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SUMMARY 

This research addresses two major questions, one substantive and 

one a n a l y t i c a l . The f i r s t i s to ident i fy the impacts of Federal-aid 

financing on the highway expenditures of s ta te government. In par t i cu

l a r , the focus i s on the implications of the Appalachian Development 

Highway Program (ADHP). The second concern i s to compare and contrast 

a l ternat ive ana ly t i ca l approaches - quasi-experimental and non-

experimental analyses . 

Substantively, the central finding i s that the ADHP appears to 

have stimulated the Appalachian s tates involved to increase their s ta te 

highway expenditures. An indicator of th is i s an increase in highway 

bond issues and s tate gasol ine tax rates in these s ta tes r e l a t i v e to a 

comparison group, during the period following the onset of the ADHP in 

1965. Construction e f f o r t on highway systems other than the Appalachian 

Development Highways did not decrease ser ious ly . However, there were 

some apparent decreases in investment, par t i cu lar ly on the Federal Aid 

Primary System ("A System"), as s ta tes invested in the new ADHP. In 

contrast , there was a jump in the l e v e l of expenditure of the ADHP 

s ta tes on their non-Federal-aid system highways. More broadly, soc io 

economic gains in the Appalachian region appear related to the implemen

tat ion of the ADHP. The success of the ADHP in stimulating highway 

e f for t can be attr ibuted to both the Federal aid and the high l e v e l of 

commitment of the s ta tes involved. 

In terms of methodology, a range of analyses were performed. 



x i 

I n i t i a l l y , graphical comparisons were made on a number of indicators of 

transportation investment a c t i v i t y . These indicated the nature of the 

s ta te response to the ADHP program and suggested sens i t ive areas for 

further analyses . Interrupted, mult iple time ser ies analyses were per

formed on the c r i t i c a l var iable - s ta te investment on the Federal-Aid 

System, exclus ive of the Inters ta te System. Both l inear and s tochast ic 

models were used to analyze the s e r i e s . Results were compared and the 

implications of v io la t ing assumptions were examined ( e . g . , the l inear 

model assumes independence of observations; the s tochast ic model demands 

longer time series for model i d e n t i f i c a t i o n ) . In addit ion, mult iple 

regression analyses were compared with the time ser ies analyses . The 

regression approach e x p l i c i t l y considers factors po tent ia l ly influencing 

the s tate investment levels. , 

The mult iple analyses complement each other. I n i t i a l search 

s tra teg ie s lead natural ly into more d e f i n i t i v e , but r e s t r i c t e d , analy

ses . Confidence in f indings with respect to complex soc io- technica l 

systems i s enhanced by convergence of r e s u l t s of analyses with d i f ferent 

underlying assumptions. Furthermore, one approach can add ins ight to 

the re su l t s derived by another. For instance, previous regression 

analyses of the response of s ta tes to Federal aid have f a i l e d to con

sider the p o s s i b i l i t y of a "reverse stimulation" e f f e c t of Federal a id . 

Yet , the time ser ies showed a d i s t i n c t i v e period in which constant 

do l lar Federal aid decreased, while s ta te expenditures increased. In 

th is l i g h t , a negative coe f f i c i en t can be reasonably interpreted as 

indicating that s tates invested more to make up for the reduced l e v e l of 

Federal funds a v a i l a b l e . 
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CHAPTER I 

INTRODUCTION 

1 .1 Object ives 

This thes i s addresses two major quest ions, one substantive and one 

a n a l y t i c a l . The f i r s t i s to ident i fy the impacts of Federal-aid f inanc

ing on the highway expenditures of s tate government. In par t i cu lar , the 

focus i s on the implications of the Appalachian Development Highway 

Program (ADHP). The second concern i s to compare and contrast a l t erna

t ive ana ly t i ca l approaches to th is complex problem. 

Prior to 1965 , s ta te governments in the Appalachian region had 

been maintaining large Federal-aid and non-Federal-aid highway programs. 

The onset of the ADHP in that year can be seen as a major intervention 

in the ongoing s ta te highway programs. The ADHP was intended s p e c i f i 

c a l l y to increase a c c e s s i b i l i t y to the lagging Appalachian area and 

thereby to st imulate economic development. The ADHP involved a spe

c i f i c network of roads to be constructed in a l imited time period. As 

such, i t i s c l a s s i f i e d as a categor ica l funding program, i . e . , i t was 

establ ished for a rather spec i f i c purpose. 

An underlying proposit ion in th i s study i s that the onset of th i s 

major new Federal highway program would s tress the decis ion making of 

the s ta te highway departments involved. The new program demanded s ta te 

resources, and that strained s tate budgets, and raised questions such as 

the fol lowing: 
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(1) Did the ADHP stimulate t o t a l s tate highway investment? 

(2) Did s tates reduce the ir l e v e l of e f f o r t on other highways 

to meet the demands of th i s new program? I f so which other 

programs were af fected? 

( 3 ) What are the implicat ions of the funding structures used 

to finance the ADHP? 

(4) What have been the d irec t and secondary e f f e c t s of the 

ADHP? I s i t f u l f i l l i n g i t s objec t ives of providing mobi l 

i t y and spurring economic development? 

The second key question of th i s research i s to compare the 

e f fec t iveness of a l t ernat ive ana ly t i ca l approaches. Beyond descr ipt ive 

s t a t i s t i c s , th i s involves both quasi-experimental and non-experimental 

analyses. For quasi-experimental ana lys i s , interrupted mult iple time 

ser ies are u t i l i z e d , because highway expenditures are by nature time 

dependent on pol icy formation and implementation. Both l i n e - f i t t i n g and 

stochast ic models are used to estimate the intervention e f f e c t s in th i s 

quasi-experimental ana lys i s . The non-experimental analys is r e l i e s upon 

mult iple regression modeling to explain changes in expenditure patterns . 

The interes t i s in comparing the e f fect iveness of these d i f f erent ana

l y t i c a l approaches. In addit ion, the potent ia l convergence of f indings 

from these a l t ernat ive analyses can lend greater c r e d i b i l i t y to the 

overa l l conclusions. 

I t i s hoped that these f indings w i l l be of use in current po l icy 

dialogues concerning methods of funding Federal transportation programs. 

Besides throwing l i g h t on programs directed at the Appalachian region 

( e . g . , Coal-Haul Roads program i s now being d i scussed) , th i s comparative 
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analys is can provide ins ights into the e f f ec t s of Federal funding 

p o l i c i e s . 

1 .2 Organization of the Thesis 

Chapter 2 includes a h i s t o r i c a l review of Federal highway 

financing p o l i c i e s . This defines the s tructural se t t ing for the high

way programs unto which the ADHP was introduced in 1965. Section 2 . 2 

describes the socio-economic background of the Appalachian region, the 

set t ing for the ADHP. The following sect ion describes th i s highway pro

gram. The l a s t sect ion of Chapter 2 reviews previous ana ly t i ca l s tudies 

perceived as relevant to th i s e f f o r t . 

Chapter 3 summarizes the concept of quasi-experimental research 

designs. The present study design i s then presented, with spec i f i c 

at tent ion to the establishment of treatment and control groups. Con

s iderat ions in the use of ava i lable data are then presented. 

The next three chapters discuss the e f f e c t s of the ADHP as 

assessed by d i f ferent analyt ica l approaches. Chapter 4 uses simple 

graphical techniques and descr ipt ive s t a t i s t i c s to inves t igate the 

e f f ec t s of the program. Formal interruptive time ser ies analyses are 

presented in Chapter 5 to estimate the ADHP e f f ec t s on highway expendi

tures . Two models - l inear and stochast ic - are used. Ef forts to e s t i 

mate the e f f ec t s of the ADHP intervention are continued in Chapter 6 

using a s tructural equation approach. 

Chapter 7 steps back to attempt to sort out the consequences of 

the part icular funding structures used in the ADHP program. 

Chapter 8 begins with a discussion of the factors that threaten 
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the v a l i d i t y of the interrupted time ser ies ana lys i s . I t then turns to 

c r i t i c a l l y review the re su l t s of the regression analyses taking into 

account the time ser ies perspect ive . F ina l ly the summary of f indings 

and the pol icy implications of those f indings are presented. Method

o log i ca l recommendations and suggestions for further research are a l so 

made. 
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CHAPTER I I 

BACKGROUND 

To understand the consequences of part icular highway p o l i c i e s , i t 

i s important to be aware of the h i s t o r i c a l development of the Federal-

Aid Highway Program (FAHP)."'" This chapter therefore begins with the sum

mary of the major developments of the FAHP. We b r i e f l y trace th i s develop

ment from the germinal highway acts to those of current i n t e r e s t . I t w i l l 

be seen that pr inc iples of current operations have their roots in the early 

a c t s . Natural ly , there have been tremendous increases in the volume of 

highway a c t i v i t i e s and the sca le of highway expenditures. An important 

d i s t inc t ion can be made between the periods before and af ter foundation 

of the Highway Trust Fund in 1956. 

Following th is introduction to the Federal-Aid Highway Program, 

at tent ion i s turned to the Appalachian Development Highway Program (ADHP). 

To set the stage for that discussion Section 2 of th i s chapter presents a 

socio-economic and geographical background on the Appalachian region. 

Section 3 turns i t s at tent ion to the s tructural and dimensional s i m i l a r i 

t i e s and d i s s i m i l a r i t i e s between the ADHP and the FAHP. 

''"In this study, the term Federal-Aid Highway Program refers to cer 
tain programs involving the apportionment of Federal funds to the s t a t e s . 
These programs a l l have a requirement for s ta tes to contribute, so -ca l l ed 
matching, funds for these programs. S p e c i f i c a l l y , the programs are the 
In ters ta te Highway System, the Federal-Aid Primary System ( A ) , Federal-Aid 
Secondary (B) , Urban Extentions of the Primary and Secondary Systems ( C ) , 
and Urban System (D) . Other federa l ly supported programs such as the 
Forest Highways, Highway Beaut i f icat ion , and so on are not included under 
th i s term for present purposes. 
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2 . 1 History of the Federal-Aid Highway Programs 

2 . 1 . 1 From the Early Acts to the Approval of the In ters ta te System 

Federal in teres t s in nat ional transportation appears in the 

Const i tut ion. Since that time, transportation pol icy in the United 

States has undergone tremendous changes to meet evolving national needs. 

Those changes have notably af fected transportation pract ices through the 

various highway systems. 

The nineteenth century and early part of th i s century can be con

sidered as an experimental period in which the government explored v a r i 

ous arrangements for roadways. Key questions concern issues of who would 

be most appropriate to take over the re spons ib i l i t y for highway financing? 

for determining what roads should be b u i l t ? for ac tua l ly performing con

struct ion and maintenance of those roads? In 1912 Congress passed the 

f i r s t highway act authorizing Federal aid to the s t a t e s . The act was 

focused on rural roads to f a c i l i t a t e bet ter mail de l ivery . States were 

expected to pay two times the amount provided from Federal funds. This 

plan was not notably success ful . 

The increasing popularity of the automobile exerted pressure on 

the Federal government to develop integrated road systems. The Federal-

Aid Road Act of 1916 was a landmark in establ i shing the framework of 

Federal highway po l icy e f f e c t i v e since that time. Four e f f e c t i v e 

pr inc ip les were establ ished at that time: 

- s ta tes were required to match the Federal funds provided 

- the supervisory ro le of the Federal government was establ ished 
through the vehic le of the U.S. Bureau of Public Roads 

- funds were to be used only for roads approved by the Bureau 
of Public Roads (BPR) 
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- s ta tes would be the l e g a l owners of the Federal-aid roads 
and responsible for planning, constructing, and maintaining 
those roads. 

An addit ional point worth noting i s that the Act required each s ta te 

to e s tab l i sh a s tate highway department in order to be e l i g i b l e for the 

Federal a id . The requirement was e f f e c t i v e in leading a l l the s ta tes 

to e s tab l i sh highway departments. 

Congress passed another important highway act in 1921 . This Act 

formally recognized three basic types of highways e l i g i b l e for Federal 

aid: primary roads, secondary roads, and urban extensions. This Act 

also establ ished the apportionment formula that divided the highway 

authorizat ions among the s ta tes according to s t a t e ' s population, land 

area, and exis t ing road mileage (see Table 2 - 1 ) . As a minimum, no 

s tate would receive l e s s than 0.5% of the t o t a l yearly authorizat ion. 

The Federal-Aid Highway Act of 1944 approved the National System 

of In ters ta te and Defense Highways (the Inters ta te System) not to exceed 

40 ,000 mi l e s . However, i t did not appropriate funds for the system. 

This Act also divided the authorization among the primary, secondary, and 

urban extension (ABC) programs in the ra t io of 45%, 30%, and 25% respec

t i v e l y . Table 2-1 i l l u s t r a t e s the apportionment formula for each system. 

2 . 1 . 2 The Modern Era 

The Federal-Aid Highway Act of 1956 vas t ly reshaped the FAHP. A 

new highway financing system was establ ished through the creation of the 

Highway Trust Fund (HTF). The Trust Fund became a moving force for con

tinued construction of the Inters ta te highways and for continued work on 

the ABC systems. Federal funds were provided to the extent of 90% of 

the construction costs on the Inters ta te system. The ABC system remained 



Table 2-1. Changes ln the Parameters for Apportionment and Matching of Federal Aid Highway Funds Federal-aid Highway Act s Interstate Primary (A) Secondary (B) 
L'rban Extensions (C) Urban System (D) 

1944 Apportionment formula: Apportionment formula: Apportionment formula: 1944 1/3 on land area 1/3 on state population 1/3 on rural postal route mileage Federal matching share: 502 on construction 

1/3 on land area 1/3 on state population 1/3 on rural postal route mileage Federal matching share: same as A system 

population in urban places over 5,000 
Federal Matching share: same as A system 

1956 Apportionment foraula: cost estimate for completion Federal matching share: 
90Z 

No change No change No change D system was approved by the 1970 Act. 
1973 No change Apportionment formula: 1/3 on land area 1/3 on rural population 1/3 on intercity mail route Federal matching share: 70Z- 1 

Apportionment formula: same as A system 
Federal matching share: same as A system 

Apportionment formula: no change 
Federal matching share: same as A system 

Apportionment formula: population in urban places over 50,000 
Federal matching share: same as A system | 

) 

1975 No change Apportionment formula: 1/3 on rural population 1/3 on intercity mail route 1/3 on urban population 
\ 

No change No change i 
No change 
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at the l e v e l of a 50% Federal share. The Inters ta te system was obviously 

favored by these more a t t r a c t i v e terms. 

More recently increasing at tent ion to the problems of urban trans

portation led to the creation of the urban system ( so -ca l l ed D) by the 

1970 Federal-Aid Highway Act . The authorizations for th i s system i n i 

t i a l l y in 1972 and 1973 were not large compared to that for the ABC or 

Inters tate systems. The apportionment formula was based on the s ta te 

population in urban areas larger than 50 ,000 people. 

The 1973 Federal-Aid Highway Act was the most comprehensive 

highway l e g i s l a t i o n passed by Congress since the 1956 A c t . Federal 

share for the ABC system was increased from 50% to 70% of the construc

tion cos t s . Formulas for the apportionment of the Federal funds for 

the A and B systems were reconstituted (see Table 2 - 1 ) . Emphasis on 

the D system was dramatically increased. The 1975 Federal-Aid Highway 

Act continued this trend to help the urban areas by a l ter ing the appor

tionment formula for the primary system to account for urban population 

instead of land area. 

2 . 2 Appalachia 

Punctuated by high, r o l l i n g h i l l s and deep, narrow v a l l e y s , the 

Appalachian region includes in i t s 195 ,000 square miles a l l of West 

Virg in ia and portions of twelve other s ta tes - Alabama, Georgia, 

Kentucky, Maryland, M i s s i s s i p p i , New York, North Carolina, Ohio, 

Pennsylvania, South Carolina, Tennessee and Virginia."^ By the early 

States and portions of s tates currently included in the 
Appalachian Regional Development Program ( c . f . , Figure 3 - 1 ) . 
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1 9 6 0 ' s , Appalachia was lagging behind the res t of the nation in terms 

of economic status and the standard of l i v i n g . Per capita income in 

central Appalachia was only 52% of the U.S . average in 1965, (78% for 

2 

Appalachia as a whole) . Poor soc ia l and economic conditions resul ted 

in outmigration of people. The f i r s t to go were the young people in 

search of bet ter economic opportunity, leaving fami l ies to support. 

This worsening soc ia l condition increased the s t a t e s ' burden with 

reduced tax income. 

In an attempt to attack these c r i t i c a l soc ia l and economic problems, the Appalachian governors called for national recognition. 
President John F. Kennedy appointed a President's Appalachian Regional 

Commission in 1963 to study the problems facing the people in Appalachia. 

Accepting the Commission's recommendations, Congress passed the 

Appalachian Regional Development Act of 1965. The Act set up the 

Appalachian Regional Commission (ARC) and authorized a range of programs: 

transportat ion, energy, environment and natural resources, health and 

chi ld development, education, and community development and housing. 

I so la t ion was ident i f i ed as a major factor contributing to 

Appalachia's r e l a t i v e economic stagnation. This i s o l a t i o n resulted p r i 

marily from the d i f f i c u l t i e s of transport in a rugged region. Narrow, 

winding roads followed the t erra in , increasing trave l distance and time. 

This , in turn, inhibited potent ia l industr ia l developers because of the 

problems in gett ing products to market. Poor roads a lso made i t d i f f i 

cu l t for Appalachians to reach j o b s , schools , and health f a c i l i t i e s . 

"'"The Appalachian Regional Commission, 1975 Annual Report, 
Washington, D . C , 1975. 
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Y e t , bet ter roads were prohib i t ive ly expensive - double and often t r i p l e 

the average, nat ional , per-mile construction costs."'' Even the few 

Inters ta te routes which crossed the region tended to fo l low the topo

graphy, not crossing from east to west over the mountain r idges . The 

fundamental importance of highways was mirrored by emphasis on highway 

projec ts in the 1965 Act . For instance, through September, 1976, high

way project costs amounted to $2 .9 b i l l i o n ($1 .7 b i l l i o n Federal a id) 

while e l i g i b l e non-highway project costs were only $3 .7 b i l l i o n ( $ 2 . 1 

2 
b i l l i o n Federal ) . 

2 . 3 The Appalachian Development Highway Program 

With the intention of e f f e c t i v e development of the overa l l 

region, the Appalachian highway system was composed of two systems -

Appalachian Development Highways (ADHP) and l o c a l access roads. The 

l o c a l access roads were designated to serve as roads connecting indus

t r i a l s i t e s and recreat ional areas with the larger highways nearby. 

Primary emphases were put on the ADHP. As of December, 1976, 95% of 

the Federal funds obl igated for Appalachian highways went to the 

ADHS. 3 

The objec t ives of the ADHP, broadly speaking, are to increase 

mobi l i ty and, thereby, fos ter economic development. Some of the 

I b i d . , p. 6. 

2 
Appalachian Regional Commission, 1976 Annual Report, 

Washington, D . C . , 1976, p . 33 . 
3 
Federal Highway Administration, News Release, Washington, D.C. 

FHWA 1 5 - 7 7 , March 2 1 , 1977 . 
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operational objec t ives that have been advanced are: 

- to f i l l in gaps in the Inters ta te system so as to maximize 
the percentage of the population within 30 minutes (20 
mi les ) of an ADHP or Inters tate highway; 

- design to the extent pract icable to standards adequate for 
1990 t r a f f i c ; 

- design and construction to achieve continuity and reasonable 
uniformity throughout the system, and to provide for an aver
age trave l speed of approximately 50 miles per hour between 
major termini; 

- provision for p a r t i a l or f u l l control of access , where 
j u s t i f i e d . 

The ADHP can be characterized as a categorical program with a 

designated system of roads and a mileage ce i l ing (current ly , 2900 miles 

for construction a s s i s t a n c e ) . In th is respect i t i s s imi lar to the 

Inters ta te program. However, i t s 24 designated corridors are r e s t r i c t e d 

to the Appalachian region, and the program i s supported by general fund 

revenues, not the Highway Trust Fund. The ADHP program i s administered 

by the Federal Highway Administration (FHWA, the successor to the Bureau 

of Public Roads) for the ARC. I t u t i l i z e s the t rad i t iona l partnership 

arrangement between FHWA and the s ta te highway departments under which 

a l l Federal-aid highway programs are carried out . 

