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Statistical Controls 1n Ridesharing 

Demonstration Programs 

DAVID T. HARTGEN AND JOANNA M. BRUNSO 

The application of scientific experimental designs in ridesharing demonstra· 
lions is discussed . A review of typical designs, particularly those that use test 
and control groups and over-time observations of behavior, suggests that the 
numerous problems that jeopardize the validity of studies could be reduced or 
eliminated. Nine possible outcomes of demonstrations are reviewed and inter· 
preted against the need for experimental designs. Two applications in the ride· 
sharing area are then described : one conducted during a period of rapid back· 
~ound change (1979 energy crisis) and the other in a recent period of stabil ity 
(1981 ). In both cases (conducted at employe r and community sites in the 
Albany, New York, area), the use of a control group and before-and-after back· 
ground surveys permitted isolation of the true effects of the demonstration. 
In the first case (1979 energy crisis), this included the direct effect of the pro· 
gram (from coordinator records), indirect effects (from the existence of the 
ridesharing program itself), and external effects (from the energy crisis). In the 
second case (stable background), the ind irect and external effects were found 
to be negl igible. From this study it is concluded that the use of scient ific de· 
si gns in ridesharing analysis should be increased and expanded . 

Government-sponsored carpooling programs were begun 
as a response to the 1973-1974 energy crisis and 
focused on matching services by using grid systems 
and computerized match-ups for interested employees 
<.!) • But consumer interest fell sharply as the 
crisis abated, and two-thirds of the programs initi­
ated were discontinued. For those programs that did 
continue, promotional campaigns were expanded and 
the focus was on consumer economic savings. Public 
interest again increased during the 1979 energy 
crisis, but again subsided. Although this suggests 
that consumer inter.est in carpooling was closely 
related to the energy crises, the precise nature of 
this relation was not determined, and subseq:ient 
federal policy treated carpooling as a viable trans­
poration system management (TSM) option. 

A basic problem in carpool program evaluation is 
that most programs are not set up with careful eval­
uation in mind. As a result, most programs contain 
numerous technical problems that prevent a fair 
assessment at their impacts. Few programs separate 
existing and newly created carpoolers or follow up 
on carpools actually formed from inquiries. In 
addition, high failure rates have prevented a care­
tul look at many programs. 

Basic problems with carpool evaluations include 
failure to (a) sort out background (e.g., energy 
crisis) , ( b) separate created from discovered car­
poolers, (c) consider carpool breakups, (d) account 
for additional travel by cars left at home or cir­
cuity of carpool trips, and (d) generalize to the 
appropriate population. It is recognized that these 
programs suffer from such lack of control that eval­
uation of true effects is generally -not possible. 
Considering that the effect of such failures is to 
overstate the impact of the programs, taxpayers 
would be better served by a more careful assessment 
of the data. 

The purpose of this paper is to suggest that 
through the use of statistical controls, such an 
assessment is feasible and possible and does not 
necessarily reflect negatively on carpool programs. 
A number of straight-forward carpool designs are 
described, which are based on experimental princi­
ples that have been found to be effective in assist­
ing in these assessments. 

PRINCIPL1':S OF S'rA'l'ISTICAL DESIGNS 

Statis tical des igns evolved f rom the tradition of 
scientific exper i ments and a re intended to isolate 
a nd quantify the causal linkages in analytical rela­
t ions. 'l' he designs usually contain the following 
elements: 

1. . A test group (or individuals) selected to 
rec eive the service or treatment; 

2 . A control group that does not receive treat­
ment but is monitored over time; 

3. Before-and-after observations of behavior, 
attitude, status, and so on, of members of the test 
and control groups; and 

4. Internal observations (records) that permit 
reporting and evaluation of the direct effects of 
the treatment. 

In classic experiments, identical units are ob­
tained, but only one is treated. In the social 
sciences we cannot obtain identical individuals, so 
units are randomly selected (or randomly assigned) • 
Randomly selected (or assigned) individuals or 
groups are then treated with services or policies, 
with background factors allowed to vary; the result­
ing causal linkage is inferred from the differences 
in responses from d i fferently treated groups. Basic 
s tatistical designs involve the use of a test ser­
v i ce or treatment (X) and a series of observations 
(0) of the behavior of t he tested (or other) ent i:­
ties. Basic common designs in the transportation 
literature are 

I. XO 

2. o, x 02 

3. R0 1 XR02 

R 03 R 04 

4. R 01 X02 

R03 04 

5. o, x 02 

03 04 

One-shot case study; 

One group pretest and pastiest; 

Pretest and posttest with control groups and 
random assignment (r) of observation; 

Nonequivalent control group; entire group rather 
than individual groups is assigned (randomly) to 
test or control ; and 

Predetermined nonequivalent control group 

Because designs 4 and 5 are often conducted in real­
world settings rather than in laboratories, and the 
nature of the control is inexact, they are often 
called quasi-experiments. 

