention analysis, is utilized in this research.
Intervention analysis was introduced by Box and Tiao [1965
and 1975] and 1is capable of describing a process that
involves an intervention, such as the enactment or rate
change of the investment tax credit. This adaptation of the
general time-series technique 1is designed to capture any
effect pattern, whether it be immediate, delayed, or gradual,
which is associated with an intervention such as the

investment tax credit.
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As suggested by Pindyck and Rubinfeld, this research
design in which Dboth regression and time-series techniques
are utilized is likely to provide a better representation of
the flow of investment,K spending than the regression equation
alone, or a time-series model alone. This is the case, they
assert, "since it includes a structural (economnic)
explanation of that part of the variance that can bhe
explained structurally, and a time-series “explanation’ of
that part of the variance that can not be explained
structurally." [Pindyck and Rubinfeld, 1976, p. 539].

In conjunction with the two major steps of the study
described above, the following supplementary procedures are
also conducted. Firstly, an examination of possible
interaction between the investment tax credit and the various
economic variables utilized in this study is considered.
This procedure 1is necessary Dbecause the presence of any
significant interaction of this nature could tend to mask or
convolute the results of the tests, whether an association
between the investment tax c¢redit and investment activity
truly exists or not.

Secondly, a series of intervention analyses is performed
on the qualified, total, and nongqualified investment orders
series in addition to the intervention analyses performed on
the residuals derived from the multiple regression analyses.

These ancillary tests are performed in order to confirm the
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directional nature of any association found between the
investment tax credit and investment activity.

As mentioned above, the regression and intervention
analysis steps are conducted using three investment series.
Of these three series, the qualified and total investment
orders are the investment series of primary interest. In an
experimental group versus control group classification
scheme, these two variables are a part of the experimental
group. The nonqualified investment orders series are used as
a part of a control group. The control groups help mitigate
the presence of exogenous variables in the economic
environment which are not specifically accounted for in the

research design,

Format of the Dissertation:

The chapters of this dissertation which follow discuss
the eligibility requirements and historical background of the
investment tax credit; present the theoretical background of
the investment function, a discussion of the relevant works
in the investment literature, and a discussion of the
economic variables utilized in this study; more specifically
discuss the research questions and Thypotheses at hand and
expound further upon the research methodology used to address
these questions and hypotheses; present the results of the
tests performed; and finally provide a summary of the work

performad along with concluding comments.
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A summary of the requirements established for property
which qualifies for the investment tax credit is presented in
Chapter 2 along with a chronology of the development of the
investment tax «c¢redit throughout its years of existence.
Included in this discussion are statements which provide
reasons for the credit’s creation and 1ts continued existence
throughout its legislative history.

Chapter 3 presents the theoretical background which is
often considered by researchers when attempting to explain or
understand the investment function. Literature which is
relevant specifically to the research questions addressed in
this study is also reviewed. Following this review, economic
variables are presented which are considered to be
influential factors with respect to investment spending
decisions. These influencial variables noted are the ones
which are used for purposes of determining the "explained"
portion, and hence the "unexplained" or residual portion, of
the investment flow in the multiple regression analyses.

The methodology utilized in testing the research
questions and hypotheses and the time-periods included in the
testing are more fully described in Chapter 4. A linear
mathematical model is developed for determining the
"explained" and "unexplained" (the residual) portions of the
investment flow for the periods of time around two points
when the investment tax credit becomes available or when the

investment tax credit provisions change. Furthermore,
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time-series modelling procedures are specified in each case
in order for the intervention analysis to be performed.
Additionally, the preliminary testing applied to the raw
economic data and the ancillary testing applied to the
investment orders series are also discussed.

Chapter 5 discusses the results of the tests performed
as mentioned in Chapter 4. An interpretation of the results
and conclusions regarding the association of the investment
tax credit and investment activity are also presented.

Finally, Chapter 6 offers a summary of the resecarch and
the primary conclusions reached. Furthermore, the major
contributions of the study are discussed along with
suggestions for useful and potential future research and

recommendations relative to the investment tax credit.
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CHAPTER 2
ELIGIBILITY REQUIREMENTS AND HISTORICAL BACKGROUND

OF THE INVESTMENT TAX CREDIT

This chapter discusses the eligibility requirements for
assets that qualify for the regular investment tax credit.

This discussion encompasses a summary of the Internal Revenue

Code Sections that specify the rules which govern which asset

acquisitions may give rise to the investment tax credit.
Further, this chapter presents an historical perspective to
the evolution of the investment tax credit legislation £from
its original enactment up to the present state of affairs.
This section of the chapter includes comments of proponents
and opponents of the credit throughout the investment tax

credit’s history.

Eligibility Requirements:

This section of the chapter provides an overview of the

provisions of tax law which define the property that
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qualifies for the investment tax credit. Since the assets
that may be classified as "qualified investment" as mentioned

in Section 46(c)(l) of the Internal Revenue Code have changed

only slightly over time, this discussion will focus primarily
on the current eligibility regquirements.
Property that qualifies for the investment tax credit is

generically referred to in the Internal Revenue Code as

"Section 38 property." Section 38 is the code section which
provides the authority for the credit upon the acquisition oF
certain depreciable property. The definition of "Section 38

property" 1is given in Section 48(a) of the Internal Revenue

Code. Appendix A includes excerpts from Sections 38 and 48.
The depreciable property that meets the definition of

Section 38 property includes:

1. tangible personal property (except for air

conditioning and heating units). [ Internal Revenue

Code, Section (48)(a)(1)(a)].

2. other tangible property (except buildings and its

structural components) if it—-—

a. 1is used as an integral part of a manufacturing,
production, or extraction process, or in
providing transportation or certain public
utility services; or

b. constitutes a research facility used in
conjunction with any of the activities referred
to above (i.e., manufacturing, production,
etc.); or
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Q

is a bulk storage facility of fungible goods if
it dis wused in connection with any of the
activities referred to above (i.e.,
manufacturing, production, etc.). [ Internal
Reveniue Code, Section 48(a)(1)(B)]. T

Certain new elevators and escalators acquired or put
into service after June 30, 1963. [ Internal

Revenue Code, Section 48(a)(l)(C)].

Single purpose agricultural or horticultural

structures [ Internal Revenue Codg, Section

48(a)(1)(D)1].

The portion of the basis of a rehabilitated building
which 1s attributable to qualified rehabilitation

expenditures. [ Internal Revenue Code, Section

48(a)(1)(E)].

A certain portion of the basis of qualified timber

property L Internal Revenue Code, Section

48 (a) (1) (F)].

A storage facility which 1is not a building or a
structural component of a building that is wused in
connection with the distribution of petroleum or
certain petroleum related products. [ Internal

Revenue Code, Section 48(a)(1)(G)].
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Further, for the property to qualify for the investment
tax credit, it may not be used predominantly outside of the

United States [ Internal Revenue Code, Section 48(a)(2)(a)].

Exceptions to this general rule involve certain property used
in international transportation and communication activities

[ Internal Revenue Code, Section 48(a)(2)(B)].

Property which is used to furnish lodging or used in
connection with furnishing nontransient 1lodging is not

Section 38 property. [ Internal Revenue Code, Section

48(a)(3)]. However, exceptions to this general rule include:

1. nonlodging commercial facilities that are equally
accessible to persons using the lodging facilities
and those not using the lodging facilities; [

Internal Revenue Code, Section 48(a)(3)(a)].

2. property used by a hotel or motel in its conduct of
the business of providing lodging if the
accomodations are used predominantly by transients;

[ Internal Revenue Code, Section 48(a)(3)(B)].

3. coin-operated vending machines, washing machines,

and dryers; [ Internal Revenue Code, Section

48(a)(3)(C)]. and

4. the portion of the basis of historical structures
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which is attributable to qualified rehabilitation

expenditures. [ Internal Revenue Code, Section

48(a)(3)(D)1].
Within certain 1limitations and except for Thorses,
livestock acquired by taxpayers for use in their trade or
business or held for the production of income may be treated

as Section 38 property. { Internal Revenue Code, Section

48(a)(6)].

Property that may otherwise qualify for the «credit may
not be classified as Section 38 property if it is used by
certain tax-exempt organizations. However, such property
shall be treated as Section 38 property if it is used in an
unrelated trade or business by such tax-exempt organization
and the income from such trade or business is subject to

income tax. [ Internal Revenue Code, Section 48(a)(4)].

Property that is used by the governments of the United
States, any state or political subdivision thereof, any
international organization or any instrumentality of any of

the above shall not receive Section 38 treatment. [ Internal

Revenue Code, Section 48(a)(5)].

Any property for which an election has been made to
amortize expenditures relating to the rehabilitation of
low~income rental housing, certain railroad rolling stock, or
certain expenditures for child care facilities shall not be

considered Section 38 property. [ Internal Revenue Code,

Section 48(a)(8)].
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Lastly, in most instances, boilers that are fueled
primarily by petroleum or petroleum products are not

categorized as Section 38 property. [ Internal Revenue Code,

Section 48(a)(10)(A)]. However, several exemptions to this

rule are provided. [ Internal Revenue Code, Section

48(a)(10)(B)].
The above summary constitutes the general eligibility

requirements under the Internal Revenue Code for assets

qualifying for the investment tax credit. Even though the law
may seem to be adequately specific, situations still arise
where it is difficult to determine, because of the nature of
an asset involved, for instance, whether an item is tangible
personal property, and therefore eligible for the investment
tax credit, or whether such property constitutes a structural
component of a building which is not eligible. In order to
clarify and expound upon the above law, regulations have been
issued by the United States Department of the Treasury. The
regulations, which are to act as guidelines 1in the
operationalization of the investment tax credit provisions,
are found under Sections 46 through 50. Further, the United
States court system has been called upon in many situations
to interpret the law in cases where there has been a
discrepancy as to the eligibility of a particular piece of
property or with the application of the investment tax credit

provisions in a particular set of circumstances.
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Moreover, the Internal Revenue Service has promulgated
its interpretation of the law in situations where questions
and potential and actual discrepancy have existed. These
interpretations have generally been released in the form of

Revenue Rulings and Revenue Procedures.

An Historical Perspective of the Investment Tax Credit:

In order to understand the nature, purpose, and effects
of the investment tax credit as an incentive to investment
spending, it is important to be aware of the historical
development of the provisions. Therefore, in this section of
the chapter, an historical perspective 1is provided of the
investment tax credit in the United States since its origin
up to the current status of the provisions. It should be
noted that the chronology which follows has necessarily been
abbreviated to some extent; however, the essence of the
historical development of the provisions is provided.
Although many of the technical aspects of the provisions are
emphasized below, it is also important to note that stated
rationale for creating, suspending, or repealing the
provisions also 1is provided. The Justification for the
legislation dealing with the investment tax credit which 1is
summarized below 1is that which has been suggested by the
major proponents of the legislation (e.g., the President,

cabinet members, Congressional leaders, etc.).
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An investment tax credit equal to seven percent of the
cost of qualifying investment expenditures was first adopted
in the United States in 1962, [ Internal Revenue Code,
Section 46(a)(l)]. The investment tax credit provisions were
enacted by Congress wid signad by President Kennedy as a part
of the Revenue Act of 1962. ["Revenue Act of 1962," P.L.
87-834, Section 2(a)l.

A reason for the introduction of the provisions and
their wultimate passage, at least in part, is the economic
environment of the 1950s and early 1960s. LIt was generally
recognized by economists, government planners, and other
concerned individuals that the United States had to do
something to make its industrial capacity and output more
efficient and more competitive with that of foreign
countries, even though excess capacity existed during the
period. It was feared that unless the competitive position
were to improve, demand would increasingly be supplied by
foreign producers. Furthermore, 1t became apparent that the
packlog of consumer demand that arose during World War II
had, in large part, been met by this time and as a result,
investment spending was declining. Therefore, because of the
low level of domestic demand, lagging employment, and
accelerated growth in foreign countries, a sense of urgency
existed calling for an increase in the rates of growth and
investment. President Kennedy believed that the investment
tax credit was needed to help reverse the lagging trends

within the American economy. [Posey, 1978, pp. 43-46].
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In response to these needs perceived by the Kennedy
administration and others, the President stated the following
in a special message Lo Congress early in 1961, only 13 days
after his inauguration:

Expansion and modernization of the nation’s
productive plant is @ssential to accelerate
economic growth and to improve the international
competitive position of American industry.
Embodying modern research and technology in new
facilities will advance productivity, reduce costs,
and market new products. Moreover, an early
stimulus to business investment will promote
recovery and increase employment.

Among the reforms of the Federal tax system
which 1 expect to propose ... is a modification of
the income tax laws to provide additional
incentives for investment in plant and equipment.
[Kennedy, 1962, p. 51].

The modification which Kennedy referred to above was
legislation relating to the investment tax c¢redit. The
legislation was unveiled on April 20, 196l1. [Kennedy, 1962,
pp. 292-293].

Although the investment tax credit was Eirst proposed in
1961 in the 1lst session of the 87th Congress, it was not
until 1962 in the 2nd session of the 87th Congress that the
investment tax credit provisions were passed. The provisions
became law on October 16, 1962, retroactive to qualifying
investments made on or after January 1, 1962. ["Revenue Act
of 1962," P.L.. 87-834, Section 2(h)]. The credit provisions

as they were approved permitted a reduction in a taxpayer’s

tax liability equal to seven percent (three percent for most
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public utilities) of the cost of qualifying property that had
a useful life of at least eight years. Reduced credits were
allowed for investments in qualifyinqg property with a useful
life of between four and eight years, while no credit was
given for investments made with useful lives of less than

four years., [ Internal Revenue Code, Sections 46(c¢)(2) and

(3)]. Only §$50,000 of wused assets could qualify for the

credit each year. [ Internal Revenue Code, Section

48(c)(2)1]. Additionally, the amount of credit that could be
used in any one vear in reducing a taxpayer’s liability was
limited to $25,000 plus 25 percent of the tax liability in

excess of $25,000. [ Internal Revenue Code, Section

46(a)(2)]. Another feature of the initial set of provisions,
known as the "Long Amendment," provided that the basis of
qualifying assets acquired e reduced for depreciation
purposes by the amount of the potential investment tax credit
whether the taxpayer received tax benefits from the credit or

not, [ Internal Revenue Code, Section 48(g)].

On August 14, 1964, the "Long Amendment" was repealed by
the Revenue Act of 1964. As a result, taxpayers no longer
were required to reduce the basis of assets acquired after
December 31, 1963 and for assets acquired before January 1,
1964, the basis was to be increased by the amount by which it
had formerly been reduced effective for years after December
31, 1963. ["The Revenue Act of 1964," P.L. 88-272, Section

203(a)(1)]. The Jjustification £for the repeal was that the
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adjustment severely restricted the incentive effect of the
credit and that it had proved troublesome to taxpayers
because of the tedious bookkeeping required. [Senate
Committee on Finance, Senate Report No. 830, p. 40]. The
depreciation basis reduction worked detrimentally for some
taxpayers, because they received no tax benefit from the
investment tax credit but had to reduce their depreciation
basis by seven percent anyway. Additionally, part of the
bookkeeping difficulty revolved around the fact that many
taxpayers had to carry two depreciation bases for each asset
since many states did not follow the federal basis reduction
rules for purposes of state income tax computation. Thais
dual basis situation further impacted upon the calculation
involving the determination of gains and losses. [Posey,
1978, p. 751].

There were a few insignificant, but expansionary changes
that occurred between 1962 and 1966. For example, H.R. 7101
was introduced to Congress by Representative Eugene Keogh 1in
June 1963. The bill was intended to clarify the definition
of the property which qualified for the investment tax
credit. [H.R. 7101, 88th Congress, First Session; and Keogh,
1963, p. 12309]. Further, during the period bipartisan
support for the investment tax credit concept grew because it
was felt that the credit was performing as intended. In
fact, efforts were made to extend the concept of the

investment tax credit into new territory. For instance, the
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administration announced that a proposed treaty with India
contained a provision for the investment tax credit on

investment made in India. [ New York Times, April 1, 1965,

P. 517 However, in 1966 the Investment Credit and
Accelerated Depreciation Suspension Act of 1966 [P.L.
89-800] was enacted which called for the temporary suspension
of the investment tagx c¢redit. The suspension period was
originally to run from Octobher 10, 1966 through December 31,
1967. The Act was deemed necessary because of the stress of
the military effort in Vietnam and the resulting economic
strain and inflation within the economy. [Shanahan, 1966,
p.33].

The Act was one step in an effort +to restrain £further
price increases. According to Henry H. Fowler, Secretary of
the Treasury, the temporary removal of these special tax
incentives to investment would:

(1) Contribute to a restraint of inflationary

developments that are proving disruptive of the

financial markets and placing excessive strain on

the capital goods industries, (2) Promote a more

sustainable rate of ©balanced economic growth...,

and (3) Support a policy of monetary restraint

while avoiding the burdens and risks of excessively

tight money and high interest rates. [Hearings

before the Committee on Finance, p.5].

Secretary Fowler was very clear in his request on behalf of
the Administration that a suspension rathex than an

elimination of the investment tax credit would best serve the

nation’s interests.
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Although at the time of passage the suspension was to be
in effect until the end of 1967, the suspension period was
short-lived, as it was terminated effective March 10, 1967
upon President Johnson’s approval of H.R. 6250 [p. L.

90-26] on June 13, 1967. [ Congressional Record--House,

1967, PP. 16847-16848]. The suspension was 1lifted as
interest rates were dropping, new housing starts were up,
order Dbacklogs were dropping, capital appropriations and
expenditures were down, and the labor supply problem had
eased. [Mills, 1967, p. 6893]. (Chapter 3 irnicludes a
discussion of various approaches to investment theory.
Various economic variables and their relationship to
investment activity are also discussed.) March 10, 1967 also
was the effective date for increased application of the
credit from 25 percent to 50 percent of the tax laability

over $25,000. [ Income Tax Regulations, 1968, [Reg.

1.46-1(b) (1) (ii)(pb)J].

In 1969, as President Nixon first took office, the
nation appeared to be more concerned than ever with
inflation. It was felt by the administration that the
investment tax credit was one of the "enemies" in the fight

against inflation. [ House Report No. 91-142, 1969, p. 19].

On April 21, 1969, President Nixon recommended the
repeal of the investment tax credit effective that day. 1In
effect, the President said that the need for modernization

that was present in the early 1960°s had been taken care of
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by the $400 billion investment in plant and equipment,
Further, ©Nixon felt that a reduction of the surtax that
existed at the time from ten percent to five percent was
prudent only with the repeal of the investment tax credit.
[Nixon, 1969, pp. 312-313].

As offered by David M, Kennedy, Secretary of the
Treasury, the removal of the investment tax credit was part
of an over-all plan designed to provide for an orderly

expansion of the nation’s economy.

Stated simply, the case for removal of the
investment credit rests primarily upon the fact
that the social needs and economic conditions of
the 1970s will be greatly different from those of a
decade ago. Stimulation of a sluggish rate of
business investment was a high priority goal in the
early 1960s.... (At this time), instead of
inducing still more business investment, additional
resources will be available to meet pressing needs
for housing, to aid state and local governments,
and to improve the lot of the poor. [Committee on
Ways and Means, 1969, p. 20].

The chairman of the Joint Economic Committee, Wright
Patman, made the following remarks in Congress indicating his
and the committee’s reasoning for recommending the repeal of

the investment tax ocredit:

First. The rate of expenditure on plant and
equipment is and has been excessive, 1In the face
of a sharply lower operating rate of less than 84
percent in manufacturing, business has reported
plans for increasing investment outlays this year
by 13 to 14 percent, Even more is planned for
1970-1972, according to the McGraw-Hill survey.

Second. The investment credit promotes the
business cycle, encouraging larger swings 1in
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activity instead of damping down fluctuations as
good tax policy should.

Third. The credit distorts business
incentives, encouraging investment in lower paying
projects which business should not be wundertaking
either from the standpoint of its own long-term
rate of return on capital or from the social
viewpoint of encouraging a high productivity
economy.

Fourth. The investment credit tends to
promote inflation since it encourages excessive
investment in boom years and then requires that
additional demand  stimulus be provided in the
resulting recessions 1if wunemployment 1is to be
cured.

Fifth. Business has an adequate flow of funds
to finance its investments even without this
credit, hence this devicz may be causing excess
funds to flow abroad, worsening the balance of
payments,

Sixth. At a time when the Federal Government
needs such large sums for high priority programs
that we face extension of the 10 percent surtax.
The investment tax c¢redit costs the Treasury a
revenue loss of at least $3 billion per year.

Seventh, The investment credit is very
discriminatory and 1iFf the time ever comes that a
demand stimulus is needed again, the appropriate
course would be a tax cut for consumers. [Patman,
1969, p. 13,287].

Additionally, the Senate Finance Committee summarized its

position supporting the repeal of the investment tax credit:

1. The investment tax c¢redit was exerting

inflationary pressure,

The investment tax credit had "outlived

D
.

its usefulness."




3. The investment tax credit requires more
severe monetary restrictions than would

otherwise be necessary.

4. The investment tax credit should be
repealed rather than suspended because of
the twofold deterrent provided by a

suspension (discussed below).

5. The investment tax credit repeal would
increase revenue by $1.35 billion in

fiscal year 1970. [ Senate Report 291-321,

1969, pp. 10-15].

As there was apparently a shift in the national
priorities, the repeal of the investment tax credit was
intended to be a “"permanent" rather than a temporary measure.
The rationale for a permanent repeal as opposed to a
temporary suspension was twofold. Firstly, it was felt that
the investment tax credit does not lend itself well to an "on
again, off again," countercyclical approach. Secondly, the
suspension approach places a double deterrent on investment
by giving no special incentive for investment and encouraging
deferral so that the investment tax credit can be claimed at

a later date. [ House Report No. 91-321, 1969, p. 2].

Therefore, as a part of the Tax Reform Act of 1969, the
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investment tax credit provisions weres repealed upon receiving
the official approval from President Nixon on December 30,
1969. [Nixon, 1969, pp. 1044-1046].

In December 1971, the investment tax credit was restored
by the 1971 Revenue Act. ["1971 Revenue Act," P.L. 92-178,
Section 10l(c)]. 1In presenting his proposal to the Congress
which called for the reenactment of the credit, President
Nixon made the following statement:

I will propose to provide the strongest short- term

incentive in our history to invest in new machinery

and equipment that will create new Jjobs for

Americans.... This tax credit for investment in new

equipment will not only generate new jobs, it will

raise productivity; it will make our goods more

competitive 1in the years ahead. [Nixon, 1971, p.

887].
In Nixon’s proposal, the credit proposed was called a "job
development credit," even though it was intended to provide
the same incentive for machinery and equipment as the
investment tax credit and was to function identically to the
investment tax credit.

In 1its report which followed the hearings on the
legislation, the House Ways and Means Committee summarized
the primary reasons that the "job development investment

credit" should be adopted. The reasons for adopting the "job

development investment credit" were as follow:

1. The new credit was to bolster the economy
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and create jobs by encouraging
expenditures on machinery and equipment
which the committee felt had been sagging

badly.

2. The new credit would combat inflation. An
increased flow of goods into the market

was supposed to keep prices down.

3. The balance of payments would improve
because more efficient facilities would
allow exporters to compete effectively. [

House Report No. 92-533, 1971, pp.5-6].

Both the Senate Finance Committee and the House Ways and

Means Committee concluded that the credit

should be restored as a means of providing stimulus
to the lagging domestic economy by reducing the
cost of capital to U.S. manufacturers. This
(would) also serve to place them in a more
competitive position with foreign manufacturers and
in that manner (would) help improve our present
serious balance-of-payments situation. [Committee
Report on P, L. 92-178, 1972, pp.l1ll1l,351].

The Revenue Act of 1971 was aimed, in part, to expanding the
job opportunities for Americans and the investment tax credit
was considered to be a major instrument for accomplishing

this goal.
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In late 1974 after Watergate began to fade, economic
issues moved to the forefront of consideration. President
Ford made the following observation and recommendation:

We need more capital.... To help industry buy more

machines and create more jobs, I am recommending a

liberalized ten percent investment tax credit., This

credit should be especially helpful to capital
. intensive industries such as primary metals, public
utilities, where capacity shortages have developed.

[Ford, 1974, p. 253].

Because of the economic difficulties of the early to mid
1970°s which became more apparent upon the passing of
Watergate and with the Organization of Petroleum Exporting
Countries o0il embargo affecting the economy, support for the
investment tax credit and economic incentives in general were
at one of the highest points in years. There seemed to be no
question that incentives would be a part of the tax law; the
only question seemed to be relating to the amount to be
allowed. [Posey, 1978, pp. 171-172].

As a "temporary" measure to aid the economy, a provision
in the Tax Reduction Act of 1975 raised the investment tax
credit rate from seven percent to ten percent. ["Tax
Reduction Act of 1975," P.L, 94-12, Section 301(a)]. The
new rate was to apply to qualifying property acquired after
January 21, 1975 and before January 1, 1977, after which the
rate was to return to the seven percent level. The Act also

included a change in the amount of used property that would

qualify for investment tax credit in any one year, from
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$50,000 to $100,000, ["Tax Reduction Act of 1975," P.L.
94-12, Section 301(ec)(1l)]}. This change was also intended to
be temporary as an expiration date of December 31, 1976 was
set. Thereafter, the old limitation was to apply. President
Ford signed these measures into law on March 29, 1975,
[Ford, 1975, p. 408].

The Tax Reform Act of 1976 [P.L. 94-455, 1976] extended
the temporary ten percent rate and the $100,000 used property
limitation until December 31, 1980. These temporary measures
were then to revert to the old rules (seven percent and
$50,000) after that date. ["Tax Reform Act of 1976," P.L.
94-455, Sections 801 and 802(a)(2)].

Upon justifying this increased rate extension, the House
Ways and Means Committee issued the following statement:

The temporary liberalizaiton of the investment
credit provided by the 1975 Tax Reduction Act was
adopted for two reasons. First, encouraging
investment in new egquipment, and modernization of
existing facilities was thought to improve the
long-run ability of the economy to achieve economic
growth without inflationary pressure. Second,
increasing aggregate demand in the short run was

considered to be an important part of a program for
recovery from the worst recession in more than two

decades.
Since the beginning of 1975, investment plans
have been repeatedly reduced, and planned

expenditures in new plant and equipment are
expected to be 10 percent lower in 1975 as compared
to 1974. Because of the need to provide greater
certainty to investors about the availability of
the credit in the future, and the need to provide a
continuing stimulus to the economy, the l10-percent
investment tax credit was extended four additional
years. [ House Report No. 94-658, 1975, p. 187].
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The Revenue Act of 1978, however, changed the temporary
nature of the rules. The 1978 law permanently set the rate
at ten percent to be effective January 1, 1981, when the
temporary extensions were scheduled to #xpire. The new law
also permanently changed the used property limitation from
$50,000 to $100,000, effective also on January 1, 1981l. The
new law also increased the amount of the c¢redit that a
taxpayer could use to offset a tax liability in any one year,
["Revenue Act of 1978;" P.L. 95-600; Sections 301(a)(l),
311(b), and 312(a)].

It was deemed prudent to make the higher rate permanent

for two reasons:

1. The investment tax credit provisions were
believed to have been effective in
stimulating investment since its enactiment

in 1962.

2. It was believed that the uncertainty
P

surrounding the temporary provisions

whether the credit would be extended or

made permanent had reduced the

effectiveness of the credit. The change

of the nature of the provisions £from

temporary to permanent would aid in
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promoting orderly investment programs by
businesses. [Report of the Committee on

Ways and Means, Report No. 95, p. 82].

For the two years after 1978, the investment tax credit
provisions remained essentially unchanged with no temporary
or permanent suspensions or revocations in response to
econonic fluctuations. However, with the change in
administration in the executive branch of the federal
government in 1981, a new tax program was offered which was
designed primarily to increase savings and spur investment.
As a part of this new tax program, the Economic Recovery Tax
Act of 1981 (ERTA), the investment tax credit provisions were
further liberalized and Dbrought in tandem with the new
accelerated cost recovery (depreciation) system (ACRS).
L"ERTA," P.L. 97-34, 1981]. The provisions were intended to
stimulate investment spending. [Report of the Committee on
Ways and Means, Report No. 201, p. 73]. The Senate Finance
Committee indicated that the then existing rules for
determining depreciation and the investment tax credit needed
to be replaced because they did not provide the investment
stimulus that 1is essential to an expanding economy. The
committee stated that they believed that the restructuring of
the depreciation and investment tax credit rules would "be an
effective way of stimulating capital formation, increasing

productivity, and improving the nation’s competitiveness in



39

international trade.[Senate Finance Committee, Report No.
144, p. 47]. It was believed that as a result of the 1981
act, virtually all property would generate as much or more
credit than allowed under prior law.

In 1982, the Tax Equity and Fiscal Responsibility Act
(TEFRA) provided for several changes in the investment tax
credit provisions effective with qualifying property placed
into service after 1982, Under the new (and current)
provisions, the basis of an asset acquired 1is reduced by
one-half of the amount of the investment tax credit taken.
However, as an alternative to the Dbesis reduction rule, a
taxpayer can generally elect to claim a reduced credit: an
investment tax credit of 8 percent (rather than 10 percent)
for five~year ACRS property and an investment tax credit of 4
percent (rather than 6 percent) for three-year ACRS property.
["TEFRA," P.L. 97-248, Section 205(a)(l); and Internal

Revenue Code, Section 48(q)(l) and (4)]. Additionally, a new

limit was set which would reduce the amount of credit that
could be used to offset a tax liability. The new law allows
a taxpayer to use the investment tax credit to offset 85
percent (rather than 90 percent) of a tax liability in excess
of 825,000, ["TEFRA," P.L. 97-248, Section 205(b){(1l); and

Internal Revenue Code, Section 46(a)(3)].

Apparently, Congress enacted these provisions because
they recognized that coupled with the accelerated write-offs

allowed by ACRS, the prior investment tax credit provisions
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may have been too generous. In fact, under certain discount
and present-value assumptions, the combined benefit of the
ACRS cost recovery deduction and the immediate benefit of the
investment tax credit was greater than the economic benefit
of expensing an asset in the vyear of purchase. [TEFRA,
Andersen, 1982, p. 10].

Upon looking back on the brief history of the investment
tax credit in the United States, it is easy to see that there
have been many changes in the investment tax credit
provisions for a number of different reasons. These changes
resulted primarily because of the belief held Dby those
involved 1in the political process that the changes would aid
in, among other things, stimulating a slumping economy or
helping to slow-down a booming economy. However, it has also
been suggested that the investment tax credit has been used
not only as a major economic tool but as a political
scapegoat, as well. [Posey, 1978, p. 74]. The effectiveness
of this tool in producing the desired impact, however, is not
truly known nor has the efficiency (based upon cost/benefit
analyses}) of this aspect of fiscal policy been thoroughly
studied. Nonetheless, the benefit perceived by legislators
to result from the credit’s presence apparently has been

sufficient to keep the provisions in the law as an incentive

device.
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History of Other Changes:

The time periods included in the tests of this study are
limited to April 1, 1954 through September 30, 1966 and
October 1, 1971 through December 31, 1980. Therefore, only
those tax policy changes that occurred during these periods
and only those changes that could have affected investment
activity need be considered by the methodology of the study.
Other tax policy changes that occurred during these two time
periods which may have had some impact on investment
activity, other than those changes rslated to the investment
tax credit discussed above, include changes such as tax rate
structure changes, the enactment of the Class Guideline Lives
depreciation system, and the depreciation recapture
provisions. These tax policy factors are implicitly
accounted for wupon utilizing a control group. A detailed
discussion of the application of the control group in

controlling for these and other factors follows in Chapter 4.

Summarys:

A synopsis of the requirements established for property
which qualifies for the investment tax c¢redit has been
presented in this chapter along with a chronology of the
development of the investment tax credit throughout its years

of existence. Included in this discussion have been




42

statements which provide rationale for the credit’s creation

and continued existence throughout its legislative history.
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CHAPTER 3

THEORETICAL FRAMEWORK: A REVIEW OF LITERATURE

Introduction:

Although the primary focus of this paper is not aimed at
economic theory, a general understanding of the current state
of investment theory along with the major known determinants
of or factors influencing investment 1is important. As
background to the discussions of investment theory, a Dbrief
discussion of the nature of and utilization of investment
incentives is provided first. Next, a discussion is offered
which provides a very general perspective of investment
theory. The discussion which follows next describes three
major theories or approaches that are currently believed to
provide reasonable explanations of investment behavior.
Following the discussion of the three general approaches, the
highlights of several specific empirical studies are

presented, The studies included represent the major
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econometric efforts which have introduced the investment tax
credit in their investment functions as an incentive device.
After the review of specific research endeavors, a set of
ma jor determinants of investment which come from the
theoretical and empirical discussions 1is summarized. The
determinants of investment spending discussed in this chapter
are then considered in Chapter 4 for purposes of the
empirical testing of this study. As may be expected£ because
of the nature of the coverage in this chapter, significant
overlap occurs between the sections within this chapter.
Nonetheless, the ensuing discussion serves as the foundation
for the empirical work which follows, and assists in placing
the work, including the results, in an appropriate
perspective,

A major theme running throughout this chapter 1is that
investment theory is in a state of flux and that no one
single approach to explaining investment activity has "risen
to the top" to Dbecome the one theory acceptable to most
economic theorists. It is because of this perceived state of
investment theory and the fact that this study uses a
methodology that has not previously been used to examine the
investment tax credit, that this study is so noteworthy. The
methodology, while based on generalized notions of investment
theory, 1is not overly constrained by prior or uncertain
theoretical concepts or the biases of any one particular

approach.
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In this chapter, three well supported approaches to
investment theory are described. Further, upon describing a
number of empirical works in the investment 1literature in
which the investment tax credit was studied, it is seen that
many of the empirical works reviewed have based their studies
upon one or parts of the several theoretical approaches. 1In
applying the Xnowledge gleaned from such a review for
purposes of this study, it Dbecomes apparent that the
selection of a particular approach could tend to inject a
bias into the results of the study that could have nothing to
do with reality. Therefore, since there could be problems
associated with the selection of any one of the approaches,
no one particular approach is adopted for use in this study.
Instead, economic variables that are generally considered
important in the various approaches to investment theory are
discussed 1in this chapter and then later serve as the
foundation for the empirical portion of this dissertation.
The economic variables described are ones that seem to appear
continually in the economics literature as being potentially
important in investment theory. The variables utilized in
the study account for the structural component of the
fluctuation of investment activity. The details of the
methodology adopted for this study are discussed in Chapter

4.
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The Utilization of Investment Incentive Devices:

Since the early 1950s, tax systems throughout the
non-Communist world have become replete with tax devices to
stimulate investment spending. According to Eckstein [1962,
pP. 351], during the ten year period preceding the enactment
of the investment tax credit when the overall trends in the
use of policy instruments were in the direction of more
general and less selective devices, all sorts of selective
devices, such as depreciation allowances, investment credits
and tax exemptions, were almost £faddishly embraced to
stimulate investment activity.