Federal share in ass is tance for ADHP construction has been deter 

mined independently from that of FAHP. The 1965 Act l i m i t s the maximum 

Federal ass is tance to construction to 50 percent of the cos t , unless the 

Appalachian Regional Commission determines that addit ional ass i s tance i s 

required. The Commission authorized the maximum 70 percent Federal share 

"''Appalachian Regional Commission, Highway Transportation and 
Appalachian Development, Research Report No. 1 3 , Washington, D . C , 
September 1970. 
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in May 1965. But in August 1966, to meet budget constra ints , the 

Commission adopted a po l icy reducing the Federal share to 50 percent 

for 4-lane ADHP construction. As the Federal-aid for highway programs 

other than Inters tate system changed from 50 percent to 70 percent 

e f f e c t i v e in f i s c a l year (FY) 1974, the Commission checked with the 

State Highway Departments to see i f any pol icy changes were necessary 

to maintain construction progress. As a r e s u l t , the Commission revised 

funding pol icy to apply 70 percent Federal share to a l l construction 

projects authorized af ter February 1974. 

Among the thirteen Appalachian states, nine states (Georgia, 
Kentucky, Maryland, North Carolina, Ohio, Pennsylvania, Tennessee, 

V irg in ia , and West Virg in ia) shared the ADHP in the 1965 A c t . The ARC 

included New York in the highway program in 1966 af ter study of New 

York's regional highway needs. The remaining three s ta te s (Alabama, 

M i s s i s s i p p i , and South Carolina) only part ic ipated in the access road 

program prior to 1973. They now also have some ADHP mileage. Construc

t ion status i s shown in Table 2 - 2 . 

2.4 A Review of Previous Analyt ica l Studies 

The review of analyt ica l studies i s divided into two part s . The 

f i r s t concerns studies on highway expenditures in general , and on the 

Appalachian Highway Program in part i cu lar . The second concerns the use 

of interrupted time ser ies analyses . I t i s noteworthy that such time 

ser ies analyses or other quasi-experimental analyses have not been used 

in th i s context previously . 

Studies of the impacts of Federal highway pol icy on s ta te highway 
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Table 2 - 2 . Appalachian Development Highway System 
Mileage and Expenditure Summary 

State 

ADHP construction 
completed as of 
June 30, 1 9 7 5 3 

(miles) 

Total ADHP 
Expenditure as of 
June 3 0 , 1975 
($ mi l l i on ) 

Alabama 6 .4 4 .0 

Georgia 2 4 . 0 2 2 . 0 

Kentucky 175 .1 193 .6 

Maryland 26 .5 5 5 . 6 

Mis s i s s ipp i 0 . 0 0 . 0 

New York 150 .0 140 .5 

North Carolina 83 .6 5 8 . 1 

Ohio 8 5 . 5 5 6 . 1 

Pennsylvania 106 .3 123 .5 

South Carolina 0 . 0 0 . 0 

Tennessee 134 .2 74 .9 

Virginia 108 .7 63 .9 

West Virginia 175 .2 278 .5 

Total 1075 .5 1070 .3 

a 
The Appalachian Regional Commission, 1975 Annual Report. 
Washington, D.C. 1975. 

b 
U.S. Department of Transportation, Washington, D.C. 
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expenditures have appeared as part of studies of inter-governmental f inan

c i a l re la t ionships . These concern other Federal grant- in-a id programs 

as w e l l , for instance, welfare and education programs. Early studies 

attempted to explain the development of both Federal and s ta te highway 

po l icy through h i s t o r i c a l review, and in re la t ion to p o l i t i c a l and s o c i o 

economic f a c t o r s . A leading exemplar of th i s approach i s the work of 

Thomas Dye. Dye (1966) summarized a comprehensive set of var iab les 

affect ing highway pol icy and i t s outputs. Methodological ly, his e f f o r t s 

re l ied upon the use of b ivar ia te analyses ( i . e . , corre la t ions) between 

highway outcomes and explanatory var iab le s . For instance, s ta te highway 

expenditure as a percentage of t o t a l s ta te expenditures can be part ly 

attr ibuted to the extent of urbanization in a s t a t e . 

The l o g i c a l extension of th i s l i n e of research has been to m u l t i 

var iate ana ly t i ca l methods, primarily mult iple regression analyses ( c . f . , 

Sacks and Harris , 1 9 6 4 ) . Analy t i ca l e f f o r t s in th i s d irect ion have 

evolved toward improved explanatory power of models by employing d i f f e r 

ent sets of independent var iables and d i f ferent s tructural forms ( e . g . , 

logarithmic models, as by Strouse and Wil l iams, 1 9 7 2 ) . 

Further advances in the sophis t icat ion of these modeling e f f o r t s 

involve conceptual and technical advances. Conceptual advancement i s 

characterized by the attempt to i l l u c i d a t e the character i s t i c s of fund

ing structure using econometric theory (Enns, 1974; Sherman, 1 9 7 5 ) . 

Technical advances involve the attempt to account for time-dependent r e l a 

t ionships as incorporated in these econometric e f f o r t s by means of 

generalized l e a s t squares regressions and by time ser ies analyses . 

Several l imi ta t ions of th i s l i n e of research can be noted. F ir s t 
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minimal e f f o r t has been given toward dist inguishing the e f f e c t s a t t r i b u t 

able to part icular funding parameters involved. Second, l i t t l e headway 

has been made in terms of understanding the interact ions among the s o c i o 

economic fac tors and the funding parameters of the programs in question. 

In addit ion, evaluation of the highway programs against spec i f i c o b j e c 

t ives speci f ied for those programs has not been heavi ly pursued. 

Turning to studies of the Appalachian Highway Program, per se , 

those have appeared as part of the Appalachian Regional Commission's 

e f f o r t s at self-evaluation.''" These studies have reported on the progress 

of the ADHP and the consequences a t tr ibutab le to the development of that 

system. Methodological ly , they have been straightforward, re ly ing on 

descr ipt ive s t a t i s t i c s . There has been l i t t l e e f f o r t to re la te the ADHP 

to the broader Federal highway programs. 

Porter (1976) suggested the u t i l i t y of time ser ies analyses in 

bet ter addressing such questions as those j u s t noted with respect to 

Federal highway p o l i c i e s . Cooper and Mckewn (1975) success fu l ly employed 

graphical techniques to review highway expenditure patterns over the past 

three decades, indicating the usefulness of time ser ies designs. 

In par t i cu lar , the use of intervention analys is in a t ime-ser ies 

framework appears appropriate. Basic s t a t i s t i c s have been derived by 

Mood (1950) and Walker and Lev ( 1 9 5 3 ) . They employ l eas t squares cr i t er ion 

in a basic l i n e - f i t t i n g technique that has been used with some popular i ty . 

''"The Appalachian Regional Commission, Research No. 1 3 , Highway 
Transportation and Appalachian Development, Washington, D . C , September, 
1970. ARC, Highway Policy Issues Report, Washington, D . C , June, 1974. 
ARC, Appalachian Highway Program, Progress, Impacts and Planning for 
the Future, Washington, D . C , December, 1975. 
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Three s ign i f i cant cr i t i c i sms of th i s approach can be noted: 

- the assumption of independent observations i s often highly 
questionable 

- use of the least -squares cr i t er ion may overweight ou t l i e r 
observations (and these may be a t tr ibutable to random 
f luctuat ions) 

- the impl ic i t assumption that the trend of pre- intervention 
points would continue in the absence of the intervention 
may not always be v a l i d . 

Despite these object ions , the l i n e - f i t t i n g techniques do appear useful 

when used cautiously (Sween and Campbell, 1 9 6 5 ) . 

A s t a t i s t i c a l approach based on assumptions more appropriate 

to most time ser ies data has been evolved (Box and Tiao, 1965; Box 

and Jenkins, 1975; Glass , Wi l l son , and Gottman, 1 9 7 5 ) . This approach 

accepts the p o s s i b i l i t y that observations may be autocorrelated in 

one way or another. Despite the apparent sophis t icat ion of th is 

approach, Campbell (1975) has noted a number of problems that may 

endanger interpretat ions resul t ing from such analyses . In par t i cu lar , 

in the context of the present highway expenditure time ser ies data, 

the ava i lable number of data points are not large enough for f u l l y 

sa t i s fac tory u t i l i z a t i o n of the s tochast ic model building methods 

involved. The so -ca l l ed Box-Jenkins approach to such short ser ies 

have not been s a t i s f a c t o r i l y developed. This study's response to the 

l imi ta t ions noted for each method of analys is i s to employ a number 

of d i f ferent methods. Convergence of f indings obtained by mult ip le 

methods lends considerable c r e d i t a b i l i t y to any re su l t s obtained. 
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CHAPTER I I I 

interruption. 

The interrupted time ser ies design can be strengthened by adding 

a comparison group; i t then becomes a mult ip le time ser ies design. One 

DEVELOPMENT OF THE QUASI-EXPERIMENTAL SETTING 

3 . 1 Quasi-Experimental Methods 

The researcher who attempts to assess the e f f e c t s of soc io- technica l 

programs i s often faced with a lack of f u l l control over the treatment in 

question. Real-world programs rare ly al low one to randomly experiment. 

Nonetheless, i t i s often poss ib le to apply some elements of good experi 

mental design to the analysis of rea l programs. Such s i tuat ions can be 

regarded as the so -ca l l ed quasi-experimental design (Campbell and 

Stanley, 1 9 6 3 ) . The u t i l i z a t i o n of some elements of experimental control 

often i s advantageous in comparison to non-experimental ana ly t i ca l pro

cedures ( e . g . , regression ana lyses ) . Quasi-experimental designs involve: 

- a treated and untreated group 

- pre-treatment and post-treatment measures 

- an e x p l i c i t model that projec t s the di f ferences between 
treated and untreated groups over time (Kenny, 1 9 7 4 ) . 

In essence, the third requirement i s a combination of the other two. 

The interrupted time ser ies design involves the repeated measure

ment of some pertinent parameter both before and af ter a treatment. That 

treatment i s introduced abruptly and i s presumed to interrupt the previ 
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(7) Mortality: the level of participation of the states involved may change over time, thus skewing the observed patterns. 

group receives the treatment in a particular manner, while the comparison group does not. Considerable effort has been made in this study to establish treatment and control groups in such a manner that rival explanations of the hypothesized effects of the treatment (implementation of the ADHP in most instances) are minimized. Quasi-experimental designs are no panacea. It is not easy to interpret any observed changes over time in the absence of a truly randomized experiment. A number of relevant threats to the interpretation of results of this study will be mentioned throughout this thesis. The following seven threats to validity from Cook and Campbell 
(1975) are noted as generally pertinent to the situation in question: (1) History: changes observed may be due to simultaneous events other than the treatment of interest. (2) Maturation: changes may be attributable to long-term trends or sudden redirections of the states involved. (3) Instrumentation: measure changes may be due to changes in the measurement instrument or the way of obtaining measurements. 

(4) Instability: changes may be random fluctuations. (5) Regression Effect: interpretation of observations may be incorrect due to failure to take into account the statistical property that extreme observations are likely to be followed by less extreme observations (i.e., observations tend to regress toward the mean). (6) Selection: observed effects may be due to differences between the members of the groups (the states involved). 
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3 . 2 Study Design 

3 . 2 . 1 Select ion of the Experimental States 

Preliminary graphical analyses of the thirteen Appalachian s t a t e s , 

considered as the treatment group, indicated the group to be heterogeneous. 

For instance, s tates such as New York appear to set their l e v e l s of 

expenditure on systems such as the Inters ta te in their own part icu lar 

manner. This suggested that careful consideration should be taken of 

each of the thirteen s ta tes in terms of their part ic ipat ion in the ADHP 

and a l so s tate character i s t i c s that could a f f ec t their highway per for 

mance patterns. The objec t ive was to e s tab l i sh the most appropriate 

treatment group to determine the e f f e c t s of the ADHP. 

Despite the fac t that a l l thirteen s ta tes are now involved in the 

ADHP, th i s has not always been the case . In par t i cu lar , three s ta tes 

(Alabama, M i s s i s s i p p i , and South Carolina) did not begin to part i c ipate 

in the program u n t i l 1973 . Their construction on the Appalachian 

Development Highway System as of 1975 i s neg l i g ib l e (Table 2 - 2 ) . Secondly, 

three s tates deviate s i g n i f i c a n t l y from the remainder of the Appalachian 

group in terms of their socio-economic condit ions. These conditions have 

been taken as s ign i f i cant explanatory var iables in consideration of high

way expenditure (Dye, 1 9 6 6 ) . New York, Ohio, and Pennsylvania are among 

the most industr ia l i zed s ta te s in the country, and they also have a highly 

urbanized population. In addit ion the scale of highway expenditures in 

s ta tes such as New York and Pennsylvania i s s u f f i c i e n t l y large to make 

them r e l a t i v e l y l e s s dependent upon the ADHP. For these reasons these 

three industr ia l i zed s ta tes and the aforementioned three s ta tes without 
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s ign i f i cant ADHP part ic ipat ion are excluded from the treatment group. 

Further consideration indicates that Georgia and Maryland receive r e l a 

t i v e l y small ADHP apportionments. Therefore the stimulus a t t r ibutab le 

to the ADHP i s considerably l e s s than that expected in the other f i v e 

Appalachian Regional Commission (ARC) s t a t e s . Thus, the resultant exper i 

mental group i s considered as the fol lowing f ive s ta t e s : 

- Kentucky 

- North Carolina 

- Tennessee 

- Virg in ia 

- West V irg in ia . 

3 . 2 . 2 Select ion of the Comparison Group 

As in the case of a true experimental design, control of 

extraneous var iat ion i s not e x p l i c i t in the quasi-experimental design. 

Instead, control r e s t s inductively on the hypothesis that the var iables 

being control led behave in common for the experimental and the comparison 

groups. This cr i t er ion i s l i k e l y to be s a t i s f i e d when the units under 

examination are non-autonomous and external ly dependent on the same 

sources of inf luence. I t i s thus des irable that the treatment and com

parison groups be made as homogeneous as poss ib le In terna l ly , while as 

heterogeneous as poss ib le to increase the external v a l i d i t y ( i . e . , gen-

e r a l i z a b i l i t y ) . 

The overa l l data base avai lable for th is study cons i s t s of the 

48 contiguous s t a t e s . The f i r s t p o s s i b i l i t y was to simply use the 35 

non-ARC s tates as the comparison group. However, s ta tes are extremely 
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variable on a number of dimensions that can have considerable bearing 

on their highway performance. In par t i cu lar , three factors are i n d i 

cated from prior studies as deserving of consideration: 

- characterizat ion of the basic conditions for s tate highway 
a c t i v i t i e s 

- a t t r ibutes of s ta te highway cap i ta l a l loca t ion behavior 

- s ign i f i cant socio-economic var iat ion previously re lated 
to highway a c t i v i t i e s . 

I t i s des irable to consider these three fac tors to obtain a 

comparison group as s imilar as poss ib le to the candidate treatment group (i.e. the five "core" ADHP states). 
Specif ic var iables were chosen to r e f l e c t the three comparison 

fac tors . Area in square miles and population residing in urban area 

were two variables chosen to measure the demographic and geographic 

conditions underlying s tate highway a c t i v i t i e s . Federal highway appor

tionment formulas indicate the importance of these two var iables in 

determining the l eve l of Federal-aid grants to the s t a t e s . Overall 

s tate population was not separately considered because of i t s high 

corre lat ion with urban population (r = 0 .99 for the 48 continental 

s t a t e s , for 1 9 6 1 ) . Urban population appeared to be the more appro

pr iate choice to take bet ter account of the increasing Federal and 

s ta te in teres t in urban transportation development in recent years . 

Another two var iables were se lected as indicat ive of a s t a t e ' s 

highway a l l oca t ion behavior: s ta te -only highway cap i ta l expenditure 

as a percentage of t o t a l s tate highway capi ta l expenditure, and s t a t e -

cap i ta l expenditure for non-Federal systems as percentage of t o t a l 

highway capi ta l expenditures. I t can be c l ear ly argued that s t a t e s ' 
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a l l oca t iona l preferences with respect to highway cap i ta l are a contr ibut

ing factor to the s ta te response to changes in Federal highway funding 

p o l i c i e s . Capital variables are converted to r e l a t i v e measures to best 

capture the s tructural character i s t i c s of the s ta tes involved, indepen

dently of their s i z e . 

In addit ion to the Federal incentives and s ta te highway considera

t ion , per se , i t i s general ly accepted that the socio-economic and i n s t i 

tut ional character i s t i c s of individual s ta tes a f f e c t the implementation 

of highway programs. This i s obviously a feature hard to measure in 

wel l -def ined terms. P o l i t i c a l s c i e n t i s t s have made an e f f o r t to c l a s s i f y 

s tates on the bas is of their s i m i l a r i t i e s and d i s s i m i l a r i t i e s in internal 

considerations. Among them, Luttbeg (1971) accomplished a comprehensive 

analys is by means of factor analys is on 118 var iables perceived to be 

related to s ta te p o l i c i e s and their outcomes (as ident i f i ed by Dye, 1 9 6 6 ) . 

Luttbeg's factor analys is was directed toward discriminating among s ta tes 

in terms of their character i s t i c behavior on the 118 var iab le s . He 

ident i f i ed four fac tors , one of which was labeled "Southern f a c t o r . " 

This provides a composite measure re f l ec t ing the socio-economic and 

p o l i t i c a l background of individual s ta tes on which the experimental group 

(the "core" Appalachian s ta te s ) loads s i g n i f i c a n t l y . 

Table 3-1 exhibi ts the simple corre lat ions among the f i v e v a r i 

ables j u s t i d e n t i f i e d . Note the r e l a t i v e l y low l e v e l of in tercorre la -

t ion , indicating that each of the var iables measures d i f ferent aspects . 

The f i ve variables were then analyzed by use of discriminant 

analysis (Cooley, 1 9 7 1 ) . In order to re la te part icular s ta tes to the 

core Appalachian s t a t e s , a measure x . . was defined as fo l lows: 



Table 3 - 1 . Correlations Among the Discriminating V a r i a b l e s 3 

Lut AREA URP06L SCNPCN61 STSMR61 

LUT 1.00000 

AREA .12373 1.00000 

URP061 - . 1 3 5 7 2 .18717 1.00000 

SCNPCN61 .28363 - . 1 7 0 5 6 .18538 1.00000 

STSHR61 - . 0 8 0 8 0 - . 1 9 2 8 2 .37297 .37611 1 .00000 

The correlat ions were obtained for 48 continuous s tates using following 
var iab les : 

LUT = Luttbeg scale for "southern s tates" (See text) 

AREA = State area in square miles 

URP061 = State population ( 1 , 0 0 0 ) l i v i n g in urban area (places with more 
than 5 ,000) in the year 1961 

SCNPCN61 = State-only capi ta l outlay for non-Federal-aid highway system 
as percentage of t o t a l s tate highway capi ta l outlay for the year 1961 

STSHR61 = State-only capi ta l outlay for a l l state highway systems as 
percentage of t o t a l s tate highway capi ta l outlay for the year 1961 
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x . . 
rv.. - M. jy 1 

SD. 

where V . . i s the value of var iable i of s tate i , M. i s the mean of the 
iJ J 

experimental group for var iable j and SD^ i s the standard deviation for 

variable j . The re su l t s of these two analyt ic works are provided in 

Appendix B. 

In summary, the re su l t s of the discriminant analys is c l a s s i f i e d 

the following s tates as s imi lar: the f i ve experimental group s t a t e s , 

Alabama, Arkansas, Flor ida, Georgia, Louisiana, Maryland, M i s s i s s i p p i , 

Oklahoma, and South Carolina. Among these s t a t e s , Georgia and Maryland 

were excluded because they part ic ipated in the ADHP from the beginning 

of the program, a l b e i t to a r e l a t i v e l y small degree. Delaware, Iowa, 

and New Mexico had very c lose scores to th i s group. However, Delaware 

d i f f e r s from th i s group in having a very small geographical area and 

a low s tate share of part ic ipat ion in Federal-aid highway programs. 