The eitent of the causal inferences that can be 
drawn depends on the nature of the design and the 
strengths of the controls . Campbell and Stanley (~) 

review the designs most often used and describe 
their limitations. They describe two kinds of va­
lidity of the study: (a) internal validity, which 
refers to conclusions drawn about the experiment 
itself, and (b) external validity, which refers to 
c onclusions drawn (from the experiment) about a 
larger population. In each case, many factors can 
mask the des'ign and threaten validity. The primary 
concerns that jeopardize internal validity are 

1. H istory--events occur between the first and 
second measurements; 



2 

Table 1. Properties of some common experimental designs. 

No. Design Name 

l XO Case study 
2 o, x 02 Pretest and posttest 
3 R0 1 X R 02 Random pretest and posttest 

R 03 R 04 with control 

4 ~ 1 ~1 x o~ Nonequivalent control group 

K.IU3 04 
(random ero1_1p) 

5 . o, x 02 Predetermined nonequivalent 

03 04 c.;ontrol grou na 

Note: - = weakness,+= fador is controllt'd, anti'!= possible prohll'm .. 

uAssumcs l!quivalent response by test anJ control ~roups. 

Internal 

History 

+ 

+ 

+ 

Table 2. Effect of statistical designs on carpool program evaluation. 

Problem 

Changes in background that encourage carpool-
ing 

Carpool impact in a flat background 
Magnitude of uncovered versus created carpools 
Changes jn questionnaire format in before 

versus after surveys 
Carpool breakups 
Differential impact of program by user group 
Differential impact of program by site 
Changes ln background that decrease carpooling 

Nok: X = dcsil,!.n accounls lor these problems. 

ahom inLcrnal records. 

Design 

2 

x 

3 

x 

x 
x 
x 

x 
x 
x 
x 

4 

x 

x 
x 
x 

x 

x 
x 

Maturation 

+ 

+ 

+ 

x 

x 
x 
x 

x 

x 

2. Maturation--subjects age or otherwise change 
naturally, thus changing behavior or sensi ti vi ty to 
l he experiment; 

3. Testing--test takers better understand or 
become more familiar with the questions; 

4. Instrumentation--changes in test procedure, 
questions, and observers; 

5. Statistical regression--tendency for extreme 
points to drift toward the ~ean on repeat observa­
tions; 

6. Differential selection--differences of re-
spcndents or subjects for test and control groups; 

7. Mortality--subjects die, resign, or cannot be 
recontacted differentially between test and control 
groups; anrl 

8. Selection and maturation interaction--
subjects in certain behavioral groups change or age 
more rapidly. 

The primary threats to external validity are 

1. Reactive effect of testing--questionnaire 
itself causes a change in behavior or incl ination in 
subjects; 

2. Selection and experiment interaction--
subjects self-choose to participate from interest; 

3. Reactive effects of experiment--service or 
test itself causes changes in behavior; and 

4. Multiple treatment--effects of multiple test­
ing or treatments on subjects cannot be erased. 

The above designs only partly control for basic 
internal threats and some external threats to valid­
ity. The data in Table 1 (2) summarize the capabil­
ities of ei::tch design~ The data in Table 2 indicate 

Testing 

+ 

+ 

+ 

Instrumen­
tation 

+ 

+ 

+ 
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Statistical 
Regression 

+ 

+ 

Differential 
Selection 

+ 
+ 

+ 

+ 

Selection and 
Mortality Maturation 

+ 
+ + 

+ 

+ 

how each design handleR typical problems concerning 
carpool program evaluation. It is clear from these 
tables that the designs currently in most common use 
(case study and pretest and posttest) do not ade­
quately address most validation problems because no 
control group is available for isolation of most 
effects. But even the more complex designs do not 
remove threats to external validity. 

Transportation policy studies rarely permit 
random assignment of individuals to receive treat­
ment (e.g., a new service or lower fare), so designs 
3 and 4, wh i ch i nvolve random assignment, are not 
often conducted in real-world settings, although 
they have been conducted in laboratory or classroom 
settings. 

A particularly useful feature of designs is that 
the external impact of the test can be separated 
from its internal impact. For example, in the ran­
dom pretest and posttest design (number 3 in Table 
1), 0 represents observations of behavior, attitude, 
and ~o en; thc~e ar~ u3uolly determined from ~ ~am-

ple drawn from a larger population, and means (0) are 
calculated to estimate average values. 

As an example, from the population there will be 
a random assignment sample, which can be set up as 
follows: 

01 X02 (test) 

03 04 (control) 

where (a) internal effects are effects caused by the 
program (X), which consist of direct effects 1.: -\.1..t:::., 

effects caused directly by the program) and indirect 
effects (i.e., effects caused indirectly by the ex­
istence of the program) ; and (b) external effects, 
which are .,ff.,cl>< ce1u>1t!Ll l.Jy c.:l1e111y""' 111 th<! be1ck­
ground. Total program effects are isolated by com­
paring the differences [i.e., total program effects 

internal effects - external effects, or TOTx = (0 2 -

01) - ( 03 - 04) l . 
The internal effect: consists of two parts: the 

direct impact of the prog r am (Dir.xl, which can be 
determined directly from the internal records of the 
study (e.g., number of new carpoolers attracted, new 
transit riders), and the indirect (additional halo) 
effects (Ind.x), i.e., TOTx = Ind.x + Dir·x· 

The null hypothesis is that, if the program h;:is 
no effect, there should be no difference in the 
changes observed in the test versus control group 

statis tics ; that is (02 - o1 ) - (04 - 03) = o. Stan­
dard s tatistical procedures for the significance of 
these differences are readily available. 