These devices have been utilized primarily to aid in the
achievement of long-run goals (e.g., increased productivity
or growth rate). For instance, it is believed that devices,
such as the investment tax credit, can be used successfully
to expand production capabilities when substitution between
capital and labor is possible. As a result of the additional
capital being available to a given labor force, the
production possibilities open to a society at any point are
increased.[Brown, 1962, pp. 335-336].

With the substantial degree of attention and study given
to the subject of investment stimulants, it is apparent that
investment is considered to be very important in the overall
scheme of economic strategy. Investment 1is considered

important because it is believed to contribute to future
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output, current demand, and current employment. Moreover,
net investment, which is gross investment less replacement
investment, contributes to overall economic growth. [Eisner,
1978, p. 1].

In general, tax incentives are ©believed to stimulate
investment or capital expenditures in two ways. Firstly, tax
incentives increase the after-tax rate of return on capital
by reducing the amount of taxes that must be paid on income
from assets or by affecting the timing of the tax payments in
favor of the future. The higher rate of return attributable
to the presence of an incentive would tend to make the
investment more appealing., Secondly, tax incentives increase
a firm”s cash flow by reducing the tax liability. Often, the
internal-funds effect is captured by the inclusion of a cash
flow variable in the investment function as a determinant of
the speed at which firms eliminate any gap between their
desired and actual stocks of capital. [Coen, 1968, pp.

200-201].

Investment Theory-—-A General Perspective:

Though many people have often claimed that increased
investment is generally good for the economy, it is not clear
as to what "strings need to be pulled" in order for the level
of investment to increase. This uncertainty with investment

incentive strategies revolves around the lack of a clear
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understanding of the nature of the investment function. The
nature of the investment function has been studied,
theorized, and debated at great length, yet there is still no
generally accepted or acceptable theory of investment
behavior available. We still Xknow very little as to how
investment decisions are made. Nonetheless, it is important
that some of +the main theoretical arguments and resultant
investment theories be presented so that the state of the
research in the area of the investment tax credit can be put
into perspective and be better understood. Therefore, a
general discussion of investment theory is presented in this
section; furthermore, the discussion is continued at a more
detailed 1level in the next section of the chapter in which
three specific approaches to understanding investment
activity are presented.

Meyer and Kuh made the following remark regarding the
state of research involving the investment function and
resulting empirical conclusions:

In short, the investment problem is complex and

requires treatment of many magnitudes, each with a

variety of dimensions. Because the problem is

intrinsically so difficult, the literature on the
subject reports a number of different analytical
approaches many of them complementary but not a few
contradictory. The basic problems arise primarily

from different interpretations of entrepreneurial

motives and a different emphasis given to

alternative constraints. [Meyer and Kuh, 1966, p.
6]-

Musgrave adds that the question regarding the
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effectiveness of tax policy on capital formation can not bhe
answered until we know how the level of capital formation or
investment is determined. As to the state of this particular
type of research, he comments that:

Empirical studies, as well as theorizing, permit

various explanations, and most likely a complex and

changing set of determinants is involved. Yet,
different explanations suggest different effects of

tax policy and call for quite different remedies.

[Musgrave, 1963, p. 47].

The investment theory that has been developed has been
applied at both a micro level and at a macro level and many
studies have been conducted at each level. However, much of
the investment theory that has been developed relates
praimarily to activity of individual firms. This study
requires the application of investment theory at a macro
level,

The application of micro investment theory at the macro
level has its good and bad points. The researcher must
beware of falling into the trap of "fallacy of composition"
-— what is true of an individual firm or a number of
individual firms may be quite false for all of business or
for the economy as a whole. However, in a world where macro
investment theory is undeveloped, behavior of individual
firms must be used as a basis of understanding, hopefully

shedding light on the problems of aggregate investment.

[Eisner, 1978, p. 2].
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The theory of investment attempts to explain the rate of
change in the actual stock of physical capital in order to
achieve the level of desired stock. Upon establishing the
desired stock, a firm initiates investment projects designed
to equate actual property on hand with the desired level of
property. [RKuh, 1963(a), p. 260]. It is assumed that
subsequent to a change in desired capital, a certain
proportion of the resulting expenditure takes place over time
because of the varying amounts of time required in
formulating plans, appropriating funds, placing orders, and
SO on.

One of the unresolved issues relates to the
specification of the move from the actual level of capital to
the desired level of capital. The questions surrounding this
issue deal not only with the factors and the relative
importance of each of the factors that purportedly effect
investment spending but also the exact nature of their
mathematical specification. From Jorgenson and Siebert’s
perspective,

... capital is adjusted toward its desired level by

a certain proportion of the discrepancy between

desired and actual capital in each period....

Alternatively, actual capital may by represented as

a weighted average of all past levels of desired

capital. [Jorgenson and Siebert, 1968, p. 682].

Gross investment is generally defined as the sum of

replacement investment and net investment. Investment
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spending incurred to replace existing capital stock is
typically modelled as a function of the level of the existing
capital stock. Therefore, as the stock of capital becomes
larger, investment spending which would be needed to replace
the worn out and obsolete of that stock would also increase.
Some of the different mechanisms and theories which have been
suggested to explain the change from the actual level to the
desired level of capital stock are discussed later in this
chapter.

Perhaps unfortunately from the standpoint of scientific
inquiry, expectations or anticipations concerning the future
in general and specific aspects of the future play a crucial
role in Dbusiness investment decision-making. However, in
current and previous econometric work, researchers are
generally constrained to using past and current data.
Attempts have been made to project expectations of the future
with ex post data on sales, output, existing capitaf,
inventories, and existing prices and costs, Likewise,
individual businessmen try to anticipate the future on the
basis of past and current data in their work. However,
neithexr researchers nor business decisionmakers can be
certain that relations extrapolated from the past truthfully
and consistently relate to the future. It is believed that
when such data are substituted for expectations of the
future, formidable problems or errors in variables or
explicit misspecification of the relations to Dbe estimated

result. [Eisner, 1978, pp. 5 and 13].
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The businessmen’s and economists’ lack of ability to
predict investment is a problem that apparently contributes
to the failure of understanding the investment function. The

!
best efforts to understand the interface of expectations and
the investment function have only produced proxies for
investment expectations, such as profits and output. Indeed,
it is this lack of understanding of investment expectations
which prompts the following observation:

We may conjecture that it is these underlying

expectational 1issues as much as omitted variables

and ill-fitting functional forms that contribute

both to the persistently large proportions of

unexplained wvariance (in structural investment
functions) and to the differences in parametric
estimates from different structurings of frequently

identical samples. [Eisner, 1978, p. 192].

Investment is the sum of investment for expansion, which
is generated by an increase in the desired level of capital
stock, plus investment for replacement. In addition to
modelling the move between actual capital and desired
capital, it is very important that a model for replacement
investment be specified since replacement investment
predominates in investment expenditures, at least at the
aggregate level. Generally, it is assumed that replacement
investment is proportional to capital stock. A simple model

of replacement investment that has been widely adopted for

empirical work is one in which replacement is proportional to
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actual capital stock. "“The justification for this assumption
is that the appropriate model for replacement is ... the
infinite stream of replacements generated by a single

investment; in the language  of probability  theory,

replacement is a recurrent event." [Jorgenson, 1963, p.251].
Moreover, "this model of replacement investment can be
supported on grounds of empirical validity." The

proportionality model of replacement investment has proved
satisfactory on repeated empirical tests on the aggregate
level and with individual firms. [Jorgenson and Siebert,
1968, p. 682].

The above general rendering of the theory of investment
serves as a springboard for the discussion which follows.
Three different and more detailed approaches to understanding
investment activity are detailed below in the next section.
These approaches are based on some of the notions previously
discussed. Each of the approaches are supported within the
economics community and offer reasonable explanations to
investment activity. The approaches which are discussed here
are: the profit maximization or marginal approach, the

acceleration approach, and the neoclassical approach.

Three Approaches to Investment Theory:

As mentioned in the previous section, micro economic

theory is generally applied when studying investment activity
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at both the micro and macro levels. Investment studies at
the macro level have relied upon micro theory because of the
lack of development of macro investment theory. This study
examines the effectiveness of the investment tax credit at a
macro level and must also necessarily be based upon micro
economic investment theory. The approaches to investment
theory that are described below are all grounded at a micro

level.

Profit Maximization or Marginal Approach-~

The application of the calculus as an economic tool
in the middle and late nineteenth century at Lleast
partially accounts for a marginal approach to
explaining investment behavior. The entrepreneur’s

investment activities, as well as his other
business-related activities, are viewed as a
function of his sole objective -- profit

maximization. Given the assumption of a profit

maximization goal, the two primary determinants of

investment are (1) the cost of capital equipment,

and (2) the market rate of interest. [Wunder,

1978, p. 19].

With this approach, it 1is assumed that the Dbusiness
manager maximizes profit by comparing the present value of a
stream of net receipts expected from a particular investment
with the cost of acquiring it. Under such an approach, an
investment opportunity may be taken if the present wvalue of
the stream of net benefits arising from such investment is

positive. On the other hand, an investment opportunity

should not be taken if the net present value of the project
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is negative. In a more complicated setting, difficulties may
arise if various investment opportunities are interdependent.
Conceivably, the adoption of any one project might change the
net present value of another one. The implication for cases
such as this is to invest in that set of projects whose
combined payment stream has the maximum net present value.

It is generally assumed that the firm has access to the
capital market and that the stream of revenues is uncertain.
The determination of the present value of the potential
investment requires some discount rate both for uncertainty
and for the cost of capital to the firm. [Brown, 1962,
p.336]. Interest rates are thus central to marginal
theories; their relation to the volume of investment has been
the object of many empirical inquiries. [Meyer and Kuh,
1966, p. 8].

The rate of interest has generally been included in this
and other approaches (described below) to measure the cost of
raising money through a debt issue which would sometimes be a
necessary condition before acquiring investment goods.
Grunfeld [1966] was impressed with the influence that the
interest rate had upon the investment decision when he
concluded that "... for the corporations analyzed, the rate
of interest seemed to exert a stronger influence on
investment decisions than what would be expected from the
results of previous studies." [Grunfeld, 1966, p. 211]. In

Anderson’s [1967] study of the determinants of investment,
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the role of the interest rate was highly significant in each
case that he noted. Further, it was noted that investment is
a decreasing function of the rate of interest and that the
rate is not dependent upon the firm’s internal structure.
[Anderson, 1967, p. 424].

Nonetheless, as time has passed and as institutional
changes have occurred, the maximination of utility rather
than profits has been considered. As for a general
criterion, it is wusually said that individuals maximize
utility and firms maximize profits. However, with this
approach as it relates to a firm’s investment decisions, a
firm may wish to consider things (e.g., public opinion,
social welfare, environmental impact, etc.) that are not
directly profit related as well as considering profits. In
such a case, the optimization process is conducted so that a
firm“s affairs are arranged in order that its preferences are
best satisfied. This optimization process is referred to as
the maximization of utility. Thus, a firm whose managers are
acting rationally, may conduct it activities and make those
investments which maximize the firm’s utility. Consequently,
the entrepreneur has been taken out of an one-dimensional
behavioral model and placed in an environment characterized
by an uncertainty as to the decision variables that were
involved in an investment decision. As a result of this
modification, the entrepreneur has been placed in a position
of maximizing either profits or utility. [Meyer and Kuh,

1966, p. 10].



57

Accelerator Approach-

A strict construction of the accelerator approach to
investment decisions suggests that investment expenditures in
a given period are a linear function of the rate of change of
output. It is believed that output "measures the
expectational and capacity utilization effects embodied 1in
current levels of operation."[Meyer and Kuh, 1966, p. 65].
In other words, investment will increase when sales
experience a non-temporary increase if existing capacity is
already fully utilized and if sufficient funds are available
to finance the acquisition of new capital goods. [Meyer and
Kuh, 1966, pp. 121-122]. Explicit in +the theory is the
concept that a change in desired capital will precipitate the
initiation of investment projects.

Although this approach in explaining investment has been
very popular Dbecause of 1its relative simplicity, this
simplicity and some of the explicit and implicit assumptions
have been criticized and have led to a number of variations
of the basic accelerator model,.

Jorgenson and Siebert make the following comment
relating to the general accelerator theory and the plethora
of modifications:

The firm is taken to have a desired level of
capital, determined by long-run considerations.
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The precise specification of the desired level of
capital has been the subject of a wide variety of
alternative theories of investment behavior. The
alternative theories do agree, however, on the
validity of the fundamental flexible accelerator
mechanism for translating changes in desired
capital into actual investment expenditures.

[Jorgenson and Siebert, 1968, pp. 681-682].

Some of the criticisms of the basic accelerator approach
which serve as the basis for some of these variations follow.

The basic assumption of the accelerator model is that
the desired capital stock is a constant multiple of output.
That is, the implication of this approach is that the desired
investment fluctuates "instantaneously" with output. As a
result, the swings in investment spending would tend to be
erratic and violent; however, the fact is that nonresidential
capital stock changes slowly over time and 1is much less
variable than a strict accelerator model would imply. To
account for this slow reaction to output, some modifications
have added "flexibility" in the form of distributed lag
coefficients, by spreading out the reaction of the capital
stock over a number of time periods. [Clark, 1979, pp.
77-78].

A very critical assumption that has generated
alterations to the basic theory is that, prior to an increase
in output, firms must not have excess capacity. Since excess
capacity 1is frequently observed in reality, attempts have

been made to alter the accelerator model to fit these facts.

[Meyer and Kuh, 1966, p. 14]. 1In the empirical studies of
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Chenery [1952] and Koyck [1954], this aspect was considered
and it was noted that high levels of investment expenditure
are associated with high ratios of output to capital. Strong
empirical results from work performed by Kuh [1963(b)],
Eisner [1962, 1963, 1967], and Hickman [1965] also support
the flexibility associated with the incorporation of capacity
utilization. [Jorgenson and Siebert, 1968, pp. 683 and 685].
Eisner [1967] concluded that a prime determinant of capital
expenditures is the relation between expected future demand
and existing capacity: If any expected increased future
demand can be met by existing excess capacity, then new
investment spending will not likely be incurred; on the other
hand, if the expected increased demand can not Dbe met with
any existing excess capacity, then new investment would be
necessary. [Eisner, 1967, p. 364].

Eckstein [1962] considered this issue of capacity
utilization in a theoretical perspective particularly as it
relates to the effectiveness of tax incentives, such as the
investment tax credit. He conceded that capacity utilization
would be a factor in the effectiveness of the investment tax
credit; however, distributional characteristics of the
capacity utilization attribute and other factors need be
considered:

...some positive effects [of tax incentives] even

are inevitable [in periods of excess capacity],

since the distribution of excess capacity is not
uniform and some cost-saving investment will pay
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even with excess capacity. On the other hand, the
effect will be greater in better times, when more
businesses find their financial resources strained
in relation to their investment opportunities.
[Eckstein, 1962, p. 353].

One of the other factors alluded to above by Eckstein is
undoubtedly the nebulous "indicators of technical change"
variable. This variable also tends to affect the timing of
an investment expenditure. The term technical change
generally encompasses the independently or exogenously

determined changes in the production process

Technological change cuts a number of ways in its
effect upon investment demand. By accelerating the
obsolescence of capital specific to outdated
processes it has a direct effect in increasing
investment demand. However, to the extent that
current technological change generates an
expectation of further change in the future, the
impulse to acquire new capital goods may be
restrained. ([Eisner and Strotz, 1963, p. 121].

Further,

... technological advance may be either labor
saving or capital saving and so, even though it may
be expected to result in a diminution of cost and
expansion of industry output, it is by no means
certain that it must lead to an increase in the
amount of capital devoted to the industry. [Eisner
and Strotz, 1963, p. 661.

Musgrave [1963] contends that even though the dynanmic
aspects of investment is the main process accounted for in

the accelerator theory, it does not provide a full

explanation of investment behavior. "To be sure, investment
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will not occur unless investors see a prospective demand for
the goods which the new capital equipment is to produce."
[Musgrave, 1963, p. 51]. Therefore, modifications to the
general accelerator model have been made which encompass
important institutional constraints such as the role of
expectations and profit maximization, Many respected
economists, in fact, believe that profits and high profit
expectations (and hence demand) are major determinants of
business investment and that the factors fit in well with the
accelerator theory. [Eisner, 1963, p. 237].

Two alternative rationalizations of this profit oriented
accelerator model have been offered. Firstly, Tinbergen
[1939] argues that realized profits measure expected profits
and that "it 1is almost tautology to say that investment is
governed by profit expectations." [Tinbergen, 1939, p. 34].
Secondly, the rate of investment may be constrained by the
availability of funds. [Jorgenson and Siebert, 1968, p.
683].

Profit maximization theories (whether they be a member
of an accelerator theoretical classification or otherwise)
have brought into prominence the role of expectations and
cost considerations. As Tinbergen [1939] suggests, the
current and past realized profits measure expected profits of
the future.

Investment spending has long been perceived as being

related essentially to expectations about the future. The
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anticipated profitability of an acquisition depends on a
number of things, including expectations of future demand.
Meyer and Kuh [1966] suggest that net income, being about as
pure a current measure of a firm's profit expectations as is
available, also accounts for a large percentage of the
liquidity flowing into individual firms. [Meyer and Kuh,
1966, pp. 65-66]. Assuming that profit expectations do
determine investment behavior, Jorgenson and Siebert [1968]
also concluded that "the main candidate wvariable for the
expectational hypothesis 1is simply net income after tax, a
secondary candidate being gross operating profit."
[Jorgenson and Siebert, 1968, p. 685]. Eisner suggests that
profits have an impact on the +timing of investment rather
than on the long-run magnitude of spending. [Eisner, 1978,
p. 190].

However, it has been argued that realized profits do not
necessarily measure expected profits and that "even the
assertion that expected profits govern investment is far from
being a tautology." [Grunfeld, 1966, p. 215]. He suggests
that the profits variable probably plays the role of a
surrogate in that it tends to be correlated with some of the
main forces impacting upon investment. [Grunfeld, 1966, p.
211].

Others suggest that it is almost obvious that in a free
enterprise society the prospect of increased profit is a very

important ingredient of business decisions, and that it is
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this factor that drives an efficient allocation mechanism in
the market. [Musgrave, 1963, p. 53]. However, many
"theories in this category are too general to be useful,
except in the normative sense, and tend to ignore numerous
features of the investor’s milieu that are likely to be
important to a decision-maker." [Meyer and Kuh, 1966, p.
21].

The availability of funds rationalization of the profits
oriented accelerator model has intrigued many researchers. A
very popular understanding of this relationship is that when
a firm obtains a large amount of profits, they will usually
be in the form of very liquid assets and that very often
these liquid assets will be spent on capital goods.
[Grunfeld, 1966, pp. 219-220]. It is clear, however, that
the propensity to invest is almost certainly not related one
to one to the availability of internal funds. Obviously, a
profit maximizing manager will use the funds in an
alternative project if the rate of return is higher from the
alternative project than if the fixed assets are acquired.

Meyer and Kuh [1966] suggest that many empirical efforts
have stressed the importance of the liquidity restraint. 1In
fact, they state that "...by far the most outstanding aspect
of the direct inquiries is their virtual unanimity in finding
that internal 1liquidity considerations and a strong
preference for internmal financing are prime factors in

determining the volume of investment."[Meyer and Kuh, 1966,
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p- 17]. Over time, three conflicting opinions or views have
evolved regarding the relationship between 1liquidity and

investment over the course of the business cycle.

In the first of these views, the ligquidity
restraint is held to ©be inoperative in times of
recession but effective under prosperous
conditions; that 1is, in a recession investment
outlays are curtailed far short of available funds
while during an upswing burgeoning optimism
overtaxes the available liquidity. The second view
just reverses this cyclical relationship, in the
belief that money becomes scarce in a downturn
because of restricted profit inflows and tougher
credit requirements and, conversely, plentiful in a
boom because of opposite conditions. Finally, a
third group holds that the credit restraint is
always operative, with the supply and demand curves
for funds shifting together in synchronization over
the course of the cycle. [Meyer and Kuh, 1966, pp.
117-1187].

When trying to decide upon the c¢redence of the funds
availability attribute in the accelerator theory, it must be
noted that corporate managers act as 1if they preferred
internal funds to external funds and that approximately
three-quarters of total funds sources in the manufacturing
sector come from internal funds., [Kuh, 1963(a), p. 263].

Nonetheless, the major propositions that emerge from
this approach are that as the net profits get larger, the
internally generated funds become larger (given a normal
dividend pattern) and that as internal funds become greater,
the rate of investment will be greater,

In attempting to justify theoretically the addition of a

profits term to an accelerator investment equation, two broad
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points arise. Firstly, changes in profits should convey some
information about the future profitability of the firm and
the requisite level of capital stock. Secondly, internal
funds could be less costly than external finance if the
market for borrowed funds is imperfect. Larger amounts of
internal funds available might thereby lower financing costs
and increase investment demand. [Clark, 19279, p. 81].

To summarize, Meyer and Kuh [1966] suggest +that the
accelerator approach has given birth to two additional
theories, and there now exist three distinct theories of
investment Dbased upon this approach: the original theory
based on changes in output, a capacity utilization theory,

and a profit-oriented approach. [Meyer and Kuh, 1966, p.16].
Neoclassical Approach-~

The neoclassical approach to understanding investment
behavior has received a large degree of attention because of
the inclusion of a feature that is not present in the other
approaches discussed. In the neoclassical model, investment
depends on an attribute called the rental price of capital.
This approach is based on the neoclassical principle that the
optimal combination of factor inputs should be a function of
their relative prices. [Clark, 1979, pp. 81-82]. That is,
the demand for capital changes in response to changes in

relative factor {e.g., labor and capital) prices or the ratio

of factor prices to the price of output. [Jorgenson, 1963,
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p. 247]. The essentials of the theory of optimal capital
accumulation within the neoclassical framework follow.

The theory can be approached from two alternative and
equivalent points of view., The firm’'s objective is either to
maximize its market value or to maximize its profit. In
either case, the firm 1is subject to a production function
which relates the flow of output to £flows of labor and
capital services. With the maximization of the market value
of the firm, the firm is treated as accumulating assets in
order to supply capital services to itself. In such a case,
the marginal product of each current input is considered
equal to 1ts real price and the marginal product of each
capital service is equal to its real rental. Under the
second point of view, the firm is treated as renting assets,
either from itself or from another firm, in order to obtain
capital services. In this case, profits are determined by
comparing the current revenue and the current outlay less the
rental value of capital services. [Hall and Jorgenson, 1971,
p.12]. Capital is accumulated to provide capital services
which are inputs to the production process. The relationship
between inputs and the output is summarized in a production
function.

More specifically, under the assumption that firms
behave so as to maximize their profits and that the markets
for their output are perfectly competitive, a firm’s "desired

level of capital can be derived from the condition that the
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value of the marginal product of capital should be equal to
the rental price of capital." Also, in the determination of
the desirad level of capital stock, the flow of capital
services is assumed to be proportional to capital stock.
["Hall and Jorgenson, 1967, p. 396]. That is, in the
neoclassical theory of investment, the desired capital stock
is equal to output deflated by the price of capital services
or the rental price of capital. This price of capital, in
turn, depends on the price of investment goods, the cost of
capital, and the tax structure.

The feature of prime importance in the neoclassical
approach is the rental price of capital or price of capital
services. It is mainly this factor that provides evidence of
the differentiation Dbetween this and other theories or
approaches. This variable attempts to provide a measure of
the cost of the utiligation of facilities. Under the
neoclassical formulation, as the cost of providing capital
services increases, the desired level of capital stock would
decrease, assuming all other factors remain constant.

Jorgenson [1967] states that the rental price of capital
variable is to capture the role of relative prices and factor
costs in determining the desired capital stock and in
influencing the rate of investment. The variable is to
measure some combination of "the rate of interest, the level
of stock prices, the price of investment goods, and changes

in the price of investment goods.'"[Jorgenson, 1967, p. 135].
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Sunley describes the variable as being "the price which a
business firm must pay (or impute to itself) for the use of
capital assets. It 1is the price for the use of physical
capital just as the wage rate is the price for the use of
labor services. It includes an amount for capital recovery,
a net after-tax return on the amount invested, and the tax on
this income." [Sunley, 1973, p. 210]. Coen [1975] suggests
that this rental price of capital variable, or the price paid
for the use of one machine for one period, can be
conceptualized as consisting of two components. The first
component 1is the amount of interest a firm must pay each
period on funds borrowed to finance an initial investment.
The second component is the present value of the cost of all
future replacements needed to maintain one unit of capital,
"It represents, then, the replacement expense per period
expressed as an annuity whose present value equals the
present value of the cost of all future replacements. [Coen,
1975, p. 62]. In a competitive market, this rental price of
capital will "clear the market for machine services, equating
the quantity supplied by capitalists to the quantity demanded
by firms for use in production." (Bradford, 1980, p. 284]
Generally speaking, empirical evidence supports the
contention that the explanatory power of investment models is
improved when the rental price of capital is included.
[Arnold, 1975, p. 32]. However, this is not to imply that

the mathematical specification has been firmly established.
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To the contrary, the proper specification of the variable has
not yet been established. In fact, Jorgenson (who is usually
attributed with the development of this variable and its
inclusion in an investment theory) used several different
specifications of the factor in his works.

Some, in contrast, would arqgue that the rental price of
capital variable has not added much to the state of
investment theory. The contention 1is made that it is
sometimes difficult to offer an adeguate conceptual
understanding of the variable, and it seems that it is even
more difficult to operationalize the variable.

In explaining the apparent failure of this

variable, ... (it 1is suggested) ... that a good

part of the problem may stem from (the) inability

to measure properly the cost of capital due, for

example, to such things as measurement error,

aggregation bias, or inadequate information on
expectations. Because these difficulties plague
most macro-economic efforts, the distinguishing
feature of the present case is that the variable of

concern does not seem to "work." [Goldfeld, 1979,

p. 118].

Not only have there been suggested changes to the
specification of the rental price of capital variable, but
there have also been attempts to amend the neoclassical model
in general terms. For example, Bischoff [1971] modifies the
model based upon the empirical observation that most
modifications in the capital-output ratio are embodied in new
investment and that existing capital goods are less often

modified in response to fluctuations in the relative price of

inputs.
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Jorgenson [1963] admits that previous attempts to
appropriately specify the neoclassical theory of capital have
fallen short of a "correct" formulation of the theory. As a
result, the wvalidity of the neoclassical theory remains
uncertain. f[Jorgenson, 1263, pp. 247-248]. This assessment
apparently is still valid because Hendershott and Hu [1981]
commented that "considerable controversy exists" over the
appropriate specification of the rental price of capital
variable. The variable must be accurately measured in order
for the neoclassical approach to capture the impact of
investment correctly. [Hendershott and Hu, 1981, p. 87].

Under the neoclassical approach, therefore, the effects
of tax policy on investment behavior enter the investment
function through the rental price of capital wvariable. A
change in the tax policy changes the rental value of capital
input in several possible ways. The rental price of capital
is a function of the rate of return, the price of investment
goods, and the tax treatment of business income, and as such,
a tax policy change could affect any of the elements of the
factor. A change in the rental price of capital results in a
change in the desired level of capital stock. A change in
the desired level of capital stock will then lead either to
an acquisition or disposition of capital assets to bring the
actual level of capital in line with the desired level of

capital. [Hall and Jorgenson, 1967, pp. 391-392 and 3971].
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Upon the review of several approaches available to
explain investment behavior, one economist concludes that the
general thrust of the neoclassical approach is worthy of
debate and continued study; Thowever, to gain a clearer
understanding of its value, this continued debate and study
is a necessity:

While the inclusion of relative prices is a step in

the right direction by theoretical standards,

empirically it could be either better or worse....

{The neoclassical model, including the rental price

of capital element] arises from strong simplifying

assumptions about the way the relative price of

capital services affect change in the capital

stock; these assumptions may or may not Dbe
empirically valid. [Clark, 1979, pp. 82-83].

Evaluation of the Three Approaches-

Attempts have been made to determine which theory does
the '"best" Jjob of explaining investment activity. This
endeavor is important because the alternative approaches to
investment behavior provide widely different implications for
the determination of investment, for the time structure of
the investment process, and therefore, for the effectiveness
of tax incentives such as the investment tax credit. Although
this endeavor 1is of upmost importance, clear success in
determining the best theoretical approach has not yet bheen
achieved.

Jorgenson and Siebert [1968] examined several approaches
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to wviewing investment activity. They concluded that the
neoclassical approach to investment behavior was superior to
the alternative theories that were included in their study:
Capital wutilization (output) theory, profit expectations
theories, and the internal funds theory. [Jorgenson and
Siebert, 1968, pp. 705-706]. These alternative theories are
all wvariations of the basic accelerator approach which were
discussed earlier.

Jorgenson, Hunter, and Nadiri [1970] assessed four
alternative models by fitting data from 1949 to 1964 to 15
manufacturing industries. One model that they tested
stressed the rental price of capital asset services; another
model stressed the role of c¢hanges in Dbusiness sales and
business profits; another model stressed financial factors
such as internal cash flow, interest rates, long-term debt
capacity, and accrued tax liabilities; and the last model
stressed financial factors such as cash flow, interest rates,
and the rate of change of stock prices. The conclusion from
the appraisal of the four models varied depending on the
particular criterion used for determining which model was the
"best."

Bischoff [1971(b)] also conducted a test in which he
fitted quarterly data for 1953-1968 to five investment
models. Once again, the determination of the ‘'"best" model
was dependent upon the particular criterion selected,

Elliott questioned the results of the Jorgenson and
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Siebert study and the generalizations that the authors made
from their work. He did not comment on any other comparative
studies. Elliott indicated the overall results must be
questioned because the study was "based upon a rather meager
sample (fifteen firms) given the apparently general
objectives of their work." [Elliott, 1973, p. 195].

Elliott went on to conduct an enlarged test of his own
and concluded that the Jorgenson and Siebert results should
be interpreted as having no general implications beyond their
sample., Elliott’s research showed that the liquidity
explanation of investment (i.e., a variation of the
accelerator approach) was among the most effective theories
available, However, Elliott finally concluded that his
results were not necessarily indicative of the final and true
understanding of investment behavior, but rather that the
"most relevant explanatory model for individual corporate
investment behavior [is still] ... an open question in need
of inquiry."[Elliott, 1973, p. 207].

The GAO makes the following comment regarding the
efforts that have been made to appraise alternative theories
and their resulting models:

Attempts to appraise alternative econometric models

of investment behavior on the basis of accepted

standards of wvalidity of specification, such as

goodness of fit and absence of correlation in the
underlying errors, reveals that the information

already available 1is insufficient to provide a

basis for comparison. [Report by the Comptroller
General, 1978, p. 1l5].
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It is apparent that each of the theories is "reasonable"
in it approach, even though each approach includes a
different subset of economic variables, or at the very least,
the relative emphasis placed on the variables varies between
approaches. As discussed above, the marginal approach
includes profits, cashflow, and interest rate as the critical
subset of economic variables. Output, profits, cashflow,
interest rate, capital stock, capacity utilization, and
technological indicators are factors that are often
considered when utilizing an accelerator approach. The
neoclassical approach considers output, profits, interest
rate, rental price of capital, capital stock, and
technological indicators to be important factors that should
be taken into account. These variables mentioned may either
be explicitly considered in the approaches or they may be
implicitly considered, in which case their inclusion could
come about through the assumptions on which the approaches
are Dbased. It is not clear which particular subset of
economic variables does the best job of explaining investment
activ?ty or what the ideal relative relationship to each
other should be.

Therefore, it appears that the uncertainty emanating
from these approaches is rooted in a lack of understanding as
to the variables that should be considered and their
relationship to each other. Further, in trying to evaluate

the "goodness" of the different approaches, agreement has not
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been reached as to the criteria or methodology that should be
used in the evaluation or even if sufficient information 1is
available to make such an evaluation.