For these reasons Delaware was not included in the comparison group. 

Iowa and New Mexico were included because of their general s i m i l a r i t y . 

Obviously excluding the f ive s tates of the experimental group, the 

analys i s resulted in nine s ta tes for the comparison group: 

- Alabama 

- Arkansas 

- Florida 

- Iowa 

- Louisiana 
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- Mis s i s s ipp i 

- New Mexico 

- Oklahoma 

- South Carolina 

Geographical configuration of the two groups i s i l l u s t r a t e d in Figure 3 - 1 . 

3 . 3 Examination of the Data 

3 . 3 . 1 Problems with the Highway Expenditure Data 

The study drew upon highway expenditure data and a var ie ty of 

other measures accumulated for the s ta tes over a period of time from 

the 1950 's through the early 1 9 7 0 f s . Not surpr is ing ly , analys is 

revealed several problems in interpreting these data. Based upon 

consultat ion with ARC and Federal Highway Administration o f f i c i a l s , 

the following points were determined: 

- Due to a change in FHWA reporting pract ices ( in Highway 
Statistics)-*- there i s a discont inuity in t o t a l s tate A and 
B system outlays from calendar 1973 to 1974. 

- Any disaggregations among A, B, C, and D systems for s t a t e -
only outlays (exclusive of Federal aid) i s somewhat in error 
because t o t a l s ta te outlays are reported on the bas is of 
where funds were spent while the Federal aid i s reported on 
the bas is of the system for which the funds were designated. 
Transfers among the systems can be substant ia l , causing the 
accounting problem. 

- Study data include t o l l road expenditures in t o t a l s ta te out
l a y s , outlays on In ters ta te , and outlays on non-Federal-aid 
roads ( a l l from Table SF-21 of Highway S t a t i s t i c s ) , but not 
on A, B, and C outlays (from Table SF-11) . 

- Study t o t a l (but not separate) A, B, C, and D outlay data are 
compatible before and a f t er 1973; however, they include t o l l 
outlays to the order of l%-3% of the t o t a l . 

Federal Highway Administration, Highway S t a t i s t i c s , 
Washington, D . C , annually. 
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T a l l i e s for "state-only , exclus ive of Federal aid" outlays 
are imperfect because Federal aid r e f l e c t s reimbursement for 
work completed, and th is could often be work re f lec ted in 
s tate expenditures for an ear l i er year. 

- ADHP outlays are included in Highway S t a t i s t i c s reporting for 
the A (primary) system. [After construction i s complete, ADHP 
roads are placed on the primary system.] 

3 . 3 . 2 Gradual Start-up of the Appalachian Development Highway Program 

A key element to th is analysis i s the observation of the s ta te 

expenditure on the ADHP. The response of the s ta tes to th i s Federal-

aid program i s c r i t i c a l . For a var ie ty of reasons, there i s an inherent 

lag at the onset of any new highway program. This lag i s a t t r ibutab le to 

many f a c t o r s , including time necessary for planning and design of the 

system, establishment of regulat ions , and fami l iar i za t ion with the new 

program. Furthermore as defined in Appendix A, a number of d i scre te f i s 

cal transactions are involved. In par t i cu lar , fol lowing apportionment 

of the Federal a i d , s ta tes can then obl igate these funds for future pay

ment on work to be completed. When the work i s ac tua l ly completed the 

s ta tes are reimbursed by the Federal government, and only at that time 

do amounts show up as Federal expenditures. As Table 3-2 indicates 

Federal ADHP expenditures began only slowly following enactment of the 

program. 

3 . 3 . 3 Increasing Highway Construction Costs 

Figure 3 - 2 compares the highway construction index with the 

consumer price index based on the year 1967. Note the s ign i f i cant 

i n f l a t i o n rate in highway construction. To take account of th i s ra te , 

the use of constant do l lars i s sometimes appropriate. However, current 

\ 



Table 3 - 2 . Federal ADHP Expenditures 3 

($ Mi l l ion) 

F i s c a l Year Amount 

1966 9 

1967 40 

1968 65 

1969 113 

1970 130 

1971 145 

1972 145 

1973 156 

1974 159 

1975 179 

1976 188 

These f igures for ADHP were obtained from Mr. Brindley Lewis of the 
ARC, 1978. 

\ 
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do l lars are used through most of th i s study to provide the l e a s t d i s t o r 

t ion with respect to actual expenditures. 

Note the dramatic increase in highway construction costs from 

1973 to 1974 (Figure 3 - 2 ) . This corresponds with the timing of the o i l 

c r i s i s . 
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CHAPTER IV 

EFFECTS OF THE APPALACHIAN DEVELOPMENT HIGHWAY PROGRAM: BASIC STATISTICS 

This chapter focuses upon the highway outlays and f inancia l 

environments of the experimental group of s t a t e s , contrasted with the 

comparison group. Data cover the period 1956-1975 . In most of the 

analyses, the intervention of in teres t i s the onset of the ADHP. 

This program was enacted in 1965 and i n i t i a l ob l igat ions of funds began 

in f i s c a l 1966 (for a l l prac t i ca l purposes) , but the actual implementation 

of the ADHP got underway gradually in '66 and T 6 7 . 

A general strategy w i l l be to present graphs that represent i n i 

t i a l hypotheses as to the l i k e l y e f f ec t s of the i n s t i t u t i o n of the ADHP, 

and to contrast those with the actual data. Graphical techniques are 

incorporated with descr ipt ive s t a t i s t i c s for th is purpose. (Note that 

the upward slope in the hypothetical graphs r e f l e c t s an understanding 

of the e f f ec t s of in f la t ing highway construction costs in these two 

decades - see Figure 3 - 2 . ) The reader's at tent ion i s directed to the 

dual contrast: change from prior to the intervention in question to 

a f ter the intervention, ( e . g . , the i n s t i t u t i o n of the ADHP) for the 

experimental group as opposed to the comparison group. For many pur

poses the reform of the Federal-Aid Highway Program's funding structure 

by the 1970 and 1973 highway ac t s , e f f e c t i v e FY 1974, puts a forward 

l i m i t on the time ser ies analyses . 

Section 1 addresses the general s ta te f inanc ia l perspective with 
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respect to the ADHP. Section 2 addresses the spec i f i c interact ions 

between creation of the ADHP and continuation of e f f o r t s on the I n t e r 

state system, the "ABC" systems, and non-Federal-aid roads and non

cap i ta l expenditures. The l a s t sect ion of th i s chapter addresses the 

broader socio-economic impacts of the highway programs in question. 

4 . 1 Stimulation of State Highway Construction 

As a s tart ing point , i t i s useful to f i r s t grasp the overa l l 

f inancia l context in which these highway a c t i v i t i e s are taking p lace . 

For that purpose, the f i r s t var iable of in teres t i s the overa l l s ta te 

expenditures ( t o t a l outlays for the ent ire s ta te budget) . Figure 4 - l a 

hypothesizes that the experimental s ta te s (the f i ve core Appalachian 

s ta te s ) were l i k e l y to have been boosted by a r e l a t i v e increase of 

Federal funds due to the Appalachian Regional Commission programs. 

Figure 4 - l b tends to support th i s hypothesis . 

Following a s imilar argument, t o t a l Federal aid for a l l purposes 

received by the s ta tes i s a l so hypothesized to increase due to the 

implementation of the ARC programs (Figure 4 - 2 a ) . This hypothesis a l so 

appears to be supported by Figure 4-2b (note the increasing discrepancy 

between the two ser ies over the years a f ter 1 9 6 5 ) . 

This leads one to next examine overa l l s ta te transportation expen

d i tures . Figure 4 -3 hypothesizes a r e l a t i v e increase in the Appalachian 

s ta tes due to the increase in Federal aid overa l l and, in par t i cu lar , for 

transportation programs. Unfortunately, data are not ava i lab le to 

d i rec t ly t e s t th i s hypothesis . However, t o t a l Federal aid for transpor

tat ion to these s ta tes i s hypothesized to have increased due to the 
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i n i t i a t i o n of the ARC programs (Figure 4 - 4 ) . Table 4 -1 accumulates the 

t o t a l Federal aid for highways, a i r transportat ion, and mass t r a n s i t . 

I t indicates support for th i s hypothesis . 

Figure 4-5 addresses finances at a l e v e l of more d irect in teres t 

to th is study, t o t a l s ta te highway out lays . I t i s important to note 

that these outlays include both the contributions made by the s ta te 

i t s e l f and any Federal aid received. (In general , Federal aid c o n s t i 

tutes about one-third of a s t a t e ' s highway budget; in some s t a t e s , such 

as Rhode Is land, Federal aid can amount to 50% of the t o t a l s ta te highway outlays.) Figure 4-5a hypothesizes a small increase in total state 
capi ta l out lays . This small increase i s at tr ibuted to the increase in 

Federal a id; the presumption was that the s ta tes would not be able to 

augment th i s increase due to constraints on their own budgets. This 

implies that s ta tes would have to reduce the l e v e l of their ex is t ing 

highway outlays on other highway programs to accommodate the new pro

grams (ADHP). Figure 4-5b suggests a rea l increase in the r e l a t i v e l e v e l 

of highway e f f o r t s in the experimental s t a t e s . This implies that the 

ADHP stimulated the overa l l l e v e l of highway cap i ta l investment in the 

s ta tes involved. Federal highway aid (exclusive of Federal ADHP funds) 

was postulated to have remained r e l a t i v e l y the same for the experimental 

and the comparison groups of s ta tes (Figure 4 - 6 a ) . This hypothesis 

i s p laus ib le since Federal aid for the ADHP comes from a separate 

budget. Figure 4-6b i s consistent with this hypothesis with respect to 

the period from 1965 on. There does appear to be a r e l a t i v e increase for 

the experimental s ta tes in the early 1960 ' s - th is can be at tr ibuted to a 

proportionately larger In ters ta te program in these s t a t e s . (And that , in 
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turn, may be p a r t i a l l y a t tr ibutab le to the higher cost of construction 

in the mountainous Appalachian region. 

Information indicates that highway a c t i v i t i e s in the experimental 

s tates great ly increased r e l a t i v e to the comparison s t a t e s . However, 

whether that increment i s a t tr ibutable to the i n s t i t u t i o n of the ADHP 

(keep in mind that ADHP expenditures are t a l l i e d in the Federal-aid 

Primary - A - System account) or not i s not f u l l y resolved. To look 

ahead b r i e f l y , Section 4-2 indicates that the increment i s due to the 

ADHP - see that sect ion for deta i led discuss ion. 

If indeed s tate highway e f f o r t s had been stimulated by the ADHP 

program one might expect to see evidence of th i s in terms of highway 

financing e f f o r t s . Tables 4-2 and 4-3 lend s tr ik ing support to the 

hypothesis that the core Appalachian s ta tes did indeed increase their 

highway e f f o r t s . State highway bond debt increased dramatical ly (Table 

4 - 2 ) . S imi lar ly , s ta te gasol ine tax rates show a substant ia l r e l a t i v e 

increase (Table 4 - 3 ) . Because these are r e l a t i v e increases to the com

parison group of s tates who were subject to s imilar s i tua t iona l influences 

(environmental pressures, urban transportation concerns, and major inves t 

ments in the Inters ta te program), i t i s reasonable to ascribe these 

increases to the stimulus of the ADHP. In par t i cu lar , the ADHP demanded 

a substant ia l amount of s ta te funds to match the Federal a id . In tere s t 

ingly , the expenditures of the experimental group of s ta tes on non-

Federal-aid roads increased over th i s period as w e l l . A tenable hypoth

e s i s i s that the ADHP stimulated the s ta tes to increase their ava i lable 

highway funds by means of enlarged bonding programs and increased tax 

rates ; some of these funds may then have become avai lable for investment 
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in the s tate-only system. 

4 . 2 Relationship Between the Appalachian Development 
Highway Program and Other Highway Programs 

The previous sect ion indicated that t o t a l s ta te highway outlays 

increased for the experimental s tates r e l a t i v e to the comparison group 

after 1965. By invest igat ing part icular categories of other highway 

programs, th i s study now attempts to confirm that the increment i s 

a t tr ibutable to the ADHP. Further, there i s an interest in determining 

which of the other systems were a f fec ted , and in what ways. For each system the following considerations are developed: 

- t o t a l outlay (that i s s tate outlay inc lus ive of Federal 
aid received; th i s i s the indicator of the t o t a l l e v e l of 
e f f o r t on the program in question) 

- Federal aid 

- s ta te -only outlay (that i s , s ta te outlay exclus ive of 
Federal aid received; th i s i s the indicator of the s t a t e s ' 
l e v e l of commitment to a program). 

4 . 2 . 1 Inters ta te System 

One can reasonably hypothesize that t o t a l s ta te outlays and 

Federal aid for the Inters ta te system would not be af fected by the 

onset of the ADHP. This i s because the Inters ta te program i s p r i 

marily driven by Federal funds ( r e c a l l the 90% Federal share on th is 

program) . These hypotheses are generally supported by the correspond

ing f igures 4-7b and 4 - 8 . Again, note that the Inters ta te system 

increased in the experimental group in the early 1960 ' s r e l a t i v e to 

the comparison group. Due to the favorable matching ra t io for the 

Inters tate system, one would not ant ic ipate that the s ta tes would l e t 
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their Inters ta te e f f o r t s suffer due to the onset of the new program. 

As noted Figure 4-7b indicates that that i s the case. However, Figure 

4-9 does not,unequivocably indicate that the s ta tes maintain their own 

outlay for the outlay l e v e l s on the Inters ta te system. There i s some 

indication that the experimental s ta tes tapered off a b i t (but note that 

the overa l l Inters ta te e f f o r t did not appear to s u f f e r ) . The great i n 

s t a b i l i t y of the s tate -only Inters ta te expenditure time ser ies does not 

allow strong inferences . 

4 . 2 . 2 ABC System It was suspected that the ADHP effort would cause experimental 
s ta tes to cut back on their ABC capi ta l investment. Figure 4 -10 i n d i 

cates that t o t a l ABC capi ta l outlay: 

- increased re la t ive to the comparison s ta tes a f t er 1965 , 
r e f l e c t i v e of the addit ional ADHP a c t i v i t y going on 
(and included in A system out lays ) ; 

- decreased r e l a t i v e to the comparison s tates when ADHP outlays 
are excluded.1 

Table 4-4 further indicates that s tate-only ABC outlays decreased 

s l i g h t l y a f t er 1965, r e l a t i v e to the comparison s t a t e s , exclusive of 

outlays on the ADHP. 

Figure 4 -11 shows the Federal aid for the ABC system (exclusive 

of Federal ADHP investments) . This i s remarkably constant over time, 

and, were plot ted in constant, do l lars ( r e c a l l the high rate of highway 

construction i n f l a t i o n , Figure 3 - 2 ) , which show a severe drop from 1965 

"'"Federal ADHP expenditures by s ta tes are ava i lab le only from 
1970: in Figure 4 - 1 0 , s ta te ADHP expenditures are estimated in propor
tion to the Federal expenditures ( 0 . 4 2 5 : 0 . 5 7 5 ) , based on obl igat ion 
records of the f ive experimental s t a t e s . ADHP amounts from 1966 to 
1969 are based on annual ob l iga t ions . 
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to 1969, in par t i cu lar . This i s a c r i t i c a l observation when taken in 

conjunction with the increase in s ta te -only ABCD outlays over th i s 

period (Figure 4 - 1 7 ) . 

Despite the problems in separating A, B, and C data (see Section 

3 . 3 ) , i t i s ins truct ive to glance at the respect ive time s e r i e s . Over

a l l for the ABC system, the conclusion i s that s ta te -on ly and t o t a l 

e f f o r t increased in the experimental s ta tes r e l a t i v e to the other s ta tes 

when one includes ADHP out lays , but decreased when ADHP outlays are 

excluded (Figure 4 - 1 0 ; Table 4 - 4 ) . The question of concern, then, i s 

which of the systems (A, B, and/or C) suffered a decl ine at the expense 

of the ADHP? 

Figure 4-12 suggests a contraction in the Federal-aid Primary (A) 

program when the ADHP e f f o r t i s excluded. Federal aid received for the 

A system (Figure 4-13) does not appear to enter into th i s argument 

s i g n i f i c a n t l y . Figure 4-14 implies a s ign i f i cant contraction in the 

Federal-aid Secondary (B) program. Indeed, from 1967 on, the exper i 

mental s ta tes ac tua l ly crossed back under the curve for the comparison 

group. In contrast , the Urban extensions (C) program grows substant ia l ly 

fas ter in the experimental s tates (Figure 4 - 1 5 ) ! The competition of 

the new ADHP seems to have taken i t s greatest t o l l on the B program, 

somewhat l e s s on the A, and e f f e c t i v e l y none on the C. 

I t i s worthwhile noting that the ABC system was expanded primarily 

by s ta te e f f o r t s , while the Interstate system was driven large ly by 

Federal funds (see Figures 4 - 7 , 4 - 8 , 4 - 9 , 4 - 1 0 , and 4 - 1 2 ) . 

I n i t i a t i o n of the Urban highway system (B) by the 1970 Federal Aid 

Highway Act seems to have increased the l e v e l of Federal expenditures. 
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for the Urban system actua l ly began with 1972; note the 

2 and 1973 indicated in Figure 4 - 1 6 . The 1970 Act a lso 

increased the Federal matching share for the ABCD system, e f f e c t i v e 

FY ' 7 4 . Not surpr is ing ly , Federal outlays thence began to increase 

at a much higher rate than t o t a l s ta te outlays (see Section 7 . 1 for 

further d i scuss ion) . 

These various descr ipt ive time ser ies indicate that the ADHP 

program onset l i k e l y did have serious e f f e c t s on s ta te highway a c t i v i 

t i e s . To further invest igate th i s p o s s i b i l i t y , i t was decided to perform more formal interrupted time series analyses . For th i s purpose, 
i t was e s sent ia l to focus on an appropriate data s e r i e s , given that 

study resources did not a l low, nor warrant, invest igat ion of a l l the 

poss ib le s e r i e s . ABC t o t a l expenditures were d i r e c t l y affected by ADHP 

expenditures, and the previous discussion indicates that the pattern 

was large ly determined by the s t a t e s ' own interes t in the ABC system. 

As discussed in Section 3 . 3 , there are problems in continuing ABC time 

ser ies across the 1973-1974 trans i t ion point . These are due to problems 

in accounting. Inclusion of D system expenditures el iminates the d i s 

continuity at th i s point in time, and hence, the ABCD ser ies i s pre fer 

able . (Because the D system actual ly did not get underway u n t i l 1972 at 

the e a r l i e s t , and 1974 on a massive s ca l e , th i s does not markedly a f f e c t 

the analys is concerned with the onset of the ADHP in 1 9 6 5 - 6 7 ) . Federal 

aid for the ABCD system was then el iminated, leaving s tate -only ABC out

lays as the most des irable ser ies to focus upon the s t a t e s ' e f f o r t s . 

I t has already been noted that the increasing trend of highway 

expenditure i s l arge ly a t tr ibutab le to i n f l a t i o n . Figure 4-17 presents 
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Table 4 - 1 . Total Federal Aid Expenditures for Highways, 
Air Transportation and Mass Transit 

($1,000) 
^ • ^ • ^ ^ Y e a r 

Mean " ^ " ^ - ^ 
1961 1965 1969 1973 

Experimental 
s ta te s 

Comparison 
s tates 

50 ,232 

40 ,176 

90 ,398 

66 ,473 

99 ,551 

61 ,174 

113 ,300 

75 ,136 

Difference 10 ,056 23 ,925 38,377 38,164 

Source: U.S. Department of Transportation, 
Washington, D.C. 
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Table 4 - 2 . State Highway Bonds - Outstanding 
Debt at the End of Year 

($ mi l l i on ) 

^ ^ ^ - ^ Y e a r 
Mean ***^«^_ 1961 1965 1969 1972 

Experimental 
States 2 1 6 . 6 2 5 4 . 6 3 4 8 . 2 4 8 8 . 2 

Comparison 
States 9 7 . 1 1 4 4 . 9 1 7 1 . 3 2 2 4 . 3 

Difference 1 1 9 . 5 1 0 9 . 7 1 7 6 . 9 2 6 3 . 9 

Source: U.S . DOT, Highway S t a t i s t i c s ; Summary to 1 9 7 5 , 
Washington, D.C. 