Interpretation of results from such studies 
depend generally on the strength and direction of 



Extenrnl 

Reactive 
Testing 
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Selec tion and 
Experiment 

Reactive 
Experiment 

? 

Multiple 
Treatment 

changes observed in the test and control groups. 
Nine possible results are shown in Figure 1. The 
results can be most confidently interpreted when 
test and control groups diverge in changes in behav­
ior (titest +, ticontrol -; or titest -, ticontrol +). 
However, most studies do not yield such clear re­
sults. Particular care should be taken in situ­
ations in which the test appears to have little or 
no effect but, when compared with the control , it is 
seen to slow a declining process (e.g., ti test 0 , 
ticontrol - · ti test - , ticontrol -) . An example 
from the tr~nsportation field would be transit fare­
saver programs that halt or slow declines in transit 
ridership. Without a control group, it is difficult 
to estimate what the ridership would be if the fare 
had not been saved. 

APPLICATIONS 

Although the applications of these principles are 
widespread in the literature (education, psychology, 

Figure 1. Interpretation of results from 
statistical designs. 

Case 1 Example 

tiTest +,~Control+ 

~~ 
Generally positive results 
in a positive environment. 
Test effect may be small 
if llT llC 

tiTest O, tiControl + 

~lZ 
Program failed to change 
behavior, had mildly 
negative backlash. 

~Test -, ~Control + 

I ----T 
le/ 

Program produced sharp 
negative reaction . 

Case 2 Example, 
Work Travel 

3 

and sociology), the use of these principles in 
transportation studies is limited. Dunbar (}) de­
scribes the errors in model coefficients that occur 
from using cross-sectional data and calls for the 
integrated use of before-and-after data and cross­
sectional data in model building. Although liter­
ally thousands of examples of the use of before-and­
after data sets to infer internal validity exist in 
transportation, most do not have controls or the 
context structured so that the effect of the policy 
can be isolated. Louviere and others (~) describe a 
number of experiments (using college students) that 
deal with the rating of shopping sites in the 
Laramie, Wyoming, area, but generalization to the 
behavior of nonstudents shows marked differences in 
the laboratory and real-world models. 

•rischer and Phillips <2> describe the use of a 
similar technique--the cross-lagged panel--which 
involves repeat observations of behavior and atti­
tudes of a group of commuters over time, during 
which the treatment (in this case, a carpool lane) 
is introduced. In a later report Tischer (£.) used 
the same data set to test whether structural models 
of modal use changed as a result of the introduction 
of the carpool lane service (the conclusion was neg­
ative). Finally, McClelland and others <2> describe 
the pitfalls of relying solely on aggregate changes 
in behavior over time without having detailed posi­
tive and negative switching behavior. 

In addition to the above studies, several appli­
cations to r ideshar ing, conducted by the New York 
State Department of Transportation (NYSDOT) , are 
discussed below. These examples demonstrate how the 
concepts described above have been used to evaluate 
carpooling programs. The cases are drawn from re­
cent NYSDOT studies of carpooling services in em­
ployer and community-based settings. 

These two demonstrations took place within eco­
nomic and energy settings that were radically dif­
ferent from each other. The employer-based ride­
s haring demonstration took place in a year of 

tiTest +,"Control 0 

~ 
Mildly pos itive effect 
in a flat background. 
lT ;:. oC = 0 

Case 2 Examnle Non-Work 

6Test 0, tiControl 0 

T 

c 
l'Togram was ineffective, 
or overshadowed by large 
background. 

lTes t -, lControl 0 

c 

Program produced :nildly 
negative reaction. 

6Test +,<I Control -

I< Strong positive effect 
was substantial, counter 
to control. 

l Test 0,6Control -

ls: 
erogram was effective 
in retarding decline. 

"§; 
De pends on j T > <IC . 
Xay be positive if 
retarding decline. 
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uncertainty and adversity that generally favored 
carpooling, whereas the neighborhood ridesharing 
demonstration took place in a year of general opti­
mism and economic growth--trends that likely re­
tarded increases in r idesharing. Further, the 
sharpest part of the decline in 1979 was much 
greater than the greatest rise of optimism in 1981; 
therefore, it was expected that more moderate 
changes in travel behavior would occur during the 
1981 demonstration relative to the 1979 demon­
stration. 

The chronology of national and local events asso­
ciated with each of these demonstrations is shown in 
Figure 2. The employer-based demonstration was 
coincidentally initiated at the time of the fall of 

Figure 2. Events associated with NYSDOT ridesharing demonstration. 
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the Shah of Iran in January 1979 and spanned the 
difficult period of the 1979 energy crisis. During 
that period, gasoline pr ices rose sharply, gasoline 
supplies dropped by a maximum of 13 percent, and 
traffic aeclined substantially compared with previ­
o us years. Unemployment, which had been quite low 
in the ~arly months of 1979, rose sharply, as did 
transit ridership. These events encouraged rideshar­
ing by workers and precipitated a major increase in 
ridesharing within the state agencies surveyed. 