This study, for which the methodology is described in
detail in Chapter 4, examines the impact of the investment
tax credit by utilizing an approach that has not Dbeen used
before which circumvents much of the above uncertainty.
However, some of the basic influential economic variables

mentioned in the above discussion are utililized in this study.

Summary-

The preceding discussion has presented several
recognized variations of the theory of investment behavior.
The three basic approaches to understanding investment
activity that were presented were: the profit maximization or
marginal approach; the accelerator approach, which has
several variations in which different attributes (i.e.,
output, capacity utilization, profits, availability of
internal funds) are particularly emphasized; and the
neoclassical approach. Each method seems to provide a
reasonable explanation of investment activity; however,
agreement has not been reached as to the particular method

which best explains investment activity.
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A Review of Previous Studies:

This portion of the chapter includes a review of
relevant literature in which the effectiveness of the
investment tax credit on the level of investment spending is
an issue. With the discussion of the general theories in the
previous section providing a background of the basic lines of
reasoning related to investment behavior, the current section
examines econometric applications of investment theory in
which the impact of the investment tax credit is considered.
There is no effort made to classify the studies along the
lines of the previously mentioned theories. Such a
classification is not deemed practicable since many of the
empirical studies include elements from more than one theory
and in some instances, there is little evidence of any theory
serving as a base for the empirical work. The studies that
are described below are presented in the order in which they
appear 1in the investment 1literature. This chronological
ordering 1is considered appropriate because often later
studies are based upon, influenced by, or are refinements,
clarifications, or extensions of earlier ones and such a
presentation could help the reader hecome aware of the
evolutionary process involved.

Much of the research discussed below utilizes investment
models which include tax-policy variables. These models have
been developed over time as econometric methods have become
more sophisticated. The methods have been available to

provide a measure of objectivity to statements concerning the
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effectiveness of various tax policies. Prior to the
development of econometric investment models with
tax-incentive variables, statements concerning the

effectiveness of these incentives were often based on
relatively less sophisticated analytical analysis or
questionnaires and surveys.

The models in the studies addressed below were developed
to take the analysis a step further (i.e., to establish the
relationship between tax incentives, one of which is the
investment tax credit, and investment). Tax incentives are
introduced into these models via their effect on a
predetermined variable (e.g., the cost of capital services,
profits, or the internal cash flow). The discussion,
however, makes very clear the fact that, as yel, there exists
no undisputed way to explain the impact of tax policy-derived
incentives upon the level of investment spending.

The bulk of the work in showing that the investment tax
credit provides a positive impact revolves around the work by
Hall and Jorgenson.[1967,1969, and 1971]. Hall and Jorgenson
[1967] formulated a partial equilibrium investment model
based on neoclassical economic theory and examined the impact
of the investment tax credit on that model. In the model,
producers are said to maximize profits and to take account of
an implicit rental price of capital. It is assumed that the
underlying production function is of the Cobb-Douglas type,

where output is considered to be a function of labor and
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capital, and that the -elasticity of substitution between
labor and capital is equal to unity. Further, they assumed
that perfect competition exists, profits are maximized over
the long run, perfect rationality is applied, and the
economic depreciation rate is constant.

In this study, Hall and Jorgenson found that the
investment tax credit resulted in a shift away from
investment in buildings toward investment in equipment, and
further, that the credit also contributed to the stimulation
of investment in equipment substantially. The results of
their tests indicate that 40.9 percent of the net investment
in manufacturing equipment in 1963 can be attributed to the
presence of the investment tax credit. They also found that
while the impact of the investment tax credit on total
investment was "less startling" than its impact on investment
in equipment, the impact of the credit on total investment
was "quite dramatic." The increased 1level of total
investment resulting from the enactment of the investment tax
credit was less noticeable in their tests because the total
investment category included items for which the investment
tax credit was not allowed and presumably not stimulated.
There was no mention in the study as to whether the
investment tax credit contributed to a substitution of
capital for labor. However, they concluded that "there can
be 1little doubt that an investment tax credit is a potent
stimulus to investment expenditures." [Hall and Jorgenson,

1967, p.410].




79

Hall and Jorgenson concluded in their 1969 study that
the investment tax credit had a definite impact on the level
of investment spending. More specifically, their study
indicates that with the repeal of the Long Amendment in 1964
(i.e., upon repeal, the basis of the qualifying asset no
longer had to Dbe reduced by the amount of the credit
claimed), the effectiveness of the investment tax credit was
substantially enhanced. [Hall and Jorgenscon, 1969, p. 397].

Eisner studied the effectiveness of the investment tax
credit and was generally skeptical as to its stimulative
impact. He claims that the conclusions of some other
researchers, particularly the research stemming from Hall and
Jorgenson’s work, are based upon assumption rather than
empirical evidence. He believes because of the constraining
assumptions specified, that it is impossible for Hall and
Jorgenson to disentangle any possible influence of the
investment tax credit. Eisner states that the analyses of
"the empirical data ... do little to confirm the ‘... article
of faith among both policy-makers and economists’ regarding
‘...the effectiveness of tax policy in altering investment

behavior.”" [Eisner, 1969, p. 379]. Moreover, Eisner’s
analysis showed that Hall and Jorgenson’s conclusions stemmed
directly from the assumptions of the neoclassical model
employed and had relatively 1little to do with the data.

[Eisner, 1969, p. 380].



80

In Christensen’s study of the investment tax credit, the
author concluded "that 3judging the effectiveness of tax
policy requires more attention to the development of an
appropriate macroeconomic context." In his pursuit of
considering the issue in the context of a simple
macroecononic model, he suggested that a complete
specification of government policy is a necessary
prerequisite to drawing any conclusions regarding the
effectiveness of a single policy tool and that previous
studies lack such specification. The research indicates that
"studies which claim to demonstrate the effectiveness of
investment incentives probably entail strong assumptions
about the (unspecified) supply side of the market for capital
goods." [Christensen, 1970, p. 22].

Fralick [1970] conducted a microeconomic study to
determine the effect of various tax provisions on individual
firms. With respect to the investment tax credit, he studied
the enactment of the investment tax credit, repeal of the
Long Amendment, and suspension of the credit in 1966. He
concluded that investment was higher after enactment of the
credit than it would have been without it, apparently the
Long Amendment had adverse impact on investment, and the
average decrease in gross investment due to the suspension of
the credit in 1966-1967 was approximately two percent per
year, [Fralick, 1970, pp. 134-144].

Johnson and Carey studied the issue of the effectiveness
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of the investment tax credit by analyzing the sensitivity of
a series of equipment replacement decisions to the
availability of the investment tax credit at various assumed
rates. Their sensitivity tests were conducted in a capital
budgeting context in which a net present value model was
utilized. The purpose of the study was to determine the
investment tax credit percentage that would cause various
assumed investment proposals to become acceptable. The
primary economic variables pertinent to their model were cash
flow and interest rates. The results of the "study showed
that, in general, the equipment replacement decision was
relatively insensitive to an investment tax credit of 7
percent or Dbelow." The study indicates that an investment
tax credit above 7 percent may impact upon the investment
decision., [Johnson and Carey, 1970, p. 311].

In another study conducted by Hall and Jorgenson [1971]
in which the neoclassical econoric theory was applied, their
econometric model of investment behavior was reestimated by
taking into account data and newly developed methods of
estimation that had not been available when they conducted
their earlier studies. The set of variables that they used
in their study included measures for output, profits,
interest rate, rental price of capital, capital stock, and
technical change. Results similar to those of their earlier
studies were obtained. In the study, the parameters of their

{
model were estimated from annual data for investment in
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manufacturing industries in the United States for the period
1962-1965.

In the portion of their study related to the impact of
the investment tax credit, they only considered the potential
impact on investment in equipment rather than considering the
impact on investment in equipment and on total investment.
Nonetheless, they did find that the investment tax credit had
a substantial positive impact on gross investment, net
investment (i.e., gross investment 1less replacements), and
capital stock in equipment. The authors concluded that the
increases of investment in equipment resulted because the
presence of the investment tax credit brought about a
reduction of the rental price of capital services. [Hall and
Jorgenson, 1971, p. 51].

Moreover, Hall and Jorgenson found that tax policy can
be highly effective in changing both the level and timing of
investment expenditures. They concluded that the investment
tax credit has had a greater impact than any of the other
changes in tax policy during the postwar period, especially
after the repeal of the Long Amendment in 1964. Hall and
Jorgenson also concluded that the suspension of the credit
from late 1966 to early 1967 had an important restraining
effect on the level of investment. [Hall and Jorgenson,
1971, p. 59].

Charles Bischoff’s model [Bischoff, 1971(a), pp. 61-130]

of the investment process is similar to the Hall and
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Jorgenson model. However, he criticized some of Hall and
Jorgenson’s assumptions as being too restrictive and then
develops his own set of assumptions that are purportedly less
restrictive. One of Bischoff’s major assumptions is that
factor (labor and capital) proportions may not be Efreely
variable at all times, but only before fixed capital goods
are put into place. This assumption is the basis for the
"putty-clay" hypothesis, under which the machinery is made of
"putty," which can be shaped into any form until it is put
into place, after which it becomes hard-baked "clay." This
approach assumes that measures which alter the relative price
of capital services (such as tax credits, depreciation
expense, and profits taxes) should affect capital goods
spending more gradually than do changes in output. Bischoff
did, however, utilize surrogates for the same variables in
his investment model as did Hall and Jorgenson in their 1971
study (i.e., output, profits, interest rate, rental price of
capital, capital stock, and technical change). Bischoff used
quarterly data of investment in producers’ durable equipment
for the period 1951-1965. He concluded that changes in
relative prices of capital goods (including changes resulting
from the investment tax credit) appear to have a
statistically significant effect on investment spending.
Additionally, he stated "that the investment tax credit
adopted in 1562 has probably directly stimulated more
investment spending than the policy has cost the government

in taxes." [Bischoff, 1971(a), p. 125].
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Robert Coen studied the issue of the investment tax
credit’s effectiveness, and in his work, he initially assumed
that the investment tax credit influences capital
expenditures in two ways: First, by reducing the implicit
rental price of capital, the desired stock of capital is
increased. Second, by increasing the internal flow of funds,
businesses facilitate adjustments of capital stocks to
desired levels., More specifically, measures for output,
profits, cashflow, interest rate, rental price of capital,
and capital stock were incorporated into his investment
model.

Upon the completion of his study, Coen suggested that a
decisive 3judgement cannot be made as to the effectiveness of
the tax incentives studied. (He also studied the impact of
accelerated depreciation on the level of capital
expenditures.) While commenting on his work and the work of
others, Coen concluded that in order to make a decisive
judgement on the effectiveness of the investment tax credit
as a tax incentive, one has to be willing to pass judgment on
the merits of the models involved. Nonetheless, he stated
that his estimates suggest that the "performance of tax
incentives has been quite disappointing.... The policies
that produced an estimated $8.6 billion in tax savings from
mid-1962 through the third quarter of 1966, increased

expenditures by only $2.8 billion." [Coen, 1971, p. 179].
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Klein and Taubman [1971] studied the investment tax
credit’s effect in a three dimensional framework. Their
focus was on what investment would have been for an
eight~quarter period, beginning with the fourth quarter of

1966, given:

1. No suspension of the investment tax credit
2. Permanent suspension of the credit

3. Temporary suspension of the credit

Further, within this structure, they incorporated the
following variables in their investment model: output,
profits, cashflow, interest rate, capital stock, and capacity
utilization. They also commented upon two other variables
that had often been used by other researchers: the rental
price of capital and indicators of technical change. They
recognized their importance and their possible explanatory
power; however, they did not attempt to include them in their
models because of their perception that reliable and wvalid
surrogates did not exist and due to their perception that
weaknesses were present in the computation of these
surrogates.

With a permanent suspension, there is a slower rate of
growth in the value of output during early 1967, but a rapid
recovery in the latter part of the year and continued growth
during 1968. They concluded that the final position of the
economy was approximately what it would have been without any

suspension. ([Klein and Taubman, 1971, p. 234].
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Pitts and Whitaker [1971] conducted a study of the
effectiveness of the investment tax credit within the
chemical industry. They concluded that from 1962-1965 the
investment tax credit had a measurable impact on investment
behavior and attributed 8.3 percent of the gross investment
spending in the chemical industry to the investment tax
credit’s availability. [Pitts and Whitaker, 1971, p. 58].

In a later effort by Eisner, he concluded that the
investment tax credit does not significantly increase
investment. While his estimates of the impact of the
investment tax credit were significantly 1less than other
researchers, he claimed that the investment tax credit may
"essentially only alter the mix of investment spending --
towards the corporate business sector and expenditures for
plant and equipment." [Eisner, 1973, p. 399]. While he did
not support this statement by including a detailed analytical
analysis of investment theory or an empirical exercise, he
did base the statement upon his review of theoretical
analysis and empirical study of others and the responses of
businessmen in surveys.

In a study by Sunley, the "neutrality” of the investment
tax credit was examined. He viewed the investment tax credit
in isolation and did not consider other variables that could
differentially affect investment 1in different industries;

however, he concluded that the "effective investment tax




87

credit rate" is "far less than the 7% nominal rate" [Sunley,
1973, p. 217] allowed. Although he did discuss the rental
price of capital variable in an analytical section of his
paper, he did not use it or any other of the economic
variables mentioned above in an investment model. He
utilized statistics computed by the Internal Revenue Service
based upon a sample of corporation income tax returns to
complete the empirical portion of his study. His study
categorized the effective investment tax credit by industry
group and concluded that based upon the 1968 data used, the
effective investment tax credit rate ranged from a low of
2.84% in the "communication services industry group" to a
high of 6.97% in the "lumber and wood industry." He claims
that the nominal rate was reduced because of various factors
which are part of the investment tax credit provisions (e. g.
short-lived property, public utility property, carryover of
unused credits, net income limitation, and recapture of prior
credit), and as a result, the actual impact of the credit on
investment cannot be as intended.

The General Accounting Office (GAO) recently studied the
issue of the investment tax credit’s effectiveness. They
critically assessed a group of important studies that have
analyzed the investment tax credit’s effects, point out the
weaknesses in the analyses, and suggest the direction of
future research, The studies included in their review were

ones cited above conducted by Hall and Jorgenson [1971],
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Bischoff [1971(a)], Coen [1971], and Klein and Taubman

[1271].
The GAO is apparently very dubious as to the credit’s
effect in stimulating investment because of the specification

of the credit’s provisions. They suggest that:

... the largest portion of the tax credit goes to
reward investment that would have been undertaken
in any case. Thus, while a company may increase
investment outlays by only 5 percent over what was
planned without the credit, they will receive a
credit benefit on the full 100 percent of their
investment. [Report by the Comptroller General,
1978, p. 3].

They also reviewed two studies that attempted to
appraise alternate econometric models of investment behavior.
Both of the studies that they reviewed, the Jorgenson,
Hunter, and Nadiri [1970] study and the Bischoff [1971(b)]
study, were discussed above. Based upon their review, they
felt that reliable comparisons of alternate econometric
models could not be made because of the lack of sufficient
information.

Further, they commented on the current state of the
research of this issue and the prospects for the future:

In fact, the controversy over the extent to which

business managers do respond to tax incentives

extends to both the theoretical and the empirical
levels of analysis. Though the research performed

to date has failed to provide policymakers with

exact, quantitative answers, definite progress has

been made in classifying the basic issues,

Although the definitive investment model has not
yet and may never be developed, the existing models
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and empirical studies do provide valuable

information for the policymaker. [Report by the

Comptroller General, 1978, p. 6].

Richard M. Bird [1980] recently reviewed several dozen
studies of tax incentives, including studies which examine
the investment tax credit. The studies that he reviewed
attempted to capture the impact of tax incentive provisions
enacted primarily in the United States and Canada. Included
in his review were several studies that are also included in
the review of literature above. The studies which are of
comnon interest were ones conducted by Hall and Jorgenson
{1967 and 1971], Bischoff [1971], Coen [1971], Klein and
Taubman [1971], and Eisner [1973 and 1978]. Since his study
also encompassed other types of tax incentives (e.qg.,
accelerated depreciation, reduced tax rates, research and
development incentives, and savings incentives) and since his
review also included studies of incentives enacted in Canada
as well as the United States, Bird’s review included a number
of research efforts that are not of direct interest to this
study. The primary conclusions reached by Bird are that (1)
economists and other researchers know amazingly little about
the effectiveness and efficiency of tax incentives, (2) the
available research techniques are incapable of improving this
lack of knowledge very much, and (3) the available evidence
suggests that tax incentives do not effectively or
efficiently achieve most of the objectives for which they

were supposedly introduced. [Bird, 1980, p.2].
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Hendershott and Hu have examined the issue and concluded
that a resultant change occurs in the cost of capital from
the establishment or increase of the investment tax credit.
The variables that they included in their investment model
were output, profits, interest rate, rental price of capital,
capital stock, capacity utilization, and technical change.
However, they indicate that the estimates resulting from
their model '"overstate the actual increase in investment
because other variables would probably change in an
offsetting manner; in particular, interest rates would rise
unless capital were available in unlimited quantities at a
constant interest rate." [Hendershott and Hu, 1981, p. 116].
It is suggested by Hendershott and Hu that many of the
previous studies tend to consider only a portion of the
picture: they examine only the effect of the investment tax
credit on the investment function in a closed system and not
the net effect on investment expenditures in an open system.
"Analysis of a full model of the investment saving matrix,
relative prices, and financing rates and explicit assumptions
regarding both the response of macroeconomic policy and the
method of financing the (tax credit) are necessary to obtain
a reasonable estimate of the change." [Hendershott and Hu,
1981, pp. 116-117]. That is, there may be many other factore
that affect the level of investment expenditure in the
economy other than the cost of capital. They point out that

in fact, "von Furstenberg has argued that capacity
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utilization rate is the dominant determinant of
nonresidential fixed investment." [Hendershott and Hu, 1981,
p. 102].

In a study conducted by Lawrence Summers, the author
concluded that little is known about the relative
effectiveness of alternative investment incentive devices,
including the investment tax credit; however, it is generally
accepted by tax policy researchers that incentives to spur
investment should be designed to maximize the additional
investment generated per dollar of forgone revenue.
Therefore, the design of the incentive, and not just the size
of the increased investment stimulus is an important issue.
Additionally, Summers concluded that the consideration of
interactions between tax policy and inflation is essential to
policymaking because of the impact of inflation on taxation
and investment. [Summers, 1981, pp. 118-119].

The studies reviewed above illustrate the point that a
clear understanding of the effectiveness of the investment
tax credit has not been reached. Various theoretical
approaches and various nuances thereof have served as the
basis for the studies. Further, different studies have
considered wvarious subsets of economic variables that are
believed to influence investment hehavior. Moreover, the
relationships of these explanatory variables to each other
have varied. These factors have undoubtedly contributed to
this lack of <clear understanding of the investment tax

credit’s effectiveness.
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Primary Economic Variables Influencing Investment Spending:

This study, which is conducted at the macro level, must
rely upon micro investment theory because a theory at the
macro level remains undeveloped. However, upon the
examination of the micro investment theory, as previously
discussed, it is apparent that this theory is not fully
developed, either. Nonetheless, as discussed earlier, macro
level studies often rely, at least to some extent, on micro
level economic theory. This dissertation also relies upon
micro economic investment theory, but in very general terms.

The purpose of this dissertation is not to attempt to
make a conclusion as to the most appropriate structural
theoretical approach to understanding investment; but rather,
its purpose 1is to use the theory that has been developed to
date as a broad base for exploring the issue of the
effectiveness of the investment tax credit by utilizing a
methodological approach that has not been previously used.
This study utilizes micro investment theory for purposes of
selecting the major economic factors that appear to influence
investment spending. As a result, the various attributes
held to be important in the theories and the resultant
empirical work related to investment spending are considered

for purposes of this study.
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Even though various subsets of economic variables appear
in the theoretical and empirical literature reviewed, the
variables have continually appeared, disappeared, and
reappeared. The wvariables that have been noted in the
theoretical background and literature review portions of this
chapter which over time have seemed to be important in
explaining investment  behavior ares output, profits,
cashflow, interest rate, rental price of capital, capital
stock, capacity wutilization, and indicators of technical
change. Because of their perceived importance in explaining
investment activity, these factors are considered for
inclusion in this study.

Klein and Taubman [1971] also concluded that these
variables were important factors in influencing investment.
They stated that "nearly all investigators have settled on
... (these variables as being) the relevant set of variables
for investment functions.... Most investigators refer to the
same list of variables and usually select some subset for
their own studies.... [Klein and Taubman, 1971, p. 198].
Their conclusions regarding the set of influential economic

variables came after a flurry of several major studies (by

Hall and Jorgenson, Coen, Bischoff, and others) had been
conducted in the late 1960°s. Their evaluation as to the
variables which show great impact upon investment is

considered still to be relevant for purposes of this study

based upon the review of theory and the literature as




discussed above and because it would appear from a review

the investment literature,
not developed or produced
enlightenment.

Based upon a review of the

and empirical studies in the literature,

24

of

that studies since that time have

significant new theoretical

relevant major theoretical

it is clear that the

answers are by no means entirely satisfactory nor have all of

the questions been

unknowns and questions.
which satisfactorily

result, a decisive judgment

incentives can not Dbe

econometric models unless one

addressed and examined.

explains

on

If any general

conclusion can be drawn from the literature in this area, it
would be that the subject is far from settled. However, the
previous research has made a contribution in developing a
basic understanding of the effects of wvarious economic
factors on investment (i.e., the eight economic variables
mentioned above which are considered for this study). A
detailed discussion of their utilization follows in Chapter
4,
Summary:

The state of the theory of investment and related
empirical knowledge are very uncertain and replete with

There is no one all-inclusive theory

investment activity. As a

the effectiveness of tax

made when utilizing the traditional

is willing to pass judgment on
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the nmerits of the models available. The results coming from
such studies have to be characterized as being conditional
upon the particular investment model employed. The varying
results produced by empirical studies in which the
effectiveness of the investment tax credit was examined can
be attributed, at least in part, to the fact that different
investment specifications have been utilized.

Nonetheless, the essence of the basic theory of
investment points to a gradual adjustment of the capital
stock to a desired level which is dependent upon the expected
level of output. Further, it has been noted that interest
rates have shown up in quarterly econometric models as an
important determinant of investment. However, internally
generated cash and profits have also been noted to Thave an
effect on investment for given levels of output, capital
stock, and interest rates. Other variables considered
important in the process are rental price of capital,
capacity utilization, and indicators of technical change.

The above characterization of the current state of the
theory of investment, however, is very much of a
generalization. In reality, there are a whole host of
alternative theories of investment behavior which differ as
to the determinants of the desired level of capital, the time
structure of the investment process, the treatment of
replacement investment, and so on. The econometric work

which follows from the theory is always, by necessity, based
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upon highly simplified models. As a consequence, the "number

of possible explanations of investment behavior, which is

limited only by the imagination of the investigator, is so
large that, 1in any empirical investigation, all but a very
few must be ruled out in advance." [Jorgenson, 1967, p.130].

If a truly realistic theory could be developed it would
be very complex and may be of only questionable usefulness.

As Eisner [1978] suggests:

If relations could be specified correctly and
disturbances all had appropriate properties for
estimation, we would presumably come up with
similar parameter estimates from the various types
of regressions our data allow. This, however, is
frequently not the case, a matter all too often
ignored by econometricians who take a given body of
data ... and assume that somehow the statistics
they derive will be unbiased estimates of
structural parameters describing a firm”s behavior
or the aggregate of the firm’s behavior. Yet there
may be no stable relation among aggregates
independent of microeconomic relations and the
varying ways they may interact in different
situations. [Eisner, 1978, p. 12].

At this early stage of the development of the theory of
investment, it may be considered inappropriate to reject any
reasonable proposition that may be helpful in understanding
investment spending since the predictive and explanatory
capacity of existing theory is far from perfect.

If empirical studies are forced prematurely into a

theoretical straitjacket, attention may be diverted

from historical and institutional considerations

that are essential to a complete understanding of

investment behavior. On the other hand, 1if
theoretical work is made to conform to "realistic"
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assumptions at too early a stage in the development

of empirical work, the door may be closed to

theoretical innovations that could lead to

improvements in empirical work at a later stage.

(Jorgenson, 1967, p. 130].

It should be clear from the above, that tax policy
issues such as the impact of the investment tax credit have
not been settled due, in part, to the inconclusive nature of
the wunderlying theory of investment behavior. Therefore,
until the complex nature of the investment function is better
understood, a continual reapplication of the basic specific
theory based testing procedures of the past must be viewed as
having limited worth.

New testing procedures and research methodologies must
be developed and utilized in which the tests of the effects
of tax policy upon investment are not constrained by the
possible misspecification of economic theory. The test
results can be no more conclusive than 1is the underlying
theory of investment behavior. Moreover, while theory may
tell us how investors should behave, it does not necessarily
follow that this describes how real-life investors do in fact
behave. The research that is conducted and described in the
chapters which follow is an attempt to break from the
constraints of the embryonic and controversial investment
theoretical framework that currently exists yet remain
grounded upon the basic economic relationships that are

believed to have some import upon investment decisions. By
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being constrained only to the extent that a limited number of
economic determinants of investment are being considered, it
is believed that a clearer understanding of the impact of the
investment tax credit upon investment spending is achieved.
The following chapter fully describes how the theory-based
economic wvariables discussed above are utilized in this
study, which applies a methodological technique that 1is new

to the study of the investment tax credit.
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CHAPTER 4

DISCUSSION OF METHODOLOGY AND TESTS PERFORMED

Introduction:

The above discussion elucidates the fact that, as vyet,
there exists no undisputed way to explain investment behavior
and as a result, the answers that have been previously
obtained to research questions similar to those at hand are
largely inconclusive. This research addresses a set of
questions that have been raised before; however, it is
appropriate to study the questions again  because a
methodological approach is utilized which has not previously
been utilized with respect to this issue. The approach taken
is less theoretically constraining than the other efforts
pursued yet the research is based on fundamental economic
precepts. This research is based upon an ad hoc model, which
thereby avoids the constraints caused by possible
misspecifications of more complex structural econometric

models noted in the economics literature.
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Previous research has not been completely successful in
analyzing the issue through the use of structural models in
which investment and the investment tax credit are explicitly
related to other economic variables. The analyses which
follow track the movement of investment, not by relating it
to a set of other variables in a causal framework, but by
basing the models of the study solely upon the past Dbehavior
of various important economic variables.

The specific research questions to be examined are:

1. Has the availability of the investment tax credit
provisions given rise to an increased level of
investment expenditures within the United States
economy over the level of investment expenditures
that would have been expected without the
availability of the provisions, and

2. Has an increase in the rate of the investment tax
credit given rise to an increased level of
investment expenditures within the United States
economy over the level of investment expenditures
that would have been expected had the investment tax
credit rate not been increased?

The main null and alternative hypotheses that result from

these research questions are:

Hol: The availability of the investment tax credit pro-
visions has not increased the level of investment
spending within the United States economy over the
level of investment spending that would have been
expected without the availability of the invest-
ment tax credit.
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Hal: The availability of the investment tax credit pro-
visions has increased the level of investment
spending within the United States economy over the
level of investment spending that would have been
expected without the availability of the invest-
ment tax credit.

Ho2: The increased investment tax credit rate has not
increased the level of investment spending within
the United States economy over the level of in-
vestment spending that would have been expected
had the investment tax credit rate not been in-
creased.

Ha2: The increased investment tax credit rate has in-
creased the level of investment spending within
the United States economy over the level of in-
vestment spending that would have been expected
had the investment tax credit rate not been in-
creased

This study examines the association or relationship

between the investment tax credit and investment activity.
From this effort, statements are made relating to the
effectiveness or the impact of the credit in stimulating
investment. There is no effort made in this research to
assess the efficiency of this tax incentive in terms of its
own costs and benefits or its relative efficiency in relation
to other tax incentives which have been designed to stimulate
capital formation. Finding a significant relationship
between the credit and investment does not necessarily
indicate that the investment tax credit is the mosiL efficient
method available to stimulate investment., These questions

relating to efficiency are left for future research activity.

For purposes of this ©research, the term "investment"

— - e et e e AMial Wemraay ¥ SR \ral
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includes depreciable business assets which have useful lives
of more than one year, such as plant and equipment. A subset
of investment which is considered is "qualified" investment,
Purchases of qualified assets, as specifically defined in

section 48 of the 1Internal Revenue Code (see Appendix A),

provide taxpayers the opportunity to claim the investment tax
credit. In general, property eligible for the credit is
depreciable tangible personal property used in the United
States (e.g.., machinery, equipment, and automobiles).
Neither the term investment nor qualified investment includes
the acquisition of physical capital by non-profit
institutions, or by governmental entities. Moreover, the
term does not include the acquisition of durable goods by
households or any form of intangible assets such as research
and development or human capital. A more complete discussion
of the nature of qualified investment and how its definition
has changed over time was presented in Chapter 2.

It is also important to reiterate at the outset of this
chapter that this study is a macro level study in which the
focus of attention is investment activity at an economy-wide
level, 1Investment activity of a particular firm or series of
firms is not considered 1in this research, except to the
extent that such micro investment activity data are a
component part of the macro data utilized.

The following statement from Anderson [1967] provides a
good summary of the reasons why a study at the macro level

such as this one is valuable:
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I grant that  because of collinearity,
simultaneity, aggregation bias, and shortage of
data points, variables (that) are aggregated as
those in the national accounts are not a very rich
testing ground for economic hypotheses.
Nonetheless, there are two good reasons for
continuing to use thenmn,

The first 1is that +the less aggregate the
approach to hypothesis testing is, the greater are
the dangers that model building will degenerate
into particular explanations for particular cases
and that description shall masquerade as theory.
Broadly aggregated data provide a useful check on
the generality of propositions established from
less aggregative data.

The second reason is that policy formulation
and forecasting often require quick and dirty
estimates of economic parameters. If a policy
maker needs to know the size of an accelerator, it
is little help to him to be told that it 1is one
value for manufacturing, another for public
utilities, and some wholly unknown value for the
remainder of industry which no one hasgs yet bothered
to investigate. Without a complete disaggregative
model which 1is set up to yield quick answers,
aggregate models will continue to be very useful.
[Anderson, 1967, pp. 414-415]

The Basic Research Design:

The first research question, the impact of the
availability of the investment tax credit on investment,
utilizes quarterly macro-economic data for a period of time
which includes the January 1, 1962 date. Basically, if the
level of investment activity is different after January 1,
1962 (the effective date for the provisions originally

allowing the credit) than before January 1, 1962, after
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allowing for the effect of certain factors, the difference is
attributed to the presence of the investment tax credit.

The second research question takes an approach similar
to the first except that the quarterly data considered are

from around the January 21, 1975 date (the effective date for

FIGURE 4.1

TIMELINE OF RESEARCH SCOPE
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a b c d e f
**%%%% -~ Time period included in tests

————— - Time period not included in tests

a - April 1, 1954 -~ The beginning of the first
period tested

b - January 1, 1962 -- Date of intervention of the
first period tested

¢ - September 30,1966 -- The end of the first
period tested

d - October 1, 1971 -- The beginning of the second
period tested

e - January 21, 1975 —- Date of intervention of the
second period tested

f - December 31, 1980 -- The end of the second
period tested
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the provisions which provided that the maximum investment tax
credit rate would be increased from seven to ten percent),
If the investment activity variable behaves differently after
the intervention date than before the intervention date, the
difference is attributed to the rate change of the investment
tax credit. X

The time periods and critical dates associated with
these time periods which are included in this study are
diagrammed in Figure 4,1, above. As indicated earlier, the
dates of intervention tested are the effective dates for two
pieces of investment tax credit legislation. The
specification of a particular date of intervention is not
absolutely critical, however, because as explained later, the
possibility of an intervention impact at other points around
the effective dates also is explored.

Furthermore, each research question is addressed at two
levels: at the level of qualified investment activity and at
the level of overall investment activity. The questions at
the first level are designed to provide some insight as to
the i1nvestment tax credit’s effect on expenditures for assets
that qualify for the credit. The questions at the second
level are designed to provide insight relating to the effect
of the investment tax credit on overall investment activity.
By examining the issue of the investment tax credit’s
effectiveness at the overall 1level, the study not only

addresses the question of whether total investment activity
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has increased, but the question of whether funds were
divertad from nonqualifying to qualifying investments is also
implicitly addressed, upon considering the overall investment
series in conjunction with the nongualified investment
series. Overall investment activity includes both
acquisitions of assets that qualify for the credit and assets
that do not qualify for the credit.

It is important to ask each of the research questions at

the different levels for two reasons:

1. At least one empirical study has concluded that the
investment tax credit has created a shift of
preference by businesses; it has been claimed that
the credit has merely caused a shift towards
investment in assets that do qualify for the credit
and away from investment 1in assets that do not
qualify for investment. [Hall and Jorgenson, 1967,

p. 392].

2. The investment tax credit was enacted with the
expectation that not only would ‘“"qualified"
investment activity be greater but total investment
activity would also be expanded. That is, any
stimulation of expenditures £for machinery and
equipment attributable to the investment tax credit
would likely also generate an increase in

expenditures for plant.
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Since the investment tax credit is
applicable to many firms, it will, if it
is to be a successful policy, have a
significant effect on the economy as a
whole. Tests of the effectiveness of the
investment tax credit should be put in a
context that takes into account the
interrelatedness among investment spending
of all types. [Report by the Comptroller
General, 1978, p. 20].