Table 4 - 3 . State and Federal Gasoline Tax Rates 

(Cents Per Gallon) 

— - ^ Y e a r 
Mean ^ ^ ^ - ^ 1961 1965 1969 1972 1975 

Experimental 
States 7 . 0 7 . 0 7 .4 8 . 2 8 . 5 

Comparison 
States 6 . 7 6 . 9 7 . 1 7 . 4 7 . 6 

Dif ference 0 . 3 0 . 1 0 . 3 0 . 8 0 . 9 

Source: U.S . DOT, Highway S t a t i s t i c s , Summary to 1975 , 
Washington, D .C. 
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Table 4 - 4 . State-only ABC Outlays 

($ mi l l i on) 

1963 1964 1965 1970 1971 1972 

Experimental 
Group 

(1) 
ABC and ADHS 36 .2 38 .0 44 .6 62 .9 74 .9 76 .7 

ABC only (if 

36 .2 3 8 . 0 4 4 . 6 5 1 . 4 6 3 . 4 6 2 . 6 

(3) 
Comparison 

Group 31 .2 3 1 . 5 31 .2 5 3 . 3 6 5 . 3 6 4 . 8 

Difference 

( D - ( 3 ) 5 . 0 6 . 5 1 3 . 4 9 . 6 9 . 6 11 .9 

( 2 ) - ( 3 ) 5 . 0 6 . 5 1 3 . 4 - 1 . 9 - 1 . 9 - 2 . 4 

a 
For 1970-72 , estimated on the basis of a s ta te share for 
the ADHP of 42.5% of t o t a l ADHP expenditures. 

Source: U.S. Department of Transportation, Highway S t a t i s t i c s , 
Washington, D.C. 
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the s tate-only ABCD outlays def lated using the Federal-aid highway con

struct ion index presented in Figure 3 - 2 . The deflated ser i e s helps 

to understand the r e l a t i v e s ta te e f f o r t s when comparing the experi 

mental and comparison groups. This constant d o l l a r , s ta te -only ABCD 

expenditure ser ies w i l l be the focus for analys is in Chapter 5 . 

4 . 2 . 3 Non-Federal-Aid Roads and Non-Capital Expenditures 

The s t res s of coming up with the necessary matching funds for the 

ADHP, while maintaining e f f o r t on systems such as the In ter s ta t e , would 

appear to have exerted heavy pressure on other s ta te highway ventures. 

In part icu lar , concern focused on the non-Federal-aid system construc

tion and overa l l s ta te highway maintenance. The re su l t s are surpris ing. 

As indicated in Figure 4 - 1 8 , cap i ta l outlay on roads i n e l i g i b l e for 

Federal aid increased in the core ADHP s ta tes r e l a t i v e to the comparison 

group."'" There i s no indicat ion that the ADHP program detracted from the 

non-Federal-aid road e f f o r t . Figure 4-19 indicates no slackening of 

these s t a t e s ' maintenance e f f o r t s . 

I f one wished to speculate, i t might be postulated that the spe

c i a l ARC highway program stimulated the s ta te e f f o r t on other roads as 

we l l . Overall highway e f f o r t increased, as discussed previously , and 

the core ADHP s ta tes generated higher highway revenues by increasing gas 

taxes and issuing more bonds. I t i s p laus ib le that , spurred by ADHP 

"'"The explanation does not l i e in inclus ion of ARC access road 
expenditures (some of which could so appear). As of December, 1976, 
the t o t a l access road obl igat ions came to only $ 3 6 . 6 mi l l ion for the 
5 core ADHP s ta tes (an average of only $ 7 . 3 mi l l i on in over 11 y e a r s ) . 
This i s l e s s than $1 mi l l ion annually, and, furthermore, very s imi lar 
to the $62 .7 mi l l i on for the e l i g i b l e comparison s ta tes - Alabama, 
M i s s i s s i p p i , and South Carolina (yie lding an average of $7 mi l l i on per 
s tate for the 9 s tates of the comparison group). 
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needs, s tates went an extra step to generate addit ional revenues that 

could be used on non-Federal-aid roads and to meet matching requirements 

on the expanding urban Federal-aid roadways. In any event, while the 

ADHP program appears to have constricted the B and A programs a b i t , i t 

has not so affected other highway programs. 

4 . 3 Socio-Economic Impacts 

While socio-economic impacts are not a primary focus, i t i s 

interest ing to gauge the ADHP program in l i g h t of such e f f e c t s . At 

th is time the ADHP i s about 50% open to service (1300 m i l e s ) . Hence, 

evaluation of i t s e f f e c t s i s p a r t i a l l y based on analogies and forecas t s , 

and p a r t i a l l y on actual observed e f f e c t s . 

Appalachia has made useful gains since the onset of the ARC pro-

1 
grams: 

- the emigration of the early ' 6 0 ' s has been reversed to an 
average immigration; 

- between 1960 and 1970 the Region's poverty l e v e l people 
declined by 41%, v s . 30% nat ional ly ; 

- between 1965 and 1973, Appalachia gained more than one mi l l i on 
industr ia l j o b s ; 

- per capita income rose by 89% from 1965 to 1973, versus 81% 
nat iona l ly ; 

- the percentage of adults with a high school education and the 
number of doctors per capita have both increased s i g n i f i c a n t l y . 

While these gains cannot be simply attr ibuted to the ADHP, the 

highway program has been viewed as the cornerstone of development in the 

ARC, 1975 Annual Report, Washington, D . C , 1975, p. 1 - 2 . 
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Reg ion . 1 When completed, the ADHP and Inters ta te w i l l be within 30 

2 
minutes of 85% of the Region's people . Travel times between twenty 

major combinations of Appalachian centers and major trading centers 

3 
should be reduced by 20-50% upon completion of the ADHS. Some 65% of 

4 

the ADHS mileage passes through or i s adjacent to major coal f i e l d s 

a point conducive to emerging Regional development and national energy 

concerns. 

Various economic benef i ts appear traceable to the ADHP. Most 

d i r e c t l y , some 7000 d irect jobs and 7000 indirect ones are a t t r ibutab le 

to construction in 1975 alone (based on general highway construction 

estimates)."* Public and private investments have taken place in highway-

related businesses and highway-dependent industr ies . Employment gains 

from 1962-68 in counties on completed ADHP or In ters ta te segments out -
6 

stripped those in other counties . Correspondingly, a survey of 1354 

new industr ia l plant locat ions in Appalachia found 56% located within 

10 minutes of an Inters ta te or ADHS segment.^ Another implicat ion of 

"'"Ibid., p. 2 . 

2 
ARC, The Appalachian Highway Program: Progress, Impacts and 

Planning for the Future, Washington, D . C , December, 1975, p . 2 5 . 
3 

ARC, Highway Transportation and Appalachian Development, Research 
Report No. 1 3 , Washington, D . C , September, 1970, p . 36 . 

4 

ARC, 1976 Annual Report, Washington, D . C , p . 7. 

^ARC, The Appalachian Highway Program, op. c i t . 

ARC, Highway Transportation and Appalachian Development, op. c i t . , p . 48 . 

^ARC, The Appalachian Highway Program, op. c i t . , p. 27 . 
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the improved roads i s an increase in commuting to work outside the 

county of residence."'" In sum, there i s good support for the assert ion 

that the combined Interstate-ADHP program w i l l provide mobi l i ty and eco

nomic gains. 

I b i d . , p. 3 1 . 
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CHAPTER V 

EFFECTS OF THE APPALACHIAN DEVELOPMENT HIGHWAY 
PROGRAM: FORMAL TIME SERIES ANALYSES 

The estimates of intervention e f f ec t s can vary depending on the 

models through which the time ser ies are analyzed. The t rad i t iona l 

l inear ( l i n e - f i t t i n g ) models o f fer advantages in their s impl i c i ty , but 

shortcomings in certain instances due to the assumptions involved (Sween 

and Campbell, 1965; Glass , Pechman, and Sanders, 1 9 7 2 ) . The more recent 

s tochast ic models o f fer several advantages, although they are by no 

means perfect (Box and Jenkins, 1975; Glass , Wi l l son , and Gottman, 1 9 7 5 ) . 

In part i cu lar , the present data v i o l a t e the requirements for a large (50 

or so) number of observations in the time s e r i e s . I t i s therefore 

decided to use both approaches so that more robust information i s 

obtained than by a straightforward s ing le ana lys i s . Some important 

properties of the two approaches are summarized in Table 5 - 1 . 

5 . 1 Linear Model Analysis 

The s t a t i s t i c a l assumptions necessary to interpret the r e s u l t s 

of the l inear model analys is are a serious concern. The l inear trend 

component can ac tua l ly take account for interdependency among the 

observations, but the independence of the error terms must a l so be 

taken into account. The most sa t i s fac tory approach i s that of Sween 

and Campbell (1965) who adjust the resu l t s to bet ter accommodate v i o l a 

t ions of this assumption. 



Table 5 - 1 . Properties of L ine- f i t t ing and Stochastic Model 
Methods for Estimating Intervention Effects 

Formal Assumptions Ways of Estimating 
Intervention Effects 

Other Consideration 

dependent error 
variable 

l i n e -
f i t t i n g 

independent „ 
NID(0,a ) 

1. immediate change: 
s ing le Mood t e s t 

2 . s lope change: 
Walker-Lev t e s t s 

3 . composite measure: 
double Mood t e s t 

1 . Impl ic i t ly assumes that the 
pre-change trend would 
continue for the whole 
period of in teres t , in the 
absence of the intervention 

2 . Need to refer to re lated 
s t a t i s t i c s to interpret the 
obtained resu l t s 

3 . Least squares cr i ter ion j 
may overweigh ou t l i e r 
observations. 

s tochast ic 
modeling 

s e r i a l l y N I D ( 0 , a 2 ) 
correlated 

use a f l e x i b l e design 
as appropriate 

1. No need to refer to 
related s t a t i s t i c s . 

2 . I terat ion unt i l adequate 
model i s obtained 

3 . Requires number i f 
observations. 

NID(0, a ) indicates a normal independent dis tr ibut ion with mean zero and variance a . 



T 9 t 1 
n-2 n - l pre-change 

t n t n + l *~n+2 
post-change 

intervention 

Figure 5 - 1 . I l l u s t r a t i o n of Mood Tests 

a = l inear project ion based on pre- intervention observations 
b and c = actual observations af ter intervention 
d = l inear project ion based on post- intervent ion observations 
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The l inear model weights a l l observations equal ly . Therefore i t 

was determined to use the period 1956-1965 as the pre- intervention period 

and 1967-1973 as the post- intervent ion period. The year 1966 i s excluded 

from both periods. The rat ionale i s that that year i s only s l i g h t l y 

affected by the ADH program, per se , because of the lag in commencement 

of the ADHP. However, because of the extensive planning involved (as 

exemplified by the President's Appalachian Commission of 1 9 7 3 ) , neither 

i s i t appropriate to consider that year as not af fected by the ADHP. 

To best estimate the e f f e c t s of the ADHP on s tate -only ABCD expen

d i tures , changes in the l e v e l of expenditures and changes in the d r i f t 

(s lope) of the time ser ies are invest igated . Four separate t e s t s of 

s ignif icance are performed. 

Mood Test . This i s a t - t e s t (Mood, 1950) for determining the 

s ignif icance of a change in value predicted by extrapolat ion of the pre -

intervention observations. I t uses a l eas t squares cr i t er ion ; and i s 

par t i cu lar ly appropriate for test ing the hypothesis of immediate pos t -

intervention e f f e c t s . In Figure 5 - 1 , the quantity (b-a) or (c -a) i s 

evaluated against the standard error of the dependent var iable for the 

pre- intervention period. This t e s t was applied separately to 1967 and 

1968 observations (the l a t t e r , to give a more f u l l y developed ADHP 

implementation). 

Double Mood Test (Double Extrapolation Technique). This t e s t i s 

concerned with the s ignif icance of the dif ference between two separate 

regression estimates of the ser ies value which l i e s midway between the 

l a s t pre- intervention point and the f i r s t post- intervent ion point 
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(Walker, 1 9 5 3 ) . Such changes may be due to changes in e i ther the l e v e l 

or the s lope , or in both. Thus, separate examination of the slopes and 

pre- and post- intervent ion means must be accomplished. In Figure 5 - 1 , 

the quantity (d-a) i s evaluated against the standard error , giving a 

t - s t a t i s t i c . As indicated in that f igure , note that very d i f ferent 

post- intervention ser ies may project to the same point d, thereby y i e l d 

ing the same s t a t i s t i c a l determination. For this reason, the obtained 

t-value in th is t e s t i s to be evaluated without s ign. In appl icat ion of 

the Double Mood Tes t , the periods 1956-1965 and 1967-1973 are taken as 

the pre- intervention and post- intervent ion periods , respec t ive ly . 

Walker-Lev Test One. This tes t concerns the existence of a com

mon slope in the pre- intervention and post - intervent ion periods (Walker-

Lev, 1 9 5 3 ) . Since the t -value in the Double Mood Test does not indicate 

the direct ion of change, Walker-Lev Test One i s used to ident i fy d i rec 

tion as i l l u s t r a t e d by post-change slopes 1 and 2 in Figure 5 - 1 . 

Walker-Lev Test Three. This i s a t e s t of the hypothesis that a 

s ingle regression l i n e f i t s both the pre- and post- intervent ion ser ies 

(Walker-Lev, 1 9 5 3 ) . This t e s t bui lds upon the findings of Walker-Lev 

Test One. I t i s only appl icable i f the Walker-Lev Test One does not 

indicate a s ign i f i cant di f ference in the s lopes for the two periods . 

As described, each of the t e s t s i s performed to answer d i f ferent 

questions about how the change occurred. Therefore the t e s t s should be 

regarded as a complementary "package." 

5 . 1 . 1 Adjustment of the Level of Signif icance 

There i s strong reason to be l ieve that the ABCD highway 
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expenditure data v i o l a t e the assumption of independence. Consequently, 

Sween and Campbell's (1965) simulation resu l t s on proximally correlated 

time ser ies are used. Their f igures showing adjusted c r i t i c a l values for 

each t e s t , except Walker-Lev Test One, are reproduced in Appendix D. 

Autocorrelations for the ABCD s tate -only expenditures are shown in 

Table 5-4 in adjusting the t-values and F-rat ios in Table 5 - 2 , the 

f igures of Appendix D are employed. Note that some of the autocorre la

tion values exceed the range provided in those f igures . In those cases 

the maximal autocorrelat ion values ( 0 . 5 0 for the Mood t e s t , 0 .40 for 

the Double Mood t e s t , 0 .35 for Walker-Lev Test Three) for which c r i t i c a l 

values are ava i lab le are used. Note that the adjusted s igni f icance 

l e v e l s are set at 2.5% for a one-sided t e s t . 

5 . 1 . 2 Interpretat ion 

F i r s t consider the resu l t s in Table 5-2 for the experimental group 

of s ta tes (the core ADHP s t a t e s ) . Concentrating upon the tabulated values 

and the non-adjusted s igni f icance l e v e l s several observations can be made. 

Walker-Lev Test One tends to indicate that post- intervent ion d r i f t d i f fered 

from pre- intervention ser ies d r i f t . The Double Extrapolation (Double Mood) 

t e s t indicates a change as we l l . Together, these appear to indicate that 

there was change both in l eve l and d r i f t . Non-signif icant re su l t s for 

the s ingle Mood t e s t imply that the change was not abrupt. 

Looking at the comparison group of s t a t e s , the re su l t s of both 

the Double Extrapolation t e s t and Walker-Lev Test One are s imi lar ly at 

a s ign i f i cant l e v e l (on a non-adjusted b a s i s ) . These t e s t s would i n d i 

cate that changes in th i s ser ies due to the intervention are primarily 

in the ser ies d r i f t ( s l o p e ) . Considering the slopes and means for each 



Table 5-2. Results of Significance Tests of the ADHP Effects Estimated Using Linear Models 
Single Mood Single Mood Double extraWalker-lev Walker-lev Sigr lif icar ice , 1 Adjust ed Sit pif icance test for 1967 (1) test for 1968 (2) polation test (3) test one 

(4) 
test tnr |̂| 

' (1) df=8 (2) uf=8 (3) df=13 (4) df=13 (5) df=14 (1) (2) (3) (4) Experimental Series 1.051 1.170 5.247 4.349 3.410 * + * ** Comparison Series 1.713 1.049 5.542 7.918 1.897 + * * ** 

c 
Difference 

.187 .525 1.617 .129 .263 + 

KY 2.826 3.664 1.402 .836 46.375 
* * + * ** ** ** 

NC 1.256 1.310 3.142 12.071 2.169 
* * 

TN -.422 .496 .946 .590 .158 VA 1.451 1.174 1.671 .070 3.164 
+ + 

WV -1.488 -1.286 10.006 3.551 .568 
* + ** 

AL -.742 .333 .397 .027 .042 AK 1.627 2.526 6.916 3.010 11.045 
+ * * * ** ** ** 

FL -.659 -.804 1.535 .736 .769 
+ 

IA 2.688 1.108 1.488 4.513 2.887 
* + ** 

LA 2.382 1.444 2.581 •17.777 3.062 
+ ** 

MS 1.270 .964 12.691 16.625 54.633 
* * * ** ** 

NM -.430 .345 1.438 .628 .224 
+ 

OK .279 -.287 2.111 .147 .092 
* 

SC .307 .204 4.420 1.219 .000 
* 

S KY, NC, TN, VA, WV 
b AL, AK, FL, IA, LA, MS, NM, OK, SC, 
cThe difference between the means of the experimental and comparison groups. 

* Indicates significance at 5% level in standard tables. + Indicates significance at 10% level in standard tables. ** Indicates significance using the critical values in Appendix D. as Ln 



Table 5-3. Intercepts, Slopes and Means of the Pre- and Post-Intervention Periods 
($1,000,000) Pre-intervention Period Post-Intervention Period Means 

Intercept Slope Intercept Slope P re-In t e rven t ion Post-Intervention Total Experimental seriesa 

36.0 0.69 17.5 3.01 39.8 62.6 49.2 Comparison series0 

36.5 -0.15 18.6 1.67 35.6 43.7 39.0 Difference0 -0.5 0.84 -1.1 1.34 4.1 18.9 10.2 KY 34.7 -0.32 40.4 0.79 33.0 52.2 40.9 NC 66.3 -4.36 -14,4 3.78 42.3 42.2 42.3 TN 42.0 0.69 54.9 -0.23 45.7 51.5 48.1 VA 25.3 3.93 52.2 3.30 46.9 102.0 69.5 WV 11.6 3.49 -45.5 7.40 30.8 65.4 45.1 AL 34.8 0.50 36.8 0.20 37.5 39.8 38.4 AK 15.9 0.41 47.6 -1.02 18.1 32.3 23.9 FL 51.0 3.00 66.9 0.97 67.5 81.4 73.2 IA 69.3 -1.99 35.4 2.05 58.4 66.2 61.6 LA 83.5 -5.44 0.8 3.09 53.6 47.1 50.9 MS 18.1 1.15 -37.3 5.94 24.4 51.7 35.6 NM 13.3 -0.30 5.9 0.19 11.7 8.9 10.4 OK 28.8 -0.33 22.6 0.71 30.6 33.2 31.6 SC 13.5 1.00 -10.8 2.92 19.0 33.0 24.7 
êan of KY, NC, TN, VA and WV 

bMean of AL, AK, FL, IA, LA, MS, NM, OK and SC 
c The difference between means of the experimental and the comparison groups ON 
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Table 5 - 4 . Autocorrelation for the State-only ABCD Outlay Time Series 

1956 - 1973 1956 - 1965 

Lag Lag 

1 2 3 1 

Experimental 0 .86 0 .67 0 .51 0 .58 
s tates ( 0 . 2 4 ) * (0 .37 ) (0 .43 ) 
Comparison 0 .70 0 .35 0 .17 0 .22 
s tates ( 0 . 2 4 ) ( 0 . 3 3 ) ( 0 . 3 5 ) 

Difference 0 .74 0 .46 0 .43 0 .52 
ser ies c ( 0 . 2 4 ) ( 0 . 3 4 ) ( 0 . 3 7 ) 

KY 0 .61 0 .54 0 .37 0 .02 

NC 0 .52 0 .06 - 0 . 2 3 0 .53 

TN 0 .15 - 0 . 0 9 0 . 1 8 0 .06 

VA 0 .86 0 .70 0 . 5 7 0 .66 

WV 0 .56 0 .32 0 .15 0 .75 

AL - 0 . 0 3 - 0 . 5 7 - 0 . 2 4 - 0 . 1 3 

AR 0 . 7 0 0 . 4 3 0 .28 0 .35 

FL 0 .37 0 . 0 1 0 .05 0 . 4 1 

IA 0 . 2 5 - 0 . 0 1 0 .10 0 .05 

LA 0 .62 0 .33 0 .22 0 .74 

MS 0 .75 0 .66 0 .45 0 .25 

NM 0 .40 0 .23 0 .06 0 .35 

OK 0 .06 - 0 . 0 6 - 0 . 1 8 - 0 . 0 5 

SC 0 .81 0 .61 0 .41 0 .49 

a KY, NC, TN, VA, WV 
b AL, AK, FL, IA, LA, MS, NM, OK, SC 
c The difference between the means of the experimental and comparison 

groups 

^Figures in the parentheses indicate the standard error . 
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period for each group in Table 5 - 3 , note that the slope for the compari

son s tates changed from negative to p o s i t i v e , and that the di f ference 

between pre- and post- intervent ion means i s smaller for the comparison 

s ta tes than for the experimental s t a t e s . 