On the other hand, the circumstances surrounding 
the neighborhood ridesharing demonstration, which 
began in January 1981, were substantially dif­
ferent. This was a period of moderate stability in 
gasoline prices after an initial rise following oil 
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price decontrol. Traffic, which had been down in 
1979 and 1980, rose steadily through this period, as 
did gaso line sales. Conversely, transit ridership 
dropped and unemployment declined (until the end of 
the per i od when it began to rise as a result of the 
1981 recession). Thes e tre nds indicated i ncreased 
flexibility on the part of drivers and a generally 
ri s ing economy; there was also a predictable rise in 
traffic and gasol i ne sales and a decline in transit 
use. All of the s e trends favor declining or stable 
ridesharing behavior. 

Case 1: Employer-Based Ridesharinq Coordination 
Program During an Energy Crisis 

The employer-based ridesharing demonstration for­
mally began in January 1979. Originally funded by 
the New York State Energy Office, the demonstration 
evaluateu the effectiveness of coordinators in work 
sites over a !-year period. Six New York State 
agencies participated: three as test and three as 
control agencies. 

In order to measure the effectiveness of the pro­
gram in forming and maintaining carpools, a before­
and-after study with control and test groups was 
planned. 'rhis study was undertaken on bot h the 
uptown (Campus) and downtown (Nelson A. Roc kefeller 
Pl aza) sites of t he New York State government in 
Albany. These areas represent two extremes in their 
respective accessibilities and parking situations. 
The Campus area has generally ample parking and is 
easily accessible through several major routes. The 
downtown area, however, has severe parking restr ic­
tions and suffers from the congestion of the Albany 
central business district (CBD). 

The test designers were concerned that the inci­
dence of carpooling might also be affected by other 
events, including another oil· embargo or changing 
transportation service to downtown Albany. 

Table 3. Evaluation design for employer-based 
demonstration. 

Site 

State Campus 

Rockefeller 
Plaza 

Agency 

Transportation 
Labor 
Motor Vehicle 
General Services 
Health 
Public Service 

5 

To ensure a strong test, New York State agencies 
at both the Campus and downtown Albany locations 
were surveyed before and after the demonstration 
program. These included nonparticipating (control) 
agencies, against which change in carpooling--inde­
pendent of the carpool coordinator project--could be 
measured. Other agencies (test agencies) were pro­
vided with carpool coordinators. 

The design used for this experiment (8,9) was a 
version of design 5 (predetermined, nonequivalent 
control group). Agencies were assigned to test or 
control status primarily on the basis of willingness 
to participate and general demographic similarity. 
As with all such designs, the choice must be a com­
promise between statistical appropriateness and 
administrative and institutional concerns. The 
resulting design attempts to control for background 
effects as well as agency location (see Table 3). 

A random sample of approximately 150 employees 
from each agency was surveyed at the beginning of 
the demonstration, and a separate random sample was 
surveyed again at the end of the demonstration proj­
ect. Comparison of the before (Dal and after 
(Ob) data on bot h the test (X) and control agen­
cies would uncover any significant changes in car­
pool formation, method of travel to work, and atti­
tudes toward carpooling. The effect of various 
demographic character is tics (e.g., age, sex, income, 
family size, and automobile ownership) on carpool 
formation and continuance were also investigated. 
The initial survey was distributed in November 1978, 
and the project was initiated in early December 
1978. The follow-up survey was undertaken again for · 
each agency in October 1979. 

Agency changes in mode to work are given in Table 
4. The results indicated that in test agencies the 
carpool coordinators increased r ideshar ing substan­
tially (10 percentage points), whereas ridesharing 
among control agencies rose 3. 5 percentage points 

External Data 

Carpool 
Before Coordinator After 

Status (November 1978) Demonstration a (September 1979) 

Test o, x ob 
Control o. ob 
Test o. x ob 
Test o, x ob 
Control o. ob 
Control o. ob 

Nu le: O 's repri.!scnt observa tions of carpooling (i. e. , an employee survey) ancJ X's represent carpool coordi nator act ivities. 

aln tern al records. 

Table 4. Changes in mode to work for employer-based coordinator program, 

Changes in Mode to Work(%) 

Drive with Another Drive with Family 
Drive Alone Employee Member Transit Walk Other 

Item 1978 1979 /':,. 1978 1979 6 1978 1979 6 1978 1979 6 1978 1979 6 1978 1979 6 

Agency 
Transportationu 54 42 -12 27 39 12 ll 16 5 5 2 -3 3 0 -3 I l 0 
Labor 50 45 -5 25 32 7 18 18 0 6 4 -2 0 0 0 2 2 0 
Motor Vehicles" 43 33 -10 27 41 14 13 8 -3 12 II -I 3 4 I 3 4 I 
General Servicesu 43 40 -3 28 32 4 14 11 -5 9 11 2 6 4 -2 0 2 -I 
Health 41 37 6 26 23 -3 16 16 0 II 18 7 5 4 -I I 3 2 
Public Service 42 39 -3 34 35 I 10 5 -5 IO 15 5 5 3 0 2 2 0 

Overall total 46 40 -6 27 33 5 14 13 -I 9 10 I 3 2 -I I 2 l 
Avg test -8 10 -I -2 -2 0 
Avg control -3 3.S -2 3 0 I 

" rest group. 



over the same period of time. Thus the coordinator 
project was able to effect an increase of 6.5 per­
centage points because of its activities. Approx i­
mately 195,000 gal of gasoline was conserved by new 
carpoolers in all six agencies--an average of 2B3 
gal of gasoline per year per carpooler. Of this, 
101,000 gal was attributable to the carpool coordi­
nator program. 