Therefore, in order to judge properly the impact of
the credit, the combined package of plant and
equipment investment must be examined ain addition to

qualified investment.

Specification of the Research Methodology:

From the discussion in Chapter 3, the conclusion was
made that there is no one all-inclusive theory which
satisfactorily explains investment activity and as a result,
many of the conclusions coming from the empirical studies
where investment (and the investment tax credit) were studied
had to be characterized as being conditional upon the
particular investment model employed. It has been suggested
that many of the varying conclusions resulting from studies
of the effectiveness of the investment tax credit can be
attributed to the fact that different investment

specifications have been utilized (see Chapter 3).
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This study avoids the constraints of being tied to any
one particular theory of investment behavior. This work
employs a model in which several of the common attributes of
the various econonic theories of investment spending
described earlier are utilized. The wvariables utilized in
this study are the ones discussed in Chapter 3 as being
important in investment decisions. However, two of the
variables discussed (e.g., rental price of capital and
indicators of technical change) are not included in the
current study because of the difficulty of making them
operational at a macro level. (More discussion of this
exclusion follows.) The variables that are included in this
study are assumed to be linearly related to investment
activity. As such, investment activity is modelled as a
linear function of the various economic variables. The
variables employed represent a distillation of much of the
econometric literature on investment activity which was
discussed in the previous chapter. This work is an attempt
to avoid much of the structural sophistication of earlier
efforts which, as Klein and Taubman suggest, '"can lead to a
too great departure from the real world." [Klein and
Taubman, 1971, p. 206].

Fundamentally, the research methodology consists of two
major steps in which ex-post quarterly macro-economic data
are analyzed for purposes of the Thypothesis testing: a
multiple regression analysis step and an intervention

analysis step.



109

The first of the two steps isolates the fluctuations 1in
the flow of investment from quarter to quarter during each of
the two time periods into two parts: the portion of the
investment activity explained by the economic variables and
the portion of the investment activity not explained by these
economic variables. This unexplained segment of investment
activity is called the "residual."

In the second major step, the time-series pattern of the
residual i1s examined around two intervention dates (i.e.,
January 1, 1962 and January 21, 1975). If either or both of
the residual series behave differently after the intervention
than before the intervention, the statement is made that the
difference is attributable to the presence of the
intervention.

For each of the two time periods tested and at cach of
the two levels of investment activity, a control group is
utilized to further isolate exogenous influences which are
not explicitly accounted for in the regression equations
(i.e., in the multiple regression analysis step) and which
are believed to impact upon investment activity. The
nongualified investment activity series described below
serves as the control group in this study. The utilization
of a control group is particularly beneficial 1in this
instance because of the difficulty in isolating the effects

of taxes and the investment tax credit from other influences
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and because of the lack of complete knowledge as to the
nature of the investment function. By utilizing a control
group, influences such as general economic conditions, the
1973-1974 oil embargo, the Vietnam War and defense spending,
expectations, and Japanese competition, are minimized since
these factors affect both the experimental and control
groups. Moreover, the effects of a number of other tax
policy changes which ostensibly impact wupon investment
activity, such as the enactment of the Class Guideline Lives
depreciation system, the depreciation recapture provisions,
and the tax rate structure changes, are controlled by using
this research design because these factors impact upon both
the experimental and control groups.

The utilization of a control group will also help
mitigate the potential difficulty of historical invalidity.
Normally, a change in a time-series which coincides with the
occurrence of an intervention is presumed to be the effect of
the intervention. However, in ex-post experiments, such as
this one, it 1is no simple matter to sort out the effect of
one intervention from the effects of many other simultaneous
interventions targeted toward aspects of the same problem,
The historical invalidity difficulty is averted by analyzing
the results of the tests performed on the experimental group
in conjunction with analyzing the activity of the control
group.

Although the utilization of the control group in this
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study aids in accounting for factors that would ordinarily be
hard, if not impossible, to include in a model, it does not
represent an ideal control group because the experimental
groups may not be independent of the control group. For
instance, it was asserted earlier that if qualified
investment was stimulated, nonqualified investment also may
be stimulated to a degree, The degree to which the
experimental groups and the control group move together,
either simultaneously or in a lagged fashion, is monitored in
this study. Plausible explanations can be provided for such
co-movement, if necessary.

Recall that in this project the experimental groups are
the qualified investment activity and overall or total
investment activity variables. The contrc. group utilized is
nonqualified investment activity (i.e., investment activity
for which the investment tax credit is not available). The
nonqualified investment activity variable 1is derived by
computing the difference between overall investment activity
and qualified investment activity. Basically, this control
group primarily encompasses the investment activity in
commercial and industrial buildings (e.g., stores, offices,

warehouses, etc.) for a given time period.

Surrogation of the Economic Variables-

A set of possible relevant variables for specifying the
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investment function was identified in the previous chapter.
Various investigators have selected for their studies subsets
of one or more of the elements from this set as being
primarily responsible for explaining investment behavior.
Each of the theoretical approaches that has been utilized by
these researchers 1is conceptual in the sense that the
variables of the model and the relationships among variables
are based on either economic theory or at least some a priori
hypothesis concerning investment behavior. In order to
utilize each model as a research tool the conceptual
variables have had to Dbe surrogated by "real-world" data.
This research likewise requires the utilization of surrogates
to represent the conceptual attributes which influence
investment activity. The sources of the "real-world"
macro-economic data that are used in this study are the U.S.
Department of Commerce, Bureau of Economic Analysis; U.S.
Department of Commerce, Bureau of the Census; and the Board
of Governors of the Federal Reserve Board. A description of
the surrogates selected as the dependent and independent
variables for this study is given below.

As explained below, surrogates are selected for all of
the economic variables listed in Chapter 3 except for the
rental price of capital and indicators of technical change
attributes, In the case of these two independent variables,
reliable and wvalid surrogates are not considered to be

available. Based upon the literature reviewed previously,




113

earlier attempts to surrogate the variables encountered
difficulties because of the uncertainty involved in deciding
upon their appropriate specification.

More specifically, with respect to the rental price of
capital variable, a surrogate of this attribute is not
included in the study because of the lack of agreement as to
its appropriate theoretical and operational specification.
Henderhott and Hu commented that "“considerable controversy
exists" over the appropriate specification of this factor.
Their conclusion is based upon their study noted above which
included general comments about various specifications of the
variable. [Hendershott and Hu, 1981, p. 87]. Moreover,
Goldberg concluded that this variable did not seem to "work"
in macro-economic studies because of factors such as
measurement error, aggregation bias and/or inadequate
information on expectations. [Goldberg, 1979, p. 118].

The omission of the indicators of technical change
variable from this study is not considered significant for
several reasons: (a) Any variance attributable to this
variable, which generally encompasses the independently or
ex« s=nously determined changes in the production process, may
be factored out upon the utilization of the control group as
called for in the methodology described in this chapter. (b)
As mentioned in Chapter 3, the factor tends to affect the
timing of investment expenditures, and as a result,

investment can be both stimulated and restrained at the same
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time. Therefore, the net effect of the variable’s omission
may be negligible. (c) Since technological advance can
relate to both labor and capital saving techniques, the
inclusion of +this wvariable could convolute the results
because of the fact that it does encompass labor as well as
capital saving technology. Ideally, if the factor was to be
included in this study, a surrogate would be needed that only
considered the capital saving aspects.

Therefore, the six economic determinants that are
surrogated for this study are output, profits, cash flow, the
interest rate, capital stock, and capacity utilization. The
surrogates of the dependent and independent variables that
are used in the testing are as follow. Further, the actual
observations of the following surrogates are provided in

Appendix B.

1. Qualified Investment Activity. "Value of
Manufacturers’ New Orders, Capital Goods Industries,
Nondefense," in constant (1972) dollars, seasonally
adjusted, Source: U.S. Department of Commerce,

Bureau of the Census, Business Conditions Digest., A

new order is a communication with the intention to
buy for immediate or future delivery. The new
orders in the series are supported by legal
documents, including signed contracts, letters of

intent, and letters of awards. The series includes
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new orders less cancellations. New orders is equal
to the current value of shipments plus the change in
unfilled orders. The series 1is not seasonally
adjusted independently bhut is derived from
seasonally adjusted shipments and unfilled orders
series. Included in the series reported by a group
of durable goods manufacturers are nonelectrical
machinery (e.g., engines and turbines; construction,
mining, and material handling equipment; metal
working machinery; special and general industry
machinery; and miscellaneous nonelectrical
equipment), electrical machinery (e.g., electrical
transmission and distribution equipment, electrical
industrial apparatus, other electrical machinery
excluding household appliances, and railroad
equipment), and the nondefense portion of
communication equipment, shipbuilding and aircraft
and their parts. This series, which is derived from
a series stated in terms of current dollars, is
presented in terms of constant (1972) dollars. The
series is determined by multiplying the seasonally
adjusted current-dollar series by the seasonally
adjusted wholesale price index for machinery and

equipment.

Overall Investment Activity. "Contracts and Orders
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for Plant and Equipment,” 1in constant (1972)
dollars, seasonally adjusted, Source: U.s.
Department of Commerce, Bureau of Economic Analysis,

Business Conditions Digest. This series measures

the value of new contract awards for commercial and
industrial construction contracts (e.g., offices,
stores, warchouses, garages, and manufacturing
buildings), for contracts for privately-owned
non-building construction (e.g., streets, bridges,
dams, wutility systems, pipelines, and watersupply
systems), and for manufacturers’ new orders in
capital goods, nondefense industries (this portion
of the series is the same as the series described

above for qualified investment activity).

Nonqualified Investment Activity. This series is
derived from the two series described above. The
series, which includes building and nonbuilding
construction, is computed by taking the difference
between "Contracts and Orders for Plant and
Equipment" and "Value of Manufacturers’ New Orders,
Capital Goods Industries, Nondefense." This series
represents new orders or contracts for assets that

do not qualify for the investment tax credit.

Output. "Total Manufacturing Output," expressed as
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a percentage of 1967 output (1967 = 100), seasonally
adjusted, Source: Board of Governors of the Federal
Reserve Board. This index is designed to measure
the monthly changes in the nation’s output of
industrial production, except for the output related
to mining and utility operations. Additionally, the
index does not include production on farms, in the
construction industry, in transportation, or in
various trade and service industries. The index is
based on data supplied to the Board of Governors of
the Federal Reserve System by government agencies
and various trade organizations. It is a
combination of more than 200 individual output
series with value added weights. The weights used
are based on the value added by manufacturers (the
difference between the value of production and the
cost of material or supplies consumed) in individual
industries for selected base years. The components
of the index are adjusted for two kinds of
short-term recurring fluctuation: for differences in
the number of working days from period to period and

for seasonal variation.

Profits. "Corporate Profits after Taxes with
Inventory Valuation Adjustment and Capital

Consumption Adjustment in 1972 Dollars," seasonally
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adjusted, Source: U.S. Department of Commerce,

Bureau of Economic Analysis, Business Conditions

Digest. This variable is a measure of the amount of
earnings, by corporations organized for profit,
which accrue to U.S. residents. This amount is the
result after subtracting federal and state income
tax liabilities. The definition of profits
generally agrees with the Internal Revenue Service’s
definition of taxable income with a few exceptions
(e.g., had debt expense is measured by actual losses
instead of additions to the reserve). The inventory
valuation adjustment is the change in the physical
volume of inventories wvalued at prices of the
current period less the change in the book value of
inventories as reported by the businesses (i.e., the
excess of the replacement cost of inventories used
up over their  “Thistorical acquisition cost). This
adjustment is considered necessary because the
change 1in the‘ book value of inventory generally
differs from the change in business inventory. The
capital consumption adjustment converts tax
return~based capital consumption allowances to a
replacement cost valuation (instead of being at a
historical cost valuation) and to uniform service
lives and depreciation formulas. This series, which

is derived from a series stated in terms of current
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dollars, 1is presented in terms of constant (1972)
dollars. The determination of this constant dollar
series 1is based upon the following two steps: (1)
the current dollar series 1is separated into two
components: (a) dividends after taxes, and (b)
undistributed corporate profits after taxes with
inventory valuation adjustment and capital
consumption adjustment; and then (2) the dividends
component is multiplied by the implicit price
deflator for personal consumption expenditures and
the other component 1is multiplied by the deflator
for nonresidential fixed investment. The summation
of these two deflated components results in the

series used for this study.

Cash Flow. "Net Cash Flow, Corporate, in 1972
Dollars," seasonally adjusted, Source: U.s.
Department of Commerce, Bureau of Economic Analysis,

Business Conditions Digest. This series is derived

from information implicit in the corporate profit
series. This cash flow series is the sum of
undistributed profits (i.e., the portion of profits
remaining after taxes and dividends have been paid)
plus the capital consumption allowances that were
netted in arriving at corporate profit numbers

(i.e., the total of depreciation charges and
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accidental losses to fixed capital). This series,
which is derived from a series stated in current
dollars, is presented in terms of constant (1972)
dollars. The series is obtained by dividing the
current dollar series by the implicit price deflator

for nonresidential fixed investment.

Interest Rate. "U.S. Government Treasury Notes -
Constant Maturities, 5-Year," Averages of daily
figures, Source: Board of Governors of the Federal
Reserve Board. Based wupon recently issued and

actively traded securities only.

Capital Stock. "Total Manufacturing Capacity,"
seasonally adjusted, as a percentage of 1967 output,
Source: Board of Governors of the Federal Reserve
Board. This variable is based on the concept of the
maximum output that can be produced during a given
time period with existing plant and equipment and
with a normal operating schedule. A normal
operating schedule reflects the usual number of
full-time Thours per shift, shifts per day, days per
week, overtime hours, vacation hours, and hours of
downtime for repair and maintenance; it is assumed
that supplies of labor and other input are

unlimited. Basically, capacity output or the actual
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level of capital stock for a given industry is
determined implicitly by trend- and level-adjusting
the McGraw Hill annual year-end level of capacity
and a gross capital stock series. An average of the
two series is taken to determine annual capacity
which then is linearly interpolated between year-end

estimates to obtain quarterly estimates,

9. Capacity Utilization, "Rate of Capacity Utilization,
Manufacturing," seasonally adjusted, Source: Board
of Governors of the Federal Reserve Board. This
series measures the degree to which the
manufacturing sector is realizing its output
potential. The series is based on a derived measure
of capacity wutilization rather than on the survey
approach. This capacity utilization variable is the
ratio of actual output to capacity output,
determined by dividing the quarterly seasonally
adjusted Federal Reserve Board actual output
compilation for total manufacturing by the derived
guarterly capacity output for total manufacturing

(described ahove under Capital Stock).

The Utilization of Investment Orders-

As mentioned in the previous section, the three




122

surrogates selected to represent investment activity were
measures of investment orders rather than measures of actual
investment expenditures. By utilizing an orders series,
problems associated with timelags between an investment
stimulant and an investment expenditure such as those
discussed below are mitigated. In fact, as suggested in the
discussion which follows, an orders series is considered to
be preferrable to an expenditures series in studies such as
this one.

Upon considering capital expenditure decisions at an
aggregate level, complications to the 1lag scheme are
introduced because of different speeds by which different
firms respond to a given situation. Moreover, different
firms require different assortments of capital goods; the
information, decisionmaking, ordering, queuing, and
production period components of the lag scheme may vary over
time. [Report by the Comptroller General, 1978, p.91].

Alan Greenspan [1979] provides the following comment
about lag structures and their interface with investment
modelling:

What I know about investment decisionmaking causes

me to doubt statistical procedures that make plant

or equipment expenditures the dependent variable

and then estimate distributed lags on a number of

explanatory variables. Can such equations track

the process that actually occurs? Capital

expenditures committees of corporations act on

appropriations [i.e., new orders] in 1light of

variables such as cash flow ... Or some accelerator
measure, The lag between those factors and
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appropriations is short, And then expenditures
flow from appropriations with varying lags.... By
making investment expenditures the dependent
variable and 1linking them by a fixed lag
distribution to the factors that actually determine

capital appropriations, the models waste
information and turn into reduced forms rather than

structural explanations. [Greenspan, 1979,

pp.115-116]. .

Klein and Taubman [1971] conclude that while a general
pattern has emerged from past studies which shows that a lag
process is involved and that the shape of the distribution is
humped, the exact shape of this pattern varies by firm,
industry, and product. Further, agreement has not been
reached on the method of estimating the lag distribution and,
as a result, the parametric specifications of the lag
functions remain somewhat arbitrary. [Klein and Taubman,
1971, p. 2071].

Klein and Taubman [1971] suggest that the demand for
investment goods 1is reflected in orders, while the lag that
exists until receipt reflects supply phenomena. They add
that when a macro approach 1is used, as in this study, an
investment orders variable may be more appropriate to use
rather than an actual expenditures variable because of
several reasons: the lag structure varies by industry and
product, the lag has been shown to stretch out as capacity
utilization rises in the supply industry, and the lag may
expand and contract over time. [Klein and Taubman, 1971, pp.

217-218].
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Hendershott and Hu [1981] also support the contention
that orders 1is preferable to investment expenditures as the
dependent variable when using macro-level data because of the
differences in the length of the lag in different industries.
They further contend that with practically any aggregation of
investment outlays, the lag will vary over time as the
composition of orders among the various industries included
in the aggregation change. They conclude the use of lags
tends to unnecessarily complicate both the estimation and
interpretation of the results. [Hendershott and Hu, 1981, p.
871].

Therefore, because of the problems associated with
selecting an appropriate timelag scheme for capital
expenditures in an aggregate or macro setting, investment
orders series are used in this study rather than investment
expenditures series. Further, in wutilizing orders series,
the assumption is made that there 1is a direct positive
correlation between investment orders and investment
expenditures, That 1s, an investment order will generally

result in an investment expenditure.

General Specification of the Models~

The major testing performed in this study is conducted

by completing two major steps. In each of the steps, a

different research tool 1is used 1in order to achieve a
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different purpose. In the first step, multiple regression
analysis is used to determine the portion of investment
activity that is explained structurally by the six economic
factors discussed above, and then conversely, to determine
that portion of investment activity that is not explained by
the six economic factors. In the second major step, a
time~series analysis procedure, called intervention analysis,
is conducted on the unexplained portion derived from the
first step to determine if the investment tax credit is an
additional factor that perhaps is "buried" in the unexplained
portion which helps account for investment activity.

As discussed, the methodology in this dissertation is
comprised of two major analytical techniques: multiple
regression analysis and time~series analysis. Pindyck and
Rubinfeld suggest that a research design in which both
regression and time-series techniques are utilized is likely
to provide a better representation of the flow of investment
spending than the regression equation alone, or a time-series
model alone. This 1is the <case, they assert, "since it
includes a structural (economic) explanation of that part of
the variance of (a time-series of data) that can be explained
structurally, and a time-series ‘explanation’ of that part of
the variance of (the series) that cannot be explained
structurally." [Pindyck and Rubinfeld, 1976, p. 539]. In
this methodology, the regression analysis is utilized to

explain the deterministic part of the investment generating
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process (i.=., the economic factors). The intervention
analysis procedure then is used to further refine the
components of several regressions’ residual series by
modelling the stochastic process. The details of these
techniques are presented below.

Although the major focus of the study is encompassed by
the two steps mentioned, preliminary testing is conducted on
the raw economic data to determine if a significant level of
interaction exists between the economic variables utilized
and the investment tax credit; and an ancillary test is also
conducted to confirm the direction of any investment tax
credit impact noted upon completing the multiple regression
and intervention analysis steps. These preliminary tests, in
which a modification of the economic data is considered, and
the ancillary test, along with the multiple regression and
intervention analysis steps are discussed in detail in the
sections which follow. The data used for purposes of the
preliminary tests and multiple regression analysis steps are

presented in Appendix B.
The Possible Modification of the Raw Economic Data:

The possibility that a degree of interaction or
dependence may exist between the six influential economic
variables utilized in the study and the investment tax credit
is recognized. Further, it is recognized that if such

interaction does exist and if its degree is significant, this
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interaction could convolute the results of the regression
analysis (described below), and for that matter, the results
of the entire study. Therefore, before performing the
regression analysis, a possible modification of the raw
economic data needs to be considered.

The modification of the raw economic data would be
intended to remove any existing interactive effect between
the independent variables and the investment tax credit. This
interactive effect, if present and not removed, could mask
any impact that the investment tax credit may have upon
investment activity. For instance, upon the enactment of or
rate change in the investment tax credit provisions, the
interest rate or level of output could have fluctuated solely
because of the presence of or changes in the investment tax
credit rules. That is, the interest rate and level of output
could fluctuate as an indirect result of the investment tax
credit provisions impacting upon the economic variables that
interact with the interest rate and output (e.g., the money
supply, demand, etc.).

Therefore, preliminary tests which are more precisely
described in a section bélow, are performed to determine if a
significant level of interaction exists between the six
influential economic variables and the investment tax credit.
If significant interaction is found, then an appropriate
"cleansing" modification to the economic data is conducted

for utilization in the regression analysis. On the otherxr
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hand, upon conducting the above tests, if the conclusion is
reached that significant interaction 1is not present, then
modification of the economic data is not considered

necessary.

Multiple Regression Analysis Step:

In the regression analysis step, investment activity is
modelled as a linear function of the six economic variables
described above because these variables are considered
important influences to investment activity. The model is
used to estimate the true functional relationship between
investment activity variable (i.e., the dependent variable)
and the economic variables (i.e., the independent variables).
The functional form of the model which results is defined by
the model parameters, or the regression coefficients.

In this step, a multiple regression analysis is
conducted for each type of investment activity variable for
each period included in the examination (i.e., 1962 and
1975). The investment activity variables modelled include
the surrogates described above for qualified investment,
total investment, and nonqualified investment.

The "Value of Manufacturers’ New Orders,\ Capital Goods
Industries, Nondefense" series is utilized as the surrogate
for qualified investment activity. As discussed above, this
surrogate 1is used rather than an "actual expenditures"

surrogate because of problems associated with determining
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specific lag relationships between an investment stimulus and
an actual expenditure.

The variable "Contracts and Orders for Plant and
Equipment” acts as a surrogate for overall or total
investment activity. An "orders" variable rather than an
"expenditures" wvariable 1is utilized here also because of
problems associated with lag relationships.

A regression is also performed with nonqualified
investment for control group purposes. The surrogate for
nongqualified investment activity is derived from the
qualified investment and total investment surrogates. The
nonqualified investment series is obtained by subtracting the
qualified investment series from the total investment series.

In each regression analysis, the set of econonic
variables (i.e., the independent variables) used are those
described above. The set remains unchanged or constant
throughout the testing. That is, various subsets from the
set of the above six economic factors are not tested in the
regressions. The purpose of this study 1is not to test
empirically the relative influence of various combinatons of
economic factors on investment, but rather, to study
empirically the effect of the investment tax credit on
investment. Therefore, to meet this end, the econonic
factors which are considered to influence investment are
accepted for testing at this stage with equal weight and

without considering any preconceived structural
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interrelationships. However, as a result of the regression
analysis, the parameters (i.e., regression coefficients) and
their respective standard errors which result could be used
to test the value or usefulness of each of the independent
variables in the model. Although such additional testing
would perhaps be interesting, it is not included within the
scope of this study.

Upon modelling investment as described above, the
results will show that investment 1is dependent upon the
economic variables considered and some unknown and/or
exogenously determined factors (e.g., the investment tax
credit). This unknown portion is called the residual. The
primary purpose of this step is to determine the portion of
investment activity that can not be explained by the economic
variables and/or that portion that is influenced by exogenous
forces that are not included in the model. This
"unexplained" portion of each investment activity
observation, or residual series, is the data analyzed in the

interveation analysis step.
Intervention Analysis Step:

This step involves the application of a time-series
analysis technique on the unexplained portion or residual
series from the regression analysis step to determine if the
pattern of the residual series after the institution of the

investment tax credit in 1962 and after the rate change 1in



131

1975 are significantly different from the series before the
investment tax credit becomes available and before the rate
changes, respectively. If the pattern of the residual series
after the intervention is different than before the
intervention, the difference is attributed to the impact of
the investment tax credit. In essence, this technique is used
to "break down" and refine the residual series derived from
the regression analysis 1in order to determine 1if the
investment tax credit contributes to or stimulates investment
activity. The time-series experiment, in this case, an
interrupted time~series experiment, is an "unplanned
experiment" used to evaluate governmental reform. [Glass et
al p. 3]. The time~series design offers a unique perspective
on the evaluation of intervention effects of the investment
tax credit on investment spending. "Interventions into
societies ... do not have merely “an effect” but ‘an effect
pattern’ across time," This technique 1is wvaluable in
studying the impact of the investment tax credit and of the
rate changes in the provisions in the sense that the effects
can be observed as being immediate or delayed, increasing or
decaying, etc. [Glass et al p. 5].

Contrary to the typical econometric approach in which a
researcher postulates and tests a structural model for the
generating process (e.g., the process of making investment
decisions) on the basis of prior theory, the time-series

methodology identifies an appropriate form of the model for
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the generating process on the basis of the statistical
attributes of the data. In the time-series analysis
utilized, there 1is no need to be concerned explicitly with
the structural real-world causal relationships that effect
the variable of interest except with respect to the structure
of the intervention effect as discussed below. Therefore, no
preconceived structural interrelationships between the six
economic variables were considered in the multiple regression
analysis step. The time-series methodology is used to
extract all explainable information from the data such that
the observations are transformed into uncorrelated residuals.
This procedure allows the data to "speak for themselves" 1in
that the data are used to suggest possible models instead of

hypothesizing likely models and then testing themn.
A Discussion of the Time-Series Technique Utilized-

The general time-series model adapted for this purpose
is based upon the Box-Jenkins [1976] (BJ) technique. This
technique recognizes that all time-series have two basic
components: the deterministic and stochastic components. The
deterministic component describes the systematic behavior of
a time-series. Much of the systematic behavior in the
investment activity series is accounted for in this study by
considering the effects of the six economic variables in the
regression analysis. The stochastic portion describes the

underlying process of unobserved errors. An explanation of
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the relationship between the stochastic portion and the
time-series residuals is provided later in this section.

Deterministic parameters do not perfectly predict the
values of any particular time-series because a given
observation will always deviate from its expected value, even
though the process may be systematic on the average.
Therefore, the stochastic component is used to capture the
unobserved reasons for the  wunpredictable nature of a
time-series.

The stochastic component of a time-series is comprised
of two ©portions: the systematic and unsystematic portions.
The systematic portion is responsible for the autocorrelation
in the model. The autocorrelation of a time-series is a
measure of the relationship of the time-series to itself at
various lags. The autocorrelation function 1is used to
determine the structure of the systematic part in the
stochastic component. The unsystematic part of the
stochastic portion is the only part unaccounted for by the
time-series model. However, as a result of appropriately
modelling the stochastic component, unbiased estimates of the
standard deviation can be calculated and inferences can be
drawn from significance tests. That is, serial dependence
endogenous to the time-series or interrelationships existing
between the observations has been accounted for. As
discussed below, the removal of the serial relationships
allow inferences to be made about the time-series being

observed.
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The BJ methodology uses an autoregressive-~integrated-
moving-average (ARIMA) format to model the stochastic
portion. The systematic or structural parameters used to
model the stochastic component capture the direct
relationship between adjacent observations within a series
(the autoregressive parameter), the degree of differencing
required to insure stability within a series (the
differencing parameter), and the degree to which a
time-series is characterized by the persistence of a random
shock or unsystematic movement from one observation to the
next (the moving-average parameter). Using a minimization of
least squares criterion, the methodology fits the data to an
autoregressive (AR) model (which characterizes the data as a
function of its previous observations), a moving-average (MA)
model (which characterizes the data as a function of the
previous random shocks), or a combination of these two
models. In order to insure stability of the time-series
around a given mean, the data are fit either in the original
form or in a differenced form. The "I" represents the degree
to which the data are differenced. Further explanation of
the nature of and the reason for differencing is provided
below in the section in which the intervention analysis step
is specified mathematically. Additionally, the BJ
methodology adjusts for seasonality by forming the model as a
multiplicative combination of a seasonal model and an

adjacent period model.
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In testing the adequacy of the resultant model, the
residuals of the time-series model are examined. A model is
considered adequate if the residuals (which are estimates of
the error component or the unsystematic portion of the
stochastic component) are uncorrelated at any lag and are
approximately normally distributed with mean zero and
variance estimated by residual mean square. That is, the
residuals should be independent with respect to their
distribution and homoscedastic with respect to the size of
their wvariance. As a point of clarification, the residuals
resulting from the time-series models discussed here and the
residuals resulting from the multiple regression step are not
the same. A residual from the regression represents the
deviation of the actual investment activity observation from
the estimate of the investment activity based upon the
regression equation (and 1ts six economic independent
variables). On the other hand, the residuals of a
time-series model result upon modelling a time-series using
the BJ methodology. The time-series procedures of this step
are performed on the residuals from the regression analysis
and thereby the residuals from the regression step are
refined further. As described above, this refinement
involves determining the systematic and the unsystematic
portions of the stochastic component of the time-series. 1In

testing the adequacy of the resulting time-series models, the
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unsystematic portion, also called the residuals of the
time-series model, is examined.

An adaptation of the above BJ technique, called
intervention analysis, is utilized in this research.
Intervention analysis was introduced by Box and Tiao [1965
and 1975] and 1is capable of describing a process that
involves an intervention, such as the enactment or rate
change of the investment tax credit. This adaptation of the
general time-series technique 1is designed to capture any
effect pattern, whether it be immediate, delayed, or gradual,
which may be associated with an intervention such as the
investment tax credit. The technique has been used previously
in the social sciences area, and it has also been noted to
have been used previously 1in the accounting and finance
literature. [Glass, Tiao, and Maguire, 1971; Box and Tiao,
1975; Deakin, 1976; and Larcker, et al, 1980].

From the tests described above, the 1issue of whether
there is an association between the investment tax credit and
investment activity can be resolved. This resolution can be
made by satisfactorily modelling the time-series as described
above, and testing the significance of the term in the model
which captures the effect of the intervention. The
appropriate test of significance involves utilizing the
Student t statistic. Greater detail of the procedures
followed when utilizing this time-series approach is provided

later in this chapter.
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The procedures which are normally utilized for
estimating and testing for a change in mean would not bhe
appropriate in this case. They would be inappropriate
because of the serial dependence that normally occurs in the
successive observations within a time-~series and because of
the inability to randomize. Further, with the cime-series
involved, the regression residuals could be unstable and
could indicate strong seasonal effects. Therefore, the
time-series technique is selected to test for the effects of
the interventions because it is able to account and/or adijust
for any dependence, nonstationarity, and seasonal effects in
the modelling process. Upon accounting and correcting for
these factors, the intervention effects can be estimated and
tested with standard techniques which assume independent

observations.

Ancillary Test:

The Necessity of an Ancillary Test-

Upon completing the intervention analysis procedure
described above, a statement can be made as to whether the
investment tax credit impacts upon investment activity.
However, the main research questions of whether the
investment tax credit has caused an increase in investment
activity can not be directly answered Dbecause the
intervention analysis is not conducted on the investment

activity series, itselE, Instead, the main analysis is
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conducted on a residual series derived from the regression
step which represents the investment activity not explained
by the economic variables. The determination that an impact
exists within the residual series does not by itself provide
direct evidence that the impact on investment is positive and
that investment activity has increased as a result of the
investment tax credit.

However, based upon the investment theory as discussed
in Chapter 3, it seems to be clear that an impact is either
non-existent or positive. That 1is, economists have not
suggested that any negative impact wupon investment could
arise from the investment tax credit. Therefore, upon noting
any investment tax credit impact £from completing the
regression and intervention analysis steps it could safely be
assumed that the impact represents a positive effect upon
investment activity.

Although the above reasoning is well founded, a
supplemental or ancillary test is performed to strengthen and
support the link between the notion that any dimpact in the
residual series noted would necessarily mean that the impact
translates into a positive impact upon investment.

Further, it is stressed that the ancillary test is
confirmatory in nature and that the research questions could
not be answared with as much confidence by conducting an
intervention analysis only upon the three investment activity

series, as opposed to conducting an intervention analysis on
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the residual series coming from the regression analysis as is
done in this study. A positive impact from such intervention
analysis would not have as much meaning as it could have
because the influences of the deterministic factors (i.e.,
the six economic variables) have not been removed. This is
the point that was made above which is attributed to Pindyck
and Rubinfeld [1976]: that the investment activity series can
be represented Dbetter by first conducting a regression
analysis, to explain the part of the variance that can be
explained structurally, and then conducting a time-series
analysis, to explain the part of the variance that can not be
explained structurally. It is because the economic factors
which contribute to investment have not been removed when
conducting the ancillary test that the test can play only a
supplementary and confirmatory role, However, this test
strengthens the statement that any noted intervention impact
from analyzing the residual series from the regression step
is strong evidence that the 1level of investment activity
increased as a result of the presence of or a change in the

rate of the investment tax credit.

Description of the Ancillary Test-

A supplementary intervention analysis is performed on
the orders of gualified investment, orders of total
investment, and orders of nonqualified investment series.

These intervention analyses are conducted for both the 1962
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and 1975 time periods, using the same calendar quarters as in
the earlier tests. Upon being able to conclude that the
intervention impact on the raw investment series is positive,
the statement can be made that any impact in the residual
series noted from conducting the regression and intervention
analysis steps described above must mean that the investment
tax credit has given rise to an increased level of investment
activity.