The d i f ferent ser ies i s probably the one of greatest inherent 

in teres t . Referring to Figure 4 - 1 7 , i t appears that that ser ies 

increased i t s l e v e l following the intervention. Coming back to Table 

5 - 2 , observe that the Walker-Lev Tests One and Three are non-s igni f i cant , 

while the Double Extrapolation tes t i s marginally s ign i f i cant at the 10% 

l e v e l . These re su l t s suggest that the pre- intervention ser ies trend con

tinued in the post- intervent ion period, and that there was a non-random 

change in l e v e l . 

The tentativeness of the above discussion i s heightened by con

s iderat ion of the adjusted s igni f icance l e v e l s . Observing these adjusted 

values in Table 5 - 2 , one could hardly say that the change in experimental 

s tates i s s t r i c t l y a t tr ibutable to the intervention (implementation of 

the ADHP) since Walker-Lev Test One resu l t s are s ign i f i cant for both, 

and no other re su l t s are s ign i f i cant at a l l . On the other hand, d i f f e r 

ences between the means, pre- and post - intervent ion, are notably larger 

for the experimental s tates than for the comparison s t a t e s . 

In any such s t a t i s t i c a l analys is i t i s important to observe 

the performance of the individual un i t s . The performance of aggre

gates , in th is case the experimental group and the comparison group, 

can often be better understood in terms of the performance of the i n d i 

vidual units that make up the groups. I t i s a l so at the l e v e l of the 
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individual s tates that one can get the best ins ights from interviews as 

to what actual ly takes p lace . In th i s vain, several observations are 

worthy of note. North Carolina was decreasing i t s ABCD outlays from 

1956 to 1966 (see Appendix C ) . The resu l t s of th is somewhat extreme 

trend can be seen for North Carol ina's Walker-Lev Test One r e s u l t s . 

The s igni f icance tes t i s merely re f l ec t ing the fact that the pre -

intervention trend i s i m p l i c i t l y assumed to continue on i t s course, in 

th i s case, on down towards zero. This i s inherently dubious, and an 

indicat ion that the s t a t i s t i c a l t e s t cannot be taken at face value in 

this case (from another perspect ive , th i s i s an example of a regression 

a r t i f a c t at work - see discuss ion of Section 3 . 1 ) . Similar suspicions 

may be raised about the resu l t s for Louisiana (see Table 5-2 and Table 

5 - 3 ) . West Virg in ia appears to have been decreasing i t s ABCD outlays 

due to the intervention, according to the Mood t e s t s for 1967 and 1968 . 

However, as seen in Table 5 - 3 , the post - intervent ion mean for West 

Virg in ia ac tua l ly increases . This i s a s i tuat ion in which a serious lag 

i s involved. Interview resu l t s corroborate th i s finding - West V i r g i n i a ' s 

highway program moved ahead vigorously with the approval of a major bond 

issue in the l a t e 1960 ' s (stimulated by ADHP needs) . A l l in a l l , examina

t ion of the individual s tates does not suggest that increases were r e s 

t r i c ted in any neat way to the experimental s t a t e s . In summary, although 

the formal t e s t s do not indicate strong ADHP e f f e c t s , mean values and 

slopes lend some support to a s t imulation e f f e c t of the ADHP on s t a t e -

only ABCD expenditures. (Recall again that these outlays include s ta te 

expenditures on the ADHP per s e . ) 
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5 . 2 Stochastic Model Analyses 

z t - f t a , v v -> + T t = 1 , N 

where are the observed values; f t ( L , 1^, I^ . . . ) i s a l inear function 

of a l eve l parameter, L, and intervention parameters I - , I ? , . . . ; ty. i s 
-L Z J 

th 

the j ij;-weight in a white-noise-process; and â _ ^ i s noise assumed of 

the form: 

2 
a t ~ NID(0, a f l ) . 

After appropriate transformation of into Y to obtain a general 

l inear function, one obtains: 

Computational work in th i s sect ion i s based on the computer pro
grams (CORREL and TSX) developed by C. P. Bower, W. L. Padia and G. V. 
Glass , Laboratory of Educational Research, University of Colorado, 
October 1974. 

The ABCD expenditure ser ies appears to exhibit s ign i f i cant auto

correlat ion (Table 5 - 4 ) . This suggests that use of s tochast ic models to 

estimate the ADHP e f f ec t s i s appropriate. 

A stochast ic intervention model, the so-ca l led ARIMA ( p , d , q , ) 

model (Glass , Wi l l son , and Gottman, 1975) where p, d, and q represent 

the order of the autoregressive component, degree of d i f ferencing , and 

order of the moving average component, respec t ive ly , i s written: 
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y l x n X 1 2 ' * L \ 
y 2 = 

X 2 1 x 2 2 * * * h h + 
a 2 

3 L _XN1 X N2 . . . _ 

and in matrix notat ion, Y = XJ3 + a, where x^. are the weights of the 

intervention e f f ec t s in a design matrix X. Part icular design matrices 

and intervention parameter vectors w i l l be i l l u s t r a t e d . 

The least -squares estimator of 3, 3> w i l l minimize the sum of squares of the error term (LE): 
LE = a f ca = (Y - X3) t(Y - X3) , 

where the superscript t denotes the transpose of a matrix. Hence, 3 

must s a t i s f y the normal equation 

= - 2 X t Y + 2XfcX3 = 0 . 

Thus the least -squares estimator i s 

—t— — 1 —t — 3 = ( X X ) X Y , 

and the variance i s 

8 L E 

83 

v(3) = - t 1 2 
( X X ) Lo a 
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The least-squares estimator of the res idual variance o i s 
a 

8 2 = (Y - X t ) ^ - X3 ) / (N - m) , 

where N i s the number of observations and m the number of elements in 

the parameter vector . Then the t - s t a t i s t i c for test ing the s igni f icance 

th ^ ^ of the dif ference of the k element of B, B^, from zero i s computed, 

"N-m 
a kk 

where i s the k diagonal entry in (X X) 

5 . 2 . 1 Model Ident i f i ca t ion 

Autocorrelat ions and p a r t i a l autocorrelat ions were f i r s t obtained 

separately for the experimental group, the comparison group, and the 

di f ference s e r i e s , respect ive ly , and for the individual s t a t e s . These 

were separately computed for the pre- and post- intervent ion periods 

(see Tables 5 - 5 , 5 - 6 , and 5 - 7 ; as wel l as Appendix E for the individual 

s t a t e s ) . Rarely are autocorrelat ions larger than twice the estimated 

standard deviat ions found. This might be interpreted as an indicat ion 

that the ser ies r e f l e c t a white noise process . In f a c t , i t i s more rea

sonable to assume that the standard errors may be inf la ted because of 

the small number of observations. Hence one should be more concerned 

with the patterns and the r e l a t i v e s i ze of the autocorrelat ions than 

with their s i z e r e l a t i v e to the standard errors . 



Table 5 - 5 . Autocorrelations and Part ia l Autocorrelations of the Experimental Series 

1956-65 
Lag Standard 

errors 1956-65 
1 2 3 4 5 6 7 min max 

ACF° a 

ACF' 

PACF° 

PACF' 

.58 .13 - . 0 6 - . 1 8 - . 3 8 - . 4 5 - . 2 0 

,43 - . 2 8 - . 1 9 .15 .01 - . 3 2 - . 2 6 

.58 - . 3 0 .02 - . 1 6 - . 3 3 - . 1 0 .17 

.43 - . 5 7 .43 - . 2 0 - . 1 9 - . 0 6 - . 1 2 

0 .30 

0 .32 

0.47 

0 .41 

1966-73 

ACF° 

ACF' 

ACF° 

0.57 0 .10 - 0 . 1 6 - 0 . 4 3 - 0 . 4 1 

- 0 . 3 1 0 .04 0 . 1 2 - 0 . 3 8 0 .03 

0 .57 - 0 . 3 4 - 0 . 0 7 - 0 . 4 1 0 .08 

0.38 

0 .41 

0 .55 

0 .50 

Weighted b 

ACF° 

PACF° 

.58 .12 - . 1 0 - . 2 9 - . 3 9 

.58 - . 3 2 - . 0 2 - . 2 7 - . 1 6 

i (of ACF ) indicates the degree of d i f ference . 

See text for a discussion of the weighting formulation. 



Table 5 - 6 . Autocorrelations and Part ia l Autocorrelations of the Comparison Series 

1956-65 
Lag Standard 

errors 
1956-65 

1 2 

ro 4 5 6 7 min max 

ACF° 3 0 .22 - 0 . 5 4 - 0 . 3 8 0 .14 0 .19 - 0 . 1 1 - 0 . 0 5 0 .30 0 .44 

ACF 1 0 .01 - 0 . 6 2 - 0 . 2 4 0 .30 0 .26 - 0 . 2 2 - 0 . 0 5 0 .32 0 .48 

PACF° 0 .22 - 0 . 6 2 - 0 . 0 9 - 0 . 0 9 - 0 . 1 9 - 0 . 2 2 0 .07 

PACF1 0 .01 - 0 . 6 2 - 0 . 3 8 - 0 . 2 5 - O . 2 0 = 0 . 4 2 - 0 . 0 7 

1966-73 

ACF° 0 .60 0 .02 - 0 . 4 2 - 0 . 4 2 - 0 . 2 1 0 .38 0.59 

ACF 1 0 .00 - 0 . 3 9 - 0 . 3 4 0.13 0 .10 0 .41 0 .51 

PACF° 0 .60 - 0 . 5 1 - 0 . 2 8 0 .15 - 0 . 1 1 

Weighted ^ 

ACF° 0 .40 - 0 . 3 2 - 0 . 4 0 - 0 . 1 1 0 .02 

PACF° 0 .29 - 0 . 5 8 - 0 . 3 4 - 0 . 0 8 - 0 . 1 6 

i (of ACF 1) indicates the degree of d i f ference . 

See text for a discussion of the weighting formulation. 



Table 5 - 7 . Autocorrelations and Part ia l Autocorrelations of the Difference Series 

1956-65 
Lag Standard 

errors 
1956-65 

1 2 3 4 5 6 7 min max 

ACF° a 0.52 - 0 . 0 2 - 0 . 1 1 - 0 . 0 3 - 0 . 2 6 - 0 . 4 6 - 0 . 2 5 0 .30 0 .44 

ACF1 0.27 - 0 . 5 3 - 0 . 2 9 0 .30 0.17 - 0 . 2 4 - 0 . 2 0 0.3.2 0 .47 

PACF° 0 .52 - 0 . 4 0 0 .19 - 0 . 0 9 - 0 . 4 3 - 0 . 0 7 0 .08 

PACF' 0 .27 - 0 . 6 5 0 .21 0 .04 - 0 . 0 3 0 .05 - 0 . 0 9 

1966-73 

ACF° 0.19 - 0 . 3 5 0 .11 0 .02 - 0 . 3 2 0 .38 0 .44 

ACF? - 0 . 1 3 - 0 . 3 8 0 .22 - 0 . 1 2 - 0 . 0 9 0 .41 0 .49 

PACF° 0 .19 - 0 . 4 0 0 .34 - 0 . 3 4 - 0 . 0 5 

Weighted ^ 

ACF° 0 .39 - 0 . 1 7 0 .04 - 0 . 0 1 - 0 . 2 9 

PACF° 0.39 - 0 . 4 0 0 .26 - 0 . 2 0 - 0 . 2 8 

i (of ACF 1) indicates the degree of d i f ference . 

See text for a discussion of the weighting formulation. 
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In applying the Box-Jenkins approach to interrupted, short time 

s e r i e s , one must be concerned with the best method of estimating the 

autocorrelat ion and p a r t i a l autocorrelat ion functions (PACF). Vaught 

and Jones (1974) o f fer a useful approach to th i s problem. Their method 

involves the separate computation of the autocorrelat ion function (ACF) 

for the pre- intervention and post- intervent ion periods; then each value 

i s transformed using Fisher 's formulation: 

- 0.5[loge d + r u ) - loge (1 - ^.) ] 
where r ^ i s the transformed value of (the autocorrelat ion at log I 

within region i ) . A weighted mean of r j . i s computed for the m regions 

by: 

m 

I w.rj. 
-, 1=1 

1-1 1 where w^ equals - 2 and i s the weight for the i region. The aver

age autocorrelat ion coe f f i c i ent i s then obtained by 

2r' 2 r f 

r = (e * - l ) / ( e * + 1) . 
r 

Weighted ACFs and PACFs obtained by using th i s technique are 

included in Tables 5 - 5 , 5 - 6 , 5-7 and Appendix E. Hypothesizing i n i t i a l 
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models by comparing these weighted ACFs and PACFs with theoret ica l 

behavior, one can hardly find good evidence whether any of the ser ies i s 

nonstationary. So ACFs and PACFs of the or ig ina l ser ies were evaluated 

and the best hypothetical models are predicted as shown in Table 5 - 8 . 

5 . 2 . 2 Fitting"*" and Diagnostic Check 

As mentioned on several occasions, the Appalachian Development 

Highway Program did not s tar t instantaneously (see Section 3 . 3 ) . To 

r e f l e c t the nature of th is start-up period, as understood through i n t e r 

views and inspection of the data, a su i table design matrix must be 

establ i shed. The following design matrix appears wel l - su i ted to cap

ture the implementation of the ADHP in 1966, 1967 and 1968. 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 r 
0 0 0 0 0 0 0 0 0 0 0 1 /10 1 /4 1/2 1 1 1 1 1 1_ 

where X*" i s the transpose of the design matrix. And parameter vector , 

•-CO 
where L i s a l e v e l parameter; I i s an intervention parameter measuring 

l e v e l change. Part icular f igures , 1 / 1 0 , 1 / 4 , and 1/2 for the years 1966, 

1967 and 1968, respect ive ly , were chosen to weigh the gradual e f f e c t s 

(exponent ia l ly) . 

"̂ "(0, 1 , 0) model i s not f i t t e d because no i t era t ion i s provided 
in the program to minimize variance. However, th i s model i s to be wel l 
approximated by ( 1 , 0, 0) i f the ser ies i s a true ( 0 , 1 , 0) process . 
See discussion on a l ternat ive model ( e . g . , Box and Jenkins, 1975, 
pp. 1 8 9 - 1 9 3 ) . 



Table 5 - 8 , "Best" Hypothetical ARIMA (p ,d ,q ) Models 
for State-only ABCD Outlays 

ARIMA ( P » d , q ) a 

Experimental Series ( 0 , o. 1) 

Comparison Series ( 1 , o, 1) 

Difference ( 0 , o, 1) 

Kentucky ( 0 , 1 , 0) 

North Carolina ( 0 , o, 1) 

Tennessee ( 0 , 1 , 0) 

Virginia ( 0 , 0 , 1) 

West Virginia ( 1 , o, 1) 

Alabama ( 0 , 1 , 0) c y c l i c a l at a 
mult iple of 3 

Arkansas ( 0 , 1 , 0) 

Florida ( 1 , o, 1) 

Iowa ( 0 , 1 , 0) 

Louisiana ( 1 , o> 0) 

Mis s i s s ipp i ( 0 , o» 1) 

New Mexico ( 0 , 1 , 0) 

Oklahoma ( 0 , 1 , 0) 

South Carolina ( 0 , o, 1) 

ARIMA (0 , 1 , 0 ) , or Z t = Z t _ 2 + a t m e a n s a pure random-walk 
process . Note that no ARIMA parameter would be estimated. 
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Adequate models may be establ ished through an i t e r a t i v e pro

cedure: i n i t i a l model i d e n t i f i c a t i o n , f i t t i n g , diagnostic checking, 

and f i t t i n g with a l t ernat ive models i f the diagnost ic check f a i l s . 

The present strategy for finding an adequate model i s somewhat modified 

to overcome the uncertaint ies underlying the estimation of the ACFs and 

PACFs. Rather than focusing s o l e l y on the hypothet ical ly best model, 

estimations were made for three simple models in a l l cases . As shown 

in Table 5 - 9 , ARIMA models ( 0 , 0 , 1 ) , ( 1 , 0 , 0) and ( 1 , 0 , 1) are com

puted. These are then examined against the c r i t e r i a of: (1) minimum variance 
(2) inspection of the parameters in the ( 1 , 0 , 1) model as an 

indicator of whether the moving average or autoregressive 
fac tors i s dominant in a given s e r i e s . To i l l u s t r a t e the 
appl icat ion of th is c r i t e r i o n , observe that the exper i 
mental ser ies shows values of cf) = 0 . 5 0 and 9 = - 0 . 9 0 for 
the ( 1 , 0 , 1) model. The greater value of 9 than (J) i s 
interpreted to indicate that the moving average component 
i s the more powerful term. This interpretat ion can be 
ver i f i ed by comparing the variances accounted for by the 
( 0 , 0 , 1) and ( 1 , 0 , 0) models of the same ser ies (Table 
5 - 9 ) . 

(3) The hypothetical model indicat ions (see Table 5 -8 ) based 
upon the ACFs and PACFs. To continue the i l l u s t r a t i o n for 
the experimental s e r i e s , r e c a l l that the ( 0 , 0 , 1) model 
was entertained on the bas is of the pattern of ACFs and 
PACFs. 

(4) Obviously inclusion of more terms in the model enables 
that model to explain more of the variance. That issue 
i s the r e l a t i v e improvement due to the added complexity. 
Model s e l ec t ion based on the four cr i t er ion resulted in 
the intermediate s e l ec t ion as shown in the l a s t column of 
Table 5 - 9 . 

(5) Analysis of re s idua l s . Residual examination was based 
on the assumption of zero mean and independent noise 
terms. In part icular the "pormanto" tes t (Box and Jenkins, 
1975 , pp. 290-291) was re l i ed upon to check for indepen
dence, t -values for change in ser ies l e v e l before to 
a f ter the intervention for the f i n a l l y se lected models 
are c i rc led in Table 5 - 1 0 . 
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5 . 2 . 3 Discussion 

Table 5-10 indicates a s ign i f i cant increase in s tate -only ABCD 

outlays in both groups of s t a t e s . This implies that expenditures were 

growing in the comparison s t a t e s , which were not influenced by the pre 

sence of the ADHP. Note a l s o , however, that the di f ference ser ies a lso 

shows an increase in the l e v e l of expenditures. This implies that the 

experimental s tates increased their outlay s i g n i f i c a n t l y more than the 

comparison group. 

Examination of individual s ta te re su l t s does not appear to sup

port th i s r e s u l t . For the experimental s t a t e s , three out of the f i v e 

show a s ign i f i cant increase; while s ix out of the nine comparison s ta te s 

show such an increase . This point could be further examined through 

interviews with the s tates involved. 

Comparison of the s tochast ic model resu l t s with the previous 

l inear model est imation, are not par t i cu lar ly c lear (see Table 5 - 2 ) . 