Comparison of internal records (data reports by 
the coordinators themselves on new carpoolers) iso­
lat~s the direct effecC. of the coord.inator pt'ogram 
from the indirect (halo) effect of the program and 
the effect of background changes, Halo program ef­
fect refers to the inducement of additional positive 
behavior by individuals not actually registered in 
the program but merely encouraged by it. The data 
in the table below indicate that, of the 530 new 
carpoolers in the test agencies, 150 came directly 
from the program, 233 from the halo effects of the 
program, and 147 from the energy crisis (external 
effect): 

Item 
Agency population 
Change in carpool l%) 
Bffects 

External (nonprogram) 
Internal (program) 

Direct (from program 
Indirect (halo) 
1.i10tal 

Total 

Agencie s 
Test 
4, 207 
+10 

147 

records) 150 

ill 
3B3 
530 

Control 
4,365 
+3.5 

162 

162 

[Note that 147 (external effect) was derived by 
multiplying 4,207 x 0.035; 150 (direct internal 
effect) includes dropouts; and 233 (indirect in­
ternal effect) is the total of program anil PnPrqy 
crisis carpoolers.] The 233 employees were encour­
aged to carpool by the spirit of the program in 
these agencies, but would not have done so solely 
because of the energy crisis. [Note that the 
estimate of the 147 carpoolers from the energy 
crisis is determined by applying the percentage 
change in the control group (+3.5) to the test popu­
lation (4,207).] 

'l'hus, although the energy er is is its elf clearly 
accounted for an increase in carpooling, the carpool 
coordinator program in the test agencies was capable 
ot taking advantage of that event by directly as­
sisting some employees and indirectly encouraging 
others to participate on their own. Furthermore, 
the use of the test and control design with internal 
and external observations allowed the quantitication 
of these effects. Without this design (relying on 
progr;im n;itn records only) , the program would have 
registered only 150 new carpoolers and missed en­
tirely the 233 indirect carpoolers. Thus the strong 
design, instead of hurting the program, actually 
strengthened it. 

These results are an example of the r:. test +, 
iJ. control + results in ~·igure 1. 'l'he positive 
interpretation sterns from the fact that t. T is much 
greater than l!. C and both are positive. 

Case 2: Neighborhood-Based Program During a Stable 
Period 

The neighborhood-based demonstration began in 
January 1981 and ended in December 1981. As shown 
in Figure 2, the period was generally one of eco­
nomic and travel stability, and therefore a surge in 
carpooling would not be expected. The goal of this 
study was to determine the effectiveness of home-end 
carpooling success. The study featured the use of 
ridesharing coordinators operating within neighbor-
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hood sites (community based), a quasi-experimental 
design in which the effects of coordinator services 
are compared with the behavior of control sites, the 
use of before-and-after surveys, and careful per i­
odic monitoring. Comparison of results was made on 
the basis of changes in travel behavior, carpool 
formation and retention, vehicle miles of travel 
(VMT), energy savings, and the effect of marketing 
materials. 

The evaluation design 
lows {noLe i:Jiat the 

may be represented as fol­
internal effect includes 

'1'1,'l'2, ..• ) : 

Overall Effect 
Before After 
survey Survey 

site (Tsl .'.:!. T2 (TA) 

Cohoes Os OA 
Clifton Park Os M1 01 M2 QA 
Glenville Oa QA 
Albany- Os QA 

South Side 
Control Oa QA 

area 

Four sites from the Albany standara metropolitan 
statistical area (SMSA) were selected and provided 
with community-based coordinators for a 1-year 
period. The control site was the remainder of the 
Albany SMSA. Sites varied in density and accessi­
bility to the urban cores and in location of the 
coordinators' offices: 

Type ot 
setting 
Suburb 
City 

Location of Off ice 
•rown Hall 
Clifton Park 
Cohoes 

Horne 
Glenville 
Albany-South Side 

The general hypothesis tested (l.QJ is that if the 
rnarket.ii"19 a11U c..:uu1dinaturs~ services are effective, 
the change in behavior in the test sites should be 
different (significantly) from the change in be­
havior in the control site. Similarly, tests be­
tween specific sites, or groups of sites, can be 
arranged to evaluate the effectiveness of suburban 
versus city programs, town hall versus home offices, 
and each site's program relative to the others. 