Although a "positive impact" is expected to be seen in
the intervention analyses of the gqualified and total
investment series, results of "no impact" would not
necessarily invalidate the results of the earlier tests.
Positive results would clearly provide greater support for
the statement that the investment tax c¢redit has had a
positive impact upon investment spending than results of no
impact. However, 1if "no impact"” were to result, a possible
explanation for the finding could be (a) that the
intervention analysis technique 1is not sensitive enough to
pick up the impact in this situation because of the presence
of the economic variables in the analyses and their influence
upon investment activity, or (b) that the economic variables
caused an opposite effect in investment, thereby, washing out
the observability of the effect of the intervention (i.e.,
investment may have gone down if it had not been buoyed by

the investment tax credit).
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Summary:

This section has attempted to explain in a relatively
non-technical way some of the pertinent details of the tests
performed in this dissertation. The general specification of
the models and procedures conducted when considering
modification of the raw economic data, in the regression
analysis step and the intervention analysis step, and in the
Ancillary Test are presented. A more detailed and specific
description of the tests performed are presented in the next

section.
Mathematical Specification of the Models-

A description of the mathematical specification of the
models developed for this study which is based upon the above

discussion follows.
The Possible Modification of the Raw Economic Data:

As mentioned above, before the multiple regression
analysis procedures are performed, a preliminary analysis is
conducted to determine whether significant interaction is
present among the independent variables. The economic data
analyzed for possible interaction are presented in Appendix
B. To test for such interaction, the following analysis is

conducted before performing the regression procedure:
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Firstly, the determination 1is made whether any
significant interaction exists among each of the
independent variables and the investment tax credit.

The existence of any such interaction is discovered

a. regressing each variable for each quarter in
each period tested against its immediately
preceding observation and the observation four

guarters preceding the current period, and

b. testing for the homogeneity of the variances of
the residuals (determined from this regression)
before and after the intervention dates by
utilizing the Bartlett-Box F test. This test,
which is a widely used procedure to test the
homogeneity of wvariances, involves computing a
statistic whose sampling distribution is closely
approximated by a chi-squared distribution with
(a-1) degrees of freedom when the (a) random
samples are from independent normal samples.
The sample sizes (i.e., the number of residuals
from the regressions before and after the
intervention dates) need not be equal for
purposes of this test. The mathematical
specification of the Bartlett-Box F test is

given in Appendix C.
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Upon determining that the variances of the residuals
from before an intervention date are not homogenous
with the variances of the residuals from after an
intervention date, it is concluded that the
investment tax credit and the independent variable

tested do interact.

Upon discovering the existence of any interaction
among the the independent wvariables and the
investment tax credit, the independent variables are
"cleaned." In this procedure, the “cleaned"
independent variables which would result would be
estimates of the variables” values after removing
the increase or decrease in its value attributed to
the presence of or increased rate of the investment
tax credit. In other words, this modification would
produce estimates of the economic variables that
could have been observed had the investment tax
credit not ©been present or had the investment tax
credit’s rate not increased. 1In the procedure, each
variable is regressed against its immediately
preceding observation, the observation four quarters
preceding the current period; an indicator or dummy
variable for each of the two previous observations,

a constant, and an indicator or dummy variable for
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the constant term. The regression equation takes

the form:

Xij = BlXij-1 + B2GXij-1 + B3Xij-4 + B4GXij-4
+ d + G4 + Eij

where:
Xij = the observation of the economic
variables involved in the invest-
ment making decision in period j
(i.e., output, profits, cash flow,
interest rate, capital stock, and
capacity utilization).

G = 0 if the investment tax credit is not
available (for testing the first
intervention) or if the investment
tax credit rate is 7 percent (for
testing the second intervention).

G = 1 if the investment tax credit is
available (for testing the first
intervention) or if the investment
tax credit rate is 10 percent (for
testing the second intervention).

d

parameter
Bl,...B4 = regression coefficients
Eij = the residual or error term; the
fluctuation of Xij that is not
accounted for by the regression
equation.
After determining that the variables included to
capture the effect of the investment tax credit in
the above equation (i.e., the dummy variables) are
significant, the '"cleaned" independent variables
that would be used in the regression step would be

computed. The F statistic, whose specification is

given in Appendix c, is used to test the
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significance of the dummy variables. The
significant dummy variables are then utilized to
calculate the "cleaned" variable as follow:

"Cleaned Variable" = Xij - B2GXij-1 -

B4GXij~4 -~ Gd

The above adjustment would remove the impact of the
interaction of the investment tax credit with each
of the independent variables. That is, each
variable would be "cleansed" of the effect of the
investment tax credit upon it.

In both of the interaction analysis steps described
above, each variable’s current period observation was
specified as being a function of the previous quarter’s
observation and the fourth preceding quarter’s observation.
Foster (1977) similarly modelled quarterly earnings, sales,
and expenses and CGriffin (1977) similarly modelled quarterly
earnings, as functions of an adjacent quarter to quarter
component and a four-period seasonal component. Their models
were then successfully used as one-step ahead predictors for
each of the series. From their studies they concluded that
there is strong evidence that the series tested rely upon
both the adjacent and seasonal components (i.e., Jj-1 and j-4)
and that more accurate forecasts of the series result when
both components are used in the models in lieu of using only
one of the components.

Based upon the Foster and Griffin work, it is reasonable
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to specify each of the economic variables examined in this
interaction analysis with an adjacent and seasonal component.
Further, upon modelling each of the variables as indicated,
each of the components (or independent variables) in the
resulting regression equation is examined to determine if
they are, indeed, valuable in explaining the fluctuation of
the particular economic variable being analyzed. This
examination is conducted to provide an additional degree of
confidence that such a specification is not inappropriate.
Therefore, the above procedures are conducted to
determine if there 1is a significant level of interaction
between each of the economic variables and the investment tax
credit. If interaction is found, then additional steps, as
described above, are taken to remove such interaction. If
significant interaction 1is not found, then no modification

would presumably be necessary.
Multiple Regression Analysis Step:

Following from the diagnostics and possible modification
described above, fifty quarterly observations are taken from
the time-series of the dependent and independent variables
surrounding the January 1, 1962 date and 37 observations are
taken from the time-series of the variables surrounding the
Januarcy 21,1975 date. More specifically, for testing around
the 1962 date, data are taken from the 31 quarters preceding

the January 1, 1962 date (beginning with the second quarter




147

of 1954) and data are taken from the 19 quarters following
the Janvary 1, 1962 date (ending with the third quarter of
1966). Observations for this series cannot be taken from
beyond the third quarter of 1966 because the investment tax
credit provisions were suspended as of October 10, 1966. For
testing around the January 21, 1975 date, data are taken from
the 13 quarters preceding the January 21, 1975 date
(beginning with the fourth quarter of 1971) and data are
taken from the 24 quarters following the January 21, 1975
date (ending with the fourth quarter of 1980). The range of
observations from this series is limited to the period stated
above because of changes in the investment tax credit
provisions -~ the investment tax credit was not available for
a period prior to the fourth quarter of 1971 and the
provisions were liberalized in l981, effective for
acquisitions made on or after January 1, 1981. These
observations of the various dependent and independent
variables, subject to the possible modifications described
above, are then used in the multiple regression analyses

specified below.

Eij = Yij - (BO + B1Xlj + B2X2j + ... + B6X63)

where:
Y1lj = the amount of qualified investment activity
in period j
Y23 = the amount of overall investment activity

in period j
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Y3j = the amount of nonqualified investment ac-
tivity in period j

BO,...B6 = regression coefficients

X1lj, X23j,..., X6j = the observation of the eco-
nomic variables involved in the investment
making decision in period j (i.e., output,
profits, cash flow, the interest rate,
capital stock, and capacity utilization);
the observations, however, are subject to
the possible modification described above
for purposes of removing significant
interaction between each of the variables
and the investment tax credit

Eij = the level of qualified investment activity,
overall investment activity or nonqualified
investment activity not explained by
regression (that is, not explained by the
economic variables)

The values of all of the dependent variables and
independent variables used in the three regression analyses
conducted for each of the two periods (i.e., 1962 and 1975)
are presented in Appendix B.

The primary purpose of this step is to determine the
portion of investment activity that can not be explained by
the economic determinants of investment. This "unexplained"
portion of any particular investment activity observation is
represented by the term Eij. The Eij’s or residual series
are obtained by subtracting the estimated values of Yij from
its actual values. This step is an intermediate step in this
study in the sense that the results from the regression

analyses are used as the basis for further analyses in the

intervention analysis step.
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Intervention Analysis Step:

The regression equation from the £first step has an
implicit additive error term (Eij) for each calendar quarter
included in the regression analysis that accounts for
unexplained wvariance in the regression equation. This Eij
residual series created by the regression analysis step is
further refined in the intervention analysis step. As a part
of this refinement, a time-series model 1is constructed for
the residual series. Upon using the BJ technique, the
time~series model would take the following general

multiplicative seasonal form.
O (B)O(F IELj = o(B)o(B )ALj
where:

B = the backward shift operator on E&j

ol

the residual term differenced to the
"dth" degree to achieve stationarity

the random error with mean zero and
variance ¢*

$(B) =1 - $1B - ... - PpBP
P(B5) =1 - ¢sB - ... - ¢psp®

Aij

e(B) =1 - ©1B - ... — ©qgB’

e(BS) = 1- @sF - ... - GqgsBi®

¢1, ... ¢p = non-seasonal autoregressive
parameters

¢s, ... ¢ps = seasonal autoregressive para-
meters
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81, ... ©qg = nonseasonal moving-average
parameters

®s, ... Bgs = seasonal moving-average para-
meters

S = oxrder of seasonal difference

This model is of order (p,d,q) x (P,D,Q)

For purposes of the testing involved in this step, an
adaptation of the above general BJ procedures 1is necessary
because the general BJ model does not consider the
possibility that an intervention is present in the
time-series being examined. The adaptation, which results in
a technique called intervention analysis, incorporates a
refined version of the above multiplicative seasonal form of
the time-~series model in order to capture the intervention
effect. The refinements that are a part of intervention
analysis are designed to capture the additional effect of the
intervention over and above the noise element or random
movements within the series. An outline of the necessary
refinements follow.

From the above BJ equation, I*f@i.j is restated as

©(B)O(B )
Fij = ®(B)O(B? ) Aij

8(B)B (¥ )
The above quotient [0(B)D(B5 ) Aij] is sometimes also denoted

as Nij. The above unmodified version of the BJ time-series
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model implicitly assumes that there is no intervention in the
residual series and that upon properly modelling the series,
the variance that remains represents random movement or white
noise. However, in this research, since an intervention is
to be modelled in each residual series, an intervention term
must be added to the model. Moreover, since it is known that
an intervention is present in the series being modelled, the
variance resulting from any such time-series would not likely
be characterized as white noise or random movement without
properly including an intervention term. This is important
to note because as explained above, in testing the adequacy
of a modelled time~series, the nature of the unsystematic
portion of the series must be random for the model to be
considered adequate. Therefore, to account adequately for an
intervention effect, the following modification to the

definition of Eﬁ] is required.

Eij = Nij + Iij

where:
Nij = stochastic background or variation
Iij = wBTij -- the intervention term in which the

the shape of the intervention effect is as-
sumed to be sudden and constant over time
after the intervention

Interventions in a time-series can have several possible

effect patterns on the series. 1In general, an intervention

can be attributed to one of two basic types of reactions: an
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intervention can give rise to a long-lasting or permanent
shift in the series or the reaction can be only short-lived
or temporary. Deakin [1976] suggests that the occurrence of
a long-lasting intervention would tend to be a rare event,
although substantial shifts in economic policy or in the
structure of the market could result in a permanent shifrt in
a series. [Deakin, 1976, p. 593]. The form of the
intervention to be tested in this research is that of a
long-lasting or permanent shift in the series because the
investment tax credit was ostensibly billed by its proponents
as causing an upward ratcheting of the level of investment
spending.

With the intervention model specified above, the term

Tij, which is defined below, is inserted into the model:

T1lj = 0, j < January 1, 1962
1, j >= January 1, 1962

T2j = 0, Jj <= January 21, 1975
l, j > January 21, 1975

The "TLlj" term is inserted into the above model when Hol is
being tested and the "T23" term is inserted into the model
when Ho2 is being tested. The "Tij" terms are indicator
variables which take the values 0O or 1 and which denote, in
the case of the 1962 test period, whether the investment tax

credit 1is available or not during any particular period
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within the time-series; and in the case of the 1975 test
period, whether the 1increased investment tax credit rate
(i.e., 10 percent as opposed to 7 percent) is available or
not during any particular period within the time-series.

A type of lag which is not encompassed in the previous
discussion also is considered in the research design of this
study ~- the lag between the effective date of the original
investment tax credit provisions or the change in the rate of
the investment tax credit and the enactment date of the
statutes. 1In the two time periods included in this research,
the effective dates of the statutes were made retroactive
from the dates that the statutes became law. This type of
lag could cause any impact of the investment tax credit to be
delayed a calendar quarter or more from the effective date;
that is, any positive impact may not be noticeable until
around the time the legislation becomes law. This lag
associated with the investment tax credit during the 1962
period was approximately nine and one-half months. The date
the legislation became law was October 16, 1962, but the
statutes were retroactively effective for purchases made on
or after January 1, 1962. A similar lag existed between the
effective date and the enactment date of the investment tax
credit rate change in 1975. The lag during this period was
approximately two months, as the changes in the investment
tax credit provisions became law on March 29, 1975 but were

made effective for acquisitions made after January 21, 1975.
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In the intervention analysis stages of the research design,
various plausible lag structures are assumed and tested upon
identifying and estimating appropriate time-series models.

In conducting the intervention analysis procedure, the
following three phases are conducted: identification,
estimation, and diagnostic checking of the time-series
model(s). Each of these three phases are briefly discussed
below.

The model identification phase consists of two steps.
The first step is to identify the degree of differencing
regquired to obtain stationarity in the series. A stationary
series 1is one that has no systematic upward or downward
trend. The above time-series models are appropriate only if
a series is stationary or if stationarity can be achieved by
differencing the adjacent observations in a series. When a
series 1is differenced, the first observation is subtracted
from the second, the second from the third, +the third £from
the <fourth, and so on. A new series results; a series
becomes stationary upon completing the differencing step
enough times. The differencing does not change any of the
deterministic parameters endogenous to the time-series; it
only affects the way they are represented in the model. The
degree of differencing necessary is determined by examining
the autocorrelation function for the original series and the
differenced series (i.e., the new series which results from

differencing), assuming the presence of seasonal and
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nonseasonal elements within the differenced data. The choice
of the appropriate number of times a series 1is to be
differenced is made based on the notion that the series is
stationary upon noticing a decay of the autocorrelation
function at large lags,

After completing the first step, the choice of the
appropriate degree of differencing, the model identification
phase is ready for the second step. This step entails
specifying the number of autoregressive and moving-average
parameters of the model. This is done by examining the
autocorrelation and partial autocorrelation functions of the
appropriately differenced series. The theoretical foundation
and Dbasis for determining the number of autoregressive and
moving~average parameters is well defined. [Box and Jenkins,
1970, pp. 174-178]. If a function has p autoregressive
terms, then its autocorrelation function will tail off and
its partial autocorrelation function will bhe effectively zero
after lag p. If a function has q moving-average terms, then
its partial autocorrelation function will tail off and its
autocorrelation function will be effectively zero after 1lag
q. A mixed autoregressive and moving-average process is
suggested if both the autocorrelations and the partial
autocorrelations tail off.

The above discussion briefly describes the first phase,
or the identification process, of the time-series procedure.

A discussion of the second phase, or estimation, follows.
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The value of the parameters identified (i.e., the
autoregressive and moving-average terms) in the first phase,
are estimated in the second phase. The BJ methodology uses
preliminary estimates of the parameters in an interactive
program to derive values of the parameters that minimize the
sum of the squared deviations of the estimates from the
actual values of the time-series. Values of the
autoregressive and moving-average terms and confidence
intervals are provided in this phase which permit an
assessment of their importance or whether they are
significantly different from zero. In order for the model to
be minimally adequate, the estimates of the parameters must
differ significantly from zero.

The third phase of the procedure entails a diagnostic
check of the model estimated in the second phase. The
primary focus of the phase is to determine if the residuals
of the fitted model are independently and randomly
distributed around zero. If the residuals of the model are
determined to be independently and randomly distributed, then
the model is considered adequate. If the testing indicates
that the residuals are not random, then the first two phases
above are repeated until an adequate model is found.

Two different methods of diagnostic checking suggested
by Box and Jenkins [Box and Jenkins, 1970, pp.289-293] are
utilized in this study. The first method considers the

autocorrelation function of the residuals or unsystematic
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portion of the stochastic process being modelled. Box and
Jenkins state that 1in an adequate model, the residuals are
normally aistributed with a mean of Zero and the
autocorrelations will be distributed "(n)ormally about zero
with variance n4, and hence, with standard error 1nH%." [Box
and Jenkins, 1970, p. 290]. Therefore, the residuals are
considered to be randomly distributed about zero if each
autocorrelation is within two standard deviations of zero
(that is, if autocorrelation remains in the residuals of the
modelled series).

The second procedure used for testing for randomness in
the residual series or the unsystematic portion of each
time-series observation calls for an examination of the
Box~-Pierce Q (BPQ) statistic. This procedure is commonly
called the portmanteau lack of £fit test. The porimanteau
lack of fit test considers the autocorrelation as a group
rather than individually, as in the procedure described
above, to see if a given number of autocorrelations in a row
represent a random series. The BPQ statistic is chi-squared
distributed and will Dbe inflated if the residuals are not
normally distributed about zero (that is, if autocorrelation
remains in the residuals of the modelled series). The
mathematical specification of the BPQ statistic is given in
Appendix C.

Both of the procedures described above are utilized in
deciding whether a given model is adequate for testing this

study’s hypotheses.

L e e e e e it vt M manae PO
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The three phases performed to attain an adequate
time-series model, identification, estimation, and diagnostic
checking, have been described above. Upon conducting these
three phases and an adequate model(s) results, the
coefficient of the intervention term is examined for
significance. The intervention term is examined to determine
if there is any "effect pattern" or association between
investment spending and the availability or rate change of
the investment tax credit. According to Glass et al., to
determine whether the interventions have had an impact, the
intervention term is tested for significance by the use of
the Student ¢t test. [Glass et al., 1975, pp. 124-125]. 1If
an intervention impact 1is present in the series, the
intervention term should be significantly different from
zero. In using this test, it is assumed the correct model
form is wused and that the time-series model defined is
stable. [Larcker et al., 1980, p. 269]. The mathematical
specification of the Student t statistic is given in Appendix
cC.

Upon completing the intervention analysis step as
described and noting that the intervention term in the
time-series model is significantly different from zero, the
conclusion 1is made that the investment tax credit has
impacted upon investment activity and that there 1is an

association between the investment tax credit and investment
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activity. On the other hand, upon noting no significance 1in

the intervention term, no such conclusion can be reached.

Ancillary Test:

As discussed above, the two step procedure is wused to
identify whether an association has existed between the
investment tax credit and investment activity. However, upon
noting an association, a direct inference can not be made
that the level of investment activity has increased because
of the investment tax credit. Such a direct inference can not
be made because the intervention analysis described above is
conducted on several residual series derived from the
multiple regression analysis step instead of on investment
activity series. Therefore, an ancillary test is conducted
on several investment activity series to 1lend support
relating to the direction of any impact noted upon completing
the multiple regression and intervention analysis steps.

The mathematical specification and procedures of the
ancillary tests are identical to those of the intervention
analyses described above. The only difference between the
ancillary tests and the intervention analysis step described
above 1is the type or nature of the time-series being
analyzed. With the intervention analysis step, a time-series
of residuals from the regression analysis is examined;

whereas, with the ancillary tests, unaltered time-series of
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qualified, total, and nonqualified investment are analyzed.
These tests, which are conducted around both the 1962 and
1975, are confirmatory in nature ~-- confirming the direction
of any impact of the investment tax credit noted upon the
completion of the intervention analysis step. The sign
associated with the intervention term in the ancillary test

will confirm the direction of any impact.

Summary:

This chapter has presented the methodology that is used
to address the research questions of whether the presence of
and/or the change in the rate of the investment tax credit
has given rise to an increased level of investment activity
over what the level would have been without the investment
tax credit’s presence or rate change. The methodology
described is applied to the data provided in Appendix B for
purposes of testing the hypotheses of this dissertation.

The methodology involves two major steps. Firstly, the
impact that the major economic variables (as recognized by
economic theory) have had on investment is removed by
regression analysis from three different time-series of
investment. Secondly, the resulting time-series of the
regression residuals are modelled and tested by utilizing a
technique known as intervention analysis. This two step

approach 1is performed for two time periods, surrounding an
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intervention, which, as in this case, is the introduction or
change in the investment tax credit provisions. Upon noting
a difference in the time-series after the intervention from
before the intervention, a statement is made regarding the
association of the investment tax credit and investment
activity. Additionally, preliminary tests are described
which consider the possible need to modify the raw economnic
data used 1in the regression analysis; and an ancillary test
is described which is designed to confirm the direction of
any association between the investment tax credit and
investment activity.

The next chapter presents the results upon conducting

the tests which have been described in this chapter.
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CHAPTER 5

RESULTS OF TESTS AND INTERPRETATION OF RESULTS

Introduction:

The empirical results obtained from testing the study’s
two hypotheses as described in the previous chapter are
presented in this chapter. This chapter 1is divided into
several sections. Firstly, a broad statement of the major
results of the hypothesis testing is offered. The second
section presents the results of considering the need to
modify or "clean" the raw economic data before conducting the
regression and time-series steps. The third section presents
the results of the regression step and the fourth section
presents the results of the intervention analysis on the
residual series. In the fifth section, the results of the
ancillary tests 1in which an intervention analysis was
performed on each of the investment orders series are
discussed. Lastly, a summary of the results of the tests is

presented in the final section of the chapter.
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The presentation of the details of the results in this
chapter parallels the description of the methodology
presented in Chapter 4. The results presented Dbelow that
relate to the possible modification of the raw economic data
and to the regression analyses are obtained by utilizing the
appropriate procedures from the "Statistical Package for the
Social Sciences" (SPSS). This computer package contains all
of the procedures and statistical tests needed to apply the
methodology of the preliminary and regression analysis tests
to the raw data presented in Appendix B. - Therefore, all of
the results found in Tables 5.1 through 5.3 are ©based upon
computations performed upon utilizing the appropriate SPSS
routines. The results presented that relate to the
intervention analyses and the ancillary test as describead in
the previous chapter are obtained by applying the
"McKeown~Hopwood version of the ‘Pack’ time-series routine"
to the data created by the regression analysis step of the
methodology. All statistics and information presented in
Tables 5.4 through §5.13 are computed by or bhased upon
calculations from the McKeown-Hopwood time~series analysis
routine. Additionally, the mathematical specification of the
statistics which are a part of the computer packages and

which are utilized in the study is presented in Appendix C.
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Statement 9£ Overall Results:

A broad overview of the major results of the hypothesis
testing of the study is presented in this section. Greater
detail of the results will be given in the latter sections of
this chapter.

The major finding of the study is that there appears to
be an association between the investment tax credit and
investment spending. This statement is supported by noting
that the investment tax credit has impacted upon the residual
series of both qualified investment and total investment 1in
the 1962 intervention period, which is when the investment
tax credit was first enacted; and in the 1975 intervention
period, which 1is when the investment tax credit’s rate
changed. No intervention impact was noted in the control
groups of nonqualified investment for either the 1962 or 1975
periods which further supports the above claim that the
investment tax credit is the primary source of the positive
impact upon investment rather than other factors. Further,
based upon the results of the ancillary tests, the
association noted between the investment tax credit and
qualified and total investment in both periods examined is a
positive one. That is, the investment tax credit has led to
an increased level of gualified and total investment

actavity.
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Possible Modification of the Raw Economic Data:

This section of the chapter presents the results of the
testing performed to determine if significant interaction
exists between the investment tax credit and the various
independent variables (i.e., economic variables) of the
regression equation. As a result of the tests performed, no
significant interaction attributable to the investment tax
credit was noted and no modification of the economic data was
necessary. The raw economic data utilized for purposes of
these procedures are provided in Appendix B.

These favorable findings are supported by test results
as follows. he Bartlett-Box F test of the homogeneity of
the variances of residuals was performed to determine if the
variances of the residuals from the regression equations
involving the economic variables were different after the
investment tax credit intervention than before the
intervention., The residuals tested using this procedure
resulted from regressions in which each independent variable
was regressed upon earlier observations of itself. Upon
noting instances where the variances from after the
intervention were not homogeneous with those from before the
intervention, the difference would, at least initially, be
considered to be ©because of an interaction between the
investment tax credit and the independent variable involved.

The results of the Bartlett-Box F test are presented in
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Table 5.1 where the test statistic and significance level of
the test for each economic variable of both the 19262 and 1975
intervention periods are given. The Bartlett-Box I test, as
specified in Appendix C, was performed on residuals £from
regression analyses computed for each of the economic data
seri1es found in Appendix B. As indicated in Chapter 4, a
regression analysis was performed on each economic variable
for each of the two intervention periods tested (i.e., 12
regression analyses were performed). In each regression
analysis, the economic variable war regressed against its
observation in the immediately preceding quarter and the
observation four quarters preceding the current period. From
each of the regressions, the residuals were tested by use of
the Bartlett-Box I test to determine if the residuals of
after the 1investment tax credit intervention were different
from those of before the intervention. If differences were
noted, the conclusion would be made that there 11s an
interaction Dbetween the investment tax credit and the
variable tested. The information presented in the table
relates to the performance of the Bartlett-Box F test on the
residuals from the regression analysis on the variable
indicated. The numbers in the significance column of the
table indicate the chance of obtaining the result that was
obtained if the variances of the residuals both before and
after the intervention are actually the same. A low number

in the significance column (anything below .05 or five
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TABLE 5.1

RESULTS OF TESTS OF INTERACTION BETWEEN THE INDEPENDENT
VARIABLES AND THE INVESTMENT TAX CREDIT:

BARTLETT-BOX F TEST OF VARIANCE EOMOGENEITY

BARTLETT-BOX F

PERIOD INDEPENDENT VARIABLE TEST STATISTIC SIGNIFICANCE
1962 Output 17.80694 .000005*
1962 Profits .40275 .526
1962 Cashflow 2.90496 .089
1962 Interest Rate 7.09915 .008%*
1962 Capital Stock 2.24496 .134
1962 Capacity Utilization 18.53766 .00005%*
1975 Output 17.91674 .000005%*
1975 Profits .18090 .671
1975 Cashflow 8.07206 .006%
1975 Interest Rate 2.22951 .136
1275 Capital Stock 3.86288 .05%
1975 Capacity Utilization 15.51256 .0004*

* Rejected at the 5 percent level of significance. As

it can
after

residuals before
is made

the intervention is
the intexvention.
could be

such,

not be concluded that the variance of the residuals

that there

equal to the

Therefore,
interaction

variance of the
the statement
between the

independent variable and the investment tax credit.
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percent since a significance level of five percent was
chosen) indicates that there is a low probhability that
variances after the intervention are the same as before the
intervention. These percentages in the significance column
are known as the alpha level or the confidence level.

Since in those cases in which the alpha level 1is below
.05 the presence of interaction between the variable and the
investment tax credit is indicated, further investigation of
these variables, as discussed below, is required. Therefore,
the results suggest that the output, interest rate, and
capacity utilization variables of the first intervention
period; and output, cashflow, capital stock, and capacity
utilization variables of the second intervention period could
be interacting with the investment tax credit. Consequently,
at this preliminary stage of testing for interaction, since
these variables are rejected at the five percent 1level, it
can not be concluded that the variance of the residuals after
the iatervention is equal to the variance of the residuals
before the intervention. As such, there is a possibility
that interaction could exist between the investment tax
credit and several variables involved in the testing.
Therefore, at this stage of the interaction examination, the
results of the Bartlett-Box F tests indicate that there may
be interaction between the investment tax credit and three
economic variables used for testing of the 1962 period and

between four economic variables used for testing of the 1975
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period. The results obtained from attempting to remove such
interaction are described next.

Following from the Bartlett-Box F test of wvariance
homogeneity, a "cleansing" process is applied to the economic
variables specified above in which there is a suspicion that
a significant level of interaction exists between themselves
and the investment tax credit. As discussed in Chapter 4,
this ‘"cleansing" process was to remove the interaction
existing bDetween the investment tax credit and the
independent variable involved. Each of the econonic
variables which may be interacting with the investment tax
credit was regressed against itself of previous periods and
dummy varliables of previous periods. The dummy variables
were intended to capture the interaction effect of these
variables and the amounts of the interaction was then to be
removed from the economic variable observations. Since in
this "cleansing” process the dummy variables (GXj-1, GX3j-4,
and Gd) were to capture the interaction effect between the
investment tax credit and the economic variable being
regressed, it is important to test the dummy variables to
determine if they actually do  provide a significant
contribution in explaining the fluctuation of the regressed
economic variable. As indicated in Chapter 4 in the section
in which the consideration of a possible modification of the
data is specified mathematically, any significant interaction

captured by the dummy variables 1is then removed from the
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value of each of the economic variables, by subtracting the
values of the related dummy wvariables £from the economic
variable, itself, A "cleaned" variable is the result of this
process. The data on which these procedures were performed
are presented in Appendix B:; however, since this cleansing
process 1is conducted only on those variables where possible
interaction was detected by performing the Bartlett-Box F
test in the previous step (i.e., output, interest rate, and
capacity utilization of the 1962 period; and output,
cashflow, capital stock, and capacity utilization of the 1975
period), only the portion of the data in Appendix B relating
to these variables are used.

Table 5.2 presents the results of this effort to cleanse
the economic variables by utilizing this procedure on the
three economic variables from the 1962 period and on the four
economic variables from the 1975 period. The significance of
the dummy variables of the first and fourth preceding period
and the constant dummy variable from each of the regression
equations for the variouis economic variables analyzed are
shown. The F statistic, whose specification is shown in
Appendix C, is used to test this significance or contribution
of the dummy variables in the regression equation. In no
cases is an interaction amount, or coefficient of a dummy
variable, significant at the five percent level. In other
words, the decimals in the significance column of Table 5.2

are all well above the five percent significance level. The
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RESULTS OF TESTS OF INTERACTION IMPACT OF CERTAIN

INDEPENDENT VARIABLES AND THE INVESTMENT TAX CREDIT:

EXAMINATION OF THE SIGNIFICANCE OF DUMMY VARIABLES
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PERIOD INDEPENDENT VARIABLE F STATISTIC SIGNIFICANCE

1962 Output

GXj-1 .007312 .934

GX1-4 2,046712 .160

Gd .148262 .702
1962 Interest rate

GXj-1 . 207157 .651

GXj-4 .241161 .626

Gd .094815 .760
1962 Capacity Utilization

GXj-1 .495902 .485

GXj-4 .224467 .638

Gd 1.067365 .307
1975  Output

GXj-1 .349349 .559

GX)~-4 . 047985 .828

Gd .218184 .644
1975 Cashflow

GXj-1 .356005 .555

GXj-4 . 359835 .553

G4 .346857 .560
1975 Capital Stock

GXj-1 .012782 911

GXj1-4 1.209171 .280

Gd 1.233083 .275
1975 Capacity Utilization

GXj=-1 .535057 .470

GXj~4 .017024 .897

Gd .337478 .565
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conclusion from the Thigh numbers would be that the
probability is high that the variables that were inserted to
capture the interactive impact were wunable to detect any
interaction between the investment tax credit and the
variable tested. Therefore, since no significant interaction
was captured by the dummy variables, no modification of the
economic data 1is considered necessary. That is, when
attempting to clean the economic variables of an investment
tax credit interaction effect, the amount of the interaction
effect captured by this test is considered insignificant.
Therefore, no modification to the economic data is made prior
to its utilization in the regression analysis step which
follows.

The results presented in Table 5.2 are contrary to what
was expected, particularly in light of the positive results
noted in Table 5.1 in the case of economic variables where
interaction with the 1investment tax credit was indicated.
Nonetheless, from the second test described above, the
statement can not be made that there was a change in the
level or slope of the variable over time (i.e., interaction)
that can Dbe attributed to the investment tax credit
intervention, A possible explanation for the
heteroschedasticity noted by the Bartlett-Box F test in
several of the economic wvariables above could be that there
are factors other than the investment tax credit that have

contributed to such effect. Assuming that this is in fact
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the case, these other factors are controlled in the tests
which follow by the use of a control group as described in
Chapter 4 (i.e., a regression analysis and an intervention
analysis are performed on each nongualified investment
series). Since these other factors would be in both the
experimental and control groups, any differences noted
between the two groups could not be Dbecause of the
heteroschedasticity of variance.

By not removing any possible interaction, the study is
biased towards finding no effect of the investment tax credit
within the residual series. The presence of this bias will,
therefore, further strengthen the positive results which are
noted below.

In conclusion, based upon the tests described above,
there appears to be no interaction between anyone or more of
the independent variables and the investment tax credit and
as a result no cleansing or modification of the independent
variables was necessary. Furthermore, any
heteroschedasticity of wvariance that is present in the
residual series that is therefore a part of the regression
analysis and intervention analysis steps (such as the
heteroschedasticity that may be caused by the effects of

exogenous forces) is controlled because of the nature of the

research design which includes the use of a control group.
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Results From the Multiple Regression Analysis Step:

Three multiple regression analyses were performed for
each of the two time periods in which the dependent variable
was either orders of qualified investment, orders of total
investment, or orders of nonqualified investment. In each of
the six regressions, the dependent variable was regressed on
six economic variables from the same periods as the dependent
variable. The six independent variables were output,
profits, cash flow, the interest rate, capital stock, and
capacity utilization. Each of the variables, where
appropriate, had been seasonally adjusted and stated in
constant dollars by the governmental agencies supplying the
data.