In par t i cu lar , i t i s important to compare the resu l t s for the di f ference 

ser ies for which the l inear model estimation indicated no s ign i f i cant 

changes. An important observation i s that the l inear model weights a l l 

observations equal ly , whereas the s tochast ic model used in th i s sect ion 

was able to estimate on the basis of gradual implementation of the ADHP. 

The following i l l u s t r a t i o n may help reso lve the d i f ferent r e s u l t s . 

In place of the design matrix used in the analysis of th i s sec t ion , 

assume that the change was abrupt. The fol lowing design matrix can then 

be written: 
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Table 5-9. Minimum Variance and Estimated Parameters of ARIMA Models for the State-only ABCD Outlays 
ARIMA (p,d,q ) 

(0. 0, 1) (1. 0. 0) (1. o, 1) Intermediate Models e Variance Variance 
• 

e Variance Selected Experimental States Experimental States 
-0.98 0.1329 0.72 0.1932 0.50 -0.90 0.1132 (1, o, 1) Comparison States -0.58 0.0778 0.26 0.0927 -0.10 -0.60 0.0776 (0, o, 1) Difference Series -0.72 0.2758 0.56 0.3243 0.30 -0.60 0.2628 (0, o, 1) KY -0.42 0.4576 0.36 0.4731 -0.50 -0.90 0.4371 (1, 0, 1) NC -0.66 1.4818 0.60 1.5235 0.40 -0.40 1.4422 (0, o, 1) TN -0.30 0.2862 0.08 0.2923 -0.40 -0.80 0.2775 (1, o, 1) VA -0.62 1.9401 0.98 1.1518 0.90 -0.20 1.2790 (1, o, 1) WV -0.98 0.7312 0.62 0.9530 0.10 -0.90 0.7688 (1, o, 0) AL 0.98 0.3661 -0.06 0.6186 0.10 0.90 0.3883 (0, o, 1) AR -0.52 0.2646 0.36 0.2863 -0.10 -0.60 0.2641 (1, o, 0) FL -0.54 1.2198 0.30 1.3653 -0.10 -0.60 1.2127 (0, o, 1) IA -0.16 0.8779 0.06 0.8829 0.80 0.90 0.8513 (1, o, 1) LA -0.98 1.0012 0.82 1.1156 0.50 -0.90 0.8841 (1, o, 1) MS -0.32 0.6213 0.26 0.6368 0.70 0.90 0.6209 (1. o, 0) NM -0.22 0.0661 0.26 0.0658 0.20 -0.10 0.0658 (1, o, 0) OK 0.04 0.1881 -0.04 0.1882 0.60 0.90 0.1652 C1. o, 1) SC -0.56 0.1562 0.98 0.1693 -0.20 -0.50 0.1555 (0, o, 1) aKY, NC, TN, VA, WV bAL, AK, FL, IA, LA, MS, NM, OK, SC The difference between the means of the experimental and comparison groups. 
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Table 5 - 1 0 . Estimated t -values for Level Change After 1965 
in State-only ABCD Expenditures 1 9 5 6 - 1 9 7 3 a 

Series Name ARIMA (p ,d ,q ) Signif icance 

( 0 , 0 , 1 ) ( 1 , 0 , 0 ) ( 1 , 0 , 1 ) ( d . f ) = 1 6 

Experimental Series^ 8 .39 4 .06 & * 
Comparison S e r i e s 0 & 4 .42 4 .54 * 
Difference Series** &) 2 .73 2 .95 * 

KY 3 . 8 1 3 . 4 3 & 
NC © - 0 . 0 2 - 0 . 1 9 

TN 1.64 1 .91 * 
VA 4 .98 0 . 6 1 & 
WV 4 .06 5 .73 

AL & 0.97 2 .93 

AK 3 .23 3 .58 

FL 1 .61 1 .70 

IA 1 .52 1.68 & 
LA - 0 . 4 4 - 0 . 5 3 ( 0 4 ) 
MS (OS) 5.89 10 .29 

NM - 1 . 8 6 £ l . 6 8 ) - 1 . 6 7 

OK 1.18 1 .18 ( S B ) 
SC 0 .76 4 .37 

t -values t e s t whether the l e v e l change i s d i f ferent from zero 

b KY, NC, TN, VA, WV 

°AL, AK, FL, IA, LA, MS, NM, OK, SC 

^The difference between the means of the experimental and comparison 
groups 

Circled values indicate resu l t of the most adequate model 

*Indicates s igni f icance at the 5% l e v e l for a one-sided hypothesis t e s t 
based on the t -value of the most adequate model 
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1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
.0 0 0 0 0 0 0 0 0 0 1 l l l l l l l 

where X*" i s the transpose of X. 

Using parameter vector , as before , 

3 = 

one obtains the resu l t s in Table 5 - 1 1 . 

In Table 5 - 1 1 , the estimated l e v e l change for the di f ference 

ser ies i s notable though not s ign i f i cant (at the .05 l e v e l in a two-

sided t e s t ) . This i s probably due to overweighing the immediate pos t -

intervention outlays as being affected substant ia l ly by the ADHP funds. 

Table 5 - 1 1 . Estimated Level Changes Assuming Abrupt Effects 

Series Name Level Change 
t -values 

Level Change 
ARIMA 

(P,d,q) 

Experimental Series - 0 . 0 9 - 0 . 2 7 ( 0 , 0 , 1 ) 

Comparison Series 0 .11 0 .65 ( 0 , 0 , 1 ) 

Difference Series - 0 . 7 8 - 1 . 9 7 ( 0 , 0 , 1 ) 

Compare the re su l t s of Table 5-11 with those of Table 5 - 1 0 . 

By a l ter ing the design matrix ( i . e . , the underlying model) the r e s u l t s 

are rad ica l ly a l t ered . In the new model the resu l t s are not s ign i f i cant 

(although the di f ference ser ies approaches s igni f icance for a two-sided 
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t e s t ) . Furthermore, neither the experimental ser ies nor the comparison 

ser ies shows s ign i f i cant changes, and the di f ference ser ies d irect ion 

i s reversed. This h ighl ights the importance of model se lec t ion in the 

estimation of intervention e f f e c t s . 

A l l in a l l , the gradually implemented ADHP program appears to 

have resulted in a s ign i f i cant increase in s ta te -on ly outlays on the 

ABCD system (remember that th i s includes s ta te outlays on the ADHP 

i t s e l f ) . 
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CHAPTER VI 

The regress ion models were developed by Dr. Srikanth Rao 
( S t a t i s t i c a l Analys is of the Impact of Federal Highway Aid on State 
Al locat ion Decis ions , Pennsylvania Transportation I n s t i t u t e , 
Pennsylvania State Univers i ty , A p r i l , 1 9 7 8 ) . But, any erroneous 
discussion of th i s model i s the author's r e s p o n s i b i l i t y . 

EFFECTS OF THE APPALACHIAN DEVELOPMENT HIGHWAY PROGRAM: 
STRUCTURAL EQUATION MODEL ANALYSIS 

6 .1 Model Specification"*" 

In contrast to the time ser ies intervention analyses discussed 

in the previous sect ion , the s tructural equation approach e x p l i c i t l y 

attempts to represent the underlying influences upon the dependent 

variable in question. I t should be noted that in es tabl i shing the com

parison ser ies at tent ion has been paid to the poss ib le exogenous var iables 

exerting an influence on s ta te highway expenditures. The most fundamental 

problem in the s tructural model approach i s to obtain a good causal des

cr ipt ion (Hibbs, 1 9 7 6 ) . In Hibbs' words: 

Perhaps . . . many areas of inquiry, e spec ia l ly outside of macro
economics, are simply not s u f f i c i e n t l y r ich in theory and/or data 
to permit spec i f i ca t ion and estimation of adequate s tructural 
models. 

In th i s sec t ion , the work of Rao in extending the framework of previous 

studies (Enns, 1974; Sherman, 1975) provides the bas is for the present 

ana lys i s . These regressions develop p a r t i a l models d i f f erent ia ted by 

time periods and by groups of s t a t e s . Chow's (1963) method for estimating 

changes in s tructural models in comparison of the coe f f i c i en t s obtained 
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in those models i s used. 

The basic model i s presented in Figure 6 - 1 . The underlying idea 

of th i s model i s to estimate the e f f e c t s of the ADHP by examination 

of the ro l e of Federal grants in determining s t a t e s ' cap i ta l outlays 

on highways. Deta i l s of the model building are ava i lab le elsewhere (Rao, 

1 9 7 8 ) . 

States are divided In the same manner as in the previous analyses -

the experimental group of f i v e core ADHP s ta tes and the comparison group 

of nine other s t a t e s . Time periods are subdivided to take into account the introduction of the interstate system program, the ADHP intervention, 
and the changes commencing in f i s c a l 1974 (see Table 6 - 1 ) . 

Ser ia l corre lat ion structure i s an important consideration in 

such mult ip le regression analyses . To address th i s i s sue , both gener

a l ized l eas t squares and ordinary l e a s t squares regressions were com

puted and compared for several d i f ferent data ser ies (Rao, 1 9 7 8 ) . 

Results were very s imilar and the Durban-Watson tes t did not indicate 

serious problems. Therefore, the resu l t s of ordinary l eas t squares 

are used as the bases for the analys is presented in Table 6 - 1 . 

6.2 Methods of Estimating Changes in the Structural Models 

Estimation of changes in s tructural models may be done e i ther by 

means of error component analys is or coe f f i c i en t comparison, or both. 

Both are now considered. Chow's (1963) approach involves error compo

nent ana lys i s ; i t proceeds as fo l lows . Suppose one has two regression 

equations, 
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CAPOUT = + a *UFAC + a *PCY + a *POPDEN + a *BIPTCX + a *MFC (1) 
0 1 2 3 4 5 

+ a *AVIGP + a *AVNIGP 
6 7 

CAPOUT = per capita s ta te outlay for a l l highways 

UFAC = urbanization factor - the percentage of population residing 

in urban areas 

PCY = per capita income 

POPDEN = population density 

BIPTCX = expenses for bond interes t and retirement as a percentage of 

t o ta l capi ta l expenditures 

MFC = per capita motor fuel consumption 

AVIGP = per capita federal in ters ta te apportionment (moving average) 

AVNIGP = per capita federal non- interstate apportionment (moving 

average) 

Figure 6 - 1 . A Regression Model for Per Capita 
State Total Highway Outlay 



Table 6-1. Determinants of Per Capita State Total Highway Outlay3 

Experimental States 
Sum of Constant AVIGP AVNIGP UFAC PCY POPDEiN BIPTCX MFC Squares R-Square F-Ratio 1957-66 

32.360 (25.287) 1.095* (0.275) -0.946 (2.895) 0.130 (0.216) 0.028* (0.008) 0.691* (0.163) -0.117* (0.045) -0.015 (0.039) 2044.4 0.793 22.98 1967-73 
142.60 • (90.716) 1.139* (0.305) -8.617 (8.230) -0.127 (0.311) 0.042* (0.019) -1.096* (0.403) -0.162 (0.194) -0.174* (0.087) 2110.1 0.911 39.66 1957-73 
55.072 (21.209) 1.445* (0.130) -1.370 (2.289) -0.075 (0.167) 0.022* (0.006) -0.600* (0.138) -0.095 (0.048) -0.052* (0.029) 5016.8 0.870 73.85 Comparison States 

1957-66 12.868 (11.043) 0.658* (0.207) 0.558 (0.952) 0.034 (0.113) 0.015* (0.006) -0.083 (0.093) -0.150* (0.076) 0.558 (0.952) 5327.9 0.582 16.32 1967-73 
35.400* (10.188) 0.708* (0.216) -0.084 (0.768) 0.007 (0.132) 0.010* (0.004) -0.131* (0.064) -0.130* (0.051) -0.048* (0.017) 1715.3 0.620 12.35 1957-73 
24.570* (6.917) 0.563* (0.131) 0.979* (0.485) 0.088 (0.079) 0.012* (0.003) -0.098* (0.054) -0.150* (0.045) -0.055* (0.017) 7661.5 0.557 26.05 Experimental States 

1962-66 20.373 (136.264) 0.495 (0.689) 2.643 (14.732) 0.863 (0, 790) 0.047* (0.016) -0.929 (0,626) -0.207 (0.124) -0.152 (0.116) 1005.2 0.791 9.20 1967-70 
113.805 (140.662) 1.340* (0.581) -3.776 (11.207) -0.648 (0.532) 0.002 (0.035) 0.067 (0.791) 0.128 (0.235) -0.125 (0.128) 467.9 0.922 20.45 1962-70 
17.193 (73.614) 1.072* (0.227) 4.016 (7.151) -0.023 (0.373) 0.031* (0.010) -0.429 (0.335) -0.107 (0.092) -0.101 (0.063) 1987.9 0.820 24.06 Comparison States 

1962-66 15.213 (19.911) 1.115* (0.372) 0.170 (1.300) 0.064 (0.214) 0.011 (0.011) -0.109 (0.132) -0.085 (0.109) -0.025 (0.074) 1742.0 0.702 12.44 1967-70 
39.735* (12.307) 0.586* (0.321) 0.447 (0.864) 0.005 (0.224) 0.015* (0.006) -0.197* (0.077) -0.154 (0.101) -0.077* (0.02 7) 488.2 0.823 18.56 1962-70 
39.313 (9.972) 0.565* (0.196) 1.091 (0.684) 0.116 (0.142) 0.015* (0.005) -0.189* (0.075) -0.125* (0.073) -0.098* (0.028) 2548.2 0.712 25.83 * 

indicates s ignificantly different from zero , at the 5% significance level. a Figures in parentheses under the coefficient values indicate the standard error. 
00 00 
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Y i • V i + u i 

Y l X l 6 + 
U l 

Y 2 X 2 
6 + 

U 2 
( 6 - 2 ) 

where 3 i s the vector of coe f f i c i en t s in the model f i t t i n g the whole 

period. Letting and denote the sum of squared res iduals from 

(6 -2 ) and ( 6 - 1 ) , respect ive ly . 

"Yl - X A 
t 

"Yi - x i r 

3 - x2g_ 
_ Y 2 " X 2 g _ 

t 
\ - x j -

_ Y 2 " X 2 S 2 _ _ Y 2 ' X 2 § 2 _ 

Y 2 " X 2 B 2 + U 2 

where the subscripts 1 and 2 denote the observations for pre- and pos t -

intervention, respec t ive ly , so that X^ i s of order n x k, and of 

order m x k (where n i s the number of pre- intervention observations and 

m that for pos^ intervent ion observat ions) , and 3̂  and $^ a r e vectors of 

c o e f f i c i e n t s . Assume that X!^ has the same normal d i s tr ibut ion as 
2 

with variance-covariance matrix G I . I f we set up the hypothesis 3-̂  = 

3 0 = 3» the model becomes 

( 6 - 1 ) 
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£ A A 
where [X] i s used to denote the transpose of matrix [ X ] . 3, 3 ,̂ and 

3 2 are the l eas t square estimates of 3, 3 ,̂ and 32» respect ive ly . 

One has the ident i ty \ - HR ~ Y i - \K ~ X A - X A 
Y 2 - x2g_ 

= 

_ Y 2 " X 2 ^ 2 _ 

+ 
x2&2 - x 2 B 2 ^ Y 2 - x2g_ _ Y 2 " X 2 ^ 2 _ x2&2 - x 2 B 2 ^ 

( 6 - 3 ) 

Taking the sum of squares of both s ides of ( 6 - 3 ) , and rearranging the 

re su l t s y i e lds 

«1 " «2 + Q 3 

where 

Q 3 " x l ( 3 1 - 3) t i ~ x A /s 1 
- 3) x ? (3 2 - 3) _ x 2 ( § 2 - 3) 

2 2 2 
Under the hypothesis 3-̂  = 3 2 = 3, $2^° anc* ^3^° n a v e independent x 

d i s tr ibut ions with m + 2 - 2k and k degrees of freedom, respect ive ly . 

Thus in the case where m > k, the hypothesis 3-̂  = 3 2 = 3 may be tested 

by computing the F-rat io 

F„ = 
Q 3 / k 

0 Q 2 / (m + n - 2k) 
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with degrees of freedom (k, m + n - 2 k ) . E x p l i c i t l y , i f F Q > F k ,^-2^01* 
re jec t the hypothesis $1 = 3 2 = 3, where a i s the chosen s igni f icance 

l e v e l . 

6 .3 Results and Interpretat ion 

Results of the error component analys is are shown in Table 6 - 2 . 

These are obtained by the method j u s t described based upon the relevant 

s t a t i s t i c s l i s t e d in Table 6 - 1 . Between the periods 1957-1966 and 1967-

1973, the experimental s ta tes appear to have exhibited a non-random 

structural change (at l e a s t at the 10% l e v e l of confidence) . The change 

for the comparison s ta tes i s smaller and non-s igni f icant . Because of 

the dynamic character of the changes in the l a t e 1950 ' s associated with 

the onset of the major In ters ta te e f f o r t , i t seemed appropriate to 

examine a more l imited time duration to bet ter understand the impl ica

t ions of the ADHP intervention in 1965. For the more l imited time 

periods 1962-1966 and 1967-1970 , re su l t s are not s ign i f i cant , as shown 

in Table 6 - 2 . 

Table 6-3 exhibi ts the changes in the regression coe f f i c i en t s 

between the two time periods ( e . g . , in Table 6 - 1 , the experimental 

s ta t e s ' AVIGP coe f f i c i ent for 1962-66 was 0 . 4 9 5 ; for 1967 -70 , 1 . 3 4 0 , 

y ie lding a dif ference of 0 . 8 4 5 ) . Except for motor fue l consumption 

(MFC), coe f f i c i en t s for the experimental s tates show larger changes than 

those for the comparison s t a t e s . This suggests poss ib le e f f e c t s of the 

ADHP intervention. Two potent ia l l y causal influences are of part icular 

interes t in th i s study addressed to the e f f ec t s of Federal funding 

parameters - In ters ta te apportionment (AVIGP) and ABCD apportionment 
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Table 6-2. F-rat ios for Estimation of Changes in Structural Models 

Experimental 
States 

Comparison 
States 

1957-66 to 1967-73 F 8 , 6 9 = 2 - ° 4 + F 8 ( 1 3 7 = 1 - 5 0 

1962-66 to 1967-70 r 8 ( 2 9 =o.96 

indicates significance at the .10 level. 

Table 6-3. Changes in Coef f ic ients from 1962-66 to 1967-70 Models 3 

(Absolute Values) 

AVIGP AVNIGP UFAC PCY POPDEN BIPTCX MFC 

Experimental 
s tates 0.845 6.419 1.511 0.045 0.996 0.335 0.027 

Comparison 
s tates 0.529 0.277 0.059 0.004 0.088 0.059 0.052 

For def in i t ions of the v a r i a b l e s , see Figure 6-1. 

NOTE - changes in the magnitude of coe f f i c i en t s between the two periods 
are shown. Except for MFC, coe f f i c i ent s for the experimental 
s ta tes changed more than those for the comparison s t a t e s , which 
indicates poss ib le e f f ec t s of the a v a i l a b i l i t y of the ADHP funds. 
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(AVNIGP; in other words, non-Interstate). For the period 1967-1970, Federal Interstate grants appear to have stimulated total per capita state outlay in the experimental states more than could be expected (Table 6-1, AVIGP term shows a value of 1.340). This is so because the states are only required to match each 90c of Federal Interstate aid with 10c of their own money. In contrast the coefficient of 0.586 for the comparison states, for the same AVIGP term in the same time period implies that the Interstate grants did not effectively stimulate the state outlay. This suggests that increased Interstate funds may confound any effects due to the presence of ADHP funds for this period of time. However it is extremely interesting to note the negative (-3.776) coefficient for the AVNIGP term for the experimental states for this same time period. This presents a problem for those attempting a causal interpretation within the framework of this regression model. It would imply that increasing Federal grants would occasion states to decrease the total outlay."'" One could therefore decide that it would be more proper to not put a simple causal interpretation upon the coefficients of the regression analysis. Another interesting perspective is provided by observing the actual time series involved (see Figure 4-17 and Figure 6-2). The actual 

"̂Sherman (1975) faced a similar dilemma in interpreting a negative coefficient for a non-Interstate grant term. His resolution was to note that the coefficient, as in the present case, was not significantly different from an interpretable level namely, his coefficient of -1.1 was not significantly different from -1 in a regression where he was attempting to explain state-only outlays. A coefficient of -1 in that situation would imply that an extra dollar of Federal aid simply substituted for the same dollar of state outlay. However it is notable that in a number of similar regressions he consistently obtained coefficients of about -1.1. 