The before-and-after surveys consisted of random 
sample telephone surveys of residents in each site 
and in the control area. Each household contacted 
was given a brief questionnaire on travel patterns, 
work and nonwork rideshar ing, reasons for rideshar­
ing (before survey only), and program awareness 
(after survey only). Persons selected in the before 
survey were recontacted in the after survey, thus 
constituting a panel of observations. The use of 
the panel approach allowed a determination of 
changes in travel over time within each site. Tests 
for the significance of changes in travel over time 
were conducted by using paired observations for non­
work travel and modal-shi (t behavior of work 
travel. Tests for significance between sites were 
conducted by using standard tests for the difference 
in mean change. 

Direct effects were measured through a review of 
records kept by each carpool coordinator. Basic 
information included 

1. Number of applications attracted; 
2. Number of ridesharers attracted; 
3. Number of new carpoolers per coordinator hour 

of effort; and 
4. VMT reductions associated with the number of 

new carpoolers, the number of coordinator hours, and 
the number of applications received. 
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Dur ing the p rog ram wee kly records were kept of 
the hou rs and type of c oo r dinator effort, number of 
applications received, number of applications at­
tributed to each marketing strategy, and number of 
carpools formed. The results of this effort were 
summa r i zed on a quarterly basis. Each marketing 
s t r ategy was e valua t ed by the numbe r o f appl i ca t i o n s 
g e ne r a t ed, t he cost , a nd the resul ting VMT s a v i ngs . 

AnaJ.ysi s o f t he e>< te r na l data i s given i n Table 
5 . Wor k-based ca rpool i ng a c ti v i ty decl ined in the 
test sites and increased in the control sites, al­
though the c hanges were smal l. Further a na lysis 
suggested tha t these resu lts we r e caused by i nordi­
na t e ly l a rge d r ops in t he number o f r eported worke r s 
pe r hous ehold, wh i ch suggested reporting probl e ms in 
t he panel data tha t were pos s i bly caus ed by carpool 
dro po u t s i n t he not-work 'in g g roup r a ther than the 
drive-alone group. 

Nonwork carpooling--already high in these sites-­
was found not to have changed in the 1-year period. 
The data in Table 6 indicate that, although some 
increases in nonwork travel did occur, these appear 
to be related to shopping travel increases in 

7 

Clifton Park and Glenville and are probably the 
result of widescale supermarket coupon wars in those 
towns (see Figure 2). Carpool nonwork travel, how­
ever, showed no changes (11), which implies that the 
coordinator services had no significant effect on 
overall community travel. 

Surpr isingly , the internal rec ord s indica ted that 
the commun i t y-based service was equally as effective 
as the employe r-based service described above . In 
the four sites , 176 new carpoole r s we r e f ormed from 
396 appl ications fo r a s avi ngs of 18 ,000 VMT/ week . 
When reduced to t he s ame time period as the employe r 
demonstrat ion , th e res ults are almos t i dentical 
('rable 7). Taking into account that these results 

did not have the benefit of an energy crisis, the 
study concluded that the neighborhood approach has 
considerable potential. 

However, in contrast to the employer demons tra­
tion, the overall effect of the program on c ommunity 
travel was small. The data in Table 8 indicate that 
t he program saved less t han about 0 . 3 pe r cen t of 
c ommun i t y VMT, a nd this s avi ng was conce ntrated in 
the suburban s i t es o f Clifton Pa r k a nd Glenv ille. 

Table 5. Changes in work travel (1981-1982) for neighborhood ridesharing demonstration project. 

Drive Alone Rid cshare Transit Other" Total 

Avg Avg Avg Avg Private Vehicle 
Distance Distance Distance Distance Avg Distance 

Area Percent (miles) Percent (m iles) Percent (miles) Percent (miles) Percent Avg NST (miles) 

Cohoes 
1981 62 8.0 26 8.5 4 5.5 7.9 l.6 100 7 .5 8. 1 
1980 56 9.0 32 -2:1 4 5.5 8.0 1.5 100 8.3 9.0 
{'.. +6 =-1:0 =-6 -0.7 -0 - 0- 0 .1 Q] -0.8 -0.9 

Oifton Park 
1981 70 14.9 29 14.6 0.5 22.0 o.s l.O 100 14.8 14.8 
1980 69 14.3 30 14.4 0.5 22.0 0.5 1.0 100 14. 3 14.3 
{'.. +I +0. 6 =-1 +0.2 - 0- -0- 0 0- +0.5 +0.5 

Glenville 
1981 76 9.2 17 8.9 3 l l.5 4 3.0 100 8.9 9.2 
1980 76 10. l 16 ~ 4 8.4 4 3.0 100 9.5 9.9 
{'.. -0 -0.9 +T +O.I =-1 3.1 0 0- -0.6 T7 

Albany-Sou th Side 
1981 57 6.6 15 6.9 16 4.1 12 1. 8 100 5.7 6 .7 
1980 ~ 8.2 15 7.5 17 4.4 10 1.8 100 7.2 8.1 

{'.. -I T6 -0 +0.6 =-1 =-o.3 +2 0 =TS '.:!A 
Total test areas 

1981 67 10.3 22 10.8 5 5.3 6 1.6 100 9.7 10.4 
1980 65 10.8 24 10.7 6 5.6 ·5 l.6 100 10.I 10.8 
{'.. +21' -0.5 . 