Although the regression step 1is only an intermediate
step in terms of the ultimate question to be addressed, the
step is nonetheless critical. The data obtained £from the
analyses are used for further manipulation in the
intervention analysis step. The purpose of the regression
analysis step is to produce a time-series of residuals which
represents the fluctuation in the investment orders series
which has not been explained by the six independent
variables. This step is an attempt to remove the portion of
the wvariance of the investment series that may be explained
structurally or by deterministic factors.

Table 5.3 presents the residuals resulting from each of
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TABLE 5.3

RESIDUALS FROM MULTIPLE REGRESSION EQUATIONS:
QUALIFIED INVESTMENT, TOTAL INVESTMENT, AND
NONQUALIFIED INVESTMENT

1962 AND 1975 PERIODS

1962 PERIOD 1975 PERIOD

QUALIFIED TOTAL NONQUAL. QUALIFIED TOTAL NONQUAL .
QTR, INVEST. INVEST. INVEST. INVEST. INVEST. INVEST.
1 -1.29723 -1.38271 -0.08547 1.61409 0.99276 ~=0.62134
2 =0.34049 -0.42242 -0.08192 0.50264 -0.21022 -0.71356
3 -0.35404 -0.14506 0.20898 0.18297 0.00802 =-0,17495
4 0.82386 0.65823 -0.16562 0.55513 0.10389 =0.45124
5 -0.11376 0.07709 0.19086 -0.51041 -0.90941 -0.39900
6 0.32724 0.73639 0.40915 -~0.81558 -0.76483 0.05074
7 0.51905 0.61726 0.09820 -~0.48091 -0.31380 0.16710
8 -0.11370 0.11307 0.22677 -~0.39775 0.44914 0.84690
9 1.08897 0.85309 -0.23587 2.57125 3.12448 0.55323
10 1.38032 1.25002 -0.13029 2.54040 1.88554 -0.65486
11 0.94315 0.31263 -0.63052 ~0.45165 -0.45047 0.00117
12 1.01974 1.09291 0.07317 ~1.,00571 ~-0.76539 0.24031
13 -0.94463 -0.81407 0.13056 ~1.33951 ~0.47488 0.86462
14 -1.24043 -1.42368 -0.18325 3.12860 2.02921 -1.09939
15 -1.16881 =-0.95972 0.20888 2.01320 4.40707 2.39386
16 0.12251 0.01349 -0.10902 =~1.32928 -0.81746 0.51182
17 0.62908 0.58039 -0.11869 =-2.69925 -4.57105 -1.87180
18 0.45544 0.68933 0.233883 -=3.05862 ~-1.99512 1.06357
19 -0.42114 -0.62253 -0.20138 -~2,32247 -2.71693 -0.39445
20 =0.11948 -0.17928 -0.05979 -0.98283 ~-0.47950 0.50333
21 -0.80129 -0.80957 -0.00828 ~0.30609 =-0.46795 -0.16186
22 0.89621 0.86656 -0.02964 -1.92632 -2.70078 -0.77446
23 0.82342 0.94949 0.12606 -1.09915 =-0.27336 0.82578
24 -1.78768 -1.93199 -0.14431 ~1.16017 -0.74632 0.41384
25 -0.43860 -0.33576 0.10283 =~0.27888 -1.09177 -0.81288
26 =-0.12738 0.19352 0.32090 ~0.21588 1.17188 1.38777
27 0.58666 0.81809 0.23142 0.29913 -0.40967 -0.70881
28 1.24828 1.42134 0.17306 1.23139 1.98394 0.75255
29 0.33797 0.20547 -0.13250 1.37766 1.87127 0.49361
30 0.51479 0.15428 -~0.36050 4,26574 4.62867 0.36293
31 -0.58825 -0.72482 -0.13656 0.24343 -0.01649 -0.25993
32 =-0.19832 -0.06113 0.13718 -1.11797 =-1.98353 =-0.86556
33 -0.63467 -0.60933 0.02534 0.13921 0.24748 0.10826




RESIDUALS FROM MULTIPLE REGRESSION EQUATIONS:

QUALIFIED INVESTMENT,

TABLE 5.3 (CONTINUED)

NONQUALIFIED INVESTMENT

1962 AND 1975 PERIODS

1962 PERIOD

TOTAL INVESTMENT, AND

1975 PERIOD
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QUALIFIED TOTAL NONQUAL:. QUALIFIED TOTAL NONQUAL.
QTR. INVEST. INVEST. INVEST. INVEST. INVEST. INVEST.
34 -1.15283 -1.18597 -0.03313 =-2.50719 -3.10665 ~-0.59946
35 =0.26347 0.02650 0.2892297 1.13948 -0.30707 =-1.44656
36 -=0.15473 -0.71920 -0.56447 3.04836 3.12082 0.07246
37 =~0.47253 ~-0.43943 0.03310 =~0.84698 -0.45075 0.39623
38 -0.39217 -0.83645 -0.44428
39 -0.57397 0.26066 0.83464
40 0.32128 0.15370 =0.16757
41 1.01525 0.69048 -0.32477
42 -0.07769 -0.15397 -0.07627
43 0.32841 0.89358 0.56517
44 -0.42772 =-0.42917 =-0.00144
45 =0.51459 -0.43201 0.08258
46 =0.73766 -0.87304 -0.13537
47 0.48041 -0.13382 -=0.61423
48 0.75057 0.99849 0.24791
49 0.55195 0.35755 =0.192440
50 0.22253 0.64150 0.41896
In the 1962 period, quarter number 1 was the quarter ended

June 30,

the

1954;

gquarter number 32, the quarter ended March 31,
1962 included the effective date of the original enactment of
investment tax credit; quarter number 50 was the gquarter
ended September 30, 1966.

In the 1975 period, quarter number 1 was
December 31,
31, 1975 included the effective date of the change in rate of
investment tax credit; quarter number 37 was the quarter

the
ended December 30,

As

indicated

statements

of

this

1971;

research,

on the

1¢80.

these

quarter number 14,

pages

which follow,
are made regarding these residuals.
residuals

intervention analysis step which follows.

the

no

are analyzed

guarter
the quarter ended March

ended

conclusive
For purposes

in the

ADDITIONAL NOTES WHICH ACCOMPANY THIS TABLE ARE PRESENTED
BELOW.
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TABLE 5.3 (CONTINUED)

RESIDUALS FROM MULTIPLE REGRESSION EQUATIONS:
QUALIFIED INVESTMENT, TOTAL INVESTMENT, AND
NONQUALIFIED INVESTMENT
1962 AND 1975 PERIODS

NOTES TO ACCOMPANY TABLE 5.3

A summary of three vital diagnostic statistics based upon the
six multiple regression analyses from which the above
regression residuals are derived are given Dbelow. The
information 1includes the Student t statistic for each of the
economic {(independent) variables and the constant term in the
regression eqguations, the R? , and the Durbin-Watson test
statistic for each of the multiple regression analyses
performed for the 1962 period and the 1975 period.

1962 PERIOD 1975 PERIOD
QUALIFIED TOTAL NONQUAL.QUALIFIED TOTAL NONQUAL.
INVEST. INVEST. INVEST. INVEST. INVEST. INVEST.

Student t

Statistic:

output 1.487 .870 =1.541 .001 . 248 .582
profits -1.902 =2.041 -.543 ~1.744 ~1.239 .697
cashflow 1.849 1.721 ~.185 1.119 .735 -.590
interest rate -1.084 -1.666 =1.670 1.713 .874 -=1.492
capital stock -.690 .074 2.011 261 .100 ~-.305
capacity

utilization .355 .982 1.732 .578 .337 -.402
constant -.340 -.983 ~1.773 -.675 -.437 .370
R?: .950 .950 .254 .914 .898 .299
Durbin-

Watson test: 1.269 1.416 2.348 1.228 1.380 2.509



178

the six regressions performed in the regression analysis step
as described in Chapter 4. The regression analyses were
performed wusing the data (i.e., the wvarious investment
activity dependent variables and the economic independent
variables) that are presented in Appendix B. The three
regressions for the first period (i.e., the period which
includes the 1962 investment tax credit intervention) each
contain a time-series of 50 residuals. The first 31
residuals of each series are computed from the periods before
the investment tax credit intervention. The remaining 19
residuals are from the periods after the intervention. The
three regressions for the second period (i.e., the period
which includes the 1975 investment tax credit intervention)
each contain a time-series of 37 residuals. The first 13
residuals of each series are computed from the periods before
the investment tax credit intervention. The remaining 24
residuals are from periods after the intervention.

At this point, no conclusive statements can be made
regarding the residuals derived from the regression analysis
as presented in Table 5.3, Even though some interesting
analyses, in addition to the intervention analysis, possibly
could be conducted on the residuals, such additional analyses
are not within the scope of this study. Moxeover, any
additional analyses, other than the intervention analysis,
may be difficult to make meaningful because of the likely

presence of attributes in the residual time—series that are




179

common to time-series: serial correlation, nonstationarity,
and seasonal effects. These factors were discussed in
Chapter 4 and are discussed again below.

The residuals presented are useful in this study because
they are refined in the intervention analysis step which
follows. Conclusions relating to the research gquestions are
not made until the intervention analysis and ancillary test
steps have been completed.

Conclusions based upon the regression residuals in Table
5.3 could be misleading if an attempt was made to judge
whether an intervention impact is present and no accounting
and/or adjustment was made for the attributes common to
time-series data (e.g., nonstationarity, serial dependence
between the observations, and seasonal effects). As
described in Chapter 4, if there was no serial correlation or
dependence among the adjacent time-series observations or if
there was stationarity and no seasonal effects within the
series, the average value of the residual would be zero and
inferences could be made based upon the residuals. However,
as discussed earlier, since the time-series of residuals
derived from the multiple regression analyses likely can be
characterized as being serially dependent, nonstationary, and
possessive of seasonal effects, and inferences relating to
the impact of the investment tax credit can not be made from
these residuals. It is ©because these factors are 1likely

present that even tentative conclusions may be inappropriate
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and why the intervention analysis technique is wvaluable in
refining the residuals of these factors in order that
inferences may be made.

Again, these time-series are refined by the intervention
analyses by accounting and/or adjusting for these attributes
common to time-series. As discussed below, because of the
strength and sensitivity of the intervention analysis
technique, an intervention impact was noted in the residual
series presented in Table 5.3. However, a successful defense
of this conclusion could not have been reached without
conducting the intervention analysis step. As such, the
second step of this study is of prime importance in
addressing the issue of whether an intervention impact is
present because it adjusts for that portion of the "noise" in
the series that can be explained by prior observations on the
series or by prior disturbances of the series which would
tend to mask any intervention impact present.

Therefore, the residuals derived in the regression
analysis step are used as the input data for the intervention
analysis step, the results of which are described below in
the next section of this chapter. The intervention analysis
procedure is wused to further refine this series of
unexplained wvariance by factoring out other contributing
forces (e.g., autoregressive or moving-average relationships)
in testing for any impact of the investment tax credit upon

investment activity.
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Results From the Intervention Analysis Step:

This section of the chapter describes in detail the
results of the study which directly interface with the
research questions and hypotheses being addressed. Based
upon the tests performed as described in detail in Chapter 4,
the investment tax credit has had an association with or
impact wupon the 1level of investment spending in the United
States. The impact of the investment tax credit was noted
with respect to both qualified and total investment activity
during both the 1962 period and the 1975 period; whereas, a
lack of impact was noted with respect to the nonqualified
series during each of the interventions periods. A detailed
discussion of the results of the tests performed from which
the above statements are derived is presented below.

The time-series models of the residuals of qualified,
total, and nongqualified investment which resulted from the
identification, estimation, and diagnostic checking phases of
the intervention analysis step are summarized in Tables 5.4
through 5.9. The time-series models which follow are the
ones which were considered to represent adequately the
regression residual data from the two periods. As discussed
below, to be able to make inferences from a time-series of
data, the time~series model produced must be adequate. The
time-series procedures entail building models based upon the

characteristics of the data, themselves. The characteristics
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considered in the model building process include serial
dependence, nonstationarity, and seasonal effects. These
tables present suitable time-series models obtained from
modelling the residuals from the 1962 period and the 1975
period. Three models are shown for each period. The
intervention analysis step which produces these models is
conducted on each of the regression residual series resulting
from the regression analysis step. The residual series on
which the intervention analysis is conducted were presented
in Table 5.3, above.

Tables 5.4 through 5.6 present the results of the
intervention analyses for the 1962 period in which the impact
of the original enactment of the investment tax credit on
investment activity is examined. Furthermore, as discussed
in Chapter 4, the time-series models presented adjust for the
lag between the effective date of the statutes which provide
for the investment tax credit and the date of the legislative
enactment of the statutes. Since in the 1962 period the lag
between the dates was approximately nine and one-half months,
the assumption was built into each of the models for the 1962
period that there would be no significant effect until the
quarter ended December 31, 1962 -~ that is, there is a lag of
four quarters built into the models from the last
pre-intervention observation (i.e., December 31, 1961) to the
period for which an impact is expected. This time lag 1is

reasonable because even though the investment tax credit
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legislation was effective for qualifying acquisitions made on
or after January 1, 1962, the availability of the provisions
was not certain until the bill became law in mid October
1962. Therefore, the strongest sudden impact of the
provision would not be felt until after the bill was signed
into law. As such, any impact would first be included in the
investment activity numbers for the period ended December 31,
1962.

To be more confident that the lag as specified above 1is,
in fact, the appropriate 1lag, various models were run for
each of the 1962 residual series where the number of lags in
the models were assumed to be either greater than or less
than the one considered appropriate (i.e., a lag of four
periods). In each case where alternate lags were built into
the models, the results of the intervention analyses were not
nearly as strong as those discussed below.

The consideration of this effective date - enactment
date lag was not necessary in the earlier steps because the
steps were not conducted in order that inferences relative to
the investment tax credit’s impact on investment be made.
Since it is not until the intervention dnalysis step is
conducted that the issue of the impact of the investment tax
credit can be directly addressed, the notion of the presence
of the lag need not be of concern until then.

As will be explained below, the results contained in

Tables 5.4 through 5.6 are very similar to each other. The
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three sets of models in the tables are all included in this
discussion, even though they possess very similar results, to
strengthen the conclusions coming from the study. That 1is,
the conclusions from the study are considered stronger since
several models point to the same conclusions in contrast to
the possibility of being able to present perhaps only one
model which supports the conclusions.

Tables 5.7 through 5.9 present the results of the
intervention analyses for the 1975 period in which the impact
of the change in the rate of the investment tax credit on
investment activity is examined. These models also adjust
for the lag between the effective date of the statute which
. provided for the change in the rate of the investment tax
credit and the date of the legislative enactment of the
statute. Since in the 1975 period, the lag between these two
dates was approximately two months, the assumption was built
into each of the models for this period that there would be
no significant effect until the quarter ended June 30, 1975
-- that 1is, there 1is a lag of two quarters built into the
models from the last pre-intervention observation (i.e.,
December 31, 19274) to the period when any impact is expected.
This time lag is reasonable because even though the
investment tax credit legislation was effective for
qualifying assets acquired after January 21, 1975, the
availability of the new provision was not certain until the

bill became law in late March 1975. Therefore, the strongest



185

sudden impact would not be felt until after the bill was
signed into law and as such, any impact would €£first be
included in the investment activity numbers for the period
ended June 30, 1975. As with the intervention analyses for
the 1962 period, to be more confident that an appropriate lag
is specified in the models, various time-series models were
run for each of the 1975 residual series where the number of
lags in the models were assumed to be either greater than or
less than the one considered appropriate (i.=z., a two guarter
lag). 1In each case where alternate lags were built into the
models, the results of the intervention analyses were not
nearly as strong as those discussed below.

As with the results in Tables 5.4 through 5.6, the
results in Tables 5.7 through 5.9 are also very similar to
each other. The redundancy of discussing the results f£from
several adequate models where each model gives rise to
similar conclusions is conducted to strengthen the results of
this study.

As discussed in Chapter 4, the time-series of data on
which the intervention analyses are performed and for which
the models presented in Tables 5.4 through 5.2 are based,
consist of the residuals either from the regression analyses
of the 50 quarterly observations from around the 1962 period
or from the regression analyses of the 37 quarterly
observations from around the 1975 period. These residuals

were presented in Table 5.3. The information presented in
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the tables which follow results from the conduct of the
intervention analysis procedures on the six residual series
from the two periods tested. From the information presented
in the tables, statements can be made with respect to the
association between the investment tax credit and investment
spending.

Each of the models presented from which the results are
derived 1is described using the normal Box Jenkins (BJ)
(p,4,q) x (P,D,Q) classification schene. The first three
factors in this scheme (i.e., p,d, and gq) indicate the order
or degree of the nonseasonal autoregressive parameters,
differencing parameters, and moving-average parameters,
respectively. The last three factors in this scheme (i.e.,
P,D, and Q) indicate the same for the seasonal parameters.,
These parameters are used to adjust for the serial
dependence, nonstationarity, and seasonality that may be in
the regression residual time-series derived from the previous
step. These parameters and the nature of their consideration
in the time-series models were described in Chapter 4. In
each of the tables, the factor names (i.e., p,d,q9,P,D, and Q)
are replaced by numerical values which indicate the order or
degree to which the factors are assumed in the model.

In each table below, the following information is
presented: the coefficient and standard error of the
intervention term, which are used to provide a measure of

whether an impact from the investment tax credit intervention
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on the residual series being tested is present; the Student t
statistic determination of the significance of the
intervention term, which 1is the measure of whether an
investment tax credit impact 1is present; the Box Pierce Q
(BPQ) statistic, which 1is derived from conducting the
portmanteau lack of fit test and which is used to help test
the adequacy of the time-series model; the significance of
the BPQ statistic, which is a measure of the adequacy of the
time-series model being tested; and the number of
autocorrelations out of the twelve which are computed that
are within two standard deviations of zero, which is another
diagnostic test which considers the adequacy of the
time-series model. The specification of the Student t
statistic, which is used to determine the significance of the
intervention term, and the BPQ statistic, which is wused to
help determine the adequacy of the time-series models, are
presented in Appendix C.

In the test of significance of the intervention term,
the null  hypotheses that is being tested is, “The
intervention term is insignificant." 1In the third line of
each table the alpha level or confidence level is given which
indicates the chance of incorrectly rejecting the null
hypothesis when it is actually true. That is, upon stating
that the intervention term is significant or an impact is
present 1in the model being described, the chance that the

statement is incorrect is given by the alpha level in the
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tables. For example, the alpha 1level for qualified
investment in Table 5.4 is .0343. Therefore, upon concluding
that the intervention term is significant (i.e., there is an
association between the investment tax credit and qualified
investment activity), the chance of rejecting this statement
when it actually is true is 3.43 percent. A smaller alpha
level 1is indicative of a higher level of confidence in this
test than a larger alpha level. Further, upon establishing
an arbitrary cut-off at the 85 percent confidence level for
hypothesis testing purposes, the conclusion is reached that
the null hypothesis (i.e., The intervention term is
insignificant.) 1is rejected. If the arbitrary cut-off had
been set at a higher level, say 90 percent, the conclusions
would have been no different from those discussed below
except with respect to the model for total investment in the
ancillary test for the 1962 period described in Table 5.12
and with respect to the model for qualified investment in the
ancillary test for the 1975 period described in Table 5.13.
Moreover, upon considering setting the arbitrary cut-off at a
lower level, the level would have to be lowered to just below
78 percent in order for any of the conclusions to change from
what is given below. If the confidence level was lowered to
Just under 78 percent (which 1is unacceptably 1low for
hypothesis testing purposes), the only conclusions which
would differ would be those with respect to the model for

nonqualified investment for +the 1975 period described in
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Table 5.7.' Therefore, the confidence level was set at 85
percent. Consequently, upon noting that the intervention term
is significant or noting that the hypothesis is rejected at
the 85 percent level, the conclusion can be made that there
is an association between the investment activity series
being analyzed and the investment tax credit.

In the test of significance of the BPQ statistic, which
is calculated to help determine the adequacy of the resulting
time~series model, the null hypothesis that is being tested
is, "There 1is no autocorrelation among the residuals of the
time~series noise model being tested." The alpha level is
given in the fifth line of the table which, likewise,
indicates the chance of incorrectly rejecting the null
hypothesis when it is actually true. As such, upon stating
that there is autocorrelation among the residuals of the
model Dbeing described, the chance that the statement is
incorrect is given by the alpha level in the tables. For
example, the alpha level of the BPQ statistic for the model
of qualified investment in Table 5.4 is .4766. If the
statement was made that there 1is autocorrelation or
dependence among the residuals of the time-series model when
there actually was no autocorrelation among the residuals,
the chance of making this incorrect statement would be 47.66
percent. As the alpha level in this test gets larger, the
confidence that there is no autocorrelation in the model also

gets larger, Further, upon establishing an arbitrary cut-off
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at the 97.5 percent confidence level for hypothesis testing
purposes, the conclusion is reached that the null hypothesis
(i.e., There is no autocorrelation among the residuals of the
time-series model being tested.) can not be rejected.
Consequently, upon noting that the Thypothesis can not be
rejected at the 97.5 percent level, the conclusion is made
that there is no autocorrelation among the residuals and
based upon this test, the time~series model is considered to
represent adequately the data.

A point of clarification may be necessary at this point
with respect to the alpha level or confidence level of the
hypothesis tests of the intervention term and the BPQ
statistic, The terms in which the hypotheses are analyzed
are "opposite" from each other in the sense that for testing
the significance of the intervention term, the confidence in
the conclusion grows as the alpha level gets smaller; and for
testing the significance of the BPQ statistic, the confidence
in the conclusion grows as the alpha level gets larger. This
opposite view arises because the conclusions relating to the
significance of the intervention terms are stated in terms of
"rejecting the null hypothesis;" whereas, the conclusions
relating to significance of the BPQ statistic are stated in
terms of "failing to reject the null hypothesis." Therefore,
for purposes of the arbitrary cut-~off of the confidence
level, as the cut-off level gets smaller, the confidence that

the intervention term is significant becomes 1less; whereas,
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as the cut-off level gets larger, the confidence that there
is no autocorrelation in the residuals of the time-series
model becomes less.

As mentioned in Chapter 4, the autocorrelation function
of each time-series model also is examined to help determine
the adequacy of the model. The model 1is considered to be
adequate, based upon this test, if the autocorrelation of the
residuals for various lags is generally within two standard
deviations of zero. The information provided in the sixth
line of the tables which follow indicates the number of
autocorrelation functions out of the 12 provided by the
McKeown-Hopwood time-series package that are within two
standard deviations of zero. Upon noting that at least 11 of
the autocorrelations are within two standard deviations of
zero, the model, based upon this diagnostic test, is
considered adesquate.

Consequently, upon determining that a model provides an
adequate representation of a time-series, based upon
reference to both the significance of the BPQ statistic and
the behavior of the autocorrelation function, inferences may
be made regarding the characteristics of the data (e.qg.,
whether the investment tax credit has impacted investment).

At this point, the specific details of +the time-series
models of the regression residuals produced are more fully
described. The order of the modcl presentation for each

intervention period both in this discussion and in the tables
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is based upon the "goodness”" of the models in modelling the
residual time-series. That 1is, the best model for each
period is presented first., The determination of the models’
"goodness" is based upon the relative strength or
significance of the intervention terms, and the positive
results of the diagnostic test (i.e., the significance of the
BPQ statistic and the £frequency of passage of the
autocorrelation function of residuals test) indicating the
adequacy of the model. It is important to note, however,
that even though some of the models below provide better
representations of the data than others, they all support the
same conclusion: there is an association between the
investment tax credit and qualified and total investment
spending.

The first model described for the regression residuals
of the 1962 intervention period is summarized in Table 5.4.
The results from the model in the table are based upon the 50
quarterly regression residuals from the 1962 period presented
in Table 5.3. The model takes the form (1L 1 0) x (L 0 1)
upon utilizing the BJ classification scheme (described
above). The intervention term is significant at the .0343
and .0008 levels for qualified investment and total
investment, respectively, That 1is, the chance of the
intervention term appearing significant when it is actually
insignificant is given by these decimals. Therefore, the

hypothesis that the intervention term is insignificant is
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RESULTS OF THE INTERVENTION ANALYSIS OF THE RESIDUAL SERIES

INTERVENTION DATE: JANUARY 1962
MODEL: (1 1 0) x (1 0 1)/a

NUMBER OF LAGS: 4/Db

QUALIFIED TOTAL NONQUAL .
INVEST . INVEST. INVEST.
Coefficient of the Inter-
vention Term/c 77 1.43 .02
Standard Error of the
Intervention Term/d .40 .4l .22
Significance of the
Intervention Term/e .0343/1 .0008/1i .4561/7
Box Pierce Q Statistic/f 8.62 7.45 8.87
Significance of the Box
Pierce Q Statistic/g .4766/% .5906/k .4562/%k
Frequency of Passage of
the Autocorrelation
Function of Residuals
Test/h 11/12 12/12 11/12

NOTES TO ACCOMPANY THIS TABLE ARE PRESENTED BELOW.
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TABLE 5.4 (CONTINUED)
RESULTS OF THE INTERVENTION ANALYSIS OF THE RESIDUAL SERIES
INTERVENTION DATE: JANUARY 1962
MODEL: (1 1 0) x (1 0 1)/a

NUMBER OF LAGS: 4/b
NOTES TO ACCOMPANY TABLE 5.4

This model is based upon conducting the intervention analysis
procedure on the 50 regression residuals from the 1962 period
(presented in Table 5.3) derived from the multiple regression
analysis step. The results shown in this table indicate that
this particular model detects an impact of the investment tax
credit upon qualified and total investment activity.
Furthermore, based upon the diagnostic tests (see £,g,h, and
kX below), the model appears to represent adequately the
regression residual series and the conclusions related to the
significance or lack of significance of the intervention
terms are supportable.

a The description of the model which is used to produce
the data in the table 1is given wusing the normal
Box-Jenkins classification scheme, (p d gq) x (P D Q).
This scheme captures and indicates an accounting and/or
adjustment for various behavioral characteristics of the
time-series data being modelled. The characteristics of
concern are the number of seasonal and nonseasonal
autoregressive terms included in the model, the degree
of seasonal and nonseasonal differencing required to
attain stationarity within the time-series, and the
number of seasonal and nonseasonal moving-average terms
included in the model. The consideration of these
factors by the model is necessary in order that
inferences may be made regarding the effect of the
investment tax credit.

b The number of calendar quarters from the last quarter
before the date of the intervention (i.e., January 1,
1962 for this period) that the intervention impact was
lagged in the model is given. That is, it was assumed
in this model that if any investment tax credit impact
was present, it would not be noted until the quarter
ended December 31, 1962 because of the lag between the
effective date and the enactment date of the
legislation.
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TABLE 5.4 (CONTINUED)
RESULTS OF THE INTERVENTION ANALYSIS OF THE RESIDUAL SERIES
INTERVENTION DATE: JANUARY 1962
MODEL: (1 1 0) x (1 0 1)/a

NUMBER OF LAGS: 4/b
NOTES TO ACCOMPANY TABLE 5.4

The coefficient of the intervention term is used to
measure the strength of any investment tax credit impact
within the particular time-series being tested. This
term is utilized, in conjunction with its standard error
(see note 4 below), to make a judgement with respect to
the impact of the investment tax credit as noted in the
time~series being tested.

The standard error of the intervention term is a measure
of the variability of the intervention term in the
time-series model of the data being analyzed. This
statistic is used as a part of the Student t statistic
to make a Judgement regarding the significance of the
impact of the investment tax c¢redit as noted in the
time~-series being tested.

The intervention term is analyzed by use of the Student
t test to determine if a significant investment tax
credit impact is present in the time-series being
modelled following the intervention date (i.e., January
1, 1962 in this period). If the hypothesis (The
intervention term is statistically insignificant.) is
rejected, then the results suggest that there is an
association between the investment tax credit and the
investment activity series being tested. See i and j
below.

The BPQ statistic 1is a measure of the degree of
autocorrelation remaining in the residuals of the
time-series model after making adjustments for
autoregressive, nonstationarity, and moving-average
factors in the time-series input, This statistic is
based upon a consideration of the first 12
autocorrelation functions calculated for this model.
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TABLE 5.4 (CONTINUED)
RESULTS OF THE INTERVENTION ANALYSIS OF THE RESIDUAL SERIES
INTERVENTION DATE: JANUARY 1962
MODEL: (1L 1 0) x (1 0 1)/a

NUMBER OF LAGS: 4/b
NOTES TO ACCOMPANY TABLE 5.4

The BPQ statistic 1is tested by reference to the
chi-square statistical distribution to determine if a
significant degree of autocorreltion or serial
dependence exists in the time-series model residual
series after modelling the time-series as indicated. If
the hypothesis (There is no autocorrelation among the
residuals of the time-series model.) can not Dbe
rejected, then the results suggest that, based upon this
test, the model adequately represents the time-series.
‘ See k and 1 helow.

The first 12 autocorrelations of the residuals of the
time-series model are examined to determine if they fall
within two standard deviations of zero. If 11 or more
of the autocorrelation functions are within two standard
deviations of zero, the model, based upon this test, is
considered to be adequate for purposes of making
inferences regarding the impact of the investment tax
credit.

In testing the significance of the intervention term,
the null hypothesis (The intervention term is
insignificant.) is rejectad at the arbitrarily
established 85 percent level; therefore, an association
between the investment tax credit and this series of
data is believed to exist. Further, the number given is
an indication of incorrectly rejecting the hypothesis
when it is actually true. Moreover, a smaller number in
this regard is indicative of a higher 1level of
confidence in the above conclusion than a larger number.
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TABLE 5.4 (CONTINUED)
RESULTS OF THE INTERVENTION ANALYSIS OF THE RESIDUAL SERIES
INTERVENTION DATE: JANUARY 1962
MODEL: (1 1 0) x (1 0 1)/a

NUMBER OF LAGS: 4/b

NOTES TO ACCOMPANY TABLE 5.4

In testing the significance of the intervention term,
the null hypothesis can not be rejected at the
arbitrarily established 85 percent level; therefore,
this test indicates that no association exists between
the investment tax credit and nonqualified investment
activity.

In testing the significance of the BPQ statistic, the
null hypothesis (There is no autocorrelation among the

residuals of the time-series model.) can not Dbe
rejected at the arbitrarily established 97.5 percent
level; therefore, this test suggests that no

autocorrelation exists in the residuals of the
time-series model and that the model is adequate.
Further, the number given is an indication of the chance
of incorrectly rejecting the hypothesis when it is
actually true. Moreover, a higher number in this regard
is indicative of a higher level of confidence in the
above conclusion than a lower number.
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rejected at the arbitrarily established 85 percent level for
both qualified investment and total investment. The
interpretation of these tests of significance is that since
the intervention terms are considered significant, the
investment tax credit 1is believed to have affected both
qualified and total investment activity. The intervention
term in the nonqualified investment model is considered to be
insignificant at the .4561 level. That is, if the statement
was made that the intervention term in the model for
nonqgualified investment activity is significant, then the
chance of being incorrect is 45.61 percent. Therefore, since
the hypothesis that the intervention term is insignificant
can not be rejected at the 85 percent level, the conclusion
is reached that there 1is no association between the
investment tax credit and nonqualified investment.

The diagnostic tests (the test of the significance of
the BPQ statistic and the test of the frequency of the
autocorrelation function lying within two standard deviations
of zero) indicate that there is very 1little, 1if any
autocorrelation or dependence among the residuals of the
time-series model. Consequently, with the time-series model
being considered adequate, the statements relating to the
significance of the intervention terms are supported. This
is the case since one of the assumptions of the interventaon
analysis technique is that in order for the intervention term

to have any meaning, the residuals of the time-series model
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must be randomly distributed (i.e., the time-series model
must adequately represent the data).

More specifically, the significance of the BPQ
statistices of .4766, .5906, and .4562 is an indication that
if the null hypothesis of no autocorrelation among the
residuals of the time-series models is rejected, the chance
that this rejection is incorrect is 47.66 percent, 59.06
percent, and 45.62 percent, respectively. Therefore, the
test fails to reject the null hypothesis at the arbitrarily
established 97.5 percent level for the qualified, total, and
nonqualified investment models and based upon this test, the
model 1is considered adequate. Further, the number of times
that the autocorrelation of the residuals is within two
standard deviations of zero is 11 of 12 for the qualified and
nonqualified investment models and 12 of 12 for the total
investment model. Therefore, based upon the diagnostic
tests, whose results are given above, the time-series model
is considered adequate, Consequently, the statements
concerning the significance of the intervention terms are
considered valid.