Figure 6 - 2 . Deflated Federal Aid for ABC Systems in the 
Experimental States (1967 base) 
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data show that in constant do l lars (as are a l so used in th i s regression) 

Federal aid ac tua l ly decreased over th i s period. Thus, one sees an 

increase in s ta te -only outlay that can be interpreted as an e f f o r t to 

make up for the decrease in ava i lable Federal funds for work on the ABCD 

system. This i s quite reasonable i f one simply assumes that the ABC sys 

tem i s held in some importance by these s t a t e s . Further discussion of 

th i s interpretat ion that bears upon a conjunction between time ser ies 

and regression perspectives appears in Section 8 . 2 . 

The s tructural model analysis lends support to the existence of a change in the behavior of the experimental s ta tes following the introduc

t ion of the ADHP program. As with the previous analyses , i t i s not un

equivocal . Probably the most f r u i t f u l resu l t of th i s analys is of the 

structural model approach i s the ins ight that a negative coe f f i c i en t in 

the non-Interstate Federal grant term can be interpreted in a reasonable 

way - a way t o t a l l y disregarded by previous researchers (see Section 8 . 2 ) . 
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CHAPTER VII CONSEQUENCES OF THE FUNDING CHARACTERISTICS OF THE APPALACHIAN DEVELOPMENT HIGHWAY PROGRAM 
7.1 Different Matching Ratios In addition to the question of whether the ADHP program in itself affected state highway behavior, a number of other specific inquiries can be made. Of much interest in considering the consequences of Federal funding parameters is the sequence of changes and contrasts provided in the Federal matching shares established for the ADHP. At the onset, the ARC set the Federal matching share at 70% of construction costs to expedite progress on the system construction. In 1966, due to a perceived shortfall in available funds to construct the system, the 4-lane share was reduced to 50% (although preliminary engineering and right-of-way remained at 70%). In 1974, all ADHP construction was again authorized at 70% Federal share because the ABCD system was so set. Thus for the main ADHP construction effort to date - from August, 1966 through February, 1974 - there was a substantial inducement to construct 2-lane instead of 4-lane ADHP roads. Rather surprisingly, the evidence indicates that the states roundly ignored this matching differential and predominantly built 4-lane roads. Table 7-1 presents the best information available on this topic - namely the estimates of projected 2-lane and 4-lane construction at various times, compared with actual construction. From this it is clear that 
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Table 7 - 1 . 2-Lane v s . 4-Lane Appalachian Development Highway 
Estimates and Actual Construction 

2-Lane 
Mileage 

4-Lane 
Mileage 

Total 
Mileage 

% 
2-Lane 

1963 Es t imate 3 1227 570 1777 69% 

1966 Est imate b 687 1573 2260 30% 

1969 Est imate 0 553 1729 2282 24% 

1972 Es t imate d 264 2505 2769 10% 

1976 Est imate d 294 2476 2770 11% 

Actual Construc
t ion Through 
June 30 , 1 9 7 2 e 140 941 1081 13% 

Computation derived from Figures 21 and 22 in ARC, Highway Transportation 
and Appalachian Development, Research Report No. 1 3 , Washington, D . C , 
September, 1970 . 

A l s o from that source, Figure 27 . 

Same source, Figure 3 2 . 

^Calculated from the indiv idual s ta te est imates of cost to completion of 
the ADHS for 1972 and 1976 as indicated . Figures exclude corridor W 
in North Carolina and corridors T and U in Pennsylvania ( t o t a l mileage 
about 84) because these were l a t e addit ions to the ADHS. 

e ARC, tabulat ion dated 1 0 / 3 1 / 7 2 (obtained from Mr. B. Lewis of the ARC). 



98 

s ta tes were not ser ious ly swayed by the matching ra t io in determining 

the number of lanes to construct . Interviews support th i s in terpre

tation."'" For instance, J. Chi l e s , of Penn DOT, noted that Pennsylvania 

was moving to high design standards not appropriate for 2-lane roads and 

set pol icy to bui ld 4- lanes whenever average dai ly trave l exceeded 5000 

veh ic l e s . 

7 .2 Comparison of the ADHP and Inters ta te Programs 

The ADHP and Inters tate programs are intended to be complementary 

in Appalachia. On a broader front , the two programs present some i n t e r e s t 

ing comparisons. Both are defined networks, with establ ished routes and 

mileages. They d i f f e r in that the Inters tate has been funded at a higher 

Federal share, drawing Federal support from the Highway Trust Fund instead 

of general funds. 

In terms of accomplishment, the ADHP stacks up almost equally 

with the I n t e r s t a t e . After ten years of program exis tence , 40% of the 

2 

ADHP was constructed versus 42% for the In ter s ta te . 

Cost to completion estimates rose s teeply on both - 92% of the 

ADHP from 1965-74 versus 86% on the Inters ta te from 1956-74 (72% during 
3 

the 1966-74 period) . These f igures are reasonably comparable given a 

larger precentage mileage increase on the ADHP, s t r i c t e r soc ia l and 

environmental concerns, and higher construction cost esca lat ion during 

For interviews, the author i s indebted to Drs. T. D. Larson 
and S. Rao of Pennsylvania State Univers i ty . 

2 I b i d . , p. 2 4 . 

I b i d . , Appendix A. 
3 
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the 1965-74 period when the ADHP was gett ing underway. 

Most impressive i s the ADHP achievement given the f i s c a l and 

other pressures. I t has been accomplished while the In ters ta te develop

ment continued at a high l e v e l . I t has endured the 1973 o i l embargo 

and attendant s ta te f inanc ia l crunch. And i t has taken place without 

ser iously jeopardizing other highway programs ( a l b e i t , the B and A cap i 

t a l investments have slipped somewhat). The achievements of the ADHP 

program support the v i a b i l i t y of spec ia l categor ica l transportation pro

grams . 
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CHAPTER V I I I 

METHODOLOGICAL CONSIDERATIONS 

8 . 1 Threats to the V a l i d i t y of Interrupted Time Series Analyses 

A number of considerations can be raised as fac tors threatening 

the v a l i d i t y of the conclusions drawn from the quasi-experimental 

(interrupted time ser i e s ) analyses . In addition consideration of 

threats can y ie ld ins ight into the re su l t s of the s tructural model 

ana lys i s . 

Recal l that the ser ies used in Chapter 5 for estimation of the 

ADHP e f f ec t s was s tate-only ABCD outlays (exclusive of Federal funds 

rece ived) . Exclusion of the Federal ABCD aid was intended to el iminate 

influences d i r e c t l y a t tr ibutable to those Federal grants . However, th is 

e f f o r t f a i l s to exclude any indirect e f f ec t s due to st imulation or sub

s t i t u t i o n occasioned by that Federal a id . In other words, did the 

receipt of that Federal aid influence the s tates to a l t e r their own 

expenditure patterns over and above receipt of that aid? Referring back 

to Table 6 - 1 , coe f f i c i en t s of both the experimental and control groups 

over the period 1957-1973 do not indicate st imulation e f f ec t s ( - 1 . 3 7 0 

and 0 . 9 7 9 , r e s p e c t i v e l y ) . This agrees with conclusions drawn by Sherman 

(1975) and Mi l l er ( 1 9 7 1 ) . 

The univariate time ser ies approach i s impoverished in re la t ion to 

the regression approach in i t s i n a b i l i t y to take into account the e f f e c t s 

of exogenous var iab le s . In par t i cu lar , highway revenue factors and 
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socio-economic considerations have been shown to be important in prev i 

ous and current regression analyses ( c , f . , Sherman, 1975; Rao, 1 9 7 8 ) . 

Highway revenues are influenced by such factors as gasol ine tax rates and 

bond income, which in turn es tab l i sh constraints on highway expenditures. 

As discussed previously , th i s study hypothesizes that the experimental 

group of s tates increased these revenue sources in response to the onset 

of the ADHP program and i t s f inancia l requirements. Turning to the soc io 

economic considerations Table 8-1 presents some relevant data. Population 

does not appear to have been a s ign i f i cant factor in increasing the exper i 

mental s t a t e s ' highway out lays . Indeed, population growth was s l i g h t l y 

greater in the comparison s t a t e s . Urbanization fol lows a s imilar pattern. 

Per capita income a lso appears to have lagged in the post - intervent ion 

period r e l a t i v e to the comparison s t a t e s , although dif ferences are 

extremely small . On balance, these socio-economic fac tors do not appear 

to ser ious ly threaten the v a l i d i t y of the graphical and formal interrupted 

time ser ies analyses. This i s reassuring, but not surpris ing, because such 

factors were taken into account in the formulation of the experimental and 

comparison groups. I t should be obvious that the quasi-experimental design 

involving mult iple time ser ies ( in th i s case , two) i s far superior to the 

s ing le interrupted time ser ies ana lys i s . The l a t t e r has almost no defense 

against the actions of such exogenous influences in a l t er ing the time 

ser ies patterns observed. 

8 .2 Problems in Interpreting the Results of 
Structural Equation Model Analyses 

Serious issues can be raised with regard to the s tructural equa

tion models with respect to the interpretat ion and adequacy of the 



Table 8 - 1 . Population, Urbanization and Per Capita Income 
in the Experimental and the Comparison Groups 

(Means) 1960 1965 1970 

1 • 

Experimental 
States 

Population (1 ,000) 
Urbanization (%) 
Per Capita Income ($) 

3,434 
43.5 

1,716 

3 ,556 
4 7 , 6 

2 ,238 

3 ,686 
4 8 . 2 

3 ,251 

Comparison 
States 

Population (1 ,000) 
Urbanization (%) 
Per Capita Income ($) 

2,732 
51.6 

1,649 

2 ,853 
56 .4 

2 ,144 

3 ,018 
58 .3 

3 ,166 

Difference 

i_ 
Population (1 ,000 ) 
Urbanization (%) 
Per Capita Income ($) 

702 
- 8 . 1 

67 

703 
- 8 . 8 

94 

668 
- 1 0 . 1 

85 
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r e s u l t s . Concerns are thus both of a s t a t i s t i c a l and a substantive 

nature. This discussion w i l l focus upon the interpretat ion of the 

Federal grant terms, par t i cu lar ly the non-Interstate term ( i . e . , ABCD) 

in the regression on s tate -only cap i ta l out lay. Several basic observa

t ions may help c l a r i f y the i ssues: 

(1) I f the c o e f f i c i e n t , b , i s l e s s than - 1 interpretat ion i s 
awkward because th is would imply that Federal highway 
grants serve to reduce the t o t a l highway expenditures. 

(2) If b = - 1 , th i s implies perfect subst i tut ion - i . e . that i s 
each addit ional do l lar of Federal funds replaces a do l lar 
that the s ta te would have to spend. 

(3) I f - 1 < b < 0 , i t indicates that t o t a l expenditures on those 
highway programs w i l l increase due to the Federal a i d , but 
by l e s s than the amount of the Federal aid i t s e l f . For 
instance, i f a s ta te were planning to spend $10 in the 
absence of Federal a id , and i t now receives $5 of Federal 
a id , i t may decide to spend only $8 of i t s own money. 

(4) I f b > 0 th is implies that the Federal funds st imulate the 
s tates to spend more of their own money on the system in 
question than they otherwise would have in the absence of 
the Federal a id . For instance, i f a s ta te were planning to 
spend $10 on a system in the absence of Federal a id , and 
i t receives $5 in Federal a id , i t then decides to spend 
$12 of i t s own funds. 

Instead of looking at s ta te -only cap i ta l outlay as the dependent v a r i 

able in the regress ion, one can look at t o t a l outlay ( s ta te inc lus ive 

of Federal) (Enns, 1974; Rao, 1 9 7 8 ) . In th is case, the previous con

clusions are shi f ted upward by the do l lar of Federal aid i t s e l f . For 

instance st imulation of the s ta t e s ' own expenditures would be indicated 

by a c o e f f i c i e n t , b , greater than 1 rather than a b > 0 ( i . e . , f o r each 

dol lar of Federal a id , the t o t a l outlay must increase more than that 

d o l l a r ) . I t i s a l so appropriate to take into account the required 

matching rat io in these considerations. For instance for the ABCD 
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system unt i l 1973, each do l lar of Federal aid had to be matched by a 

do l lar of s ta te out lay. In prac t i ce , however, s ta tes were spending suf

f i c i e n t l y in excess of the avai lable Federal aid on the ABCD system so 

that there was r e a l l y no pressure put on the s tates in investing the 

required matching amount. 

As noted previously , interpretat ion of certain c o e f f i c i e n t s in a 

causal sense has been awkward in regressions on highway out lays . For 

instance, focusing on the ABC grant term computed by Sherman (1975 , p . 264) 

of - 1 . 1 0 3 (standard error of 0 .092) i s awkward. I f one prefers not to 

simply s ta te that th is coe f f i c i ent i s non-s ign i f i cant ly d i f ferent from 

- 1 , the problem i s explaining why s ta te outlay drops more than the amount 

of perfect subst i tut ion for the addit ional Federal ABC aid received. 

(And, furthermore, one must ignore the matching requirement for an addi

t ional d o l l a r ! ) Again, both the negative coe f f i c i en t s obtained by Sherman 

and by Rao appear in a "gray" region - i . e . , they are not s i g n i f i c a n t l y 

d i f ferent from an explainable l e v e l . However, by abandoning the t r a d i 

t ional regression assumptions of a causal re lat ionship and an inev i table 

increasing nature of Federal a id , one can proffer interest ing and s u i t 

able explanations for these c o e f f i c i e n t s . Simply put, there was a period 

of decreasing Federal aid and increasing s tate -only outlay (see in p a r t i 

cular Figures 4-17 and 6 - 2 ) . Thus, a negative coe f f i c i en t r e f l e c t s that 

while Federal aid was decreasing s ta te outlay was increasing. This can 

be understood in terms of the s tates maintaining e f f o r t on an important 

highway system in the face of decreasing ava i lab le Federal support. 

I t undermines the simple causal interpretat ion of the c o e f f i c i e n t with 
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respect to "the e f f e c t s of an addit ional dol lar of Federal a id ." The 

perspect ive , enriched by observation of the actual time ser ies data, 

can lend other ins ights as we l l . 

Returning to the issue of model adequacy, raised at the onset of 

this discuss ion, there i s c l ear ly considerable leeway in the hands of 

the analyst . The choice of the independent var iab le s , the form of the 

dependent var iab le , the time period se lec ted , and the e n t i t i e s included 

can y ie ld highly variable r e s u l t s . Table 6-1 amply demonstrates the 

v a r i a b i l i t y of coe f f i c i en t s over time periods for well-matched groups 

of s t a t e s . Rao's (1978) study, that takes account of subsets of s ta tes 

and time periods , i s c l e a r l y an improvement over the prior analyses that 

aggregated everything in one formulation. 
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CHAPTER IX 

CONCLUSIONS AND RECOMMENDATIONS 

9 . 1 Summary of Factual Findings and Pol icy Implications 

This thes is has invest igated the impacts of the Appalachian 

Development Highway Program on s ta te highway e f f o r t s . I t has taken a 

national pol icy perspective and has employed mult iple ana ly t i ca l methods. 

Results indicate that the ADHP program has e f f e c t i v e l y moved toward i t s 

goal of construction of a high qual i ty highway system. I t has done so at 

l i t t l e s a c r i f i c e of other highway construction a c t i v i t i e s . The I n t e r 

s ta te and Urban roads do not appear to have suffered; the secondary and 

primary Federal aid roads appear to have constr icted in terms of con

struct ion a c t i v i t y to some extent . In teres t ing ly , non-Federal-aid system 

a c t i v i t y accelerated during this period of time and maintenance e f f o r t s 

were maintained. In addition the Appalachian s ta tes generated addit ional 

highway revenues through bonds and gasol ine tax increases , probably 

a t t r ibutab le to the demands of the ADHP program. As a resu l t of the ADHP 

mobi l i ty gains and economic benef i t s have been developed. 

The ADHP i s a truly categor ica l Federal-aid highway program, r e s 

t r i c t ed in terms of the road system involved, the time period in which 

to construct that road system, and the benefactor s t a t e s . I t s success can 

be attr ibuted in part to the Federal-aid program, but a l so to the high 

l e v e l of commitment by the s ta tes involved. The fact that i t stimulated 

overa l l s ta te highway investment should be considered in that l i g h t . 
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Future ADHP progress may not be able to maintain the previous pace. The 

ARC p r i o r i t i z e d segment construction based on need; they have worked on 

the worst segments f i r s t . Hence, future ADHP investment w i l l edge toward 

a point of diminished returns. Present ADHP authorizations extend through 

1981; much more Federal aid w i l l be needed to complete the system. The 

increase in overa l l ADHP matching share to 70% by the Federal government 

may a lso slow down progress depending on the a v a i l a b i l i t y of s ta te funds. 

9 . 2 Methodological Recommendations 

This thes i s was a lso oriented to observation of the r e l a t i v e merits 

of several ana ly t i ca l techniques. Simple observation of time ser ies of 

various highway-related measures over a period of two decades proved 

informative. This was complemented by formal time ser ies analyses to 

better estimate the part icular e f f ec t s of a given program. These e f f ec t s 

were not c l ear ly establ ished by the graphical ana lys i s , nor could they 

be by straightforward appl icat ion of a regression approach. On the other 

hand, the regression approach lends greater ins ight into the exogenous 

factors exerting an influence on the data ser ies of in t ere s t . Conse

quently, mult iple ana ly t i ca l methods appear par t i cu lar ly worthwhile in 

the analys is of real world, complicated systems. They appear f r u i t f u l 

both in lending complementary ins ight s , not ava i lable in one or the other 

methods, and in increasing the c r e d i b i l i t y of the overa l l ana lys i s . 

Development of better s t a t i s t i c a l means to treat short , mult iple time 

ser ies would have considerable u t i l i t y in pol icy a n a l y s i s . 
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9 . 3 Suggestions for Further Study 

In a substantive sense, th is study has focused on the Appalachian 

Development Highway Program to better understand the e f f e c t s of ca tegor i 

ca l Federal funding s tructures . The general i ty of the f indings can be 

enhanced by comparison with other analyses directed at understanding 

Federal funding p o l i c i e s in transportat ion. The part icu lar ins ights 

gained concerning the Appalachian region may a lso serve toward under

standing other Appalachian transportation programs. In par t i cu lar , 

po l icy analys is of the proposed coal-haul road system would be a use

f u l extension. Moving in a broader transportation d irec t ion , i t would 

be useful to analyze the e f f e c t s of the ARC involvement in other trans

portation areas, notably a i r transportat ion. These involve supplemental 

aid programs quite d i f ferent in nature from the stand-alone highway pro

gram . 
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APPENDIX A 

GLOSSARY 

Apportionment - Divis ion or assignment of funds. The l e g i s l a t i v e 

apportionment i s based on prescribed formulas and cons i s t s of dividing 

authorized obl igat ional authority for a spec i f i c program among the s t a t e s . 

The administrative apportionment i s performed by the Off ice of Management 

and Budget and involves l imi ta t ions on obl igat ions incurred within a 

given f i s c a l year or establ ished time period. 

Appropriation - An act of a l e g i s l a t i v e body which makes funds 

avai lable for expenditure with spec i f i c l imi ta t ions as to amount, purpose, 

and duration. 

Authorization - Basic substantive l e g i s l a t i o n which empowers an 

agency to implement a part icular program and which a l s o , in many cases , 

e s tabl i shes an upper l imi t on the amount of funds which can be appro

priated for that program. 

Expenditures (Outlays) - A term signifying disbursement of funds 

for repayment of obl igat ions incurred. 

Obligations - Commitments made by Federal agencies to pay out 

money, as d i s t i n c t from the actual payments, which are "outlays." 