-;;i, 
-2 +o.i =-1 -o.3 -1 0- -0.4 -0.4 

Cap ita l District control 
198 1 68 10.7 18 9.0 8 4.6 6 3.0 100 9.5 10.3 
1980 71 10.7 17 8.8 6 4.4 6 3.0 100 9.5 10.3 

{'.. -:;i, 
-3 - 0- +fb +0.2 +2 +0.2 -0 0- -0- 0 

"'Jndudl.'s walk ;inJ hh:ydt.<. "s1aos1ically signifkanl. 

Table 6. Summary of tests for significance 
of differences in changes in nonwork travel 
between sites (neighborhood ridesharing 
demonstration) . 

Summary of Tests (!-statistics) 

Shop, Shop, Church and Visit and 
Significance of{'.. V MT for Grocery Non work School Civic Social 

Test as a whole 2. 1 2.3 4.5 
Cohoes 2. 1 2.5 
Clifton Park 3.6 2.8 4.9 
Glenville 2.1 2.1 3.8 
Albany-Sou th Side 2.9 
City versus control 3.2 
Suburhan vt>rsus Lonlro l .u ~ . 8 5.0 
Town hall versus Lontro l ~ .. I 4.3 
llom e and ol"fke versus con trol .'.!.3 3.'J 
Suburb versus city 3.2 2.0 
Town hall ve rsus home and office 

Nntl..'s : lhl·n• \n•n· n11 si~11ifil.:a11t l·han)!l..'S i11 lh!..' t-stalislks for 6 carpoul VM I •)f /). nirpoul j)t!rson mill's ol lra Yl'I (l'M I). 
x = t ;,... 2.0: n = 821 (rcJw.:cJ p:111cl: USl'J onl y km:tll' rcsp o1H.IL·nts in scL'nn.J Yl'Ur <lf surVl'Y ). 
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Table 7 . Comparative summarv of direct 
effects for employer versus neighborhood 
ridesharing demonstrations. 

Phase 

Targe( 
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Demonstration 

Item Neighborhood Employer• 

When 
Target population 

January-November 1982 
101,723 

January-October 1979 
4, 207 

Effort (input). No. of coordinators 4 4 
No. of hours 3,755 2,230 

Results (output) Applications received 346 624 
New carpoolers attracted 
Total VMT saved per week 

154 
16,447 

150 
16,33 5 

Total gallons of gasoline saved per week j ,097 l , i 26 

8 Initial pt!riod. 

Table 8. Direct program effects as a percentage of com­
munity VMT. 

Item Cohoes 

Work 

Clifton Albany-
P"rk Glenville South Side 

Community VMT per week" 
VMT saved per week 
Percentage saved 

639,000 
1 ,282 
0.20 

1,067,000 
2,454 
0.29 

974,000 974,000 
1,739 401 
0. 18 0.04 

School and recreation 
Community VMT per week;' 
VMT saved per week 
Percentage saved 

16,000 
536 
3.35 

58 ,000 
7,876 
13.58 

44,000 34,000 
2,956 1,533 
6.72 4.51 

Total 
Community VMT per week" 
V MT saved pe1 week 
Percentage saved 

1,085,000 
1,818 
0.19 

1,501,000 
10,330 
0.67 

1,662,000 l ,5 l 6,000 
4,695 1,954 
0.28 0.13 

a Estim:J tt:ll fro m t'X krnal survt'y tlilta. 

Therefore the use of a strong design in this case 
had the effect of placing the generally positive 
results into perspective to remind the researcher 
that the apparent positive news from the internal 
records should not be presumed to have generated 
large benefits to the community as a whole. 

The test results in this study fall into two in­
terpretation groups of Figure 1. The work travel 
results are 6test , 6control •, which suggests 
a negative backlash on the program or (in this case) 
methodological problems with the data. On the other 
hand, the nonwork results are best interpreted as 
6test o, ticontrol 0, which suggests an inef­
fectual program in a large stable background. 

CONCLUSIONS 

It has been demonstrated that the use of statistical 
designs can be helpful, and not necessarily neg a­
t ive, in evaluating carpooling programs. Among the 
benefits of such designs are the following: 

1. Isolation of background cbangt!s: In the !'ace 
of major background changes, the test and control 
design prevents inappropriate attribution of results 
entirely to the program. It also permits quantifi­
cation of the direct and indirect effects of the 
program as part of its positive impact. This would 
not be possible without before-and-after data. 

2. Perspective setting: In both studies the 
design permits the results to be placed into a 
broader perspective. In cases where the community 
is large and the program small, this naturally means 
a dampening of apparent positive results. Although 
ridesharing agencies might therefore be reluctant to 
include such findings, it is believed that the 
people (as taxpayers) are better served by them. 