The second model described for the regression residuals
of the 1962 intervention period is summarized in Table 5.5.
The results from the model in the table are based upon the 50
quarterly regression residuals from the 1962 period presented
in Table 5.3. The model takes the form (0 1 0) x (1 0O 1)

based upon the BJ classification scheme (described above).
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The intervention term is significant at the .0609 and .0155
levels for qualified investment and total investment,
respectively. As is the case of the model discussed above
and presented in Table 5.4, the the hypothesis that the
intervention term is insignificant 1is rejected at the 85
percent level for both gualified investment and total
investment. Consequently, the interpretation made from these
statistics 1is that the investment tax credit has affected
both qualified and total investment activity. The
intervention term in the nonqualified investment model is
considered to be insignificant at the .7462 level. That is,
if the statement was made that the intervention term in the
model for nonqualified investment activity is significant,
then the chance of being incorrect is 74.62 percent.
Therefore, the hypothesis that the intervention term is
insignificant can not be rejected at the 85 percent level and
the conclusion is made that the investment tax credit has not
affected the nonqualified investment activity.

The diagnostic tests indicate that there is very little,
if any autocorrelation or dependence among the residuals of
the time-series model. As such, with the time-series model
being considered adequate, the statements relating to the
significance of the intervention terms are supported.

More specifically, the significance of the BPQ
statistics of .6515, .5858, and .0152 is an indication that

if the null hypothesis of no autocorrelation among the
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RESULTS OF THE INTERVENTION ANALYSIS OF THE RESIDUAL SERIES

INTERVENTION DATE: JANUARY 1962
MODEL: (0 1 0) x (L 0 1)/a

NUMBER OF LAGS: 4/b

QUALIFIED TOTAL NONQUAL.
INVEST. INVEST. INVEST.
Coefficient of the Inter-
vention Term/c .71 1.16 -.21
Standard Error of the
Intervention Term/d .44 .50 .32
Significance of the
Intervention Term/e .0609/i .0155/1 .7462/ 7
Box Pierce Q Statistic/f 7.76 8.44 22.25
Significance of the Box
Pierce Q Statistic/g .6515/k .5858/% .0152/1
Frequency of Passage of
the Autocorrelation
Function of Residuals
Test/h 12/12 11/12 11/12

NOTES TO ACCOMPANY THIS TABLE ARE PRESENTED BELOW.



202

TABLE 5.5 (CONTINUED)
RESULTS OF THE INTERVENTION ANALYSIS OF THE RESIDUAL SERIES
INTERVENTION DATE: JANUARY 1962
MODEL: (0 1 0) x (1 0 1)/a

NUMBER OF LAGS: 4/b

NOTES TO ACCOMPANY TABLE 5.5

This model is based upon conducting the intervention analysis
procedure on the 50 regression residuals from the 1962 period
(presented in Table 5.3) derived from the multiple regression
analysis step. The results shown in this table indicate that
this particular model detects an impact of the investment tax
credit wupon qualified and total investment activity.
Furthermore, based upon the diagnostic tests (see £,q,h,Xk,
and 1 above), the model appears to represent adequately the
regression residual series and the conclusions related to the
significance or lack of significance of the intervention
terms are supportable.

FOR EXPLANATION OF NOTES ABOVE, a THROUGH k, SEE THE NOTES
WHICH ACCOMPANY TABLE 5.4.

1 In testing the the significance of the BPQ statistic,
the null hypothesis is rejected at the arbitrarily
established 97.5 percent level; therefore, this test
indicates that there may be autocorrelation among the
residuals of the time-series model suggesting that this
model may not adequately represent the time-series.
However, this model is considered adequate because of
the strong positive results from the frequency of
passage of the autocorrelation function of residuals
test (see h).
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residuals of the time-series models is rejected, the chance
that this rejection is incorrect is 65.15 percent, 58.58
percent, and 1.52 percent, respectively. Therefore, the test
fails to reject the null hypothesis at the 97.5 percent level
for the qualified and total investment model; however, the
null is rejected at the 97.5 percent level for the
nonqualified investment model. Further, the number of times
that the autocorrelation of the residuals 1is within two
standard deviations of zero is 12 of 12 for the qualified
investment model and 11 of 12 for the total and nonqualified
investment models. Therefore, based upon the results from
both of the diagnostic tests, the time-series model is
considered adequate. Consequently, the statements concerning
the significance of the intervention terms are considered
valid.

The third model described for the regression residuals
of the 1962 intervention period is summarized in Table 5.6.
The results from the model in the table are based upon the 50
quarterly regression residuals from the 1962 period presented
in Table 5.3. The model takes the form (1 1 0) x (0 O 1)
based upon the BJ classification scheme (described ahove).
The intervention term is significant at the .0824 and .0826
levels for gualified investment and total investment,
respectively. Therefore, since the hypothesis that the
intervention term is insignificant is rejected at the 85

percent level for both the qualified investment and total
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TABLE 5.6

RESULTS OF THE INTERVENTION ANALYSIS OF THE RESIDUAL SERIES
INTERVENTION DATE: JANUARY 1962
MODEL: (1 1 0) x (0 0 1)/a

NUMBER OF LAGS: 4/b

QUALIFIED TOTAL NONQUAL.
INVEST. INVEST. INVEST.
Coefficient of the Inter-
vention Term/c .69 .83 .03
Standard Error of the
Intervention Term/d .48 .58 .22
Significance of the
Intervention Term/e .0824/1 .0826/1 .4349/3
Box Pierce Q Statistic/f 10.13 10.90 8.31
Significance of the Box
Pierce Q Statistic/g .4382/x .3783/k .5987/k
Frequency of Passage of
the Autocorrelation
Function of Residuals
Test/h 12/12 12/12 11/12

This model is based upon conducting the intervention analysis
procedure on the 50 regression residuals from the 1962 period
(presented in Table 5.3) derived from the multiple regression
analysis step. The results shown in this table indicate that
this particular model detects an impact of the investment tax
credit upon qualified and total investment activity. Further-
more, based upon the diagnostic tests (see f,g,h, and k a-
bove), the model appears to represent adequately the regres-
sion residual series and the conclusions related to the sig-
nificance or lack of significance of the intervention terms
are supportable.

SEE ADDITIONAL EXPLANATORY NOTES WHICH ACCOMPANY TABLE 5.4
FOR EXPLANATION OF SYMBOLS a THROUGH k ABOVE.
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investment models, the interpretation of these tests of
significance is that investment tax credit is ©believed to
have affected qualified and total investment activity.
However, the intervention term in the nongqualified investment
model is considered to be insignificant at the .4349 level.
Therefore, as in the models for nonqualified investment
described above, the conclusion 1is reached that the
intervention term in the model of the control group is
insignificant at the 85 percent confidence level and that
there is no association between the investment tax credit and
nonqualified investment.

The diagnostic tests indicate that there is very little,
if any autocorrelation or dependence among the residuals of
the time-series model. The level of the BPQ statistics for
each of the models suggests that there is no autocorrelation
in the time-series models as the null hypothesis in each case
can not be rejected at the 97.5 percent level of confidence.
Further, the number of times that the autocorrelation of the
residuals is within two standard deviations of zero is 12’of
12 for the qualified and total investment models and 11 of 12
for the nongualified investment model. Therefore, since the
time-series model is considered adequate, the statements
relating to the significance of the intervention terms are
supported.

To summarize the results disclosed in Tables 5.4 through

5.6 which present the time-series models of the regression
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residuals for the 1962 period, there appears to be an
association between the investment tax credit and qualified
and total investment activity; whereas, no such association
was found to exist with the nonqualified investment activity
series. Further, because a lag of four quarters was built
into the models which accounts for the passage of time
between the effective and enactment dates of the investment
tax credit legislation and because an impact was noted by the
models which possessed this factor, it is concluded that the
impact noted in the gqualified and total investment series was
first detected in the calendar quarter following the date on
which the investment tax credit 1legislation became law.
Recall that as described in Chapter 4 and earlier in this
chapter, models with other lags were tested, but they were
rejected Dbecause they were not considered to have
appropriately modelled the data. Therefore, the assumption

built into these models because of the lag factor’s presence
is that no impact is expected until the fourth quarter after
the last pre-intervention quarter. Additionally, there is no
evidence of a shift in investment activity away from those
assets that do not qualify for the c¢redit to those assets
that do qualify for the credit since the intervention terms
in the nonqualified investment series’ models were
insignificant. These results are based upon models produced

by performing the intervention analysis procedure on three

time-series of regression residuals from the 1962 period.
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These conclusions are strengthened by noting that all three
sets of models presented in the tables discussed above
produce very similar results. The detailed results from the
similar testing of the 1975 period follow.

The first model described for the regression residuals
of the 1975 intervention period is summarized in Table 5.7.
The results from the model in the table are based upon the 37
quarterly regression residuals from the 1975 period presented
in Table 5.3. The model takes the form (0 1 1) x (0 O 1)
based wupon the BJ classification scheme (described above).
The intervention term is significant at the .0332 and .0055
levels for qualified dinvestment and total investment,
respectively, Therefore, the hypothesis that the
intervention term is insignificant is rejected at the 85
percent level for both qualified investment and total
investment. The interpretation of these tests of
significance 1is that since the intervention terms are
considered significant, the investment tax credit is believed
to have affected qualified and total investment activity -~
that 1is, the increase in the rate of the investment tax
credit affected the level of qualified and total investment
activity, The intervention term in the nonqualified
investment model is considered to be insignificant at the
<2200 level. That 1is, if the statement was made that the
intervention term in the model for nonqualified investment

activity is significant, then the chance of being incorrect




TABLE 5.7

RESULTS OF THE INTERVENTION ANALYSIS OF THE RESIDUAL SERIES

INTERVENTION DATE: JANUARY 1975
MODEL: (0 1 1) x (0 0 1)/a

NUMBER OF LAGS: 2/m

QUALIFIED TOTAL NONQUAL.
INVEST. INVEST. INVEST.
Coefficient of the Inter-
vention Term/c 1.52 1.27 .71
Standard Error of the
Intervention Term/d .79 .47 .90
Significance of the
Intervention Term/n .0332/i .0055/1i .2200/3
Box Pierce Q Statistic/f 14.42 8.58 19.38
Significance of the Box
Pierce Q Statistic/g .1680/k .5724/% .0375/%
Frequency of Passage of
the Autocorrelation
Function of Residuals
Test/h 12/12 12/12 11/12

NOTES TO ACCOMPANY THIS TABLE ARE PRESENTED BELOW
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TABLE 5.7 (CONTINUED)
RESULTS OF THE INTERVENTION ANALYSIS OF THE RESIDUAL SERIES
INTERVENTION DATE: JANUARY 1975
MODEL: (0 1 1) x (0 0 1)/a
NUMBER OF LAGS: 2/m

NOTES TO ACCOMPANY TABLE 5.7

This model is based upon conducting the intervention analysis
procedure on the 37 regression residuals from the 1975 period
(presented in Table 5.3) derived from the multiple regression
analysis step. The results shown in this table indicate that
this particular model detects an impact of the investment tax
credit wupon qualified and total investment activity.
Furthermore, based upon the diagnostic tests (see £,g,h, and
k above), the model appears to represent adequately the
regression residual series and the conclusions related to the
significance or lack of significance of the intervention
terms are supportable.

SEE TABLE 5.4 FTOR EXPLANATION OF THE FOLLOWING NOTES ABOVE:
a, ¢, d, £, g, h, i, j, and k.

m The number of calendar quarters from the last quarter
before the date of the intervention (i.e., January 21,
1975 for this period) that the intervention impact was
lagged for the model is given. That is, it was assumed
in this model that if any investment tax credit impact
was present, it would not be noted until the quarter
ended June 30, 1975 Dbecause of the lag between the

effective date and the enactment date of the
legislation.
n The intervention term is tested by using the Student t

statistic to determine if a significant investment tax
credit impact is present 1in the time-series Dbeing

modelled following the intervention date (i.e., January
21, 1975 in this period). If the hypothesis (The
intervention term is statistically insignificant.) is

rejected, then the results suggest that there is an
association between the investment tax credit and the
investment activity series being tested. (See i and j
above.)
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is 22.00 percent. Therefore, since the hypothesis can not be
rejected at the 85 percent level, the conclusion is reached
that the intervention term is insignificant and that there is
no association between the investment tax credit and
nonqualified investment.

The diagnostic tests indicate that there is very little,
if any autocorrelation or dependence among the residuals of
the time-series model. In each case, the null hypothesis
relating to the significance of the BPQ statistic can not be
rejected at the 97.5 percent level of confidence, and the
frequency of the autocorrelation function falling within two
standard deviations is within acceptable bounds (i.e., 11 or
more). Therefore, no autocorrelation is considered to be
present among the residuals of the time-series models. As a
result, with the time~series models being considered
adequate, the statements relating to the significance of the
intervention terms are supported.

The second model described for the regression residuals
of the 1975 intervention period is summarized in Table 5.8.
The results from the model in the table are based upon the 37
guarterly regression residuals from the 1975 period presented
in Table 5.3. The model takes the form (0 1 0) x (0 O 1)
based upon the BJ classification scheme (described above).
The intervention term is significant at the .0644 and .0249
levels for qualified investment and total investment,

respectively. Further, the hypothesis that the intervention
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TABLE 5.8

RESULTS OF THE INTERVENTION ANALYSIS OF THE RESIDUAL SERIES
INTERVENTION DATE: JANUARY 1975
MODEL: (0 1 0) x (0 0 1)/a

NUMBER OF LAGS: 2/m

QUALIFIED TOTAL NONQUAL.

INVEST. INVEST. INVEST.
Coefficient of the Inter-
vention Term/c 1.69 2.43 -.27
Standard Error of the
Intervention Term/d 1.07 1.19 .56
Significance of the
Intervention Term/n .0644/1i .0249/1 .6813/3
Box Pierce Q Statistic/f 11.45 8.51 9.64
Significance of the Box
Pierce Q Statistic/g .4168/% .6651/% .5628/%k
Freguency of Passage of
the Autocorrelation
Function of Residuals
Test/h 11/12 12/12 12/12

*

This model is based upon conducting the intervention analysis
procedure on the 37 regression residuals from the 1975 period
(presented in Table 5.3) derived from the multiple regression
analysis step. The results shown in this table indicate that
this particular model detects an impact of the investment tax
credit upon qualified and total investment activity. Further-
more, based upon the diagnostic tests (see f,g,h, and k a-
bove), the model appears to represent adequately the regres-
sion residual series and the conclusions related to the sig-
nificance or lack of significance of the intervention terms
are supportable.

SEE EXPLANATORY NOTES WHICH ACCOMPANY TABLES 5.4 AND 5.7.
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term is insignificant is rejected at the 85 percent level for
both qualified investment and total investment. Therefore,
the investment tax credit is Dbelieved to have affected
qualified and total investment activity upon the investment
tax credit’s rate increase. The intervention term in the
nonqualified investment model is considered to  Dbe
insignificant at the .6813 level. Therefore, since the
intervention term is insignificant at the 85 percent level of
confidence, there is considered to be no association between
the investment tax credit and nongualified investment in this
case.

The diagnostic tests indicate that there is very little,
if any autocorrelation or dependence among the residuals of
the time-series models. 1In each case, the null hypothesis
relating to the significance of the BPQ statistic can not be
rejected at the 97.5 percent level of confidence, and the
frequency of the autocorrelation function falling within two
standard deviations is within acceptable bounds. Therefore,
no autocorrelation is considered to be present among the
residuals of the time-series models. As a result, with the
time-series model ©being considerad adequate, the statements
relating to the significance of the intervention terms are
supported.

The last model described for the regression residuals of
the 1975 intervention period is summarized in Table 5.9. The

results from the model in the table are based upon the 37
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TABLE 5.9

RESULTS OF THE INTERVENTION ANALYSIS OF THE RESIDUAL SERIES
INTERVENTION DATE: JANUARY 1975
MODEL: (0 1 1) x (0 0 0)/a

NUMBER OF LAGS: 2/m

QUALIFIED TOTAL NONQUAL.
INVEST, INVEST. INVEST.
Coefficient of the Inter-
vention Term/c 1.17 1.21 -.29
Standard Error of the
Intervention Term/d .81 .73 .56
Significance of the
Intervention Term/n .0829/1 .0558/1i .6968/
Box Pierce Q Statistic/f 13.27 13.33 11.92
Significance of the Box
Pierce Q Statistic/g .2817/% .2773/% .3821/%
Frequency of Passage of
the Autocorrelation
Function of Residuals
Test/h 12/12 12/12 12/12

This model is kased upon conducting the intervention analysis
procedure on the 37 regression residuals from the 1975 period
(presented in Table 5.3) derived from the multiple regression
analysis step. The results shown in this table indicate that
this particular model detects an impact of the investment tax
credit upon qualified and total investment activity. Further-
more, based wupon the diagnostic tests (see f£,g,h, and k a-
bove), the model appears to represent adequately the regres-
sion residual series and the conclusions related to the sig-
nificance or lack of significance of the intervention terms
are supportable.

SEE EXPLANATORY NOTES WHICH ACCOMPANY TABLES 5.4 AND 5.7.
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quarterly regression residuals from the 1975 period presented
in Table 5.3. The model takes the form (0 1 1) x (0 O 0)
based upon the BJ classification scheme (described above).
The intervention term is significant at the .0829 and .0558
levels for qualified investment and total investment,
respectively. Consequently, the  hypothesis that the
intervention term is insignificant is rejected at the 85
percent level for both the gqualified investment and total
investment models. Therefore, since the intervention terms
are considered significant, the investment tax credit Iis
believed to have affected qualified and total investment
activity upon the investment tax credit’s rate increase. The
intervention term in the nonqualified investment model is
considered to be insignificant at the .6968 level. As such,
the hypothesis regarding the significance of the intervention
term can not be rejected at the 85 percent level and the
conclusion is reached that the intervention term 1is
insignificant and that there is no association between the
investment tax credit and nonqualified investment.

The diagnostic tests indicate that there is very little,
if any autocorrelation or dependence among the residuals of
the time-~series models. In each case, the null hypothesis
relating to the significance of the BPQ statistic can not be
rejected at the 97.5 percent level of confidence, and the
frequency of the autocorrelation function falling within two

standard deviations is within acceptable bounds. Therefore,
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no autocorrelation 1s considered to be present among the
residuals of the time-series models. As a result, with the
time-series model being considered adequate, the statements
relating to the significance of the intervention terms are
supported.

To summarize the results disclosed in Tables 5.7 through
5.2 which present the time-series models of the three series
of 37 regression residuals each for the 1975 period, there
appears to be an association between the investment tax
credit and qualified and total investment activity; whereas,
no such association was found to exist with the nonqualified
investment activity series. Further, because of the lag
built into the models (i.e., a lag of two quarters of the
1975 year was assumed), the impact noted in the qualified and
total investment series was first detected in the calendar
quarter following the date on which the investment tax credit
legislation became law. Additionally, there is no evidence
of a shift in investment activity away from those assets that
do not qualify for the credit to those assets\that do qualify
for the credit since the intervention terms in the
nonqualified investment series’ models were insignificant.
These results are based upon models produced by performing
the interventinon analysis procedure on the three 37 element
time-series of regression residuals from the 1975 period.
These conclusions are strengthened by noting that all three
sets of models presented in the tables produce very similar

results.
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This section of the chapter has described the results of
the intervention analyses on the residual series. Three
basic, well specified models for each intervention period
resulted from the analyses. In each situation, the
intervention term of the qualified investment and total
investment residual series was significant, at least at the
85 percent level, while the intervention term of the control
group or the nonqualified investment residual series was
insignificant. From these test results, the conclusion is
reached that the investment tax c¢redit has impacted upon
gualified and total investment activity (but not nongualified
investment activity) and that the impact was first noted in
the calendar quarters following the date that the investment
tax credit legislation became law. Further, there was no
evidence that there was a shift in investment activity away
from nonqualified investment activity to qualified investment
activity.

The next section describes the ancillary or supplemental
tests performed on the investment orders series for the two
intervention periods. An intervention analysis was performed
on these series assuming the same lag structure (i.e., the
four calendar quarters of the 1962 year for the 1962
intervention period and the first two calendar quarters of

the 1975 year for the 1975 intervention period) as above.
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Results From Ancillary Test:

This section describes the results of the ancillary
tests performed on the qualified, total, and nonqualified
investment orders series for the two intervention periods.
The analyses for the 1962 period are based upon the 50
elements of the three investment orders series from that
period and the analyses for the 1975 period are based upon
the 37 elements of the three investment orders series from
that period. This series of intervention analyses was
performed in order to confirm that the impact detected on the
regression residuals discussed 1in the previous section was
reflective of a positive impact upon investment activity.
The three investment orders series modelled by the ancillary
tests are given in Appendix B (columns 1 - 3).

The results of the intervention analyses on the six
orders series are summarized in Tables 5.10 through 5.13.
Tables 5.10 through 5.12 present the models which represent
adequately the data for the 1962 period; whereas, Table 5.13
presents a model which represents adequately the data for the
1975 period. Each table includes the same type of
information that was presented for the models of the residual
series above: the coefficient and standard error of the
intervention term, the significance of the intervention term,
the BPQ statistic, the significance of the BPQ statistic, and

a test of the autocorrelation function of the residuals. The
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statistics used 1in determining the information presented in
these tables are given in Appendix C. The number of calendar
quarter lags between the investment tax credit legislation
effective date and the date the provisions became law is the
same for this series of ancillary tests as for the
intervention analyses on the residual series. As such, there
is a lag of four calendar quarters following the 1962
intervention and a lag of two calendar quarters following the
1975 intervention.

The first model described for the investment orders of
the 1962 intervention period is summarized in Table 5.10.
The results from the model in the table are based upon the 50
quarterly observations of the investment orders series from
the 1962 period presented in Table 5.3. The model takes the
form (2 2 1) x (0 O 0) based upon the BJ classification
scheme (described above). The intervention term is
significant at the .0588 and .0883 1levels for qualified
investment and total investment, respectively. Consequently,
the hypothesis that the intervention term is insignificant is
rejected at the 85 percent 1level for both the gualified
investment and total investment series. Therefore, since the
intervention terms are positive and considered significant,
the investment tax credit 1is believed to have increased
qualified and total investment activity. The intervention
term in the nonqualified investment model is considered to be

insignificant at the .5171 level; therefore, the null
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TABLE 5.10

RESULTS OF THE INTERVENTION ANALYSIS OF THE
INVESTMENT ORDERS SERIES
INTERVENTION DATE: JANUARY 1962
MODEL: (2 2 1) x (0 0 0)/a

NUMBER OF LAGS: 4/b

QUALIFIED TOTAL NONQUAL .
INVEST. INVEST. INVEST.

Coefficient of the Inter-
vention Term/c .65 .58 -.01
Standard Error of the
Intervention Term/d .40 .42 .23
Significance of the
Intervention Term/e .0588/1i .0883/1i .5171/7
Box Pierce Q Statistic/f 6.86 3.02 9.55
Significance of the Box
Pierce Q Statistic/g .6516/% .9673/k .4008/%
Frequency of Passage of
the Autocorrelation
Function of Residuals
Test/h 12/12 12/12 11/12

This model is based upon conducting the intervention analysis
procedure on the 50 elements of the investment orders series
from the 1962 period presented in Appendix B (columns 1-3).
The results shown in this table indicate that this particular
model detects an impact of the investment tax credit upon
the qualified and total investment orders series and no impact
upon the nonqualified investment orders series. Furthermore,
based upon the diagnostic tests (See f,g9,h, and k above),
the model appears to represent adequately the investment or-
ders series and the conclusions related to the significance
or lack of significance of the intervention terms are support-
able.

SEE ADDITIONAL EXPLANATORY NOTES WHICH ACCOMPANY TABLE 5.4.
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hypothesis relating to its significance can not be rejected
at the 85 percent level of confidence. Consequently, the
conclusion is reached that the intervention term is
insignificant and that there is no association between the
investment tax credit and nongualified investment.

The diagn -.ic tests indicate that there is very little,
if any autocorrelation or dependence among the residuals of
the time-~series model. 1In each case, the null hypothesis
relating to the significance of the BPQ statistic can not be
rejected at the 297.5 percent level of confidence, and the
frequency of the autocorrelation function falling within two
standard deviations is within acceptable bounds (i.e., 11 or
more). Therefore, no autocorrelation is considered to be
present among the residuals of the time-series models. As a
result, with the time-series model being considered adequate,
the statements relating to the significance of the
intervention terms is supported further.

The second model described for the investment orders of
the 1962 intervention period 1is summarized in Table 5.11.
The results from the model in the table are based upon the 50
quarterly observations of the investment orders series from
the 1962 period presented in Table 5.3. The model takes the
form (2 2 0) x (0 O 0) based upon the BJ classification
scheme (described above). The intervention term is
significant at the .0741 and .0973 levels for qualified

investment and total investment, respectively. Consequently,
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TABLE 5.11

RESULTS OF THE INTERVENTION ANALYSIS OF THE
INVESTMENT ORDERS SERIES
INTERVENTION DATE: JANUARY 1962
MODEL: (2 2 0) x (0 O 0)/a

NUMBER OF LAGS: 4/b

QUALIFIED TOTAL NONQUAL,
INVEST. INVEST. INVEST.
Coefficient of the Interxr-
vention Term/c .63 .57 -.01
Standard Error of the
Intervention Term/d .42 .42 .28
Significance of the
Intervention Term/e .0741/1 .0973/i .5142/4
Box Pierce Q Statistic/f 7 .48 3.16 10.33
Significance of the Box
Pierce Q Statistic/g .6788/k .9778/k .4229/k
Frequency of Passage of
the Autocorrelation
Function of Residuals
Test/h 12/12 12/12 11/12

This model is based upon conducting the intervention analysis
procedure on the 50 elements of the investment orders series
from the 1962 period presented in Appendix B (columns 1-3).
The results shown in this table indicate that this particular
model detects an impact of the investment tax credit upon
the gualified and total investment orders series and no impact
upon the nonqualified investment orders series. TFurthermore,
based upon the diagnostic tests (See £,g,h, and k above),
the model appears to represent adequately the investment or-
ders series and the conclusions related to the significance
or lack of significance of the intervention terms are support-
able.

SEE EXPLANATORY NOTES WHICH ACCOMPANY TABLE 5.4.
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the hypothesis that the intervention term is insignificant is
rejected at the 85 percent 1level for both the qualified
investment and total investment series. Therefore, since the
intervention terms are positive and considered significant,
the investment tax credit 1is believed to have increased
qualified and total investment activity. The intervention
term in the nonqualified investment model is considered to be
insignificant at the .5142 level. Therefore, since the null
hypothesis relating to the significance of the intervention
term can not bYe rejected at the 85 percent level of
confidence, the conclusion is reached that the intervention
term is insignificant and that there is no association
between the investment tax credit and nonqualified
investment,

The diagnostic tests indicate that there is very little,
if any autocorrelation or dependence among the residuals of
the time-series models. In each case, the null hypothesis
relating to the significance of the BPQ statistic can not be
rejected at the 97.5 percent level of confidence, and the
frequency of the autocorrelation function falling within two
standard deviations is within acceptable bounds, Therefore,
no autocorrelation is considered to be present among the
residuals of the time-series models. As a result, with the
time-series model being adequate, the statements relating to
the significance of the intervention terms are supported.

The last model described for the investment orders of
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the 1962 intervention period is summarized in Table 5.12.
The results from the model in the table are based upon the 50
quarterly observations of the investment orders series from
the 1962 period presented in Table 5.3. The model takes the
form (0 2 2) x (0 O 0) based upon the BJ classification
scheme (described above). The intervention term is
significant at the .0826 and .1422 1levels for qualified
investment and total investment, respectively. Therefore,
the hypothesis that the intervention term is insignificant is
rejected at the 85 percent 1level for both qualified
investment and total investment. Therefore, the investment
tax credit is believed to have increased qualified and total
investment activity. The intervention term in the
nonqualified investment model is considered to Dbe
insignificant at the .8126 1level. That 1is, the null
hypothesis relating to the intervention term can not be
rejected at the 85 percent level of confidence.
Therefore, the conclusion is reached that the intervention
term is insignificant and that there 1is no association
between the investment tax credit and nongualified
investment,

The diagnostic tests indicate that there is very little,
if any autocorrelation or dependence among the residuals of
the time-series models. In each case, the null hypothesis
relating to the significance of the BPQ statistic can not be

rejected at the 97.5 percent level of confidence, and the
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TABLE 5.12

i Sy

RESULTS OF THE INTERVENTION ANALYSIS OF THE
INVESTMENT ORDERS SERIES
INTERVENTION DATE: JANUARY 1962
MODEL: (0 2 2) x (0 0 0)/a

NUMBER OF LAGS: 4/b

QUALIFIED TOTAL NONQUAL.
INVEST. INVEST. INVEST.
Coefficient of the Inter-
vention Term/c .63 .51 -.09
Standard Error of the
Intervention Term/d Al .46 .10
Significance of the
Intervention Term/e .0826/1 .1422/14 .8126/7
Box Pierce Q Statistic/f 10.61 6.46 4.56
Significance of the Box
Pierce Q Statistic/g .4011/% .7725/% .9167/%
Freguency of Passage of
the Autocorrelation
Function of Residuals
Test/h 11/12 12/12 12/12

This model is based upon conducting the intervention analysis
procedure on the 50 elements of the investment orders series
from the 1962 period presented in Appendix B (columns 1-3).
The results shown in this table indicate that this particular
model detects an impact of the investment tax credit upon
the qualified and total investment orders series and no impact
upon the nonqualified investment orders series. Furthermore,
based upon the diagnostic tests (See f,g9,h, and k above),
the model appears to represent adequately the investment or-
ders series and the conclusions related to the significance
or lack of significance of the intervention terms are support-
able.

SEE EXPLANATORY NOTES WHICH ACCOMPANY TABLE 5.4.
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frequency of the autocorrelation function falling within two
standard deviations is within acceptable bounds. Therefore,
no autocorrelation is considered to be present among the
residuals of the time-series models. As a result, with the
time-series model being considered adequate, the statements
relating to the significance of the intervention terms are
supported.

To summarize the results disclosed in Tables 5.10
through 5.12 which presented the time-series models of the
investment orders series for the 1962 period, it appears that
the original enactment of the investment tax credit has led
to an increased 1level of gualified and total investment
activity; whereas, no such increase was detected with the
nonqualified investment activity series. The impact noted
was first detected in the calendar quarter following the date
on which the investment tax credit 1legislation became law.
Additionally, there is no evidence of a shift in investment
activity away from those assets that do not qualify for the
credit to those assets that do qualify for the credit since
the intervention terms in the nonqualified investment series’
models were insignificant, These results are based upon
models produced by verforming the intervention analysis
procedure on three time-series of investment orders from the
1962 period given in Appendix B. These conclusions are
strengthened by noting that all three sets of models

presented in the tables produce very similar results. The
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detailed results from the similar testing of the 1975 period
follow.

The one model described for the investment orders of the
1975 intervention period is summarized in Table 5.13. The
results from the model in the table are based upon the 37
guarterly observations of the investment orders series from
the 1975 period presented in Table 5.3. The model takes the
form (2 2 0) x (0 2 0) based upon the BJ classification
scheme (described above). The intervention term is
significant at the .1233 and .0417 1levels for qualified
investment and total investment, respectively. Therefore,
the hypothesis that the intervention term is insignificant is
rejected at the 85 percent 1level for both qualified
investment and total investment. As a result, since the
intervention terms are positive and considered significant,
the investment tax credit is Dbelieved to have affected
qualified and total investment activity. The intervention
term in the nonqualified investment model is considered to be
insignificant at the .5762 level. Therefore, the null
hypothesis can not be rejected at the 85 percent level of
confidence and the conclusion is reached that the
intervention term 1is insignificant and that there is no
association between the investment tax credit and
nonqualified investment.

The diagnostic tests indicate that there is very little,

if any autocorrelation or dependence among the residuals of
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TABLE 5.13

RESULTS OF THE INTERVENTION ANALYSIS OF THE
INVESTMENT ORDERS SERIES
INTERVENTION DATE: JANUARY 1975
MODEL: (2 2 0) x (0 2 0)/a

NUMBER OF LAGS: 2/m

QUALIFIED TOTAL NONQUAL.
INVEST. INVEST. INVEST.

Coefficient of the Inter-
vention Term/c 2.12 3.37 -.14
Standard Error of the
Intervention Term/d 1.76 1.87 .72
Significance of the
Intervention Term/n .1233/i .0417/1 .5762/7
Box Pierce Q Statistic/f 15.84 15.64 5.59
Significance of the Box
Pierce Q Statistic/g .1066/% .1153/% .8422/%
Frequency of Passage of
the Autocorrelation
Function of Residuals
Test/h 11/12 11/12 12/12

This model is based upon conducting the intervention analysis
procedure on the 37 elements of the investment orders series
from the 1975 period presented in Appendix B (columns 1-3).
The results shown in this table indicate that this particular
model detects an impact of the investment tax credit upon
the qualified and total investment orders series and no impact
upon the nonqualified investment orders series. Furthermore,
based upon the diagnostic tests (See f,qg,h, and k above),
the model appears to represent adequately the investment or-
ders series and the conclusions related to the significance
or lack of significance of the intervention terms are support-
able.