Obligation Cei l ing - The maximum amount of funds a s ta te can 

commit in a f i s c a l year. 
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APPENDIX B 
Discriminant Scores and Distance Measures STATE Discriminant* Distance from Mean of the Experimental Group Scores (2) (3) (4) (5) Alabama 1,781 12.9 1.0 23 .6 2.5 69 .0 Arizona 

** 

526.5 11.1 1 .0 
** 

111 .9 Arkansas 1.562 16.4 20.5 86 .6 23.4 20 .5 California -1.476 1358.6 4273.7 8 .5 6.0 480 .1 Colorado -.664 397.8 2.5 42 .9 19.4 328 .8 Connecticut -.287 118.4 4.5 1 .2 1.0 660 .0 Delaware .511 139.2 49.8 281 .1 9.4 660 .0 Florida .718 33.0 138.1 0 .2 47.4 9 .1 Georgia 1.691 34.2 10.1 0 .3 44.4 69 .0 Idaho -.805 182.7 47.9 155 .6 23.6 328 .8 Illinois -1.471 25.8 1246.0 42 .7 1.8 660 .0 Indiana -.537 1.3 50.1 51 .2 20.9 480 .1 Iowa .412 25.4 0.6 22 .8 23.0 328 .8 Kansas -.199 172.0 2.1 4 .9 24.9 328 .8 Kentucky 1.302 0.0 1.8 2 .4 15.4 0 .5 Louisiana 1.432 6.9 6.2 0 .3 5.5 0 .5 Maine -.321 4.5 35.9 20 .8 38.0 480 .1 Maryland 1.275 83.8 12.5 7 .5 23.6 111 .9 Massachusetts -.736 97.5 209.7 22 .5 1.1 
660 . 0 

Michigan -.151 31.8 514.6 80 .3 20.3 660 .0 Minnesota -.950 187.0 8.3 9 .9 24.3 660 .0 Mississippi 2.111 5.6 17.7 22 .1 9.7 69 .0 Missouri .298 84.8 48.7 26 .8 20.7 111 .9 Montana -1.686 1106.9 46.5 65 .9 24.1 660 .0 Nebraska -1.055 133.4 20.2 24 .8 10.8 660 .0 Nevada -1.450 479.6 56.9 198 .7 21.2 480 .1 New Hampshire -.743 91.2 45.6 16 .1 3.7 660 .0 New Jersey -.726 100.1 419.7 40 .5 12.7 660 .0 New Mexico .527 642.9 27.2 21 .7 5.7 9 .1 New York -.662 8.7 4639.4 33 .5 5.0 660 .0 North Carolina 1.496 15.1 1.8 4 .5 6.0 0 .5 North Dakota -1.036 90.4 55.4 32 .7 10.2 660 .0 Ohio -.223 0.1 895.2 1 .6 16.5 480 1 Oklahoma .920 86.1 0.5 46 .1 25.1 9 1 Oregon -1.535 312.8 7.4 117 .0 15.6 660 .0 Pennsylvania -.829 2.7 1213.8 30 .4 108.8 480 1 Rhode Island -.328 145.5 21.4 2 .8 4.4 660 0 South Carolina 1.854 7.7 11.3 9 .5 31.1 69 .0 South Dakota -1.091 132.1 51.9 133 .2 13.1 480 .1 Tennessee 1.872 0.4 2.1 0 .9 0.1 20 .5 Texas -.457 4986.1 929.3 4 .7 1.8 9 .1 Utah -.568 194.3 25.3 46 .5 11.2 328 .8 Vermont -.427 89.4 61.6 25 .4 23.2 660 0 Virginia 1.161 0.0 11.1 14 .3 5.7 9 1 Washington -.354 76.4 3.4 41 .6 8.0 660 0 West Virginia 1.884 24.2 23.0 17 .6 12.5 9 1 Wisconsin -.568 25.0 27.1 0 .0 19.9 660 0 Wyoming -1.474 323.2 58.2 83 .6 8.1 660 0 *0btained using DISCRIMINANT in H. N. Norman et al., Statistical Package for the Social Sciences, McGraw-Hill Book Company, New York, 1975. (The computer program used is Version 6.50.) 
(1) AREA in square miles 
(2) Urban population 
(3) State share as percentage of total state highway outlay (4) State outlay for non-federal-aid highways as a percentage of total highway outlay (5) Luttbeg scales for "southern factor" **Non-federal-aid system outlay was none. So not, included discriminant analysis and distance value for (4) 



APPENDIX C 

STATE-ONLY ABCD OUTLAYS 1956-1975* 

($1 ,000) 

Mean of Mean of 
Experimental Comparison 

Year Group Group Difference 

1956 40745 36192 4553 
1957 43194 32490 10704 
1958 41341 37241 4099 
1959 33315 40171 -6855 
1960 28201 38504 -10303 
1961 34927 33218 1708 
1962 40823 31432 9391 
1963 41917 36106 5811 
1964 43718 36268 7449 
1965 49353 34631 14721 
1966 55976 35590 20386 
1967 52230 40 843 11387 
1968 54275 38485 15790 
1969 60701 39379 23322 
1970 62478 42409 20069 
1971 68698 50414 18283 
1972 70628 48094 22533 
1973 67398 46352 21045 
1974 59549 45210 14339 
1975 55677 44218 11459 

d e f l a t e d by highway construction index to 1967 base. 



C$i,ooo) 

Year Kentucky 
North 

Carolina Tennessee Virginia 
West 

Virginia 

1956 33990 66735 39876 37946 25179 
1957 36824 66415 41539 45286 25907 
1958 38042 58394 52497 39918 17857 
1959 3482 28329 50454 36497 16475 
1960 2165 36065 36127 26969 20188 
1961 2742 47714 38915 37959 22617 
1962 3640 28945 54395 43700 40675 
1963 3583 32830 46158 53150 41613 
1964 3492 30015 48445 60168 45045 
1965 2960 27867 49011 87443 52834 
1966 4967 33130 53748 88845 54486 
1967 5010 29576 46861 96032 38573 
1968 5533 26044 53645 94006 42341 
1969 5372 35832 57081 96978 69890 
1970 4162 52060 52756 103230 62723 
1971 5212 57217 49504 100668 83979 
1972 5261 59421 52371 100404 88328 
1973 5979 35432 48103 121383 72281 
1974 4426 24641 49977 130848 48017 
1975 56850 11506 73698 82301 54029 



($1 ,000) 

Year Alabama Arkansas Florida Iowa Louisianna 

1956 39748 21830 43860 75639 70579 
1957 36908 12943 52460 58344 68301 
1958 30100 15158 73264 58547 70153 
1959 34244 14512 75391 56848 83021 
1960 50475 14720 71542 68287 60076 
1961 37516 18005 53735 61616 40000 
1962 22890 24446 68475 44596 42779 
1963 33944 24228 74020 56490 36143 
1964 37516 21638 83509 56824 29169 
1965 51435 13808 78542 46340 35760 
1966 27884 17978 78188 56697 47322 
1967 32278 30259 78775 70268 47765 
1968 44022 35728 77442 52830 30800 
1969 49388 39588 67093 57626 35597 
1970 37648 27767 90072 58695 50146 
1971 36116 35969 102154 82785 57937 
1972 33303 32902 79558 75032 54128 
1973 45693 23851 74708 66250 53600 
1974 36137 27580 83729 67434 56279 
1975 36160 28364 57071 60334 79560 



($1 ,000) 

New South 
Year Miss i s s ipp i Mexico Oklahoma Carolina 

1956 15894 11021 35400 11753 
1957 16900 9065 23715 13775 
1958 22358 13480 34392 17726 
1959 30005 17564 28294 21656 
1960 23275 14023 23352 20785 
1961 26735 13923 27903 19533 
1962 22546 7572 32007 17576 
1963 34385 8372 35093 22277 
1964 27980 12099 35228 22449 
1965 23823 9437 30264 22270 
1966 23164 10443 33216 25421 
1967 39478 7995 34379 26391 
1968 38105 10647 30365 26422 
1969 38709 6810 31412 28188 
1970 47860 8791 30483 30216 
1971 66908 6054 30140 35660 
1972 60338 10163 41643 45784 
1973 70659 10311 33896 38204 
1974 58505 6268 31660 39296 
1975 72828 7625 25010 31006 
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APPENDIX D 

Mood tes t : f i ve percent c r i t i c a l values of t as a function of the 
f i r s t autocorrelat ion coe f f i c i en t 

6.0 
5.01 

o 

PRE-CHANGE 
N«IO • N*20 A N« 100 o bi 

< > 

3.01 
ui 
2 20| ui a. 

TABLED VALUES 
• 2.31 

^ A2.I0 

° 0 1.99 
1.0 

-.15 -.K) -.05 0 
.05 .10 .15 .20 .25 .30 35 .40 .45 FIRST AUTOCORRELATION COEFFICIENT .50 5 5 .60 

The three f igures in Appendix D are reproduced from Sween and 
Campbell (1965) 

SERIALLY ADJUSTED SIGNIFICANCE LEVEL FOR THE MOOD TEST, 
DOUBLE MOOD TEST, AND WALKER-LEV TEST 3 
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Double Mood t e s t : f i ve percent c r i t i c a l values of t as a 
function of the f i r s t autocorrelat ion coe f f i c i en t 

I i 1 • • 1 1 1 1 • 1 1 1 1 1 ' -.15 -.10 -.05 0 .05 .10 .15 .20 2 5 .30 .35 AO A5 50 55 .60 FIRST AUTOCORRELATION COEFFICIENT 
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Walker-Lev tes t 3 : f i ve percent c r i t i c a l values of F as 
a function of the f i r s t autocorrelat ion 



APPENDIX E 

AUTOCORRELATIONAS AND PARTIAL AUTOCORRELATIONS 
OF STATE-ONLY ABCD OUTLAY3 

KENTUCKY 

1956-65 Lag Standard errors 1956-65 1 2 LO 4 5 min. max. 

ACF° o. 02 -0. 17 -0.13 0.11 -0. 07 0.30 0.32 ACF 1 

-0. 11 -0. 26 -0.17 0.22 0. 28 0.32 0.36 PACF° 0. 02 -0. 17 -0.13 0.09 -0. 12 
1966-73 ACF° -0. 07 -0. 22 -0.31 0.07 0. 12 0.38 0.43 PACF° -0. 07 -0. 23 -0.37 -0.09 -0. 05 Weighted 

ACF° -. 02 -. 19 -.21 .09 01 PACF° -. 02 -. 20 -.24 .01 09 
i (of ACF ) indicates the degree of dif ference 



NORTH CAROLINA 

1956-65 
Lag Standard errors 

1956-65 
1 2 3 4 5 min. max. 

ACF° 0 .53 0 .12 0 . 0 1 0 .00 - 0 . 0 5 0 .30 0 .38 

ACF 1 - 0 . 2 4 - 0 . 4 1 0 .35 - 0 . 1 3 0 .03 0 .32 0 . 4 1 

PACF° 0 .53 - 0 . 2 1 0 .06 - 0 . 0 1 - 0 . 0 8 

1966-73 

ACF° 0 .47 - 0 . 1 0 - 0 . 4 8 - 0 . 3 8 - 0 . 0 9 0 .38 0 .56 

PACF° 0 .47 - 0 . 4 1 - 0 . 3 5 0 .05 - 0 . 0 5 

Weighted 

ACF° .50 .03 - . 2 2 - . 1 7 - . 0 7 

PACF° .50 - . 3 0 - . 1 2 .15 - . 0 7 



TENNESSEE 

Standard er rors ""^ 



VIRGINIA 

| 1956-65 
I«ag 

s. . • ... [ Standard er rors 
| 1956-65 

1 2 r 3 4 5 marv 

ACF° 0.66 0 .28 0 .05 - 0 . 1 3 - 0 . 3 1 0 .30 0 .43 

ACF 1 0.08 0 .20 - 0 . 1 6 0.07 - 0 . 4 2 0 .32 0.34 

PACF° 0 .66 - 0 . 2 8 - 0 . 0 1 - 0 . 1 7 - 0 . 2 2 

1966-73 

ACF° 0 .10 - 0 . 0 0 0.07 - 0 . 1 5 - 0 . 2 9 0 .38 0 .39 
o 

PACF 0 .10 - 0 . 0 1 0 0 7 - 0 . 1 7 - 0 . 2 6 

Weighted 

ACF° . 46 .16 .06 - . 1 4 - . 3 0 

PACF° . 46 - . 1 7 .02 - . 1 7 

.. - .,. 

- . 2 4 



WEST VIRGINIA 

1956-65 
tanclara errors 

0 . 3 0 f 0 .49 

0 .32 S 0 .37 



ALABAMA 

g " " " M ™ ». nm III • • U M U U ^ 

Standard errors 



ARKANSAS 

1956-65 
Lag Standard errors 

1956-65 
1 2 3. 4 5 min. 

ACF° 

ACF1 

PACF° 

0 . 3 5 

- 0 . 0 6 

0 .35 

- 0 . 0 5 

- 0 . 0 9 

- 0 . 1 9 

- 0 . 3 7 

- 0 . 2 5 

- 0 . 3 3 

- 0 . 3 6 

- 0 . 0 5 

- 0 . 1 5 

- 0 . 2 7 

- 0 . 2 0 

- 0 . 2 0 

0 .30 

0 .32 

0 .40 

0 .34 

1966-73 

ACF° 

PACF° 

- 0 . 2 0 

- 0 . 2 0 

- 0 . 2 1 

- 0 . 2 6 

0 .37 

0 .29 

- 0 . 3 8 

- 0 . 3 7 

- 0 . 1 7 

- 0 . 1 8 

0 .38 0 .50 

Weighted 

ACF° •12 - . 1 2 - . 0 6 - . 3 7 - . 2 3 
PACF° .12 - . 2 2 - . 0 7 - . 2 5 - . 1 9 



FLORIDA 

1956-65 
Lag Standard errors 

1956-65 
1 2 3 4 5 min. max. 

ACF° 0 . 4 1 - 0 . 1 2 - 0 . 2 7 0 .06 0 .24 0 .30 0.37 

ACF 1 0 . 0 1 - 0 . 1 9 - 0 . 6 1 0.16 0 . 2 1 0 .32 0 .43 

PACF° 0 . 4 1 - 0 . 3 5 - 0 . 0 9 0 .28 0 .00 

1966-73 

ACF° 0 .13 - 0 . 5 7 - 0 . 1 8 0.06 0 .04 0 .38 0 .50 

PACF° 0 .13 - 0 . 6 0 0.02 - 0 . 4 0 - 0 . 0 2 

Weighted 

ACF° .30 - . 3 3 - . 2 3 .06 .16 

PACF° .30 - . 2 3 - . 0 4 - . 0 2 - . 0 1 



IOWA 

1956-65 
Lag Standard errors 

1956-65 
1 2 3 4 5 min. 

ACF° 
ACF 1 

PACF° 

0.05 

- 0 . 3 0 

0 .05 

- 0 . 1 3 

- 0 . 3 4 

- 0 . 1 3 

0 .18 

0 .23 

0 .20 

0 .19 

- 0 . 0 6 

0 .15 

- 0 . 0 9 

0 .08 

- 0 . 0 6 

0 .30 

0 .32 

0.33 

0.39 

1966-73 

ACF° 
PACF° 

0.22 

0 .22 

- 0 . 2 1 

- 0 . 2 7 

- 0 . 4 8 

- 0 . 4 2 

- 0 . 0 7 

0.09 

0 . 0 5 

-0-.15 

0.38 0 .49 

Weighted 
ACF° .12 - . 1 6 - . 1 2 .08 - . 0 3 
PACF° .12 - . 1 9 - . 0 8 .12 - . 1 0 

r 



LOUISIANA 

1956-65 

ACF" 
ACF 1 

PACFC 

1966-73 

ACF° 
PACFC 

Weighted 

ACF° 
PACF° 

Lag 

0 .74 

0 .08 

0 .74 

0 .48 

0 .48 

. 6 5 

.65 

0 .40 

-0.38 

-0.30 

-0 .15 

•0.49 

.18 

- . 3 9 

0 .18 

0 .12 

0 .02 

•0.38 

•0.07 

- . 0 7 

- . 0 2 

- 0 . 2 0 

- 0 . 0 3 

- 0 . 6 0 

-0.29 

•0.11 

- . 2 4 

- . 0 8 

- 0 . 4 4 

- 0 . 3 9 

0 .15 

-0.16 

•0.28 

- . 3 3 

- . 0 4 

Standard errors 

mm, 

0 .30 

0 .32 

0.38 

max,. 

0 .48 

0.37 

0 .53 



MISSISSIPPI 

1956-65 
Lag Standard errors 

1956-65 
1 2 3 4 5 min., max. 

ACF° 

ACF 1 

PACF° 

0 .25 

- 0 . 4 0 

0 .25 

- 0 . 0 0 

0 . 1 1 

- 0 . 0 6 

- 0 . 2 3 

- 0 . 3 2 

- 0 . 2 3 

0 .17 

0.28 

0.32 

- 0 . 0 2 

0 .10 

- 0 . 2 0 

0 .30 

0.32 

0 .32 

0 .41 

1966-73 

ACF° 

PACF° 

0 .53 

0 .53 

0 .23 

- 0 . 0 8 

- 0 . 2 9 

- 0 . 5 3 

- 0 . 4 6 

- 0 . 1 5 

- 0 . 3 1 

0 .33 

0 .38 0 .57 

Weighted 

ACF° .38 .10 - . 2 6 - . 1 1 - . 1 5 
PACF° .38 - . 0 7 - . 3 7 .12 .03 

i 



NEW MEXICO 

1956-65 

ACF" 

ACF 1 

PACFC 

1966-73 

ACF° 

PACF° 

Weighted 

ACF 

PACFC 

0 .35 

-0.16 

0 . 3 5 

- 0 . 3 6 

- 0 . 3 6 

.05 

.05 

-0 .11 

•0.20 

•0.27 

0 .12 

-0.01 

- . 0 1 

- . 1 6 

Lag 

- 0 . 2 5 

- 0 . 0 5 

- 0 . 1 4 

- 0 . 4 0 

- 0 . 4 1 

- . 1 6 

- . 2 6 

-0.37 

•0.38 

•0.30 

0.48 

•0.26 

-.19 -.28 

- 0 . 0 3 

0 .35 

0 .20 

0 .11 

0 .06 

.03 

.14 

I Standard errors 

0 .30 

0 .32 

0.38 

0.39 

0 .38 

0 .48 



OKLAHOMA 

1956-65 
Lag Standard errors 

1956-65 
1 2 3 4 5 min. 

ACF° 
ACF 1 

PACF° 

- 0 . 0 5 

- 0 . 4 2 

- 0 . 0 5 

0 .04 

- 0 . 0 7 

0 .03 

- 0 . 0 4 

0 .14 

- 0 . 0 3 

- 0 . 2 4 

- 0 . 0 9 

- 0 . 2 5 

- 0 . 1 0 

0.05 

- 0 . 1 3 

0 .30 

0 .32 

0 .32 

0 .38 

1966-73 

ACF° 
PACF° 

- 0 . 0 5 

- 0 . 0 5 

- 0 . 1 4 

- 0 . 1 4 

- 0 . 1 2 

- 0 . 1 3 

- 0 . 2 8 

- 0 . 3 3 

0.08 

- 0 . 0 2 

0 .38 0 .42 

Weighted 
ACF° 
PACF° j 

- . 0 5 

- . 0 5 

- . 0 4 

- . 0 4 

- . 0 4 

- . 0 7 

- . 2 6 

- . 2 8 

- . 0 2 

- . 0 8 



SOUTH CAROLINA 

1956-65 
Lag Standard errors 

1956-65 
1 2 3 4 5 min. max. 

ACF° 0 . 4 9 0 .09 - 0 . 0 9 - 0 . 0 5 0 .10 0 .30 0 .37 
ACF 0 .02 - 0 . 2 9 - 0 . 1 9 - 0 . 0 0 0 .03 0 .32 0 .35 
PACF° 0 .49 - 0 . 1 9 - 0 . 0 6 0.06 0 .12 

1966-73 

ACF° 0 .58 0 .58 - 0 . 2 4 - 0 . 4 0 - 0 . 3 8 0 .38 0 . 5 5 
PACF° 0 . 5 8 - 0 . 4 3 - 0 . 0 6 - 0 . 2 9 - 0 . 0 4 

Weighted 

ACF° .53 .07 - . 1 6 - . 2 1 - . 1 1 
PACF° .53 - . 3 0 - . 0 6 - . 0 9 .05 
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