3. Insurance: No one knows, of course, when 
rapid changes in background might occur. Given the 
relatively long lead time necessary to plan and 
implement transportation services, the prudent re­
searcher should include the possibility that such an 
analytical disaster might occur during the study. 
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Impact of Flexitime Work Schedules on an 
Employer-Based Ridesharing Program 
FREDERICK J. WEGMANN AND STANLEY R. STOKEY 

The impact on commutino behavior of employees when flexitime is superim· 
posed on a largo e mploy er-based ridesharing program is discu55cd. The case 
s tudy uses the Tennessee Vall ey Authority (TVA) program in downtown 
Knoxville, Tennessee. Based on the first 6 months of experience with TV A's 
Knoxville flexitime program, it is shown that giving employees greater choice 
in working hours can serve to upset an established ridesharing program. It must 
be noted that the TVA ridesharing program is unique in that it provides a high 
level of consumer-oriented services. Buses operate equivalent to a subscription 
program and, along with vans, arrive just bofore the work day starts and loeve 
Immediately at the end of the work day . The element of choice then adds 
complexi ty to the ope rations. With shifting demands for di-fferent start ing and 
leaving t imes, it becomes difficult to ba lance the se rvices with the demand. 
Also. it is d iffi cult for 35 to 40 people who use tho same vehicle 10 reach a 
mutually agreed on schudule. Van operations arc easier to adapt to fie.xi· 
lime because tho decisions involve a smaller numbe r of individ uals and deci· 
sions can be made at the decentralized level of the van. However, when indi· 
viduals are accustomed to receiving a high level of commuter service, and 
events take place to spread that demand over a longer time period, readjust· 
ments in travel behavior and accompanying services will be required. These 
adjustments will require the provision of additional commuter services. As 
TVA's experience indicates, without service adjustments, people will make 
use of the flexitime opportunities by carpooling or by driving alone. Both 
ridesharing and flexitime are important concepts for energy conservation. 
However, when flexitime is added to a large customized ridesharing program, 
the net energy savings will not equal the sum of both energy conservation 
actions taken singularly. 

Two critical issues that confront transportation 
planners are increased c oncern over the cost and 
availability of energy and the ability of the gov­
ernment to undertake large-scale capital investment 
programs to increase the capacity of transportation 
facilities. Increasingly, it is becoming apparent 
that many transportation problems are related to the 
peaking of trips. work trips tend to cluster during 
about 4 hr of the day, which necessitates the sizing 
of transportation facilities to accommodate the 
travel demand concentrated in these hours. Peaking 
problems c reate travel delays a nd cause inconve­
nience to users of the transportation syst e msi these 
delays are also costly in terms of excess pollution 
and energy use. 

Rather than building excess transportation capa­
city that is only used for a few hours per week, a 
philosophy of peak-period demand management is 
evolving as a transportation system management (TSM) 
strategy. Attempts are being made to reduce peak­
hour demands through such concepts as staggered work 
hours, flexitime, or the 4-day work week. 

Flexitime, in particular, is receiving increased 

attention as a peak-period demand management tech­
nique. Flexitime differs from staggered work hours 
in that it does not formally assign wo r k arrival and 
depar tu r e time s t o groups of employees. For e xam­
ple, i n a firm in which all employees worked f rom 
8:00 a .m . t o 4 : 30 p . m., the wor k for ce could be 
divided into three groups by initiating staggered 
work hours. The first group might work from 7:30 
a.m. to 4:00 p.m., the second from 8:00 a.m. to 4:30 
p.m. , and the last from 8 : 30 a.m . t o 5 :00 p . m. Some 
employees will benefit from i mproved t rans por ta tion 
because of less congest ion, bu t each employee 's a r­
rival and departure time remains fi xed . 

Flexitime is different. One popular variation is 
to designa t e c e rtai n hour s a s f lexible or c o re hours 
within the s pan of a wor k week . An employee must 
work a s e t number o f hour s , but the r e i s more lati­
tude in choosing wor king hour s wi thin an e stablished 
range. Ty pically , all employees mus t be available 
for a co r e time (e . g ., 9:00 a.m . to 3:00 p.m.) i 
within a certain number of flexible hours employees 
may choose t hei r own arr i val and departure times. 
In some prog.cams , lunch breaks may also be defined 
as flexible time (1) . 

Flexitime · is a- relatively new idea that is re­
ceiv i ng i nc reased at t ention in the Un i ted States . 
Histor ical l y , flexi t i me is generally attr ibuted t o a 
p rog r am initiated i n 1967 by t he Me sse r s chmid t -Boe l ­
kow-Blohm ae ros pace f irm i n West Germa ny . Since 
that da te , flex it i me has spread r apidly t hrough .Eu­
rope ; but , unti.l re·cent l y , it has r ec eived onl y lim­
ited atten tion i n t he United Sta te s (~) . It is e s­
timated that more than 3, 000 west German companies 
have extended the flexitime concept to more than 50 
percent of the labor force (_l) . Similar acceptance 
rates have been achieved in other European coun­
tries. Projec tion s made from a 1977 sur vey con­
ducted by the Amer ican Management Assoc i a tion esti­
mated the use of flexitime in the united States as 
follows <i l : 

1. Almost 13 percent of all nongovernment organ­
izations with 50 or more employees use flexitime, 

2. More than 5 percent of all employees are on 
flexitime, and 

3. Between 2.5 and 3.5 million employees are on 
flexit ime , not counting self-employed persons and 
many pr o fessionals, managers, and s a les peopl e who 