SEE EXPLANATORY NOTES WHICH ACCOMPANY TABLES 5.4 AND 5.7.
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the time-series models. In each case, the null hypothesis
relating to the significance of the BPQ statistic can not be
rejected at the 97.5 percent level of confidence, and the
frequency of the autocorrelation function falling within two
standard deviations is within acceptable bounds. Therefore,
no autocorrelation is considered to be present among the
residuals of the time-series models. As a result, with the
time-series model being adequate, the statements relating to
the significance of the intervention terms are supported.
Therefore, based upon the results from the intervention
analysis conducted on the investment orders series from the
1975 period as presented in Table 5.13, it appears that the
rate increase of the investment tax credit has led to an
increased level of qualified and total investment activity;
whereas, no such increase was detected with the nonqualified
investment activity series. Because of the two quarter lag
factor Dbuilt into the model, the impact noted was first
detected in the calendar quarter foliowing the date on which
the investment tax credit legislation became law.
Additionally, there is no evidence of a shift in investment
activity away from those assets that do not qualify for the
credit to those assets that do qualify for the credit since
the intervention term in the nonqualified investment series
model was insignificant. These results are Dbased wupon a
model produced by performing the intervention analysis

procedure on three time~series of investment orders from the
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1975 period. Further, it may be noted that one model is
presented for this ancillary intervention analysis, whereas,
three models were presented for each of the other
intervention analyses described above. Only one model was
presented here because only one time-series model was
identified which was considered adequate. Although the
validity in this particular model is not necessarily reduced
because other models also were not identified, the overall
confidence of the results coming from this portion of the
study may be considered less than that from the preceding
intervention analyses discussed above.

This section has presented the results of the
supplemental tests in which a series of intervention analyses
was performed on orders of qualified, total, and nongualified
investment, The tests were performed on the series for the
1962 intervention period as well as the 1975 intervention
period. The tests indicate that the investment tax credit
has had a positive impact on investment activity in the case
of gualified orders and total orders. The control groups of
nonqualified investment apparently were not affected by the
investment tax credit. This also suggests that there was no
shift in investment activity from those assets that do not
qualify for the credit to those assets that do qualify for
the credit. Therefore, these ancillary tests have confirmed
that the association noted in the intervention analyses on

the regression residuals above is reflective of an increase
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in the 1levels of qualified and total investment activity.
Further, as in the intervention analyses on the regression
residuals above, no impact from the investment tax credit was
noted in the nonqualified investment series in the ancillary
tests.

The results from the ancillary tests at first do not
appear to be as conclusive as do the results from the
intervention analyses on the regression residuals because, in
general, the confidence levels of the intervention terms in
the ancillary tests are not as high as the significance
levels of the intervention terms in the initial intervention
analyses. The range of intervention terms in Tables 5.4
through 5.9 was from .0008 to .0B29 (all at least at the 90
percent level). 1In Tables 5.10 through 5.13 the range was
from .0417 to .1422 (all at least at the 85 percent level).

The weaker, although confirmatory, results were not

unexpected, possibly because of the following reasons:

1. The effect of the six economic variables which are
important factors in influencing investment was not
removed in the ancillary test, as it was for the
input data used for the intervention analysis step.
Recall that the multiple regression step removed
that fluctuation in investment activity that could
be explained by the economic variables and a

residual series resulted. The residual series,
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which accounted for the fluctuation of investment
activity that could not be explained by the economic
factors, then served as the input for the
intervention analysis step. As a result, the
economic variables’ presence in the ancillary tests
tended to mask or dilute the impact of the
investment tax credit. This observation justities
the original deletion of the six variables in the

effort to capture the desired effect.

2. Although the procedures described in an early
portion of this chapter which tested for interaction
between the investment tax credit and the economic
variables showed that no significant interaction
existed, perhaps there really is some interactive
impact present. Perhaps tests that are more
sensitive need to Dbe developed or utilized in
testing for the presence of such effect.
Nonetheless, 1f present, this type of interactive
effect between the investment tax credit and the
economic variables could mask or dilute the impact
of the investment tax credit in the ancillary test
results,

These ancillary tests were deemed necessary in order to

confirm the direction of the impact on investment activity

noted in the intervention analysis step on the regression
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residual series. There was a strong impact of the investment
tax credit on the residual series detected by conducting the
intervention analysis step; however, the supplemental test
was utilized to confirm that the results on the residual
series could Dbe translated into the statement that the
investment tax credit has had a positive impact upon
investment activity. These ancillary tests have shown that

such a statement may be made.

Summarys:

This chapter has presented the results of the procedures
performed on the qualified investment orders, total
investment orders, and nonqualified investment orders series
in testing for an association between the investment tax

credit and investment spending. The major results of the

study are enumerated below:

1. Qualified and total investment orders have been
impacted by the enactment of and change in the
provisions of the investment tax credit.
Consequently, since the assumption is made in this
study that investment orders and investment
expenditures are highly correlated, the statement
can be made that the investment tax credit has been

associated with and has impacted upon investment



233

spending. This conclusion 1s based upon noting
several significant intervention terms in the
intervention analyses performed on the regression

residuals.

This observed impact may apparently be attributed to
the investment tax credit rather than other factors
since no intervention effect was noted in the
control groups (i.e., nongqualified investment

series).

The investment tax credit’s impact upon qualified
and total investment has been a positive one. That
is, the 1level of investment activity has increased
because of the investment tax credit. This is
confirmed by detecting a positive impact in the
qualified orders and total orders series upon the
enactment of and the change in the investment tax
credit provisions. Moreover, no impact was noted in

the nonqualified orders series.

There was no evidence of a shift in investment
activity away from those assets that do not qualify
for the investment tax credit to those assets that
do qualify for the investment tax credit. Had such a

shift been present, a significant negative impact
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would have been expected in the intervention
analyses of the nongualified investment residual
series and of the nonqualified orders series. No
such negative impact was noted.

The next chapter provides a summary and conclusions

resulting from this dissertation.
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CHAPTER 6

SUMMARY AND CONCLUSIONS

The main focus of this dissertation has been upon the

following two basic questions:

Has the availability of the investment tax credit
provisions given rise to an increased level of
investment expenditures within the United States
economy over the 1level of investment expenditures
that would have been expected without the

availability of the provisions?

Has an increase in the rate of the investment tax
credit given rise to an increased 1level of
investment expenditures within the United States
economy over the level of investment expenditures
that would have been expected had the investment tax

credit rate not been increased?
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The investment tax credit provisions are believed to
play a very important role in our nation’s fiscal policy
strategy of stimulating investment. The provisions have been
a part of the country’s tax law for over twenty-one years
(except for two short periods of suspension and repeal), and
the provisions have cost the United States Treasury billions
of dollars in terms of lost tax revenues. Even though the
investment tax credit has been considered very important in
its assigned role of stimulating investment, there has been
great disagreement, primarily among tax policy experts and
economists, as to the effectiveness of the credit in meeting
its role. The purpose of this dissertation has been to
address the questions listed above, even though they have
been addressed before, by utilizing a methodological approach
that had not been utilized previously with respect to this
topic. As a result of this study, a contribution has been
made toward reducing the uncertainty that has existed
relative to the investment tax credit’s effectiveness.

The historical background ot the investment tax credit
was presented in Chapter 2. Included in the discussion was a
chronology of the credit’s creation, development, and
metamorphosis over time, Some of the important comments
attributable to the credit’s proponents and opponents were
presented which were made during various discussions about
the credit, its role within the economy, and its 1likely

effect wupon the economy. Also, a discussion was offered of
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the changing (and most often expansive) definition of
"gualified investment," which 1is that type of asset which
gives rise to the opportunity to c¢laim the investment tax
credit,

Chapter 3 included an overview of the nature of
investment theory, which included a discussion of some of the
major approaches taken in attempting to explain investment
activity; a discussion of the literature relevant to the
investment tax credit and its role as a stimulant of
investment spending; and a summary of the various economic
variables that are believed to have had an important role in
the various approaches discussed in explaining investment
activity.

Based upon the discussion included in Chapter 3, the

following two points should be clear:

1. Investment theory is in a state of flux in which no
single accepted or acceptable theoretical approach
to explaining investment activity has evolved.
Uncertainty abounds as to specifically which set of
economic variables are to be considered and what
their relative relationship to one another should

be, when examining investment behavior.

2. Because of the uncertain nature of investment

theory, which serves as the base when empirically
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examining the effect of exogenous variables on
investment (e.g., the investment tax credit),
inconclusive results have resulted when the effects
of the investment tax credit’s presence on
investment have %been examined. Consequently, the
results of the studies reviewed must be viewed as
less than totally conclusive.

Even though much uncertainty exists in the investment
area, a number of economic variables, as noted in Chapter 3,
which are considered influential to investment activity have
continually appeared in the literature. These influential
variables were distilled from the investment 1literature
reviewed; further, two economists (Klein and Taubman) also
noted that the variables were ones which, by a consensus of
many economists, seem to play an integral role in influencing
investment activity. These economic variables namely,
output, profits, cashflow, interest rate, capital stock, and
capacity utilization are utilized in this dissertation to
provide the theoretical foundation upon which the two
research questions are addressed.

The methodological approach used in the study is
described in Chapter 4. The economic variables are utilized
in a linear multiple regression analysis to remove that part
of the variance within several investment series that can be
explained by these structural economic variables. The

regression analysis is conducted for two qualified investment
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series, two total investment series, and two nonqualified
investment series. The variance in the investment series
that is not explained by the economic variables 1is then
examined over time by utilizing the intervention analysis
procedure, The procedure is used to determine if the
residual or unexplained variance series from the qualified,
total, and nonqualified regressions behave differently after
the enactment of or change in the rate of the investment tax
credit than before. Upon noting a difference in the residual
series after the intervention from that before the
intervention, the conclusion is made that the difference is
attripbutable to the investment tax credit. Moreover, such a
result would show that there is an association between the
investment tax credit and investment spending and that the
investment tax credit impacts upon investment spending.

A further series of ancillary intervention analyses were
performed in order to confirm that the association or impact
noted would necessarily mean that the impact on investment

spending is a positive one.

Results gﬁ the Research:

The detailed results of the hypothesis testing of the
dissertation were presented in Chapter 5. The primary

results of the tests performed are summarized below:
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Qualified and total investment orders have been
impacted by the enactment of and change in the
provisions of the investment tax credit.
Consequently, since the assumption is made in this
study that investment orders and investment
expenditures are highly correlated, the statement
can be made that the investment tax credit has been
associated with and has impacted wupon investment
spending. This conclusion is based wupon noting
several significant intervention terms in the
time-series models on which the intervention
analyses were  performed. Since the sign
accompanying the intervention term is positive, the
amount of unexplained fluctuation in the regression
equations has increased and as a result the amount
of thc investment fluctuation explained by the
economic variables has gone down. This relative
decline in the economic variables’ importance is
attributed ostensibly to the investment tax credit’s
presence and its importance and role in  the

investment process.

This observed impact may apparently be attributed to
the investment tax credit rather than other factors
since no intervention effect was noted in the
control groups (i.e., nonqualified investment

series).
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The investment tax credit’s impact upon qualified
and total investment has been a positive one. That
is, the 1level of investment activity has increased
because of the investment tax credit. This is
confirmed by noting a positive impact in the
qualified orders and total orders series upon the
enactment of and the change in the investment tax
credit provisions. Moreover, no impact was noted in

the nonqualified orders series.

There was no evidence of a shift in investment
activity away from those assets that do not qualify
for the investment tax credit to those assets that
do qualify for the investment tax credit, Had such a
shift been present, a significant negative impact in
the models’ intervention term would have been
expected 1in the intervention analyses of the
nonqualified investment residual series and of the
nonqualified orders series. No such negative impact

was noted.

Contributions:

It

is believed that this dissertation offers a
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respectable advance 1in the state of knowledge. The two
primary contributions of this work are discussed below.

Firstly, the conclusions which are derived from this
study are useful information that could have implications on
tax policy decisions. The results of the empirical work
suggest that the investment tax credit has been effective in
stimulating investment activity. This conclusion is useful
to tax policy experts and tax policy-makers because it helps
to reduce uncertainty that is present in the literature about
the effectiveness of the investment tax credit. This
uncertainty is evidenced by noting wvarious, and often
conflicting, conclusions 1in previous empirical studies upon
addressing basically the same questions. Because of the
nature of empirical research and the inherent design
weaknesses that are involved, an issue often must be
addressed several different times, using several different
approaches in order to gain confidence in the ultimate
conclusion. This process of utilizing a multiplicity of
methods on a particular research question 1is known as
triangulation. This dissertation represents the completion
of another block in the triangulation process. This study
contributes additional confidence that the investment tax
credit is an effective fiscal policy tool because of the
positive results noted upon the utilization of a different
methodological approach.

The introduction of a new methodological approach to tax
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policy studies, which includes the application of the
intervention analysis technique, is the second major
contribution of this study. The intervention analysis
procedure utilized in this dissertation has never been
utilized before, either in conjunction with other statistical
methods or by itself, to examine and study a tax policy
issue. This technique offers a unique perspective on the
evaluation of an effect pattern of an intervention over time.
This approach is a worthwhile alternative to using
econometric models which typically are comprised of a number
of equations designed to reflect the way that economic forces
are expected to interact based upon how they have interacted
in the past. It 1is likely that the intervention analysis
technique can also be applied to other tax provisions which
have ©been designed to promote certain types of activity in

order to learn if those provisions are effective.

Limitations:

The results of this study are conditional upon the
research design and empirical procedures utilized. The
intervention analysis technique, which was performed on a
univariate time series (i.e.,, various regression residual
series and various orders series), represents both a strength
and a weakness. As already mentioned in the previous

section, the procedure possesses definite and strong merits

\



244

as a methodological tool. However, as a weakness, this tool
at least in theoretical terms, ig not as strong as other more
advanced versions of the intervention analysis procedure.
This procedure, in some cases, also can be utilized to
examine multiple time-series at one time. In theory, the
application of the multiple time-series intervention analysis
to this research would encorporate all of the econonic
variables important to investment simultaneously such that a
regression step would not be necessary. However, in practice
there are problems in applying the multivariate intervention
analysis technique in cases where more than two independent
variables are present. Therefore, at such time when an
application can be made, it could strengthen the conclusions
of the study and would enable an additional step be taken in
the triangulation process.

An additional limitation relates to the quality of the
data manipulated and the choice of the surrogates made. The
macro data utilized is the result of a complicated collection
and estimation process conducted by the governmental agencies
supplying the data. Further, various seasonality and
deflating procedures are applied to the data by these
agencies in restating the data for presentation. Although
the procedures used by theéé governmental agencies have been
refined over the years, probable future improvements will be
seen in the collection and manipulation process. Future
changes in their procedures will presumably improve the

gquality (i.e., [airness, wvalidity, etc.) of the data.
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Further, the specific surrogates of the economic
variables utilized in this study were included because it was
believed that they were the best surrogates available for the
tests performed. However, perhaps there are other measures
currently available, or maybe others will be developed in the
future, which could be applied to such a research design such
that more accurate and valid results would be obtained.

Another limitation of the study is related to the
assumption made with respect to the linearity of the econonmic
variables in the regression equations. Clearly, if the
economic variables can not be fairly represented in a linear
fashion, then the results of the study could be misstated.

Further, the results of this study are interoretable
only in so far as the control group properly performs its
role of controlling for all exogenous forces and in so far as
it is not affectsd by the investment tax credit intervention.
Moreover, the control group is effective in this research
only to the degree that its behavior in the absence of the
investment tax credit would parallel the behavior of the
experimental group.

Lastly, ad hoc models, such as the time-series models in
this study, can only be used to make implications as opposed
to conclusions. However, it must be stated that in this
study, the implications of this work are strong and do,
indeed, support the statement that the investment tax credit

is associated with the investment spending.




246

Suggestions for Future Research:

The above discussion alludes to several possible useful
extensions or offshoots of this research. Some of the
possibilities that are believed to be worthy of consideration

are:

1. Other available surrogates could be wutilized 1in
future research of a similar nature and design.
Such an effort could support the above statements
that the investment tax credit does, indeed, have an
impact upon investment and the results obtained are
not just "flukes" obtained because of the particular

selection of the surrogates.

2. The research could be extended to determine the
impact of the investment tax c¢redit on various
industries or other categories. It would be
interesting to see the various levels of impact on

different segments within our economy.
3. When some of the practical difficulties mentioned

above relating to the application of the

multivariate intervention analysis procedure have
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been resolved, the advanced technique can be
utilized to explore the issue of this study further,
This advanced technique could possibly better
eliminate any existing interaction between the
investment tax «credit and the various economic

variables involwved.

The intervention analysis technigue could be applied
to various other tax provisions, both tax credits
and tax deductions, which have been enacted with the
intent of promoting or stimulating various
activities within the economy. A similar research
design could be utilized in an effort to determine
the effectiveness of the particular provision under

examination.

The research could be extended to examine the
efficiency of the investment tax c¢redit. Although
the extension would, perhaps, be very challenging,
the relative efficiency in applying the investment
tax credit in various situations and in relation to
other investment stimulants are very important

considerations that need exploration.

The stability of the nonqualified investment series

in its wuse as a control group could be examined as
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an extension of this study. A micro-level study of
this issue may show that nonqualified investment
activity may have been stimulated or that there was
a shifting of activity away from nonqualified
investment activity as a result of the investment
tax credit within some sectors or industries within

the economy.

7. This study has shown that the investment tax credit
has had an impact upon investment activity. A
worthwhile extension would be to investigate the

magnitude of this impact upon investment.

Recommendations:

This dissertation has been concerned with a very
complicated issue. From the above, it is clear that the
theoretical foundation on which this and other studies 1in
which the investment tax credit’s effectiveness is an issue
is not solidly established. Further, there are perhaps
exogenous factors that may influence investment activity and
which would have impacted significantly upon a study of the
investment tax credit’s effectiveness that have not
systematically been considered in previous studies.
Moreover, more sensitive methods of empirical research may be

developed and refined which could be employed to examine this
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issue from vyet another direction. Therefore, the foremost
recommendation made is that research in this area should be
continued so that the limitations of this and previous
research efforts may be mitigated and clearer results may be
achieved, The research should not only be continued, but the
scope of the gquestions addressed should he expanded, as well,
For example, the efficiency of the investment tax credit vis
a vis other potential alternatives should be examined towards
an effort of achieving the most efficient tax policy
possible, As a part of the research concerned with the
investment tax credit’s efficiency, costs and benefits will
have to be measured. The costs, of course, would primarily
be comprised of the tax revenue loss to the United States
Treasury in the short-run because of the utilization of the
investment tax credit by taxpayvers. The benefits should be a
measure of the amount by which the tax revenues are higher in
the longer—run (because of the stimulation of more
investment, growth, economic activity, etc.) than they would
have been without the availability of the credit. As is
suggested by this research, a lag of several periods would be
expected before any benefits calculated in this fashion would
likely  be noted, The operationalization of this
recommendation, admittedly, would not be without
methodological challenge.

Lastly, the implications for tax policy are obvious,

assuning that the past reaction of investment activity to the
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investment tax credit is a guide to the future. Under such
an assumption, the availability of the investment tax credit
should be continued; however, research should also be
continued in an effort to achieve the most efficient

investment stimulant possible.
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APPENDIX A

EXCERPTS FROM THE INTERNAL REVENUE CODE SECTIONS 38 AND 48
REGARDING THE PROVISION IN THE LAW FOR THE CREDIT AND
REGARDING THE NATURE OF CURRENTLY QUALIFYING PROPERTY

SEC. 38. INVESTMENT IN CERTAIN DEPRECIABLE PROPERTY.,

(a) General Rule.—There shall be allowed, as a credit against the tax imposed by this
chapter, the amount determined under subpart B of this part.

(b)  Regulations.~The Secretary shall prescnbe such regulations as may be necessary
to carry out the purposes of this section and subpart B

SEC. 48. DEFINITIONS, SPECIAL RULES.
(a) Section 38 Property.—

(1) In general —Except as provided in this subsection, the term “'section 38 prop-
erty’ means—

(A) tangible personal property (other than an air conditioning or heating umt),

r
(B) other tangible property (not including a building and 1ts structural compo-
nents) but only if such property—

(1) 1s used as an integral part of manufactuning, production, or extraction, or
of furmshing transportation, communications, electrical energy, gas, water, or
sewage disposal services, or

(w) constitutes a research faciity used n connection with any of the activi-
tics referred to 1 clause (1), or

(m) constitutes a facility used in connection with any of the activities re-
ferred to 1n clause (1) for the bulk storage of fungible commodities (including
commodities 1n a hquid or gaseous state), or

(C) elevators and escalators, but only 1f—

() the construction, reconstruction, or erection of the elevator or escalator 1s
completed by the taxpayer after June 30, 1963, or

(1) the elevator or escalator 1s acquired after June 30, 1963, and the onginal
use of such elevator or escalator commences with the taxpayer and commences
after such date, or

(D) single purpose agncultural or horticultural structures, or

(E) i the case of a quahfied rehabilitated bwiding, that portion of the basis
which 1s attnbutable to qualified rehabilitation expenditures (within the meaning of
subsection (g)), or

(F) in the case of qualificd umber property (within the meaning of section
194(c)(1)), that portion of the basis of such property constituting the amortizable
basis acquired dunng the taxable year (other than that portion of such amortizable
basts attnbutable to property which otherwise qualifies as section 38 property) and
taken 1nto account under section 194 (after the application of section 194(b)(1), or

(G) a storage faaility used 1n connection with the distnbution of petroleum or
any pnimary product of petroleum

Such term includes only recovery property (within the meaning of section 168 without
regard to any useful life) and any other property with respect to which depreciation
(or amoruzation n heu of depreciation) 1s allowable and having a useful hfe (deter-
mined as of the time such property 1s placed in service) of 3 years or more The pre-
ceding sentence shall not apply to property descnbed in subparagraph (F) and, for
purposes of (his subpart, the useful hfe of such property shall be treated as its normal
growing penod
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APPENDIX B

QUARTERLY ECONOMIC DATA UTILIZED FOR THE PRELIMINARY
AND MULTIPLE REGRESSION ANALYSIS TESTING

1962 PERIOD AND 1975 PERIOD

1962 PERIOD

QUARTER
ENDED 1 2 3 4 5 6 7 8 9

6/30/54 9.28 ©.82 .54 50.9 26.9 42.7 1.90 63.9 179.7
9/30/54 10.31 10.81 .50 51.0 27.9 44.7 1.90 64.4 79.1
12/31/54 10.83 11.61 .78 52.6 31.1 47.8 2.09 65.0 80.8
3/31/55 13.15 13.57 .42 55.5 36.5 53.4 2.39 65.7 84.5
6/30/55 13.21 14.06 .85 58.1 37.7 54.6 2.56 66.4 87.4
9/30/55 13.86 14.93 1.07 58.8 37.3 55,1 2.8L 67.2 87.5
12/31/55 14.77 15.59 .82 60.2 36.8 56.1 2.83 76.9 88.6
3/31/56 14.00 15.00 1.00 60.2 34.3 53.9 2.83 68.7 87.6
6/30/56 15.15 15.66 .51 60.2 33,0 54.1 3.08 69.6 86.5
9/30/56 14.26 14.82 .56 59.3 32.6 50.7 3.33 70.5 84.2
12/31/56 15.01 15.15 .14 61.6 31.1 51.7 3.55 71.4 86.3
3/31/57 14.11 15.02 .91 62.4 32.3 45.2 3.44 72.1 86.5
6/30/57 12.42 13.28 .86 61.6 32.4 50.9 3.66 72.8 84.6
9/30/57 11.86 12.37 .51 61.6 32.0 50.5 4.01 73.5 83.9
12/31/57 10.71 11.64 .93 58.9 29.2 48.1 3.62 74.2 79.4
3/31/58 10.38 11.13 .75 55.4 25.5 43.4 2.76 74.8 74.1
6/30/58 10.54 11.32 .78 54.6 25,7 43.5 2.44 75.4 72.4
9/30/58 11.37 12.40 1.03 57.4 28.3 47.4 3.25 76.1 175.4
12/31/58 11.68 12.19 .51 60.0 31.7 52.7 3.76 76.7 178.2
3/31/59 12.93 13.58 .65 62.9 35,2 55,1 3.98 77.3 81l.4
6/30/59 13.31 13.96 .65 66.0 39.2 58.6 4.32 78.0 84.6
9/30/59 13.39 14.00 .61 63.3 35,0 53.6 4.68 78.7 80.5
12/31/59 13.04 13.78 .74 63.6 36.0 53.3 4.82 79.4 80.1
3/31/60 12.58 13.19 .61 67.7 36.8 56.6 4.64 80.2 84.5
6/30/60 13.06 14.00 .94 66.0 34.2 54.0 4.30 8l1.1 81.3
9/30/60 12.56 13.85 1.29 64.8 34.5 52.7 3.67 82.1 78.9
12/31/60 12.35 13.56 1.21 63.0 32.7 51.6 3.74 83.0 75.8
3/31/61 12.46 13.66 1.20 61.9 32,1 51.5 3.64 83.8 73.8
6/30/61 12.41 13.33 .92 64.5 35,5 53.8 3.61 84.5 76.4
9/30/61 13.53 14.18 .65 66.8 36.4 55.6 3.90 85.1 78.4

COLUMNAR HEADINGS EXPLAINED BELOW
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1962 PERIOD AND 1975

PERIOD

1962 PERIOD (CONTINUED)
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QUARTER
ENDED 1 2 3 4 5 6 7 8 9
12/31/61 13.42 14.32 .90 69.2 38.6 58.1 3.84 85.8 80.6
3/31/62 13.99 15.09 1.10 70.2 44.2 63.0 3.83 86.5 81.2
6/30/62 13.86 14.93 1.07 70.9 43.4 62.7 3.63 87.2 81.3
9/30/62 13.68 14.69 1.0l 71.8 44.2 64,4 3,73 88.0 8l1.6
12/31/62 14.50 15.83 1.33 72.4 47.0 65.8 3.60 88.7 8l.6
3/31/63 14.91 15.43 .52 73.7 46.6 64.8 3.64 89.5 82.3
6/30/63 15.38 16.48 1.10 75,7 48.9 67.9 3.75 90.4 83.8
9/30/63 15.60 16.21 .61 76.2 49.3 69.2 3.91 91.2 83.6
12/31/63 15.93 17.83 1.90 77.5 49.6 70.5 4.00 92.1 84.2
3/31/64 16.87 17.66 .79 78.6 55.2 74.8 4.08 93.0 84.5
6/30/64 18.07 18.75 .68 80.4 55.1 74.2 4.07 924.0 85.5
9/30/64 17.58 18.56 .98 81.8 55.3 75.7 4.05 95.1 86.1
12/31/64 18.26 19.92 1.66 83.1 55.0 74.9 4.06 96.1 B6.5
3/31/65 18.74 19.67 .93 86.7 63.0 82.2 4.13 97.5 88.9
6/30/65 19.22 20.24 1,02 88.7 65.0 85.3 4.15 99.2 89.4
9/30/65 19.66 20.51 .85 90.8 64.9 86.1 4.20 101.0 89.9
12/31/65 21.24 21.57 .33 92.4 66.6 88.6 4.50 102.7 90.0
3/31/66 22.26 23.36 1.10 95,3 68.3 90.4 4.92 104.5 91.1
6/30/66 23.14 23.90 .76 97.5 66.0 91.3 4.89 106.4 91.6
9/30/66 23.22 24.59 1.37 98.9 63.9 91.5 5.39 108.3 91.2

COLUMNAR HEADINGS EXPLAINED BELOW
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1962 PERIOD AND 1975 PERIOD

1975 PERIOD
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QUARTER
ENDED 1 2 3 4 5 6 7 8 9
12/31/71 23.56 27.79 4.23 110.6 50.5 93.9 5.80 139.3 79.4
3/31/72 23.96 28.24 4.28 114.2 53.8 98.3 5.71 140.4 81.3
6/30/72 25.36 30.16 4.80 117.3 53.5 101.5 5.97 141.7 82.8
9/30/72 26.43 31.12 4.69 119.8 55.5 102.1 6,08 143.0 83.7
12/31/72 27.60 32.41 4.81 124.2 57.2 108.0 6.15 144.3 86.0
3/31/73 29.43 34.51 5.08 127.2 60.9 117.0 6.58 145.8 87.2
6/30/73 31.26 36.37 5.11 129.2 55,0 119.7 6.72 147.4 87.7
9/30/73 31.82 37.62 5.80 130.7 55.0 117.7 7.33 148.9 87.8
12/31/73 34.77 40.49 5.72 131.8 55.6 120.1 6.83 150.5 87.6
3/31/74 34.80 39.03 4.23 130.1 47.4 121.7 7.02 152,1 85.5
6/30/74 33.22 37.80 4.58 131.3 41.1 120.,7 8.06 153.7 85.5
9/30/74 34.10 38.67 4.57 132.1 29.7 121.8 8.46 155.2 85.1
12/31/74 28.04 33.51 5.47 124.1 32.1 110.0 7.65 156.,8 79.1
3/31/75 25.20 28.55 3.35 111.2 36.8 98,0 7.27 158.1 70.3
6/30/75 24.53 31.33 6.80 112.4 43.6 100.3 7.74 159.0 70.7
9/30/75 24.83 29.80 4,97 119.4 50.6 111.1 8.20 160.0 74.6
12/31/75 24.36 27.21 2.85 122.5 54.8 115.1 7.84 160.9 76.1
3/31/76 25.13 31.36 6.23 127.1 58.1 116.6 7.46 162.0 78.4
6/30/76 26.89 31.80 4.91 129.7 54.4 115.7 7.48 163.2 79.5
9/30/76 28.51 34.53 6.02 131.5 54,3 115.3 7.31 164.4 80.0
12/31/76 28.82 34.52 5.70 132.5 53.1] 115.5 6.45 165.6 80.0
3/31/77 28.82 33.75 4.93 134.7 57.8 124.3 6.78 166.9 80.7
6/30/77 30.67 37.38 6.71 138.0 66.6 129.8 6.83 168.2 82.1
9/30/77 30.89 37.32 6.43 139.8 74.2 133.2 6.97 169.6 82.4
12/31/77 32.85 37.95 5.10 141.1 65.4 131.0 7.38 170.9 82.6
3/31/78 33.32 40.47 7.15 141.3 65.6 132.9 7.82 172.2 82.0
6/30/78 35.92 41.01 5.09 145,5 71.8 140.9 8.17 173.3 83.9
9/30/78 38.06 44.73 6.67 148.6 72.8 142.1 8.43 174.5 85.2
12/31/78 39.96 46.34 6.38 151.7 73.9 147.1 8.84 175.6 86.4
3/31/79 43.95 50.21 6.26 153.8 69.0 146.6 9.17 177.0 86.9

COLUMNAR

HEADINGS EXPLAINED BELOW
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1962 PERIOD AND 1975 PERIOD

1975 PERIOD (CONTINUED)

QUARTERLY ECONOMIC DATA UTILIZED FOR THE PRELIMINARY
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QUARTER
ENDED 1 2 3 4 5 6 7 8 9
6/30/79 39.99 45.54 5.55 153.4 66,1 148.3 2,11 178.6 85.9
9/30/79 38.94 43.83 4.89 153.7 65.1 151.0 9.12 180.1 85.3
12/31/79 41.12 46.51 5.39 153.4 57.5 146.4 10.66 181.7 84.4
3/31/80 39.87 43.88 4.01 152.9 56.7 14¢.7 12.27 183.3 83.4
6/30/80 36.85 40.49 3,64 143.9 54.8 132.6 10.33 184.8 77.9
9/30/80 39.00 43.65 4.65 141.,5 52.0 137.8 10.66 186.4 75.9
12/31/80 39.10 43.92 4.82 148.6 49.8 139.1 12.64 187.9 79.1
EXPLANATION QE COLUMNAR HEADINGS:
1 - Qualified Investment (in billions)
2 - Total Investment (in billions)
3 - Nonqualified Investment (in billions)
4 - Output (in billions)
5 - Profit (in billions)
6 - Cashflow (in billions)
7 - Interest Rate (in percentages)
8 - Capital Stock (in billions)
9 - Capacity Utilization (in percentages)

A description

of this study

Variables."

of and the source of these data are given in Chapter 4

in the

section entitled

"Surrogation

of Economic
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APPENDIX C

MATHEMATICAL SPECIFICATION OF VARIOUS
STATISTICAL CALCULATIONS PERFORMED

Bartlett-Box F Test:

- v_r(r*‘)'(?.f-B)
% -| 6(9-!)(p’-+r-4)] I L

where v 1is the degrees of freedom of the sum of
squares and products tested.

P is the number of variance series tested.

| st
L= Gorti-e) 7 Livco)r]

st= o $id
bt
st =-Z—)-' "
(gl p(p-1 ZL*!i ey

The statistic is X*distributed with %4 plp+ 1) -2
degrees of freedom.

F Statistic:

S$x(8,18.)/r
M3g

F =

where SSx(B,1B,) is the regression sum of squares
due to Biadjusted for the presence
of Bax already in the model.

Msg is the mean squared error of the regression
model.

The F statistic is ¢ n-p distributed
where r 1is the number of regression variables in-
cluded in the regression sum of squares.
n is the number of observationms.
p 1s the number of regression coefficients.,



APPENDIX C (CONTINUED)
MATHEMATICAL SPECIFICATION OF VARIOUS

STATISTICAL CALCULATIONS PERFORMED

Student t Statistic:

£ = -BL
SEx

where Bx is the coefficient associated with the
intervention ternm.

SEx is the standard error of the intervention
coefficient.

The t statistic is N-2 distributed
where N is the number of observations in the time-
series.

BPQ Statistic:

0= m i ria (l‘)
* k=i

where a3z (k) is the estimated autocorrelation
function of the k™ residual 3 .

1 . . -
“=» 1is the variance of the autocorrelation.

The statistic is approximately distributed as X
with K-~p -1 degrees of freedom
where K is the number of autocorrelation functions
included in the Q statistic.
p is the number of autoregressive terms in
the time-series model.
¢ is the number of moving average terms in
the time-series model.
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